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Executive Summary

Executive Summary

T his IPC G uidance N o ie  is issued by the  E n v ironm en t A gency as one o f  a se ries  o f  g u id an c e  n o tes  
for processes p rescrib ed  for In teg ra ted  Pollu tion  C o n tro l (IPC) in  R egulations m ad e  u n d e r  Section  
2 o f  the  E nvironm ental P ro tection  Act 1990  (EPA90). It is a gu ide  on te c h n iq u e s  an d  s tan d ard s  
re levan t to  in o rg an ic  ch em ica l processes (ex c lu d in g  acid and  halogen m an u fa c tu re )  and  processes 
re la ted  to  them . It su p ersed es H er M ajesty’s Inspecto ra te  o f  Pollution 's C h ie f  In sp e c to r’s G u id an ce  
N o tes IPR 4 / 1 6  an d  fPR 4 ?  18 to  IPR 4 / 2 5  p u b lish ed  by H M SO  in 1993.

It w ill be u sed  by A gency staff, in  co n ju n c tio n  w ith  o th e r re levan t gu idance, in  assessing 
o p e ra to rs ’ p roposa ls re la ting  to  th e ir A u th o risa tio n s u n d e r EPA90. This N o te  sh o u ld  be u sed  
to g e th e r w ith  separate g u idance  on  m o n ito r in g , d isp e rsio n  m eth o d o lo g y  a n d  assessm en t 
p rin c ip les  fo r d e te rm in in g  Best Available T echniques N ot Entailing  Excessive C ost (BATNEEC) and  
Best Practicable E nv ironm en ta l O p tio n  (BPEO) to  p rov ide a fram ew ork fo r  a co n sis ten t a p p ro ac h  
to  th e  reg u la tio n  o f  th is class o f  processes reg u la ted  u n d e r IPC.

T he processes covered by th is N ote  are fo u n d  in  Sections 4 .5  and  4.6 o f  th e  R egu la tions. O th e r  
ino rg an ic  chem ica l processes (acids and  ha logens) p rescrib ed  for IPC are  cov ered  by IPC 
G uidance  N o te  S2 4 .0 3 . P etrochem icals and  la rg e -v o lu m e o rgan ic  c o m p o u n d s  are  cov ered  by 
IPC G u idance  N o te  S2 4 .0 1 ; ba tch  an d  fine o rg an ic  chem ica ls including pestic id es an d  
pharm aceu ticals are  covered by  IPC G uidance N o te  S2 4 .0 2

This N ote  p rov ides b r ie f  desc rip tio n s o f  selected p rocesses, b e s t available tec h n iq u es  fo r p o llu tio n  
p rev en tio n  and  con tro l, and the  levels o f  release achievable by  their use. E conom ic  in fo rm a tio n  
on  exam ple sectors o f  the  ino rg an ic  chem ical in d u stry  is included .
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Introduction

1 Introduction

1.1 Scope and status of Guidance Note
This IPC Guidance N ote supersedes Her Majesty’s Inspectorate 
o f  Pollution’s Chief Inspector s Guidance N otes IPR 4 /1 6  and 
IPR 4 /1 8  to IPR 4 /2 5  published by HMSO in 1993. It is
issued by the  E nvironm ent A gency as o ne  o f  a series o f  
g u idance  no tes for processes p rescrib ed  for In teg ra ted  P ollu tion  
C ontro l (IPC) in  R egulations 0 5  m ad e  u n d e r S ec tio n ' 2  o f  th e  
E nvironm ental Pro tection  Act 1990  (EPA90). It is a g u id e  on  
tech n iq u es and  standards relevant to  the  processes covered by 

the^Note. '

It w ill be used  by Agency staff, in  co n ju n c tio n  w ith  o th e r ,  
relevant guidance*0 , in  assessing o p e ra to rs ' p roposa ls re la ting  to 
their A uthorisations u n d e r  EPA90. T his N o te  sh o u ld  be used  
tog e th e r w ith  separate g u id an ce  o n  m o n ito r in g 0*, d isp e rsio n  
m e th o d o lo g y 14*, and assessm ent p rin c ip les  for d e te rm in in g  Best 
Available T echniques N ot Entailing Excessive C ost (BATNEEC) 
and Best Practicable E nvironm ental O p tio n  (BPEO)(5,6) to  p rov ide  
a fram ew ork  for a consisten t app ro ach  to  the regu la tion  o f  this 
class o f  IPC process.

This N ote  represen ts the sta te  o f  u n d e rs tan d in g  at the tim e  o f  
w riting , and  includes:

O  d esc rip tio n (s) o f  the  p rin cip al processes covered by the  
N ote;

O  the p rescribed  substances and  o th e r substances that can 
cause h a rm  and are m o st likely to  be re leased  from  the 

processes;

O  g u id an ce  on best available tech n iq u es (BATs) for the 
co n tro l o f  releases;

O  b en ch m ark  release levels;

O  o th e r env ironm ental standards relevant to  the process; and

O  in fo rm atio n  on  th e  eco n o m ic  im p lica tio n s o f  the relevant 
p o llu tio n  con tro l techn iques.

An o p e ra to r sh o u ld  keep u p  to  date w ith  the best available 
tech n iq u es relevant to  the  process. T his N o te  m ay no t 
therefore  be c ited  in  an a tte m p t to  delay the  in tro d u c tio n  o f  
im proved , available tech n iq u es, and , excep t w h ere  specifically 
sta ted-to  the  contrary, n o th in g  co n ta in ed  Herein sh o u ld  be 
co n sidered  prescriptive.

The concepts o f  BATNEEC and  BPEO expressed  in  th e  EPA90 
and  associated  R egulations are site-specific . This N o te  can n o t 
lake in to  a cco u n t such site-specific  considera tions. T hus, w h ile  
o p e ra to rs’ p roposa ls should_be ju d g ed  a g a in s t th e b e n c h m a rk -  -  
release levels g iven in  th is N o te , the b en ch m ark s sh o u ld  n o t be 
applied  as u n ifo rm  release lim its. T hey are indicative, b u t n o t 
prescrip tive , fo r n ew  processes that are expected  to  use m o d ern  
tech n iq u es for the p rev en tion , m in im isa tio n  and  ab atem en t o f  
releases.

W h ere  o th e r release levels are p ro p o se d  for a specific  case, 
co m p a rin g  th em  and th e  benchm ark  release levels w ill ind ica te  
the  degree  o f  technical a n d  econom ic ju stifica tio n  re q u ire d  to 
be  p ro v id ed  by the operato r. C o n d itio n s in  a u th o risa tio n s  that 
re la te  to  p e rm itte d  re leases should e n su re  that all factors, 
in c lu d in g  th o se  w h ich  a re  site-specific, have been  taken  in to  
acco u n t, and  that the lega l requ irem en ts to  u se  BATNEEC and 
BPEO are fu lly  satisfied.

C om pliance  w ith  s ta tu to ry  env ironm enta l q u a lity  s tan d ard s  
o r  objectives, and  w ith  agreed  in te rn a tio n a l o b lig a tio n s  re la ting  
to  p e rm itted  releases o r  en v ironm en ta l s tan d ard s , is m andatory . 
N o  d isc re tion  is p e rm itte d  w ithout fo rm al po licy  approval.

1.2 Existing processes

E xisting processes sh o u ld  have been u p g ra d ed  tak ing  in to  
acco u n t the c rite ria  in c lu d ed  in A rticles 4 , 1 2 an d  1 3 o f  th e  
European Community Directive on the Combatting of Air Pollution from 
Industrial Plants k n ow n  as th e  Air Framework Directive 
( 8 4 /3 6 0 /E E C ) (7). Article 13 requires th e  fo llo w in g  p o in ts  to  be 
taken in to  acco u n t:

O  the p la n t’s technical characteristics;

O  its ra te  o f  u tilisa tion  and rem a in in g  life;

O  the n a tu re  and v o lu m e  o f p o llu tin g  em iss io n s fro m  it; and

0  the desirab ility  o f  n o t  entailing excessive costs fo r th e  
plant co n cern ed , hav ing  regard in  p a rticu la r to  th e  
eco n o m ic  situ atio n  o f  undertak ings b e lo n g in g  to  th e  
category  in  qu estio n .

M ost ex isting  processes sh o u ld  have c o m p le te d  th e ir  
im p ro v em en t p ro g ram m es and, sub ject to  the  above p o in ts , 
sh o u ld  be ach iev in g  the  relevant b en ch m ark  release levels 
g iven  in  Section  4 o r  sh o u ld  be closely a p p ro a c h in g  th em .
W h ere  this is n o t so, a tim etab le  for fu r th e r  im p ro v in g  o r  
d eco m m iss io n in g  the p rocess should be  re q u ire d .

1.3 Processes covered by this Note

T his N o te  covers processes fo r  the m an u fac tu re  o f  in o rg an ic  
chem ica ls ex cep t acids and .ha logens, w h ic h  are co v ered -in  IPC ~ 
G uidance  N ote  S2 4 .0 3 (8). M ost, but n o t all, a re  c o n tin u o u s  
processes and  re la te  m ost closely to th o se  lis ted  in  Sections 4 .5  
a n d  4 .6  o f  the  R eg u la tio n s^ . Not all re levan t p rocesses 
o p e ra tin g  in th e  UK can be  covered and  the  N o te  is n o t 
in te n d e d  to  co in c id e  p recise ly  with these  sec tio n s o f  the 
R egulations. W h ere  o th e r p rescribed processes are  c a rr ied  o n  in  
co n ju n c tio n  w ith  the  p r im a ry  process, re fe ren ce  sh o u ld  be 
m ad e  to  the  re levan t C h ief Inspector’s G u id an ce  N o te s (CIGN s) 
o r  IPC G uidance N otes (IPCGNs) and, w h e re  a p p ro p ria te , th e  
Secretary o f  State's G u idance  for Local A u th o rity  Air P o llu tio n  
C ontro l on  the  ancillary  processes insofar as they  have p o ten tia l 
fo r releases to  th e  e n v iro n m e n t-  - - - ~
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In  th e  c o n te x t  o f  th is  N o te  p ro c e ss ’ is f ro m  rece ip t o f  raw  
m a te r ia ls  via p ro d u c tio n  o f  in te rm e d ia te s  to  d isp a tch  o f  fin ish ed  
p ro d u c ts .

1.4 Reference conditions used throughout this 
Note

T h e  r e fe re n c e  c o n d it io n s  o f  su b s ta n c es  in  re leases to  a ir  fro m  
p o in t  so u rc e s  are: te m p e ra tu re  2 7 3  K (0 °C ), p ressu re  101 .3  kPa 
( 1  a tm o s p h e r e ) ,  n o  c o rre c tio n  fo r  w a te r  v a p o u r  o r o x y g en .

T h ese  re fe re n c e  c o n d it io n s  re la te  to  th e  b e n c h m a rk  release 
levels g iv e n  in  th is  N o te  a n d  care  s h o u ld  alw ays be taken  to  
c o n v e r t  b e n c h m a rk  an d  p ro p o se d  re leases to  th e  sam e re fe ren ce  
c o n d it io n s  fo r  c o m p a r is o n . T h e  A u th o risa tio n  m ay e m p lo y  
d if fe re n t  re fe re n c e  c o n d it io n s  i f  th ey  are  m o re  su itab le  for the 
p ro c e ss  in  q u e s tio n .

To c o n v e r t  m e a su re d  va lu es to  re fe re n ce  c o n d itio n s  see 
T ech n ica l G u id a n c e  N o te  M 2(<’) fo r m o re  in fo rm a tio n .

R eleases m ay  be  e x p re ssed  in  te rm s  o f  m g /m * , g /h ,  g / t  
(p r o d u c t )  o r  g /M J  as ap p ro p ria te .

1.5 Standards and obligations

1.5.1 A ir quality standards

.S ta tu to ry  In s t ru m e n t  l9 8 9  N o 3 1 7 ,  Clean Air, The Air Quality 
Standards Regulations I9 8 9 (l0> gives lim it  va lues in  air fo r th e  
fo l lo w in g  su b s tan ces : ^

O  ,  s u lp h u r  d io x id e ;

O  s u s p e n d e d  p a rticu la tes;

O  le a d ; a n d

O  n i tro g e n  d io x id e .

A ny e m is s io n  fro m  th e  p ro cess  sh o u ld  n o t  re su lt in  a b re ac h  o f  
th e  a p p ro p r ia te  a ir q u a lity  s ta n d a rd  b e y o n d  the  site  b o u n d ary .

1.5.2 A ir quality objectives

S ta tu to ry  In s t ru m e n t  1997  N o  3 0 4 3 , Environmental Protection, The 
Aii  Quality Regulations I9 9 7 (ll) gives a ir  q u a lity  ob jec tives to  be 
a c h ie v e d  by  2 0 0 5  for:

o b e n z e n e ;

o 1 , 3 -  b u ta d ie n e ;

o c a rb o n  m o n o x id e ;

o lea d ;

o n i tro g e n  d io x id e ;

o P M 10; a n d

o s u lp h u r  d io x id e .

1.5.3 The UNECE Convention on Long-Range 
Transboundary Air Pollution02’

U n d e r  th is C onvention, a re q u ire m e n t fu r th e r  to  red u ce  S 0 2 

em iss io n s  from all sources has b een  agreed. The second  
S u lp h u r Protocol (O slo , 1994) ob liges th e  UK to  red u ce  SOz 
e m iss io n s  by 80%  (based  o n  1 9 8 0  levels) by 2010 . 
N eg o tia tio n s are n o w  un d er w ay w h ic h  cou ld  lead  to  a 
re q u ire m e n t fu rth er to  reduce  em iss io n s o f  N O x and  volatile 
o rg a n ic  com pounds(V O C s).

1.5.4 Volatile Organic Compounds

‘Reducing Emissions of VOCs and Levels of Ground Level Ozone: A UK 
Strategy’01’ was p u b lish ed  by th e  D ep artm en t o f  th e  E nvironm ent 
in  O c to b e r 1993. It sets o u t h o w  the  G o vernm en t expects to  
m ee t its ob ligations u n d er th e  UNECE VOCs P rotocol to  reduce 
its em issions by 30%  (based o n  1988 levels) by 1999 , 
in c lu d in g  the red u c tio n s  p ro jec ted  for th e  m ajor industria l 
sec to rs . A 65% re d u c tio n  is forecast fo r the chem ica ls sector, 
based  o n  the app lication  o f  BATNEEC

1.5.5 Water quality standards

S ta tu to ry  In strum en t (1 9 8 9 )  N o  2 2 8 6 p, The Surface 
W aters (D angerous Substances C lassification) R egulations give 
th e  an n u al m ean c o n cen tra tio n s  lim it values for certa in

1 substances in rece iv ing  w aters. T hese include  cad m iu m  and 
m ercury .

1.5.6 Groundwater protection

T he principles, pow ers and  resp o n sib ilitie s  for g ro u n d w a te r 
p ro tec tio n  in E n g land  and W ales, to g e th e r w ith  the  A gency’s 
p o lic ies  in this reg ard , are o u tlin e d  in th e  A gency’s d o c u m e n t 
“ Policy and Practice for th e  P ro tec tio n  o f  G ro u n d w a te r” 
(PPPG )(IS). This o u tlin e s  th e  co n cep ts  o f  vu lnerab ility  and risk 
a n d  th e  likely accep tab ility  fro m  th e  A gency’s v iew p o in t o f  
c e r ta in  activities w ith in  g ro u n d w a te r  p ro tec tio n  zones.

T he  EC Directive o n  the  Protection of Groundwater against Pollution 
Caused by Certain Dangerous Substances (8 0 /6 8 /E E C )(lt,) im poses an  
ob lig a tio n  on M em b er States to  p reven t the in tro d u c tio n  in to  
g ro u n d w ater o f  List I substances and  to  lim it the 
in tro d u c tio n  o f  List II substances so as to  p reven t p o llu tio n  
o f  g roundw ater. List 1 and  List II substances are described  in 
A ppendix  1 o f  th e  PPPG. T h e  D irective is at p resen t 
im p lem en ted  by, inter alia:

O  Part I o f  th e  E nvironm ental P ro tection  Act 1990, w h ich  
requires A u th o risa tio n  o f  IPC processes;

O  Part II o f  that Act, w h ic h  req u ires  the m an ag em en t o f  
con tro lled  wastes;

O  R egulation I 5 o f  th e  W aste M anagem en t Licensing
R egulations 1994, w h ic h  req u ires  the A gency to  observe  
the p ro v isio n s o f  th e  G ro u n d w ate r D irective w hen  
issuing w aste  m an ag em en t licences; and

O  Part II o f  th e  W ater R esources Act 1991, w h ic h  m ake it 
an o ffence  to  d isch arg e  p o llu tin g  m atter to  co n tro lled
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w aters, except in  accordance w ith  a C onsen t issued  by  the 
Agency.

The G o vernm en t is in tro d u c in g  n ew  G ro u n d w ater R egu la tions 
to  p rovide ad d itio n a l p ro tec tio n  and  co m p le te  the tran sp o sitio n  
o f  the G ro u n d w ater D irective. In add itio n  to  those p rocesses 
co n tro lled  for IPC, these  R egulations are in ten d ed  to  relate 
prim arily  to  activ ities w h e re  List I and II substances are  e ith e r 
deliberately  d ischarged , o r  w h e re  there is a risk o f  d isch arg e  
o ccu rrin g , for ex am p le, as a resu lt o f  spillages o r leaks. The 
R egulations w ill p ro v ide  for p r io r  investigation  o f  th e  p o ten tia l 
effects o f  d ischarges o n  g ro u n d w ater; the  A u thorisa tion  o f  
d isposal o r  tip p in g  to  land and  C onsents to  d ischarge  to 
g ro u n d w ater; the se rv ing  o f  N otices by th e  Agency to  p ro h ib it 
activities o r  to  apply co n d itio n s; the  re co g n itio n  the  im p o rta n ce  
o f  Codes o f  Practice; and  prov isions for cost recovery  by the 

Agency.

Two key aspects o f  the  G ro u n d w ater D irective are th e  n e ed  fo r 
the fo llow ing :

O  P rio r  in v es tig a tio n  o f  the  poten tial effect on  g ro u n d w a te r 
o f  on -site  disposal activities o r d ischarges to g roundw ater. 
Such investigations w ill vary from  case to  case, b u t the  
A gency is likely to  req u ire  a m ap o f  the  p ro p o sed  
d isposal area; a d e sc rip tio n  o f  the u n d erly in g  geology, 
h y d ro g eo lo g y  and  soil type, inc lu d in g  the  d e p th  o f  
sa tu rated  zone  and  quality  o f  g ro u n d w ater; th e  p ro x im ity  
o f  th e  site to  any surface w aters and  abstrac tion  p o in ts , 
and  the re la tio n sh ip  b e tw een  g ro u n d -  and surface w aters; 
the  co m p o s itio n  and vo lum e o f  w aste  to  be d isp o sed  of; 
and the rate o f  p lanned  disposal.

O  R eq u is ite  su rv e illan ce . T his will a lso vary fro m  case to  
case, but w ill include  m o n ito rin g  o f  g ro u n d w a te r q uality  
and  en su rin g  that the necessary p recau tio n s to  p revent 
g ro u n d w a te r p o llu tio n  are  being und ertak en .

The D irective states that, sub ject to  certain  co n d itio n s, the 
d ischarges o f  List I substances to  g ro u n d w a te r may be 
a u th o rised  if  the g ro u n d w a te r is- ' ‘p e rm anen tly"unsu itab le  fo r” 
.o ther u ses” . Advice m ust be so u g h t from  the A gency w h e re  
this is b e in g  co n sid ered  as a justification  fo r such d ischarges. 
The A gency is o b lig ed  to  take account o f  these re q u irem en ts  fo r 
IPC processes and, w h e re  th ere  is an activ ity  that rep resen ts  a 
poten tial risk to  g ro u n d w ater, m ay req u est fu rth er investigations 

(see Section 6 . 6 ).
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2 Processes, potential release routes and specialised 
techniques for controlling releases

2.1 Introduction

T h e  s ig n ific a n t p ro c esse s  in  th e  su b s e c to r  are  b rie fly  d e sc rib e d  
a n d  th e  re lease  ro u te s  o f  p o llu ta n ts  f ro m  th e m  are ind ica ted .
T h e  c o n tro l  te c h n iq u e s  th a t are  c o n s id e re d  to  be  BAT fo r th e  
p ro c ess  a re  lis ted  e ith e r  by  re fe re n ce  to  Section  3 o n  gen era l 
te c h n iq u e s  or, w h e re  th ey  are  sp ec ia l to  th e  su b sec to r 
c o n c e rn e d ,  th ey  are  d e sc r ib e d . R elease  levels ach ievab le  by th e  
u se  o f  th e  te c h n iq u e s  are  p ro v id e d  in  S ec tio n  4 for each  g ro u p ' 
o f  re la te d  p ro cesses  as b e n c h m a rk s . T h ey  sh o u ld  n o t  be  ap p lied  
as u n ifo rm  release  lim its .

2.2 Ammonia production

2.2.1 Introduction

A m m o n ia  is m a n u fa c tu re d  b y  th e  ca ta ly tic  sy n th esis  o f  n itro g e n  
a n d  h y d ro g e n . T h e  b asic  re a c tio n  is:

N 2  +  3 H 2  —  2 N H 3

N itro g e n  is e x tra c te d  f ro m  air, e ith e r  by  b u rn in g  o u t  th e  
o x y g e n  o r  by a ir  l iq u e fac tio n .

H y d ro g e n  is p ro d u c e d  fro m  several so u rc es , in c lu d in g :.

©  s te a m  re fo rm in g  o f  n a tu ra l gas o r  l ig h t h y d ro c arb o n s;

©  p a rtia l  o x id a tio n  o f  fossil fu e l feed sto ck s fro m  p e tro le u m  
to  n a tu ra l gas; an d

©  o th e r  so u rces , su ch  as b y -p ro d u c ts  f ro m  p lan ts  m ak in g  
o th e r  ch em ica ls .

C u r re n t  p r o d u c tio n  in  th e  UK is b a sed  o n  s team  re fo rm in g  o f  
n a tu ra l g as an d  o n  th e  u se  o f  h y d ro g e n  p ro d u c e d  as a b y ­
p r o d u c t  o f  c a rb o n  m o n o x id e  m an u fa c tu re .

T h e  p ro c esse s  a re  h ig h ly  in te g ra te d  to  o p tim ise  m a te ria l 
a n d  th e rm a l e ffic ien c ies . T h ree  m a in  a lte rn a tiv es are 
d e sc r ib e d .

2.2 .2 Steam reforming: conventional

A m m o n ia  p ro d u c tio n  f ro m  s te am  re fo rm in g  o f  n a tu ra l gas 
in v o lv es  th e  fo llo w in g  p ro c ess  stages:

o d e su lp h u r is a t io n ;

o p r im a ry  re fo rm e r;

0 . s e c o n d a ry  re fo rm e r ;

O C O  sh ift c o n v e rs io n ;

O c o n d e n s a tio n ;

G c a rb o n  d io x id e  a b so rp tio n ;

O m e th a n a t io n  a n d  final p u r if ic a tio n ;

®  am m onia  synthesis; and  

©  storage.

A flow chart o f  the  p rocess is sh o w n  in F igure 2.1.

(a) Desulphurisation

To avoid p o iso n in g  the re fo rm e r catalysts, su lp h u r  c o m p o u n d s  
in  the  natural gas feedstock  are rem o v ed  to  b e lo w  0 . 1  5  m g/m * . 
For th is pu rp o se  the gas is heated to  350-400°C ,- usually  in  the 
p r im a ry  reform er, and th e n  passed to  the  convec tion  section , 
to g e th e r  w ith  a-sm all h y d ro g en  s tream  across a cobalt, 
m o ly b d en u m  catalyst. H e re  the su lp h u r c o m p o u n d s  are 
hyd ro g en ated  to  h y d ro g en  su lp h id e  and then  a d so rb ed  o n to  a 
layer o f  pelletised  zinc ox ide. The resu ltin g  z inc  su lp h id e  
re m a in s  in the  reac to r an d  is period ica lly  rem oved  for 
reg eneration  o r  disposal. The h y d ro g e n  for the  reac tion  is 
u sua lly  recycled from  th e  synthesis section .

(b) Primary reformer

T he com pressed  d esu lp h u rised  gas is m ixed  w ith  steam  and  
p assed  to  the p rim a ry  re fo rm e r w h ere  it is converted  to  carb o n  
m o n o x id e  and  h y d ro g en  over a catalyst at ca. 850°C.

T he am ount o f  steam  is g iven  by th e  process s team  to  carb o n  
m o la r ratio (S /C  ra tio ), w h ic h  sh o u ld  be a ro u n d  3 for the  BAT 
re fo rm in g  process. The o p tim u m  ratio  d ep en d s on  several 
factors, such as feedstock  quality, p u rg e  gas recovery, p rim a ry  
re fo rm e r  capacity, shift o p e ra tio n  an d  the  p lan t steam  balance.

T he reform er catalyst is based  u p o n  nickel d e p o sited  o n  a 
p o ro u s  alum ina su p port. The catalyst is rep laced  approx im ate ly  
every  four years.

T he com p o sitio n  o f  the  gas leaving th e  p rim a ry  re fo rm e r is 
g iven by .close app ro ach  to  the fo llow ing  chem ica l eq u ilib ria :

C H 4  +  H 20  — CO +  3 H 2

CO +  H 20  --- C 0 2  + H 2

T h e  process is e n d o th e rm ic  and en ergy  is su p p lied  by firin g  in 
a rad ian t furnace. Part o f  the  total na tura l gas su p p lied  to  the • 
p lan t is used as fuel in th e  fu rnace to g e th e r w ith  p u rg e  gas 
f ro m  the  synthesis stage. T he flue gases, at a tem p e ra tu re  o f
1 0 0 0 —1 100°C, are  used to  p rovide heat for a n u m b e r  o f  process 
s tream s in the  re fo rm er convection  section . T he flue gas 
leav ing  the convection  sec tio n  at 100—200°C  is the  m ain  source  
o f  em issions fro m  the p lan t.

(c) Secondary reformer

O n ly  3 0 -4 0 %  o f  the  h y d ro carb o n  feed  is re fo rm e d  in  th e  
p r im a ry  re fo rm er because o f  the ch em ica l eq u ilib ria  at th e  
actual operating  co n d itio n s. The tem p era tu re  m u st be  ra ised  to 
increase  the conversion  a n d  this is ach ieved  in  the  seco n d ary
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Ammonia production

Figure 2.1 Steam/air reforming process for ammonia

-  Natural Gas

Ammonia

re fo rm er by c o m b u s tio n  o f  the  gas w ith  process air, w h ic h  also o x id e /z in c  ox ide-based  catalyst. The residual CO c o n te n t in the 
prov ides n itro g e n  for the final syn thesis gas. converted  gas s tream  is approxim ately  0 . 2 - 0 .4%.

The process air is co m pressed  to  the re fo rm in g  pressure, hea ted  
fu rth er to  600°C  in  the p rim ary  re fo rm er convection  section  
and th en  passed over a n icke l-co n ta in in g  catalyst. T he  re fo rm er 
ou tle t tem p e ra tu re  is a ro u n d  1000°C and u p  to  99%  o f  the 
h y d rogen  feed (to  the  p rim ary  re fo rm er) is converted .

The p rocess gas is coo led  to  3 5 0 -4 0 0 °C  in  a w aste H eat steam  
b o ile r o r  b o ile r /su p e rh e a te r  d o w n stream  fro m  th e  seco n d ary  

reform er.

-  (d) "CO shift conversion'

The process gas fro m  the  secondary  re fo rm er co n ta in s 12-1 5%  
CO and  m ost o f  th is  is converted  to  carb o n  d iox ide  by  in jec tion  
o f  steam  in th e  tw o-stage sh ift section , acco rd in g  to  the 
fo llow ing  reac tion :

CO +  h 2o  ^  C 0 2  4- h 2

In the  h ig h  tem p era tu re -sh ift (HTS) conversion , the gas is 
passed th ro u g h  a b e d  o f  iro n  o x id e /c h ro m iu m  o x id e  catalyst at 
a ro u n d  400°C . T he gas is coo led  and  passed th ro u g h  the  lo w - 
-tem perature  sh ift (LTS) converter, w h ich  is 'filled  w ith  a c o p p er

(e) Condensation

The process gases are  co o led , usually by heat ex ch a n g e  w ith  
o th e r process flu id s for heat recovery, to  co n d en se  o u t th e  w a te r 
vapour. T he p rocess co n densate  is the  m a in  so u rce  o f  liq u id  
e ffluen t from  a m m o n ia  p lan t.

The heat released d u rin g  c o o lin g /c o n d e n sa tio n  is u sed  for:

O  th e  reg en e ra tio n  o f  th e  C 0 2 s c ru b b in g  so lu tio n ; - — — - 

O  d riv in g  an a b so rp tio n  refrigeration  u n it; an d  

O  b o ile r feedw ater p reh ea t.

(f) Carbon dioxide absorption

After w a te r vapour rem oval, th e  carbon d io x id e  c o m p o n e n t, ca. 
1 7 -1 9 %  o f  the p rocess gases, is rem oved by:

O  physical a b so rp tio n  in  a solvent;

O  chem ical reac tion  w ith  a reagent; o r  _ _ * -

O  physical ad so rp tio n .
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U s in g  p h y s ic a l a b so rp tio n , th e  so lv en t, su c h  as m eth a n o l, is 
p r im a r i ly  re g e n e ra te d  by  re d u c in g  th e  p re ssu re  and  a llo w in g  
th e  c a rb o n  d io x id e  to  d eso rb .

W ith  th e  ch em ica l re ag e n t p ro c ess , hea t is re q u ire d  to  b reak  th e  
c h e m ic a l  b o n d  an d  th is  is a m a jo r  u se  o f  lo w -p re ssu re  s team . 
T h e  m o s t  w id e ly  u sed  re ag e n t is m o n o e th a n o la m in e  so lu tio n  
w ith  in h ib i to r s  to  p ro te c t ag a in st ex cessive  reagen t d e g rad a tio n  
a n d  c o r ro s io n .

P re ssu re  sw in g  a d so rp tio n  (PSA) re lies  o n  th e  use o f  selective 
a d so rb e n ts . C o m p o n e n ts  o f  th e  m ix e d  gas stream  are  a d so rb ed  
at h ig h  p re ssu re  and  th e n  d e s o rb e d  by  d e p re ssu r isa tio n , an d  
p o ss ib ly  p u rg in g , in  a cyclic  p rocess . PSA sy stem s are 
p a r tic u la r ly  a p p ro p ria te  in  cases w h e re  it  is n ecessary  to  rem o v e  
ex cess  n i tro g e n  as w ell as c a rb o n  d io x id e .

F o r n e w  a m m o n ia  p lan ts  th e  fo llo w in g  C O z rem oval p rocesses 
a re  c u r re n t ly  re g a rd e d  as BAT:,

•  AMDEA sta n d a rd  tw o -s ta g e  p ro cess , o r  sim ilar.

•  B en fie ld  p ro cess  (H iP u re , L o H ea i), o r  sim ilar.

•  Se lexo l o r  s im ila r  p h y sica l a b s o rp tio n  processes.

R esidual C 0 2 c o n ce n tra tio n s  are in  th e  ra n g e  o f  1 0 0 -1 0 0 0  ppm v.

(g ) Methanation and final purification

W h ils t  m o s t c a rb o n  d io x id e  is re m o v e d  in  th e  p rev io u s stage, 
re s id u a l o x id e s  o f  c a rb o n  a re  re d u c e d  to  a few  p arts  p e r  m illio n  
b y  m e th a n a t io n  over a s u p p o r te d  n icke l catalyst at 3 0 0 -4 0 0 ° C . 
T h is  is re q u ire d  to  p re v en t p o iso n in g  o f  th e  sy n th esis catalyst. 
T h e  re a c tio n  is:

C O , +  (2 + x )H 2  —  C H 4 ^ x H 20  

O th e r  p u r if ic a t io n  s te p s  can  in c lu d e :

•  d e h y d ra t io n  w ith  m o le c u la r  sieves; a n d

•  c ry o g e n ic  tre a tm e n t to  re m o v e  n itro g e n , m e th a n e  an d  
in e r ts ,  eg  a rg o n .

(h ) Ammonia synthesis

T h e  sy n th e s is  o f  a m m o n ia  lakes p lace  o n  a p o ro u s  catalyst 
c o n ta in in g  fe rro u s  a n d  fe rr ic  o x id es  w i th  p ro m o te rs , su ch  as 

. p o ta s s iu m , a lu m in iu m , c a lc iu m  a n d  m a g n e s iu m  o x ides , a n d  
at p re s su re s  usu a lly  in  th e  ra n g e  o f  1 0 0 - 2 5 0  b a r a n d  
te m p e ra tu re s  in  the  ra n g e  o f  3 5 0 -5 5 0 ° C , acco rd in g  to  the 
re a c tio n .

N 2 +  3 H 2  —  2 N H 3

T h e  sy n th e s is  lo o p  is fed by  th e  m a in  c o m p resso r, w h ils t 
th e  p ro c e ss  gas is c irc u la ted  w ith in  th e  lo o p  by a 
re c irc u la tio n  co m p resso r.

A m m o n ia  sy n th esis  is e x o th e rm ic  a n d  is u sua lly  o p e ra ted  at 
su ff ic ie n tly  h ig h  te m p e ra tu re s  to  ra ise  h ig h -p re s su re  steam .

O nly  2 0 -3 0 %  is reac ted  p e r  pass in the  converter d ue  to  the 
unfavourable  e q u ilib r iu m  c o n d itio n s . ' .

A m m o n ia  product is co n d en sed  from  th e  gas by heat exch an g e  
w ith  coo ling  w a ter o r air, an d  finally in  condensers served by 
an  a m m o n ia  re frigeran t system  befo re  transfer to  storage.

S ynthesis gas is n o rm ally  a d d ed  u p stream  o f  the final 
c o n d en se rs  so th a t w ater an d  o th e r m in o r  im p u ritie s  are 
w ash ed  out w ith p ro d u c t a m m o n ia .

T he ch illed  gas f ro m  the am m o n ia  sep ara tion  passes th ro u g h  a 
h ea t exchange tra in  and th e  c ircu la tin g  co m p resso r before 
re tu rn in g  to the conversion  catalyst beds.

A p u rg e  is taken o f f  the lo o p  to  p reven t the  b u ild -u p  o f  inerts 
su c h  as m ethane o r  argon. ''T he p u rg e  gas is usually  treated , by 
w ash in g  w ith w a te r  o r by ch illin g , to  recover am m o n ia  and  is 
th en  consum ed as a fuel gas in the p rim a ry  reform er. Recovery 
o f  hydrogen  by pressure  sw in g  a d so rp tio n  o r the use o f  
c ry o g en ic  schem es to  recover m any c o m p o n e n ts  are also 
p ractised  com m ercially

S team  reform ing a m m o n ia  p lants have h igh-level su rp lu s heat 
available for s team  p ro d u c tio n  in the  re fo rm in g , sh ift 
conversion  and syn thesis sec tions, an d  in  the convec tion  sec tion  
o f  th e  prim ary reform er. M ost o f  th is  heat is u sed  fo r h ig h - 

. p re ssu re  steam p ro d u c tio n  for use in  tu rb in es fo r d riv in g  th e  - 
m ain  com pressors and p u m p s  and  as process steam  ex tracted  
fro m  the  tu rb ine  system .

A m o d e rn  steam  re fo rm in g  plant can be  m ade en erg y  self- 
su ffic ien t if necessary  b u t usually  a sm all steam  ex p o rt and  
e lectric ity  im p o rt are p referred .

(i) Storage

R efer to  Section 2.3.1 2.

2.2.3 Steam reforming: excesss-air secondary 
reforming

S om e processes are d e s ig n ed  for red u ced  p rim ary  re fo rm in g  by 
m o v in g  som e o f  the d u ty  to  the seco n d ary  re fo rm e r because o f  
th e  m arginal lo w  effic iency o f  th e  p rim a ry  refo rm er. T he m ain  
featu res o f su ch  system s a r e : '

•  decreased firing in  the  p rim a ry  reform er;

•  increased process a ir  flow to th e  secondary  re fo rm er;

•  cryogenic final p u rifica tio n  a fte r m eth an atio n ; and  

’•  lower in e r t  level o f  the  m ak e -u p  syn thesis gas.

D ecreased hea t supply in  the  p r im a ry  re fo rm er m ean s th at the 
p rocess ou tle t tem p era tu re  is lo w ered  (to  a b o u t 700°C ). the  
f ir in g  efficiency increases, and the  size an d  cost o f  the  p rim ary  
re fo rm er are reduced . T h e  m ilder o p e ra tin g  co n d itio n s  p ro lo n g  
catalyst, catalyst tube an d  ou tle t h ead e r service lives. T he ex ten t 
o f  reform ing  is reduced  acco rd in g  to  the lo w er heat sup p ly  and  
lo w e r tem peratu re. G enerally  a slig h t decrease in  steam  to
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carbon  ra tio  is acceptable, co m p ared  to  the  conven tional 
concept. - - ---------  ---------  ---------

Decreased heat sup p ly  in  the  p rim a ry  re fo rm e r m eans that 
increased in te rnal firin g  is necessary  to  achieve approx im ately  
the sam e degree  o f  to ta l refo rm ing . A so m ew h at h ig h e r  
m ethane  slip, and th u s a low er secondary  re fo rm er o u t le t . 
tem p era tu re , is acceptable and  p referab le  in  this type o f  p rocess, 
as m eth an e  is rem oved  in  the  final pu rifica tio n  step.

The process air re q u ire m e n t is ab o u t 50%  h ig h er th a n .in  the  
conventional process. This m eans increased  co m p ress io n  
capacity an d  energy. The process a ir co m p resso r is usually  
driven by a gas tu rb in e  w ith  the  exhaust gas from  th e  tu rb in e  
being  used  as co m b u s tio n  a ir in  the  p r im a ry  reform er. Som e 
excess steam  is available for e x p o rt w h en  usin g  a gas tu rb ine .

In the cryogen ic  p u rif ie r  all the  m eth an e  and  all the excess 
n itro g en  are rem o v ed  from  the  syn thesis gas as well as p a rt o f  
the argon . The co o lin g  is p ro d u c ed  by d ep ressu risa tio n  and  n o  
ex ternal supply  is n eed ed . T he p u rified  syn thesis gas is th en  
practically free o f  all im p u ritie s , excep t for a sm all a rn o u m  o f  
argon. The c ryogen ic  u n it also receives th e  purge fro m  the 
synthesis section and  delivers an  off-gas fo r fuel.

The rem oval o f  essentially  all im p u ritie s  fro m  the m ak e -u p  
synthesis gas is a sign ifican t im p ro v em en t, co m p ared  to  the 
conventional p u rifica tio n  by m eth a n a tio n  only. H ig h er 
conversion  p e r pass an d  red u ced  pu rg e  flow  to g eth e r result 
in a m o re  efficient process.

2.2.4 Non-fired primary reformer/autothermal 
reforming

A red u ctio n  o f  en v ironm en ta l em issions m ay be ach ieved  w ith  
processes that use an  excess o f  a ir in  the secondary  reform er.
The h o t gas from  the  secondary  re fo rm er is used  as th e  heat 
source for th e  p rim a ry  reform er. 'The p rim a ry  re fo rm e r is 
therefore  a heat ex ch an g er in stead  o f  a fired  furnace.

L ow -tem pera ture  h y d ro d esu lp h u risa tio n  is em ployed , as this 
pe rm its  p reh ea tin g  by  steam  ra th e r than  by  a fired heater.

Instead o f  supp ly ing  process s team  to the p rim ary  re fo rm e r  an d  
rem oving  con d en sate  after the  sh ift reac tion , a sa tu rato r 
desa tn ra to r system  is em ployed . W ater is evaporated  in to  the 
gas stream  in th e  sa tu ra to r vessel and is co n d en sed  fro m  the gas

-s tre am -in -th e d esa tu ra to rv e sse l-d o w n strea m -o f-th e -sh ift-------------

converter. T he con d en sate  is th en  recycled  to  the sa tu ra to r a fter 
h eating  in  the  sh ift converter. A lthough  m o st o f  th e  process 
steam  is p rov ided  by the  sa tu ra to r d esa tu ra to r loop, so m e  
ad d itio n  o f  s team  is needed . A p u rg e  o f  condensate  is also 
requ ired .

A single m ed iu m -te m p e ra tu re  sh ift converter replaces the 
conventional tw ostage system .

A pressure  sw ing  a d so rp tio n  u n it  is used  to  rem ove the  
com paratively  large excess o f  n itro g e n , w ith  carbon  d iox ide  a n d  

-part-of-the in e rts____________ _________ _—  - ---------- ---- .-------------

A m m onia  syn thesis is c a rried  out at relatively  lo w  p ressu re . It 
- is  necessary  to  d eh y d ra te  th e  synthesis gas d u e  to  th e  sen sitiv ity  

o f  the  lo w -p ressu re  catalyst to  water.

No trea tm e n t o f  pu rg e  gas fro m  the lo o p  is re q u ire d . It re tu rn s  
to the  re fo rm e r section  u p stream  o f  the  sa tu ra to r vessel.

2.2.5 Hydrogen feed

B y-product h y d ro g en  from  o th e r  processes m ay be  u sed  for 
a m m o n ia  syn thesis

The c ru d e  b y -p ro d u c t h y d ro g en  passes th ro u g h  a n itro g e n  
w ash u n it,  w h ic h  b o th  adds the  req u ired  n itro g e n  a n d  rem oves 
the c a rb o n  m o n o x id e  im p u ritie s  in the  c ru d e  h y d ro g e n . T his 
stage is fo llow ed  by  a conventional c o m p re ss io n  an d  a m m o n ia  
syn thesis section . T he in e rts  in  the gas are lo w  so  th a t o n ly  a 
small p u rg e  is re q u ire d  fo r th e  synthesis loop .

The re ject gas f ro m  the n itro g e n  wash, c o n ta in in g  th e  c a rb o n  
m o n o x id e  and  m eth an e  rem o v ed  from  the  h y d ro g e n  gas, m ay 
be b u rn e d  as fuel fo r the s team  superheater.

Processes using a n o n -fired  prim ary  re fo rm er, o r  th o se  
processes w h e re  excess air is in troduced  in to  th e  se c o n d ary  
re fo rm er to offset the en erg y  requ irem en ts o f  th e  p r im a ry  
reform er, m ust cu rren tly  be  regarded as best p ractice  fo r n e w  
plants u sin g  steam  refo rm ing . A daptation o f  co n v en tio n al 
plants w o u ld  be  expensive  a n d  difficult d u e  to  th e ir  very tigh tly  
in teg rated  s te a m /p o w e r  system s.

2.2.6 Potential release routes from ammonia 
production processes

Potential release ro u tes for all four varian ts d e sc rib e d  above, are 
given below.

Releases to Air

O  C arbon  d io x ide , p lus entra ined a b so rp tio n  liq u id , fro m  
c a rb o n  d io x id e  rem oval plant.

O  C arbon m onoxide, carbon  dioxide, h y drogen , m e th an e  and 
am m onia  from  several stages o f  the process d u rin g  start-up.

O  Pressure re lie f  vents w ith  the p o ten tia l fo r em iss io n s  o f  
am m o n ia , h y d ro g en , carbon m o n o x id e , c a rb o n  d io x id e  
and  m eth an e .

O  A m m o n ia  fro m  v a rio u s other sou rces: ven t f ro m  p rocess 
co n d en sa te  s trip p er unless recycled; d eg assin g  o f  
co m p resso r seal oils;- a n d  vents f ro m  tanks th a t co n ta in  
am m o n ia ted  liquors.

— O ------ O xides o f  su lphur, n itrogen  an d  c a rb o n  fro m  flue gases
o f  the  p r im a ry  reform er.

O  Particulate em issions should n o t  a rise  ex cep t w h e n
rep lacing  catalysts o r  starting the  process. A p p ro p ria te  
p ro ced u re s should  be  operated  to  avo id  any p a rticu la te  
em issions.
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Releases to water ■

O  P ro cess c o n d e n sa te s  f ro m  c o n d e n s a tio n  b e tw ee n  sh ift 
r e a c to rs  a n d  a b s o rp tio n  o f  c a rb o n  d io x id e , a n d  fro m  
c a rb o n  d io x id e  ov erh ead s. T h ese  co n d en sa tes  can  
c o n ta in  a m m o n ia ,  m e th a n o l, m e th y lam in es , 
d im e th y la m in e s  a n d  tr im e th y lam in es .

©  C o n d e n sa te  f ro m  sy n th e s is  gas c o m p re ss io n , 
c o n ta m in a te d  w ith  lu b r ic a t in g  oils.

O Spills f ro m  th e  c a rb o n  d io x id e  rem o v a l system . A w id e  
ra n g e  o f  re ag e n ts  a n d  so lv en ts  m ay be  p re sen t, in c lu d in g  
p o ta s s iu m  c a rb o n a te , o rg a n ic  a m in e s  and  m eth a n o l.

O R e g e n e ra tio n  l iq u o rs  f ro m  io n  ex ch a n g e  resins 
c o n ta in in g  trace  a m o u n ts  o f  m ercu ry .

O B lo w -d o w n s  f ro m  c o o lin g  to w ers.

Releases to land

O  C atalysts a n d  so lid  re ag e n ts , ty p ica lly  from  fo llo w in g  
p ro cesses :

d e s u lp h u r is a t io n  (v a rio u s , eg  z in c  su lp h id e ) ;

p r im a ry  re fo rm e r  (n ick e l o n  re frac to ry );

se c o n d a ry  re fo rm e r  (n ick e l o n  re fra c to ry ) ;

h ig h - te m p e ra tu re  sh ift ( iro n  o x id e , c h ro m iu m  
p r o m o te r ) ;

, - lo w - te m p e ra tu re  sh ift (c o p p e r-b a se d ); 

m e th a n a to r  (n ick e l b a se d ); a n d  

sy n th e s is  c o n v e rte r  ( iro n  o x id es) .

T h ese  sh o u ld  b e  re g e n e ra te d  o r  reco v e red  o ff-s ite  w ith  on ly  
re s id u a l d isp o sa l to  lan d .

O R e g e n e ra tio n  s lu d g e s  fro m  reco v ery  o f  c a rb o n  d io x id e  
a b so rb e n t  f ro m  sp e n t so lu tio n .

O S p e n t io n  e x c h a n g e  resins.

2.2 .7 Control of releases arising from ammonia 
production

(a) ‘ Control of gaseous releases

Flue gas emissions from prim ary reformers

C o m p le te  e lim in a tio n  o f  a fired  p r im a ry  re fo rm e r h as b een  
a c h ie v e d  w i th  o n e  p ro cess . It m ay  n o t  b e  co m m erc ia lly  
a p p ro p r ia te  fo r o th e r  e x is tin g  p ro cesses.

F lue  gas f ro m  a f ired  p r im a ry  b o ile r  is su b stan tia lly  s im ila r  to  
th a t o f  n o rm a l  c o m b u s tio n  o f  fuels. G en era l p rin c ip le s  o f  
c o n tro l  te c h n iq u e s  a re  c o m m o n  to  th o se  o f  c o m b u s tio n  p lan t 
(see  IPC G u id a n c e  N o te  S2 1 .0 1 (17)).

Carbon dioxide

T he quantity  o f  carbon  d io x id e  rem oved  from  the process gas 
d e p en d s  on th e  process se lected . Som e benefic ia l uses are 
possib le, for exam ple, e x p o rt to  the b rew in g  an d  soft d rin k s 
industry .

Ammonia

A m m onia ted  ven ts occur fro m  several sources an d  the am m o n ia  
is con tro lled  b y  a b so rp tio n , co n d ensation , in c in e ra tio n  an d  
conta inm en t. T hese tec h n iq u es  are d iscussed  in  Section 2 .3 .1 2

Containment

C ontainm en t o f  a m m o n ia  is an im p o rta n t aspect o f  co n tro llin g  
releases. Possible tech n iq u es include the  fo llow ing :

O  Use o f  vap o u r balance  lines fo r the tran sfer o f  a m m o n ia  
betw een storage an d  tran sp o rt con ta iner, o r  a 
refrigeration  u n it to  co ndense  v a p o u rs 'fro m  bo th  storage 
and tran sp o rt con ta iners.

O  Purging o f lo a d in g  lines w ith  n itrogen .

O  Full h e ig h t b u n d in g  o f  a m m o n ia  sto rage tanks w ith  cover 
o f  annu lar area.

O  H ig h -in teg rity  m ech an ical design  for item s such as 
flanges, p u m p  seals, and valve stem  packing.

©  Facilities to  em p ty  e q u ip m e n t o f  liq u id  a m m o n ia  a n d  to 
purge am m o n ia  v ap o u r th ro u g h  co n tro l devices su ch  as 
condensing  refrigerato rs before  o p e n in g  fo r ro u tin e  or 
em ergency  m ain tenance . -

G  Tiled areas sh o u ld  be em p lo y ed  to c o n ta in  spillages from  
the carb o n  d iox ide recovery u n it and fo am ing  fro m  the 
desorber and  to  a llow  these liq u o rs  to be re tu rn e d  to  the 
process.

(b) Control of aqueous releases

Steam  stripp ing  tech n iq u es are used  to  rem ove volatile o rg an ic  
co m p onen ts d isso lved  in aq u eo u s e ffluen t stream s. Very o ften  
gaseous effluent stream s re q u ir in g  fu r th e r  trea tm en t can be  
fo rm ed . The BPEO o f  th e  strip p in g  process sh o u ld  be justified  
in  th e  application .

Process condensate  sh o u ld  be strip p ed  to  red u ce  the am m o n ia  
c o n te n t to 1 0  m g / 1 , un less the  con d en sate  passes to  a trea tm en t 
p lan t in  w hich  recovery is jo in tly  p e rfo rm ed  o n  a n u m b er o f  
am m o n iated  liq u o rs .

U se o f  m ed iu m -p ressu re  steam  as th e  s tr ip p in g  m ed iu m  w ill 
a llow  this stream  to jo in  th e  re fo rm er feed, red u c in g  the 
v o lu m e of a q u eo u s  discharge.

Care should  be  taken w h e n  selecting  c o n s tru c tio n  m ateria ls, 
particularly  fo r th e  c o lu m n  overhead  e q u ip m e n t, since severe 
co rro s io n  can be  en co u n tered . C o n tam in ated  e ffluen t steam  
str ip p ers  are p ro n e  to p lu g g in g  and se q u este rin g  agents are 
frequen tly  u sed  to  preven t calcium  d ep o sitio n .
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Processes using or releasing ammonia

T he p o ten tia l releases in to  w ater arise fro m  inad eq u ate  
s trip p in g  perfo rm an ce . Steam  str ip p in g  typically rem oves 
ab o u t 99%  o f  the a m m o n ia  from  a w aste  stream .

(c) Control of waste to land

Sludges w ill be g enera ted  by sep ara tion  o f  fines from  effluen t 
stream s.

Solid w astes co n ta in in g  po ten tia lly  acidic m aterials sh o u ld  be  
neu tra lised  p r io r  to  disposal to. landfill.

2.2.8 Performance data for BAT processes

Studies carried  ou t by  the E uropean  Fertiliser M anufacturers 
A ssociation have g enera ted  the  data  in Tables 2.1 and  2.2  for 
raw  m aterial in p u t req u irem en ts  and  expec ted  em issions levels 
for BAT am m o n ia  p ro d u c tio n  p lant.

Table 2.1 Production input requirements.
All values in  G j/ to n n e  (HH VW)

1 Feedstock Fuel Total
Energy

Air
(kg/kg

NHJ)

* Conventional 
; reforming

24.5 8-10 32.5-34.5 11

Excess air 
, reforming

26.0 6-8 32.0-34.0 1.65
i

Autothermal
reforming

27.5 4-8 31.5-35.5 2.2

w H ig h er heat value.

Table 2.2 Performance data for BAT processes.

Solvent consumption,

C 0 2 removal unit 0.01-0.02 kg/tonne NH^

; Carbon dioxide <

production
I

1.15-1.30 kg/kg NH}

Studies for the  EC BAT R eference D o cu m en t for A m m onia  are 
su m m arised  in  Table 2.3

Table 2.3 Performance data for BAT processes.

Advanced

conventional

reforming

Exess air 

reforming

Autotherm al f 

reforming

! Nox to atm. 157 90 100

: (mg/Nm*) (g/t NH3)
1

320 290 175

Net energy «
consumption 29.2 28.9 29.5

• (G )/ tN H , (LHV*)

: NH3 to water

(9/tN H ,) 28 negligible 80
(

(b) Lower heat value

The ch o ic e  o f  process m ay depend  o n  site -sp ec ific  facto rs as 
well as achievable perfo rm ance .

2.3 Processes using or releasing ammonia

2.3.1 Introduction

T his sec tion  co n ta ins basic in fo rm ation  o n  so m e  o f  th e  
cu rren tly  sign ifican t p rocess options fo r the  m an u fa c tu re  o f  
ch em ica ls  involving the  use  o f  am m onia  o r  re su ltin g  in th e  
release o f  am m o n ia  in to  th e  air. Processes invo lv ing  th e  use  o f  
these chem ica ls are diverse and  therefore  n o t  all in d iv id u a l 
processes are covered. D escrip tions are g iven  o f  typ ical w aste  
stream s to  all m ed ia  resu ltin g  from these  processes.

P ro d u c tio n  u n its  for these chem icals ran g e  fro m  large d e d ic a te d  
facilities to  sm all m u lti-p u rp o se  chem ical p lan ts  that are ru n  on  
a cam p aig n  basis. This d iversity  sign ifican tly  affects the 
m ag n itu d e, p a tte rn  and relative im p o rtan ce  o f  b o th  the  
c o n tin u o u s  (eg aqueous e ffluen t stream s fro m  d istilla tio n  
c o lu m n s) and th e  in te rm itten t d ischarges (eg  p lan t w a sh - 
d o w n s).

In several o f  the  fo llow ing processes, a m m o n ia  releases to  a ir 
are n o t d ilu ted  by  inerts. C oncentration  levels, as g iven  in  
Section 4 , 1 , are in ap p ro p ria te  to these stream s. T he  release 
sh o u ld  be re la ted  to  the m ass o f  p roduct p ro d u c e d  o r  
processed .

2.3.2 Ammonia recovery

(a) Process

A m m o n ia  is iccovered , essentially  by s tr ip p in g , fro m  w eak  
so lu tio n s resu lting  from  o th e r  processes. S o m etim es th e  gas, 
s tr ip p ed  from  th e  weak so lu tio n , may be d r ie d  and  u sed  in 
o th e r p rocesses, but m ore  o f te n  it is reco v ered  to  m ake  s tro n g  
a m m o n iu m  h ydrox ide  (s.g. 0 .8 8 0 ).

The w eak so lu tion  is heated  b y  heat ex ch a n g e  w ith  s tr ip p e d  
liq u o r  an d  the a m m o n ia  is rem oved by steam  s trip p in g . In 
o rd e r to  achieve m ax im u m  recovery o f  a m m o n ia , alkalis su ch  
as calc iu m  hyd ro x id e  o r so d iu m  hydroxide are ad d ed  to  raise 
the  pH  to abou t 9 .. The m ix ed  gas stream  c o n ta in in g  a m m o n ia  
and  steam  is th en  coo led  to  condense o u t  an  a m m o n ia  so lu tio n . 
As w ith  o th e r  processes d isso lv ing  a m m o n ia  in  w ater, it is 
necessary  to  coo l be lo w  a m b ie n t tem p era tu re  to  red u ce  th e  
vap o u r p ressu re  o f  a m m o n ia  above the  so lu tio n . Typically  a 
tem p e ra tu re  o f  a b o u t 5°C is n eed ed .if  0 .8 8 0  a m m o n ia  so lu tio n  - 
is to  be p ro d u ced .

A tail gas sc ru b b er is p ro v id ed  on  the final o u tle t to  a ir to  

m in im ise  releases.

D ep en d in g  o n  the  process th e  recovered a m m o n ia  so lu tio n  
•may be trea ted  w ith  activated carbon"to rem o v e  c o n ta m in a n ts .
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(b ) Potential release routes from ammonia recovery 
processes

Releases to air

O  A m m o n ia  f ro m  sc ru b b er.

Releases to water (

0  T h e  s t r ip p e d  l iq u o r  f ro m  th e  s tr ip p in g  c o lu m n , w h ic h  
c o n ta in s  alkali a n d  a m m o n ia .

0  Spillages.

0  C o n ta m in a tio n  o f  c o o lin g  w a te r  by  leaks.

Releases to land

O  A ctive  c a rb o n  filters.

2.3.3 The solvay ammonia soda process

(a) Process

T h e  Solvay p ro cess  c o n sis ts  o f  th ree  m a in  parts: a calc ium  
h y d ro x id e  p r o d u c in g  se c tio n , a b r in e  p ro c ess in g  sec tio n  (in  
w h ic h  s o d iu m  h y d ro g e n c a rb o n a te  is p ro d u c e d ) , and  a b o ile r

h o u se  (large co m b u s tio n  p lan t) . T he first and  last o f  these are 
covered  by IPC G uidance  N o te s  S2 3 .0 1 (l5) and  S2 1,0 1 (17) 
respectively. A flow chart o f  the  p roccss is sh o w n  in F igure 2.2.

T he process uses am m o n ia  an d  c a rb o n  d iox ide  to  convert 
so d iu m  chloride in to  so d iu m  carbonate . T here  is a substantia] 
a m o u n t o f recycling  o f  b o th  gases, b u t  particu larly  o f  am m onia .

T he basic reactions are:

NaCl +  NH 3 +  C 0 2  +  H 20  . —* N aH C O j +  N H 4 C1 (1)

2N aH C O j —  N a 2 C 0 3  +  C 0 2|  +  H 20  (2 ) 

Subsidiary reac tio n s are:

C a C 0 3 —  CaO +  COz f (3)

C aO  +  H zO - *  C a(O H ) 2  (4)

C a(O H )j + 2 N H 4 C1 —  2 N H 3 t  +  CaCI2 +  2 H zO (5)

T h e  carbon d io x id e  and am m o n ia  liberated  in eq u ations (2 ),
(3 )  and  (5) a re  collected  a n d  recycled  to  th e  in itial reaction . 
Theoretically all the a m m o n ia  used  is reg en era ted  and recycled,

Figure 2.2 The Solvay ammonia -  soda process
.Vetit
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but in  practice th e re  are losses, w h ich  are  replaced w ith  
am m o n ia  m ake-up . The m ak e-u p  am m o n ia  w ill co n ta in  
hyd ro g en  su lp h id e, w h ich  is req u ired  to  help  p reven t p lan t 
co rro s io n . If  th e  a m m o n ia  used  has in su ffic ien t h y d ro g en  
su lph ide, then  so d iu m  h y d ro g en  su lp h id e  is ad d ed .

The rest o f  the  carb o n  d io x id e  n eeded  in  the p rocess com es 
from  the  b u rn in g  o f  lim esto n e  in shaft kilns using  coke as the  ■ 
fuel. T he carb o n  d iox ide  genera ted  is m ain ly  used  in  the 
carb o n a tio n  section  o f  the p rocess b u t u p  to  1 0 % o f  the gas 
m ay be d ischarged  to  air. S om e o f  the  carbon  d io x id e  m ay be 
used fo r the  carb o n a tio n  o f  d istiller b o tto m  off-take liquor, an d  
th is w ill reduce  the  am o u n t o f  kiln gas b led  to  air. T he calcium  
oxide p ro d u ced  is hydra ted  in  a ro tary  slaking p lan t before 
b e ing  converted  in to  a calc ium  hyd ro x id e  s lu rry  fo r use in th e  
reclam ation  o f  am m o n ia .

S odium  ch lo rid e  so lu tio n , w h ic h  is su p p lied  p u rif ie d , is fed 
in to  th e  system  th ro u g h  to w er w ashers, w h ich  sc ru b  various 
vents to  rem ove am m o n ia , hy d ro g en  su lp h id e  and , additionally , 
som e c a rb o n  d io x id e  from  the  m ain  em issions fro m  the 
process. Som e o f  th e  b rin e  is used  for scru b b in g  o th e r  vents.

The so d iu m  ch lo rid e  so lu tio n  then  goes to  abso rbers o f  the 
am m o n ia -rich  gases that have arisen o u t o f  the  d istilla tion  o f  
lim ed  liq u o r from  the filtrate o f  the in te rm ed ia te  p ro d u c t 
(so d iu m  h y d ro g en ca rb o n a te ). This ab so rp tio n  is an  e x o th e rm ic  
reac tion  so  the  l iq u o r  is rem oved  part-w ay  th ro u g h  the 
a m m o n isa tio n rc o o le d  and  th en  re tu rn ed  to  the  absorber. T he 
final l iq u o r  is s to red  in in te rm ed ia te  vats as "s tro n g  vat l iq u o r” 
(SVL) before  be ing  coo led  an d  passed to  the ca rb o n a tio n  stage.

Several tow ers are p rov ided  for carb o n a tio n  and are used  
a lternately  on  a m ak ing  and a cleaning cycle. In th e  c lean ing  
cycle, th e  SVL is passed co u n te r-cu rre n t to  lim e kiln gases from  
the calc ium  h y d rox ide  b u rn in g  plant. T he agitation  caused  by 
b u b b lin g  the gas in to  the b r in e  dissolves so d iu m  
h y d ro g en carb o n ate  scale d ep o sited  in  the  tow er d u r in g  the  , 
m aking  cycle. The carb o n a ted  SVL passes th ro u g h  a degasser 
and  is p u m p ed  in to  the m ak ing  tower.

The carb o n a ted  SVL en ters the  to p  o f  the  m aking  to w er and  on  
its passage d o w n  e n co u n te rs  carb o n  d io x id e  b e ing  fed  in to  the 
tow er in  tw o places: half-w ay d o w n  lim e  kiln gas en te rs  and at 
the b o tto m  m ixed  carbon  d iox ide . The la tte r is a m ix tu re  o f  
lim e kiln gas and  the  s tro n g  gas resu lting  from  the 
d eco m p o sitio n  o f  the  so d iu m  hydro g en carb o n ate . T h e  to w er is 
cooled in te rnally  to  m axim ise  the  a b so rp tio n  o f  carb o n  d iox ide 

-and-hence  the p recip ita tio n -o f-so d iu m  h y d ro g en carb o n ate :

NaCl +  N H 4OH +  C 0 3  - *  N a H C 0 3 * +  N H 4 C1

The p rec ip ita ted  so d iu m  h y d ro g en  carbon  ate is separa ted  fro m  
the liquor, w ashed  an d  fed to  steam -h ea ted  ‘sech eu rs’ w h e re  it 
is d eco m p o sed  to  so d iu m  carbonate :

2N aH C O j - *  N a 2 C 0 3  +  C 0 2  f +  H 30

The gas so  g en era ted  is co o led  to  condense  o u t the  w ater, w h ich  
is used to  w ash the  filter cake. T he residual strong  c a rb o n  
d iox ide is, after sc ru b b in g .w ith  in co m in g  so d iu m  c h lo r id e

so lu tio n , re tu rn e d  to  the  b o tto m  o f  th e  c a fb o n a tio n  m ak in g  
tower.

T he filtrate, fro m  the ‘se c h e u rs ’. co n ta in s  a m m o n iu m  c h lo rid e , 
a m m o n ia  and c a rb o n  d io x id e . It is taken to  th e  
d istillation  sec tio n  o f  the  p lan t w here  a m m o n ia  an d  c a rb o n  
d io x id e  are s tr ip p ed  o u t in  th e  top o f  th e  c o lu m n . T h e  liq u o rs  
are th en  m ixed  w ith  slaked calcium  h y d ro x id e  to  lib e rate  
am m o n ia  from  th e  a m m o n iu m  ch lo ride . T his a m m o n ia  is 
s tr ip p e d  out u sin g  live steam . The a m m o n ia  and  c a rb o n  
d io x id e  pass to  th e  ab so rb er towers. A sm all a m m o n ia  m ak e -u p  
is requ ired .

Solids in the residual liq u o r are rem oved by  setding. T he residual 
liq u o r is neutralised  w ith e ith e r  acid o r  carbon  d ioxide. If  th e  
latter is used th en  the liq u o r m ay be sub ject to  fu r th e r  se ttlem en t 
in lagoons. W hichever ro u te  is used, the  final su p e rn a tan t liq u o r 
is d ischarged to  water. If settling  lagoons fo llow  carb o n a tio n , 
then  the  residual solids are disposed o f  to  land.

T he so d iu m  ca rb o n a te  m ad e  by  this ro u te  is k n o w n  as ‘ligh t 
a sh ’ a n d  may be converted  in to  ‘heavy a sh ’. T h e  lig h t ash is 
h y d ra ted  w ith  a so d iu m  carbonate  so lu tio n  to  p ro d u c e  the  
m o n o h y d ra te , an d  then  dehydrated  to  p ro d u c e  a p se u d o m o rp h  
o f  so d iu m  carbonate . Particulate em iss io n s from  the  ‘se c h e u rs ' 
are con tro lled  w ith  dust arreste rs, w h ic h  m ay be sc ru b b ers .

The p ro d u c t is sc reened  an d  oversize m ate ria l c ru sh ed  be fo re  
conveying to  sto rage  silos fo r final p ack ing  o r  lo ad in g  in to  
tanker lorries. All poten tial release p o in ts  to  air, su ch  as 
screens, conveyors, etc, are p rotected  by bag filter un its .

(b) Potential release routes from the solvay ammonia 
soda process

Releases to air

O  A m m onia , carbon  d io x id e  and h y d ro g e n  su lp h id e  fro m  
vents on  absorbers, scrubbers a n d  d is tilla tio n  un its .

O  Particulate from  d ry in g , storage a n d  h an d lin g  o f  p ro d u c t.

O  A m m onia  and  h y d ro g e n  su lph ide fro m  ven ts on  
am m o n ia  storage tanks.

O  H ydrogen  su lp h id e  fro m  vents o n  so d iu m  h y d ro g e n  
su lp h id e  s to rage  tanks.

O  C arbon  m o n o x id e , c a rb o n  d ioxide, o x ides o f  n itro g e n ,
-  ox ides o f  su lp h u r  an d  p a rticu la te 'm a tte r  fro m  "calcium  

hy d rox ide  b u rn in g  an d  slaking.

Releases to water

O  Distiller b o tto m  off-take  liquor c o n ta in in g  p h e n o ls , 
cyanides, CaC l2, NaCl w ith  an a m m o n ia /a m m o n iu m  
con ten t. Its co m p o s itio n  is rough ly  1 0 % C aC l2> 5 % ‘ 
NaCl, and  a m m o n ia /a m m o n iu m  a m o u n tin g  to  1 to  1.5 
k g / to n n e  o f  p roduct.

O  A queous d ischarges f ro m  scrubbers an d  c o o lin g  w a te r 

system s. - -
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Releases to land

O  So lids fro m  c la rif ic a tio n  o f  d is tille r  b o tto m  liquor.

O  W aste  m a te ria ls  in c lu d in g  c o n ta m in a te d  p ro d u c t.

2.3 .4  The sodamide process

(a) Process

S o d a m id e  is so m e tim e s  p ro d u c e d  fo r sale a n d  so m e tim es  for 
d ire c t u se . Tw o m e th o d s  are  u se d : o n e  is so lv en t-b ased  a n d  th e  
o th e r , m o re  u su a l, p ro cess  is a d ry  p ro cess  using  m o lte n  
so d iu m .

S o d iu m  is m e lte d  u n d e r  a n i tro g e n  b lan k e t in  a sealed  vessel.
T h e  re a c tio n  vessel is fitted  w ith  o v e rp re ssu re  p ro te c tio n  an d  
an y  e m e rg e n c y  re lie f  sy s tem  is v e n te d  to  a c o n ta in m e n t vessel 
f ro m  w h ic h  th e  re s id u a l gases d isc h a rg e  a t h ig h  level.

A m m o n ia  is fed in to  th e  re ac to r  at c o n tro lle d  rates w h e re  it 
reac ts  w i th  th e  so d iu m  to  fo rm  so d a m id e . The e x o th e rm ic  
re a c tio n  is c o n tro lle d  by  re g u la tin g .th e  ra te  o f  a d d itio n  o f  
a m m o n ia .  In  a d d itio n  c o o lin g  is a p p lie d  to  the reactor.
T h e  re a c tio n  is:

2 N a  +  2 N H 3  —* 2 N a N H 2  +  H 2

An ex cess o f  a m m o n ia  is u sed  a n d  th is , to g e th e r  w ith  h y d ro g e n  
g e n e ra te d  in  th e  re ac tio n , is b u rn t  via a flare. Particulate  m atte r  
is re m o v e d  fro m  the  gas s tre am  b e fo re  it is fed via a seal p o t to 
th e  flare  stack . To m in im is e  e n tr a in m e n t  o f  so d a m id e  in  the 
g as s tre a m  a n d  to  p rev en t any in g re ss  o f  air, fo rced  ex tra c tio n  is 
not u se d .

To m a x im is e  d e s tru c t io n  o f  a m m o n ia ,  a su p p le m e n ta ry  flam e o f  
n a tu ra l g as is u sed . T h is is s im ila r  to  a co n v en tio n a l flare s tack ’s 
ig n ite r , b u t w ith  a la rg e r  flam e. T h e  c o m b u s tio n  area  sh o u ld  be  
f itte d  w ith  a w in d  sh ie ld  a n d  a f lam e  fa ilu re  dev ice  to  p rev en t 
a d d it io n  o f  a m m o n ia  to  th e  re a c to r  w h e n  the  flare stack  is n o t 
fu lly  o p e ra tio n a l.

T h e  u se  o f  w a te r  o n  th e  p la n t is l im ite d  fo r safety  reasons; b o th  
m o lte n  s o d iu m  an d  s o d a m id e  reac t v io len tly  w ith  w ater.

P ro lo n g e d  c o n ta c t o f  s o d a m id e  w ith  d ry  a ir  can g ive rise  to  the  
fo rm a t io n  o f  p e ro x id es .

W h e re  th e  p ro d u c t  is iso la te d , so lid if ie d  a n d  p ack ed  it is 
c o n v e y e d  u s in g  n itro g e n , w h ic h  is re c ircu la te d , b u t so m e  
n i tro g e n  is b le d  o f f  a n d  d isc h a rg e d  to  a ir  via a w a te r  scrubber. 
T h e  l iq u id  e ff lu e n t f ro m  th is  s c ru b b e r  m ay  co n ta in  sm all 
a m o u n ts  o f  s o d iu m  h y d ro x id e  so lu t io n  re su ltin g  fro m  any  
c a r ry -o v e r  o f  so d a m id e .

M a in te n a n c e  o f  th e  p la n t m ay  g e n e ra te  m ate ria l c o n ta m in a te d  
w i th  s o d a m id e . Such  m a te ria l  w ill re q u ire  d e c o n ta m in a tio n  in  
sp e c ia l e q u ip m e n t.  S team  a n d  w a te r  sp ray  tec h n iq u e s  a re  used , 
r e s u l tin g  in  a so d iu m -h y d ro x id e -c o n ta m in a te d  liq u id  e ffluen t. 
O il u se d  fo r  sea lin g  th e  re a c tio n  vessel w ill, a fte r so m e  tim e , be  
c o n ta m in a te d  w ith  s o d a m id e  an d  n e e d  rep lacem en t. T he 
c o n ta m in a te d  o il sh o u ld  p re fe ra b ly  b e  trea ted  o n -s ite  to  rem o v e  
an y  s o d a m id e . ra th e r  th a n  d isp o se d  o f  v ia a w aste  co n trac to r.

(b) Potential release routes from the sodamide process

Releases to air

O  A m m onia and so d am id e  from  pressure  relief.

O  A m m onia an d  ox ides o f  n itro g en  fro m  flare.

Releases to water

O  Sodium  hy d ro x id e  fro m  w ater sc ru b b in g  o f  vented 
n itrogen an d  w ash ing  o f  e q u ip m e n t

Releases to land 

O  None.

2.3.5 Nickel catalyst manufacture

(a) Process

An aqueous n icke l so lu tion  is p repared  in a s tirred  vessel by 
m ix in g  am m onia  so lu tio n , nickel a n d  a m m o n iu m  salt. T he 
vessel is m ain ta ined  u n d e r reduced  pressu re  by a fan that 
exhausts to a tm osphere.

E x truded  a lum ina  is d ried  in  an in d irec t gas-fired  heater. T he 
d r ie d  alum ina is m ixed w ith  the p repared -n ickel so lu tio n  to  
im pregnate  th e  a lum ina w ith  nickel ions. T he am m o n ia  
lib e rated  in th e  reaction  is treated  in  a w et scrubber.

Excess nickel so lu tio n  is rem oved  by vacuum  filte r an d  recycled  
for the  next batch . The resu ltan t so lid  is h o t-a ir  d ried  before  
hea t treatm ent. The p ro d u c t is th en  classified to  give the 
req u ired  p ro d u c t agg lom era te  size. O versize an d  undersize  
m ate ria l that c an n o t be recycled  w ith in  the p rocess is sen t for 
ofT-site nickel recovery.

A queous stream s and sp e n t sc ru b  liq u o rs  are trea ted  by passing  
th ro u g h  a sand  filter to  rem ove so lid  n ickel particles, fo llow ed 
by an  ion exch an g e  u n it to  rem ove d isso lved  nickel ions. The 
io n  exchange resin  is reg en e ra ted  w ith  su lp h u ric  acid.

(b) Potential release routes from nickel catalyst 
manufacturing

Releases to air

O  The m a in  releases to  a ir are d u st and a m m o n ia  gas from  
vessel ventings.

O  . All a m m o n ia -lad e n  stream s are  passed to  w et sc ru b b ers  
before d ischarge to  a tm osphere .

O Bag filters are em p lo y ed  to  rem ove particu la te  m atter.

Releases to water

O  .The m a in  releases to  the  aq u eo u s en v iro n m en t are 
am m onia  and nickel.
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Releases to land

O  Spent io n  ex ch an g e  resin , bag filters an d  w aste  ex tru d a te  
sw eep in g s are  e x p o rte d  to  landfill.

2.3.6 Biochemical processes using ammonia

(a) Processes

T his is a class o f  p rocess that is q u ite  diverse, ran g in g  from  
plastic m an u fac tu re  to  h u m an  food  p ro d u c tio n , b u t always w ith  
the sam e u n d e rly in g  p rin c ip le  o f  u sin g  a m m o n ia  b o th  as a feed 
for the m ic ro -o rg an ism s and to  co n tro l pH.

Typically the m ic ro -o rg an ism  is d ispersed  in a w a te r so lu tio n  o f  
trace e lem en ts, c o n ta in ed  in a d eep  vessel. T he  m ic ro -o rg an ism  
is fed w ith  a carb o h y d ra te . Air m ix ed  w ith  am m o n ia  gas (o f  
the  o rd e r o f  2 0 0  k g /h  o f  a m m o n ia ) is b lo w n  in to  th e  b o tto m  
o f  the reactor.

W h en  the reac tion  has p ro gressed  far e n o u g h , the m ix tu re  is 
w ith d raw n , hea led  to  s to p  fu rth e r reaction  and  the  p ro d u c t 
filtered off. T he filtra te  is d ischarged  to  a trea tm en t plant.

o
In m ost o f  these  processes, d ue  to  the  d ep th  o f  the so lu tio n s 
used and  the  need  to  m ain ta in  steady tem p era tu res , the 
am m o n ia  in jec ted  is adequate ly  ab so rbed  an d  a sc ru b b er is no t 
requ ired .

(b) Potential release routes from biochemical 
processes using ammonia

Releases to air

Q  A m m onia  fro m  vents.

Releases to water

O  Filtrate co n ta in ing  am m o n ia /am m o n iu m  and a h igh  BODs.

Releases to land 

O  N one.

2.3.7 Manufacture of ammonium hydrogencarbonate/ 
ammonium carbonate

These are co n sid ered  to g ether, as b o th  involve the  reac tion  o f  
carbon  d io x id e  w ith  am m o n ia . Additionally, l iq u o r  fro m  the 
am m o n iu m  h y d ro g en ca rb o n a te  process can be used  as a raw  
m a te r ia ljn .th e  a m m o n iu m  carb o n a te  p rocess___ _ ____  .

For a m m o n iu m  h y d ro g en ca rb o n a te . carbon  d io x id e  is abso rb ed  
in  am m o n iu m  h y d ro x id e  so lu tio n . T hree a m m o n iu m - 
h y d ro x id e-co m a in in g  vessels are u sed  in  series, w ith  the  first 
be ing  the  m ak in g  vessel and the  second  and  th ird  ab so rb ers to 
m axim ise  c a rb o n  d io x id e  u tilisa tion .

C arbon  d io x id e , g en era ted  by h eating  liquefied  gas, is passed 
in to  the a m m o n iu m  h y d ro x id e  so lu tio n  until a sam ple  . 
w ith d raw n  fro m  the  vessel indicates that the reac tion  is 
co m ple te . Excess c a rb o n  d iox ide  is passed th ro u g h  su b seq u e n t

abso rbers and any re m a in in g  after this w ill be  re leased  to  air 
to g e th e r w ith  am m o n ia  s tr ip p e d  from  th e  so lu tio n .

T he resu ltan t a m m o n iu m  h y d ro g en ca rb o n a te  s lu rry  is th ic k e n ed  
in  a h y d ro c lo n e  be fo re  b e in g  cen trifuged  a n d  d ried ; oversize  
m ateria l is g ro u n d  and  th e  p roduct b agged . T he d ry in g  is 
carried  o u t  w ith  s team -h ea ted  air and th is  to g e th e r  w ith  
ex tracted  air from  th e  g r in d in g  operation  is filte red  b e fo re  
d ischarge  to  air.

Excess m o th e r  l iq u o r  from  th is  process can  be  u sed  in  th e  
a m m o n iu m  carb o n a te  p rocess as a so u rce  o f  a m m o n ia , c a rb o n  
d iox ide  and  water. ■

C om m ercial am m o n iu m  carbonate , w h ic h  is a m ix tu re  o f  
a m m o n iu m  carb o n a te  and am m o n iu m  h y d ro g e n c a rb o n a te . is 
p ro d u ced  by reac ting  a m m o n ia  gas an d  c a rb o n  d io x id e  w ith  
steam .

The h o t gases are d u c ted  to  a n u m b er o f  c o n d en se rs  a rra n g e d  in 
parallel. At the s ta rt o f  a cycle the c o n d en se r is p u rg ed . T he 
purge gas is ven ted  to  a tm osphere.

C o n densa tion  co n tin u es u n til the layer o f  p ro d u c t is su ffic ien tly  
th ick  to  reduce the  heat loss to  the level w h e re  c o n d en sa tio n  
ceases. At this stage the su p p ly  o f  gas to  th e  c o n d en se r is 
sto p p ed , the vessel o p en ed  a n d  the a m m o n iu m  carb o n a te  d u g  
ou t.

T he p ro d u c t is m illed  to  a u n ifo rm  size b e fo re  packaging.
Excess m o th e r  l iq u o r  from  a m m o n iu m  h y d ro g e n ca rb o n a te  
p ro d u c tio n  can be  used  as an  additional so u rce  o f  raw  
m aterials; steam  str ip p in g  a llow s the recovery  o f  a m m o n ia  a n d  
carbon  d ioxide. T he residual liquor is d isc h arg e d  io  d ra in .

2.3.8 Manufacture of other ammonium salts

(a) Various processes

A m m o n iu m  h y d ro x id e  is u sed  in the m an u fac tu re  o f  o th e r  
a m m o n iu m  salts su ch  as am m o n iu m  b isu lp h ite , a m m o n iu m  
th io su lp h a te , and salts such  as a m m o n iu m  b ro m id e , w h ils t 
gaseous am m o n ia  is used in. th e  p ro d u c tio n  o f  a m m o n iu m  
phosphates. In all these  cases whilst a m m o n ia  may be e m itte d  
there  is a lso the possib ility  o f  releasing ac id  gases.

For am m o n iu m  b isu lp h ite  th e  processes m ay  be c o n tin u o u s  
o r  batch . T he b isu lp h ite  is fo rm ed  by reac tio n  b e tw ee n  
aq u eo u s a m m o n iu m  h y d ro x id e  and su lp h u r  d iox ide :

n h 4o h  +  s o 2 —  n h +h s o 3  ^

T he off-gases, c o n ta in in g  a m m o n ia  a n d  o x id es o f  su lp h u r, pass 
to  an irrig a ted  m is t e lim in a to r w here th e  a m m o n ia  is ab so rb ed  
and  re tu rn e d  to  th e  process. T he residual ofT-gases a re  trea ted  
in  a so d iu m  hyd ro x id e  tail gas scrubber. T h e  so d iu m  h y d ro x id e  
sc ru b b er m ay also receive ac id ic  ofT~gases fro m  o th e r  su lp h u r  
d iox ide  a b so rp tio n  system s a n d  be follow ed by an  e lec tro sta tic  
p recip ita to r. A lternatively th e  residual o ff-gases m ay be  u sed  in  
o th e r reactions that requ ire  su lp h u r d io x id e . T he p ro d u c t 
liq u o r is po lished , filtered a n d  transferred  to  sto rage.
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A m m o n iu m  th io su lp h a te  is fo rm e d  by  th e  reac tio n  o f  aq u eo u s  
a m m o n ia ,  s u lp h u r  a n d  a m m o n iu m  b isu lp h ite :

n h 4o h  +  n h 4 h s o 3  +  s  —  ( n h 4 ) 2 s 2 o 3  +  h 2o

T h e  v en t gases f ro m  th e  re ac to r are  s c ru b b e d  w ith  w a te r  and  
a m m o n iu m  b isu lp h ite  in  a v e n tu r i s c ru b b e r  and  th e  l iq u o r  is 
re tu rn e d  to  th e  reactor. A fter re a c tio n  th e  p ro d u c t is c la rified  
a n d  tre a te d  w ith  active  c a rb o n . P e rio d ica lly  so lids c o n ta in in g  
m e ta l su lp h id e s  a n d  s u lp h u r  are  b led  o f f  f ro m  th e  reac to r to 
p re v en t a b u i ld -u p  o f  im p u ritie s .

M p n o a m m o n iu m  p h o sp h a te  a n d  d ia m m o n iu m  p h o sp h a te  are 
m a d e  by  in je c tin g  g aseo u s a m m o n ia  in to  p h o sp h o r ic  acid to  
p ro d u c e  a s lu r ry  o f  crystals o f  th e  resp ec tiv e  p ro d u c ts :

n h 3  +  h 3 p o 4  —-  n h 4 h 2 p o 4  

2 N H 3  +  h 3 p o 4  —  ( n h 4 ) 2 h p o 4

T h e  o ff-g ase s  pass to  a p h o sp h o r ic  ac id  sc ru b b e r  w h ic h  abso rbs 
excess a m m o n ia . T h e  sc ru b b e r  l iq u o r  re tu rn s  to  the  reactor.
T he  s lu rry  is c e n tr ifu g e d  to  rem o v e  th e  p ro d u c t, w h ic h  is d ried  
p r io r  to  p a ck a g in g  fo r sale. T h e  filtra te  is re tu rn e d  to  the 
reac to r. A b leed  is taken o f f  th is  recycle  to  p rev en t a b u ild -u p  . 
o f  im p u r i t ie s  and  is so ld  in to  th e  fe rtilise r m ark e t. .

A m m o n iu m  p o ly p h o sp h a te  is p ro d u c e d  by  reac tin g  
p y ro p h o s p h o r ic  acid  w ith  u rea  in  a h e a ted  m ixer. T he  off-gases 
a re  c o o le d -b y  d i lu t io n  w ith  a ir  an d  pass to  a w a te r  sc ru b b er, 
fo llo w ed  by a p h o sp h o r ic  acid  sc ru b b er. T h e  p ro d u c t  is m illed  
a n d  sized  p r io r  to  packag ing . P o ten tia l release p o in ts  in  th e  
s iz in g  a n d  h a n d lin g  sy s tem s are p ro te c te d  by  a bag filte r u n it.

F lu o r id e  can  be  p re sen t in  th e  p h o s p h o r ic  acid  u se d  in  th e  
p h o s p h o r ic  ac id  sc ru b b e rs , an d  w ill b e  s tr ip p e d  fro m  th e  acid  
in  th e  sc ru b b e r  an d  re leased  to  air, m o stly  as h y d ro g e n  flu o rid e . 
I f  fo o d -g ra d e  p h o s p h o r ic  ac id  is b e in g  u se d , th e  re lease  is 
in s ig n ific an t.

(b ) Potential release routes from the manufacture of 
ammonium compounds

D etails o f  p o te n tia l  re lease  ro u te s  f ro m  a m m o n iu m  c a rb o n a te /  
a m m o n iu m  h y d ro g e n c a rb o n a te  a n d  a m m o n iu m  salts 
p ro d u c tio n  are g iv en  below .

Releases to air 

O A m m o n ia  fro m  vents.

O - C a rb o n  d io x id e , o x id es  o f  su lp h u r, h y d ro g e n  f lu o rid e  
a n d  a m m o n ia  fro m  a b so rb ers .

O A m m o n iu m  salts in  p a r ticu la te  fo rm  fro m  d ry ers , 
h a n d lin g , a n d  s iz in g  o p e ra tio n s .

O A m m o n ia , c a rb o n  d io x id e , a m m o n iu m
h y d ro g e n c a rb o n a te  a n d  a m m o n iu m  carb am a te  d u r in g  
s ta rt o f  c o n d e n se rs  in  a m m o n iu m  carb o n a te  p ro d u c tio n .

O A m m o n ia  f ro m  v a p o u r p re ssu re  o f  a m m o n ia  above
a m m o n iu m  c arb o n a te . Losses can  o ccu r d u r in g  d ig g in g

out o f  co n d en sers  and  m illin g  o f  p ro d u c t.

Releases to water

O M other l iq u o r  fro m  a m m o n iu m  h y d ro g en ca rb o n a te  
process c o n ta in in g  am m onia .

O Process liq u o rs  fro m  sc ru b b ers  that m ay co n ta in  

am m onia , so d iu m  su lp h ite  a n d  so d iu m  sulphate.

Releases to land

O Solids a n d  activated carbon  fro m  p o lish  filters on
am m o n iu m  b isu lph ite  and th io su lp h ite  p ro d u c tio n .

O Metal su lp h id es  an d  su lp h u r fro m  filtra tio n  o f  
a m m o n iu m  th iosu lpha te  liquors .

2.3.9 Chelating agent manufacture (EDTA and 
related compounds)

(a) Process

T he sodium  salts o f  e th y len ed iam in e  tetraacetic  acid (EDTA) 
a n d  other re la ted  chela tin g  agents are p ro d u ced  by the  reaction  
o f  e thy lened iam ine, o r  re la ted  co m p o u n d s , w ith  so d iu m  
cyanide, w ater and  fo rm ald eh y d e  in  stainless steel vessels:

C 2 H 4 (N H 2 ) 2  +  4H C H O  +  4N aC N +  4 H 20  
—» (NaOO CCH 2 ) 2 N C H 2 C H 2 N (C H 2 CO O N a ) 2  +  4 N H 3

A m m onia is released as a b y -p ro d u c t o f  th e  reaction  and  boils 
o f f  continuously. The am m o n ia  is a rrested  by co n d en sa tio n  
a n d /o r  m ulti-stage sc ru b b ers u sing  cooled  recircu la ted  w a ter as 
th e  scrubbing  m e d iu m  for the first stage. B ack-up sc ru b b ers 
are  used to red u ce  the  release to  a ir and these m ay be ‘o n ce- 
th ro u g h ' w a te r scrubbers . A pproxim ately  180 kg o f  a m m o n ia  is 
recovered, fo r sale as aq u eo u s am m o n ia  so lu tio n , fo r every 
to n n e  o f EDTA p ro d u ced .

S om e o f  the am m o n ia  is cy anom ethy lated  to  fo rm  salts o f  
nicrilotriacetic  acid  (NTA) and o th e r  co m p o u n d s. These 
side-p ro d u cts  rem ain  in  the p ro d u c t unless the  free EDTA is 
precip ita ted  by  acid ification .

W ith  analogous p ro d u c ts , a c o n d en se r is u sed  to  reflux the- 
am ines.

An alternative co m m erc ia l process, the  S inger synthesis, 
involves reac tio n  o f  h y d ro g en  cyan ide, fo rm ald eh y d e  an d  
e th y len ed iam in e  to fo rm  inso lub le  (e th y len ed in itrilo ) 
te traaceton itrile , fo llow ed  by hydrolysis w ith  so d iu m  
hydroxide to  EDTA.

To produce th e  acids fro m  the so d iu m  salts o f  the  ch ela ting  
agen ts, the so lu tio n s  are treated  w ith  su lp h u ric  acid  o r 
hy d ro ch lo ric  acid . T he p rec ip ita ted  solid, for ex am p le  EDTA, is 
separated by  cen trifu g e . The filtrate , and  any w ash in g , is 
neutralised  b e fo re  d ischarge  to  l iq u id  effluent.
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Processes using or releasing ammonia

(b) Potential release routes from the manufacture of 
chelating agents

Releases to air

O  A m m onia  fro m  scrubbers .

O  A m m onia , am in es and  fo rm ald eh y d e  from  storage lank 
venis.

Releases to water

O  A m m onia  a n d  possibly am ines and  fo rm aldehyde  from  

scrubbers .

O  Filtrate fro m  p ro d u c tio n  o f  the  acid form  o f  the  chelates, 
c o n ta in in g  so d iu m  su lphate , so d iu m  ch lo rid e  and  
chelating  ag en ts and , potentially , traces o f  am ines, 
fo rm ald eh y d e  and  cyanide.

O  The im pact o f  a q u eo u s d ischarges co n ta in ing  chelating
agents o n  th e  im m ed ia te  en v iro n m en t should  be carefully  
assessed as chela tin g  agen ts are capable o f  m ob ilis in g  and  
m ain ta in in g  heavy m etals in  so lu tio n .

Releases to land 

O  None.

2.3.10 Zeolite manufacture

(a) Process

Solutions o f  so d iu m  a lu m in ate , so d iu m  hydroxide a n d  so d iu m  
silicate are ad d ed  to g e th e r to  fo rm  a zeolite. To the  resulting  
so lu tio n , so d iu m  a lu m in ate , so d iu m  silicate and a so lu tio n  o f  
a lu m in iu m  su lphate  are added . The soda Y zeolite p recip ita tes 
ou t and  is recovered  as a s lu rry  from  a filter, the filtrate being  
recycled w ith in  the  process. T he slu rry  is fu rther filtered  and  
w ashed  before  passing  to  in te rm ed ia te  storage.

The soda Y zeolite  is w ashed  w ith  am m o n iu m  sulphate so lu tion . 
This stage b rin g s a b o u t an io n  exch an g e  betw een a m m o n iu m  
and so d iu m  ions. T h e  filter cake is w ater-w ashed  to  rem ove 
sod ium  su lphate  an d  any excess a m m o n iu m  sulphate.

The w et Y zeo lite  is fed to  a gas-fired  dryer, the  vent passing to  
a tm osphere  via a bag  filter. T h e  d ried  p ro d u c t is trea ted  in  a 
gas-fired calciner. T h e  vent stream  co n ta in in g  co m b u stio n  
gases, am m o n ia  an d  a m m o n ia  o x id a tio n  p ro d u c ts  passes to  
a tm osphere  via a-bag filter. •

(b) Potential release routes from the manufacture of 
zeolites

Releases to air

©  M ain releases to  air are am m o n ia  a n d  particulates from  
the  calciner, d ry e r vent, p ro d u c t an d  am m o n ia  storage.

O  Releases to  w a te r

©  M ain releases to  w ater are  a m m o n iu m  and so d iu m  salts.

Releases to land

O  G eneral so lid  w aste fro m  m an u fac tu rin g  p rocess.

2.3.11 Processes using ammonia as a solvent

(a) Processes

Several processes use a m m o n ia  as a so lv en t in  the  m an u fa c tu re  
o f  o rg an ic  chem icals. T he potential releases to  air a re  m ain ly  
the  a m m o n ia  u sed  (the p ro d u c ts  b e ing  fairly  co m p lex  n o n ­
volatile c o m p o u n d s ) .

Processes o f  th is  type  are norm ally  c a rr ie d  o u t in  a sea led  vessel, 
fitted  w ith  a b u rs tin g  disc o r  pressure re lie f  valve. I f  a b u rs tin g  
disc is u sed , th is  d ischarges in to  a c o n ta in m e n t vessel fro m  
w h ich  residual gases are v en ted  at h ig h  level. I f  a p re ssu re  re lie f  
valve is used, th e n  the gases vented fro m  it are  sc ru b b ed . T he 
vessel a lso has a vent to a w a te r  scrubber.

A m m o n ia  is s to red  in  a p ressu re  bullet f ro m  w h ic h  it is 
w ith d raw n  using  the  b u lle t’s pressure as the  d riv in g  force. It is 
then  d isch arg ed  in to  the reac tio n  vessel, th e  d ro p  in  p re ssu re  
resu lting  in  ad iabatic  c o o lin g  to  a liq u id  at ro u g h ly  -33°C . T he 
reactan ts m ay e ith e r  be p re-charged  in to  the  reac to r o r  a d d ed  
after th e  am m o n ia  ad d itio n . Other reac tan ts  m ay be a d d e d  la te r 
to  co m p le te  the  reaction.

A m m o n ia  evaporating  fro m  th e  ‘solvent’ is co llec ted  an d  
re tu rn e d  to  the  reac to r via a reflux co n d en ser, w h ic h  has a 
b ack -u p  sc ru b b er system . A lternatively th e  a m m o n ia  is 
co llected  in  a w a te r a d so rp tio n  system to  g en era te  a m m o n iu m  
h y d ro x id e  so lu tions.

For so m e  p ro d u c ts  a lternative  processing m ay involve p artia l 
ev ap ora tion  o f  a m m o n ia  by  pressure re d u c tio n  an d  
n eu tra lisa tio n  o f  th e  re m a in in g  solvent to  p rec ip ita te  th e  
p ro d u c t. The p ro d u c t is separated  by filtra tio n  an d  w ash ed .
The filtrate  and w ash ing  fo rm  part o f  th e  a q u eo u s  e fflu en t.

BATNEEC for recovery  o f  am m o n ia , e ith e r  by re fr ig e ra tio n  an d  
recycle w ith  b ack -u p  sc ru b b ers , or by a w a te r a b so rp tio n  
system  p ro d u c in g  a m m o n iu m  hydroxide fo r re -u se  o r  sale, 
w ill be  d e p e n d e n t o n  the sca le  o f the p ro cess  and  th e  d e m a n d  
for a m m o n iu m  hydrox ide.

(b) Potential release routes from processes using 
ammonia as a solvent

'Releases to air

O  A m m o n ia  from  sc ru b b ers , pressure re lie f  a nd  f ro m  ven ts 
o n  a m m o n iu m  h y d ro x id e  tanks.

Releases to water

'O '  “ A m 'm o n iu m  salts, "alkali-metal salts an d  trace  Organics 
f ro m  acid ification  o f  in te rm ed ia te  p ro d u c ts .

O  A lkali-m etal salts fro m  cleaning o f  d ru m s  that have 
co n ta in ed  sod am id e  o r  o ther m ateria ls.
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Releases to land 

O  N o n e .

2.3.12 Control of ammonia releases

(a) Ammonia safety and handling

T h e  s to ra g e  o f  a n h y d ro u s  a m m o n ia  is cov ered  by  an  HSE 
g u id a n c e  d o c u m e n t H S G 3 0 (|,,> w h ic h  d e ta ils  basic re q u ire m e n ts  
fo r  th e  d e s ig n  o f  sp h e rica l an d  c y lin d rica l p ressu re  vessels an d  
e sse n tia l fittin g s  fo r safe o p e ra t io n , to g e th e r  w ith  certa in  
o p e ra t io n a l  m aile rs .

T h ree  m e th o d s  are  c u rre n tly  u se d  fo r  s to rag e  o f  an h y d ro u s  
a m m o n ia ,  th e  c h o ic e  p r im a r ily  d e p e n d in g  o n  th e  q u a n tity  to  
b e  s to re d :

O  S to rag e  at a m b ie n t  te m p e ra tu re  a n d  eq u iv a len t p re ssu re  
in  c y lin d rica l vessels fo r  re la tive ly  sm all q u a n titie s , as 
p rac tica l m a n u fa c tu r in g  a n d  tra n s p o r t  co n sid e ra tio n s  
lim it  th e  size  o f  th e  vessel.

O  S to rag e  u n d e r  p re ssu re  in  sp h e rica l vessels n o rm a lly  fo r 
s to ra g e  o f  5 0 0  lo  3 0 0 0  to n n es .

O  S to rag e  at a tm o sp h e r ic  p re ssu re  a m m o n ia  m ay b e  s to red  
at a tm o sp h e r ic  p re ssu re  b y  re d u c in g  the  te m p e ra tu re  to  
-3 3 °C  an d  s to re d  in  c y lin d rica l f la t-b o tto m e d  tanks; th is 
m e th o d  o f  s to ra g e  is c o n s id e re d  eco n o m ica l w h e n  
q u a n ti t ie s  in  excess o f  5 0 0 0  to n n e s  are invo lved .

In fo rm a tio n  o n  s to rag e  an d  o ff lo a d in g  is a lso available in 
c o m p a n y  p u b lic a tio n s :

T h e  fo llo w in g  safety  p o in ts  sh o u ld  be  n o te d  w h e n  d e a lin g  
w ith  a m m o n ia :

O  A m m o n ia  gas is p u n g e n t  a n d  c o lo u rless  a n d  serves as its 
o w n  w a rn in g  ag en t; th e  d e te c ta b le  o d o u r  lim it fo r 
a m m o n ia  is 5 p p m  by v o lu m e .

O  A m m o n ia  c o m b in e s  w ith  m e rc u ry  to  fo rm  exp losive  
c o m p o u n d s ,  so  in s tru m e n ts  c o n ta in in g  m e rc u ry  m u st 
n o t  b e  u se d  i f  a m m o n ia  can  c o m e  in to  c o n iac t w ith  th e  
m ercu ry .

O  A m m o n ia  w ill n o t  read ily  a ttack  c a rb o n  steels, b u t reacts 
s tro n g ly  w i th  c o p p e r  a n d  a lloys c o n ta in in g  copper.

©  T h e  flam m ab le  lim its o f  a m m o n ia  are  from  16 to  25%  by 
v o lu m e  in  air, w ith  an  a u to - ig n itio n  tem p era tu re  o f  651°C.

(b ) Absorption w ith water

C o m m e rc ia l s c ru b b e r  sy s tem s in c lu d e  th o se  based  o n  p ack ed  
c o lu m n s  o r  trays a n d  v e n tu r i o r  je t s c ru b b e r  types. T he 
d is s o lu t io n  o f  a m m o n ia  in  w a te r  is h ig h ly  ex o th e rm ic .

T h e  s c ru b b e r  l iq u o r  is a p o te n tia l  w aste  s tream . T his can  be 
s tr ip p e d  w ith  s te am  o r  a ir  to  reco v e r th e  a m m o n ia  fo r  
b e n e fic ia l use.

I f  h ig h  concentra tions o f  am m o n ia  a re  req u ired  in  the sc ru b b er 
liq u id  effluent, so  that it can  be  u sed  beneficially  e lsew here , 
c o m m o n  tech n iq u es include:

O  Use o f  a  co o le r o r  rec ircu la tin g  liquor;

O  M ultiple stages if  th e  e q u ip m e n t design  req u ires  liq u id  
recirculation; and

©  Use o f  elevated pressures.

(c) Absorption in reagents

U se o f  su lphuric  acid as th e  ab so rb en t generates an am m o n iu m  
su lp h a te  so lu tio n , w hich  can be u tilised  in th e  fertiliser m arket.

(d) Condensation

A m m onia  co n d en ses at a ro u n d  -3 3 °C  at a tm o sp h e ric  pressure. 
At elevated p ressu res o f  w aste  gas, a m m o n ia  can  be co n densed  
by refrigeration . The d eg ree  o f  am m o n ia  recovery  dep en d s on 
th e  pressure o f  th e  w aste gas and  th e  tem p era tu re  to  w h ich  il is 
co o led .

(e) Incineration

A m m onia  is co m b u stib le  b u t has a relatively n a rro w  
flam m ability  envelope o f  15 -25%  in air.

Incineration  typically  n eed s to  be su p p o rted  by the  co m b u stio n  
o f  o th e r  com p o n en ts , e ith e r  if  p re sen t in the  w aste  gas o r  by an 
aux iliary  burner. Inc ineration  o f  a m m o n ia  leads to  the 
p ro d u c tio n  o f  N O x.

In general, c o n d en sa tio n  an d  w et sc ru b b in g  are  p referred  as a 
m ean s  o f c o n tro llin g  a m m o n ia  em iss io n s to  a tm o sp h ere . 
Em ergency o r  s ta rt-u p  ven ts may be an  ex cep tion , w here  
p ro p erly  d e sig n ed  flares o r  vents to  safe location  are ap p ro p ria te  
fo r large gas vo lum es passing  for a sh o rt tim e  period .

(f) Catalytic oxidation

Available am m o n ia  is ox id ised  at 1 5 0 -2 5 0 °C  over a p recious 
m eta l catalyst, fo rm ing  n itro g e n  a n d  water, acco rd in g  to the  
fo llow ing reac tio n :

4 N H 3  + 3 0 2 —* 2N 2  +  6 H 20

A support fuel m ay need  to  be b u rn e d  to  m a in ta in  the req u ired  
reac tion  tem pera tu re . P e riod ic  d isp o sa l o f  th e  catalyst is 
req u ired . U ndesirab le  species su ch  as catalyst po iso n s an d  
particulates sh o u ld  be avo ided  in  th e  gas s tream  to  be treated . 
T h e  catalyst is n o w  com m erc ially  available, b u t as yet (1 9 9 8 )  
th e re  are no  full-scale installations.

2 .4  M anufacture o f fe rtilisers

2.4.1 Introduction

T h e  fertiliser m an u fac tu rin g  in d u s try  can be  co n sid ered  to  be a 
m atu re  industry. O w ing  to  a varie ty  o f  e co n o m ic /f in a n c ia l 
pressures, th e  ind u stry  has u n d e rg o n e  d ram atic  re s tru c tu rin g  in
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the last 30  years. T he m ajor fertiliser m an u fac tu rin g  co m p an ies  
in the UK are  now  o w n ed  by E u ro p ean -w id e  co n cern s. This 
co n so lid a tio n  w ith in  ^he in d u s iry js  a tre n d  that seem s likely.to  
co n tin u e . T he  last significant investm ent in  new  p lan t w ith in  
the  fe rtiliser in d u stry  was approx im ate ly  1 0 years ago. M any 
p lants in  o p e ra tio n  are in excess o f  2 0  years old.

P roducts m an u fac tu red  in the  UK include a m m o n iu m  nitrate, 
a m m o n iu m  ph o sp h a te , NPK fertilisers and  single 
su p e rp h o sp h a tes  th ro u g h  a varie ty  o f  d iffe ren t processes.

Som e fertiliser p ro d u c ts such as urea are n o t cu rren tly  
m an u fac tu red  in  the  UK.

T he q u a n tity  o f  NPK b lended fertilisers is increasing , since this 
m e th o d  involves m echanical m ix ing  w h ic h  is a relatively low - 
cost and  sim p le  technique.

A n u m b er o f  inform ative in d u stry  g u id es 'a re  available. These 
in clude  a series o f  e ig h t booklets pu b lish ed  by the  E uropean  
Fertiliser M anufac tu ring  A ssociation e n titled  Best Available 
T echniques fo r Pollution Prevention  and C o n tro l in  th e  
E uropean  Fertiliser Industry.

2.4.2 Manufacture of ammonium nitrate

(a) General

C om m ercia l processes for the m an u fac tu re  o f  a m m o n iu m  
n itra te  d e p en d  a lm ost entirely  on  the n eu tra lisa tio n  o f  n itric  
acid using  am m o n ia . On som e plants the  am m o n ia  m ay be 
su p p lied  as a liqu id  that is norm ally  vaporised  using  w aste  
heat from  the  process.

A m m o n iu m  n itra te  fertiliser p lan ts typically  p ro d u ce  a dry, 
free-flow ing , solid p roduct fro m  a co n cen tra ted  so lu tio n  o f  
a m m o n iu m  nitrate.

T here  are m any  variations in the  op era tin g  details o f  th e  plants 
p ro d u c in g  a m m o n iu m  nitrate  in a dry, usable fo rm  by the 
n eu tra lisa tio n  process. However, there  are th ree  steps that are 
co m m o n  to  m ost plants, These are as follow s:

0  n eu tra lisa tio n  o f  am m onia  w ith  m e d iu m  co n cen tra tio n  
(5 0 —70% ) n itric  acid, fo rm in g  a m m o n iu m  n itra te  
so lu tio n  and  steam ;

O  evaporation  o f  the am m o n iu m  n itra te  so lu tio n ; and

O  conversion  o f  th e  s o lu tio n 'o r  m elt to  so lid 'p a rtic les  o f  a' 
co n tro lled  size range w ith  specific ch aracte ris tics as 
req u ired  by th e  m arket.

In so m e  processes, the  evaporation  stage is e lim in a ted  as a 
separate  step , by the reaction o f  p rehea ted  supp lies o f  am m o n ia  
an d  h ig h -co n c en tra tio n  n itric  acid^C onsequently , d ie re  is very_ 
little  w ater re m a in in g  for rem oval.

The fo llo w in g  process d esc rip tio n  for the  m an u fac tu re  o f  
a m m o n iu m  n itra te  details a typical neu tra lisa tion  p rocess w ith  
tw o-stage evapora tion  follow ed by  prilling . A flo w ch art is 
sh o w n -in  F igu re  2.3. -  -  - ...

(b) Neutralisation

The s tro n g ly  ex o th e rm ic  reac tio n  o f  a m m o n ia  w ith  n itr ic  acid  
to fo rm  a m m o n iu m  nitrate  is typically p e rfo rm e d  b e tw een  145 
and 1 85°C, and  pressures u p  to  4.5 barg.

A m m onia , p ro d u c ed  from  e ith e r  the ev ap o ra tio n  o f  s to red  
liq u id  a m m o n ia  o r  an associated  am m o n ia  p lan t, is su p e rh e a te d  
and  passed  to  th e  reactor w h e re  it reacts w ith  a h e a ted  su p p ly  o f  
liq u id , m e d iu m -c o n c e n tra tio n  nitric acid . T h e  n itr ic  ac id  m ay 
be p reh ea ted  by u sin g  s team  o r  hot c o n d en sa te  fro m  the  
a m m o n iu m  n itra te  process. This n eu tra lisa tio n  typically  fo rm s 
a 75—85%  so lu tio n  o f  a m m o n iu m  n itra te ;

N H 3(g) +  H N 0 3(1) —  N H 4 N 0 3(1)

Since b o th  reactan ts are vo la tile  at the reac tio n  tem p e ra tu re , 
co n d itio n s  m ust b e  co n tro lled  to m in im ise  th e  loss o f  m ateria ls . 
An excess o f  n itr ic  acid, w h ic h  is the less vo latile  o f  th e  tw o  
reactants, is m ain ta in ed  d u r in g  the n eu tra lisa tio n . H ow ever, 
a m m o n iu m  n i tr a te  b eco m es less stable i f  th e  p H  is b e lo w  4 .5  
and  care  m u st b e  tak en  th a t  th e  bulk p H  d o es  n o t  fall b e lo w  
th is  level. E ffective c o n tro l is essential.

The n eu tra lisa tio n  reaction  m ay  be ca rried  o u t in e ith e r  o n e  o r  
tw o reactors. W h e n  a sing le  reactor is u sed  th e  p H  o f  th e  
reac tion  m ix tu re  is typically contro lled  b e tw een  5 .0  and  5 .5 . 
W hen  tw o  reactors are u sed  th e  first stage is o p e ra ted  at a pH  in 
the  ra n g e  1 to  3 w h ile  a lka line  conditions are  m a in ta in e d  in th e  
second reactor.

The use o f  two reactors resu lts in reduced em iss io n s o f  a m m o n ia  
since m o st o f  the  b o il-o ff s te a m  is gen era ted  in th e  first stage 
and m o st o f  the am m o n ia  em iss io n  is in  th e  seco n d  stage.

A typical single reac to r consis ts  o f a reac tio n  c h a m b e r  fo llo w ed  
by an overhead  v a p o u r l iq u id  separator to  d isen g ag e  the 
a m m o n iu m  n itra te  so lu tion  from  the steam . T he sy s tem  a llo w s 
a m m o n iu m  n itra te  from  th e  separator to  be  recycled  to  th e  in le t 
o f  the  reactor. N itr ic  acid is added to  th e  recycled  so lu tio n  via a 
sparge p ip e  in  th e  inlet p ip ew o rk  of th e  reactor. A m m o n ia  is 
in jec ted  in  the base  o f  the reac to r and in to  th e  u p w a rd  flow  o f  
so lu tio n  using a sparge pipe. The reaction  takes place re leasing  
heat that genera tes steam  a n d  forces th e  so lu tio n  u p  in to  th e  
separator. From  th e  separator, a m m o n iu m  n itra te  ov erflo w s to  
the nex t process: e ith e r a se c o n d  reactor o r  th e  ev ap o ra tio n  
system , w ith  so m e  so lu tion  recyclcd.

T h e 'tem p e ra tu re  o f  the n eu tra lised  so lu tio n  can be  c o n tro lled  
e ith e r by  rem oval o f  the h ea t using the p ro d u c tio n  o f  live s te am  
in c o m b in a tio n  w ith  a w aste heat boiler in sta lled  o n  th e  re ac to r 
recircu la tio n  line, by  ad d itio n  o f  co n tam in a ted  c o n d en sa te  fro m  
the  evaporators, o r  a lternatively  by reg u la ted  a d d itio n  o f  th e  
reactants. N eutralisation  at an  elevated p re ssu re  w ill p ro d u c e  
steam  at a h ig h er tem p era tu re  (and_am m onium  n itra te .a t a 
low er c o n ce n tra tio n ).

Steam  th a t is g enera ted  by th e  neu tra lisation  reac tio n  c o n ta in s  
am m o n ia  (0 .5 -1 % ) and a m m o n iu m  nitrate'. Recovery o f  b o th  
may be achieved by  use o f  a scrubber e m p lo y in g  acid ified  
condensate , w ith  th e  cap tu red  am m onia  a n d  a m m o n iu m  n itra te
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Figure 2.3 Manufacture of ammonium nitrate

Ammonium nitrate prills

re c y c le d  to  ih e  reactor. T h is  s team  can  a lso  be u sed  as a heat 
s u p p ly  fo r  th e  ev ap o ra tio n  stage w h e n  v a cu u m  is a lso used . A 
p r o p o r t io n  o f  th e  c o n d e n sa te  m ay feed  back  to  th e  re ac to r  in 
th o se  p ro cesses  th a t rely  o n  re tu rn e d  co n d en sa te  fo r tem p e ra tu re  
c o n tro l .  W h e re  a s c ru b b e r  has b e e n  u se d  it is p o ss ib le  to 
re p ro c e ss  th is  c o n d e n sa te  fu r th e r  as su itab le  b o ile r feed  w ater.

A m m o n ia  gas m ay  c o n ta in  sm all q u a n ti t ie s  o f  in e rts  su c h  as 
h y d ro g e n ,  n i tro g e n  a n d  m e th a n e . In  so m e  processes it m ay be 
n e c e ssa ry  to  ven t th e se -fro m  th e  n e u tra l ise r system  at an  
a p p ro p r ia te  p o in t.

(c) Evaporation

T h e  p ro c e d u re s  fo r ev ap o ra tio n  o f  th e  n e u tra lise d  so lu tio n  vary 
d e p e n d in g  o n  th e  w a te r  c o n te n t  o f  th e  reac tan ts-an d  o n  th e  
e v a p o ra tio n  te m p e ra tu re .

O n e  - o r  tw o  - s tage  ev ap o ra to rs , so m e tim e s  o p e ra tin g  u n d e r  
v a c u u m , are  in  u se  in  m o s t p lan ts. T h ese  un its  are  th e rm ally  
e f f ic ie n t a n d  can  b e  accu ra te ly  c o n tro lle d . T he d e c o m p o s itio n  
p o te n t ia l  o f  a m m o n iu m  n itra te  re q u ire s  th a t th e  seco n d -s tag e  
u n i t  b e  d e s ig n e d  to  re ta in  o n ly  a sm all a m o u n t o f  th e  
c o n c e n tr a te d  s o lu t io n .

A m m o n iu m  n itra te  so lu tio n  fro m  th e  re ac to r is passed  to  a 
v a c u u m  e v a p o ra to r  sy s tem . T he  c o n c e n tra tio n  o f  th e  
a m m o n iu m  n itra te  so lu t io n  o b ta in e d  is d e p e n d e n t  u p o n  th e  
n u m b e r  o f  e v a p o ra tio n  stages, w ith  a 9 5 %  c o n c e n tra tio n  fro m  
s in g le  s tag e  a n d  a > 9 9 %  c o n c e n tra tio n  fro m  tw o -s tag e  
e v a p o ra tio n .

Evaporation is always p e rfo rm e d  usin g  steam , w h ich  can com e 
f ro m  the a m m o n iu m  n itra te  process (neu tra lise r) o r fro m  a 
s team  raising facility o n  th e  site.

T h e  concen tra ted  so lu tio n  o f  a m m o n iu m  n itra te  m ust b e  kept 
at elevated tem p era tu res  to  keep it as a liquid . Such a h o t. 
concen tra ted  so lu tio n  o f  a m m o n iu m  nitra te  is called a m elt.

P recau tio n s a re  exerc ised  to  avoid c o n ta m in a tio n  o f  th e  
so lu tio n  w ith  any  o rg an ic  o r  o th e r  sen sitis ing  m ate ria ls , since  
th e se  will p r o m o te  d e c o m p o s itio n . C o n seq u en tly  the 
in tro d u c tio n  o f  recycled  stream s is u n d e r ta k e n  w ith  g re a t care.

(d ) Product Solidification

A m m onium  n itra te  is an  im p o rta n t c o n stitu en t o f  fertilisers 
a n d  is requ ired  to  be free-flow ing  w ith  g o o d  storage properties . 
A m m onium  n itra te  is h ig h ly  h ygroscop ic  and  cakes readily. The 
so lid  p roduct sho u ld  be  p ro tec ted  fro m  m o is tu re  and  trea ted  to  
m in im ise  caking.

V arious p ro ced u res, su c h  as g ranu la tion , flaking and spraying, 
have been p rac tised  ov er the  years to  o b ta in  am m o n iu m  n itra te  
particles o r g ran u les  w ith  size d e p e n d e n t u p o n  the u ltim ate  
application.

T h ere  are tw o  c o m m o n  m eth o d s  fo r so lid ification , p rillin g  
a n d  granulation .

Prilling

T his final s te p  in  p rep ara tio n  o f  th e  p ro d u c t is o ften  a
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co n tin u a tio n  o f  the  evapora tion  p rocedure .

In th e  p rilling  p ro cess .g ran u les o f  fertiliser,are  fo rm ed  by the 
solid ification  o f  d rop lets o f  fertiliser m aterials.

F rom  the  evaporation  stage th e  co n cen tra ted  so lu tio n  o f  
am m o n iu m  n itra te  passes to  th e  to p  o f  the  p rillin g  to w er - a 
tall em p ty  tow er w ith  an u p w a rd  flow  o f  air. D rop lets are 
fo rm ed  by the b reak -u p  o f  the  liq u id  phase in  a d is tr ib u to r 
head . As the d ro p lets fall, they  cool and solidify. The free : fall 
h e ig h t that is req u ired  to  solid ify  the  prills d ep en d s o n  the 
co n cen tra tion  o f  the a m m o n iu m  nitrate, the  p rill d iam ete r 
req u ired , and th e  a ir velocity. T he air from  the  to p  o f  the tow er 
con ta ins am m o n iu m  n itra te  fu m e  and  dust w h ic h  requ ires 
abatem ent.

Som e p ro d u cers in co rp o ra te  additives in to  th e .a m m o n iu m  
n itra te .' ‘CAN’ is m ade by ad d in g  calcium  carbonate  o r 
d o lo m ite  to  the  am m o n iu m  nitrate.

An in ternal add itive  o f  a m ag n esiu m  c o m p o u n d  is frequen tly  
added  to  the a m m o n iu m  n itra te  p r io r  to  p rillin g  to  act as an  
an ti-cak ing  and  stab ilising  agent. A surface coating  o f  a 
p ro p rie ta ry  additive can som etim es be added  to  im prove 
h an d lin g  properties .

After the prills fall d o w n  th e  p rilling  tow er they  m ust be coo led  
further. This can  be achieved by th e  use o f  a flu id ised -b ed  
cooler. The coo led  prills are screened to  rem ove  sm all am o u n ts  
o f  oversize an d  fines, w h ic h  are th en  e ith e r recycled  to  the 
p rocess o r  so ld  separately.

Granulation

‘G ran u latio n ’ refers to  tech n iq u es using  processes such as 
agg lom eration , accretion , o r  c ru sh in g  to  m ake a g ranu lar 
fertiliser. Typical g ran u la to rs in clude  ro tary  pans and flu id ised  
beds.

Early plants use the  p rillin g  process, b u t from  about 1973 
som e plants w ere  bu ilt to  p ro d u ce  a granu lar fo rm  o f  
•am m o n iu n v n itra te .-T h e  granu la tion -p rocess enables the- - - - 
p ro d u c tio n  o f  g ranu les o f  any reasonable^ size w ith  decreased  
p o llu tio n  p rob lem s co m p ared  to  p rillin g  d ue  to  the  m u ch  
sm aller vo lum es o f  air han d led .

In o ne  process, n am ed  sp h ero d izin g ,. cool air (refrigerated  
in  h o t w eather) passes th ro u g h  a ro ta ry  d ru m  that is typically
3 .5 -4 .5  m in te rn a l d iam e te r and  14—18 m  long. C oncen tra ted  
am m o n iu m -  n itra te  'so lu tion"iS "sprayed 'on to 'a‘ cascade "o f 
granules falling from  specially  d esig n ed  flights. The g ranu le  
size is bu ilt u p  m ainly  in  successive o n io n -sk in -ty p e  layers to  
p ro d u ce  w e ll-ro u n d ed  granules. After screen ing , the g ranules 
are fu rth e r co o led  and  th en  can be  coated w ith  a surface 
co n d itio n er i f  req u ired .

In a n o th e r process, the  g ran u la r p ro d u c t is fo rm ed  by  spraying 
liq u id  am m o n iu m  n itra te  o n to  a flu id ised  b ed  o f  recycled 
m ateria l. E vaporation takes place and  the  size o f  g ranules is 
built up. The resu lting  g ran u les  are screened and  those  w ith in  
the p roduct size range  are rem oved . Sm aller g ranu les are 

-fu rtherrecy c led 'w h ile -o v ersize -m ateriaH s-c ru sh ed -b efo re --b e in g - 

added  to  the recycle stream .

Cooling

P ro d u c t fro m  g ra n u la to rs a n d  p r il l towers  is n o rm a lly co o le d  in 
ro ta ry  o r  flu id ise d -b ed  coolers.

(e) Potential release routes from the manufacture of 
ammonium nitrate

Releases to air

O G aseous a m m o n ia  and  n itric  acid fro m  sto rag e  (v en ts and  
p ressu re  re lie f  devices).

O  Particulates a n d  a m m o n ia  from the  neu tra liser, coo ler, 
d ry e rs , o th e r  process vessels and m ate ria l h and ling .

O A m m o n ia  fro m  reactor inerts purge.

O A m m o n ia  fro m  evapora to r b low -dow n.

O  A m m o n iu m  n itra te  and  am m onia  fro m  th e  p rillin g  o r 
g ran u la tio n  operations.

Releases to water

O  C ondensa te  effluen t co n ta in ing  u p  to  1 % a m m o n ia  and 
u p  to  1 % am m o n iu m  n itra te  from  reac to r (n e u tra lise r).

O  A m m o n iu m  nitrate  and nitric acid from  p lan t w ash -d o w n .

Releases to land

O  N one.

(f) Control of releases from ammonium nitrate 
production

Liquid effluent

Steam  fro m  the n eu tra lise r can  be used fo r hea tin g  th e  
evaporators. Steam  from  the evaporators is e ith e r  rem o v ed  
d irec tly  o r  by  vacu u m  pum ps.

T here  m ay be possib ilities fo r in tegration  o f  v a rio u s o th e r  site 
o p e ra tio n s  to  use the  liqu id  effluent s tream s fro m  th e  l iq u id  
a m m o n iu m  n itra te  and  g ran u la r a m m o n iu m  n itra te  p lan ts. For 
ex am p le , in te g ra tio n  o f  these  plants w ith  n itr ic  acid  p ro d u c tio n  
can  o ffer s ign ifican t o p p o rtu n itie s  to reach  lo w  levels o f  liq u id  
e fflu en t from  the  l iq u id  a m m o n iu m  n itra te /g ra n u la r  
a m m o n iu m  n itra te  p ro d u c tio n  operations. P rocess co n d en sa te  

—fro m -liq u id -am m o n iu m  n itra te -p ro d u c tio n -co n ta m in a te d -w ith -  
a m m o n iu m  n itra te  can  so m e tim es be u sed  in  th e  a b so rp tio n  
sec tio n  o f  th e  n itr ic  acid p lan t. The sc ru b b e r  l iq u o r  f ro m  the  
g ran u la r  a m m o n iu m  n itra te  p la n t air c lean in g  sec tio n  can  be 
recyc led  th ro u g h  th e  fu rth e r evaporation stages o n  th e ' 
g ra n u la tio n  p lan t, w h ic h  use p a r t  o f th e  liq u id  a m m o n iu m  
n itra te  p lan t stream .

Any c o n d en sed  steam  may be passed d irec tly  to  e ith e r  the  m ain  
factory  e fflu en t trea tm en t p lan t (ETP) o r  to  a local reco v ery  
facility.

-T he-m ain  requ irem ent-is-to -reduce-levels o f - a m m o n ia c a l ---------
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n i tro g e n  in  th e  final e fflu e n t. C o n ta m in a te d  s team  m ay be 
p u r i f ie d  e i th e r  b e fo re  o r  a fte r c o n d e n sa tio n . T h ere  are several 
te c h n iq u e s  th a t m ay  b e  e m p lo y e d  fo r ih e  p u rif ic a tio n  o f  steam . 
F o r p u r if ic a t io n  o f  s te am  b e fo re  c o n d e n sa tio n , these  in c lu d e ()S):

O  d ro p le t  se p a ra tio n  te c h n iq u e s
k n itte d  m e s h  d e m is te r  p ad s, 
w ave p la te  se p a ra to rs , an d
fib re  p a d  se p a ra to rs  u s in g , fo r exam p le , PTFE fibres;

O  s c ru b b in g  dev ices
p a ck e d  c o lu m n s , 
v e n tu r i  s c ru b b e rs , a n d  
ir r ig a te d  sieve p lates.

S c ru b b in g  d ev ices n o rm a lly  e m p lo y  n itr ic  acid to  n eu tra lise  any 
free  a m m o n ia  a n d  assist in  th e  rem o v a l o f  the  fine  a m m o n iu m  
n itra te  p a rtic les. A lterna tive ly  s c ru b b in g  w ith  a m m o n iu m  n itra te  
s o lu t io n  fo llo w ed  by  su itab le  d e m is tin g  m ay be em p loyed .

F or p u r if ic a t io n  o f  s team  a fte r c o n d e n s a tio n , te c h n iq u e s  
in c lu d e 140*: . '

O  s tr ip p in g  w ith  a ir  o r  s te am  w ith  th e  a d d itio n  o f  alkali to 
l ib e ra te  io n is e d  a m m o n ia  i f  re q u ire d ;

O  ' io n  e x ch a n g e ;

O  d is til la tio n ; an d

0  . .m e m b ra n e  se p a ra tio n  p ro cesses.

T h e  c h o ic e  o f  te c h n iq u e  w ill d e p e n d  u p o n  w h e th e r  n itra te  . 
re m o v a l is r e q u ire d  a n d  th is  w ill d e p e n d  u p o n  th e  rece iv in g  
w a te r . R eco v e red  a m m o n ia  m ay  b e  re -u se d  in  th e  m ain  

' a m m o n iu m  n itra te  p ro cess .

W h e re  e fflu e n t tre a tm e n t in v o lv in g  d is tilla tio n  is e m p lo y ed , 
c a u s tic  so d a  is first a d d e d  to  th e  c o n d e n sa te  to  re lease  am m o n ia  
f ro m  th e  a m m o n iu m  n itra te . T h e  first d is tilla tio n  c o lu m n  then  
s tr ip s  th e  a m m o n iu m  c o m p o u n d s  fro m  th e  co n d en sa te . T he 
c le a n e d  c o n d e n sa te  is th e  b o t to m  p ro d u c t  fro m  the c o lu m n  and  
fo rm s  th e  l iq u id  final e ff lu e n t f ro m  th e  process . It co n ta in s  less 
th a n  5 0  p p m  o f  th e  a m m o n iu m  c o m p o u n d s ;  ach iev ed  levels in 
th e  ra n g e  5—10 p p m  have b e e n  re p o rte d . The to p  p ro d u c t, 
w h ic h  is s team  c o n ta in in g  1 0 — 1 2 % o f  a m m o n iu m  c o m p o u n d s , 
p a sse s  o n  to  a se c o n d  c o lu m n  w h e re  a m m o n ia  is reco v ered  as a
1 0 0 %  v a p o u r  fo r  re -u se  in  th e  m a in  a m m o n iu m  n itra te  process. 
T h e  to ta l f lo w  o f  e fflu e n t f ro m  th e  ETP c o rre sp o n d s  to  th e  
w a te r  th a t is e n te r in g  w ith  th e  n i tr ic  acid .

A q u e o u s  w aste s  m ay  c o n ta in  a m m o n ia  a n d  n itr ic  ac id  as well as 
p a r tic u la te  m atte r. T h is  e ff lu e n t p ro d u c e d  by th e  fe rtiliser 
m a n u fa c tu r in g  p ro cesses  m ay  b e  a c id ic  o r  alkali an d  m ay n eed  
to  b e  n e u tra lis e d .

Dust pollution

M o st o f  th e  p o l lu t io n  o n  an  a m m o n iu m  n itra te  p lan t is de riv ed  
f ro m  th e  d u s t  a n d  v a p o u r  th a t a rise  f ro m  p rill tow ers  o r  
g ra n u la to rs .

T h e  a m m o n iu m  n itra te  du st in  the  gas stream  is a very fine 
(su b -m icro n ) particu la te  fum e (d ro p lets and  vapour) that, at 
con cen tra tio n s above 15 m g /m 5, b e co m es visible in  the  
a tm ospheric  d ischarge as a p e rsis ten t b lue  haze a fte r d isp e rsio n  
in  the  steam  p lum e. T his m ay be rem o v ed  by irrig a ted  candle 
filters (w ith candles in co rp o ra tin g  fine glass fibre) w ith  a cost 
rep resen ting  a sign ifican t p ro p o r tio n  o f  th e  total p lan t cost.

A candle filte r in sta lla tion  that is spec ified  to  h an d le  all o f  the 
p rill  tower ex h au st gas is very large and  expensive; for exam ple, 
th e  gas flow rate associated  w ith  a 1 700  tp d  p lan t is ab o u t 
5 0 0 ,0 0 0  m V h  and the  cost o f  the  p o llu tio n  co n tro l p lan t is 
reported  to  be  about £ 6  m illio n . T his in c ludes the  installation  
o f  cyclones o n  the flu id ised  bed.

T h e  repacking o f  the candles is an expensive  exercise costing  
m any  thousands o f  p o u n d s.

A cidic so lu tion  at a pH  o f  ab o u t 2 is c ircu la ted  a ro u n d  the 
filters until it reaches a 40%  a m m o n iu m  n itra te  so lu tio n .' This 
can  then be  m ix ed  w ith  o ff-specifica tion  a m m o n iu m  nitra te  
fro m  the p rillin g  process to  give a 60%  so lu tio n , neu tra lised  
usin g  am m onia  and th e n  recycled  to  the  n eu tra lisa tion  reactor. 
Pum ps m ust n o t be a llow ed  to  b eco m e d ead -h e ad e d  as they 
co u ld  explode.

M esh  filters m ay be em p lo y ed  u p stre am  o f  the candle  filte rs 'to  
■remove-particulates. T he m esh  filter is w ash ed  w ith  40% ' 
a m m o n iu m  n itra te  in  full so lu tio n  acid ified  w ith  n itric  acid to 
p H  2. U nder am b ien t c o n d itio n s  at th is co n cen tra tio n , 
a m m o n iu m  n itra te  is stable. -

Som e designs o f  prill to w er u se  an in te rn a l sh ro u d  fitted  a ro u n d  
the  spray h e ad  to  collect the  finest fum e g en era ted  from  the 
spray process. Air ex tracted  fro m  w ith in  th is sh ro u d  contains 
d u st concen tra tions o f  2 0 0 -^ t0 0  m g /m 3 w h ereas that from  
ou tsid e  the sh ro u d  is typically  5 0 -6 0  m g /m ’. H igh-effic iency  
collectors fo r the  d u stie r stream  can be sized  for a sm aller flow 
th an  for the sam e p rocess w ith o u t a sh ro u d , typically a candle 
filter.

A lthough th e  nature  o f  e ffluen t g en era ted  in  g ran u la tio n  plants 
is com parab le  to  that g en era ted  from  p rill tow ers, the  qu an tity  
o f  a ir to be trea ted  is m u c h  sm alle r w ith  a co rre sp o n d in g  
im p ac t on ab a tem en t e q u ip m e n t size and  cost. D ep en d in g  
u p o n  the m o is tu re  co n te n t o f  the  feed to  th e  g ranulato r, the 
subsequen t em iss io n  m ay co n ta in  coarser particles. T his allows 
use  o f  cheaper ab a tem en t techno log ies.

Gases from th e  g ran u la to r ( i f  app licab le) an d  from  the  d ryer 
m ay be c leaned  by a c o m b in a tio n  o f  d ry  cyclones and  w et 
scrubbers. Devices in c lu d e  cand le  filters, v en tu ri sc ru b b ers and  
cyclones. C and le  filters are n o t su itab le  fo r co n tro l o f  d ust 
p o llu tion  w h e re  e ith e r calcium  a m m o n iu m  n itra te  o r  in so lub le  
m aterials are  ad d ed  to  th e  a m m o n iu m  n itra te . T h is is because 
insoluble c o m p o u n d s  rap id ly  fou l the  surface o f  th e  filter.

Techniques em ployed  fo r c lean ing  air fro m  p rill low ers and  
granulators m ay  also be  em p lo y ed  o n  coolers.
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Manufacture of fertilisers

Air c leaned  in  a d ry  system  m ay be  re -u sed  as seco n d ary  a ir to  
the  d ry er a fte r d e -dusting .

Ammonium nitrate fume abatement

The m ost effective tech n iq u e  for the  ab atem en t o f  a m m o n iu m  
n itra te  fum e is the  use  o f  irrig a ted  candle filters, since  
conven tional sc ru b b ers  are less efficient for rem oval o f  
particu la tes < 1  |im .

T he d u st-lad en  a irflo w  also en tra in s  am m o n iu m  n itra te  
d ro p le ts /v a p o u r  an d  am m o n ia  vapour, and so  the filters are 
irrig a ted  w ith  an  acid ified  so lu tio n  to rem ove the d u st and 
am m o n ia  vapours.

T he acidic so lu tio n  is c ircu la ted  a ro u n d  the filters u n til it 
reaches a 4 0%  a m m o n iu m  n itra te  so lu tio n . It can be  m ixed 
w ith  am m o n iu m  n itra te  waste fro m  the p rilling  process to  give 
a 60%  so lu tio n , neu tra lised  using  am m o n ia  and  th en  recycled 
to  the neu tra lisa tio n  reactor.

A m esh filter can be  u sed  upstream  o f  the candle  filters, w h ich  
is w ashed w ith  a n itric  acid so lu tio n  to  m ain ta in  acid cond itions. 
In these cases the  cand le  filters are irrig a ted  w ith  w a te r  rather 
than  acid so lu tio n .

The choice  o f  the  fibre in  the candle  filter is very im p o rtan t. 
O rganic m aterials o f  c o n stru c tio n  should  on ly  be u sed  on 
am m o n iu m  n itra te  p lan t after a deta iled  hazard  study  has 
established the  safety o f  the  app lication . Glass fibre is typically 
u sed  but requ ires tig h t pH  co n tro l since it is attacked by bo th  
acid and  am m o n ia . A m m oniacal co n d itio n s lead to  e tch in g  
w h ile  acid causes a b reak d o w n  o f  the  so d iu m  silicate b o n d . 
Typically candlc filters have a lim ite d  life o f  3—S years.

Air from  the o u tle t o f  th e  flu id ised -b ed  coolers, cleaned 
typically by cyclones, can  be m ixed  w ith  the  cleaned a ir from  
the candle filters to  red u ce  p lum e visibility  a n d  to  p rov ide  som e 
buoyancy.

Storage and handling of ammonium nitrate solution

Follow ing m anufactu re , th e  liqu id  am m o n iu m  n itra te  m ay be 
p u m p ed  in to  sto rage tanks. The tem p era tu re  in  the tank  is 
m ain ta ined  at a level to  keep  the  am m o n iu m  n itra te  in  the 
liq u id  phase. Heat is usually  p ro v id ed  th ro u g h  use o f  an 
ex ternal heat ex ch an g er th ro u g h  w h ic h  the  a m m o n iu m  n itra te  
is recirculated . Steam  co ils sho u ld  .not be u sed  in  a m m o n iu m  
n itra te  storage to  avoid any risk o f  use after so lid ification  and  
p o ten tia l 'd e to n a tio n . "A m m onia gas m ay be in jec ted  in to  the 
recircu lating  m elt to  m ain ta in  the  am m o n iu m  n itra te  at a stable 
pH  and  no t a llow  it to  deco m p o se .

Storage and handling o f ammonium nitrate prills and 
granules

Screened a m m o n iu m  n itra te  is co nveyed /e leva ted  in to  storage 
facilities. Fugitive d u st em iss io n  sh o u ld  be m in im ised  d u rin g  
tran sp o rta tio n  and  b agg ing  o f  the  p roduct. Prills and granu les 
are generally  dust-free .

2.4.3 Manufacture of ammonium phosphate

A m m o n iu m  p h o sp h a te  is p ro duced  by  c o n ta c tin g .p h o s p h o r ic  _ 
acid  (5 0 —55%  Pj O j ) w ith  am m onia  in  a reactor. T he 
e x o th e rm ic  n a tu re  o f  the reaction  req u ire s  d ilu e n t w a te r  o r  
c o n tam in a ted  con d en sate  to  be added to  c o n tro l th e  re ac to r 
tem p era tu re .

T he am m o n ia , acid  and d ilu e n t are m ix ed  in  the  reac to r an d  the 
resu ltin g  s lu rry  is passed a lo n g  a sho rt le n g th  o f  p ip e  to  the  
g ranu la to r. S u lp h u ric  acid can  also be ad d ed  d e p e n d in g  u p o n  
the  re q u ire d  fo rm u la tio n  o f  the  final p ro d u c t fertiliser.

2.4.4 Manufacture of NPK fertilisers

(a) General

T he basic p lan t n u trien ts  fo u n d  in chem ica l fe rtilisers are 
n itro g en  (N ), p h o sp h o ru s  (P) stated as p h o sp h o ru s  p en to x id e , 
and p o tassiu m  (K) as p o tassiu m  oxide. Typical sou rces o f  these  
c o n stitu e n ts  are a m m o n iu m  nitrate, a m m o n iu m  p h o sp h a te  an d  
po tassiu m  ch lo rid e  respectively.

T he p ro d u c t n am e  is n o rm ally  followed by th ree  n u m b e rs  
that in d ica te  the  relative percentages o f  N. P jO ^  and  K2 0 .
T he typical co n te n t o f  n u trie n ts  norm ally totals b e tw een  4 0  
and  60% .

T he p rocess for co m p o u n d  o r  com plex fe rtilisers su ch  as NPK is 
m o re  d ifficu lt to  define  as th e re  is an in fin ite  n u m b e r  o f  N /P /K  
ra tio s  and  the  processes ap p lied  in their p ro d u c tio n  are 
n u m ero u s .

Solue o f  these  processes are n o t  carried o u t  in  th is c o u n try  for a 
varie ty  o f  e co n o m ic /f in a n c ia l reasons. O n e  su ch  process is th e  
n itric  acid ro u te  o r  n itro p h o sp a te  process. T h is p rocess a im s to  
p ro d u ce  n itra te -co n ta in in g  stra igh t and c o m p o u n d  fertilisers 
sta rtin g  fro m  rock p h o sp h a te  and  using all th e  n u tr ie n t 
c o m p o n e n ts  in  an  in teg rated  process w ith o u t  so lid  w astes an d  
w ith  m in im al gaseous and liq u id  em issions.

O th e r processes in clude  the m ixed-acid  p rocess , th e  a m m o n iu m  
p h o s p h a te /a m m o n iu m  n itra te  route, and  th e  m echan ical 
b len d in g  o f  single o r  m u lti-n u trien t c o m p o n e n ts .

Processes covered in  this N o te  are  those o p e ra ted  in  th e  UK and  
in c lu d e  th e  a m m o n iu m  p h o sp h a te /a m m o n iu m  n itra te  ro u te , 
and  th e  m ech an ical b len d in g  o f  single o r  m u lti-n u tr ie n t 
co m p o n e n ts . . _  _ _ - _

T he p re fe rred  fo rm  o f  a solid  fertiliser is a free -flo w in g , d u s t-  
free p ro d u c t. C o m p o u n d  fertilisers are p ro d u c e d  in  tw o  fo rm s, 
e ith e r as g ran u la r o r  as b len d ed  product.

(b) Difference between granulated and blended
- products -  - - - - - -

A u n ifo rm  c o m p o u n d  fertiliser is m anufactu red  by  m ix in g  
so lid  a n d /o r  liqu id  raw  m ateria ls , som e o f  w h ic h  m ay react, 
to  p ro d u c e  a g ran u la r p roduct. The fo llow ing  feed  m ate ria ls  
m ay be  u sed  in  the  m an u fac tu re  o f  NPK c o m p o u n d  fertilisers:
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Figure 2.4 Typical granulation process
Exhaust Stack Exhaust Stack

a m m o n iu m  n itra te , a m m o n iu m  p h o sp h a te , a m m o n iu m  
su lp h a te ,  u re a , s in g le  su p e rp h o sp h a te , tr ip le  su p e rp h o sp h a te , 
p o ta s s iu m  c h lo r id e  an d  p o ta s s iu m  su lp h a te . Each g ran u le  
c o n ta in s  th e  N , P, K p lan t n u tr ie n ts  a t levels close to  and  
a v erag in g  th e  d ec la red  values fo r th e  g rade.

A b le n d e d  c o m p o u n d  fe rtilise r is m an u fa c tu re d  by  m ix in g  so lid  
ra w  m ate ria ls . B lends d o  n o t n ecessa rily  co n sis t o f  m ix tu re s  o f  
s tra ig h t fe rtilise rs  o r  sing le  c o m p o u n d s . A b len d  o f  tw o  o r  
th re e  u n i f o r m  c o m p o u n d e d  fe rtilise rs  is still a b len d ed ,fe rtilise r. 
B le n d e d  fe rtilise rs  are  m ad e  w i th o u t  in v o lv ing  any ch em ica l 
re a c tio n .

(c) Granulation processes

T h e  m a in  c h em ica l feeds fo r g ra n u la tio n  can be  p ro d u c e d  o n  an  
a d ja c e n t p la n t, as o f te n  h a p p e n s  w ith  a m m o n iu m  n itra te , o r  
b o u g h t  in  f ro m  o th e r  UK sites  (eg  a m m o n ia )  o r  im p o r te d  fro m  
a b ro a d  (e g  p h o s p h o r ic  ac id  an d  u re a ) .

G ra n u la t io n  p lan ts  a re  n o rm a lly  h o u se d  w ith in  a large  to ta lly  
e n c lo se d  b u ild in g  to  m a in ta in  d ry  c o n d itio n s  fo r th e  raw  
m a te r ia ls , th e  p la n t e q u ip m e n t a n d  th e  b u lk  p ro d u c t. A fter th e  
fin a l p ro d u c t  h as b e e n  b ag g ed , it c an  b e  s to red  o u ts id e  ready  
fo r  sh ip m e n t.  T h e  flo w c h a rt o f  a typ ica l p rocess is sh o w n  in  
F ig u re  2 .4 .

G ra n u la tio n  p lan ts  fall in to  tw o  m a in  ca teg o rie s , these  b e in g  
‘w a te r -b a la n c e - l im ite d  p la n ts ’ a n d  ‘g ra n u la tio n -lim ite d  p lan ts ’. 
G ra n u la te d  p ro d u c t  m ay also  b e  m a d e  by  a th ird  m e th o d  k n o w n  
as c o m p a c tio n  g ra n u la tio n .

Water-balance-limited process

In  p la n ts  w h e re  th is  p ro cess is e m p lo y e d , th e re  is m u c h  m o re  
w a te r  a sso c ia ted  w ith  the  raw  m a te ria ls  than  is re q u ire d  to  fo rm  
th e  s o lu t io n  p h a se  fo r  g ra n u la tio n . T h ese  p lan ts a re  so m e tim es  
ca lled  ‘tru e  g ra n u la tio n  p la n ts ’.

A w ide  variety o f  raw m ateria ls m ay be  used , generally  
dep en d in g  u p o n  the req u ired  fe rtiliser co m p o sitio n . T he basic 
raw  m aterials m ay in clude  am m o n iu m  n itra te , p h o sp h o ric  acid, 
po tassium  c h lo r id e , a m m o n ia , p o tassiu m  su lphate , su p e r­
p hosphate, seco n d ary  n u trien ts , m ic ro n u trie n ts  an d  filler.

Superheated am m o n ia  is reacted w ith  p h o sp h o ric  acid in  a 
p ip e  reactor. T his ex o th e rm ic  reac tio n  p ro d u ces a m m o n iu m  
phosphate  s lu r ry  The tem p era tu re  m ay be co n tro lled  by 
in tro d u c tio n  o f  recycled sc ru b b er so lu tions.

T h e  a m m o n iu m  p h o sp h a te  slu rry  is then  fed fo rw ard  in to  a 
g ranulation  reac to r w h e re  it is reac ted  w ith  a m m o n iu m  nitrate.

T he required solid  raw  m ateria ls are  c o m m o n ly  added  to  the 
recycle stream , upstream  o f  the  g ranulator. T hey may also  be 
in troduced  b y  m ix ing  w ith  the  a m m o n iu m  n itra te  so lu tion . 
T hese are m ete red  in to  th e  process.

Solid raw m ateria ls , ie p o tassiu m  c h lo rid e , an d  lim estone  filler 
a re  collected from  storage, eg by fro n t en d  loader, d ischarged  
in to  a ho p p er from  w h ic h  the m ateria ls-are  conveyed a n d  then  
elevated in to  bu ffer sto rage  bins.

Raw m aterials are fed a t a con tro lled  rate to  the  granulator, 
w h e re  they are  m ixed w ith  a m m o n iu m  n itra te  so lu tio n  and  
recycled so lid s (fines an d  c ru sh ed  so lid s). A m m o n iu m  n itra te  
is added g enera lly  as a l iq u id /m e lt,  fo rm in g  the  bulk o f  the 
liq u id  phase req u ired  for g ran u la tio n .

T he  tum bling  action  o f  the  m ateria l ensu res th e  p ro d u c tio n  o f  a 
h o m o g en eo u s  m ix an d  aids th e  ch em ica l reactions and  granule  
grow th. 'P ro d u c t  g ranu les are spherical w ith  typical d iam ete rs 
betw een 2 a n d  4  m m .

W et granules from  the  g ran u la to r are d isch arg ed  in to  a ro tary  
co-curren t h o t-a ir  dryer. These can be as large as 3 0 m  long  an d  
Sm  in d iam eter. T he o p e ra tio n  o f  th e  d ry e r is c o n tro lled
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accord ing  to  the  in le t an d  o u d e t tem pera tu res . A part fro m  th e  
evaporation  o f  any excess w ater, the  d ry in g  process also 
s tren g th en s th e  g ran u les  against b reak d o w n  d u rin g  su b seq u en t 
handling . Air leaving the  d ry e r c o n ta in s 'd u st a n d  som e traces 
o f  am m o n ia  and  passes to  a w et scrubber.

The m aterial leaves the  d ry e r at abou t 90°C, and is fed to 
v ib rating  screens. O versized granules are c rushed  a n d  then  
added , along w ith  the  u n d ersized  m ateria l, to  the  recycle stream .

The p ro d u c t is c o o led  to  40°C using  air, after w h ic h  the 
m ateria l is fu rth e r sc reen ed  to  rem ove any fines fo rm ed  by 
d eg radation  in  the cooler.

Granulation-limited process

In this type o f  p rocess the  w ater associated  w ith  the  raw 
m ateria ls is less th an  is req u ired  to  fo rm  a sufficient so lu tio n  
phase fo r g ran u la tio n  and  a su bsid iary  supply  o f  w ater, typically 
steam , is necessary. T hese  p lants are som etim es labelled  ‘m ix e r 
g ranu la tion  p lan ts ’. In certain  p lants the  raw m ateria ls are all 
solids. In som e cases n o  chem ica l reac tion  is involved.

Pow dered  m ateria ls are transferred  by a co m b in a tio n  o f  
conveyor, elevator an d  screw  feeder to  a series o f  m ild  steel 
ro ta ting  d ru m s, th e  first o f  w h ich  m ay be  used as a prem ixer.

The granu la tion  p lan t can be e ith e r a ro tary  d ru m , w h ere  
steam  o r  ho t w ater is in jec ted , o r  a h ig h -sp eed  p ad d le  m ixer, 
w h ere  h o t w ater on ly  is used .

The w et granules are tran sferred  to  a d ry e r that is typically  a 
m ild  steel ro tary  d ru m  fitted  w ith  lifters designed  to  d ro p  all o f  
the d ifferen tly  sized particles th ro u g h  a stream  o f  h o t air. H igh  
air velocities are avo ided  lo  p reven t so lids carry-over.

The processes d o w n s tre am  o f  the d ryer are  sim ilar to  the 
w a ter-b a lan ce-lim iled  p rocess o u tlin e d  above.

The g ranules from  e ith e r  th e  w ater-ba lance  o r g ran u la tio n - 
lim ited  processes are th en  coated  w ith  a su itable oil, fo llow ed 
by the  app lication  o f  a v e ry  fine coating  agent, such  as talcum  
pow der, kaolin , o r  o th e r  su itab le-an ti-cak ing  agen t, to  en hance  
the sto rage-and  flow  characteristics. Talc is m ore  d ifficu lt to 
hand le  than  clay and  it th ere fo re  has to  be aerated to  enab le  free 
flow. These co ating  agen ts  are all in  the  range  1 -1 0  fim  in size.

The co aling  is ach ieved  by  spraying the  w arm  oil in  th e  fron t 
sec tion  o f  the d ru m  o n to  the  ro lling  bed o f  the g ranu les. This 
creates a th in  film  o f  o il a ro u n d  the  g ranu le . C oating  agen t is 

-- th en -a d d ed  via a -sc re w  conveyor part-w ay  dow n the  d ru m , 
w h ich  adheres to  the  o ile d  surface w ith  any excess b e in g  d r a w n ' 
o f f  in to  a bag filter system  and  recycled to  the feed hopper. T he 
coaling  o il o r b o n d in g  agen t is also k n o w n  as a du st suppressant.

The g ranu la ted  p ro d u c t is th en  conveyed to  the b agg ing  section  
o r  the  bulk  storage area. O ff-gases from  th e  g ra n u la to r jm d  
d u st-lad en  airflow s sh o u ld  be passed  to  th e  gas c lean in g  plant.

(d) Blending processes

T he b len d in g  process can  be  un d ertak en  by  e ither a b a tch  o r 
co n tin u o u s  process^ _  - - - -

B lending  processes are a lso  carried o u t  by co m p a n ie s  n o t 
involved in  m ain stream  fertiliser p ro d u c tio n . T hese  c o m p a n ie s  
are n o t en co m p assed  by IPC A uthorisations a n d  th e re fo re  are 
n o t su b ject to  th e  sam e d ischarge  co n stra in ts  sin ce  th ey  d o  n o t 
use processes invo lv ing  chem ica l reaction .

B lending  involves the  p h y sical m ixing o f  d ry  p o w d e rs  o r 
g ranules. The ind iv idual fertiliser m ate ria ls  are fed th ro u g h  a 
load ing  h o p p e r  in to  a m ix e r in  w hich  th e  m ate ria ls  are 
th o ro u g h ly  m ix ed  and th e n  discharged. C onveying  system s 
pass the  b len d ed  p ro duct to  the  bagging sec tion  fo r packaging .
It is .so m etim es necessary to  coat a n d /o r  sc reen  th e  b len d ed  
m ateria l to  en su re  a u n ifo rm  particle size d is tr ib u tio n  w ith in  
any o n e  m ix.

M icro n u trien ts  m ay be a d d e d  to  b lended fertilisers in  e ith e r 
g ran u la r o r  p o w d e r form . It is com m on  p rac tice  to  ad d  th e  
m ic ro n u irie n t in  p o w d er fo rm  with a b in d in g  ag en t w h e n  the  
m ic ro n u trie n t c a rrie r  rep resen ts  <5%  o f  th e  to ta l w e ig h t.

In co m p atib ility  p ro b lem s b e tw een  certa in  raw  m ateria ls m ay 
lead to  ch anges in  the  physical properties o f  b lends, in  te rm s o f  
bo th  so lub ility  a n d  h y g ro sco p ic  properties.

Batch process blending

Raw m ateria ls are  fed th ro u g h  a hopper in to  a m ix e r in  w h ic h  
th o ro u g h  m ix in g  takes place fo r approx im ately  five m in u te s  
before  d ischarge. T he m ixed  product is fed by  co nvey ing  
system s to  the b agg ing  sec tio n  for packaging.

Continuous process blending

Ideally su ited  to  lo n g  p ro d u c tio n  runs o f  a sm all n u m b e r  o f  
fo rm u la tio n s , co n tin u o u s  processing req u ire s  v irtua lly  no  
form al m ix in g  to  achieve consisten t p ro d u c t analysis since  th e  
raw  m ateria ls are m ete red  fro m  weigh h o p p e rs  by c o n tin u o u s  
w eigh-feeders .

Liquid fertilisers

These m ay be-clear so lu tio n s o r  suspensions o f  fe rtiliser 
m ateria ls b len d ed  in  water. T h ey  vary fro m  sin g le  m ate ria ls  to  
com p lex  m ix tu res  o f  n u trien ts  and trace e lem en ts . T h e  o n ly  
ch em ica l reac tion  o ccurs in  th e  p roduction  o f  d ia m m o n iu m  
p h o sp h a te  su sp en s io n  o r  so lu tio n  by the  n e u tra lisa tio n  o f  
m o n o a m m o n iu m  p h o sp h a te  o r  p h o sphoric  acid  w ith  d ilu te  
( 1 8% ) aq u eo u s  a m m o n ia .

(f) Potential"release routes from granulation/blending 
processes

Releases to air

O  A m m onia  em iss io n s an d  pan icu late  em iss io n s  o f
am m o n iu m  n itra te , am m o n iu m  p h o sp h a te  and  p o ta s s iu m , 
ch lo rid e  from  the g ran u la to r, the b len d er, th e  d ryer, d u st 
from  the  c o o le r and d u s t collection p lan t em iss ions .

O  Fugitive dust em issions fro m  the conveyors, sc reen s a n d  
o th e r  so lids h an d lin g  eq u ip m en t.
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®  A m m o n iu m  c h lo r id e  a n d * flu o rid es ( fro m  th e  p h o sp h o r ic  
a c id ) f ro m  th e  g ra n u la tio n  p lan t.

Releases to water

®  W a sh -d o w n  re leases and  s c ru b b e r  liq u o rs .

Releases to land

#  N o n e .

(g) Control of releases from the manufacture of NPK 
fertilisers

Sources o f pollution on NPK fertiliser plants

T h e  m a in  so u rc es  o f  p o llu tio n  o n  a c o m p o u n d  fe rtilise r p lan t 
are th e  a m m o n ia  a n d  d u st e m iss io n s  f ro m  th e  g ra n u la to r  a n d  
th e  d ry e r, a n d  d u s t f ro m  th e  coo ler.

T h e re  can  be  traces o f  f lu o rid e s  in  th e  stack  gases a ris in g  fro m  
th e  p h o s p h o r ic  acid.

T h e re  a re  also fu g itiv e  d u s t e m iss io n s  f ro m  th e  conveyors, 
sc reen s a n d  o th e r  so lid s h a n d lin g  eq u ipm en t.^

A n o th e r  p o ien tia l so u rc e  o f  p o llu tio n  o n  NPK p lan ts  is the  
fo rm a tio n  o f  a fin e  a m m o n iu m  c h lo r id e .

Effect o f dust size on cleaning plant design

An im p o r ta n t  p a ra m e te r  a ffec tin g  th e  d e s ig n  an d  se lec tio n  o f  
su itab le  d u s t c le an in g  p lan t is th e  size a n d  n a tu re  o f  th e  fu m e  
to  be  co llec ted .

T h e  p a rtic le  size o f  d u s i in  th e  e x h au s t gases fro m  th e  
g ra n u la to r  a n d  ih e  d ry e r  is g en era lly  in  th e  ran g e  5 f*m a n d 
above, w ith  a little  m a te ria l b e tw ee n  3 a n d  5 pim in size.

T h e  ab sen ce  o f  sm all p a rtic le s  resu lts  in  easy d e -d u s tin g  in 
a lo w  p re ssu re  d ro p  (IS O  to  3 5 0  m m  w a te r g u ag e) device 
su c h  as a w e t cyclone.

Comparison of wet scrubbing and dry collection cleaning 
plants

T h e  tw o  m a in  gas c le an in g  d u tie s  (ie  c lean in g  o f  g ra n u la to r  and  
d ry e r  gases) o n  a fe rtilise r p lan t re q u ire  the  u se  o f  w e t sc ru b b in g  
d ev ices a fte r p r im a ry  tre a tm e n t in  cyclones.

T h is  is b ecau se  th e  gases c o n ta in  w a te r v ap o u r an d  any 
c o n d e n s a t io n  w o u ld  se rio u sly  im p a ir  th e  o p e ra tin g  e ffectiveness 
o f  b ag  filte rs o r  o th e r  ty p es o f  d ry  c lean in g  e q u ip m e n t. Also, 
a p a rt f ro m  th e  d e -d u s t in g  du ty , th e re  is a re q u ire m e n t for 
a m m o n ia  an d  p o ss ib ly  f lu o rid e  a b so rp tio n .

O n e  p ro b le m  asso c ia ted  w ith  th e  use o f  w et sc ru b b e rs  for all o f  
th e  gas c le an in g  d u tie s  a ro u n d  th e  p la n t is th a t th e  p lan t w a te r 
b a la n ce  is a ffec ted . T h e  b leed  fro m  th e  m ain  sc ru b b e r  can  be 
r e tu rn e d  to  a p ip e  re ac to r b u t  any su rp lu s  o f  liq u o r  f ro m  the 
s c ru b b e r  sy s tem s has to  be  e ith e r  so ld  as a liq u id  fe rtilise r o r 
d isp o se d  o f  a n o th e r  way.

Performance of wet scrubbers

Actual scrubb ing  efficiency d ep en d s o n  m any  factors bu t, in 
particular, it d e p en d s  on  partic le  size and  pressure  drop. In a 
w e t scrubber th e  m ain  c o m p o n e n t o f  th e  ru n n in g  cost is th e  
p o w e r required  to  overcom e the gas-side  p ressure  drop .

Table 2 .4  illustrates the typical p ressu re  d ro p  and  du^t co llection  
effic iency o f  several wet sc ru b b in g  devices u sed  o n  fertiliser 
p lan ts.

T h e  scrubbing  liq u o r  u sed  in  the  w et sc ru b b ers  m ay be 
a m m o n iu m  p h o sp h a te  o r  a m m o n iu m  s iilp h o p h o sp h ate  
so lu tio n . The pH  o f  these  so lu tio n s m ay be co n tro lled  by 
th e  addition  o f  p h o sp h o ric  a n d /o r  su lp h u ric  acid.

Table 2.4 Performance of wet scrubbers

Type Pressure

drop

_ _ —  - -i 

Oust collection 

efficiency

(% ) ;
f

(mm WG) 1 m 5 m 10 m j

Simple void 

( spray tower1*’

50 40 94 96 ;

I

' Medium 

1 pressure drop 

scrubber

150-350 90 97 99

Venturi scrubbed 600-1200 97 99.6 99.9

M T he perfo rm ance  o f  a spray to w er passes in to  the  second  
category  if  a rra n g e m e n ts  are m ade  fo r spraying at several levels 
and  using n ozzles that give a g o o d  spray p a tte rn .

(b) Venturi sc ru b b ers  o p e ra tin g  at lo w  pressure  d ro p s are 
available, in  w h ic h  case the  ex p ec ted  p e rfo rm an ce  is in the 
second  category.

General de-dusting

For w'ater balance  reasons, the use o f  bag filters m ay be 
preferred  fo r  general d e -d u s tin g  d u tie s  su ch  as th e  ven tilation  
o f  conveyors an d  the o th e r  so lids h an d lin g  e q u ip m en t. Because 
o f  the relatively high d u st lo ad in g  the  bag filler p la n t‘has to 
operate w ith  a relatively low  filtra tio n  velocity  (<  1 m /m in )  and 
a low  p ressu re  d rop ( 7 5 —100 m m  W G ). T his results in 
extended bag life and im p roves the  system  reliability  an d  
integrity.

T he  typical face velocity for the  co llection  o f  NPK du st is less 
th a n  1 m /m in  and a b o u t 1 . 2  m /m in  w h e n  co llecting  talc.

T h e  dust b e in g  collected is hygroscop ic  and  therefore  ihe filters 
have to be  fitted  w ith  heaters. Air, h eated  w ith  a steam  coil to 
100°C, can  p e rfo rm  th is  duty. T he heaters sh o u ld  be left 
runn ing  w h e n  die p lan t is sh u t d o w n .

Fertiliser plant scrubbing

T he m ain  p ro b lem  in  a fertiliser p lan t sc ru b b er is the  practical
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o n e  o f  p lugg ing . Fertiliser dust tends to  be  sticky, an d  cak ing  
can o ccur i f  th ere  is any b u ild -u p  o f  so lid  in  the  eq u ip m e n t.
T his is w hy  a tray ty p e  o f  u n it  (su ch  as Peabody sc ru b b er)  
w o u ld  n o t b e  suitable.

Doyle scrubber

For m any years the fertiliser in d u stry  has u sed  the Doyle 
im p in g e m e n t sc ru b b er in  w h ich  the  co n tam in a ted  gases are 
passed th ro u g h  an a n n u la r  section  fo rm ed  by the in se rtio n  o f  a 
c o n e  in  th e  b o tto m  o f  the  d o w n c o m er du c t. This a llow s the 
dusty  gas to  im p in g e  at h igh  velocity  on  to  the  surface o f  a bath  
o f l iq u id .  T h e  sc ru b b er liquor con ta ins u p  to  40%  o f  d issolved 
solids. Such a u n it req u ires  a pressure d ro p  o f  1 5 0 -2 0 0  m m  
WG. The d isadvantage fo r the g ranu la to r gas c lean ing  d u ty  is in 
the  gas hav ing  to  pass th ro u g h  tw o un its in  series to  en su re  
satisfactory  d u st rem oval. F u rth e rm o re  the Doyle sc ru b b e r  
canno t be reg ard ed  as an  effective a b so rp tio n  device. It has 
been  fo u n d  that w h en  the  Doyle sc ru b b ers are  o p erated  u n d e r 
acidic co n d itio n s , ie w ith  the ad d itio n  o f  p h o sp h o ric  acid, 
there  was a ‘steam y ’ p lu m e  and em issions o f  hyd ro g en  fluo ride . 
T here  w as a lso  a ten d en cy  for b lockage to  occur.

T here  are n o w  sc ru b b ers  available in  w h ich  the  liqu id  gas 
con tact is m o re  efficient. This allow s a b so rp tio n  and d e ­
dusting.

Airmix scrubber

The A irm ix sc ru b b er has been w id e ly  u sed  in  the  industry.
T his is a se lf-induced  spray-type device in' w h ic h  the gas and  
sc ru b b in g  liq u id  en te r the  b o tto m  o f  the u n it  at h ig h  velocity. 
They are th en  d ece lera ted  in the d iffuser sec tion  so that the 
liq u id  d ro p le ts  tend to  fall out o f  the gas stream  to fo rm  a 
c u rta in  o f  spray th ro u g h  w hich  the  gas stream  passes and  is 
sc ru b b ed  accordingly.

Granivore

T he cyclonic spray u n it, in  w h ich  the  liqu id  is in tro d u ced  
th ro u g h  the sides o f  th e  scrubber, also relies o n  a v ig o ro u s 
scru b b in g  ac tio n  in a den se  spray fo r effective o p era tio n . The 
G ranivore sc ru b b e r  uses th is p rincip le. T he location  o f  spray 
nozzles across th e  gas stream  sh o u ld  be avo ided  because o f  the 
risk o f  p lu g g in g , e rosion  and  co rro s io n .

Turbulent contact absorber

Static packed tow ers are n o t  generally  reco m m en d ed  fo r 
sc ru b b in g  g asesJad en  y y ith .so lid sd u e .to  po ten tia l b lo ck ag es- - -  
How ever, tu rb u le n t co n tac t absorbers consisting  o f  several beds 
o f  ho llow  p ro p y len e  sp h eres that are ‘flu id ised ’ by the u p w a rd  
flow  o f  dusty  gas m ay be  used. T he particu lar advantage o f  this 
sc ru b b e r is th a t it sim ultaneously  absorbs and  de-dusts.

Cyclones

Cyclones are genera lly  em ployed  as the  m ain  particu la te  
ab atem en t in  th e  m anufactu re  o f  chem ical fertilisers. T hey  can 
be m an u fac tu red  from  a w id e  ran g e  o f  m ateria ls; and can  be  
d esig n ed  for h ig h -te m p era tu re  an d  h ig h -p ressu re  o p e ra tio n . 
Cyclones are su itable for separating particles d o w n  to ab o u t 5 jam

thereby  m aking  th em  su itab le  for the  e x h au s t air fro m  
g ran u la to rs , co o le rs  and d ryers . Sm aller particles d o w n  to  ab o u t 
0 .5_nm  can  be sep a ra ted  w h e re  ag g lom era tion  occu rs . H ig h -  - 
effic iency cyclones are capab le  o f rem oval e ffic iencies o f  the 
o rd e r o f  90%  fo r particles d o w n  to 5 jam. After th is, co llec tio n  
effic iency d rops o f f  appreciably. H ig h -ra te  gas cy c lo n es have a 
rem oval effic iency o f  ab o u t 90%  for p a rtic le  sizes d o w n  to  
abou t 2 0  urn.

Stack exhausts

T he m a in  stack gases that are  discharged to  a tm o sp h e re  f ro m  an 
NPK p lan t are sa tu ra ted  w ith  water v a p o u r at a te m p e ra tu re  o f  
abou t 35°C, g iv in g  rise to a p lum e th a t is visible an d  steam y  in  
appearance.

2.4.5 Manufacture of single superphosphate

(a) General

T he p ro d u c tio n  o f  single su p e rp h o sp h a te  (SSP) by a c o n tin u o u s  
process gives rise to  p a rticu la r difficulties in that th e  reac tan ts, 
o rig in a lly  as a th in  slurry, se t to  a solid  m ass d u rin g  th e  reac tio n  
The e q u ip m e n t th a t o v erco m es this p ro b lem  is k n o w n  as a 
su p e rp h o sp h a te  d en . T here are  two types o f  these  c u rre n tly  
o p e ra tin g  in  the UK, the  Broadfield d en  and  the  M axw ell d en .

The o p e ra tin g  p rin cip les are essentially th e  sam e. B oth  p ro d u c e  
so lid  su p e rp h o sp h a te  in a p o w d ery  fo rm  using  e q u ip m e n t that 
prov ides suffic ien t residence  lim e for th e  SSP reac tion  to  occur, 
a lth o u g h  m atu rin g  o f  the p ro d u c t takes p lace fo r up  to  tw o  
w eeks a fte r this tim e.

(b) Chemical reactions

Single su p e rp h o sp h a te  is m ad e  by the reac tio n  o f  p h o sp h a te  
rock w ith  su lp h u ric  acid to  convert the in so lu b le  ( tr ib a s ic )  fo rm  
o f  calcium  p h o sp h a te  to  a so lu b le  (m o n o b asic ) fo rm . T h is 
reaction  can  be rep resen ted  by  the fo llow ing  ch em ica l eq u a tio n :

[C a 3 ( P 0 4 ) 2 ] 3 .CaF2  +  7H 2 S 0 4 '+  3HzO
—  3 C a(H 2 P 0 4 ) 2 .H 20  + 7 C aS 0 4  + 2HF

T he calc ium  su lphate  rem ains in  the p ro d u c t an d  fo rm s p a rt 
o f  the fertiliser. SSP co n ta ins ab o u t 20%  o f  p h o sp h o ru s  
p en to x id e  (P 2 0 5) eq u iva len t, a n d  in the  past it used to  be 
so ld  as 0 - 2 0 - 0  p ro d u c t.

T he chem ica l im pact o f  acid o n  phosphate rock lib e ra tes  large 
a m o u n ts  o f  steam , w h ich  m u st be vented away fro m  th e  . _  _ 
w o rk ing  area. T his co n ta ins ro ck  dust, acid fu m es and  n o x io u s  
gas, m ost o f  w h ich  o rig in a tes  from  im p u ritie s  in  th e  rock . The 
d u st consists o f  fine p a rticu la te  m aterial th a t b eco m es a irb o rn e  
before  it can  be re ta in ed  by th e  acid.

T h e  ev o lu tio n  o f  f lu o rid e -co n ta in in g  gases is a m a jo r  p ro b lem  
in  the  SSP p ro d u c tio n  process. .T h ese  a rise  from  th e  fluoride* 
an d  silicon co n ta in ed  as im p u ritie s  in th e  p h o sp h a te  rock .
These e lem en ts  c o m b in e  w ith  th e  water to  fo rm  flu o ro silic ic  
acid  (H 2 SiF6).

Any excess silicon dissolves (in  acid) to  fo rm  silicic  acid  
(S i0 2‘.H 2 0 )  . Typical’p h o sp h a te ro c k  has-abou t 8 % silica ( S i0 2)
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a n d -3 % —4 %  f lu o r in e  by  w e ig h t.

T h e  te m p e ra tu re  c o n d it io n  in  th e  d e n  causes a partial 
d is so c ia tio n  o f  flu o ro s ilic ic  ac id , a c c o rd in g  to  the  fo llo w in g  
c h e m ic a l e q u a tio n :

H 2 SiF6  “  SiF4  +  2H F

B oth  SiF 4  a n d  HF are  gases a t am b ie n t, tem p e ra tu re s  an d  
p re ssu re s  a n d  are  c o llec ted  by th e  deri s c ru b b in g  system . T he 
f lu o r id e  e v o lu tio n  varies b e tw e e n  10 a n d -5 0 %  o f  th e  f lu o rid e  
in  th e  ro c k , d e p e n d in g  m ain ly  o n  th e  c o n c e n tra tio n  o f  th e  
s u lp h u r ic  ac id . T h e  f lu o r id e  e m iss io n  increases a t h ig h e r  acid  
c o n c e n tra t io n s .

T h e  SiF 4  h y d ro ly se s  to  fo rm  silica th a t p o ten tia lly  c o u ld  p re sen t 
m a in te n a n c e  p ro b le m s  w ith in  th e  s c ru b b in g  system . 
C o n se q u e n tly , s im p le  v o id  sp ray  to w e rs  a n d  p ig ta il nozz les  
a re  p re fe r re d  w ith  o n c e - th ro u g h  flow  o f  s c ru b b in g  w ater.

D u r in g  th e  c u r in g  p ro cess  th e re  a re  fu r th e r  f lu o rin e  losses, 
th e  a m o u n t  d e p e n d in g  u p o n  th e  re ac tio n  lim e  in  th e  d en .

T h e  o p e ra t io n  o f  a su p e rp h o sp h a te  d e n , o n ce  th e  co rrec t 
ra tio  o f  a c id  a n d  rock  has b e en  e s tab lish e d , is e n tire ly  
a u to m a tic ,  an d  o n ly  th e  m in im u m  a m o u n t  o f  a tte n tio n  is 
n e e d e d .

(c) The Maxwell den

T h e  sh a p e  o f  th e  M axw ell d e n  m ay  be  lik en ed  to  th a t o f  a 
m o to rc a r  ty re  cover th a t slow ly  ro ta te s  in  a vertical p lane . In 
p lace  o f  th e  ru b b e r  cover th e re  is a cas t-s teel t ro u g h  a b o u t 6  m  
in  e x te rn a l d ia m e te r  a n d  1.5 m  in  c ro ss-sec tio n a l d iam eter. 
W h e n  in  p ro d u c tio n  th e  re a c to r  c o n ta in s  12 to n n e s  o f  so lid .

T h e  to ta l re s id en c e  t im e  fo r th e  m ix tu re  to  pass th ro u g h  th e  
d e n  is a b o u t  th ree  h o u rs , a n d  th e  typ ica l o u tp u t  fro m  a 
M ax w ell d e n  is a b o u t 3 to n n e s  p e r  h o u r.

(d ) The Broadfield den

T h e  B roadfie ld  d e n  is essen tia lly  a h o rizo n ta l tu n n e l, co n stru c ted  
fro m  w o o d . T h e  s lu r ry  o f  ac id  a n d  ro ck  m oves th ro u g h  th e  
d e n  o n  a slo w ly  m o v in g  sla tted  conveyor.

T h e  re s id e n c e  tim e  in  the  B ro ad fie ld  d e n  d e p e n d s  o n  ilie sp eed  
o f  th e  b e lt; typ ica lly  it is a b o u t  o n e  h o u r. B roadfie ld  d en s  can  
b e  s iz ed  to  h a n d le  th ro u g h p u t  o f  u p  to  1 0  to n n e s /h o u r .

T h e  so lid  m a te ria l leav ing  th e  d e n  is b ro k e n  w ith  a ro ta ry  c u tte r  
a n d  t ra n s fe r re d  to  s to rag e  p ile s  w h e re  fu r th e r  c u r in g  takes p lace 
a n d  t im e  is a llo w ed  fo r  th e  c o m p le tio n  o f  th e  ch em ica l 
re ac tio n s .

(e ) Storage and maturing

T h e  s u p e rp h o s p h a te  fro m  th e  d e n  co n ta in s  a b o u t 10%  
'm o is tu re .  M ateria l is  th en  tra n s fe rre d  to  sto rage  p ile s  w h e re  
fu r th e r  c u r in g  takes place. D u r in g  th is  m a tu r in g  stage th e  
m o is tu re  c o n te n t  can  re d u ce  a n d  th e  m ate ria l can  cake in  th e  
s to ra g e  p ile . It is d u g  o u t w ith  a m ech an ica l shovel an d  
d e sp a tc h e d  in  e ith e r  bu lk  o r  p ack ag ed  fo rm . T he SSP is b o th  an

in term ed iate  p ro d u c t used  to  m ake c o m p o u n d  fertilisers and  a 
h o rticu ltu ra l fe rtiliser p ro d u c t. It is, therefo re , n o t necessary  to 
co m p le te  the c u r in g  process, that w o u ld  o c cu r over a ten-day  to  
tw o -w eek  p e rio d .

(f) Potential release routes from the manufacture of 
single superphosphates (SSP)

Releases to air

•  Plant em iss io n s o f  hydrogen  flu o rid e , su lp h id e  and  
ch loride, su lp h u r ox ides, fluorosilic ic  acid  m ist an d  
particulates.

Releases to water

•  Weak a c id  e ffluen t from  sc ru b b ers c o n ta in in g  
fluorosilicic  acid an d  d issolved solids.

•  C adm ium  from  p h o sp h a te  rock , p re sen t in th e  w eak acid 
effluent, m en tio n ed  above, and  plant w ash -d o w n .

•  M ercury from  m etallurgical su lp h u ric  acid, p resen t in the 
weak a c id  effluen t, m en tio n ed  above, and  plant w ash- 
down.

Releases to land

•  None.

2.4.6 Control of releases from the manufacture of 
single superphosphate (SSP)

(a) General

T h e  main em iss io n s from  a s in g le 'su p erp h o sp h a te  (SSP) 
p lan t are th e  flu o rin e  c o m p o u n d s  and  the  particu la tes 
con tained  in  th e  den exhaust gases. The n o rm al m e th o d  o f 
gas cleaning is tw o-stage wet scrubbing .

(b) Exhaust gas cleaning

In itia l cleaning is.ach ieved  using  o ne  o r m o re  void  spray tow ers 
arranged in series, o p e ra tin g  w ith  o n c e -th ro u g h  sc ru b b in g  
w ater, avoiding the  possib le  b u ild -u p  o f  so lids that cou ld  occur 
th ro u g h  silica d ep o sitio n .

A high-efTiciency sc ru b b er is n eed ed  for th e  second  stage.
A venturi sc ru b b e r  w ith  a pressure  d ro p  o f  600  to  1 0 0 0  m m  
W G  can be u sed  for th is  p u rpose . pH  c o n tro l can be effected  
th rough  b a tc h  dosing  w ith  caustic  soda.

Emission levels from  a M axwell den , be fo re  and afte r trea tm en t 
in  this way can  be illu stra ted  as in  Table 2 .5 .

Table 2.5 Emission from a Maxwell den

inlet Outlet

1 Sulphur dioxide, (mg/m1) 300 40

Sulphur trioxide, (mg/m1) 100 2 '

Fluorine compounds, (mg/mJ) 90 1 1i
} Particulate matter, (mg/m5) 900 20

_  J
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On a M axwell d en  it is possib le  that, w h e n  starling  w ith  an 
em p ty  p lant, th ere  m ay be a n eed  fo r g rea te r ven tilation  than  is 
req u ired  w h en  the  d en  is o p e ra tin g  n o rm a lly —T his is because in 

n o rm al op era tio n  the  d en  is sealed against air ingress by the 
m ateria l co n ta in ed  w ith in  th e  den.

If th e re  is lim ited  ven tilation  capacity th e n  there  is a possib ility  
o f  d u st puffing  o u t in to  the  w ork ing  en v iro n m en t. This can  be  
p reven ted  by en su rin g  ad eq u a te  h o o d in g  aro u n d  p o ten iia l 
release po in ts o r  by p rov id ing  en h an ced  ven tilation  from  a 
stand-by  fan for use at start-up .

2.4.7 Control of releases from the manufacture of 
fertilisers (general)

(a) Material handling systems

In the  fertiliser m anufac tu rin g , g ran u la tio n  and  b lend ing  p lants, 
the m o st dusty  areas are those  su rro u n d in g  the  m aterial 
h an d lin g  system s.

W h en  the m ateria l is in  g ranu lar fo rm , th e  g en era tio n  o f 
a irb o rn e  dust is neg lig ib le  and  the  sto rage  areas are reasonably 
clean.

W h ere  appropria te , the m ateria ls h an d lin g  o p e ra tio n s w ith in  a 
fertiliser m an u factu rin g  p lan t sho u ld  be  carried  o u t using  totally 
enclosed  conveyors w ith  enclosure  o f  transfer p o in ts  and  o th e r 
solids han d lin g  eq u ip m en t.

(b) Material storage and reclamation

The storage b ins in to  w h ich  dusty  m ate ria l is transferred  by 
elevator o r conveyor belt sh o u ld  be fitted  w ith  d u st filter u n its  
on th e  air vents. W hen  m aterial is w ith d ra w n  fro m  the storage 
b ins, th is shou ld  be d one  u n d e r c o n tro lled  c o n d itio n s  using  a 
totally  enclosed  feed device such  as a b e lt w eigh feeder, a 
v ib rato ry  feeder o r a screw  feeder.

(c) Conveyors

M uch  o f  the m aterial transfer is c a rried  o u t w ith in  the  m ain  
b u ild in g  and therefore  the  m ateria l is n o t sub jected  to  the 
effects o f  w ind . This allow s the use o f  m any  o pen  belt type 
conveyors.

Dust escape, can be  avoided by using  to ta lly  en c lo sed  belt 
conveying system s. Such system s sh o u ld  be  specified  for n ew

_ p la n t .o r  re trofitted_to_existing_p]anL on_w hich_thereJs.a_dust____
p ro b lem . A slight red u ced  p ressure  sh o u ld  be m ain ta in ed  
w ith in  the conveying enclosures.

Totally enclosed  form s o f  conveyors are  available a n d  in c lu d e  
drag bar, screw, v ib rato ry  and  p n e u m a tic  conveyors.

"M ateria l d rops a t'conveyor-transfer p o in ts  sh o u ld  b e  kept-to  a 
m in im u m  to reduce  a irb o rn e  dust a n d  m ateria l d eg rad a tio n .

(d) Elevators •

Elevators sho u ld  n o rm ally  be  totally enclosed  and fitted  w ith  an 
adjustable  take -o ff p o in t to  serve as a d u s t ex traction  co n n ec tio n

to  the  m ain  bag filte r system . An 'a n ti- ru n -b a c k ’ dev ice  sh o u ld  
be fitted  as s tan d ard  practice. Elevator ch a in  speeds sh o u ld  be 
carefu lly  se lected  c o n sid e rin g  the size a n d -n a tu re  o f-th c  m ate ria l 
b e in g  h and led . T his will m in im ise  a irb o rn e  d u st a n d  
d eg rad a tio n  at th e  feed an d  discharge sections.

T he capacity  o f  the  bag filte r un its for the  g e n e ra f  d e -d u s tin g  o f  
the  conveyors, elevators a n d  th e  transfer p o in ts  sh o u ld  be 
desig n ed  to  give a slight re d u ce d  pressure  w ith in  th e  area b e in g  
d e -d u sted . - ■

(e) Screens

T h ro u g h  the n a tu re  o f  th e ir  operation , v ib ra tin g  screens c reate  
a ir /m a te r ia l  m o v em en t a n d  cause fine d u st to  be  fo rm ed , 
w h ic h  cou ld  give rise to d u s t p o llu tion  o f  the  area s u r ro u n d in g  
eq u ip m e n t.

W h ere  reg u la r c lean ing  o f  screens is n o t re q u ire d , to tal 
en c losu re  sh o u ld  be  em ployed .

(f) Bag packing area

Bags can split w h e n  being filled, tran sp o rted  o r  lo ad ed  o n  to  
lo rries. W h en  su c h  spillage occurs it sh o u ld  be c leared  u p  
p ro m p tly  o th e rw ise  dusty em issions a n d  fug itive  d u st m ay 
result, w ith  a possib le  h aza rd  occurring  d u e  to  the h y g ro sco p ic  
n a tu re  o f  the fe rtiliser m ate ria l.

(g) Maintenance

R esistant m ateria ls o f  co n stru c tio n  a n d  a h ig h  s ta n d a rd  o f  
m a in ten an ce  a re  req u ired  to  prevent the  effects o f  e ro s io n  a n d  
co rro s io n  resu ltin g  in fu g itiv e  losses.

2.5 Hydrogen cyanide

2.5.1 Introduction

H y d ro g en  cyan ide  in the UK is p ro d u ced  d irec tly  an d  a lso  
so u rced  as a b y -p ro d u c t f ro m  acry lon itrile  p ro d u c tio n . It is 
w id e ly  used  in  the  fo rm  o f  sodium  cy an id e  fo r a d iverse  range  
o f  app lications. Cyanide so lu tions are w id e ly  u sed  th ro u g h o u t 
the m etal fin ish in g  in d u stry  (see Section 2 .9  o n  c a d m iu m  fo r a 
d iscussion  o f  tech n iq u es applicable to  th e  tre a tm e n t o f  cy an id e  
p la tin g  so lu tio n s).

2.5.2 Processes for the manufacture of hydrogen 
  cyanide  

(a) Andrussow process

T his is the  o n ly  process p ro d u c in g  f irs t- in te n t h y d ro g e n  cy an id e  
c u rren tly  o p e ra ted  in  th e 'U K . The feed sto ck  is a g aseous 
m ix tu re  o f  am m o n ia , air an d  natural gas w h ic h  is passed  over a 
p la tin u m /rh o d iu m .c a ta ly s t  at _L100°C_to. give h y d ro g e n  c y an id e ,, 
w a ter an d  a sign ifican t q u a n tity  of im p u ritie s . T he re q u ire d  
re ac tio n  is:

2N H 3  +  3 0 2 +  2C H 4  —  2HCN +  6 H 20

V aria tio n s .o f this_process_use o x y g en ^en rich ed .a ir o r_____ ___
sim ply  oxygen.
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T h e  re a c tio n  is e x o th e rm ic  a n d  h e a t is reco v ered  as p ro cess  
s te am  a n d  p re h e a te d  b o ile r  feed  w ater.

T h e  w o rk -u p  c o n sis ts  o f  a se rie s  o f  p ro c ess  steps:

•  A b s o rp tio n  o f  w a te r  a n d  u n re a c te d  a m m o n ia  in to  
a m m o n iu m  s u lp h a te /s u lp h u r ic  a c id  so lu tio n , p ro d u c in g  
a m m o n iu m  su lp h a te  s o lu t io n . ’

O  A b s o rp tio n  in to  c h ille d  w a te r  to  rem o v e  th e  h y d ro g e n  
c y a n id e  f ro m  th e  gas s tream . T h e  tail gases pass to  a 
b u rn e r  fo r  h e a t re co v e ry  o f  th e  ca lo rific  va lue  o f  th e  
stre am .

•  S tr ip p in g  a n d  d is til la tio n  o f  th e  h y d ro g e n  cy an id e  
so lu t io n  to  g ive p u re  p ro d u c t. H e a t can b e  reco v ered  
f ro m  th e  still b o tto m s.

D u r in g  s ta r t-u p , feed  gas passes to  a d iv e r te r  stack u n til  co rre c t 
c o n d it io n s  have b e e n  e s tab lish e d  to  a llo w  th e  gauze to  be  lit 
safely.

D is ti lla tio n  an d  s tr ip p in g  v en ts  a re  f itte d  w ith  re fr ig e ra ted  g u a rd  
c o n d e n s e rs  to  m a x im ise  reco v e ry  o f  h y d ro g e n  cyan ide. 
S tab ilise rs (u su a lly  s u lp h u r  d io x id e , p h o sp h o r ic  acid  o r  acetic 
a c id ) a re  a d d e d  to  c o n d e n s e d  h y d ro g e n  cy an id e  a n d  th e  v ap o u r 
sp aces to  p re v e n t p o ly m e r isa tio n .

T h e  e ffic ien cy  o f  th e  m a in  re a c tio n  falls as th e  catalyst b e co m es  
e x h a u s te d .

(b ) Potential release routes from the Andrussow 
process

Releases to air

•  M e th an e , a m m o n ia ,  h y d ro g e n  cy an id e , c a rb o n  m o n o x id e  
a n d  c a rb o n  d io x id e , w h ic h  s h o u ld  be  u sed  as fuel in  th e  
tail gas b u rn e r.

•  M e th a n e  a n d  a m m o n ia  d u r in g  s ta r t-u p  c o n d itio n s , and  
h y d ro g e n  c y a n id e  f ro m  p la n t v e n tila tio n  system s.

Releases to water

# -  A m m o n iu m  su lp h a te  l iq u o r , v a r io u s  c y an id e -c o n ta in in g  
l iq u o rs  f ro m  th e  p ro c ess  a n d  w a sh in g  liq u o rs  c o n ta in in g  
su lp h u r ic  a n d  p h o s p h o r ic  acid .

•  C y a n id e  c o n ta in in g  l iq u o rs  a re  t re a te d  u n d e r  p H  co n tro l 
w i th  h y p o c h lo r i te  to  d e s tro y  th e  cyan ide.

Releases to land

•  T h e re  are  n o  p la n n e d  re leases  to  lan d . Spent catalyst 
s h o u ld  b e  r e tu rn e d  to  th e  su p p lie r  fo r  recovery.

(c ) Degussa (BM A) process

In  th is  p ro c ess  a m m o n ia  is re a c te d  d ire c tly  w ith  n a tu ra l gas, at 
e lev a ted  te m p e ra tu re  a n d  in  a tu b e  reac to r, in  the  p re sen ce  o f  a 
p la t in u m  catalyst.

T h e  p ro c e ss , w h ic h  is e n d o th e rm ic ,  o b ta in s  g o o d  co n v ersio n

w ith o u t  the im p u ritie s  fo rm e d  in  o th e r  processes. However, 
the  advantages o f  this are c o u n te red  by the  critica lity  o f  p rocess 
co n d itio n s to  th e  p rev en tio n  o f  reac to r dam age. T he eco n o m ics 
o f  th e  process a re  likely to  d e p en d  o n  the  o p e ra to r having a use 
fo r th e  co -p ro d u ced  h y d ro g en .

T his prbcess is cu rren tly  n o t  o p erated  in  th e  UK.

(d) Potential release routes from the Degussa (BMA) 
process

Releases to air, water and land

•  The re leases are s im ila r to  those  from  o th e r processes 
p ro d u c in g  h y d ro g en  cyanide.

(e) BP Sohio process for acrylonitrile production

A crylonitrile  is p ro d u c ed  by the v apour-phase  am m o x id atio n  
o f  propylene w ith  am m o n ia  an d  air in  th e  p resence o f  a heavy- 
m eta l catalyst. A sign ifican t q u an tity  o f  b y -p ro d u ct hyd ro g en  
cyan ide  is p ro d u c e d  in  th is  reac tion , along  w ith  m o re  m in o r 
qu an titie s o f  o th e r  im p u ritie s .

T he w ork-up  consists o f  a series o f  a b so rp tio n , strip p in g  an d  
d istillation  tec h n iq u es  to  y ie ld  acry lo n itrile  and  h y d ro g en  
cyanide.

T he hydrogen  cyan ide  is generally  so ld  to  a th ird  party, b u t " 
can be  burnt in  a b o ile r fo r safety reasons if  the o n se t o f  
p o ly m erisa tio n  is de tected  o r  if  1 1 0  m arket exists. This p rocess 
is covered m o re  fully in  IPC G uidance N ote  S2 4 .0 1 (10).

2.5.3 Processes using hydrogen cyanide

(a) Manufacture of sodium and potassium cyanides

T hese  processes can  be c a rr ied  o u t b a tch w ise  o r continuously .
In  each  case h y d ro g e n  cyan ide  is ad d ed  to  a so lu tio n  o f  e ith e r 
so d iu m  or p o tass iu m  h y drox ide. Careful co n tro l o f  reac tion  
co n d itio n s a n d  p a ram ete rs  is req u ired  to  p reven t the  fo rm atio n  
o f  e ith e r  b y -p roducts , su c h  as so d iu m  form ate, o r  h y d ro g en  
cy an id e  in the  p ro d u c t so lu tio n .

D epending  u p o n  the so u rce  o f  the  h y d ro g e n  cyan ide, fu rth e r 
processing  o f  th e  liq u o r m ay be re q u ire d  to  rem ove the 
respective carb o n a tes  and  b icarbonates that can be  p resen t in  
th e  solu tion . I f  carried  o u t  th is p u rif ic a tio n  stage results in  the  
p ro d u c tio n  o f  a calc ium  c a rb o n a te /b ic a rb o n a te -b a se d  w aste 
slurry.

S o d iu m  and p o tass iu m  cy an ides in  the  so lid  fo rm  are p ro d u ced  
by  evaporating th e  above so lu tio n s an d  filtering  a p ro d u c t 
slurry. The ev ap o ra to r co n d en sa te  can  con ta in  am m o n ia  a n d  
hy d ro g en  cyan ide  and so  passes to  e fflu en t trea tm en t. T he so lid  
p ro d u c t is rem o v ed  from  the s lu rry  u sin g  cen trifu g es w ith  the 
filtra te  being re tu rn e d  to  th e  evaporator.

T he product is d r ie d  and can  be co m pacted  in  a p ress to  p ro d u ce  
d u stfree  lum ps. G ranular m ateria l can  be p ro d u ced  by coarse  
m illin g  and screen ing  o f  th e  lum ps, any rejects from  the  screening 
p rocess are recy c led  to  th e  press. T he d ry e r vent is sc ru b b ed  
an d  any cyanide co n ta in in g  liq u o r re tu rn e d  to  the  process.
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Local area ex trac tio n  system s to  rem ove dusts  fro m  the 
w o rkp lace  co n ta in  cy an id e-co n tam in ated  m ateria l, w h ich  
sh o u ld  be recovered  w h e re  possible.

(b) Potential release routes from the manufacture of 
sodium and potassium cyanides

Releases to air

O  In o rg an ic  cyanides and  hydrogen  cyan ide from  p ro c e ss /  
sc ru b b e r  vents, d ry e r vents and p lan t ven tila tio n  system s.

O S cru b b cr liquors sh o u ld  be recycled to  the  process.

Releases to water

O  C alcium  carbonate  s lu rry  and  various c y an id e-co n ta in in g  
liq u o rs  from  the  p rocess and w ashing. T he largest s tream  
is the  evaporato r condensate.

O  All c y an id e-co n ta in in g  w aste is treated  w ith  h y p o ch lo rite  
u n d e r  co n tro lled  pH  co n d itio n s to  destroy  the  cyanide.

Releases to land

O  C o n tam in ated  co n su m ab le  item s, eg d am aged  packaging, 
filler m ed ia , etc. W herever possible, item s are w ash ed  
w ith  w a te r  to  deco n tam in ate  and  the  resu ltan t liq u o r 
trea ted  as a release to  water.

(c) Manufacture of acetone cyanohydrin

A cetone cy an o h y d rin  is an in te rm ed iate  in the  p ro d u c tio n  o f  
m ethyl m eth acry la te  and  m ethacry lic  acid  (see IPC G uidance  
N ote  S2 4 .0 1 (J0). The m ajo rity  o f  the ace tone  cy an o h y d riu  is 
p ro d u ced  and  co n su m ed  on  the  sam e site. O th e r ro u tes  to 
m ethy l m eth acry la te  n o t invo lv ing  the use o f  h y d ro g e n  cyan ide  
are also in co m m erc ia l use.

A cetone is reac ted  w ith  h y d ro g en  cyanide in  an e x o th e rm ic  
base-catalysed reac tio n  ca rried  o u t in a reac to r w ith  p u m p e d  
lo o p  c ircu la tio n  to  p rov ide m ixing.

The reactants are fed u n d e r ra tio  con tro l to  o p tim ise  process 
co n d itio n s. R eaction  co n d itio n s  are carefully  co n tro lled  and 
y ield o p tim isa tio n  is achieved using  successive co o lin g  and 
h o ld in g  steps. T h e  reactor vent co n ta in ing  hyd ro g en  cyan ide  
passes to  an ace to n e  irrig a ted  sc ru b b er an d  the resu ltan t liq u o r 

is recycled  to  th e  process.

_ .Im p u ritie s  are rem o v ed  by d istillation  to  yield the  p ro d u c t.
In som e a rra n g e m e n ts  the  still m ay give a w aste-side  stream  
o f  w ater fro m  the  h y d ro g en  cyan ide reac tio n ,w h ich  is 
co n tam in a ted  w ith  ace tone  and  hydrogen  cyanide. This 
stream  passes to  e ffluen t trea tm en t.

(d) Potential release routes from the manufacture of ~ 
acetone cyanohydrin

Releases to air

O  A cetone v ap o u r and  h y d ro g en  cyan ide from  the  sc ru b b e r 
o r  vacuum  vents and  fro m  plant v en tiladon .system s. - -

Releases to water

O  V ario u sj:yan ide-con ta in ing -H quors fro m  th e  p ro cess  and 
p lan t w ashing. All such liq u o rs  are trea ted  u n d e r  pH  
co n tro l w ith  h y p o ch lo rite  to  d e stro y  th e  cy an ide.

Releases to land

O  T here  a re  no  p lan n ed  releases to  land.

(e) Manufacture of cyanogen chloride

C yanogen  c h lo r id e  can be  m anufactu red  o n  a c o n tin u o u s  o r  
b a tch  basis. It is used as an  in te rm ed iate  for o th e r  ch em ica ls  
(eg  d ip h en y lg u an id in e) an d  usually g e n era te d  as re q u ire d . For 
ease o f  p ro cessing , h y d ro g e n  cyanide feed  is o ften  g e n era te d  in 
silu by the ac tio n  o f  an ino rg an ic  acid o n  a so lu tio n  o f  so d iu m  
cyan ide. The hyd ro g en  cyan ide is g e n era te d  as an  aq u eo u s  
so lu tio n . C h lo rin e  gas is ad d ed  un d er c o n tro lle d  c o n d itio n s , 
g en era tin g  cy anogen  c h lo r id e  gas, w 'h ich  is passed  in to  the  next 
reac tion  stage. T he rate o f  cyanogen c h lo r id e  ev o lu tio n  is 
co n tro lled  by th e  ch lo rin e  addition  rate.

R eaction  liq u o rs  are s tr ip p ed  to  ob tain  all the  available 
cy anogen  ch lo rid e .

O w in g  to  the  tox ic  nature  o f  both reac tan ts a n d  p ro d u c ts , 
the  reac to r em erg en cy  re lie f  system s sh o u ld  ven t to  a to ta l 
co n ta in m e n t system .

(f) Potential release routes from the manufacture of 
cyanogen chloride

Releases io air

O  H ydrogen  cyanide, ch lo rin e  and c y an o g e n  c h lo r id e  from  
so d iu m  hyd ro x id e  sc ru b b e r  vents o r  p lan t v en tila tio n  
system s.

Releases to water

O  Various liq u o rs  possibly co n ta in ing  su lp h a te , c h lo r id e , 
cyanate, cyan ide, c y an o g en  ch lo rid e  an d  th e ir  respective  

■ hydrolysis p roducts.

O  Any cy an id e-co n ta in in g  liquors a re  trea ted  to  rem ove
cyanide u s in g  one o f  th e  m ethods in d ic a te d  in  Sections
3 .4 .3  and  3 .4 ,4

Releases to land -- - - - - - - - - - - - -

O  T here  are n o  p lan n ed  releases to land .

(g) Manufacture of other hydrogen cyanide derivatives

A cidified so d ium  cyan ide  can be  used as a so u rce  o f  h y d ro g en  
_  cyanide, o r-h y d ro g en  cyanide can  He used directly , in  th e  

m an u fac tu re  o f  a ra n g e  o f  ch e la tin g  agents, cy an o -p ig m e n ts , 
cy an o -o rg an ic  chem ica ls o r in te rm ed iates fo r  a ran g e  o f  o rg an ic  
chem icals.

M ost o p e ra tio n s fittin g  in this category, are b a tch  o p era tio n s . 
“Potential releases are d e p en d e n t o n  the specific  processes.
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(h ) Potential release routes from the manufacture of 
other hydrogen cyanide derivatives

Releases to air

@ H y d ro g e n  c y a n id e  a n d  v o latile  o rg a n ic  c o m p o u n d s  fro m  
p ro c e ss  ven ts , s c ru b b e r  v en ts  an d  v en tila tio n  system s.

Releases to water

©  C y a n id e , d isso lv e d  o rg a n ic  so lv en t, su sp e n d e d  so lid  
Organics a n d  e fflu e n t t re a im e n t chem ica ls .

©  A ny c y an id e  c o n ta in in g  liq u o rs  are  trea ted  to  d estro y  
c y a n id e  by  o n e  o f  th e  m e th o d s  in d ic a te d  in  Sections
3 .4 .3  a n d  3 .4 .4 .

Releases to land

G  S p en t n o n -rec y c la b le  catalysts, e fflu e n t sludges, 
d is til la tio n  re s id u es  a n d  f lo o r  sw eep in g s.

2.5 .4 Control of releases of hydrogen cyanide

(a) Storage and transportation

S to rag e  sy s tem s fo r h y d ro g e n  c y an id e , w h ic h  is classified  as 
h ig h ly  flam m ab le , m ay  b e  f itte d  w ith  a w a te r  d e lu g e  sy s tem  in 
case o f  fire. Any su c h  fire  w a te r  sh o u ld  b e  co llected  and  trea ted  
b e fo re  d isp o sa l.

To p re v e n t p o ly m e r  b u i ld -u p  in  h y d ro g e n  cyan ide  system s, 
e q u ip m e n t  (p ip e w o rk , rail cars, e tc ) is ro u tin e ly  trea ted  w ith  
d i lu te  p h o s p h o r ic  acid . T h ese  w a sh in g s  sh o u ld  g en era lly  be 
re ta in e d  fo r re -u se  b u t ev en tu a lly  th ey  b eco m e  e x h au s te d  an d  
re q u ire  tre a im e n t b e fo re  d isp o sa l.

W h e n  fillin g  rail cars  w i lh  h y d ro g e n  cyan ide, th e  sy s tem  sh o u ld  
have m o v e m e n t se n s in g  d ev ices an d  all c o n n ec tio n s  sh o u ld  be  
p re s su re - te s te d  b e fo re  u se  to  a id  p re v e n tio n  o f  acc iden ta l 
sp illag e  a n d  leakage. S ystem s sh o u ld  b e  p ro v id ed  w ith  re m o te  
m o n ito r in g  fo r leakage  a n d  re m o te  m ea n s  o f  iso la tin g  th e  rail 
cars f ro m  th e  h y d ro g e n  cy an id e  supply . A C ode  o f  P ractice 0 0  

(is su e d  1 9 9 3 ) covers th e  s to ra g e  an d  h a n d lin g  o f  h y d ro g e n  
c y an id e .

S ites s to r in g  5 to n n e s  o r  m o re  o f  h y d ro g e n  c y an id e  w ill a lso be  
re g u la te d  by th e  C IM A H <!2) re g u la tio n s , and  a full safety  case 
s h o u ld  a lread y  ex is t.

(b ) Use and handling of hydrogen cyanide

N o tw ith s ta n d in g  th e  C o d e  o f  P rac tice ’o f  1993 , th e  fo llo w in g  
p ro v id es  g u id a n c e  to  In sp e c to rs  o n  th e  te c h n iq u es  likely to  be  
e n c o u n te re d  w ith in  p lan ts  u s in g  a n d  h a n d lin g  h y d ro g e n  
cy an id e .

H y d ro g e n  c y a n id e  is a h ig h ly  f lam m ab le  liq u id  an d  can  
p o ly m e r iz e  in  th e  p re se n c e  o f  h ea t, alkali and  m o is tu re . At 
c o n c e n tra t io n s  b e tw e e n  3 a n d  90 % , au to cata ly tic , e x o th e rm ic  
re a c tio n s  can  tak e  p lace, w h ic h  in  an  en c lo sed  space  can  lead  to  
e x p lo s io n . To p re v en t s u c h  a s i tu a t io n , stab ilisers are ad d ed  to

liq u id  hydrogen cyan ide. T he n o rm al stabilisers are d ilu te  
p h o sp h o ric  acid, su lp h u ric  ac id , acetic acid  o r  su lp h u r d iox ide. 
It is a lso Common to have em erg en cy  d u m p  system s, co n ta in in g  
stabiliser, situated above the sto rage  tank.

H y d ro g en  cyanide boils at + 26°C . At tem p era tu res above +5°C  
the  vapour is above  the  u p p e r  explosive lim it. The n o rm al , 
sto rage  tem pera tu re  is +1°C  to  keep th e  tem p era tu re  (and 
v ap o u r pressure) as low  as possib le , b u t suffic ient to  prevent the  
fo rm atio n  o f ice o n  transfer lines being  m istaken  as leaks. At 
th is  tem pera tu re  n itro g e n  p u rg in g  is req u ired  on  th e  storage 
lank. To prevent vapour loss it is p referab le  for the  n itro g en  to  
be  ad d ed  be tw een  th e  guard  c o n d en se r a n d  ihe absorber, unless 
the  absorber liq u o rs  are recycled  to  the  process, w h e n  the 
n itro g e n  purge can go  d irec t to  the sto rage  tank.

U nstabilised h y d ro g en  cyan ide  vapour cou ld  exist in  head 
spaces and so p o ly m e r can b u ild  up in  stra teg ic  areas (eg 
condensers). M ost plants have system s for ad d ing  stab iliser to  
areas at risk, o r  flush ing  w ith  dilu te p h o sp h o ric  acid .

H yd ro g en  cy an id e  should  n o t be s to red  for ex te n d ed  p e rio d s 
unless routine tes tin g  co n firm s the p ro d u c t quality. I f  p ipew ork  
is n o t to  be u se d  fo r m o re  th an  72 h o u rs , th e  h y d ro g en  cyan ide  
sh o u ld  be b lo w n  clear to  e ith e r  storage o r  process w ith  an inert 
gas (usually n itro g e n ) and  th e  lines w ash ed  w ith  d ilu te  
p h o sphoric  ac id  (o r  o th e r stab iliser), w h ic h  sh o u ld  be re ta ined  
fo r reuse w h erev er possible.

Inventories sh o u ld  be kep t as low  as reasonably practicable 
w ith o u t causing  o p e ra tio n a l p rob lem s. Storage tanks sh o u ld  be 
segregated fro m  o th e r chem ica ls by m eans o f  a ded icated  
b u n d in g  a rran g em en t.

In  all know n cases, strict p ro ced u res exist for th e  tran sp o rt o f  
hydrogen  cy an ide.

Stainless steel is the p re fe rred  m ateria l o f  c o n stru c tio n . P ipe 
w o rk  should  be co n tin u o u sly  w elded  w herever possib le  an d  
indirect d rive  o r  canned  m o to r  p u m p s  shou ld  be used.

(c) Gaseous effluent

T here  are several lech n iq u es applicable to  the ab a tem en t o f  
hydrogen cy an id e  in v en t stream s in c lu d in g  co n d en sa tio n , 
absorp tion  (w a te r o r cau stic  so lu tio n s in e jec to r o r  sc ru b b er 
system s), f la rin g  o r incin e ra tio n .

M ost processes involving hydrogen  cyanide that genera te  
particles re q u ire  very lo w  em ission  levels (eg so d iu m  cyan ide  
m anufacture). Because o f  this, it is unlikely  th a t electrosta tic  
p recip ita tion  o r  dust su p p ress io n  w ill be  suitable.

(d) Liquid effluent

H ydrogen cyan ide o r  ino rg an ic  cyan ide  can be  p resen t in  
scrubber liq u o rs , a q u eo u s  stream s from  stills, p lan t w ash in g  
and  o ther m o re  m in o r  sources. All such  sources sh o u ld  be 
identified  a n d  the liq u o rs  treated  p r io r  to  d isposal.

There are  several chem ica l ox id a tio n  processes for trea tin g
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cyanides in  water. T h e  m ain  m e th o d s  c u rren tly  in  u se  are 
given be low : __________ ____ __ . _  _

•  excess alkali follow ed by  so d iu m  h y p o ch lo rite ;

•  h y d ro g en  perox ide ; and

•  fo rm aldehyde .

Sodium hypochlorite treatment

The cyanide is ox id ised  to  the cyanate  by so d iu m  h y p o ch lo rite  
at pH  m o re  than  10. T h e  reac tio n  is as follow s:

NaOCl +  NaCN +  aq —  N aC N O  +N aC l +  aq

It is im perative  that pH  is m a in ta in ed  above lO o th e rw is e  
cyanogen  ch lo rid e  and  h y d ro g en  cyanide m ay be fo rm ed .

The reac tion  is rapid  and  the cyanate  c an n o t readily  be red u ced  
back to  cyanide. C yanate is readily  b iodegradable .

This system  lends itse lf to  au to m atic  co n tro l as the  en d -p o in t 
can be checked by m easu rin g  th e  e lec tro -p o ten tia l o f  the  
effluent. Excess h y p o ch lo rite  has the  po ten tia l to  release 
c h lo rin e  w hereas lack o f  h y p o ch lo rite  leads to  inco m p le te  
cyanide d estruction . T herefore  the  final e fflu en t sh o u ld  be 
co n tinuously  m o n ito re d  for cyan ide, ch lo rin e  and  pH .

Care m ust be taken w h e n  usin g  alkaline abso rb en ts  to  ensure 
that traces o f  alkali canno t reach  system s c o n ta in in g  liqu id- 
h y d rogen  cyanide o w in g  to  the  po ten tia l haza rd  o f  runaw ay 
p o lym erisa tion .

Hydrogen peroxide treatment

H ydrogen  perox ide  can be used to  oxid ise  cyanide a t pH  
~ 9  to  cyanate acco rd ing  to  the fo llow ing  reaction:

H 2 0 2 +  NaCN —  NaCN O  + H 20

H ydrogen  perox ide  is m ore  expensive th an  h y p o ch lo rite  b u t it 
is easier to c o n tro ljm d  can n o t release ch lo rin e^  For this reason , 
it is o ften  favoured by batch m an u fac tu re rs  w h o  generally  deal 
w ith  sm aller effluent volum es b u t  w h ere  th e  cyan ide co n ten t o f  
the un reac ted  effluen t can be h ig h ly  variable.

Formaldehyde treatment

At pH  8 - 1 4  fo rm ald eh y d e  ox id ises cyan ide to  the  cy an o h y d rin , 
w h ich  in  tu rn  slow ly h y d ro lyses in  w ater to  am m o n ia  as given 
in the fo llow ing  equations:

NaCN +  H CH O +  H 20  —  C H 2O H C N  +  N aO H

CH2OHCN -I- 2H 20  —*• CH2O H C O O H  +  n h 3

The p rocess has the  d isadvantages that am m o n ia  is fo rm ed , 
w h ich  can p resen t an  o d o u r  p ro b lem , an d  excess fo rm aldehyde  
can be presen t. However, all o th e r  p ro d u c ts  are easily 
b iodegradab le  and  th is process read ily  g oes to  co m p le tio n  even 
in the p resence o f  in h ib ito rs  (e.g. n -b u tan o l) .

-F o rm a ld eh y d e- trea tm en t -is -usually, on ly  - en co u n te re d  -in-batch — 
m an u factu rin g  o p e ra tio n s w h e re  it is u sed  to  treat w ashes, etc,

w ith  very  h ig h  cy an id e  co n cen tra tio n s a n d  w h e re  it can  be  
carried  o u t .in  th e  reac to r.as th e  use o f  fo rm a ld eh y d e  is .th e  
m ost v o lu m e-effic ien t o f  all th e  processes.

Other methods

A lternative m e th o d s  can be  u sed  d ep en d in g  u p o n  a n u m b e r  
o f  factors in c lu d in g  vo lum e a n d  co m p o sitio n  o f  th e  w aste .
These m e th o d s  in c lu d e  the  follow ing:

•  io n  ex change;

9  e n zy m e  d eg rad a tio n ;

•  b io log ical trea tm en t ( in  co n junction  w ith  o th e r  w astes); 
a n d

®  h ig h -te m p era tu re  incineration  (h ig h  c o n cen tra tio n s  o n ly ).

2.6 Hydrogen sulphide

2.6.1 Introduction

H y d ro g en  su lp h id e  m an u fac tu re  is n o t d esc rib ed . It is o b ta in e d  
a lm ost exclusively  in  the UK as a b y -p ro d u c t o f  carb o n  
d isu lp h id e  m anufacture . D etails o f th is .process an d  any 
associated  ab a tem en t e q u ip m e n t is given in  IPGN S2 4 .0  l (J0). 
H y d ro g en  su lp h id e  is re leased  from a w id e  ran g e  o f  in o rg an ic  
and o rg an ic  ch em ica l p rocesses au tho rised  u n d e r  th is  sector.

2.6.2 Manufacture of sodium sulphides

( ;*\ Drnrocco?V*V ' • ’

These reac tions a re  usually carried  o u t c o n tin u o u s ly  in  a pack ed  
tower, b y  reacting  so d iu m  hydroxide c o u n te r-c u rre n d y  w ith  
h y d ro g e n  su lph ide.

S to ich io m etric  a m o u n ts  o f  so d ium  h y d ro x id e  ( 4 5 - 5 0  w t% ) 
p ro d u ce  a so lu tio n  o f  so d iu m  hydrogen su lp h id e  (NaHS 

-so lu tio n ) ; ex cess-so d iu m -h y d ro x id e-p ro d u ces-so d iu m -su lp h id e - 
so lu tion .

NaHS so lu tio n  is usually  u sed  w ith o u t fu r th e r  trea tm e n t (o th e r  
than  d i lu t io n ) , w h ereas so d iu m  sulphide so lu tio n  m ay  be 
processed  fu rth e r to  give so lid  sodium  su lp h id e .

This p rocess is usually  ca rried  out at sites w h e re  su b s tan tia l 
h y d ro g en  su lp h id e  is available as a b y -p ro d u c t o f  a n o th e r  p r im e  
process (eg ca rb o n  d isu lp h id e  m an u fac tu re ). Any a b a tem e n t 
therefo re  usually involves th e  abatem ent e q u ip m e n t asso c ia ted  
w ith  th e  p rim e  process.

(b) Potential release routes from the manufacture of 
sodium ju jphjdes_ _ _ _ _

Releases to air

•  O w in g  to  th e  low  o d o u r  th resho ld , h y d ro g e n  su lp h id e  
fro m  final p rocess v en ts  and final tan k er filling  ven ts is

------------usually  abated -by .a  so d iu m  hydroxide-scr.ubber._____ -
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Releases to water and land

©  T h e re  a re  n o  p la n n e d  re leases o f  p re sc r ib e d  su b stan ces to  
w a te r  o r  lan d .

2.6.3 Hydrolysis reactions

(a ) Processes

H y d ro ly s is  o f  p ro te in a c e o u s  o r o th e r  su lp h u r-c o n ta in in g  
o rg a n ic  c o m p o u n d s  is usua lly  c a r r ie d  o u t  b a tch w ise  using  
a lk a lin e  c o n d itio n s . T he  h y d ro ly sis  cau ses b reakage o f  th e  
p e p tid e  lin k ag es an d  o th e r  b o n d s , re su ltin g  in  a re lease  o f  
a m m o n ia  a n d  h y d ro g e n  su lp h id e  w ith  traces o f  m ercap tan s 
a n d  d isu lp h id e s .

T h e  ra te  o f  e v o lu tio n  o f  a m m o n ia  arid  h y d ro g e n  su lp h id e  is 
d e p e n d e n t  u p o n  p ro cess  p a ram ete rs . It is usual fo r o p e ra to rs  to  
d e f in e  th e  ‘w o rs t c ase ’ a n d  d e m o n s tra te  th a t ab a tem e n t p lan t 
w ill  o p e ra te  to  BATNEEC s ta n d a rd s  at th is  c o n d itio n , w ith o u t  
c a u s in g  h a rm  to  th e  e n v iro n m e n t.

T h e  h y d ro ly s is  is u su a lly  c a rried  o u t  in  a q u e o u s  su sp e n s io n  at 
a tm o s p h e r ic  p re ssu re  a n d  e levated  te m p e ra tu re . T he  a m m o n ia  
re le a se  te n d s  to  b e  d u r in g  h y d ro ly sis , w h e re a s  h y d ro g e n  
s u lp h id e  re lease  ten d s  to  be  d u r in g  su b se q u e n t n eu tra lisa tio n .

T h e  p ro c e ss  can  invo lve f iltra tio n  to  re m o v e  in e r t so lid s a n d  
p re c ip ita te d  salts , an d  ev ap o ra tio n  to  o b ta in  a so lu tio n  o f  the  
c o r re c t  c o n c e n tra tio n . T h is  so lu tio n  can  b e  fu r th e r  fo rm u la ted  
to  g iv e  th e  final p ro d u c t.

P ro c e sse s  ex is t w h e re  any  c o n d en sa te  is trea ted  an d  recyc led  to  
th e  p ro c e ss , le a d in g  to  a n il re lease  to  w ater.

(b ) Potential release routes from hydrolysis reactions 

Releases to air

O  A m m o n ia , h y d ro g e n  su lp h id e  w ith  trace m ercap tan s  and  
d isu lp h id e s . A b a tem en t can  be  by  a b so rp tio n  u s in g  a w et 
s c ru b b e r  o r  by  tail gas in c in e ra tio n .

Releases to water

©  T h e re  are n o  p la n n e d  re leases to  w a te r  as g iven  in  the  
ab o v e  sec tio n .

Release to land

©  F ilte r cake c o n ta in in g  in e rts  a n d  p re c ip ita te d  salts, w h ic h  
are  d isp o se d  to  lan d fill.

2.6 .4  Viscose processes

(a) Manufacture of viscose fibre

W o o d  p u lp  is m ix e d  w ith  d ilu te  s o d iu m  h y d ro x id e  to  p ro d u c e  a 
s lu r ry  in  w h ic h  th e  p u lp  fib res  have se p a ra ted  a n d  sw o llen . T he 
s lu r ry  is d e w a te re d  u s in g  presses to  fo rm  so d iu m  alkali ce llu lose
— th e  s o d iu m  h y d ro x id e  th a t is re m o v e d  is recyc led  back  in to  
th e  p ro c ess .

T h e  alkali cellu lose  is th e n  ox id ised  by  air pe rm eatio n  to  reduce 
th e  cellulose p o ly m er ch a in  leng ths in  o rd e r to  achieve th e  
req u ired  degree  o f  p o ly m erisa tio n  fo r su b seq u en t processing. 
T he  oxidation  stage m ay typically  be  carried  o u t in  bins, in 
silos, o r  on m o v in g  belts.

T he oxidised cellulose is th en  reac ted  w ith  carb o n  d isu lp h id e  to 
p ro d u c e  so d iu m  cellu lose xan thate. T his m ay lake place as 
e ith e r  a batch o r  a c o n tin u o u s  p rocess , but in  b o th  cases th e  
reac tio n  is c a rried  o u t in the  absence  o f  air. At the end  o f  the 
reac tion , the rem a in in g  u n re ac te d  carbon  d isu lp h id e  is vented  
to  a tm osphere.

T he cellulose xan thate  is d issolved in  d ilu te  caustic soda e ith e r 
in  th e  reaction vessel o r in  a separa te  tank to  form  the viscose 
so lu tio n  and is passed th ro u g h  m echan ical c u tte rs /a ttr i to rs  to 
a id  d isso lu tion .

T his viscose so lu tio n  is s to red  in  tanks to  age the  viscose to  the 
con d itio n  req u ired  for ex tru s io n . F iltra tion  o f  the so lu tio n  is 
c a rried  out to  rem ove in o rg an ic  partic les and  any undisso lved  
w o o d  pulp. P rio r to  ex tru s io n  (sp in n in g ) th e  viscose is 
deaerated .

T his viscose so lu tio n  is th e n  p u m p e d  at a m etered  rate to  a 
se ries o f  sp inn ere ts  (jets) and e x tru d e d  th ro u g h  the holes in the 
sp in n ere t in to  th e  spin b a th . T he sp in  bath con tains a m ix tu re  
o f  sulphuric acid , zinc su lphate  an d  so d ium  sulphate. In con tact 
w ith  the spin bath  m ixture , the viscose is regenerated  to cellulose 
w ith  hydrogen  su lp h id e  and c a rb o n  d isu lp h id e  form ed as by­
p roducts. T he freshly re g en e ra ted  filam ents are then collected  
to g e th e r and s tre tch ed  to  align  the  cellulose m olecules in  the 
filam ents.

At th is  point th e  filam ents m ay be processed  as a co n tin u o u s 
to w  o r  cut in to  staple fibres. In e ith e r  case, th e  fibre is passed  
th ro u g h  a n u m b e r  o f  w ash in g  stages to  rem ove residual su lp h u r 
com p o u n d s , to  neu tra lise  the  filam ents fully an d  to apply a 
p rocessing lu b rican t. F inally the  fib re  is d ried  p rio r to 
packaging.

(b) Manufacture of cellophane

X anthate so lu tio n  is p ro d u c ed  as d escribed  in Section 2 .6 .4 (a ) 
fo r th e  m anufactu re  o f  cellu lose  fib re. Film  fo rm ation  is . 
achieved by ‘p o u r in g ’ th is  liq u id  th ro u g h  a n a rro w  slot in to  a 
b a th  con ta in ing  su lp h u ric  acid an d  so d iu m  sulphate. T he film  
is th e n  tran sp o rted  d o w n  aTtrain o f  baths by a series o f  ro llers 
a n d  im m ersed  tubes. T h e  co m p o s itio n  o f  th e  baths changes 
fro m  highly acid ic  to alkaline. T his process com pletes th e  
refo rm ation  o f  th e  cellu lose  in to  a tran sp aren t film . After 
w ash ing , the  film  is b leach ed  and  a fte r fu r th e r  w ashing is 
so ften ed  w ith  a so lu tio n  o f  g ly ce ro l/m o n o p ro p y le n e  glycol.
T h e  film  is d riv en  over a series o f  h eated  ro llers in an oven, 
a fte r  w hich it is cu t to  size  and  su p p lied  as a perm eable  
unco ated  variety. Perm eable  and  sem ip e rm eab le  grades are 
a lso  m anufactured , and th is  is ach ieved  by:

O  in co rp o ra tin g  an a n c h o rin g  agent in to  the  last bath  o f  the 
wet p rocess; and
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O  app ly ing  a coating  to  th e  d r ie d  film  from  a so lven t-based  
o r  aq u eo u s so lu tio n , the  so lvent b e ing  evaporated  an d  
su b seq u e n d y  recovered.

(c) Manufacture of closures

Viscose, after rip en in g  and  c o n d itio n in g  to  the  co rrec t viscosity, 
is ex tru d e d  as a tu b e  in to  a b a th  o f  am m o n iu m  su lphate . T h is 
o p era tio n  gels the  viscose. A m m o n iu m  sulphate  is also p u m p e d  
th ro u g h  the cen tre  o f  the tu b e  to  susta in  a cy lin d er d u rin g  
m anufacture . T he tu b in g  is th en  conveyed th ro u g h  a series o f  
baths. In th e  first ba th  cellu lose  xan tha te  is regen era ted  by 
reaction  w ith  su lp h u ric  acid. This resu lts in the  g en era tio n  o f  
h y d ro g en  su lp h id e , carbon  d isu lp h id e  an d  o th e r  su lp h u r 
co m p o u n d s. Excess acid is th en  rem oved  by passage th ro u g h  
water, and  d ilu te  caustic  baths. Residual su lp h u r is treated  in  a 
bath  w ith  h o t so d iu m  h y d ro x id e  and  so d iu m  su lp h id e . T he 
next baths p ro v ide  fu rther w ashes to  rem ove excess d esu lp h u r- 
isation so lu tio n  and  at the en d  o f  the  m ach in e  the  tu b in g  passes 
th ro u g h  a preservative so lu tio n  ap p ro p ria te  to  the  in ten d ed  use.

(d) Manufacture of casing paper

W ood p u lp  is sh red d ed  and m ixed  w ith  so d ium  h y d ro x id e  and  
carbon  d isu lp h id e . This p ro d u ces a un ifo rm ly  xan th a ted  
crum b, w h ich  is dissolved to  p ro d u ce  a h o m o g en e o u s  viscose 
so lu tion . The casing is p rod u ced , w h en  a d ried  p aper w eb is 
fed th ro u g h  a bath  o f  the viscose so lu tio n . This is d ried  b e fo re  
passing th ro u g h  an acid bath w h e re  cellulose is regenerated .
The p aper th en  passes th ro u g h  a w ash section  an d  acid press 
before passing  to  a final d ry in g  stage. H ydrogen  su lp h id e  and  
carbon  d isu lp h id e  are em itted  from  the  acid reg en era tio n  
o p era tio n  and from  the neu tra lisa tio n  operation .

(e) Manufacture of sponge

Viscose sp o n g e  is n o  longer m an u fac tu red  in the UK.

(f) Potential release routes from viscose processes

The fo llow ing  sec tions are relevant to  m o st viscose processes. 

Releases to air

O  W aste process gases are likely to  con tain  h y d rogen  
su lp h id e  and carbon  d isu lp h id e  and  shou ld , w h ere  
p racticable, un d erg o  su lp h u r recovery.

O  C o n tam in ated  ex traction  a ir can be dealt w ith  m ost easily 
by in c in e ra tio n . O therw ise , carb o n  or b io log ical ^filters 
m ay be considered .

O  A m ine, caustic  sc ru b b in g  o r  o th e r  system s m ay be 
ap p ro p ria te  for p a rticu lar releases.

Releases to water

O  - L iquid e fflu en ts  w ill o rig in a te  from  sc ru b b in g  system s, 
process w astes and fro m  ro u tin e  c lean ing  o f  eq u ip m en t. 
T he e ffluen ts m ay co n ta in  carbon  d isu lp h id e , h y d rogen  
su lp h id e , m ercap tans o r  o th e r  o rg an ic  su lp h u r 
c o m p o u n d s .

O  Effluents are  likely to  require p r im a ry  an d  se c o n d ary  
trea tm en t p rio r to  discharge to  th e  e n v iro n m en t.

O  Spent sc ru b b e r  liq u o rs  can be trea ted  w ith  h y p o c h lo r i te  "  
to  fo rm  in e r t ch lorates o f  sulphur. The use o f  
h y p o c h lo rite  or o th e r  easily h a n d le d  o x id an t (su ch  as 
h y d ro g en  perox ide o r  ozone) s h o u ld  b e  c o n s id e re d  for 
the  e lim in a tio n  o f  o d o u rs  in e fflu en t.

Releases to land

O  W astes in ten d ed  fo r disposal to  lan d  are likely to  c o n ta in  
o rgan ic  su lp h u r com pounds. O p e ra to rs  sh o u ld  en su re  
that these co m p o u n d s  are rem oved p r io r  to  th e  landfill o f  
w astes o r  that the w astes are su itab ly  c o n ta in ed  to  p rev en t 
the  release o f  the su lp h u r  co m p o n en t.

O  Releases to  land m ay include sp e n t co n su m ab les  fro m  th e  
process su ch  as d ru m s, sacks and  rags. T h ese  m ay be 
c o n tam in a ted  w ith  su lp h u r c o m p o u n d s  and  th e re fo re  
genera te  o dours.

2.6.5 Control of releases of hydrogen sulphide

(a) Use and handling of hydrogen sulphide

H y d ro g en  su lp h id e  is h igh ly  flam m able an d  toxic, w ith  a 
characteris tic  sm ell o f  ro tten  eggs at low  co n cen tra tio n s . (N o te . 
50%  o f  the  p o p u la tio n  can identify  the  sm ell at 1 i n g / m 3. At 
h ig h e r (toxic) co n cen tra tio n s o r  after p ro lo n g e d  ex p o su re , th e  
sm ell can n o t be de tected , m ak ing  the use  o f  c o n tin u o u s  
m o n ito rs  essential.

In d o o r storage areas should  be isolated an d  w ell v en tila ted . 
H y d ro g en  su lp h id e  is stored under p ressu re  (u sua lly  at 25 
b a rg ). T he sto rage  area m ay b e  protected by  a w a te r d e lu g e  
system  in the  ev en t o f  fire. Inventories o f  h y d ro g e n  su lp h id e  
sh o u ld  be k ep t'a s  low  as possible.

W h en  h y d ro g en  su lph ide  is dry, m ild steel is an accep tab le  
m ateria l o f  co n stru c tio n . If  w a te r or w a ter v ap o u r is p resen t, 
stress crack ing  is possible, so  sta in less.steel.o r a lu m in iu m  
b eco m e the  p re fe rred  m ateria ls o f  co n stru c tio n . -

To re d u ce  th e  p o ten tia l for fugitive  releases, p ip e w o rk  sh o u ld  he  
co n tin u o u sly  w elded  w herever possible a n d  e ffic ien t seal 
system s used (eg c lo se-co u p led  pum ps, flu sh ed  d o u b le  seals).

Sites s to rin g  5 to n n es  or m o re  o f  hydrogen  su lp h id e  w ill also 
_ be-reg u la ted  by th e  CIMAH0U regulations an d  a fu ll safety  case 

sh o u ld  already exist.

(b) Gaseous abatement techniques

H y d ro g en  su lp h id e  should , as far as is p racticab le , be  rem o v ed  
from  w aste  gas stream s p r io r  to  discharge to  the  a tm o sp h e re .

A b so rp tio n  in to  so d iu m  h y d ro x id e  is read ily  u sed  w ith in  the  
in o rg an ic  chem ica l industry  to  remove h y d ro g e n  su lp h id e  fro m  
vent stream s. The pH  m ust be carefully c o n tro lle d  s ince  th e  
rem oval relies u p o n  an e q u ilib riu m  reaction .
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A lte rn a tiv e  fo rm s  o f  d e s tru c t io n  u se d  in c lu d e  in c in e ra tio n , 
a b s o rp t io n  in to  w ater, o r  o th e r  n e u tra lis in g  agen t, o r  lo w - 
v a p o u r-p re s s u re  o il a c c o rd in g  to  th e  n a tu re  o f  the co n ta m in a n ts  
to  b e  re m o v e d . H y d ro g e n  su lp h id e  an d  m ercap tan s a re  o ften  
fo u n d  to  be  re leased  in  c o n ju n c tio n  w ith  o rg an ic  species, w h ic h  
m ay d e te rm in e  th e  c h o ic e  o f  te c h n iq u e  to  be  u sed  VOC rem oval 
te c h n iq u e s ,  etc.

W h e re  a s c ru b b e r  is u sed  fo r  o d o u r  c o n tro l,  the ab so rb en t is 
o f te n  an  o x id is in g  re a g e n t su ch  as p o ta s s iu m  p e rm a n g a n a te  o r 
s o d iu m  h y p o c h lo r i te .

N e w  te c h n o lo g ie s  in c lu d e  th e  u se  o f  p ro p r ie ta ry  catalysts in  
c o n ju n c t io n  w ith  c o n v e n tio n a l h y p o c h lo r i te  sc ru b b in g  system s 
to  e n h a n c e  rem o v a l o f  th e  o d o u rs ,  a n d  a d so rp tio n  u sin g  an  
a c tiv a ted  c a rb o n  sy s te m  im p re g n a te d  w ith  p o ta s s iu m  o r  so d iu m  
h y d ro x id e  can  be  u sed .

M ost p ro c esse s  in v o lv in g  h y d ro g e n  su lp h id e  that g en era te  
p a r tic le s  re q u ire  v e ry  lo w  e m iss io n  levels. Because o f  th is, it is 
u n lik e ly  th a t  e le c tro s ta tic  p re c ip ita tio n  o r  d u st su p p re ss io n  w ill 
be  su itab le .

W aste  s tre a m s r ic h  in  h y d ro g e n  su lp h id e  can be passed  th ro u g h  
s u lp h u r  reco v ery  u n its  fo r  c o n v e rs io n  to  e lem en ta l su lp h u r.
R efer to  “ s u lp h u r .re c o v e ry ” in  S ec tio n  2 .6 .5 (c )  fo r deta ils .

(c) Sulphur recovery

N e w  s u lp h u r  reco v e ry  p la n ts  sh o u ld  use  e n h an c ed  tec h n iq u es  
su c h  as su p e r  C laus. Tail gas tre a tm e n ts  su c h  as flue  gas 
d e s u lp h u r is a t io n , o r  SCOT p ro cess  sh o u ld  be  co n sid e re d  w h e re  
a p p ro p ria te .

T h e re  a re  several reco v e ry  te c h n iq u e s  c u rre n tly  e m p lo y e d  in 
o th e r  in d u s tr ie s . E xam ples in c lu d e :

•  m o n o -  a n d  d ie th a n o la m in e  processes;

•  h o t  c a rb o n a te  p ro cess ;

•  su lf in o l p ro cess ;

•  a lk az id  p ro cess ;

•  l iq u id  re d o x  p ro cesses S tre tfo rd  process; an d

•  C lau s s u lp h u r  recovery.

M any  d e v e lo p m e n ts  are  c u rre n tly  o n g o in g  to  d ev e lo p  
im p ro v e d  s u lp h u r  reco v e ry  sy s tem s.

M ono and diethanolamine processes

T h e  a m in e  c o m p o u n d s  reac t w ith  h y d ro g e n  su lp h id e  an d  
c a rb o n  d io x id e  to  fo rm  in e r t  c o m p o u n d s .

T h e  a m in e  a b so rb e n t  passes c o u n te r -c u r re n t  to  th e  s o u r  gas in  a 
p a ck e d  c o lu m n : sw e e te n e d  gas passes fo r fu r th e r  trea tm e n t.
T h e  r ic h  a m in e  s tre am  is tra n s fe r re d  to  a feed  d ru m , w h ic h  a lso  
se p a ra te s  e n tra in e d  h y d ro c a rb o n s .

M e th y ld ie th a n o la m in e  (M DEA) fe a tu re s  in  m an y  o f  th e  m o st 
m o d e r n  a m in e  b len d s . M D EA -based a m in e  sy s tem s have a g o o d

ab so rp tio n  e ffic iency  and can  be ta ilo red  to  su it p a rticu la r w aste  
stream s.

Hot carbonate process

T his process u tilises the sam e  o p e ra tio n s as jhe  MDEA process 
ex cep t that the  abso rben t is po tassium  carbonate .

Sulfinol process

In o rd e r  to avo id  the d eg rad a tio n  losses suffered  by MDEA 
so lu tio n s , som e p lants have sw itched  to  the so lvent sulfinol.
T h e  sulfinol so lu tio n  usually  consists o f  4 0 -4 5  w t%  sulfolane 
(te trah y d ro th io p h en e ), 4 0 —45 % d iiso p ro p an o la m in e , and the 
b a lan ce  water. Sulfinol p rov id es g rea ter gas trea tm en t capacity, 
lo w e r solvent c ircu la tion , low er heat req u irem en ts , and low er 
ra tes o f  solyent d eg rad a tio n .

Alkazid process

T he alkazid p rocess is a cyclic  heat regenerative  type. It uses a 
DiK solution co n ta in in g  th e  po tassium  salt o f  N ,N -diediy lg lycine  
o r  N ,N -dim eihylglycine. T his selectively absorbs hydrogen  
su lph ide, carb o n  d ioxide, sm all a m o u n ts  o f  c a rb o n  d isu lp h id e  
a n d  hydrogen cyanide. T h e  M so lu tio n , c o n ta in in g  sod ium  
a lan ine, absorbs h y drogen  su lp h id e  a n d  carbon  d io x id e  
sim ultaneously. The S so lu tio n , c o n ta in in g  so d iu m  phenolate, 
abso rbs carbon d isu lp h id e  and m ercap tans m ore  effectively.

Liquid redox processes

A viable a lternative  to a m in e  str ip p in g  follow ed by su lp h u r 
recovery in a C laus unit is d irect su lp h u r  recovery from  weak 
hydrogen  su lp h id e  stream s by liq u id  redox.

L iqu id  redox tech n o lo g ie s  oxid ise  h y d ro g en  su lp h id e  in  a 
l iq u id  solu tion  by the a c tio n  o f  a n u m b e r  o f  m ild  ox id ising  
agen ts  to p ro d u c e  su lp h u r and water. T he o x id is in g  agents 
usually  contain  vanad ium  (th e  S tre tfo rd  process) o r  iron  (the 
Ferrox process).

T he  Stretford process rem oves h y d ro g e n  su lp h id e  from  effluent 
gases. It is a co n tin u o u s  liqu id  p u rifica tio n  system  that converts 
hydrogen  su lp h id e  to e lem en ta l su lphur. The gas stream  is first 
w ash ed  in an  alkaline so lu tio n  c o n ta in in g  d isso lved  vanadates 
a n d  a n th raq u in o n e  d isu lp h o n ic  acids, fixing th e  h y d rogen  
su lph ide. T h e  liqu id  fro m  the w ash in g  stage th en  passes to  a 
reaction  tank, w h ere  v irtually  all th e  h y d ro g en  su lp h id e  is 
converted to  e lem ental su lp h u r. T he nex t stage, ox idation , 
separates th e  su lp h u r fro m  the so lu tio n , w h ich  can then  be 
re tu rn ed  to  th e  w ashing stage. T he su lp h u r is floated  o f f  as a • 
f ro th  for th e  final stage o f  recovery. T h e  su lp h u r  is usually 
recovered fro m  the s lu rry  in  a m o lten  form  by decan tation  u n d er 
pressure, freq u en d y  w ith  p r io r  filtra tio n , and  is o b ta in ed  in a 
p u re  saleable fo rm .

T he vanadium -based S tre tfo rd  p rocess can achieve rem oval 
efficiencies o f  99.9% . T he  process is to le ran t to  fluctuating  
flowrates.

However, th e  use o f  v an ad iu m  m ay have u n d esirab le  
en v ironm en ta l im plica tions. O th e r  processes u tilising  n o n -to x ic  
iron-based  catalysts have been  developed .
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Claus sulphur recovery

After a b so rp tio n  in  an  am in e  sc ru b b e r  th e .h y d ro g e n .su lp h id e  _ 
can  be  recovered  and  passed to  a su lp h u r recovery  u n it fo r 
conversion  to  e lem ental sulphur.

The am ine  stream  passes to  a reg en era to r w h e re  heat is app lied  
to  d rive  o ff  th e  h y d ro g en  su lph ide. T he overheads are coo led , 
w ith  co n densate  b e ing  recycled  to  the co lu m n , and  th e  acid gas 
(g rea ter th an  90%  h y d ro g en  su lp h id e) is p assed .to  the  su lp h u r ,  
recovery  u n it. The lean  am ine  stream  is recycled  to  the 
scrubber.

A Claus su lp h u r recovery u n it op era tin g  w ith  “ sp lit” flow  and 
th ree  catalytic stages is described .

Part o f  the acid  gas is b u rn t w ith  air in  a fu rn ace  to  p ro d u c e  
su lp h u r d io x id e  and  w ater vapour. F u rther h y d ro g en  su lp h id e  
th en  reacts w ith  the su lp h u r d iox ide  to  p ro d u ce  w a ter v apour 
and  e lem en tal sulphur.

Both reactions o ccur in  the  c o m b u s tio n  stage and  su lp h u r  is 
con d en sed  an d  rem oved  from  the  ex it gases. F u rthe r acid  gas is 
ad d ed  in a rehea ter and  the m ix tu re  is passed to  the  first 
catalytic stage, co n ta in in g  a fixed b e d  o f  baux ite , w h e re  the 
second  reac tion  con tinues. The reac tion  is e q u ilib r iu m -lim ite d  
an d  overall conversion  o f  h y d ro g en  su lp h id e  to  su lp h u r 
d ep en d s  u p o n  the n u m b e r o f  reacting  and  c o n d en s in g  stages.
To achieve acceptable conversion , th ree  stages are re q u ire d , or 
tw o  stages an d  tail gas clean-up.

R esidual su lp h u r d io x id e  and  h y d ro g e n  su lp h id e  are passed  to  
tail gas in c in e ra tio n  befo re  d ischarge to  a vent.

S u lphur recovery p lants shou ld  o p erate  to  a recovery  effic iency  
o f  at least 98%  d u rin g  no rm al o p e ra tio n  w h ic h  w ill n o rm ally  
req u ire  th ree  catalytic conversion  stages w ith  the  final stage 
u tilis in g  a selective catalyst (eg su p e r C laus p rocess) o r  w ith  
fu rth e r trea tm en t o f  th e  tail gas (w h e re  residual su lp h u r  d io x id e  
is reduced  to  hyd ro g en  su lph ide, w h ich  can  th en  be recycled  to 
the  am in e_ scru b b ers)._

N o tw ith stan d in g  this req u irem en t, o p erato rs sh o u ld  d em o n stra te  
to  th e  in sp e c to r that they have, w h e re  ap p ro p ria te , co n sid ered  
fu rth er ab atem en t tech n iq u es to  achieve the  achievable release 
level. N ew  plan t sh o u ld  use e n h an c ed  su lp h u r  recovery  

techn iques.

Su lphur, recovery , un its , operate .effic ien tly , over, a. l im ite d ________

th ro u g h p u t ran g e  and  o p era to rs  sh o u ld  take th is  in to  acco u n t 
w h e n  d esig n in g  their facilities.

N ew  developm ents for Claus recovery system s include Bio-Claus, 
a process that b io log ically  rem oves su lp h u r d io x id e  fro m  
in c in e ra ted  C laus tail gas. F u rthe r deta il o n  Claus su lp h u r  
re co v e ry 'is 'g iv en  in“IPCGN S2 T .T 0(n>r  - - — —

(d) Liquid effluent

-Treatment of sulphides ---- =--------  — ----------

H y d ro g en  su lp h id e  o r  in o rg an ic  sulphides can  be p re sen t in  
sc ru b b er liquors , w ash  liq u o rs , etc. All su ch  so u rces sh o u ld  be 
id en tif ied  and  the  liq u o rs  trea ted  p rior to  d isposa l.

Several m e th o d s  o f  trea tm en t exist. The m o s t ap p ro p ria te  is 
largely d e p en d e n t u p o n  the vo lum es to  be  trea ted  as g iven  
below.

Steam stripping

W here  large  vo lum es o f  a q u eo u s  wastes c o n ta in in g  h y d ro g e n  
su lp h id e  exist, live steam  can  b e  injected to  s tr ip  o u t the  
h y d ro g en  su lp h id e  as a vapour. The h y d ro g e n  su lp h id e  is th en  
trea ted  in  ab a tem en t p lan t d e sig n ed  to  h an d le  large  v o lu m es as 
d e sc rib ed  earlier.

Air oxidation

M in o r p rocess vents an d  ex trac tio n  system s are o ften  sc ru b b ed  
w ith  so d iu m  hydrox ide. The resultant so d iu m  su lp h id e  is 
readily  ox id ised  by a llow ing  a ir  to pass th ro u g h  the scrubber. 
T he rate o f  ox id a tio n  can be im proved by the  a d d itio n  o f  
catalytic a m o u n ts  o f  iron  o r vanad ium  salts.

Chemical oxidation

A queous, stream s c o n ta in in g  su lph ide can be read ily  trea ted  
c o n tin u o u sly  o r ba tch w ise  by  a range o f  o x id is in g  agents. 
O w in g  to  its p rice  a n d  availability, so d iu m  h y p o c h lo r ite  is 
c o m m o n ly  used. In th is case, h y p o ch lo rite  ad d itio n  n eed s to 
be co n tro lled  to  p reven t an excess and the  pH  sh o u ld  be 
m ain ta in ed  above 1 0  to  en su re  that no free c h lo r in e  is 
g enera ted .

T he final e ffluen t sh o u ld  be m on ito red , fo r su lp h id e , o x id is in g  
agen t and  pH .

Biological treatment. . .

B iological trea tm en t o f  e ffluen t con tain ing  su lp h u r  c o m p o u n d s  
is possib le, b u t is suscep tib le  to  shock lo ad . S trict c o n tro l o f .  
c o n d itio n s  is req u ired  to  p rev en t fo rm ation  o f  h y d ro g en  
su lph ide, w h ic h  because  o f  its low  o d o u r th re sh o ld  c o u ld  lead  
to  o d o u r  no ticeab le  o u ts id e  th e  boundary  o f  th e  p rem ises.

"217 “PhospKorus and its compounds 

2.7.1 Introduction

P h o sp h o ru s  has n o t b een  m anufactu red  in  th e  UK since th e  
early 1 9 7 0 s and re su m p tio n  o f  m anufacture  is un lik e ly  fo r the 
foreseeable  future.

In  spile  o f  the  w id e  diversity  o f  chem ical reac tio n s  invo lv ing  
p h o sp h o ru s  and  o rg an ic  co m p o u n d s, the  m e th o d s  fo r c a rry in g  
o u t  the  processes a n d  the eq u ip m e n t u sed  are  very  sim ilar.

T he p rocess steps p ro ceed  fro m  storage an d  m e a su rin g  o f  
reactan ts (som e o f  w h ic h  m ay have been p re p a re d  in  p r io r
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re a c tio n s , p o ss ib ly  in  th e  sam e  vessel) to  reac tio n  w ith  the  
p h o s p h o r u s  c o m p o u n d . In  so m e  re a c tio n s  all th e  p h o sp h o ru s  
c o m p o u n d  a liq u o t can  b e  a d d e d  in  o n e  step; in  o th e rs  th e  rate 
o f  a d d it io n  is re s tr ic te d , in  o rd e r, fo r e x am p le , to  co n tro l 
t e m p e ra tu re  rise  o r  gas e v o lu tio n . T h e  p rocess is c o m p le te d  by 
n e u t r a l i s a t io n /c le a n -u p /p u r i f ic a t io n  o f  th e  b a tch  fo llow ed  by 
s to ra g e  a n d  d isp a tc h  as e ith e r  p ro d u c t  o r  in te rm ed ia te .

2.7 .2 Phosphorus

P h o s p h o ru s  is im p o r te d  in to  th e  c o u n try  in  rail tankers, road 
tan k e rs , ISO  tan k ers  a n d  d ru m s . T h e  p h o sp h o ru s  is lo ad ed  as a 
l iq u id ,  so lid if ie s  in tra n s it a n d  is m e lte d  fo r u n lo ad in g . T he 
p h o s p h o r u s  is b lan k e ted  by  w a ter, n i tro g e n  o r  a c o m b in a tio n  o f  
b o th .

D iffe re n t so u rc es  o f  p h o s p h o ru s  w ill have va ry in g  trace  levels o f  
a rse n ic , i ro n , a n iiin o n y  a n d  o rg a n ic  im p u rit ie s , w h ic h  m ay 
a ffec t th e  re lease  to  w a te r  f ro m  p ro cesses  usin g  p h o sp h o ru s .

T race o rg a n ic  im p u r itie s  in  th e  p h o s p h o ru s  can be  re n d e re d  
w a te r-so lu b le . S u b se q u e n t w a sh in g  o f  th e  p h o sp h o ru s  rem oves 
th e  O r g a n i c s .  T h e  w a sh in g  can  fo rm  p a rt o f  the  aq u eo u s  
d is c h a rg e  to  th e  site tre a tm e n t p lan t.

W ate r u se d  fo r  b lan k e tin g  p h o s p h o ru s  in  sto rage  (k n o w n  as 
'p h o s s y  w a te r ’, d u e  lo  th e  traces o f  p h o sp h o ru s  p re sen t)  can  
fo rm  p a r t  o f  th e  a q u e o u s  d isc h a rg e  to  th e  site trea im e n t p lant.

2.7.3 Phosphorus pentoxide

(a) Process description

L iq u id  w h i te  p h o s p h o ru s  is b u r n t  w ith  an  excess o f  d ry  a ir  in  a 
c o m b u s tio n  ch am b er, to  p ro d u c e  p h o s p h o ru s  p e n to x id e  vapour.

P4  -I- 5 0 2

T h e  l iq u id  p h o s p h o ru s  is a to m ise d  e ith e r  by p re ssu re  o r  by  air. 
Air. fo r  th e  p ro cess  is d r ie d  b y  re fr ig e ra tio n .

T h e  p h o s p h o r u s  p e n to x id e  v a p o u r  is c o n d e n se d  as a so lid  
by  c o o lin g , co llec ted , a n d  filled  in to  c o n ta in e rs  an d  packages.

T races o f  m o is tu re  in  th e  p h o s p h o ru s  a n d  air lead  to  th e  
fo rm a t io n  o f  lu m p s  o f  p o ly p h o s p h o r ic  ac id  in th e  c o n d e n s in g  
sy s te m . T h ese  are re m o v e d  m an u a lly  an d  are a llo w ed  to  
h y d ro ly se  s lo w ly  to  w eak  p h o s p h o r ic  ac id  (H 3 P 0 4) by 
a tm o s p h e r ic  m o is tu re  b e fo re  d isp a tc h  to  the  site  trea tm e n t 
p lan t.

T h e  o ff-g ases  c o m p ris in g  excess a ir  a n d  e n tra in e d  p h o sp h o ru s  
p e n to x id e  p ass to  a s c ru b b e r  w h e re  th e  p h o sp h o ru s  p en to x id e  
is s c ru b b e d  o u t  w ith  d ilu te  p h o s p h o r ic  acid . T he  gases leaving 
th e  s c ru b b e r  a re  d ire c te d  to  a ir  via a m is t e lim in a to r  an d  stack. 
D ro p le ts  o f  p h o s p h o r ic  ac id  re m o v e d  by  th e  m is t e lim in a to r  
r e tu rn  to  th e  sc ru b b er. S u rp lu s  p h o s p h o r ic  acid  fro m  the  
s c ru b b e r  is in c o rp o ra te d  in  p h o s p h o r ic  ac id  p ro d u c tio n . Trace 
p h o s p h o r u s  p e n to x id e , n o t  re m o v e d  by  th e  m is t e lim in a to r, 
w ill b e  a m in o r  c o m p o n e n t o f  th e  e m iss io n s  to  air. T he trace 
p h o s p h o r u s  p e n to x id e  w ill c o m b in e  w ith  m o is tu re  in  th e

a tm osphere  to  fo rm  a fu m e  o f  p h o sp h o ric  acid d rop lets. O xides 
o f  n itrogen  m ay form  in  the c o m b u s tio n  ch am b er and th e  
efficiency o f  th e  sc ru b b er and  d em iste r  in  rem o v in g  these  w ill 
n e e d  to be evaluated.

Variations to  the  p rocess include:

O  additional d ry in g  o f  c o m b u s tio n  a ir w ith  silica ge l to
low er d ew p o in ts  to  reduce  fo rm atio n  o f  p o ly p h o sp h o ric  
acid; and

O  en rich m en t o f  c o m b u s tio n  air w ith  oxygen.

(b) Potential release routes from the manufacture of 
phosphorus pentoxide

Releases to air 
♦

O  ■ Small am o u n ts  o f  w h ite  phosphorus^ as p h o sp h o ru s  
pen tox ide , from  raw  m ateria l delivery.

O  P hosphorus p e n to x id e  and  p h o sp h o ric  acid m ist from  
sc ru b b er and dem ister.

O  N itrogen  ox ides fo rm ed  d u r in g  co m b u s tio n  via sc ru b b er 
and dem ister.

O  Localised particu la te  from  p ro d u c t h an d lin g  and  package 
filling.

Releases to water

O  Blanket ‘p h o ssy ’ w ater fro m  liqu id  w h ite  p h o sp h o ru s  
storage.

O  P h osphoric  acid  from  sc ru b b in g  o p eratio n s .

O  P hosphoric  acid  from  the  hydrolysis o f  p h o sp h o ru s
p en tox ide  c leaned  o u t from  solids han d lin g  eq u ip m e n t.

O  B y-product p o ly p h o sp h o ric  acid is hydro lysed  to  
p h o sp h o ric  acid.

All releases to  w ater are to  a site trea tm en t plant.

Releases to land

O  Calcium  p h o sp h a te  and trace  am o u n ts  o f  p h o sp h o ru s  
from  n eu tra lisa tio n  o f ‘p h o ssy ’ w ater and  d ilu te  
p h o sp h o ric  acid  w ith  calc iu m  hydroxide.

2.7.4 Phosphine

Phosphine (P H 3) can be  m an u fac tu red  by tw o  rou tes:

O  R eaction o f  red  p h o sp h o ru s  w ith  s team  in  the  p resence  
o f  an  acid

2P4  +  1 2 H 20  —  5PH 3  +  3 H 3 P 0 4  

O  Electrolysis o f  w h ite .p h o sp h o ru s  in  an  aqueous e lectro ly te  

P4  +  1 2H" +  1 2 e -  —  4 P H 3
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P h o sph ine  is also gen era ted  as a b y -p ro d u c t by alkali catalysed 
d isp ro p o rtio n a tio n :

P4  +  3N aO H  -I- 3 H 2 0 —  PH 3  4  3N aH 2 PO z

T his ro u te  is o p e ra ted  for the p ro d u c tio n .o f  so d iu m  
h y p o p h o sp h ite , o r  fo r the  p ro d u c tio n  o f  calcium  h y p o p h o sp h ite  
u sin g  calc ium  h y d ro x id e  as the  alkali.

(a) Acid catalysed route

P ho sp h o ru s is fed co n tin u o u sly  in to  the  reaction  vessel, w h ich  
is m ain ta in ed  u n d e r  an inert a tm o sp h e re  by a n itro g e n  purge .

The p h o sp h in e  reac to r con ta ins p h o sp h o ric  acid. Steam  is 
in jected  in to  the  reac to r and  p h o sp h in e  gas is co n tin u o u sly  
evolved. In o rd e r  to  prevent a ir ingress, w h ich  w o u ld  be likely 
to  cause an e x p lo s io n , the  process is o p e ra ted  at sligh tly  positive  
pressures.

The p h o sp h o ric  acid  c o -p ro d u c t is w ith d raw n  at intervals.

The u n reac ted  p h o sp h o ru s  in th e  p h o sp h in e  leaving the  reactor 
is con d en sed  and  recycled  as liqu id .

The gaseous p h o sp h in e  p ro d u c t con tains ab o u t 1 -2 %  o f  
hydrogen  fo rm ed  by  ox idation  o f  som e p h o sp h o ru s  w ith  steam

P4  +  1 6 H 20  —  4 H 3 P 0 4  + 1 0 H 2

and  3 -5 %  n itro g en  from  blanketing  o f  th e  reactor.

The p h o sp h in e  gas p ro d u c t is s to red  in a w ater-sealed  gas 
holder.

Pressure re lie f  w ill resu lt in p h o sp h in e  releases to a tm osphere. 
In s tru m en ta tio n  is re lied  upon  to  shu t d o w n  the p rocess in  the 
event o f  m in o r  p ressu re  excursions o u ts id e  the no rm al 
o p era tin g  envelope. A lternatives are em ergency  flares o r 
a lk a li/h y p o ch lo rite  scrubbers.

Em ergency releases o f  p h o sp h in e  are co m b u sted , and  th e  P2 0,; 
p ro d u c ts  d irec ted  to  the  plant stack.

(b) Electrolytic process

A d iaphragm  e lec tro ly tic  cell can  p ro d u ce  p h o sp h in e  by  the 
d irec t re d u c tio n  o f  e lem en ta l p h o sp h o ru s . T his p rocess is ‘ 
cu rren tly  no t co m m erc ia lly  operational.

The cathode  m ate ria l m ust Have a hyd ro g en  over-voltage g reater 
than that o f  p la tin u m  an d  m etals such  as m ercury, m ercu ry - 
cad m iu m  am algam  o r  lead; g rap h ite  o r stain less steel can  be 
used for the  an ode. T h e  electro ly te in b o th  the  cathod ic  and  
an o d ic  sections is p h o sp h o ric  acid.

T he op era tin g  tem p e ra tu re  is b e tw een  60 a n d  100°C. P h o sp h in e  
is evolved at th e  ca th o d e , and o x ygen  is p ro d u ced  at th e  anode. "

Prevention  o f  fo rm a tio n  o f  ‘sp o n g ey ’ dep o sits  o n  the  cath o d e  
and  use o f  the d iap h rag m  m in im ises hy d ro g en  p ro d u c tio n .
The electro ly tic  cell uses heavy m etals in c lu d in g  m ercury,

cad m iu m  and  lead: D ifficulties in c o n tro llin g  m eta l e m iss io n s  
m ay be  ex p erienced .

(c) Potential release routes from the manufacture of 
phosphine

Releases to air

O  • Small a m o u n ts  o f  w h ite  p h o sp h o ru s , as p h o sp h o ru s  
p em o x id e , from  raw  m aterial delivery.

O  P h o sp h in e  from  air b low ing  o f  l iq u id  stream s.

O  P h o sp h in e  from  p ressu re  relief.

Releases to water

O  ‘Phossy’ w a ter from  liq u id  w h ite  p h o sp h o ru s  sto rage.

O  ‘Phossy’ w ater from  condensing w h ite  p h o sp h o ru s  vapour.

O  W ater fro m  p h o sp h in e  gas ho lder seal.

O  S cru b b in g  liquors.

O  F ilter aid fro m  b y -p ro d u c t phosphoric  ac id  filtra tio n .

Releases to land

O  C alcium  ph o sp h a tes a n d  small a m o u n ts  o f  p h o sp h o ru s  
f ro m  trea tm e n t o f l iq u id  effluent stream s.

O  T he d estin a tio n  o f  trace  cationic im p u rit ie s  p re sen t in the  
p h o sp h o ru s  feedstock m ust be evaluated . A rsenic and  
an tim o n y  m ay be p re sen t in e ith e r th e  c o -p ro d u c t 
p h o sp h o ric  acid o r  th e  scrubbing liq u o rs .

O  U sed  filter cartridges.

2.7.5 Phosphorus trichloride

(a) Process description

P h o sp h o ru s tr ich lo rid e  (PC13) is produced  by th e  d irec t u n io n
o f  p h o sp h o ru s  an d  ch lo rine: '

P4  +  6C12  —  4PCI3

L iquid w h ite  p h o sp h o ru s  and  gaseous c h lo r in e  are  reac ted  in 
p h o sp h o ru s  tr ic h lo rid e  liq u id . A reflux c o n d e n se r  an d  

.  frac tiona ting , co lu m n  are located-above the-reac to r. ~  -

P h o sp h o ru s  is kep t in excess in  the reactor to g e th e r  w ith  so m e  
p h o sp h o ru s  trich lo rid e .

P h o sp h o ru s  tr ic h lo rid e  v ap o rised  by the hea t o f  reac tio n  leaves 
the  reac to r via a d istilla tion  c o lu m n  and is c o n d en sed  ov erh ead . 

-T h e  m a jo rity  o f  th e  distillate is returned t o l h e  co lu m n  as 
reflux. T h e  re m a in in g  d istillate  is sent to  sto rag e  fro m  th e  
overhead  receiver.

G aseous em iss io n s from  the  p rocess consist p rin c ip a lly  o f  
p h o sp h o ru s  tr ic h lo rid e  vapour. T h e.quan tity  passin g -to  the-
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s c r u b b e r  is d e p e n d e n t  o n  th e  p e rfo rm a n c e  o f  d ie  co n d en sers . 
S o m e  h y d ro g e n  c h lo r id e , p ro d u c e d  f ro m  trace  w a te r  in  th e  
p h o s p h o r u s  feed sto ck , is a lso  p re se n t in  th e  o ff-gases. T he 
g ase s  a re  g e n e ra lly  a b so rb e d  w ith  w a te r  to  give h y d ro c h lo r ic  
a c id  a n d  p h o s p h o ro u s  ac id  (H 3 P 0 3) by  hydro lysis.

S o m e  in s ta lla tio n s  u se  s o d iu m  h y d ro x id e  sc ru b b ers ; a t o th e rs  a 
w a te r , sc ru b b e r , d u e  to  th e  sh a r in g  o f  th e  sc ru b b in g  facilities 
w i th  p h o s p h o r u s  o x y c h lo r id e  (PO C l3) m an u fac tu re , is fo llo w ed  
b y  a s o d iu m  h y d ro x id e  so lu tio n  sc ru b b er.

P h o s p h o ru s  tr ic h lo r id e  s to ra g e  vessels are  ven ted  to  a sc ru b b e r  
sy s te m , u su a lly  th a t o f  th e  re a c tio n  sy s tem . D ru m  filling  
o p e ra t io n s  are  p ro v id e d  w ith  a ir  e x tra c tio n  a ro u n d  the  filling 
lan c e , a n d  th is  e x tra c tio n  is a lso  sc ru b b ed .

O v e rh e a d  c o n d e n s e r  p ra c tic e s  vary  w iih  re g ard  to  co o lan t. 
C o o lin g  w a te r  can  be  u sed , b u t  th e re  is a risk  o f  w a te r ing ress 
a n d  v io le n t re ac tio n . To m in im is e  th is  risk , c o o lin g  w a te r can  
f lo w  o v e r th e  tu b e s  by  gravity. A lternatively , hea t tran sfe r flu id  
o r  a ir -c o o le d  c o n d e n s e rs  m ay  b e  used .

P re ssu re  re l ie f  o f  th e  re a c tio n  sy s tem  is e ith e r  by b u rs tin g  disc 
to  th e  s c ru b b in g  sy s tem  o r  by b u rs tin g  d isc  to  an  e x p an s io n  o r  
c o n ta in m e n t  vessel. T h is  in  tu rn  can  v e n t d irectly  o r  via 
a n o th e r  b u rs t in g  d isc  to  th e  s c ru b b in g  system .

Im p u r it ie s  p re se n t in  th e  p h o s p h o ru s  feed sto ck  a ccu m u la te  in  . 
th e  re a c to r  a n d  are  p e r io d ic a lly  re m o v e d . T hese resid u es 
in c lu d e  a rsen ic  t r ic h lo r id e ,  a n t im o n y  tr ic h lo r id e , an d  ‘c o k e d ’ 
O rgan ics  f ro m  in itia l trace  im p u r i t ie s  in  th e  p h o sp h o ru s . By­
p ro d u c t ,  p h o s p h o ru s  o x y c h lo r id e  (d u e  to  o x y g e n  im p u r ity  in 
th e  c h lo r in e )  m ay  a lso  b e  p re sen t.

T h e  im p u r i t ie s  are  p e r io d ic a lly  re m o v e d  by  c lean in g  o u t  the  
reac to r. A fte r d is tillin g  o u t  th e  p h o s p h o ru s  tr ic h lo r id e  in  the 
re a c to r  to  s to rag e , co ld  w a te r  o r  d ilu te  so d iu m  h y d ro x id e  is 
a d d e d  care fu lly  to  th e  re a c to r  to  d e c o m p o se  the  re m a in in g  
traces  o f  p h o s p h o ru s  tr ic h lo r id e  a n d  o th e r  halides. T he 
re su ltin g  l iq u o r  is d isc h a rg e d  u n d e r  c o n tro lle d  c o n d itio n s  to 
th e  e f f lu e n t tre a tm e n t p lan t.

(b ) Potential release routes from the manufacture of 
phosphorus trichloride

Releases to air

•  Sm all a m o u n ts  o f  w h ite  p h o s p h o ru s ,  as p h o sp h o ru s  
p e n to x id e , f ro m  raw  m a te ria l de liveries.

•  P h o s p h o ru s  tr ic h lo r id e  v a p o u r  f ro m  reactor, tank  filling 
a n d  b re a th in g , d r u m  fillin g , v en t p ressu re  re lie f  a n d  
s t i r re r  g lan d s . ' ~

•  H y d ro g e n  c h lo r id e  f ro m  re a c to r  a n d  sc ru b b ers .

•  C h lo r in e  fro m  p re ssu re  relief.

•  P h o s p h o ru s  o x y c h lo r id e  a n d  a rsen ic  tr ic h lo r id e  from  
d is til la tio n  o f  re a c to r  resid u es .

•  ■ R eleases to  a ir  are  sm all u n less  th e  sc ru b b in g  sy s tem s fail.

Releases to water

•  Blanket ‘p h o ssy ’ w a te r  from  liq u id  w h ite  p h o sp h o ru s  
storage.

•  P hosphorous acid and  h y d ro ch lo ric  acid from  wet 
sc rubb ing  o f  p h o sp h o ru s  tr ic h lo r id e  vapours.

•  Metal h a lides; arsen ic , an tim o n y  and ‘c o k ed ’ Organics in 
wash liq u o rs  from  c lean ing  reactors.

•  All aq u eo u s d ischarges are to  a site  trea tm e n t plant.

Releases to land

•  Calcium  phosphate  an d  sm all am o u n ts  o f  p h o sp h o ru s  
from site  trea tm en t plants.

2 .7 .6  Phosphorus oxychloride

P hosphorus o x y ch lo rid e  can  be m an u fac tu red  by tw o  rou tes:

•  Reaction o f  a m ix tu re  o f  p h o sp h o ru s  pencoxide, 
p h o sp h o ru s tr ic h lo rid e  and c h lo rin e

6 PCI3  +  P4 O l , 0  +  6C12 —  10POC13

•  O xidation  o f  p h o sp h o ru s  tr ic h lo rid e  w ith  oxygen o r  air 

2PC13  +  0 2 —  2PO C l3

(a ) Chlorination process

A batch  q u an tity  o f  p h o sp h o ru s  p en to x id e  is ad d ed  to 
p h o sp h o ru s trich lo rid e . C h lo rine  is then  b u b b led  th ro u g h  
th e  m ixture.

Exotherm ic hea t is rem oved  by re flux ing  p h o sp h o ru s  trich lo ride  
via a d istillation  co lu m n  an d  overhead  condenser. N o n ­
condensed  vap o u rs  pass to  a sc ru b b in g  system . As the reaction  
proceeds th e  p h o sp h o ru s  tr ic h lo rid e  in  the  reflux  is 
progressively rep laced  by  p h o sp h o ru s  o x y ch lo rid e .

O n ce  the reac tion  is co m p le te  the  ch lo rin e  su p p ly  is stopped . 
T h e  batch is refluxed to  d rive  o f f  traces o f  free ch lo rin e  to  the 
sc ru b b er system , fo llow ed  by d is tilla tio n  o f  th e  p h o sp h o ru s  
oxych lo ride  fro m  the reac to r to  storage. C h lo rin e  slippage can 
occur.

At intervals, residues accu m u la tin g  in  the reac to r are rem oved  
b y  water w ash ing . H y d ro g en  c h lo r id e  g en era ted  by hydrolysis 
o f  ch lo rin a ted  p h o sp h o ru s  c o m p o u n d s  is d irec ted  to  th e  
scru b b er system . The residual d ilu te  h y d ro ch lo ric  acid, 
con ta in ing  m eta l c h lo rid es  and p h o sp h o ric  acid , is d irec ted  to  
th e  site e fflu en t plant.

(b) Oxygen process

Phosphorus tr ich lo rid e  is ox id ised  by  o x ygen  o r  a ir in  e ith e r a 
ba tch  or a c o n tin u o u s  process.

Batch o p e ra tio n  is in  an  agitated reaction  vessel w ith  reflux  
condensers. P h o sp h o ru s tr ic h lo rid e  is ad d ed  to  the  reac to r
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and  air o r oxygen  b u b b led  th ro u g h  the  liquor. The h e a t o f  
reac tion  is rem oved  via the  reflux con d en sers . O ff-gases from  
the  co n d en ser pass th ro u g h  an a fte r-co n d en se r and are  coo led  
by re frigeran t to  m axim ise  the  re ten tio n  o f  p h o sp h o ru s  halides. 
The residual olT-gases are d irec ted  to  w et scrubb ing .

O nce th e  reac tion  is com ple te , thfe air o r o x ygen  su p p ly  is 
s to p p ed  and th e  p ro d u c t filtered an d  sent to  storage. N o n ­
con d en sed  vapours pass to  the  sc ru b b in g  system .

The equ iva len t process can be ca rried  o u t con tinuously . 
Phosp h o ru s tr ic h lo rid e  and  o x ygen  are passed  co -cu rren d y  
th ro u g h  a w a ter-coo led  packed co lu m n . P roduct leaves this 
co lu m n  w ith  un reacted  p h o sp h o ru s  tr ic h lo rid e  at a b o u t 35°C 
and  is passed to  a second  c o lu m n  for fu rth e r reaction  w ith  

oxygen.

This p ro ced u re  avoids large tem p era tu re  increases. Excess 
oxygen leaves via a co ld  trap for rem oval o f  p h o sp h o ru s  
o xych lo ride  an d  passes on  to  a w et sc ru b b er system .

W et sc ru b b in g  used to  co n tro l gaseous em iss io n s involves e ith e r 
w ater o r  so d iu m  hydrox ide  sc ru b b ers  o r  b o th . At sites w here  
bo th  p h o sp h o ru s  ox y ch lo rid e  (e ith e r  ro u te) and p h o sp h o ru s  
trich lo rid e  are m anufactu red , a sing le  sc ru b b e r  in stallation  is 
used fo r b o th  plants.

(C) Potential release routes from the manufacture of 
phosphorus oxychloride

Releases to air

®  P hosp h o ru s tr ich lo rid e  vapours fro m  reactor charg ing , 
tank filling, b rea th in g  and  p ressu re  re lie f  system s to  w et 
scrubbers.

©  P hosp h o ru s o x y ch lo rid e  vapours fro m  reactor,
d istillation , p ro d u c t storage and  p ressu re  re lie f  system s to 
wet scrubbers.

O  C h lo rine  from  ch lo rin e  h an d lin g  system s and  slip  in 
reaction  and pressure  re lie f  system s to  w et scrubbers .

@ H ydrogen  ch lo rid e  from  w et scrubbers .

Releases to water

G Liquors from  w et sc ru b b in g  o f  c h lo r in e  gas (so d iu m  
h y p o ch lo rite ) and  vapours o f  p h o sp h o ru s  halides 
(hydro ch lo ric , p h o sp h o ric  acid an d  p h o sp h o ro u s“a c id ) .

©  P ho sp h o ru s p e n to x id e  spillages, hydro lysed  w ith  w ater to 
p h o sp h o ric  acid.

@ Acidic w ater fro m  w ash in g  reactors, .may co n ta in  traces 
__ o f  arsen ic , an tim o n y  and  nickel ch lo rides.

®  All aq u eo u s stream s are d irec ted  to  site  trea tm en t plants. 

Releases to land

- . 0  -C a lc iu m  p h o sp h a te  from  trea tm en t o f  liqu id  effluen t 

stream s.

2.7.7 Phosphorus pentasulphide

(a) Process description

P h o sp h o ru s  p en ta su lp h id e  is p roduced  by  th e  d irec t u n io n  o f  
w h ite  p h o sp h o ru s  a n d  su lp h u r:

P4  +  1 OS —*■ P4 S 10

W h ite  p h o sp h o ru s  an d  su lp h u r  are ad d ed  as liq u id s  in 
sto ich io m etric  a m o u n ts  to  a p re-charge  o f  p h o sp h o ru s  
p en ta su lp h id e  in  a reaction  vessel. M easure vessels are  u sed  to  
set the  a m o u n ts  o f  reactants. T he elem ents react read ily  to  fo rm  
p h o sp h o ru s  p en tasu lp h id e  a n d , after in itia l h ea t is su p p lie d  at 
s ta rt-u p , th e  reac to r is m a in ta in ed  at 380^4-00°C  by coo ling .

An in e rt gas a tm o sp h e re  (c a rb o n  d iox ide o r  n itro g e n )  is 
m a in ta in ed  in the  reac tion  vessel and is d isc h arg e d  via a heat 
traced ven t. P h o sp h o ru s  pen tasu lp h id e  vapours co n d en se  in th e  
vent and  reflux  back  to  the reactor.

The e x h au s t gases in  the vent a re  bu rn t to  convert traces o f  
h y d ro g en  su lp h id e  to  su lp h u r d iox ide-before  release to 
a tm o sp h ere .

P h o sp h o ru s  p en tasu lp h id e  liq u id  is fed to  a flaker. Flaked 
p ro duct is tran sferred  by a c o o led  screw  conveyer fo r sto rag e  o r  
packing. Som e o f  th e  flaked product is g ro u n d  in to  a p o w d e r  
and  also packed. T he  flaker, g rinder an d  co nveyor a re  o p e ra ted  
u n d e r  an inert gas blanket, w h ic h  d ischarges via a w a te r  seal. 
The p ack in g  o p e ra tio n  has loca l air ex trac tio n . W ater fro m  the  
seal is d isch arg ed  to  site e ffluen t.

If  o rg an ic  im p u ritie s  are p re sen t in th e  reac tan ts, th e  p ro d u c t 
may n eed  to  be p u rif ie d  by distillation .

If v acu u m  d istilla tion  is p ractised , there  can be a b u ild -u p  o f  
so lid  residues in th e  still. T h ese  will c o m p rise  o f  a rsen ic  
su lp h id es , and o th e r  m etal su lphides w h ic h  are d isp o se d  to  
iandfill.

W h en  p h o sp h o ru s  p en ta su lp h id e  flakes are  m illed , so m e  d u s t 
will be p ro d u ced . T his is recovered.

(b) Potential release routes from the manufacture of 
phosphorus pentasulphide

Releases to air

©  H y d ro g en  su lp h id e  f ro m  reactor ven t and  su lp h u r  storage.

©  P h o sp h o ru s  p en ta su lp h id e  particu la tes from  flaking, 
g r in d in g  a n d  p ro d u c t packaging.

#  O xides o f  su lp h u r fro m  com bustion  o f  h y d ro g en  su lp h id e .

Releases to water

@ ‘Phossy ’ w a te r  from  liq u id  w h ite  p h o sp h o ru s  sto rage.

®  H y d ro g en  su lp h id e  in  the  w ater fro m  w a ter seals.
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Releases to land

•  P h o s p h o ru s  p e n ta su lp h id e  f ro m  sp illages, c lean in g  o f  
so lid s  h a n d lin g  e q u ip m e n t.

•  R e s id u es  fro m  d is tilla tio n  u n it.

•  C a lc iu m  p h o sp h a te  an d  sm all a m o u n ts  o f  p h o sp h o ru s  
f ro m  s ite  t re a tm e n t p la ins.

2.7 .8 Phosphorous acid

P h o s p h o ro u s  ac id  is p ro d u c e d  by th e  c o n tro lle d  h y d ro ly sis  o f  
p h o s p h o r u s  tr ic h lo r id e :

PC13  +  3 H zO  —  H 3 P O 3  +  3HC1

T h e  r e a c tio n  can  be  v io le n t, p a rtly  b ecau se  o f  th e  hea l lib e ra ted  
in  th e  so lv a tio n  o f  th e  h y d ro g e n  c h lo r id e . Process te c h n o lo g y  
h a s  b e e n  d e v e lo p e d  to  o v e rc o m e  th ese  p ro b le m s by u sin g :

•  l iq u id -p h a s e  h y d ro ly s is ; o r

•  v a p o u r-p h a se  h y d ro ly sis .

(a ) Liquid phase hydrolysis

P h o s p h o ru s  tr ic h lo r id e  an d  d ilu te  HCl a re  ad d ed  c o n tin u o u s ly  
to  ah  a g i ta te d r e a c t io n  vessel. H y d ro g e n  c h lo r id e  evo lved  by 
th e  re a c tio n  is a b so rb e d  in  w a ter, c o lle c ted  in  a s tro n g  acid  
a b s o rb e r  a n d  re co v e red  as a b y -p ro d u c t acid .

T h e  p h o s p h o ro u s  a c id /h y d ro c h lo r ic  a c id  m ix tu re  overflow s 
f ro m  th e  re a c tio n  vessel to  th e  ev ap ora to r. H y d ro g e n  c h lo r id e  
is e v o lv e d  a n d  re co v e red  in  a s tro n g  ac id  absorber. T h e  
c o n c e n tr a te d  p h o s p h o ro u s  ac id  is so lid if ie d  by a flaker an d  
tra n s fe r re d  by  sc rew  c o n v ey o r fo r packag ing . T he  flak ing  an d  
p a c k a g in g  o p e ra t io n s  are  e n c lo se d  a n d  p e rfo rm e d  w ith  local 
e x tra c tio n .

T h e  h y d ro g e n  c h lo r id e  is a b so rb e d ' in  a co n v en tio n a l co o led  
s t ro n g  ac id  a b so rb e r  in  se rie s  w ith  a w eak  acid tail gas absorber. 
T h e  h y d ro g e n  c h lo r id e  f ro m  th e  re a c to r  system  is co o le d  an d  
p a sse d  th r o u g h  a d e m is te r  b e fo re  e n te r in g  th e  a b so rp tio n  
sy s te m .

B u rs tin g  d isc  p re ssu re  re lie f  f ro m  th e  re a c tio n  vessel is v ia a 
d re n c h  s c r u b b e r  to  a tm o sp h e re .

(b ) Vapour phase hydrolysis

P h o s p h o ru s  tr ic h lo r id e  l iq u id  a n d  w a te r  a re  a to m ise d  w ith  
s te a m  in  a co ax ia l a to m ise r  a n d  fed  d o w n w a rd s  in to  a reac tio n  
vessel at 1 50°C . A d d itio n a l s te am  is su p p lie d  to  th e  vessel to  
assist m ix in g . T h e  v a p o u rs  pass to  a d irec t co n tac t c o n d e n s e r /  
s e p a ra to r  fed  w ith  p h o s p h o ro u s  ac id  a n d  th e  c o n d en sed  
p r o d u c t  is fed  to  a vertica l e v a p o ra to r  w h e re  m o st o f  th e  
h y d ro g e n  c h lo r id e  is re m o v e d  to  th e  a b so rp tio n  sy s tem .

C o n c e n tra te d  p h o s p h o ro u s  ac id  leaves f ro m  the  b o tto m  o f  th e  
e v a p o ra to r  a n d  is s t r ip p e d  o f  re s id u a l h y d ro g e n  c h lo r id e  by 
n i tro g e n  s tr ip p in g  in  a c o u n te r - c u r re n t  c o lu m n . Pure  
p h o s p h o r o u s  a c id  is se n t to  flaking.

C om m ercia l-g rade  h y d ro ch lo ric  acid is a b y -p ro d u c t o f  b o th  . 
processes. T h e  hyd ro g en  ch lo rid e  in the tail gas ab so rb er vent' 
is essentially th e  only gaseous loss. In the  d irec t con tact process 
n itrogen  str ip p in g  gas w ill leave the  a b so rp tio n  system  saturated  
w ith  hydrogen  ch lo ride . T he tail gas ab so rb er design  m u st 
cater for th is flow, w h ic h  w ill increase  hyd ro g en  ch lo rid e  losses.

T he m anagem ent and recovery  o f  d ilu te  acid stream s is m ore  
com plicated  fo r the liq u id -p h ase  hydrolysis process.

Phosphine is a possible therm al d e co m p o sitio n  p roduct o f  
p h o sp h o ro u s acid in th e  d irect co n tac t process i f  the p rocess is 
operated  c lose  to  the th e rm al d eco m p o sitio n  tem pera tu re .

(c) Potential release routes from the manufacture of 
phosphorous acid

Releases to air

•  H ydrogen  c h lo rid e  from  reac tion , evaporation  an d  
stripp ing  system s.

•  P hosphorus tr ic h lo rid e  vap o u r from  feedstock storage.

•  Phosphine from  reac tion  by  therm al d eco m p o sitio n  in 
abnorm al operation .

•  Particulates from  flaking a n d  p ro d u c t d ru m  filling.

•  P hosphorus tr ic h lo rid e  and  hy d ro g en  ch lo rid e  vapour 
from pressure  re lie f  via d re n c h  sc ru b b er system s.

Releases to water

•  Liquors from  w et sc ru b b in g  o f  vents fro m  p h o sp h o ru s  
trich lo rid e  storage.

•  Surplus weak h y d ro c h lo ric  acid.

•  W ash-dow ns a n d  spillages, c lean ing  o f  so lids han d lin g  
eq u ipm en t.

•  All re leases to  site  trea tm en t plants.

Releases to land

•  None.

2.7.9 Alkyl phosphonium salts

(a) Process description

Alkyl p h o sp h o n iu m  (R H 3 P*) salts are  p ro d u ced  in a ba tch -w ise  
ex o therm ic  process, aspects o f  w h ic h  are con sid ered  
com m ercially  confiden tia l.

T he raw m ateria ls are m e te re d  in  to  a m u ltip le  agitated reac to r 
system  operated  under slig h t positive  pressure. O n -line  system s 
are in  place to  detect th e  e n d -p o in t o f  the reac tion .

T he reactions p ro d u ce  b y -p ro d u c t p h o sp h in e  and  p h o sp h o ric  
acid , w hich a re  vented via a c o m b u s tio n  u n it an d  sc ru b b in g  
system .
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-T h e  sc ru b b in g  system  is m o n ito re d  w ith  a la rm s for flam e 
failure, low  flow  and  p u m p  failure o n  the  sc ru b b er, and excess 
d ifferen tia l p ressure  o n  the m ist elim ijiator.

B ursting disc failure w o u ld  direct p h o sp h in e  to  the stack.

Prio r to  transfer to  storage, the  p ro d u c t is s tr ip p ed  to  rem ove 
traces o f  reactants, w h ich  w ill fo rm  p a rt o f  th e  aq u eo u s 
d isch arg e  fro m  the plant.

(b) Potential release routes from the manufacture of 
alkyl phosphonium salts

Releases to air

O  Raw m ateria ls, by -p ro d u cts  fro m  storage, reactor, 
co m b u stio n  u n it and pressure  re lie f

Releases to water

O  B y-product acid from  stripp ing .

Releases to land 

O  Used filter cartridges.

2.7.10 Aryl phosphonic acids

(a) Process description

In the  UK p h o sp h o ru s  p em ach lo rid e  is p ro d u c ed  b a tch w ise  in 
a ca rrie r  so lvent for captive use in the  p ro d u c tio n  o f  aryl 
p h o sp h o n ic  acids (R/P O (O H )2).

P h o sp h o ru s p en tach io rid e  is p ro d u ced  by the  reac tion  o f  
excess ch lo rin e  w ith  p h o sp h o ru s  trich lo rid e :

PClj +  Cl2  —  PC1S

The reactor is e q u ip p ed  w ith  an  agitator, co o lin g  jacket and  
reflux condenser. P hosp h o ru s tr ic h lo rid e  is d isso lved  in  ab o u t 
an equal v o lu m e o f  solvent in  the  reac to r p r io r  to  co m m en c in g  
ch lo rin a tio n .

T he so lu tio n  is agitated and ch lo rin e  gas ad m itted . As the 
reac tion  p roceeds, crystals o f  p h o sp h o ru s  p e n ta ch io rid e  form  
an d  are su sp en d ed  in  the solvent. R eaction  heat is rem oved  by 
the  reactor co o lin g  jacket an d  reflux  co n d en ser; total reflux is 
em ployed .

V apour em iss io n s from  the reflux c o n d en se r are passed to 
a n o th e r condenser, coo led  w ith  re frig e ran t, to  m in im ise  solvent 
losses, and  th en  to  w ater and  so d iu m  h y d ro x id e  sc ru b b ers  to 
rem ove p h o sp h o ru s  trich lo rid e  and  ch lo rin e  respectively.

Currently, solvents em ployed as a carrier are carbon  te trach lo rid e  
(te trach lo 'rom ethane) arid m o n o ch lo ro b en zen e . The use  o f  
carb o n  te trach lo rid e  sho u ld  be su p p lan ted  by th a t o f  
en v ironm en ta lly  less harm fu l solvents.

T he arom atic  feed is reacted w ith  the p h o sp h o ru s  
p e n ta ch io r id e /so lv e n t s lu rry  and. the. c h lo rin a te d  p h o sp h o ru s

in te rm ed ia te  is H ydrolysed to  generate th e  su b s titu te d  
p h o sp h o n ic  acid :

R'H + PCI 5 —  R'PC14 +  HC1

R'PC14 +  3 H 26  — >R/PO(OH)2 + 4HC1

T he o rgan ic  is ad d ed  at a controlled rate via a m easu re  tank.
T h e  ex o th e rm ic  reac tion  is contro lled  via coo ling .

T he solvent and  h y d ro g en  chloride are  rem o v ed  at elevated  
tem p era tu res to  co n d en sers a n d  scrubbers.

T he solvent is co llected  by th e  condensers an d  s to red  fo r 
re-use. The hyd ro g en  c h lo r id e  is collected  by the  sc ru b b c r  
and  s to red  for re -use , so ld  o r  forms p a rt o f  th e  aq u eo u s  
discharge.

T he in te rm ed ia te  and  any residual p h o sp h o ru s  p e n ta c h io r id e  
are hydro lysed  w ith  w ater at a con tro lled  rate to  g e n e ra te  a 
slurry. T he s lu rry  is filtered, the  acidic filtra te  fo rm in g  p a rt o f  
the  aq u eo u s  d ischarge  a n d  th e  sem i-dry  fille r cake packaged  for 
sale.

In the UK p h o sp h o ru s  pen tach io ride  is n o t iso lated  for sale o r 
use. T he p h o sp h o ru s  pen tach lo ride  can  be iso lated  by filtra tio n  
w ith  recovery  o f  the  solvent as filtrate. T he  crystals a re  d r ie d  by 
c ircu la ting  hot w a ter th ro u g h  the jacket o n  th e  filter. T he 
solvent is recovered , and clarified and re tu rn e d  fo r re -u se , an d  
the  p ro d u c t packaged for sale.

An alternative  c o n tin u o u s  process not u sing  a so lven t involves 
p h o sp h o ru s  tr ic h lo rid e  b e in g  d istribu ted  fro m  the  to p  o f  a 
co u n te r-cu rre n t reaction  co lu m n , w ith  c h lo r in e  fed in th e  
b o tto m . P h o sp h o ru s  pen tach io ride  is fo rm ed  and  co llects at 
the  b o tto m  o f  the  co lu m n  w h ere  it is ex trac ted  by m ech an ica l 
screw.

(b) Potential release routes from the manufacture of 
aryl phosphonic acid

Releases to air

O  C h lo rin e  fro m  reaction  and pressure  re lie f  to  so d iu m  
h y d ro x id e  scrubber.

O  P h o sp h o ru s  tr ich lo rid e  and  ch lo rin e  fro m  storage, 
reac tion  an d  pressure relief.

O  H y d ro g en  ch lo rid e  from  reaction a n d  sc ru b b ers .

O  C h lo rin a ted  so lvent from  storage, reac tio n , p re ssu re  
relief, co n d en sers and scrubbers.

O -  A rom atic  o rg an ic  from  storage and  p ressu re  relief.

Releases to water

O  Liquors fro m  w et sc ru b b in g  o f  p h o sp h o ru s  tr ic h lo r id e  
' vapour a n d  ch lo rin e  gases co n ta in ing  h y d ro c h lo r ic  acid , 

p h o sp h o ro u s  acid, so d iu m  h y p o ch lo rite  and  c h lo r in a te d  
solvents.
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O  H y d ro c h lo r ic  a n d  p h o s p h o r ic  acid s a n d  c h lo r in a te d  
so lv e n t f ro m  filtra tio n .

O  A ryl p h o s p h o n ic  ac id  f ro m  c le an in g  o f  filler an d  so lid s 
h a n d lin g  e q u ip m e n t.

Releases to land

O  N o n e .

2.7.11 Alkyl/aryl phosphate esters

(a) Aryl esters

F o r a ry l p h o s p h a te  e s te rs  ( ( R / 0 ) 3 P 0 ) ,  th e  a ry l c o m p o n e n t  m ay 
b e  a sp e c ific  c o m p o u n d ,  eg  an  a lk y la ted  p h e n o l, o r  a m ix tu re , 
e g  c reso l a n d  x y len o l, d e p e n d in g  o n  th e  p ro d u c t d esired . T hese  
a re  re a c te d  w ith  p h o s p h o ru s  o x y c h lo r id e :

3 R 'O H  +  PO C l3  - *  O P (O R ' ) 3  +  3HC1

W h e n  u n lo a d in g  p h o s p h o ru s  o x y c h lo r id e  from  tankers, 
s to ra g e  tan k  b lan k e t n i tro g e n  is v e n te d  to  a w a ter sc ru b b er.

T h e  re a c tio n  is b a tc h  o p e ra te d ; th e  p h e n o l( s )  and  a catalyst 
a re  a d d e d  to  th e  re a c to r  a n d  h e a te d  to  th e  re q u ire d  te m p e ra tu re  
b e fo re  m e te re d  a d d it io n  o f  p h o s p h o ru s  o x y ch lo rid e . T he 
re a c tio n  g e n e ra te s  h y d ro g e n  c h lo r id e , w h ic h  is d ire c te d  to  an 
a b s o rb e r  a n d  tail gas sc ru b b er.

T h e  re c o v e re d  3 2 —3 4%  HC1 is e ith e r  re -u s e d  o r so ld .

R esid u a l HC1 in  th e  p ro d u c t  is s tr ip p e d  o u t  at e levated  
te m p e ra tu re .  T h e  h y d ro g e n  c h lo r id e  is a b so rb ed  in  w a te r  and  
b e c o m e s  p a r t o f  th e  a q u e o u s  w aste  s tream .

T h e  c ru d e  p ro d u c t  is tra n s fe rre d  to  s to rag e  tanks feed in g  
d is t il la t io n  u n its .

In  th e  d is til la tio n  u n i ts  th e  excess p h e n o lic s  are d is tilled  o f f  first 
a n d  a re  re co v e red  a n d  tra n s fe r re d  to storage for re -u se . T he 
p r o d u c t  is th e n  d is til le d  a n d  tra n s fe rre d  to  a s team  s tr ip p in g  
c o lu m n . R esid u al w aste  Organics, in c lu d in g  the  catalyst, are 
d ra w n  o f f  a n d  d r u m m e d  fo r  d isp a tc h  as w aste.

T h e  p ro d u c t  is s te a m -s tr ip p e d  to  im p ro v e  the  c o lo u r  o f  th e  
p r o d u c t  a n d  rem o v e  any  re s id u a l trace  o f  phen o lics . T h e  steam  
is c o n d e n s e d  a n d  re s id u a l O rganics .sep ara ted  an d  recovered .
T h e  w a te r  b e c o m e s  p a r t  o f  th e  a q u e o u s  d isch arg e  fro m  th e  
p la n t.

T h e  fin a l p ro d u c t  is tra n s fe rre d  to  sto rag e .

(b ) M ixed esters

F or m ix e d  a ry l/a lk y l  p h o sp h a te  este rs  ( (R /0 ) 2 ( R 0 ) P 0 ) ,  th e  
p h o s p h o r u s  o x y c h lo r id e  is re ac ted , first w ith  an  a lco h o l to  
s u b s t i tu te  o n e  c h lo r in e  m o le c u le , a n d  th e n  w ith  a p h e n o l to  
s u b s t i tu te  th e  o th e r  tw o  c h lo r in e  m o lecu le s :

P O C lj +  R O H  —  (R O )P O C l2  +  HCl

(R O )PO C lz +  2 R/O H  —  (R/0 ) 2 ( R 0 ) P 0  +  2HC1

A set am ount o f  p h o sp h o ru s  o x y ch lo rid e  is de livered  to th e  
reac to r via a m easu re  vessel. The a lcohol is added  at a co n tro lled  
ra te  to  the agita ted  reac to r and  the  process is o p e ra ted  w ith  a 
c o o led  recycle to  co n tro l th e  tem pera tu re .

O n ce  the reaction  is co m p le te  the  h y d ro g en  ch lo rid e  is s tr ip p ed  
o f f  to  a scrubber w h ere  h y d ro c h lo ric  acid is p ro d u ced , w h ic h  is 
e ith e r  re-used o r  fo rm s p art o f  the  aq u eo u s d ischarge  from  the 
p lan t.

In a separate reactor, p h en o l is reacted  w ith  47%  sod ium  
hydrox ide  so lu tio n  and w a ter to  p ro d u ce  so d iu m  phenate.
T he d ich lo rin a ted  p h o sp h a te  ester is ad d ed  to  the so d iu m  
p h en a te  at a c o n tro lled  rate, the tem p era tu re  o f  the  reaction  
con tro lled  by coo ling :

ROPOC1; + R 'O N a —  (R/0 ) 2 (R 0 ) P 0  +  NaCl

T he crude p ro d u c t is w ashed  to  rem ove  the  salt, the  w ash in g  
fo rm in g  part o f  the  aq u eo u s d ischarges.

T h e  w a s h e d  p r o d u c t  is  s t e a m - s t r i p p e d  t o  r e m o v e  t r a c e  O r g a n ic s ,  

t h e  s t e a m  is  c o n d e n s e d  a n d  f o r m s  p a r t  o f  t h e  a q u e o u s  

d i s c h a r g e .

T he product is filtered  be fo re  d ispa tch  to  storage.

(c) Potential release routes from the manufacture of 
alkyl/aryl phosphate esters

Releases to air

O  H ydrogen ch lo rid e  from  reactor, sc ru b b er and  pressure  
relief.

O  P hosphorus o x y ch lo rid e  fro m  reactor, storage and  
pressure relief.

O  Phenols from  storage, reactor, d istillation , s tr ip p in g  and  
pressure re lie f

O  Alcohols fro m  storage, reactor, sc ru b b er an d  pressure  
relief.

O  D ich lorinated  p h o sp h a te  e ste r from  reactor.

Releases to water

O  H yd ro ch lo ric  acid from  scrubbers.

O  Phenols from  sc ru b b ers ,"strip p ers  and  w ashing.

O  Alcohols from  s tr ip p in g  a n d  w ashing.

O  A lkyl/ary l p h o sp h a te  esters from  w ashing.

O  Trace a m o u n t s  o f  c h l o r i n a t e d  O r g a n ic s .

42



Sb, As, Be, Ca, In, Pb, Pd, Pt, Se, Te, Tl and their compounds

Releases to land _ - —

O  D istilla tion  residues, principally' inert catalyst w ith  aryl 
phosphate esters, an d  high-m olecular w eig h t Organics, 
w h ic h  m ay be chlorinated.

O  C h arred  O r g a n ic s  f ro m  filter.

2.7.12 Control of releases from phosphorus processes

(a) Use and handling of phosphorus compounds

Phosphorus pentoxide (P2Os)

P h o sp h o ru s p e n to x id e  is n e ith e r co m b u stib le , n o r  su p p o rts 
c o m b u s tio n . It d o es h ow ever react v igorously  w ith  m oistu re , 
p ro d u c in g  heat, acid and steam . W ith o u t m o is tu re  present, n o  
fire o r  c o m b u s tio n  hazard  exists.

D rum s s to r in g  p h o sp h o ru s  p en to x id e  m ust be air and  m o is tu re - 
tight at all lim es. Care m ust be taken w h en  d isp o sin g  o f  em p ty  
d ru m s that all P2 O s is rem oved ,-since  any rem a in in g  m aterial 
w ill hydro lyse  to  p h o sp h o ric  acid and severe co rro s io n  may 
result.

E quipm ent for the  transfer o f  P2 0 5 from  storage sh o u ld  be 
co n stru c ted  o f  3 1 6 L stainless steel w ith  PTFE gaskets o r  sim ilar. 
The a rra n g e m e n ts  sh o u ld  be  designed  to  e lim inate  any contact 
be tw een  P2 O s an d  a tm o sp h e ric  m oistu re , e ith e r by eq u ip p in g  
vents w ith  d ry ers  to  dry  any air o r a lternatively  by co n tin u o u sly  
p u rg in g  th e  system  w ith  d ry  a ir o r  d ry  in e r t  gas.

Phosphorus trichloride (PCI3)  and phosphorus oxychloride 
(POCI3)

PC13  can be  safely s to red  in carb o n  steel tanks w ith  a m in im u m  
flow  p urge  o f  d ry  n itro g en . T he exclusion  o f  m o is tu re  is ■ 
im p o rtan t since  PC13  w ill react w ith  w ater to  form  p h o sp h o ro u s  
acid and  HC1.

Storage o f  POCl3  req u ires  m ore  soph istica ted  m aterials o f  
co n stru c tio n  th an  PC13. Steel an d  stainless steel are n o t su itable 
for lo n g -te rm  POCl3  contact. For storage o f  POCl3 on ly  glass- 
lined  steel o r  n ickel tanks are reco m m en d ed . P iping m ay be 
nickel, glass, g lass-lined  steel o r  T eflon-lined steel. Teflon lined  
p lug  o r  ball valves are n o rm ally  used.

The u n lo ad in g  o f  e ith e r  PC13  o r  POCl3  causes fum e to  be 
expelled  fro m  th e  tan k , and the  u se  o f  a sc ru b b e r  to  co n tro l 
these  fum es is co n sid e red  m andatory. W ater m ay be u sed  as the 
sc ru b b in g  m ed iu m ^  T he .p ip ing  m ust be d esig n ed  such th a t th e  
sc ru b b er c an n o t flood  and  back u p  in to  the  storage vessel.

O verfilling th e  sto rage  tank so  th a t liqu id  PC13  en ters th e  
sc ru b b er w ill create a v io len t reac tion  p ro d u c in g  HC1, 
p h o sp h o ric  acid , p h o sp h in e  and  possibly fire. The packing 
cou ld  be e jected  fro m  th e  co lu m n . Elevated ven t ducts an d  
overflow  seal legs can  be-used  effectivelyT

Phosphine

P ho sp h in e  m an u fac tu re  and  h an d lin g  is covered  by CIMAH 
R eg u la tio n (U).

It is im p o rta n t to  p rev en t oxygen in g ress  in to  p h o sp h in e  
p ro d u c tio n  p lan t since th is  w ould p re sen t an  e x p lo s io n  hazard . 
T h e  process sh o u ld  be operated  at s lig h tly  positive  p re ssu re  
w ith  w ater seals b e tw een  plant ite m s  an d  th e  e n v iro n m en t.

G iven the to x ic  and explosive  p ro p e rtie s  o f  p h o sp h in e , s to rage  
sh o u ld  be d esig n ed  to  con ta in  as sm all an  in v en to ry  as 
practicable.

(b) Gaseous effluent

T he m ain  re leases to  a ir from  p h o sp h o ru s  p rocesses are 
p h o sp h o ru s  c o m p o u n d s  (especially p h o sp h in e . p h o sp h o ru s  
p en to x id e ), HC1 fum e, ch lorine, h y d ro g e n  su lp h id e  an d  lig h t 
Organics. T he actual con tam in an ts an d  th e ir  c o n c e n tra tio n s  will 
d e p e n d  on  th e  m an u fac tu rin g  process. Typical c o n tro l 
tech n iq u es for these co m p o u n d s are g iv en  below .

O  A b so rp tio n  in to  w a te r  for rem oval o f  h y d ro g e n  c h lo rid e
— the resu lting  h y d roch lo ric  ac id  m ay be so ld , u sed  in  
o th er processes o r  u sed  for pH  c o rre c tio n  in  the  site  
effluen t trea tm en t plant.

O  Caustic sc ru b b in g  fo r  treatm ent o f  HC1 fu m e  n o t 
rem oved  by a b so rp tio n  into w ater.

O  T herm al ox id a tio n  — careful d e s ig n  is re q u ire d  to  e n su re  
the  d e s tru c tio n  o f  m ercaptan  o d o u r. A su p p o r t fuel is 
norm ally  b u rn t to  m ain tain  the d es ired  tem p era tu re . 
T herm al o x id a tio n  is often fo llow ed  by an  ab so rp tio n  
u n it to rem ove  c e rta in  com b u stio n  p ro d u c ts , for ex am p le  
p h o sp h o ru s  p e n to x id e  from ig n itio n  o f  p h o sp h in e .

Fugitive em iss io n s m ay be m in im ised  by  em p lo y in g  p re ssu rised  
seals o n  agitated vessels a n d  th e  use o f  g land less p u m p s  w h e n  
possib le  for p ro d u c t/in te rm e d ia te  transfers.

(c) Aqueous effluent

Effluents from  p h o sp h in e  p lan ts  should  be  b lo w n  w ith  a ir 
to  rem ove d issolved p h o sp h in e  a n d 'th en  n eu tra lised  be fo re  
passing to  an e fflu en t trea tm en t system. A ir fro m  e fflu en t 
b lo w in g  shou ld  be  du c ted  in to  the p lan t v en tila tio n  system .

A queous p h o sp h a te  em issions should be p rev en ted  from  
reach in g  con tro lled  w aters by  precip ita tion  w ith  lim e  to  
p ro d u ce  inso lub le  calc ium  phosphate. T h e  re su ltin g  slu d g e  
sho u ld  be  sen t for landfill. _  _ _

2.8 Antimony, arsenic, beryllium, gallium, 
indium, lead, palladium, platinum, selenium, 
tellurium, thallium and their compounds

2.8.1 Introduction

T here  is a very w id e  range  o f  processes covered  by  th is  se c to r o f  
th e  ino rg an ic  chem ica ls industry . A pplications ran g e  fro m  
lab o ra to ry  scale th ro u g h  to  m a jo r  chem ical w’o rks an d  fro m  
h ig h -te ch n o lo g y  app lications to  m ature in d u s tr ie s  over a 
h u n d re d  years old. E nd-use applications covered  by th is  se c to r _ 
in clude  lead acid ba tte ries, sem ico n d u cto r dev ices, c o lo u rs /
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p ig m e n ts ,  l ig h tin g , PVC s tab ilise rs , PVC c o m p o u n d s , w o o d  
p re se rv a tiv e s , p re c io u s  m eta l c o a tin g s , etc.

O u t l in e d  b e lo w  are  th re e  g ro u p s  o f  p ro c esse s  th a t d e sc rib e  
severa l o f  th e  p ro d u c tio n  ro u te s  e n c o u n te re d  in  th is se c to r o f  
th e  in d u stry . Specific  e x am p le s  are  g iv en  th a t involve so m e  
c o m p o u n d s  o f  th e  e le m e n ts  c o v e re d  by  th is  N o te . S om e n o te s  
a re  a d d e d  o n  o th e r  v a ria tio n s  th a t m ay  b e  fo u n d .

2.8 .2 Manufacture of oxides

(a) General

O x id e s  o f  several o f  th e  e le m e n ts  c o v e re d  by  th is  sec tio n  are 
im p o r ta n t  in dustria lly . For e x am p le , a n tim o n y  and  lead  ox id es 
a re  p ro d u c e d  in  la rg e  q u a n ti t ie s  by  th e  o x id a tio n  o r  ro as tin g  o f  
th e  e le m e n t o r  p re p a re d  c o n ce n tra te s . M an u fac tu re  m ay be 
c a r r ie d  o u t  by  c o n tin u o u s  o r  b a tc h 'm e th o d s  in  a v a rie ty  o f  
ty p e s  o f  fu rn a c e  o r  k iln , an d  th e  scale o f  th e  p ro cess  varies to  
su it th e  d e m a n d  fo r th e  p ro d u c t. F u rn aces  are  typically  gas- 
fired  a l th o u g h  o il- f ir in g  m ay  be  p rac tised .

(b ) Antimony oxide

A n tim o n y  o x id e  is m a n u fa c tu re d  by  th e  ro a s tin g  o f  a n tim o n y  
o x id e  c o n c e n tra te s  w ith  a n tim o n y  m eta l. T h e  reac tion  involved 
is:

4 S b  +  3 0 2 — ► 2S b 2 0 3

T h e  p ro c ess  is c a r r ie d  o u t  in  d ire c t- f ire d  c o n tin u o u s  ro ta ry  
k iln s  o p e ra te d  so  as to  vo latilise  th e  p ro d u c t,  w h ic h  is th en  
c o n d e n s e d  a n d  c o llec ted  u s in g  fab ric  filters. A fter sto rage  th e  
a n tim o n y  o x id e  is p u r if ie d  by  rev o la tilisa tio n  in fu r th e r  ro ta ry  
k iln s  fo llo w ed  by p u re  p ro d u c t  c o lle c tio n , transfer, b len d in g  
a n d  p ack in g . T h e  slag fo rm e d  d u r in g  fu rn ac in g  co n ta in s  lead  
a n d  is so ld  fo r sm eltin g .

S pecia l h y g ie n ic  g ra d es  o f  p ro d u c t  a re  m a d e  by d a m p in g , 
p a s tin g  o r  g ra n u la tin g  a n tim o n y  o x id e  w ith  su itab le  p lasticisers, 
w a te r  o r  w axes.

(c) Lead oxides

T h e  lead  o x id es , lith a rg e  (lead  (II) o x id e , PbO ) and  red  lead  
(d ile a d  (II) lead (IV ) o x id e . P b 0 4), are  m an u fa c tu re d  by a tw o - 
stag e  o x id a tio n  p rocess . T h e  first s tage  is c o m m o n  to  b o th  
o x id e s  a n d  invo lves fe ed in g  lea d  in to  a s tirred  reac tio n  p o t in 
w h ic h  th e  e x o th e rm ic  re a c tio n  m a in ta in s  the  re q u ire d  
te m p e ra tu re  as c o n tro lle d  by  th e  feed  ra te  o f  fresh  lead . An 
im p u r e  fo rm  o f  lead  o x id e  is p ro d u c e d , c o n ta in in g  a m ix tu re  
o f  th e  e le m e n t a n d  th e  m o n o x id e , d io x id e  and  red  lead:

2 P b  +  0 2 —* 2PbO ,

P b  +  0 2  —  P b 0 2

T h e  p ro d u c t  is c a r r ie d  b y  th e  a ir  s tre a m  to  a co llec tin g  .system  
o f  c y c lo n e , fab ric  filte r and. HEPA filter. It is th e n  p ro cessed  in  
th e  s e c o n d  stage  by  h e a tin g  in  a g a s-f ire d  fu rn ace  in w h ic h  th e  
c o n d it io n s  can  b e  v a rie d  to  p ro d u c e  th e  p u re  fo rm  o f  p ro d u c t

re q u ire d , either lith a rg e  or red  lead:

6 PbO  +  0 2 —  2 P b 3 0 4  

2 P b O z +  Pb —  P b 3 0 4

(d) Lead acid battery grade oxide

T he m a jo r use o f  lead  w o rld w id e  (over 60% ) is fo r the  lead 
acid  b a tte ry  in the  fo rm  o f  lead  oxide. T he p rin cip al p rocess 
used  fo r the p ro d u c tio n  o f  lead  oxide is that o f  Sh im adzu , an d  
th is  em ploys the c o n tin u o u s  partial ox id a tio n  o f  lead pellets to  
give a closely c o n tro lled  and  in tim ate  m ix tu re  o f  the e lem en t 
an d  lead m o n o x id e /su b o x id e  ( P b 0 /P b 2 0 ) .  Small cy lind rica l 
lead pelle ts are cast and th en  tum b led  in  a ro tary  m ill d ru m , 
g e n era tin g  frictional h ea ting , w h ere  they  g radually  react w ith  
air. T h e  product is in the fo rm  o f  fine  m icrocrysta lline  lead 
o x id e  particles, e ach  w ith  a co re  o f  u n co n v erted  lead. T hese 
p a rtic les  are ca rried  out o f  th e  d ru m  in the  air stream  to a 
co llec tin g  system typically co n sistin g  o f  a cyclone, fabric filter 
an d  HEPA filter.

S h im adzu  plants are  su p p lied  by specialist co n tracto rs and  
typically  consist o f  a n u m b e r o f  m ills an d  co llecting  system s, 
w h ic h  are capable o f  a u to m atic  co n tro l and  se m i-re m o te  
o p e ra tio n  from a c o m m o n  contro l panel. The p lants sh o u ld  
in co rp o ra te  a la rm ed  p ressu re  and tem p era tu re  m o n ito rs . Fire 
d e te c tio n  and resp o n se  is likely to be  necessary  as fires have 
re su lted  from o v erhea ting  o f  the p ro d u c t.

B attery m anufacturers have their o w n  specifications for the 
p ro d u c t oxide; a typical PbO  co n ten t w ould  be  70%. Because o f  
th e  im portance o f  oxide quality  co n tro l to  th e  fin ished 
b a tte rie s, the m a jo rity  o f  m an u fac tu re rs  have an  in -h o u se  plant, 
a lth o u g h  sm aller facilities use b o u g h t- in  m ateria l. Som e 
trac tio n  batteries and  s tan d -b y  p o w e r ba tte ries use red lead, 
w h ic h  is m ade e lsew here  as desc rib ed  above.

(e ) Selenium dioxide

Selenium  d io x id e  is n o  lo n g e r m an u fac tu red  in the UK.

(f) Variations and associated processes

O th e r  processes and tech n iq u es closely  associated  w ith  
fu rnac ing  in c lu d e  p re -trea tm en t o f  feedstocks, p ro d u c t 
c rush ing , d ry in g , b len d in g  and m ix in g , an d  d ry  m ateria ls 
han d lin g  su ch  as m echanical o r  p n eu m a tic  conveying  an d  
packing.

Variations o f  the  S h im adzu  b a tte ry -g rade  lead  oxide process ' 
ou tlin ed  above  are used ; for in stance  the a ir-sw ep t m ill d ru m  
m ay be rep laced  by a p e rfo ra ted  sc reen -m ill d ru m . H ere  the 
princip le is th a t p ro d u c t particles o f  the desired  size fall th ro u g h  
the  perforations o f  th e  d ru m  an d  are then  classified by sieves 
before  co llection . V enting air is recircu la ted . In a n o th e r  
variation, th e  ox id a tio n  is carried  o u t in a reac tio n  p o t sim ilar 
to  those u se d  in the first stage o f  litharge a n d  red  lead  
m anufacture.

In  the b a tte ry  industry , lead  m eltin g  and casting  for plates
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and. term in als , paste  m ix ing , e lec tro d e  p la te  pasting , flash 
d ry ing , c u rin g , stack ing  and in se rtio n  in to  ba tte ry  cell 
co n ta iners w ill no rm ally  be associated  processes and  so 
fo rm  part o f  the  A u thorisa tion  fo r the process.

(g) Potential release routes from the manufacture of 
oxide processes

Releases to air

O  W h ere  d irec t-fired  processes are o p e ra ted , p ro d u c ts  o f  
fuel c o m b u s tio n  are re leased , in c lu d in g  ox ides o f  
su lphur, c a rb o n  and  n itro g en .

O  Particulate m atte r from  fu rn ac in g  an d  o th e r  u n it
o p e ra tio n s  and  h an d lin g  tech n iq u es involving rnetals and  
th e ir co m p o u n d s .

O  The ven ting  o f  lead processes, in c lu d in g  m e ltin g /c a s tin g  
po ts and b a tte ry  e lectrode  plate p ro d u c tio n  and  assem bly 
o p era tio n s , to  m ee t w orkplace air stan d ard s , w ill release 
lead and  its co m p o u n d s .

Releases to water

O  In th e  m ain , releases to  w a ter from  these  processes are 
coo ling  w ater d ischarges and  p lant w ash -d o w n s w h ere  
p ractised; the latter w ill carry  d isso lved  and  su sp en d ed  
solids c o n ta in in g  heavy m etals.

O  Processes carried  o u t in  aq u eo u s  so lu tio n  m ay also 
release d isso lved  m etal c o m p o u n d s  in  filtrates.

O  In som e processes, for exam ple lead c o m p o u n d s
m anufacture , w et sc ru b b ers are used  to  abate releases to 
air an d  th is  m ay result in  th e  release o f  spen t sc ru b b er 
liq u o rs  c o n ta in in g  the p o llu tan ts involved.

Releases to land

O  Solid w astes recovered  from  fabric filters are recycled  and 
slags sh o u ld  be reprocessed  to  recover usefu l heavy 
m etals, eg by sm eltin g , w h erever possib le.

O  O th er fu rn ace  w astes m ay req u ire  d isposal w h ere  th e  
useful co n te n t is to o  low.

2.8.3 General chemical and physical processes

(a) General. - -  - - -  -  —  '

G eneral chem ical and  physical processes are u sed  in the 
m anufactu re  o f  m any  co m p o u n d s o f  the  e lem en ts  covered by 
th is section . These involve a variety  o f  m e th o d s  and u n it 
o p era tio n s , th e  m ajo rity  o f  w h ich  are ba tch  o p era tio n s . T he 
scale o f  the processes varies considerab ly  w ith  th e  n a tu re  a n d  
d e m a n d  for-the  p ro d u c t c o n ce rn ed  a n d .m a jo r p ro d u c ts  are 
m ad e  on  sizeable d ed ica ted  facilities, w hereas m in o r  p ro d u c ts  
m ay be m ade by cam p aig n  w o rk ing  o f  m u lti-p u rp o se  p lant.

(b) Arsenic acid

A rsenic acid (H 3 A s0 4) so lu tion  is m an u fa c tu re d  by  a p rocess 
that d e m o n s tra tes  several u n it o p e ra tio n s  typical o f  th e  in d u stry :

O  The feedstock  a rsen ic  trioxide is tran sfe rred  fro m  d ru m s  
' to  the  reac to r feed  hopper in  a p u rp o se -d e s ig n e d  

enclosed  facility, w h ich  in c ludes v en tila tio n  to  a w et 
sc ru b b e r  and  d ru m  washing. M ateria l reco v ered  fro m  
th ese  is recycled to  the process.

O  Batch s tirred  reac to rs  are u sed  to  react a rsen ic  tr io x id e
w ith  25 —45%  n itric  acid. The reac tio n  is iso th e rm ic  and 
ox id es o f  n itro g en  are  liberated:

As20 3 + 2HN03 + 2HzO —  2H3As04 + NO + N 0 2

P otassium  io d id e  catalyst may be  u sed  to  p ro m o te  th e  
reac tion .

O  ' T h e  m ix ed  ox ides o f  n itrogen are  co o led , o x id ised  an d  
ab so rb ed  in water. T he reactions can be re p re se n ted  as:

2NO + Oz —  2NOi 

and

3NOz + H20  —  2HN03 + NO

T h e  n itr ic  ox ide  liberated  d u rin g  the  ab so rp tio n  o f  
n itro g en  d io x id e  is oxidised again  to  n itro g e n  d io x id e , 
u sin g  air as the  so u rce  o f  the necessary  ox y g en . T he 
n itr ic  acid is recovered  at co n cen tra tio n s from  25 to 
45% , d e p e n d in g  on  the  m ode o f  o p e ra tio n  o f  th e  
a b so rp tio n  p lan t, a n d  is re-used in  th e  process.

O  T he p ro d u c t so lu tio n  is cooled an d  press filtered  to
rem ove precip ita ted  im pu ritie s  (m ain ly  ca lc iu m  a n d  lead  
c o m p o u n d s )  before adjusting  the  c o n ce n tra tio n  o f  
a rsen ic  acid to  80%  by evaporation u s in g  steam  co il 
heating . Finally it is transferred  to  s to rag e  and  
d is tr ib u tio n , tanks.

A lternative UK p ro d u c tio n  facilities use d iffe ren t o p e ra tin g  
co n d itio n s, and  e m p lo y  so d iu m  arsenite to  rem o v e  residual 
n itric  acid fro m  the  reaction  m ix . The a rsen ic  acid  is th en  
filtered  before  use.

A rsenic acid is a basic in g red ien t for the  m an u fac tu re  o f  c o p p e r 
c h ro m e .a rse n ic  (CGA) w ood"preservatives,- w h ic h  is essen tia lly  a 
m ix in g /b le n d in g  process.

(c) . Lead compounds

A n u m b er o f  lead c o m p o u n d s  are  m anufactu red  fo r ap p lica tio n s 
such  as stabilisers in  th e  p ro d u c tio n  o f  PVC, m ir ro r  b a c k in g . -  
p a in ts, brake lin ings arid p igm en ts .

O n e  g ro u p  o f  c o m p o u n d s  in c ludes lead su lp h a te , p h o sp h ite , 
stearate, p h th ala te  an d  carb o n a te  (w hite le a d ), each  p ro d u c e d  in  
a n u m b e r o f  basic fo rm s ra n g in g  from m o n o b as ic  to  tetrabasic. 
T hey  are p ro d u ced  by  reacting  litharge (m a d e  as o u t l in e d ln  
Section 2 .8 .2 (c ))  w ith  the appropria te  acid . For exam ple,
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m o n o b a s ic  lead  su lp h a te  p ro d u c tio n  ( lan a rk ite )  fo llow s th e  
stag es b e lo w :

O  A s lu rry  o f  lith a rg e  in  w a te r  is p re p a re d  in  a s tirred  b a tch  
r e a c tio n  vai an d  th e  re q u ire d  q u a n ti ty  o f  su lp h u ric  acid  is 
a d d ed :

P b O  +  H 2S 0 4 —* P b S 0 4.P b 0  +  H 20

O  T h e  re su ltin g  a q u e o u s  s lu rry  is tran s fe rre d  an d  d ew ate red  
by  c e n tr ifu g in g  o r  v a cu u m  filtra tio n  to  give a pu lp . This 
m ay  be  m ix e d  w ith  a p ro p o r t io n  o f  p rev io u sly  d ried  
p ro d u c t  to  re d u ce  th e  w a te r  c o n te n t.

O  T he  p u lp  is flash  d r ie d  in  a h o t a ir  c o lu m n  drier.

O  T h e  s ta b ilise r  can  th e n  be  tra n s fe rre d  to  m ixers in  w h ic h  
a d d itiv e s  are  m ix e d  b e fo re  p ack in g  to  fo rm  a b len d ed  
c o m p o s ite  m ix tu re  fo r  PVC processing .

A n o th e r  c o m p o u n d , lead  c h ro m a te , is p ro d u c e d  in  red  and  
y e llo w  p ig m e n t sh ad es by  a s im p le  tw o -stag e  p rocess chat beg ins 
w ith  th e  re a c tio n  o f  lead  w ith  n itr ic  ac id  to  give lead  n itra te . 
S o d iu m  c h ro m a te  is th e n  reac ted  w ith  th e  lead  n itra te  to  
p ro d u c e  lead  c h ro m a te . T he  d e s ire d  c o lo u r  sh ad e  is o b ta in e d  
by  u s in g  a p p ro p ria te  a d d itiv e s  a n d  th e  p ro d u c t lead  c h ro m a te  is 
c o a ted  to  e n h a n c e  th e  physical p ro p e rtie s . It is th en  filte red , 
d r ie d ,  g ro u n d  a n d  c lassified  b e fo re  pack ing .

(d ) Variations and associated processes

O th e r  p ro c esses  a n d  te c h n iq u e s  asso c ia ted  w ith  th e  
m a n u fa c tu r in g  ro u te s  u sed  in  th e  in d u s try  in c lu d e  th o se  
lis ted  in  S e c tio n 2 .8 .2 .

A n tim o n y  su lp h id e  is m a d e  by d isso lv in g  th e  a n tim o n y -b e a rin g  
ra w  m a te ria ls  at p re d e te rm in e d  p H  a n d  tem p e ra tu re  p r io r  to 
p re c ip ita tin g  th e  d e s ired  v a rie ty  o f  a n tim o n y  su lp h id e .

T h e  a n tim o n ia l s lu rry  is w a sh e d  to  rem o v e  any so lu b le  salts 
fo llo w ed  by f iltra tio n , w ith  th e  re su ltin g  cake b e in g  tran sferred  
to  th e  d ry in g  sy s tem . A fter d ry in g  to  a m o is tu re  c o n te n t o f  less 
th a n  1% , th e  p ro d u c t  m ay be  m illed , w h ic h  is fo llo w ed  by 
p ackag ing .

A ny gases th at a re  ev o lv ed  d u r in g  re ac tio n s  o r  p rec ip ita tio n s  are 
e x h a u s te d  to  cau s tic  sc ru b b ers .

P a lla d iu m  a n d  p la tin u m  c o m p o u n d s  are  m ad e  by  ap p ro p ria te  
v a r ia tio n s  to  th e  e x am p les  above. For ex am p le , p a llad iu m  
c h lo r id e  is m a n u fa c tu re d  by  b a tch  re ac tio n  o f  the  e le m e n t w ith  
c h lo r in e  in  h y d ro c h lo r ic  acid  to  fo rm  a so lu tio n  th a t is 
e v ap o ra te d  to  g ive  a c ry s ta llin e  p ro d u c t. T his is m illed  to  a 
p o w d er.

C h io ro p la tin ic  ac id , an  im p o r ta n t  in te rm e d ia ry  in  th e  p la tin u m  
in d u stry , is m a d e  by  th e  c h lo r in a t io n  o f  reco v ered  o r  refined  
p la t in u m -g ro u p  m e ta ls  in  s o lu t io n , ag a in  u s in g  a h y d ro c h lo r ic  
ac id  m e d iu m . T h e  p ro d u c t  so lu tio n  is filte red  an d  evap o ra ted  
to  an  a p p ro p ria te  s tre n g th  fo r fu r th e r  p ro cess in g , su ch  as 
p re c io u s  m eta ls  se p a ra tio n  a n d  recovery, o r  catalyst m anufactu re .

(e) Potential release routes from the general chemical 
and physical processes

Releases to air

O  Gaseous p ro d u c ts  o f  reac tio n , for exam ple, oxides o f  
n itrogen  fro m  the  m an u fac tu re  o f  a rsen ic  acid, and  
hydrogen su lp h id e  in  the  p ro d u c tio n  o f  an tim o n y  
sulphide.

O  Excess gaseous reactan ts o r  evaporated  m ed ia , eg ch lo rin e  
a n d  hydroch lo ric  acid in the  m an u fac tu re  o f  p a llad ium  
a n d  p latinum  co m p o u n d s .

O  Particulate m atte r c o n ta in in g  m etal co m p o u n d s , for
exam ple lead  c o m p o u n d s  in  the  exhaust air from  Hash 
drying an d  pack ing  p o in t h y g ien e  units.

Releases to water

O  Many o f  these  processes g en era te  process effluen t liquors 
con ta in ing  m etals and  th e ir  c o m p o u n d s  in  so lu tion  an d  
suspension.

O  Mineral acids and o th e r  substances used  in  specific 
processes.

O  Waste sc ru b b e r  liq u o rs  g en era ted  in w et a rrestm en t plant, 
alkaline o r  acidic d e p e n d in g  o n  duty.

Releases to land

O  Precipitated sludges and  residues from  aq u eo u s effluen t 
treaim ent processes c o n ta in in g  m etal co m p o u n d s . These 
should b e  reprocessed  to  recover useful heavy m etals 
w herever possible. For ex am p le  lead precip ita tes can  be 
recovered by sm elting  w h e re  m etal values m ake it 
econom ic.

O  Dust recovered  fro m  hyg ien e  dust u n its  w h ere  this 
cannot be  recycled  o r  reprocessed .

O  Im purities rem o v ed  fro m  p ro d u c ts  by  filtration , eg 
calcium  and  lead  from  th e  arsenic acid process.

2.8.4 Compound semiconductor processes

(a) General

Several o f th e  e lem en ts covered  by this sec tion  are used in  the 
m anufacture o f  m ic ro e lec tro n ic  sem ic o n d u c to r devices w ith  
advanced tech n o lo g y  app lications, especially  in op tica l an d  
o p to -elec tro n ics co m m u n ica tio n s , lasers an d  special in teg ra ted  
circuits. P rincipally  involved are a rsen ic  and  gallium , bu t 
in d iu m , p h o sp h o ru s , an tim ony, se len iu m  and  te llu riu m  are a lso  
used . The m ajo r se m ic o n d u c to r te c h n o lo g y  area rep re sen ted  is 
th e  use o f  b inary-III—V m ateria ls (ie  re fe rrin g  to  th e  g ro u p s o f  
th e  period ic  table fo r th e  tw o  e lem en ts u sed ) as su b stra te  w afers 
o n  to  w h ich  successive th in -layer m ic ro -c ircu its  are d ep o sited . 
These substra tes p ro v ide  so m e  im p ro v em en ts  over the use o f  
silicon w afers in  the  specific  app lications for w h ic h  th e ir h ig h er 
cost and sa fe ty /en v iro n m en ta l dem an d s can  be  justified .
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M anufac tu ring  processes based  on  silicon  w afer tech n o lo g ie s  
are n o t a u th o rise d  u n d e r  th is  sector.

T he m ic ro -c ircu its  are created  by the d ep o sitio n  o f  th in  ( o f  th e  
o rd e r o f  1 fim ) epitaxia l layers on  the substra tes u sin g  m ateria ls 
that include  so m e o f  th e  e lem en ts lis ted  above. T his is fo llow ed  
by various m ateria l rem oval stages to g e th e r w ith  c ircu it lin k in g  
and o th e r o p e ra tio n s  to  p ro d u ce  the req u ired  devices.

R epeated c lean ing  an d  r in s in g  stages are  necessary  and  use, 
for exam ple, acids and  solvents inc lu d in g  c h lo rin a ted  
hydrocarbons.

Inspectors shou ld  n o te  that, a lth o u g h  the  scale o f  the  p rocesses 
used  in the  m ic roelectron ics indu stry  is sm all, th is is 
co m p ensa ted  for by th e  h ig h ly  toxic and  p o llu tin g  na tu re  o f  
m any  o f  th e  m ateria ls used  and  the co m plex ity  o f  th e  p lan t 
installations. In p a rticu la r gaseous hydrides, arsine and  
p h o sp h in e  are  used  on  m o st sites for c ircu it d ep o sitio n . H igh ly  
efficient an d  reliable ab a tem en t tech n iq u es and o p e ra tin g  
p rocedures are essential. An E nvironm ental C ode o f  Practice has 
been pub lished  on b e h a lf  o f  th e  UK m icroelectron ics 
in d u stry (M\a n d  o p era to rs  sh o u ld  be expected  to  a d o p t th is as a 
part o f  th e ir app ro ach  to  en v iro n m en ta l m an ag em en t.

(b) Substrate wafer production

Single crystals o f  III—V w afers are p roduced  from  a n u m b e r o f  
co m b in a tio n s o f  e lem en ts , p rincipally  ga llium  arsen ic  bu t also 
in d iu m  p h o sp h o ru s , in d iu m  arsen ic , gallium  an tim o n y  an d  
in d iu m  antim ony. T h e  processes used  involve the g ro w th  o f  a 
crystal o f  th e  desired  m aterial fo rm ed  by  reaction  b e tw een  the 
co n stituen ts , w h ich  are b ro u g h t to g e th e r w ith  one in  liq u id  
phase and  th e  o th e r in the solid  o r  gas phase.

For exam ple, gallium  arsen ide w afers may be m ade by  e ith e r 
the liqu id  encapsu lated  C zochralski (LEC) process o r  the 
g rad ien t freeze tech n iq u e . These are d escribed  below :

LEC process

The c o m p o u n d  is syn thesised  in m o lten  fo rm  from  liq u id  
gallium  and solid  a rsen ic  in a c rucib le  h eated  by ra d io ­
frequency  in d u c tio n  a n d  co n ta in ed  in  a sealed  p ressure  vessel.
A layer o f  in e rt liq u id  b o ro n  trio x id e  is u sed  to  encapsulate  th e  
m elt, and  th e  vessel is filled w ith  argon w ith  the  c o m p o u n d  
h e ld  just above the  m eltin g  p o in t. Crystal g ro w th  is ach ieved  by 
ro ta ting  a seed crystal so  that it ju st touches the  m elt. T his is 
slow ly w ith d raw n  as fresh-m ateria l deposits: ~ —

The raw crystal is heat trea ted  and  th en  u n d erg o es fin ish ing  
o p erations, inclu d in g  g r in d in g  an d  slicing, chem ical e tch in g , 
p o lish ing  and  packaging. Typical en d -p ro d u c ts  are c ircu lar 
w afers o f  d iam e te r 5 0 - 1 5 0  m m  an d  u p  to  ab o u t 600  p m  in  

thickness.

Gradient freeze technique

An alternative m eth o d  for the  g ro w th  o f  sing le  crystals is the 
g rad ien t freeze tech n iq u e  in  w h ich  the tw o elem en ts are heated  
to g e th e r in a tw o -zq n e_ resisu n ce  fu rn ac e  to .syn thesise  the

c o m p o u n d . T he crystal is fo rm ed  by  a c o n tro lle d  c o o lin g , 
w h ich  is s ta rted  from  o n e  end o f  th e  m e lt a n d  d o es  n o t use  a 
seed crystal. S u b sequen t fin ish ing o p e ra tio n s  are s im ila r  to  
those  used by  the  LEC m ethod .

(c) Production of deposited circuits

T hin-layer m ic ro -c ircu its  are fo rm ed  o n  w afer su b stra tes  by the 
d e p o sitio n  o f  successive layers o f  c o m p o u n d  se m ic o n d u c to r  
m ateria ls co m p o sed  o f  e lem en ts such  as arsen ic , p h o sp h o ru s , 
ga lliu m  and in d iu m . T he  principal p rocess e m p lo y ed  is k n o w n  
alternatively as m etal o rg an ic  chem ical v ap o u r d e p o s itio n  
(M OCVD) and  m etal o rg a n ic  vapour-phase  e p itax y  (MOVPE).
It involves the  passing  o f  sequenced  reac tan t an d  d o p a n t gases 
over th e  w afer at h igh  tem p era tu re  an d  lo w  p ressu re  in  a 
g ra p h ite  suscep to r reac to r heated  by  ra d io -fre q u en c y  in d u c tio n  
o r  h ig h -in te n sity  visible lig h t. This resu lts in  the  surface  
d e p o s itio n  o r d o p in g  o f  m icron  o r  su b m ic ro n  th ick  layers o f  
the  m ateria ls in  a defined  epitaxial a lig n m en t. D ep o sitio n  can  
be  restric ted  to  specific sites by p h o to lith o g ra p h ic  p re p a ra tio n  
o f  the  w afer a n d /o r  su b seq u en t rem oval fro m  u n w a n te d  sites.

The process is carried  o u t inside g love-boxes an d  is typically  
au tom atically  co n tro lled  to  allow  the  Row an d  h en ce  d e p o s itio n  
o f  an a p p ro p ria te  sequence  o f  m aterials to  p ro v id e  th e  d e s ired  
layering. M ainly these m ateria ls are o b ta in e d  from  gas cy linders, 
w h ich  are p iped  from  re m o te  storage cab in e ts  to  a m an ifo ld  
feed ing  the  M OCVD/M OVPR reactor via flow  re s tr ic to rs  and  
co n tro l valves. H y d rid e  gases may be su p p lied  in d ilu te  (eg 
15% arsine) fo rm  in h y d ro g en  carrier gas o r  as 100% gas. 
G allium  and  in d iu m , w h e n  needed, a re  d e liv e red  in  o rg a n ic  
c o m p o u n d  fo rm , ie trim e th y l or trie thyl c o m p o u n d s . T hese  are 
he ld  as liqu ids th ro u g h  w h ic h  carrier gas is passed to  v ap orise  
them . O th e r d o p an ts  m ay also be used , in c lu d in g  silanes, 
d im eth y lz in c , hy d ro g en  su lp h id e  and h y d ro g en  se len ide.

Because on ly  m in u te  a m o u n ts  o f  the d o p a n ts  are actually  
d e p o site d  on  the  substra te  to  form  th e  m ic ro -c ircu its , th e  
m ajo rity  o f  the reactants leave the reactor as vent gas an d  req u ire  
ab a tem en t before release. T h e  process usually  involves a m ain  
release p o in t for excess reactan ts and a seco n d  release fro m  th e  
vacuum  system  th at creates th e  low w o rk in g  p ressu re . Som e 
c o m m o n ly  used  ab atem en t tech n iq u es are  d e sc rib e d  below .

(d) Variations and associated processes

C ertain m ic ro -c ircu it d ep o sitio n  operations are  c a rried  o u t u sin g  
o th e r  reac to r tech n iq u es, usually, invo lv ing-ion  im p la n ta tio n  o r  
m o lecu la r beam  m ethods. T hese  are u sed  p rim a rily  w h e re  th e  
su b stra te  is a silicon  w afer a n d  the p ro d u c t is a specia l o r  
tailo red  in teg ra ted  c ircu it. T hese  processes use  an d  release 
sign ifican tly  sm aller q u an titie s  o f  arsine an d  p h o sp h in e  
reactan ts than  the MOCVD/M OVPE process, b u t m ay g en era te  
in  the  reactor, especially  i f  a plasm a en h an c ed  tec h n iq u e  is 

-involved, a n u m b er o f  sign ifican t gaseous b re ak d o w n  p ro d u c ts . 
Som e o f  these  m ay them selves be  highly  tox ic  a n d  p o llu ting . 
T herefo re  su itable ab atem en t is a norm al re q u ire m e n t.

Processes associated  w ith  m ic ro -circu it p ro d u c tio n  in c lu d e  acid  
and  so lven t e tch ing , m eta llisa tio n  and c u ttin g  in to  sm alle r 
sections. These are carried  o u t in  c lean -ro o m s a n d  m ay  involve
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th e  u se  o f  p e r f lu o ro c a rb o n s  (PFC s). T h ese  m ate ria ls  have a 
h ig h  g lo b a l w a rm in g  p o ten tia l.

(e) Potential release routes from the compound 
semiconductor processes

Releases to air

•  P a rticu la te  m a tte r  a n d  g a se o u s  c o m p o u n d s  in c lu d in g  
m e ta ls  a n d  th e ir  c o m p o u n d s ,  fo r  e x am p le  excess reac tan t 
gases f ro m  th e  M O C V D /M O V PE  p ro cess , in c lu d in g  
a rs in e , p h o s p h in e  a n d  silane . T h ese  m ay  be o x id ised  
d u r in g  a b a te m e n t.

•  VOCs in c lu d in g  c h lo r in a te d  a n d  f lu o rin a ted  h y d ro carb o n s.

Releases to water

•  L iq u id s f ro m  w e t a b a te m e n t p ro cesses  used  for gaseous 
a n d  p a r tic u la te  m a tte r  a b a te m e n t, a f te r  ap p ro p ria te  
t re a tm e n t.

•  S p en t acids f ro m  e tc h in g  p ro cesses  u se d  in m ic ro -c irc u it 
p r o d u c tio n  m ay  b e  d isp o se d  o f  to  sew er a fte r p H  
a d ju s tm e n t.

Releases to land

•  S p en t f ilte r  u n its  a n d  c a rb o n  c a r tr id g e s , also w aste  acid  
a n d  so lv en t e tc h a n ts  m ay  be  d isp o se d  o f  to  land.

•  M a te ria ls  reco v e red  fro m  tre a tm e n t o f  releases to  w ater.

2.8 .5 Control of releases

(a) General

M an y  o f  th e  e le m e n ts  in c lu d e d  in  th is  s e c to r  e x h ib it sig n ifican t 
to x ic  p ro p e r t ie s .to  m an  an d  th e  e n v iro n m e n t. T he m o s t w id e ly  
u se d  e le m e n t is lead  an d  its c o m p o u n d s ,  fo r w h ic h  special 
c o n s id e ra tio n s  have b e e n  p re p a re d . T h is is d iscu ssed  below .

(b ) Lead

T h e  to x ic  p ro p e rt ie s  o f  lead  have lo n g  b e en  reco g n ised . 
R e g u la tio n s  co v e rin g  all aspects o f  lead  usage  have progressively  
l ig h te n e d . S trict c o n tro ls  n o w  ex is t to  g o v e rn  th e  a m o u n t o f  
lea d  d isc h a rg e d  in to  th e  a tm o sp h e re . M o d e rn  facto ries  have 
so p h is t ic a te d  e x tra c tio n  sy s tem s (o f te n  in c o rp o ra tin g  HEPA 
f i lle rs ) ,  w h ic h  rem o v e  a n d  filte r d u s t  a n d  fum es. T he d u st is 
c o lle c te d  an d  fed  b ack  in to  th e  p ro d u c tio n  cycle.

All a q u e o u s  w aste s  are  u su a lly  c o llec ted  an d  any lead  rem o v ed  
a n d  recy c led  w h e re  p o ss ib le . N o rm a l te c h n iq u e s  u sed  for 
w a s te -w a te r  t re a tm e n t  c o n ta in in g  lead  in c lu d e  ch em ica l 
p re c ip ita tio n .

(c ) Gaseous effluent

A g re a t v a rie ty  o f  a b a te m e n t te c h n iq u e s  are  c u rre n tly  used  
w i th in  th is  se c to r  o f  th e  in o rg a n ic  ch em ica ls  in d u s try  as a resu lt 
o f  th e  w id e  ra n g e  o f  p a rticu la te , to x ic  gas, m eta ls a n d  VOC 
e m is s io n  so u rc es  e n c o u n te re d .

T h ere  is w ide usage o f  d ry  and  w et p a rticu la te  a rre s tm en t 
e q u ip m e n t such as cyclones, bag filters, HEPAs an d  w et 
sc ru b b in g  systems.

O w in g  to  the extensive use o f  solids in  m any  fo rm s (ores, 
p o w d e rs , granules, m etals, stab ilisers), local ex trac tio n  
ven tila tio n  (LEV) system s used to  p ro tec t o p e ra to rs  from  
w ork p lace  exposure  and to  m ain ta in  c o n ce n tra tio n  levels o f  
co m p o n e n ts  be lo w  sta tu to ry  g u id e lin e  levels are m u ch  in 
ev idence .

T his resu lts in a re q u ire m e n t to 'rem o v e  c o m p o n e n ts  fro m  air 
ex trac tio n  system s p rio r  to  d ischarge, and  these  can  e ith e r  be 
tied  in to  process vents for ab a tem en t o r  trea ted  separately  
d e p e n d in g  on site  layout, veni c o m p o s itio n , etc.

(d) Semiconductor industry

H ig h -tech n o lo g y  ab atem en t system s have been  dev elo p ed  
specifically  for u se  in the se m ic o n d u c to r in d u stry  and  special 
co nsidera tions are  necessary.

S torage arran g em en ts  sh o u ld  be d esig n ed  to  give ad eq u a te  
se c u rity  against leakage an d  have facilities for d e tec tin g  and  
m in im is in g  any leaks that d o  occur. For exam ple  all toxic gas 
cy lin d ers  being u sed  in se m ic o n d u c to r processes sh o u ld  be kept 
in  sealed gas cab inets p ro v id ed  w ith  ex haust v en tila tion  and  gas 
m o n ito rin g . In teg ra l flow  restric tio n s shou ld  be  fitted  to  
c y lin d e rs  to lim it m ax im u m  flow. R em ote  sh u i-o f f  valves 
sh o u ld  be a ir- to -o p en  w ith  the air sup p ly  in co rp o ra tin g  a 
p lastic  section th a t m elts in  the event o f  a fire.

W aste arsine o r  p h o sp h in e  d o p an t gases from  se m ic o n d u c to r 
p rocesses can be  abated by  ab so rp tio n  w ith  an  ox id is in g  agent 
su ch  as sod ium  h y p o ch lo rite  so lu tio n  and  acid ified  iodate  o r 
b ro m a te  so lu tions. Soluble salts fo rm , w h ich  are re ta in ed  in 
so lu tio n .

Activated c a rb o n  is u sed  to  co n tro l a variety  o f  p o llu tan ts , 
inclu d in g  p o llu tan ts  fro m  the epitax ia l d ep o sitio n  process used 
in  sem ico n d u c to r m anufacture.

Incineration  system s are also used.

(e) Aqueous effluent

Precip itation  u sin g  lim e, ferric  h y d ro x id e  o r  fe rric  ch lo rid e  is a 
c o m m o n  tech n iq u e  fo u n d  in  th is sec to r to  rem ove m eta ls from  
aq u eo u s w aste  stream s.

O w in g  to th e  in h eren t value o r  h a rm fu l en v iro n m en ta l effects 
o f  m any o f  th e  species p resen t in  th is  sector, carefu l co n tro l, 
segregation  and  recycling  o f  w aste  stream s is p ractised .

(f) Disposal to land

O w in g  to  th e  toxicity  o f  m any o f  the  c o m p o u n d s /m e ta ls  used 
in  th is sector, d isposal to  land  is carefu lly  reg u la ted , w ith  m any 
w astes having to  be id en tified  as special w astes.
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Cadmium and its compounds

2.9 Cadmium and its compounds

2.9.1 Introduction

In app lications w h e re  c ad m iu m  c o m p o u n d s  are already 
encapsu lated  in  a fo rm  incapable o f  causing h a rm  (plastic  
g ranules, e tc ), they  are n o t co n sid ered  to  be a use o f  cad m iu m  
co m p o u n d s a n d  h ence  d o  n o t fall w ith in  th is  sector.

2.9.2 Cadmium plating

(a) Plating process

T here are a lim ite d  n u m b e r  o f  e lectrop lating  shops specia lising  
in carry ing  o u t c ad m iu m  surface treatm ents. The n u m b e r  o f  
these  p rem ises has red u ced  significantly  in  recen t years lo  a 
baseline serv ic in g  a decreased  p ro d u c t m a rk e t. ' They range  in 
size from  o p e ra tio n s usin g  k ilogram  q u an titie s  to those  using 
tonnage  q u a n titie s  o f  c ad m iu m  p er year.

R egulations'*5’ restric t th e  use and  sale o f  c ad m iu m -p la ted  
m aterials m ostly  to  safety-related  applications in the aeronau tical, 
aerospace, m in in g , o ffshore , nuc lear and safety sectors. W ith  
th is re stric tio n , the n u m b e r  o f  p rem ises carry ing  o u t cad m iu m  
p lating  has fallen.

A lternative surface trea tm en ts  are available w h e re  so m e  o f  the 
p ro p erties  o f  c ad m iu m  p lating  are  req u ired , but no  trea tm en ts  
are equ iva len t w h e n  all the p ro p erties  o f  cad m iu m  p la tin g  are 
requ ired .

C adm ium  p la tin g  is usually  carried  o u t at 15 -3 0 °C  in alkaline 
cyanide so lu tio n s  usin g  cad m iu m  anodes. T he cad m iu m  
co n cen tra tio n  in  the  cyan ide so lu tio n s can be up  to 25 wt% .

C adm ium  p la tin g  o f  h ig h  tensile  steels can be carried  o u t in 
acidic cad m iu m  fiuo ro b o ra te  to  prevent stresses b e in g  fo rm ed  
in the  steel.

C o m p o n en ts  b e ing  rep la ted  are s trip p ed  o f  th e ir o rig in a l 
c ad m iu m  coaling , for exam ple  by using a so lu tio n  o f  
a m m o n iu m  nitrate.

The p la ting  p rocess is usually p reced ed  by a degreasing  stage, 
w h ich  can  involve sh o t b lasting  a n d  caustic o r  c h lo rin a ted  
solvents e ith e r  singly  o r  in  co m b in a tio n . C h lo rin a ted  solvents 
are o ften  favoured  as b e ing  easiest, quickest and o f  su p e rio r  
p erfo rm an ce . How ever, the  u se  o f  ch lo rin a ted  so lven ts sh o u ld  
be phased  o u t in favour o f  o th e r  solvents and  processes that are 

-eq u ally  effective. _

C o m p o n en ts  can be su sp en d ed  in the  ba th  for p la ting  or, i f  
ap p ro p ria te , they  can  be ‘barrel p la ted ’ by p lacing th e  
co m p o n en ts  in  a ro ta tin g  basket in  the p la tin g  bath.

After p la ting , co m p o n e n ts  are rin sed  in  a ‘d ra g -o u t’ tank to
* rem ove th e  bu lk  o f  any ad h eren t p lating  so lu tio n . In  - * 

co n seq u en ce, this p a rt o f  the process usually  has th e  greatest 
po ten tia l to  give rise  to  a release o f  c ad m iu m  if  recycle is n o t 
carried  ou t. This is especially tru e  in ‘barre l p la tin g ’ w h ere  the  
n u m b e r /b u lk  o f  the  co m p o n e n ts  is liable to  yield g rea te r  carry - 

- o v e r .o f  p la tin g  so lu tio n .

Efficient d rag -o u t an d  rin sing  system  d esig n s m in im ise  p la tin g  
so lu tion  carry-over and  w ater con su m p tio n , th e re b y 'm in im is in g  
rin se  w a ter vo lum e fo r trea tm en t. Air b lo w in g , spray an d  
c o u n te r-c u rre n t r in s in g  are exam ples o f  w a te r  c o n se rv a tio n  
stra teg ies, and  rin se -w ate r  evaporation an d  re -u se  is a n  e x am p le  
o f  a recycle and  co n cen tra tio n  technique.

O w in g  to  carry -over from  th e  plating b a th , so lu tio n s  can  
b eco m e d ep le ted  in  c ad m iu m  a n d  require ad ju s tm e n t. T his 
is ach ieved  by the ad d itio n  o f  cadm ium  c o m p o u n d s  (e ith e r  
as solid  o r  so lu tio n ). P rovided carry-over h as been  m in im ise d , 
th is ad ju s tm en t is o n ly  occasional. G ood h a n d lin g  tec h n iq u es  
are used to  p reven t o r  m in im ise  fugitive em iss ions .

P ost-p la ting  trea tm en ts  in clude  e tching, passivation  an d  
b rig h ten in g . Each ancillary p rocess b eco m es c o n ta m in a te d  
w ith  c ad m iu m  w ith  the  p o ten tia l to b rin g  a b o u t a release.

C ad m iu m  p lating  lines sh o u ld  be  segregated  an d  b u n d ed . 
W h erev er possible, all so lu tio n s  and w ash es sh o u ld  be  recycled . 
Several m e th o d s  n o w  exist to  treat w ater c o n ta in in g  cad m iu m  
to such a degree  th a t the  w a ter can be recycled  as p rocess w ater. 
These generally  consist o f  a b u lk  cation rem oval stage fo llow ed  
by p o lish in g  trea tm en t. C ad m iu m  in so lu tio n  m ay be recovered  
by e lectrop la ting  and  co n cen tra ted  by ev ap o ra tio n , m e m b ra n e  
filtra tion , p rec ip ita tio n  o r  io n  exchange. T h is  essen tia lly  gives a 
“ zero  em iss io n  to  w a te r” p rocess, w h ich  is reg ard ed  as BAT.

(b) Potential release routes from cadmium plating 
processes

Releases to air

O  T here  m ay be releases o f  cadm ium  c o m p o u n d s  fro m  th e  
a d ju s tm en t o f  p lating  baths, w h ich  is o n ly  c a rried  o u t 
occasionally.

O  Inspectors sh o u ld  co n sid er possib le releases as a re su lt o f  
any degreasing  carried  o u t p rio r to  plating.

O  H ydrogen  cyanide c o u ld  be e m itte d  to  a ir if  c y an id c- 
based -p la ting  so lu tio n s are in adverten tly  acid ified .

Releases to water

O  Process w aste stream s m ay contain  c ad m iu m  to g e th e r
w ith  o th e r  m etals an d  plating line  ad d itives o r  chem ica ls .

O  Fully in teg ra ted  trea tm en t system s recycle d e io n ise d  
_  w ater for p rocess ,use , recover jra d m iu m  jn e ta l  for re -u se  

a n d  p ro d u ce  co n cen tra ted  c a d m iu m -c o n ta in in g  
liq u o rs /s lu d g e s  fro m  io n  exchange  re g en e ra tio n , 
m em b ran e  trea tm en t o r  p recip ita tion .

O  Any such co n cen tra te  stream s an d  s tr ip p in g  so lu tio n s  
can be trea ted  fu rth e r on-site o r  rem o v ed  by  licen sed  
con tractors. For so m e  small o p e ra to rs  it m ay n o t  b e  ‘ - 
BATNEEC to treat sp e n t plating b a th  so lu tio n s  an d  
rem oval by au th o rised  con tractors sh o u ld  be  ju stified .
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Releases to land

O  W h e re  p o ss ib le  reco v ered  c a d m iu m  sh o u ld  be  recycled. 
C a d m iu m -c o n ta in in g  s lu d g e s  fro m  e fflu en t trea tm en t 
sh o u ld , w h e re v e r  p o ss ib le , be  recyc led  fo r cad m iu m  
recovery ; o th e rw ise  they  m ay  be d isposed  o f  as solid waste.

2.9.3 Cadmium smelting

T h e  sm e llin g  p ro cess  is co v ered  by  th e  IPC G u id an ce  N o tes fo r 
th e  p ro d u c tio n  an d  p ro c ess in g  o f  n o n  fe rro u s m etals.

2.9 .4 Production of nickel cadmium batteries

T h e re  a re  c u rre n tly  n o  m a n u fa c tu re rs  o f  n ickel cad m iu m  
b a tte r ie s  w ith in  th e  UK, a lth o u g h  so m e  assem bly  d o es  take 
p lace.

2.9 .5 Pigment Manufacture

(a) Process description

R e g u la t io n s (2S> re s tr ic t th e  u se  an d  sale  o f  c ad m iu m -b a se d  
p ig m e n ts  in  c e rta in  p lastics m o s tly  to  sa fe ty -re la ted  app lications.

C a d m iu m  m eia l is h e a te d  in  a gas flam e  in  the  p resen ce  o f  
a ir  to  p ro d u c e  c a d m iu m  o x id e , w h ic h  is co llected  in  fabric 
filte rs. A se c o n d a ry -s ta g e  HEPA filte r  m ax im ises  cad m iu m  
o x id e  reco v e ry  a n d  g ives a re lease  to  a ir m ee tin g  the  n ew  plan t 
s ta n d a rd .

T h e  o x id e  is co n v erted  to  the  respec tive  su lp h a te  by  th e  ad d itio n  
o f  s u lp h u r ic  acid . A lternatively , th e  su lp h a te  can  be g en era ted  
d ire c tly  by  th e  ac tio n  o f  su lp h u r ic  ac id  o n  c a d m iu m  m etal.

C a d m iu m  su lp h id e  an d  o p tio n a lly  c a d m iu m  carb o n a te  p ig m e n t 
is p re c ip ita te d  o u t by th e  a d d itio n  o f  s o d iu m  su lp h id e  and  
o p tio n a lly  s o d iu m  c a rb o n a te . T h e  final c o lo u r  can  b e  ad justed  
b y  th e  c o -c u r re n t  a d d it io n  o f  z in c  o r  se len iu m  c o m p o u n d s  
d u r in g  th e  p re c ip ita tio n  stage.

T h e  p re c ip ita te  is o b ta in e d  by  f iltra tio n  a n d  the cake acid 
w a sh e d  to  rem o v e  any  so d iu m  su lp h a te .

T h e  p ro d u c t  is d r ie d  b e fo re  b e in g  c a lc in e d  at 5 4 0 -6 1  0 CC to  
c o n v e r t th e  c ry sta l s tru c tu re  to  y ie ld  a p ig m e n t o f  th e  re q u ire d  
co lo u r . T h e  p ro d u c t  is ag a in  a c id -w a sh e d  and  d r ie d  at th is stage 
to  re m o v e  any  free  c a d m iu m  o r  its  o x id e .

T h e  p ig m e n ts  can  b e  m ille d  a n d  b le n d e d  to  o b ta in  th e  req u ired  
g ra d e  o f  final p ro d u c t,  w h ic h  is th e n  p ack ed . Local ex tract 
v e n tila tio n  e x h au s ts  via fab ric  filters.

(b ) Potential release routes from the manufacture of 
pigments

Releases to air

O  C a d m iu m  o x id e  fu m e  is re leased  d u r in g  th e  cad m iu m  
o x id a tio n  stage.

O  C a d m iu m  su lp h id e  is re leased  d u r in g  the  d ry in g  stage 
a n d  final p ro d u c t  p ack in g .

O  D u rin g  the calcin ing  o p e ra tio n , su lp h u r  d io x id e  is given 
off.

O  Particulates are abated  usin g  fabric an d  HEPA filters.

O  S u lp h u r d iox ide  is rem oved  by  w et sc ru b b in g  w ith  a 
basic m ed iu m .

Releases to water

O  Spent liq u o rs  from  the p rec ip ita tio n  stage can, a fter
trea tm en t, be released  to  w ater. T he e fflu en t m ay con tain  
cadm ium .

O  The effluen t trea tm en t system s used are a c o m b in a tio n  o f  
those desc rib ed  in  Section 3.4 .

Releases to land

O  Filter dusts, floo r sw eepings and  e fflu en t sludges con tain  
appreciable qu an titie s  o f  c ad m iu m  a n d  are  generally  
suitable for recycle o r recovery.

O  C ontam inated  consum ab le  m ateria l is generally  su itab le  . 
for landfill.

2.9.6 Stabiliser manufacture

(a) Process description

B a riu m /ca d m iu m  stabilisers are used  particu larly  in PVC 
m anufacture w h e re  they can form  u p  to 3% o f  the  m ass o f  
th e  polymer. A lternative c o m p o u n d s  include  b a r iu m /le a d
stabilisers.

R egulations05* restric t th e  sale and  use o f  PVC c o n ta in in g  
cad m iu m -b ased  stabilisers m ostly  to  safety-re la ted  applications.

C ad m iu m -b ased  stabilisers, w h ich  are  c ad m iu m  salts o f  fatty 
acids, are fo rm ed  e ith e r from  the reac tion  b e tw een  the  so d iu m  
salt o f  a lo n g -ch a in  fatty acid and c ad m iu m  c h lo rid e , o r from  
th e  direct reac tio n  o f  cad m iu m  o x id e  w ith  an  acid  in the 
p resence  o f  a h ig h -b o ilin g  inert so lvent. O n ly  the  second  
p rocess is c u rren tly  o p erated  in  B ritain  to  p ro d u c e  a liq u id  
stabiliser.

T he  reaction is carried  o u t at elevated tem p era tu re  and the  w ater 
fo rm e d  in the  reaction  is d istilled  off. The recipe  for the  reactor 
ch arg e  can vary d e p en d in g  u p o n  the  fo rm u la tio n  req u ired  o f  
th e  final p ro d u c t.

(b) Potential release routes from the manufacture of 
stabilisers

Releases to air

O  Releases to  air o f  c ad m iu m  o x id e  dust f ro m  raw  m ateria l 
hand ling  an d  volatile o rgan ic  c o m p o u n d s  from  th e  use o f  
h ig h -b o ilin g  inert solvents. C adm ium  o x id e  h an d lin g  has 
local ex tract ven tila tion  to  a tm o sp h e re  via fabric  filters.

Releases to water 

. O  C ad m iu m -co n ta in in g  d istillate  from  th e  reac tio n  m ay be
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released  a fte r trea tm en t w ith  so d iu m  h y d ro x id e  to 
p recip ita te  c ad m iu m  o x id e /h y d ro x id e .

O  C ad m iu m -b ea rin g  solids are reclaim ed  by filtration . 

Releases to land

O  Filter dusts, floor sw eepings and  filter cake co n ta in in g  
c ad m iu m  co m p o u n d s  o r  o rgan ic  so lven ts an d  w h ich  
can n o t be  recycled.

2.9.7 Alloy manufacture

C adm ium  is u sed  in  m any  alloys to  en h an ce  m echan ical, 
e lectrom echan ical and eu tectic  p roperties . These processes are 
covered by the IPC G uidance N otes in th e  M etals Industry  Sector.

2.9.8 Ceramic Glazing

(a) Process

C adm ium  p ig m en ts  can be u sed  w ith in  th e  p o tte ry  indu stry  to 
ob tain  b rig h t red , o ran g e  and yellow  glazes.

The glaze is app lied  as a suspension . Any excess is rem oved 
before the  p o tte ry  passes to  the  fu rnace for firing.

System s are n o w  available w h ereb y  the  area is segregated  and  all 
w ash o r  c lean ing  w aters are collected . Solids are separated  ou t 
and the w ater recycled. T his process th en  achieves a zero  
d ischarge  to  w a ter and  all the  separated  so lid s are re tu rn ed  fo r 
c ad m iu m  recovery.

(b) Potential release routes from ceramic glazing 
processes

Releases to air

O Heavy m etals and volatile o rgan ic  chem icals d u rin g  firing.

Releases to water

O  C ad m iu m  from  c lean ing  d u rin g  g laze app lication , b u t see 
above.

Releases to land

O  D am aged p o tte ry  and o th e r  c o n tam in a ted  w aste  
co n ta in in g  cad m iu m  p ig m en t.

2.9.9 Control of cadmium releases

(a) Gaseous releases

C adm iu m -co n ta in in g  particulates and  fum e sh o u ld  be con ta ined  
for recycle o r  recovery. D isposal sho u ld  on ly  be  considered  
w h en  the  c ad m iu m  co n ten t is so  low  o r  the  q u a n tity  so sm all 
as to  m ake recovery  im practicable.

Because o f  the  lim it on  c ad m iu m  in releases to  a tm o sp h e re  an d  
the particle  size usually  fo u n d  in  cad m iu m -lad e n  fum es, 
cyclones and electrosta tic  p recip ita to rs are un likely  to  be 
effective ab atem en t eq u ip m en t.

Fabric filters backed  u p  by HEPA filters c u rre n tly  ach ieve  th e  
low est em iss io n  levels o f  particu la tes fro m  m o st c a d m iu m  
processes and  sh o u ld  generally  be co n sidered  as BATNEEC. 
A pplican ts sh o u ld  b e  able to  give sound tech n ica l reaso n s to  
su p p o rt th e  use o f  o th e r  ab atem en t tech n iq u es.

HEPA filters are able to  rem ove subm icron  p a rtic le s  a n d  
em iss io n  levels o f  c ad m iu m  less than 0 .0 5  m g / m 3 a re  read ily  
achievable.

(b) Aqueous effluents

In all cases, a q u eo u s  stream s con ta in ing  c a d m iu m  sh o u ld  b e  
seg reg a ted  and  BATNEEC ap p lied  with a v iew  to  recy c lin g  th e  
stream  o r  at least to  m in im is in g  the release.

T echnology  n o w  exists that a llow s som e p ro cesses (eg c a d m iu m  
cyanide p la ting  an d  ceram ic glazing) to  seg rega te , trea t and  
co m p le te ly  recycle aq u eo u s stream s c o n ta in in g  c a d m iu m . In 
these  instances, aq u eo u s  re leases are essen tia lly  ze ro  o r  on ly  
occasional (eg p a rtia lly  trea ted  ion exch an g e  re g en e ra tio n  
so lu tio n s). Any c o n tam in an ts  that bu ild  u p  o r  o u t-o f -  
spec ifica tion  recla im ed  cad m iu m  that c a n n o t be  re -u sed  m u st 
be period ica lly  sen t for d isposal.

Hydroxide precipitation

H y d ro x id e  p rec ip ita tio n  is th e  most c o m m o n  p ro cess  to  rem o v e  
cad m iu m  from  aq u eo u s  stream s.

After se ttling , the  resu ltan t l iq u o r  is o ften  filte red  to  rem o v e  any 
re m a in in g  solids a n d  the s lu d g e  can be c o n ce n tra ted  in . say. a 
d ecan te r c en trifu g e  o r  filter p ress to o b ta in  a s lu d g e  w ith  a 
solids co n te n t o f  35% . T his sludge, i f  o th e r  heavy m eta ls are 
absen t, is suitable fo r recovery  o f  cadm ium .

As c ad m iu m  h y d ro x id e  has a low  so lub ility  a n d  d u e  to  the 
d ifficu lty  in  filte rin g  o u t all the  fine p rec ip ita te , h y d ro x id e  
p rec ip ita tio n  can n o t reach, o n  its ow n, th e  ach ievab le  levels 
for n ew  p lan ts an d  fu rth e r treatm ent is re q u ire d  (eg su lp h id e  
p rec ip ita tio n  a n d /o r  m e m b ra n e  filtration).

H yd ro x id e  so lu b ility  varies m arkedly w ith  p H  an d  o p tim u m  
co n d itio n s  are essentia l for effective c ad m iu m  rem oval. M any 
plants w h e re  several heavy m eta ls exist u se  pH  9 —9.5 as b e in g  
the  o p tim u m  for overall heavy-m etal p re c ip ita tio n . It is also 
w ith in  th e  n o rm al m ax im u m  consent d isch arg e  to  sew er lim it 
o f  pH  less than  10.

-At pH -9  cad m iu m -h y d ro x id e . has.a so lu b ili ty .o f  -^0.8 m g /1  
(as c a d m iu m ), w h ic h  falls to  0 .05  m g/1 a t pH  1 1.4. At 
h ig h e r pH  o th e r  hydroxyl species are fo rm ed  a n d  so lu b ility  
starts to  rise.

Effluent trea tm en t fo r c ad m iu m  hydroxide p re c ip ita tio n  sh o u ld  
therefo re  be o p e ra ted  at pH  1 1 — 11.5. H ow ever, th e  so lu b ility  
can be affected  by initial co n cen tra tion , th e  p resen ce  o f  o th e r  
heavy m etals and  th e  p resence  o f  chelating  agen ts  particu la rly  
EDTA, w h ic h  can  increase  cadm ium  h y d ro x id e  so lu b ility  
dram atically.
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In  th e  p la tin g  in d u s try  w h e re ,  fo r  sm all o p e ra to rs , e fflu en t 
s tre am s c o n ta in in g  a v a rie ty  o f  c o m p o n e n ts  are ro u tin e ly  m ix ed , 
o p t im u m  c o n d it io n s  fo r c a d m iu m  rem o v a l m ay n o t  ex is t b u t 
a re  se lec te d  w ith  re g a rd  to  th e  overall c o m p o s itio n  an d  
d is c h a rg e  re q u ire m e n ts .

Sulphide precipitation

S u lp h id e  p re c ip ita tio n  is v e ry  s im ila r  in  p rin c ip le  to  h y d ro x id e  
p re c ip ita tio n . It is m o re  e ffec tive  th a n  h y d ro x id e  p re c ip ita tio n  
in  th a t c a d m iu m  su lp h id e  is v e ry  m u c h  less so lu b le  th an  
c a d m iu m  h y d ro x id e . In  th e  ab sen ce  o f  o th e r  heavy m eta ls  an d  
c h e la t in g  ag en ts  th e  so lu b ility  o f  c a d m iu m  su lp h id e  is less th an  
0 .0 5  m g /1  (as c a d m iu m )  at p H  m o re  th a n  9.

A fter cy an id e  d e s t ru c t io n  ( i f  re q u ire d )  an d  pH  a d ju s tm e n t, 
s u lp h id e  is a d d e d  in  th e  fo rm  o f  so d iu m  su lp h id e , so d iu m  
h y d ro g e n  su lp h id e  o r  i ro n  su lp h id e .

/
S o d iu m  su lp h id e s  a re  read ily  w a te r-so lu b le  (1 5 4  g /1 ) a n d  
c a d m iu m  su lp h id e  is read ily  p re c ip ita te d  ou t. C o n tro l is 
r e q u ir e d  to  e n su re  th a t th e re  is n o t  a n  excess o f  so d iu m  
s u lp h id e  to  p re v en t any  su b s e q u e n t  a c id ifica tio n  re leas in g  
h y d ro g e n  su lp h id e  fu m es , w h ic h  are  b o th  h ig h ly  to x ic  an d  
have a p o w e rfu l c h a ra c te ris tic  m a lo d o u r . '

I ro n  s u lp h id e  is o n ly  very  sp a r in g ly  w a te r-so lu b le  (5  m g /1 ) 
a n d  th e  p ro b le m  o f  excess su lp h id e  b e in g  p re sen t in  th e  final 
e f flu e n t is g en era lly  av o id ed . H ow ever, d u e  to  th e  lo w  so lu b ility  
o f  th e  i ro n  su lp h id e , re a c tio n  tim e s  are  very  lo n g  a n d  th e  
e f flu e n t t r e a tm e n t sy s te m  n e e d s  v e ry  lo n g  re sid en ce  tim e  to 
e n su re  m a x im u m  c a d m iu m  su lp h id e  p re c ip ita tio n . T he desig n  
o f  th e  e f flu e n t t r e a tm e n t sy s te m  n e e d s  to  take th is  in to  acco u n t.

O w in g  to  d iff ic u lty  in  re m o v in g  by  filtra tio n  all th e  fine 
c a d m iu m  su lp h id e  p a rtic le s , su lp h id e  p re c ip ita tio n  co u p le d  
w ith  a s im p le  f iltra tio n  te c h n iq u e  is un lik e ly  o n  its o w n  to 
a ch iev e  th e  g u id a n c e  re lease  levels fo r  n e w  p lan t.

Carbonate precipitation

C a rb o n a te  p re c ip ita tio n  re lies  o n  th e  lo w  so lu b ility  o f  
c a d m iu m  c a rb o n a te  to  re m o v e  c a d m iu m  from  so lu tio n  as a 
so lid  p re c ip ita te .

P re c ip ita tio n  is b r o u g h t  a b o u t  by  th e  a d d itio n  o f  s o d iu m  
c a rb o n a te  to  a p H  o f  9 —9 .5 . T h e  so lu b ility  o f  c a d m iu m  
c a rb o n a te  is 0.1 m g /1 (as c a d m iu m )  b u t  levels o f  0 .0 6  m g /1 
a re  o f te n  ach iev ed . T h is  is th o u g h t  to  b e  d ue  to  s o rp tio n  o f  
c a d m iu m  o n to  th e  m e ta l c a rb o n a te  p rec ip ita te . T h e  
a p p lic a tio n  o f  fu r th e r  t re a tm e n t m ay  rep re se n t BATNEEC.

T h e  re m o v a l o f  th e  p re c ip ita te  f ro m  th e  e fflu e n t is th e  sam e  
as th a t u se d  fo r  h y d ro x id e  a n d  su lp h id e  p rec ip ita tio n .

Electrochemical processes

Several e le c tro c h e m ic a l sy s te m s o f  c a d m iu m  rem oval have b een  
d e v e lo p e d  an d  a re  availab le  co m m erc ia lly .

T h e  m o d e s  o f  o p e ra t io n  can  vary, b u t  e ssen tia lly  they  u tilise  
e le c tro c h e m ic a l te c h n iq u e s  to  tra n s fe r  th e  m eta l io n s  in  so lu tio n

to  a cathode. In  the p la tin g  in d u stry  th is cathode  can itse lf  be 
u sed  as the a n o d e  for e lec tro p la tin g , w h e n  a sufficient d ep o sit 
has built up.

Ion exchange resins/macroreticular resins

M acroreticular resins are  em ployed  for the  rem oval o f  specific  
n o n -p o lar o rg a n ic  co m p o u n d s . They are capable o f  rem ov ing  
betw een 85 and  99%  o f  Schedule 5 (l) substances from  w aste 
stream s.

Ion  exchange can rem ove c ad m iu m  and cyan ide from  e ffluen t. 
However, it d o e s  n o t destro y  th e  cad m iu m  or the  cyanide, an d  a 
subsequent trea tm e n t o f  the  regen era tio n  so lu tions w o u ld  be 
required.

Membrane processes

M em brane processes u sed  for cad m iu m  rem oval include 
m ic ro -filtra tion , u ltra -filtra tio n  and reverse osm osis.

Cyanide destruction

M any solu tions for c ad m iu m  p lating  con ta in  a lkaline cyanide. 
T his solution sh o u ld  be  recycled  w h e rev e r possib le but w aste 
stream s can occur. Before tech n iq u es for cad m iu m  rem oval are 
u sed , any cyan ide  p resen t m ust be destroyed . This is to p reven t 
the  genera tion  o f  toxic cyan ide  fum es at a later stage in th e  
treatm ent p rocess.

T he most c o m m o n ly  u sed  m eth o d  for trea tm en t o f  w aste 
stream s c o n ta in in g  cyan ide  is ox id a tio n  u n d e r alkaline ■ 
conditions. T h is can be  achieved by a variety  o f  tech n iq u es  
ch lo rination , o zo n a tio n , perox ide  ox id a tio n , o r e lectro ly tic  
ox idation  a n d  carried  o u t  in  co n tin u o u s , ba tch  o r  closed  lo o p  
system s d e p en d in g  on  th e  specific characteris tics o f  the w aste 
stream  to be treated .

N ew  techniques in clude  c o m b in in g  ion  exchange  w ith  gas- 
perm eable m em b ran e  tech n o lo g y  for the  rem oval o f  m etals 
an d  cyanides f ro m  rinse  w aters.

T h e  applicant needs to  d e m o n s tra te  ex istence  o f  an ad equate  
p rocedure  to  d e te rm in e  th e  co m p le tio n  o f  cyanide d estru c tio n  
(eg  e lec tro -p o ten tia l).

2.10 Mercury and its compounds

2.10.1 Introduction

O utlined  b e lo w  (Sections 2 . 10.2 -  2.1 0 .4 ) are th ree  types o f  
m anufactu ring  process that use m ercu ry  o r  its c o m p o u n d s  in 
a w ay  that m ean s  they are  p rescrib ed  processes. Specific 
exam ples are g iven  o f  su c h  processes; and  no tes are  added , 
w h e re  ap p ropria te , on  o th e r  varia tions that m ay be found .

T he w ord ing  u se d  in Section  4 .5 (h )  o f  the  R eg u la tio n s^  m eans 
th a t any m an u fac tu rin g  p rocess using  m ercu ry  o r  its 
co m pounds m ay  be p rescrib ed ; how ever, m any  processes on ly  
u se  very sm all am o u n ts  o f  e lem en tal m ercu ry  at am b ien t 
conditions, w ith  n o  p lan n e d  releases to  any en v ironm en ta l 
m ed ium .
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Such processes sh o u ld  be  assessed for e x em p tio n  fro m  Pari A 
con tro l against the  c rite ria  g iven in  the R egulations. 
C o nfirm ation  o f  a h ig h  deg ree  o f  c le an lin e ssa n d -co n tro l, in 
co m pliance  w ith  HSE G u id an ce11**, sho u ld  be an im p o rta n t 
factor in c o n sid e rin g  e x em p tio n  o f  a process.

Several processes in th e  chem ical industry  that use m ercu ry  o r 
its co m p o u n d s in  a w ay that w ould  ren d er th em  p rescribed  
processes m ay be  m o st aptly  d escribed  in o th e r  sec tio n s o f  the 
R egulations, for ex am p le  as o rgan ic  chem ica ls , h a lo g en  or 
pestic ide  processes. T he respective G u idance  N ote  fo r such 
processes shou ld  be  co nsu lted .

2.10.2 Manufacture of mercury compounds

(a) General

The m anufacture  o f  m erc u ry  co m p o u n d s has dec lin ed  very 
significantly  in recen t years as a result o f  b o th  legislative and 
vo lun tary  action  fo llo w in g  concern  over the  en v iro n m en ta l 
effects o f  their use. M ercury -based  pestic ides and  b iocides, 
fo rm erly  m ade and  used  w idely, have b een  progressively  
replaced by n o n -m e rc u ry  alternatives. T he final p ro h ib itio n  o f  
all m ercu ry -co n ta in in g  p lan t p ro tec tio n  p ro d u c ts  w as m ade 
effective by EC reg u la tio n  in 199 2 (J7).

The m ajo rity  o f  m ercu ry  co m p o u n d s still used  in  th e  UK are 
im p o rted . A lim ited  n u m b er o f  m ercu ry  c o m p o u n d s  are, 
however, m an u factu red  fo r certain  n o n -p ro h ib iie d  uses, eg in 
pharm aceu tical p ro d u c ts  such  as soaps, c ream s and  for allow ed 
fungicidal app lications such  as in pain ts u sed  in  trop ical 
clim ates. These are typically  m anufactu red  from  ap p ro p ria te  
feedstocks in sm all s tirred  batch reac to r system s,

(b) Inorganic compounds

Potassium  m ercu ric  io d id e  is an exam ple  o f  an in o rg an ic  
m ercu ry  c o m p o u n d . It is m anufactu red  as a so lu tio n  by a 
liquid-phase reaction from  potassium  iodide, iodine and  m ercury:

2KI +  I2 + .  H g —  K2H gI4

The process consists o f  dissolv ing b a tches o f  p o tassium  io d id e  
and io d in e  in w a ter and  then  ad d in g  e lem en tal m erc u ry  to  th e  
s tirred  reactor. T he reac tio n  is e x o th e rm ic , b u t can readily be 
s to p p ed  from  o v e rh ea tin g  by ceasing  s tirr in g  an d  a llow ing  th e  
aq u eo u s and m ercu ry  phases to  separate. Fo llow ing  co m p le tio n  
o f  the  reaction  an d  co o lin g  o f  the  p ro d u c t, it is packed  d irec tly  
from  the  reac to r by  transfer to  d ru m s. '  “

The reac to r is h o u sed  in  a closed ro o m  and  is to ta lly  b u n d ed , 
inclu d in g  the  d ru m  filling  poin t. A c o m m o n  ven tila tion  system  
is u sed  to  vent b o th  the  ro o m  and  the  reactor, th e  latter via a 
po t c o n ta in in g  p o tass iu m  iodide so lu tio n  to  red u ce  releases o f  
m e rc u ry a n d  io d in e : — - - . _

(c) Organic compounds

Phenyl m ercu ry  c o m p o u n d s  have b een  used for m any  years as 
bacteric ides o r  fu ng icides, eg in  p a in ts  and  w o o d  preservatives. 
A lthough  th e ir use in p ro d u c ts  fo rm u la ted  and  u se d  in the  UK

is believed to  have ceased, m anufacture  fo r e x p o rt c o n tin u e s  at a 
sign ifican t level a n d  m ay increase .

A process o f  m an u fac tu re  o f  su c h  co m pounds may, as n o te d  
above, be  m ost ap tly  d e sc rib ed  as a pesticide process. But, i f  it 
does n o t m eet th e  twro  specific  criteria for su ch  p ro cesses g iv en  
in the  R egu la tions10, it sh o u ld  b e  assessed for p re sc r ip tio n  as a 
process covered by  th is  N ote.

O ne such  process th a t rem ain s significant in  the  UK is that 
w h ich  p ro d u ces p h en y l m e rc u ric  dodecenylsuccinaie. T h is is 
m ade by a licensed  process by  a two-stage b a tch  re ac tio n  fro m  
m ercu ric  oxide, b en zene, ace tic  acid and d o d ecen y lsu cc in ic  
an h y d rid e  in  an  o rg an ic  so lv en t m edium . T h e  reac tio n s are 
carried  o u t in  a s tirred  jacketed  reactor, w h ic h  can  be steam - 
heated  o r  w a ter-co o led  as req u ired . The p rocess in c lu d es a 
tw o-stage  s tr ip p in g  o f  excess solvent, acetic acid  a n d  w ater, th e  
first-stage strip  b e in g  recycled to  process b u t the  seco n d  
(m ain ly  w ater c o n tam in a ted  w ith  m ercu ry ) b e in g  sen t for 
disposal w ith  co n d en sa te  an d  washing. T h e  p ro d u c t is filte red  
to  rem ove  im p u rit ie s  and p acked  in d ru m s w ith in  the  p lan t area 
after ad ju s tin g  to  10% m erc u ry  content in  th e  so lven t.

The liq u id  for d isposa l is trea te d  by ad d in g  so d iu m  
h y p o p h o sp h ite  to  reduce  m o s t o f  the c o m p o u n d e d  m e rc u ry  to  
the  e lem en t. A fter a long se ttling  period th e  su p e rn a ta n t liq u o r  
is transferred , neu tra lised  a n d  disposed o f  to  su itab le  landfill. 
The e lem en ta l m erc u ry  is retained.

The reactor, pack in g  po in t a n d  first-stage e fflu en t tre a tm e n t are 
w ith in  a co m m o n  b u n d ed  area . The p lan t area  is v en tila ted  by 
a c o m m o n  fan, in c lu d in g  th e  batch ad d itio n  o f  m e rc u ric  o x ide.

(d) Potential release routes from the manufacture of 
mercury compounds

Releases to air

O  M ercury  vap o u r o r  particulate m atte r c o n ta in in g  m erc u ry  
c o m p o u n d s  from  re ac to r  ventilation system s.

O  O th e r feedstocks, particularly w h e re  du sty  o r  volatile.

O  VOCs fro m  processes carried o u t in  o rg an ic  so lven t m ed ia .

Releases to water

O  M e rcu ry -co n ta in in g  condensates, d istilla te s an d  w ash in g , 
after trea tm en t, i f  it is not possib le to  recycle th e m  to

— p ro cess .an d  they_are_not disposed o f  to ja n d .

Releases to land

O  C o n tam in ated  packaging, w ipes, p rocess e q u ip m e n t an d  
clo th ing.

-O -- In so lu b le .im p u ritie s  and  m erc u ry -co n ta in in g  liq u id s  m ay 
b e  d isp o sed  o f  to  lan d .

2.10.3 Mercury battery manufacture

T he u se  o f  m erc u ry  in  ba tte ries, in the  UK, w ill cease by 
the  en d  o f  1 9 98 . - - - - - - -
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2.10.4 Electrical equipment and instruments

(a) General

A lth o u g h  d e c lin in g  in  u se  generally , m erc u ry  re ta ins a 
n u m b e r  o f  e ssen tia l ap p lic a tio n s  in  a varie ty  o f  e q u ip m e n t an d  
in s tru m e n ts ,  in c lu d in g  f lu o rescen t d isch arg e  lam ps, m an o m e te rs  
a n d  th e rm o m e te rs ,  c o n tro l /s w itc h in g  sy s tem s,ce rta in  vacu u m  • 
p u m p s , A C /D C  rec tifie rs  an d  g as-filled  valves.

T h e  p ro cesses  u se d  ty p ica lly  involve th e  filling  o f  a spec ified  
q u a n ti ty  o f  m ercu ry , ra n g in g  fro m  a few  m illig ram s to  
h u n d re d s  o f  g ra m s , in to  th e  dev ice, w h ic h  is th en  sea led  to  
c o n ta in  th e  m ercu ry .

(b ) Fluorescent discharge lamps

M e rc u ry  is u sed  in  all c u rre n t  m ass p ro d u c tio n  o f  d isch arg e  
la m p s  w o r ld w id e  an d  n o n -m e rc u ry  a lte rn a tiv es are believed  to  
b e  m an y  y ears aw ay fro m  b e in g  d e v e lo p e d  to  th e  stage o f  
c o m m e rc ia l  viability. M e rcu ry  has a h ig h  vap o u r p re ssu re  at 
a m b ie n t  te m p e ra tu re s  a n d  its u se  g ives a h ig h  e ffic iency  o f  
lu m in o s i ty /p o w e r  c o n su m e d  fo r w h ite  l ig h t app lications.
W h e n  e x c ite d  e lec trica lly  th e  m e rc u ry  v ap o u r a to m s e m it 
b lu e -g re e n  v isib le  lig h t a n d  u ltrav io le t ra d ia tio n . T h e  la tter 
s u b s e q u e n tly  ex c ites  th e  in te rn a l co a tin g s  o f  th e  lam p  
( ‘p h o s p h o r s ’) to  e m it re d -y e llo w  lig h t a n d  h en ce  p ro v id e  a 
b a lan ced  o u tp u t  a p p ro a c h in g  th a t o f  n a tu ra l day ligh t.

UK lo w -p re s su re  d isc h a rg e  lam p s  typ ica lly  each  co n ta in  1 0 -2 0  
m g  o f  m ercu ry , w h ic h  is all v ap o rised  w h e n  the  lam p  is m ad e , 
b u t w h ic h  g ra d u a lly  reac ts w ith  p a rts  o f  th e  lam p  u n til th ere  is 
in su ff ic ien t v a p o u r  to  g e n e ra te  a c o m p le te  d isch arg e  c ircu it.
T h is  m ay  d e te rm in e  th e  life o f  th e  lam p  a n d  m ean s that in  th e ir  
a tte m p ts  to  m in im is e  m e rc u ry  u se d  p e r  lam p , m an u fac tu re rs  are 
se e k in g  to  o b ta in  a t ig h t d is tr ib u tio n  o f  w e ig h ts  ach ieved . It 
m ay  ev en tu a lly  be  p o ss ib le  to  re d u ce  th e  w e ig h t to  6—8 m g  in 
sm a lle r  p ro d u c ts .

M ass p ro d u c tio n  o f  lo w -p re s su re  lam p s is co n ce n tra ted  a t a very  
sm all n u m b e r  o f  p lan ts  in  th e  UK (p o ss ib ly  n o  m o re  th an  fo u r 
in  to ta l)  a n d  in  E u ro p e , w i th  each  m an u fa c tu re r  d is tr ib u tin g  
p ro d u c ts  by  an  in te rn a tio n a l n e tw o rk . Such  p lants m ass- 
p ro d u c e  sp ec ific  p ro d u c ts , u su a lly  o n  a n u m b e r  o f  d ed ic a te d  
l in e s  u s in g  th e  m a n u fa c tu re r ’s o w n  d e ta ile d  technology . T he 
u se  o f  m e rc u ry  in  a typ ica l p ro c ess  l in e  is as o u tlin e d  b e lo w :

O  G lass tu b es  a n d  lam p s are  m a c h in e  w ash ed , co a ted , d r ie d  
a n d  b ak ed , a n d  a c a th o d e  a ssem b ly  is sealed by flam ing.

O  T h e  a ssem b ly  is fed  to  an  e x h a u s te r  m ach in e . T his is a 
m u lt i -p o r t  caro u se l a r ra n g e m e n t o n  w h ic h  it is in d ex ed  
to  a n u m b e r  o f  s tag ed  o p e ra tio n s ; it is first evacuated , th e  
a ir  is th e n  re p la ce d  by  an  in e r t gas a n d  th e  ca th o d e  is 
e n e rg ise d  to  activate  it.

O  T h e  la m p  is h e a te d  to  c o m p le te  th e  d ry in g  o f  th e  co a tin g , 
re -ev acu a ted  a n d  re p la ce d  by  in e r t  g as at the  re q u ire d  * 
lo w  w o rk in g  p re ssu re .

O  A m e te re d  d ro p le t  o f  l iq u id  m e rc u ry  is put in  f ro m  a 
d isp e n se r  a n d  th e  lam p  is sea led  b y  flam ing. It is

su b sequen tly  en erg ised , and  lam ps that fail to  lig h t o r  to 
rem ain  lit are au to m atica lly  ejected.

O  Pure m ercu ry  (9 9 .9 9 9 % ) is req u ired  for satisfactory  lam p 
perfo rm ance . T h is  m ay be b o u g h t in  as ‘trip le -d is tilled ' 
m ercu ry  o r it m ay be redistilled  by the lam p  m anufacturer, 
as m ay  any m erc u ry  recovered  from  ex h auster d ispensers 
rem oved  for m a in ten an ce , etc. D ispenser reservo irs are 
h an d -lo ad ed  w ith  fresh m ercu ry  as req u ired .

(c) Potential release routes from the manufacture of 
electrical equipment and instruments

Releases to air

O  M ercury vapour is d raw n  in to  vacuum  system s. T hese  
may ex p e l d irectly  to  air o r  in to  general local exhaust 
ventilation .

Releases to water

O  Providing an ad eq u a te  deg ree  o f  c leanliness and c o n tro l 
is o b se rv ed  in th e  storage, h an d lin g  and  use o f  liq u id  
m ercury  in  co m p lian ce  w ith  HSE G u idance(J6,;no 
release to  w ater sh o u ld  occur.

Releases to land

O  Rejected filled p ro d u c ts  w h e re  it is no t p racticable to  
recover th e  m ercury , usually  a fte r b reaking o p en  by  an 
ap p ro p ria te  m eth o d , eg. lam p  and  tube  crushers .

O  Waste vacu u m  p u m p  oil co n tam in a ted  w ith  m ercu ry  is 
d isposed o f  to lan d  as special w aste. This arises from  
regular o il changes o n  the p lant; also p u m p s may b e  
re tu rned  to  the su p p lie rs  for an  annual overhau l a n d  th is 
will give rise to s im ila r  waste.

(d) Variations and other processes

O th e r  m ethods o f  lo ad in g  m ercu ry  in to  lam ps have been 
d ev e lo p ed ,w h ich  encapsu la te  the  m erc u ry  u n til a fte r the lam p  
has been sealed, thereby e lim ina ting  the  release to  air o f  m ercu ry  
fro m  the vacuum  system . For exam ple  glass phials and  am algam  
str ip s  are used successfully, and  th is m ig h t be co n sidered  to  be 
BAT. However, a m ajor investm en t in  p rocess and  p roduct 
verification  is likely  to be req u ired  fo r the  conversion  o f  an  
ex is tin g  plant to  such  a system .

It is believed th a t specialist co m m erc ia l and  retail sign lig h tin g  
su p p lie rs  may be  m aking  th e ir  o w n  bespoke  d ischarge  lam p  
s tr ip s  o n  their p rem ises, u sin g  sm all q u an titie s  o f  m ercu ry  
annually.

H igh-pressure  flu o rescen t d isch arg e  lam ps are m ad e  for 
com m erc ia l u se  o n  a m u ch  sm aller scale than  lo w -pressu re  
lam p s, using tech n iq u es  th a t generally  involve th e  in jec tion  
o f  th e  m ercury in to  a sea led  lam p, an d  th u s  sh o u ld  n o t have 
a release o f m e rc u ry  to  air.

T he  filling o f in s tru m e n ts  an d  c o n tro l/sw itc h in g  devices w ith  
e lem en ta l m ercu ry  is declin in g , b u t still takes p lace in  diverse
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processes and  in  q u a n lilie s  rang ing  from  a few  specialist ilem s 
p e r m o n ih  lo  thousands o f  consum er item s p e r  m on th . Exam ples 
o f  the  latter in clude  a ty p e  o f  d om estic  co oker th e rm o sta t still 
in p ro d u c tio n , m ercu ry -in -g lass , an d  m ercu ry - in-sieel 
th erm o m eters . M ost o f  these  processes may w ell be  e x em p ted  
from  Part A contro l; but careful a tten tion  should  always be  given 
to  process vacuum  system s and to  local exhaust ventilation w h ere  
used , as these are p o ten tia l sources o f  m ercu ry  vapour releases 
to  air.

2.10.5 Control of mercury releases

(a) Caseous abatement techniques

M ercury  levels in  ven tila tio n  gases sh o u ld  be  m in im ised  by th e  
use o f  sealed process system s w herever possible. M ain tenance  
and operating  p ro ced u res should  be in place to  m in im ise  releases 
d u rin g  all an tic ip a ted  o p erations. M ercury  in  exhaust gases 
shou ld  be recovered and  p u t to fu rth e r use w h ere  this represen ts 
BATNEEC. This m ay in c lu d e  sale or. re-use w ith in  the process.

It shou ld  be n o ted  that m ercu ry  and  its c o m p o u n d s  have h ig h  
vapour p ressures genera lly  and m ay be  e m itted  from  processes 
as vapour o r a very fine aerosol (eg  w h e re  a h ig h  tem p era tu re  is 
involved). In these  cases gaseous ab a tem en t tech n iq u es m ay be 
m o re  ap p ro p ria te  in stead  of, or in  ad d itio n  to, particu la te  
m atte r abatem ent.

Because o f  the lim it o n  m ercu ry  in releases to  a ir and the 
particle  size usually  fo u n d  in m ercu ry -lad en  fum es, cyclones are  
unlikely to  rep resen t effective abatem en t e q u ip m en t.

Condensation

C ondensa tion  has the  po ten tial o f  being  the  sim plest te c h n iq u e  
for recycling m ercury  and  m inim ising  waste. W here  appropriate , 
con d en sa tio n  sh o u ld  receive strong  co nsidera tion  as th e  
p rim ary  ab atem en t tech n iq u e , for exam ple  upstream  o f  p lan t 
sc ru b b ers an d  vacu u m  pum ps. T he recovered m ercu ry  sh o u ld  
be capable o f  re -use  o r  sale to  th e  recovery sector.

C o n densa tion  is genera lly  achieved by in d irec t'h ea t exchange, 
eg in a shell and  tu b e  heat exchanger, w ith  coo ling  w ater, 
possibly ch illed . C oo lan t tem p era tu re  sh o u ld  be justified  w ith  
reference to  the  v ap o u r qu an tity  d ischarged , n o tin g  that 
e lem ental m erc u ry  solid ifies at -39°C. A typical tem p era tu re  
u sed  in  m ercu ry  recovery  is -5°C.

Adsorption _  . _

Activated carb o n  is u sed  to  co n tro l a varie ty  o f  p o llu tan ts , 
includ ing  m ercury. Specific adsorben ts, such as so d ium  su lph ide  
and  su lp h u r-ac tiv a ted  carbon , have been  developed  for the  
rem oval o f  m erc u ry  from  a n u m b er o f  p rocess ex haust stream s

D u ring  the  a d so rp tio n  process m ercu ry  attracted  to  the  c a rb o n  
surface reacts to  fo rm  m ercu ric  su lph ide, w h ich  is re ta in ed  in  
th e  pores o f  the  c a rb o n  granule . U p to  20  w t%  o f  m ercu ry  
can be co llected .

M ercury  ad so rb en t cartrid g es are available, w h ic h  are  d e s ig n ed  
to  be used in  filters fo r afr and vacuum  system s. In -o rd e r to  -

ad so rb  m erc u ry  v ap o u r successfully  in system s th a t are  o il-  
lu b rica ted , o il m ist m u st be rem oved  by a sep a ra to r u p stre am  
o f  the  filter.

It is n o t n o rm ally  practicable to  regenerate m erc u ric  su lp h id e -  
c o n ta m in a te d  activated  carbon  in  situ. T he o p tio n  o f  m erc u ry  
recovery  sh o u ld  be investigated .

Fabric filters

It is possib le  to  im prove  the cap tu re  o f  m erc u ry  in fab ric  filters 
by the use o f  additives such as sod ium  su lp h id e , TMT-1 S (a 
so d iu m  salt com p lex ) and su itab le  forms o f  su lp h u r-ac tiv a ted  
ca rb o n  su ch  as pu lverised  coke from  ro tary  h e a rth  fu rnaces. 
These p ro v id e  “ta rg e t n u c le i” o n to  w hich th e  m e rc u ry  is 
ad so rbed .

M ercury  rem oval efficiencies o f  up  to 90%  have been  re p o rte d  
fo r a d so rp tio n  co u p led  w ith  suitable filtra tion .

Wet collection devices

W et co llection  devices m ay b e  used for m erc u ry  ab a tem e n t, b u t 
a p a rticu la r co n sequence  o f  su c h  m ethods is th a t a l iq u id  
e ffluen t is g enera ted  that m ay require fu rth e r trea tm e n t to  
achieve req u ired  effluen t q u a lity  standards.

T here  is a know n p rob lem  o f  th e  fo rm ation  o f  po ten tia lly  
in tractab le  finely d iv id ed  am algam s being  fo rm ed  in  sc ru b b in g  
system s w h e re  o th e r  m etals (e g  silver) are p re sen t w ith  
m ercu ry  in  exhaust gases.

It is possib le, u sin g  an ap p ro p ria te  raw m ateria l o r  so lv en t as 
the  ab so rb en t, to  recover m erc u ry  or partially  reac ted  p ro d u c ts  
such th a t they can  be  recycled  to the process. For exam p le , 
p o tassiu m  iod ide  can  be u se d  to absorb m e rc u ry  su c h  that the  
resu ltan t p ro d u c t m ay be u se d  in a fu tu re  p ro d u c tio n  ba tch .

W h en  su ch  recycle to 'th e  p rocess is n o t feasible, a b so rp tio n  
m ay be  carried  o u t  in such a way as to  cap tu re  th e  m erc u ry  
in  an  in so lu b le  fo rm  to aid subsequen t d isposal. An ex am p le  o f  
this is th e  use o f  so lub le  m ercu ric  ch lo rid e  a b so rb e n t to  
p recip ita te  m ercu ro u s c h lo r id e  (calom el) f ro m  a gas stream  
co n ta in in g  m ercu ry  vapour.

Biofiltra tion/bioscrubbing

• M icro -o rg an ism s in c lu d in g  actinom ycetates, b ac teria , algae, 
fung i an d  yeasts have the  ab ility  to accu m u la te  heavy m eta ls , 
in c lu d in g  m ercury , from  th e ir  external en v iro n m en t. B o th -  
liv ing an d  dead  cells are capable o f  such  acc u m u la tio n , a n d  
specific  o rg an ism s are able, for instance, to  red u ce  c a tio n ic  
m ercu ry  to  the  e lem en t a n d  catalyse H g 1* to  H gO . B io log ical 
processes m ay o ffe r  a cost-effective p rocess for th e  a b a tem e n t 
o f  m ercury , a n d , th ro u g h  th e  use o f  d ead  b io m ass o r  w aste

- m ateria ls , enab le  the reco v ery  o f jn e rc u ry  fo r sale o r  re -u se .

Aqueous effluent

In all cases, aq u eo u s  s tream s contain ing  m erc u ry  sh o u ld  be 
seg rega ted  an d  BATNEEC applied w ith  a v iew  to  recycle  th e  
stream  o r at lea s t to  m in im ise  the release. — ___

55



IPC Guidance Note S2 4.04

B ecause  o f  th e  to x ic ity  an d  p e rs is ten c e  o f  m e rc u ry  in  the 
a q u a tic  e n v iro n m e n t, a p o sitiv e  re lease  sy s tem  sh o u ld  be 
e m p lo y e d  b e fo re  d isch arg e  o f  trea ted  e fflu en t.

Oxide precipitation

O x id e  p re c ip ita tio n  by th e  a d d it io n  o f  ca lc iu m  h y d ro x id e , 
s o d iu m  h y d ro x id e  o r  m a g n e s iu m  h y d ro x id e  is a w id e ly  used  
p ro c ess  to  rem o v e  h ig h  in itia l c o n c e n tra tio n s  o f  m e rc u ry  fro m  
a q u e o u s  s tream s. It re lies o n  th e  lo w  so lu b ility  o f  m e rc u ric  
o x id e  in  w ater.

A fter se ttlin g , th e  re su ltan t l iq u o r  is o f te n  filte red  to  rem o v e  any 
re m a in in g  so lid s an d  the  s lu d g e  can  be  c o n ce n tra ted  in , say, a 
d e c a n te r  c e n tr ifu g e  o r  filte r p ress  to  o b ta in  a s lu d g e  w ith  a 
so lid s  c o n te n t o f  a b o u t. 1 0% . T his s lu d g e , if  o th e r  heavy m eta ls 
are  a b se n t, is su itab le  fo r recovery  o f  m ercury .

As m e rc u r ic  o x id e  has a so lu b ility  o f  over 50 m g /1  at 25°C , 
a n d  d u e  to  d iff ic u lty  in  f ilte rin g  o u t  all th e  fine  p rec ip ita te , 
o x id e  p re c ip ita tio n  c an n o t a p p ro ac h , o n  its o w n , th e  levels 
ach iev ab le  by  new r p lan ts , an d  fu r th e r  trea tm e n t is req u ired .
T h is  m ay  be  c a rr ie d  o u t by  th e  use  o f  o n e  o r  m o re  o x id e  
p re c ip ita tio n  stages fo llo w ed  by p re c ip ita tio n  o f  residual 
m e rc u ry  as a su lp h id e  u s in g  an a p p ro p ria te  reagen t.

Sulphide precipitation

S u lp h id e  p re c ip ita tio n  is very  s im ila r  in  p rin c ip le  to  o x id e  
p re c ip ita tio n . It is m o re  e ffective  th an  o x id e  p re c ip ita tio n  in 
th at m e rc u ry  su lp h id es are very  m u ch  less so lub le  than  m ercu ric  
o x id e . In  th e  absen ce  o f  o th e r  heavy m eta ls and  c h e la tin g  
ag en ts , th e  so lu b ility  o f  m e rc u r ic  su lp h id e  is less th an  1 0"lom g /I  
(as m e rc u ry ) . S u lp h id e  p re c ip ita tio n  is th e re fo re  u sed  in stead  
o f  o x id e  p re c ip ita tio n  w h e re  th e  in itia l m e rc u ry  c o n c e n tra tio n  
is b e lo w  th e  m in im u m  so lu b ili ty  fo r the  ox ide.

A fte r p H  a d ju s tm e n t, su lp h id e  is a d d e d  in  the  f o rm .o f  
s o d iu m  su lp h id e , so d iu m  h y d ro g e n  su lp h id e , i ro n  su lp h id e  
o r  o th e r  m ild e r  fo rm s  su c h  as so d iu m  d ith io n ite s  o r 
d i th io c a rb o n a te .

S o d iu m  su lp h id e s  are  read ily  w a te r-so lu b le  (1 5 4  g /1 ) and  
m e rc u ry  su lp h id e s  are read ily  p re c ip ita te d  o u t. C o n tro l is 
r e q u ire d  to  e n su re  that th e re  is n o t  an  excess o f  so d iu m  
s u lp h id e .to  p re v en t any su b se q u e n t acid ifica tio n  re leas in g  
h y d ro g e n  su lp h id e  fu m es, w h ic h  are  b o th  h ig h ly  tox ic  a n d  
have a p o w e rfu l c h a rac te ris tic  m a lo d o u r.

I ro n  su lp h id e  is o n ly  very  sp a r in g ly  w a te r-so lu b le  (5 m g /1 ) 
a n d  th e  p ro b le m  o f  excess su lp h id e  b e in g  p re sen t in  th e  final 
e fflu e n t is g e n era lly  avo ided . H ow ever, d u e  to  th e  lo w  so lu b ility  
o f  th e  i ro n  su lp h id e , re ac tio n  lim es  are  very  lo n g  an d  th e  
e fflu e n t t re a tm e n t sy s tem  n e e d s  very  lo n g  re s id en c e  tim e  to  
e n su re  m a x im u m  m e rc u ry  su lp h id e  p re c ip ita tio n . T h e  d es ig n  
o f  th e  e fflu e n t tre a tm e n t sy s te m  n e ed s  to  take th is  in to  a cco u n t.

D iffe re n t fo rm s  o f  su lp h id e  a lso  re q u ire  trea tm e n t c o n d itio n s  
fo r  o p t im u m  e ffic ien cy  in  resp ec t o f  p H ; n o rm a lly  a spec ific  
f ig u re  in  th e  ra n g e  5—8 is necessary; b u t  e ac h  case re q u ire s  
e v a lu a tio n .

O w ing to  d ifficu lty  in  rem ov ing  by conven tional filtra tion  all 
the  fine m e rc u ry  su lp h id e  particles, su lp h id e  p rec ip ita tio n  is 
unlikely o n  its ow n to  achieve th e  g u id an ce  release level for 
n e w  plant. T his m ay be achieved, how ever, by co m b in in g  
sulphide p rec ip ita tio n  w ith  o n e  o f  e ith e r e lectro ch em ica l 
techniques, m em b ran e  tech n iq u es o r  b io log ical m e th o d s , 
described below .

T he  removal o f  the p recip ita te  f ro m  the e fflu en t is the  sam e 
as that for h y d ro x id e  an d  su lp h id e  p recip ita tio n .

P u rp o se-designed  o rg an ic  agents such  as TM T15 (so d iu m  
salt com plex) can also be  used.

Co-precipitation

C onventional p rec ip ita tio n  tech n iq u es can be c o m b in e d  w ith  
flo ccu la tio n /co ag u la tio n . The p rec ip ita tin g  m etal com plexes 
adso rb  o n to  th e  g ro w in g  floes an d  achieve residual m etal 
co n cen tra tio n s below  th e  so lub ility  level o f  the  p recip ita ting  
system .

Chemical reduction

Chem ical re d u c in g  agen ts, inclu d in g  zinc, a lu m in iu m , iron , 
fo rm aldehyde , form ic acid , hydrazine  and so d iu m  b o ro h y d rid e  
o r  h y p o p h o sp h ite , m ay be  used to  recover e lem en ta l m ercu ry  
fro m  suitable aqueous wastes. Care is n eed ed  in the co n tro l and  
use  o f  such agen ts  and a fo llow -up  tech n iq u e  such  as described  
b e lo w  (ie e lec tro ch em ica l, m em b ran e  or b io log ical tech n iq u es) 
m ay be requ ired  to achieve the n ew  plant standard .

Adsorption/ion exchange

It is often d ifficu lt in practice  to achieve the  theo re tical level o f  
rem oval o f  heavy m etals, includ ing  m ercury, by a conven tional 
chem ical m e th o d  unless this is fo llow ed  by h ig h -effic ien cy  
filtra tion  w h ich  is assiduously  co n tro lled . Low er residual m etal 
con cen tra tio n s m ay be achieved by e m p lo y in g  ad so rp tio n  o r 
io n  exchange in  ad d itio n  to  p recip ita tion . T h e  g en era tio n  o f  
su itab le  secondary  p recip itates o n to  w h ich  residual 
con tam in an ts w ill adsorb  by ion  ex ch an g e  m ay be used  an d  
su ch  precip itates include ferric  and a lu m in iu m  hydrox ides. 
T h ere  are also a n u m b er o f  abso rb en ts  that can be u sed  to  
en h an c e  filtra tion , eg m o n tm o rillo n ite  (a h y d ra ted  silicate o f  
m agnesium ) a n d  z irco n iu m  p h o sp h a te  o r h y drox ide.

Io n  exchange processes m ay be u sed  fo llow ing  su itab le  p re- 
trea tm en t. A p p ropria te  resins can rem ove  io n ic  m ercu ry  from  
a q u e o u s  so lu tio n , w ith  the  advantage o f  g iv ing  less solids w aste 
th an  o th er m eth o d s.

It is n o t expected  that spen t resins w ith  a d so rb ed  m ercu ry  
w ill be  regenerated  and disposal to  la n d  fo llow ed  by resin 
rep lacem ent is m o st likely. This is because  io n  ex change  
d o es  n o t destroy m ercu ry  and  reg en e ra tio n  e lu e n t w o u ld  
i ts e lf  require trea im en t.

Electrochemical techniques

M ercu ry  can be  rem oved  fro m  so lu tio n  by e lectrochem ica l 
cells. T he p ro b lem  o f  com plexed  o r  ch e la ted  w aste  w ater
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can be o vercom e by  using  con su m ab le  iro n  e lectrodes, w h ich  
break ihc  co m p lex es and  co -p rec ip iia te  fe rric  h y d ro x id e  w ith  
th e  m ercu ry  fo r su b seq u e n t rem oval.

Membrane techniques

A dvanced m em b ran e  tech n iq u es such  as m ic ro - and  u ltra ­
filtration  and  reverse osm osis are used  in  the  trea tm en t o f  
heavy-m etal w astes and  may be applicable to  m ercury.

(c) Disposal to land

Efforts sh o u ld  be  m ad e  to  reclaim  m ercu ry  an d  o th e r  m etals 
from  w astes p r io r  to  disposal to  land in  o rd e r  to  m in im ise  the  
q u an titie s  released. For instance, ba tte ries, recovered  sludges 
and dusts  m ay be re to rted  to  ex tract the  m ercu ry  co n ten t; the 
recovery o f  m ercu ry  typically b ecom es feasible at 2% m ercu ry  
c o n te n t '” *. Lam ps and  tubes m ay be p rocessed  in  p u rp o se - 
d esigned  c ru sh in g , cu tting , siev ing  and d istilling  p lan ts, w h ich  
are used  to separa te  glass, m eta l, lu m in isin g  p o w d er and  
m ercury.

2.11 Compounds of chromium, magnesium, 
manganese, nickel and zinc

2.11.1 Introduction

The sections b e lo w  ou tlin e  g ro u p s  o f  processes that describe  a 
n u m b e r o f  the  p ro d u c tio n  ro u tes  that m ay be en co u n tered  in  
this sector o f  the  industry. Specific exam ples are g iven  that 
involve som e c o m p o u n d s  o f  th e  e lem en ts covered by  this N ote .

2.11.2 Primary extraction from ore concentrates

(a) General

The initial stages o f  som e processes covered by th is section 
involve the p rim a ry  ex traction  o f  m etal values from  im p o rted  
ore  concen tra tes . A fo rem o st exam ple is the  p rocessing  o f  
ch ro m ite  o re  to  p rim ary  c h ro m iu m  co m p o u n d s . T h is is a 
large-scale c o n tin u o u s  process using  a co m b in a tio n  o f  un it 
op era tio n s specific  to  the p ro cess 'ro u te , and  it is b riefly  
described  below .

(b) Primary chromium production

The p rim a ry  c liro m iu m  co m p o u n d s , so d iu m  c h ro m a te  and  
d ich ro m ate , are m anufactu red  usin g  th e  ‘zero  i im e ’ process 

_for the^conversion  o f  the  in so lub le  triva len t c h ro m iu m  
c o n ta in ed  w ith in  the  ore  to  th e  so luble  hexavalent form" —

C h ro m ite  o re  is roasted  w ith  so d iu m  carb o n a te  in  a d irec t-fired  
ro tary  kiln u n d e r  o x id is ing  c o n d itio n s  at u p  to  1 200°C. T he 
ore  is prev iously  d ried , g ro u n d  and m ix ed  w ith  co n tro lled  
p ro p o rtio n s  o f  so d iu m  carb o n a te  and  recycled k iln  residue 
w h ic h  acts as a filler. In the  k iln  the triva len t c h ro m iu m  is 
ox id ised  to  th e  hexavalent state:

2Cr20 3 +  4 N a2C 0 3 +  3 0 2 —  4N a2C r 0 4 +  4 C 0 2

The resu lting  c ru d e  so d iu m  c h ro m a te  is leached from  the

h o t fr it.in  a q u e n ch  tank and separated fro m  th e  resid u e  by 
vacuum  filtration . Various im p u ritie s  are chem ica lly  p rec ip ita ted  
and  rem oved  to  g ive  a so lu tio n  o f  pure so d iu m  c h ro m a te  
(N a2C r 0 4). S u bsequen tly  th is  is acidified to  fo rm  so d iu m  
d ich ro m a te  (N a2C r20 7):

2 N a2C r 0 4 +  H 2S 0 4 —  N a2C r20 7 + N a2S 0 4 -I- H zO

The p ro d u c t is o b ta in e d  e ith e r as a so lu tion  o r  in  a c rysta lline  
form . T h e  b y -p ro d u c t so d iu m  sulphate is rem o v ed  a n d  p u rif ie d  
in  a reac to r in  w h ic h  su lp h u r dioxide is u sed  to  red u ce  any 
residual hexavalent c h ro m iu m . This is p rec ip ita ted , sep ara ted  
and n eu tra lised  w ith  so d iu m  hydroxide to  fo rm  c h ro m iu m  
hy d ro x id e , w h ich  is recycled to  the kiln fr it tank. T he p u re  
so d iu m  su lphate  so lu tio n  is u se d  to p ro d u c e  a c ry sta llin e  b y ­
p ro d u c t.

(c) Associated processes

T he p rocess ro u te  involves significant a ssoc ia ted  p rocesses 
and  tech n iq u es. T hese  in c lu d e  ore storage, p re -tre a tm e n t o f  
feedstocks, co n sid erab le  m ate ria ls  hand ling  and  convey ing  
o p e ra tio n s ; and  th e  ap p ro p ria te  treatm ent o f  re sid u es , recycles, 
b y -p ro d u c ts  and w astes in all three m edia .

(d) Potential release routes from extraction from ore 
concentrates

Releases to air

O  Kiln exhaust gases c o n ta in  p roducts o f  c o m b u s tio n  fro m  
gas o r  fuel o il. Particulate m atter is e n tra in e d  c o n ta in in g  
c h ro m iu m  (m ain ly  unreacted  c h ro m ite  o re ) a n d  o th e r  
feedstocks.

O  Kiln frit q u e n c h  tank vent gases c o n ta in  hexavalen t 
c h ro m iu m  and  particu la te  matter.

O  Exhaust gases from  su b sequen t p ro cesses an d  k iln  resid u e  
d ry in g  m ay also c o n ta in  particulate m a tte r  in c lu d in g  
c h ro m iu m  c o m p o u n d s , as may local ex haust v en tila tio n  

gases. .

O  S u lp h u r d io x id e  m ay be  present in  th e  so d iu m  su lp h a te  
reac to r ven t gases.

Releases to water

O  N o rm ally  n o  releases are m ade as th e  a im  in o p e ra tin g
-  — th e .p ro cesses is to  m anage the  w a te r  balance  so  as to

co n ta in  a n d  re-use  all aqueous liq u o rs  c o n ta in in g  so lub le  
c h ro m iu m  c o m p o u n d s , for ex am p le  all w et sc ru b b e r  
liq u o rs  a n d  weak filtrates. T hese in c lu d e  liq u o rs  re tu rn e d  
from  th e  lan d  filling o f  ch ro m iu m  k iln  re s id u e  slurry.

Releases to land_ j

O  W et c h ro m iu m  k iln  residue c o n ta in in g  u n c o n v e rted  
trivalen t c h ro m iu m , alum ina, fe rric  ox ide  an d  so m e  
o cc lu d ed  hexavalent ch rom ium .

O  C alcium  carb o n a te  an d  vanadate p recip ita tes, a lso  w ith
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so m e  o c c lu d e d  h ex av a lem  c h ro m iu m . T h ese  co m b in e d  
re s id u e s  are  tre a te d  c h em ica lly  to  re n d e r th e  w aste  n o n - 
h a z a rd o u s  b e fo re  it is lan d filled .

O  D usts th a t are  re co v e red  fro m  all p rocesses are  recycled  
b u t  sp e n t filte r b ags m ay  c o n ta in  a d h e re d  c h ro m iu m  
c o m p o u n d s .

O  W aste  p a ck a g in g  m ay be  c o n ta m in a te d  an d  o ld
re fra c to ry  l in in g s , b rick s , e tc , w ill co n ta in  c h ro m iu m  
com pounds.

2.11.3 Extraction of magnesium from sea water

(a) Process description

A p ro c e ss  ro u te  fo r  th e  p ro d u c tio n  o f  a n u m b e r  o f  m ag n esiu m  
c o m p o u n d s  fo r re fra c to ry  a n d  o th e r  p u rp o se s  uses sea w a te r as 
a ra w  m ate ria l fro m  w h ic h  m a g n e s iu m  h y d ro x id e  is 
p re c ip ita te d . M a g n e s iu m  o x id e  is su b seq u e n tly  p ro d u c e d  by 
c a lc in in g  th e  h y d ro x id e . T h e  p ro cess  req u ire s  larg e  v o lu m es o f  
sea  w a te r  to  w in  th e  m a g n e s iu m  b ecau se  o f  th e  lo w  
c o n c e n tra t io n  at w h ic h  it is p re sen t. T h e  p rocess re lies o n  
s im p le  c h e m is try  a n d  is o u tlin e d  below .

C a lc iu m  h y d ro x id e , so d iu m  h y d ro x id e  o r  doH m e (c a lc iu m / 
m a g n e s iu m  o x id e )  are  u se d  as p re c ip ita n ts , d e p e n d in g  o n  the 
final p ro d u c t  re q u ire d . T he  h y d ra tio n s  are  ca rried  o u t o n -s ite  
u s in g  im p o r te d  c a lc iu m  o x id e  a n d  d o lim e :

C aO  +  H 20  —  C a (O H ) 2

M g O /C a O  +  H 20  —  M g O /C a (O H ) 2

T h e  r e q u ire d  p re c ip ita n t is a d d e d  to  se ttle d  and  filte red  sea 
w a te r  th a t h as a lso  b e en  a c id ifie d  w ith  su lp h u ric  acid  and  
s t r ip p e d  o f  c a rb o n  d io x id e  in  a tow er. T h is  p re c ip ita tio n  is 
c a r r ie d  o u t  in  c o n tin u o u s  s t i r re d  reac to rs :

M g 2* +  C a (O H ) 2 —  C a1* +  M g (O H ) 2

T h e  p re c ip ita te  is se ttled  o u t  a n d  w a sh e d  in  several stages 
w ith  sea  a n d  fresh  w a te r  b e fo re  b e in g  f i lte re d  an d  d r ie d  as 
m a g n e s iu m  h y d ro x id e  p ro d u c t  o r  fed  to  a k iln  o r  fu rn ac e  
fo r  c a lc in in g :

M g (O H ) 2 —  M g O  -I- H 20

A lterna tive ly , h ig h - te m p e ra tu re  c a lc in in g  is used  w ith  a n u m b e r 
o f  d if fe re n t a d d itiv e s  to  th e  fe ed sto c k  fo r  ca lc in in g  to  give 
sp e c ific  p ro d u c ts  by  re ac tio n ; fo r e x am p le , th e  a d d it io n  o f  
c h r o m e  y ie ld s a m a g n e s iu m  c h ro m e  sp in e l. A ran g e  o f  u n it 
o p e ra t io n s  a re  inv o lv ed , in c lu d in g  w e t-p h a se  ch em ica l 
re a c tio n s ,  w a sh in g , ih ic k e n in g , f i ltra tio n , a ttr i tio n , d ry in g , 
c a lc in in g  in  ro ta ry  a n d  m u lt ip le -h e a r th  fu rn aces, an d  pack ing .

(b ) Potential release routes from the extraction of 
magnesium from sea water

Releases to air

O  K iln  a n d  fu rn a c e  e x h au s t g ases c o n ta in  p ro d u c ts  o f  
c o m b u s tio n  fro m  gas o r  fuel o il, co a l and  coke.

Particulate m a tte r  is en tra in e d , p rin cipally  m agnesia  but 
also co n ta in in g  ch ro m e , silica and ox ides o f  iron  and  
calcium .

O  Sim ilar p a rticu la te  m atte r is also released  from  fue l, raw 
m ateria l and p ro d u c ts  h a n d lin g  o p e ra tio n s  and local 
exhaust ven tila tion  system s, inclu d in g  d u st from  the  
h y d ra tion  o f  calc iu m  h y d ro x id e  and do lim e.

Releases to water

O  The m a in  used  sea  w ater d isch arg e  co n ta in s su sp en d ed  
solids, p rin cipally  m agnesia, but also so lids as listed  for 
release to  air.

O  Sea w a te r  used fo r  w ash in g  o f  m agnesia con ta ins s im ilar 
solids as do  p lan t and  area w ash in g , w h ic h  may carry  
o ther so lid  releases in c lu d in g  calcium  hydroxide and  
dolim e and  p ro d u c t m aterials.

O  R eturned  sea w a te r  used  for the  w et sc ru b b in g  o f  ro tary  
kiln e x h au s t gases co n ta ins d isso lv ed /reac ted  p ro d u c ts  o f  
fuel c o m b u s tio n  as well as su sp en d ed  so lids as above.

Releases to land

O  Waste packag ing , spen t filter bags and  refracto ries, w h ich  
may c o n ta in  m agnesia.

2.11.4 Production of pigments and oxides by 
calcining

(a) General processes

C om pounds o f  the  e lem en ts covered  by this G uidance  N ote  
a re  used  in th e  p rep ara tio n  o f  m any  in d ustria l p igm ents. T he 
processes involve the calc in ing  o f  a w id e  varie ty  o f  feedstocks, 
fo r  exam ple m e ta l oxides, su lphates, ch lo rides, fluorides, 
n itra te s  and carbonates. T h is is usua lly  carried  o u t in d irec t- 
fired  tunnel, sta tic  o r in te rm itte n t k ilns o r ro tary  furnaces, 
w h ic h  are m ain ly  gas-fired . Ind irec tly  heated  (eg in d u c tio n ) 
fu rn aces may be  used and  these m ay  give low er releases.

How ever, tu n n el kilns are trad itio n a lly  used in the  p ig m en t 
in d u s try  and h e re  the feedstocks, w h ic h  are con tro lled  b lends o f  
raw  m aterials, a re  batch h eated  fo r lo n g  p e rio d s in  saggars 
(sm all refractory cru c ib les). R otary k ilns are also used , for 
ex am p le  in the  m an u fac tu re  o f  c h ro m iu m  ox ide  fo r p ig m en t 
a n d  m etallurgical uses by  the  c o n tin u o u s  ro asting  o f  a m ix tu re  
o f  so d ium  d ich ro m ate  an d  a m m o n iu m  sulphate .

A typical p ro d u c tio n  ro u te  is o u tlin e d  below :

T he d ry  raw m ate ria ls  are h an d led  fro m  sacks o r  d ru m s an d  
are  w eighed a n d  m ixed in  p re d e te rm in e d  p ro p o rtio n s  to o b ta in  
the  required  sh a d e  o f  p ig m e n t a fte r calcining. Local exhaust 
ven tila tion  is u se d  extensively d u r in g  these  o p eratio n s .

T he b lended p o w d e rs  are ad d ed  to  saggars, w h ic h  m ay con ta in
10—20 kg each, an d  these are  h eated  in  the fu rnace  for the 
re q u ire d  time a n d  at a specified  tem p era tu re , for exam ple  2 4  
h o u rs  a t 1000°C. D uring  th is  p e r io d , especially  early  in  th e
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cycle, gases are released  as the  m etal co m p o u n d s d eco m p o se  to 
th e  ox ides by reactions su ch  as:

Z n S 04 —► Z nO  +  S 0 3

N i( N 0 3) 2 —  N iO  +  N O  +  N O z +  0 2

These are g iven as typical exam ples only; the  actual reac tions 
w ill vary d e p en d in g  o n  th e  m ix  o f  raw  m aterials and the 
co n d itio n s used.

T he p ro d u c t consists o f  a n u m b e r o f  m etal ox ide  com plexes. It 
is allow ed to  cool and  th en  processed in to  th e  final fo rm  by 
opera tio n s such  as d ry  o r  w et c ru sh in g , w ash ing , filtra tion , 
granu la tion  and  drying. The p ro d u c t is packed for sale or, i f  it 
is a base co lour, m ay be  b len d ed  o r  m ixed w ith  glass frit for use 
as a glass enam el.

(b) Potential release routes from the production of 
pigments and oxides by calcining

Releases to air

O  Products o f  gas c o m b u s tio n  and  calcining. In b a tch
kiln ing  processes the  release o f  the  latter will generally  
vary as calcin ing  proceeds; substances released m ay 
include h y d ro g en , a m m o n iu m  ch lo rid es and flu o rid es 
and  ox ides o f  su lphur, carbon  and n itro g en . T h e  gas 
stream  m ay co n ta in  particu la te  m atter in c lu d in g  m etal 
c o m p o u n d s an d  o th e r gaseous o r particu la te  p o llu tan ts , 
d ep en d in g  on  the  feedstocks and  reactions.

O  The p ro d u c tio n  o f  c h ro m iu m  oxide m ay additionally  
release som e hexavalent ch ro m iu m  and  a m m o n ia .

O  Particulate m atte r co n ta in in g  m etal c o m p o u n d s  m ay be 
released from  local ex haust ventilation  system s serv ing  
feedstock, p ro d u c t h an d lin g  and  processing  o p era tio n s , 
p rim arily  th o se  p e rfo rm ed  dry.

Releases to water

O  W aste liq u o rs  from  p ro d u c t w ash ing  c o n ta in in g  m any 
dissolved and  su sp en d ed  m etal co m p o u n d s, also sim ilar 
liq u o rs  from  p lan t and  process w ash-dow ns. H ig h  
co n cen tra tio n s o f  io n ic  salt species m ay be p re sen t, 
especially  su lpha te  an d  fluoride.

O  In th e  c h ro m iu m  o x id e  process, w et sc ru b b e r 'liq u o rs  a re  -  
recycled  to  frit q u en ch in g . Filtrates from  th e  p ro d u c t 
filters are trea ted  o n  a w ash ing  p lant from  w h ic h  a 
p ro p o rtio n  is recycled  w ith  the  rem a in d e r passing  to  
final e ffluen t trea tm en t before release.

Releases to land- - - - —

O  Reject p ig m en ts , dust from  bag filters and m etal 
c o m p o u n d  precip ita tes (m ain ly  hydrox ides) from  
effluen t trea tm en t.

O  U sed saggars and~refractory  brick  linings.- -  -

2.11,5 Production of metal oxides by direct oxidation

(a) General

Som e m eta l oxides are p ro d u c e d  using ro u tes  that involve th e  
d irect o x id a tio n  o f  the  e lem en t, usually to  give a finely d iv id e d  
p o w d er p ro d u c t. O f  the processes covered by th is  N ote , th e  
p rin cip al exam ple  is the p ro d u c tio n  o f  z inc  ox ide. T h is  is 
carried  o u t  by tw o  alte rna tive  process ro u tes , d irec t an d  
ind irect, as o u d in e d  below , b o th  using th e  s im p le  reac tio n :

2Zn +  O z —  2Z nO

(b) Direct process

The d irec t process starts w ith  im pure z inc o x id e  su ch  as o x id ic  
ore  co n cen tra tes a n d /o r  o x id ic  residues. T h is is co n v erted  to  
zinc v ap o u r in a red u c in g  a tm osphere  an d  th e n  re -o x id ised  
u n d e r  c o n tro lled  co n d itio n s  in  a c o m b u s tio n  ch am b er. 
Feedstocks in clude  zinc o x id e  oversize, galvan isers ashes and  
d iecasters ashes an d  these are  m ixed w ith  in d u s tr ia l-g rad e  coke. 
R otary  kilns are generally  u sed  in a b a tch  o r  se m i-b a tc h  m o d e  
for the red u cin g  process. .

(c) Indirect process

The in d irect process, used to  give various specific  g rades o f  z inc  
oxide in c lu d in g  h ig h -p u rity  product, p re d o m in a te s  in th e  UK.
In th is  process, p u re  m etallic  zinc in  in g o t fo rm  o r  z in c  fro m  
seco n d ary  sources is m elted , vaporised, b u rn t and  th e  z in c  
oxide collected . T he type o f  feedstock an d  p ro cess in g  
tech n iq u e  used  d ep en d s v e ry  m uch o n  th e  specific  g rad e  o f  
p ro d u c t being  m ade. A varie ty  o f fu rn aces a n d  assoc iated  p lan t 
are u sed  in these  processes; the furnaces in c lu d e  in d ire c t-f ired  
c ru c ib le  box types, d irec t-fired  m uffle types, ro ta ry  k ilns a n d  
e lectric  resistance heated  furnaces. T he la tte r have th e  advantage 
o f  lo w er releases b u t o p e ra tin g  costs m ay be h igher. Z inc is 
m elted  at 60 0 —6 SO X  and  burn t at ab o u t 1 000°C .

The z in c  ox ide  p ro d u c t fro m  both processes is a ir-co o led  an d  
co llected  on  bag filters, w h ic h  also act as a rre s tm en t p lan t.

(d) Potential release routes from the production of 
metal oxides by direct oxidation

Releases to air

O  Products o f  co m b u s tio n  o f  gas, coke o r  o il , in c lu d in g  
oxides o f  su lphur, carbon and  n i tro g e n .

O  Particulate m atter, m ainly z inc ox id e , in  th e  e x h au s t from  
p ro d u c t conveying and collection .

O  Local exhaust ventilation fro m  h a n d lin g  o f  p ro d u c t o r  raw  
m ateria ls , w h ich  m ay contain  so m e  im p u rit ie s  fro m  the 
z inc  feedstock su c h  as lead o r  c a d m iu m . T hese  are 

"m iriim ised’by u sin g  h igh -g rade  feedstock a n d  m ain ta in in g  
the m o lte n  zinc tem p era tu re  as lo w  as possib le .

Releases to water

O  T here sho u ld  be n o n e  from  these  processes.
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Releases to land

O  D e p e n d in g  u p o n  th e  feedstock  n a tu re  an d  purity , so lid
re s id u e s  are  p ro d u c e d  c o n ta in in g  zinc, iro n , a lu m in iu m , 

c o p p e r  o r  lead  as w ell as in e r i  silicates. W h ere v er 
p o ss ib le  th ese  sh o u ld  be re -u se d  in  the  p ro cess  o r  so ld  
fo r reco v e ry  o f  m e ta l values.

O  O th e r  w aste  m ay  in c lu d e  o ld  re frac to ry  lin in g s , c ru c ib les  
a n d  re to r ts , sp e n t filte r bags w ith  a d h e re n t m eta ls an d  
w aste  p ackag ing .

2.11.6 General chemical and physical processes

G en era l c h e m ic a l a n d  p h y sica l p ro cesses  a re  u sed  in th e  
m a n u fa c tu re  o f  m an y  m e ta l c o m p o u n d s ; a n d  involve a varie ty  
o f  m e th o d s  a n d  u n it  o p e ra tio n s , in c lu d in g  ch em ica l re ac tio n , 
p re c ip ita tio n , e v a p o ra tio n , se p a ra tio n , d ry in g , m ix in g , g r in d in g , 
c la ss ify in g  a n d  p ack ing . Specific  p ro d u c ts  em p lo y  process 
ro u te s  m a d e  u p  o f  a n u m b e r  o f  these  o p e ra tio n s  and  associated  
te c h n iq u e s  u s in g  c o n tin u o u s  o r  b a tch  o p e ra tio n s . Processes 
va ry  c o n s id e ra b ly  in sca le  d e p e n d in g  o n  th e  n a m re  o f  and  
d e m a n d  fo r th e  p ro d u c t  c o n c e rn e d . M a jo r p ro d u c ts  are  m ad e  
o n  s izeab le  c o n tin u o u s  d e d ic a te d  facilities, w h e reas  m in o r  
p ro d u c ts  m ay  b e  m ad e  by c am p a ig n  w o rk in g  o f  m u lti-p u rp o se  
b a tc h  p lan t. S o m e e x am p le s  are o u tlin e d  below .

(a ) Zinc chloride

Z in c  c h lo r id e ,  w h ic h  has a n u m b e r  o f  im p o r ta n t in d u str ia l 
u se s, is p ro d u c e d  b o th  in  a n h y d ro u s  p o w d e r  fo rm  a n d  as a 
so lu t io n . It is m a d e  f ro m  z in c  m e ta l a n d  o x id e  re s id u es  fro m  
th e  g a lv a n is in g  in d u stry . T h e  p ro cess  s ta rts  w ith  physical 
se p a ra tio n  o f  th e  fe ed sto c k s  by  m ill in g  a n d  c lassify ing  to  
p ro d u c e  z in c  m eta l slabs fo r sale, leav ing  z in c  o x id e  a n d  so m e 
m eta l to  b e  re ac te d  w ith  h y d ro c h lo r ic  ac id  to  fo rm  the  c h lo r id e  
in  so lu t io n :

Z n  +  2HC1 — * Z n C l2 +  H 2 

Z n O  +  2HC1 —  Z nC l2 +  H 20

H y d ro g e n  lib e ra te d  by  th e  first re ac tio n  is re leased  to  air. A 
n a tu ra l d ra ft  c h im n e y  above  the  re a c to r  k eep s its c o n c e n tra tio n  
in  th e  gas sp ace  b e lo w  th e  lo w er e x p lo s io n  lim it.

T h e  so lu t io n  is f ilte red  to  rem o v e  a c id - in so lu b le  im p u ritie s . 
S o lu b le  m e ta llic  im p u r i t ie s  a re  th e n  o x id is e d  and  d isp laced  
b e fo re  b e in g  re m o v e d  in  a fu r th e r  f iltra tio n  stage. T h e  z inc  
c h lo r id e  is e i th e r  so ld , o r  c o n c e n tra te d  by  ev ap o ra tio n  to  
h ig h e r - s tre n g th  so lu tio n s , o r  c o n c e n tra te d  to  a n h y d ro u s  
p ro d u c t  by  v a c u u m  ev ap o ra tio n  to  d ry n e ss .

(b ) Nickel sulphate

N ick el su lp h a te  is an  im p o r ta n t  c h em ica l w ith  uses in  the  m eta l 
p la tin g  in d u s try  a n d  in  ca ta ly st m an u fa c tu re . It is m ad e  
w o r ld w id e  b y  a n u m b e r  o f  ro u te s , in c lu d in g  as a b y -p ro d u c t 
f ro m  th e  e le c tro - re f in in g  o f  cop p er. In th e  UK the p ro cess used  
re lie s  o n  th e  re ac tio n  o f  p u re  re fin e d  n ick e l w ith  su lp h u ric  acid  
to  p ro d u c e  th e  h e x ah y d ra te :

N i +  H2S 0 4 +  6H 20  — * N iS 0 4.6 H 20  +  H 2

N ickel pellets are ad d ed  to  su lp h u ric  acid in  a recircu la to ry  
reac to r until the  req u ired  s treng th  is o b ta in ed . The so lu tio n  
is th en  filtered to  rem ove  im p u ritie s , crystallised and th e  
p ro d u c t is c en trifu g ed , w ashed , d r ie d  and packed. The 
hydrogen  g en era ted  in  th e  reac tion  is used in  the p rim ary  
n ickel process.

(c) Chrometans

C hrom etans are c h ro m iu m  chem ica ls used w idely  in the 
tan n in g  ind u stry  w h e re  anim al h ides are trea ted  w ith  th em  to 
p ro d u ce  leather. They vary  in exact co m p o s itio n  but usually 
co n ta in  basic c h ro m iu m  su lphate  p ro d u ced  by  the red u ctio n  o f  
so d iu m  d ich rom ate . T his m ay be ca rried  o u t in d ifferen t ways 
an d  in  the past w as o ften  d o n e  at tan neries u sin g  su lp h u ric  acid 
an d  a suitable easily ox id ised  organ ic  c o m p o u n d  such as glucose. 
How ever, it is believed th a t direct red u c tio n  u sin g  su lp h u r 
d io x id e  has su p ersed ed  th is  en tirely  for UK ch ro m e tan  
pro d u c tio n :

N a2C r20 7 +  3 S 0 2 —* 2 C r (0 H )S 0 4 +  N a2S 0 4

T he sodium  su lp h a te  b y -p ro d u c t is n o t separa ted  but fo rm s 
part o f  the tan n in g  agent.

For large-scale p ro d u c tio n , su lp h u r d iox ide  is m ade  in  s itu  by 
su lp h u r  bu rn in g , w hile  sm alle r processes m ay use im p o rted  
liq u id , w hich is gasified. T he reac tio n  is co n d u c ted  in  
a b so rp tio n  low ers w ith  c o u n te r-c u rre n t con tact o f  gas an d  
liq u id , usually w ith  ex ternal coo ling  to  p reven t bo iling , since 
the  reaction is strong ly  ex o th erm ic . C h ro m etan  so lu tion  is 
p ro d u c e d  and th is  is sold a fte r d ilu tio n  or is d r ie d  to give a 
p o w d e r  product. O rganic c o m p o u n d s  such as oxalates an d  
fo rm ates may be  added  to  sim ula te  the  organ ically  reduced  
p ro d u c t if  requ ired .

(d) Potential release routes from the general chemical 
and physical processes

Releases to air

O  Specific gaseo u s p ro d u c ts  o f  reac tion  o r  excess reactants, 
fo r exam ple oxides o f  su lp h u r o r  n itro g e n , hydrogen  
sulphide, hy d ro g en  ch lo rid e  an d  am m o n ia .

O  Particulate m atte r c o n ta in in g  m etal co m p o u n d s,
especially fro m  dry h an d lin g  an d  p rocess in g  stages.

O  Soluble and  inso lub le  m etal c o m p o u n d s  from  wet 
a rrestm en t devices.

O  • In the ex am p le  g iven o f  zinc ch lo rid e  m anufactu re ,
hydrogen  is fo rm ed  w h e n  residual zinc m eta l reacts; an d  
th is  carries so m e  hy d ro g en  ch lo rid e  w ith  it. H y droch lo ric  
acid  fum es m ay arise fro m  sto rage  o f  the  acid.

O  T he  hand ling  o f  feedstock  zinc o x id e  and an h y d ro u s z inc  
ch lo rid e  m ay release p a rticu la te  m atte r c o n ta in in g  these  
m aterials in  conveying a ir and local exhaust ventilation .
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O  In th e  p ro d u c tio n  o f  ch ro m etan  som e u n reac ted  su lp h u r  
d io x id e  is released to  air, a lth o u g h  tw o-stage  c o u n te r­
c u rre n t ab so rp tio n  is used to m in im ise  th is.

O  O ff-gases from  the d ry in g  o f  n ickel su lp h a te  con tain
so m e  particu la te  m atter carried  over, an d  th is  is a rrested  
by a cyclone follow ed by a w et scrubber.

Releases to water

O  Proccss effluent liquors containing metals and their
c o m p o u n d s  in  so lu tio n  and susp en sio n , m in eral acids 
and  o th e r  substances used in specific  processes.

O  W aste sc ru b b er liq u o rs  generated  in  w et a rre s tm en t p lan t; 
these m ay be n eu tra l, alkaline o r acidic d e p en d in g  on  
duty.

O  In th e  case o f  zinc  ch lo ride , som e o f  the  p ro d u c t m ay be 
c o n ta in ed  in  w aste vacuum  p u m p  seal w a te r and 
co n d en sates from  evaporation , w h ile  z inc  o x id e  and  
h y d ro c h lo ric  acid m ay be  presen t in  sc ru b b e r  liquors.

Releases to land

O  Prec ip itated  sludges and  residues fro m  a q u eo u s  effluen t 
trea tm en t processes co n ta in ing  m eta l co m p o u n d s , m ain ly  
as hydrox ides. W herever possible these sh o u ld  be re ­
used in the  process o r  sold for recovery  o f  m etal values.

O  O th e r w aste  may in c lu d e  spent filter bags w ith  ad h eren t 
m ateria ls , w aste packaging and  re ject p ro d u c ts  unsu itab le  
fo r reprocessing .

O  T he z in c  ch lo rid e  process ou tlin ed  above gives rise to 
filter cake residues, w h ich  con tain  m etallic  z in c , lead, 
a lu m in iu m , iron , c o p p er and m anganese. Also zinc 
h y d ro x id e  arises from  effluent trea tm en t. T hese  residues 
are w ash ed  o r  dew atered  as ap p ro p ria te  and  d isp o sed  o f  
to  land.

2.11.7 Control of releases

C onventional trea tm e n t techn iques are w ide ly  used  w ith in  
this sec to r o f  th e  ino rgan ic  chem ical industry. For exam ple , 
cyclones and bag filters are w idely  used  fo r the ab a tem en t o f  
dust em iss io n s , and  chem ical p recip ita tio n  tech n iq u es  are used  
for aq u eo u s stream s to  rem ove m etals. T he fo llo w in g  
o p e ra tio n s re q u ire  special considera tion .

(a) -  Furnacing ~ ~

C o m b u stio n  p ro d u c ts , as a result o f  th e  use  o f  fu rn a c e s /k iln s , - 
re q u ire  special co n sid e ra tio n  w ith in  th e  sector.

(b) Chromium

W h ere  hexavalent c h ro m iu m  is p resen t, it sh o u ld  be re d u c e d  to 
the trivalent s ta te  before p recip ita tion  an d  d isposal. T his c an  be 
ach ieved  by ad ju s tin g  th e  pH  to the  re q u ire d  acid  value an d  
a d d in g  a re d u c in g  agent su c h  as so d iu m  m etab isu lp h ite . Such a 
w aste  stream  sh o u ld  n o rm a lly  be kep t sep ara te  fro m  o th e r  
w astes until th is  step has b e en  carried o u t, a lth o u g h  in so m e 
cases it may be desirable to  use the ac id ity  in a n o th e r su itab le  
w aste  stream  to  reduce  th e  pH .

W here  a fu rn ac in g  process is involved, the  cho ice  o f  type o f  
fu rnace to  be u sed  sh o u ld  take in to  acco u n t the re leases that 
m ay occur. For in stance  e lectric  in d u ctio n  and resistance 
furnaces w ill n o t  release direct p roducts o f  fuel c o m b u s tio n  to 
air. Such fu rnaces are successfully used in the  m anufactu re  o f  . 
zinc “ox ide.-  T hey  m ay offer h ig h e r therm al efficiency and c loser 
tem p era tu re  co n tro l than  fuel-fired  fu rnaces and  sh o u ld  be 
co n sidered  by app lican ts for n e w  plants.
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3 Best available techniques for controlling releases

3.1 Introduction

T h is  s e c tio n  covers te c h n iq u e s  fo r c o n tro l l in g  releases th a t are 
c o m m o n  to  m an y  p ro cesses o r  a re  c o n s id e re d  to  b e  gen era l in  
th e ir  a p p lic a tio n , ie  are  aspects o f  overall m an a g em e n t o f  a 

w o rk s  to  m in im is e  re le a se s .to  th e  e n v iro n m e n t.

T h e  s ta n d a rd  te c h n iq u e s  fo r p o llu t io n  a b a te m e n t are 
o u t l in e d  in  v a r io u s  re fe re n ce  so u rc es  in c lu d in g :

•  A ir P o llu tio n  A d v iso ry  a n d  R ev iew  G ro u p (i9\  rep o rts ;

•  BAT R eview  R ep o rts  o n  P o llu tio n  C o n tro l;

#  H M IP /E A  T echn ica l G u id a n ce  N o te s  re la tin g  to  IPC; an d

#  E n v iro n m e n ta l T ec h n o lo g y  Best P rac tice  P ro g ram m e 
(ETBPP), g u id e s (2,).

T h ese  te c h n iq u e s  n e e d  to  co v er re leases f ro m  raw  m ate ria ls  
r e c e p tio n /s to ra g e ,  in te rn a l tr a n s p o r ta tio n , p ro cess in g , an d  
w a s te  m a te ria ls  s to ra g e  p e n d in g  d isp o sa l.

T h e  p ro c esse s  sh o u ld  be  d e s ig n e d  a n d  o p e ra ted  in  su ch  a w ay 
th a t th e  su b s ta n c e s  re leased  have th e  m in im u m  im p a c t o n  the 
e n v iro n m e n t .  As a g e n e ra l p r in c ip le , th e re  sh o u ld  be  ev idence  
th a t th e  re leases o f  p re sc r ib e d  su b s ta n c e s  w ill be p rev en ted , or 
m in im is e d  an d  re n d e re d  h a rm less , a n d  th a t releases o f  o th e r 
p o te n tia lly  h a rm fu l su b s ta n c es  w ill b e  re n d e re d  h a rm less: this 
s h o u ld  th e n  be  c o n f irm e d  b y  c o n d it io n s  in  the  A u th o risa tio n . 
S ince  th e  p r io r ity  is to  p re v en t re leases, e m p h asis  sh o u ld  be 
p la c e d  o n  th e  av o id an ce  o f  p ro cesses  a n d  ab a tem e n t tec h n iq u es  
th a t c rea te  w astes.

An a p p lic a n t sh o u ld  have rev ie w e d  all available o p tio n s  
(p re v e n tio n , m in im is a t io n  a n d  re cy c lin g  p ro c ed u re s00’) an d  
have d e m o n s tra te d  th a t th e  se lec ted  c o m b in a tio n  o f  p ro d u c tio n  
p ro c e ss  a n d  a b a te m e n t e q u ip m e n t  re p re se n ts  BATNEEC. an d  th at 
th e  c o n c e p t  o f  BPEO has b e e n  sa tisfied .

M o re  d e ta ils  o f  th e  m e th o d s  available fo r p rev en tin g  o r  re d u c in g  
re leases  are  lis ted  in  R esearch  R e p o rt N o  R 1 8 2 (JI) o n  p o llu tio n  
c o n tro l  in  th e  in o rg a n ic  ch em ica ls  in dustry . T he m o st im p o rta n t 
te c h n iq u e s  fo r th e  in o rg a n ic  c h e m ic a ls  in d u s try  inc lu d e , b u t are 
n o t  re s tr ic te d  to , th o se  g iv en  in  S ec tio n  3 .2  and  3.3 .

3.2 Management techniques

Effective m a n a g e m e n t is c e n tra l to  e n v iro n m e n ta l p e rfo rm a n ce  
a n d  is an  im p o r ta n t  c o m p o n e n t  o f  BAT. It req u ires  an actual 
c o m m itm e n t  to  e s tab lish in g  o b jec tiv e s , se ttin g  targe ts , 
m e a s u re m e n t a n d  rev is io n  a c c o rd in g  to  results . T h is system atic  
a p p ro a c h  m ay  be  a id e d  b y  th e  a c h ie v e m e n t o f  m an a g em e n t 
s ta n d a rd s  su c h  as ISO 14001  a n d  EMAS<52). T h e  fo llo w in g  
se c tio n s  p ro v id e  in fo rm a t io n  o n  th e  m a in  types o f  m an a g em e n t 
te c h n iq u e .

3.2.1 Senior management commitment

T he co m m itm en ts  m ade by  co m p an ies  that sign  u p  to  the 
R esponsib le  C are(},) or sim ila r in itiatives p rov ide  a g o o d  
fram ew ork  for th e  im p lem en ta tio n  o f  m an ag em en t tech n iques. 
T he key aspects o f  th is In itia tive, w h ic h  co m p an ies  sh o u ld  be  
c o m m itte d  to th ro u g h  th e ir  sen io r m an ag em en t, and  w h ich  
they  should  be ab le  to d e m o n s tra te  they are app ly ing , are that:

•  all health, safety and  en v iro n m en ta l im pacts o f  activ ities, 
products a n d  processes have b een  id en tified  an d  
considered;

•  there is a c o m m itm e n t to  c o n fo rm  w ith  s ta tu to ry  

regulations as a m in im u m  and  to  work w ith  autho.rities 
to  develop and im p le m e n t m easu res w h ere  needed;

•  em ployees and co n trac to rs  are aware o f  th e  c o m m itm e n t 
and are involved in  its delivery; and

•  they are o p en  w ith  in fo rm a tio n  b o th  in side  and  o u tsid e  
the o rganisation .

A com pany m ig h t  not be a form al s ig nato ry  to  the  In itiative b u t 
co u ld  still be expected  to  be  asp iring  to  its p rincip les.

3.2.2 Organisation and responsibility

T h ere  should b e  a clear s tru c tu re  fo r m anaging  en v iro n m en ta l 
issues in general and e n su rin g  co m pliance  w ith  the 
A uthorisation  in  particular. This sh o u ld  be fully in teg ra ted  w ith  
th e  process o p e ra to r ’s w id e r  com pany  and site d ec is io n -m ak in g  
system s. M any sites have a m anagem en t co m m itte e  and it ^ 
w o u ld  be ex p ec ted  that th e  e n v iro n m en t is rep resen ted  o n  it 
a n d  discussed a t regular intervals.

T h ere  should b e  a clear con tact p o in t for the IPC A uthorisation : 
usua lly  this re q u ire m e n t can  best be  m et by having a sing le  
p o in t  contact. T his sh o u ld  be seen as c larify ing the  in terface 
be tw een  A gency and p rocess operato r. It sh o u ld  n o t red u ce  the 
responsib ilities o f  o th e r m em b ers  o f  staff for en su rin g  
com pliance w ith  the-A uthorisa tion

T h e  environm ental p e rfo rm an ce  o f  the  process is highly  
d ependan t o n  th e  a tte n tio n  and  aw areness o f  the  process 
operator's staff. They sh o u ld  be aw are  o f  th is an d  their ro le  in  
th is  perfo rm ance  m ade clear. T he com pany  sh o u ld  re in fo rce  
th e  message th a t env ironm en ta l p ro tec tio n  m atte rs  to  the  
company. O n e  way to  d o  this is to  have en v ironm en ta l 
pe rfo rm ance  as a part o f  annual p e rfo rm an ce  assessm ents.

Incidents have o ccu rred  in  the past resu lting  fro m  p o o r 
co m m u n ica tio n  am ong  o p e ra tio n s  sta ff d u r in g  sh ift ch an g es 
an d  m ain tenance  or o th e r  en g in eerin g  w ork . Specific 
procedures sh o u ld  be  in  place to  avoid such  problem s.

T he  plann ing  and  sch ed u lin g  o f  batches can in fluence  w aste  
p roduction  a n d  the co m p an y  o p e ra tin g  the  p rocess sh o u ld  be
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able to  sh o w  that these o p p o rtu n itie s  have been c o n sid e red  and , 
w h ere  favourable, im p lem en ted .

T he overall env iro n m en ta l p e rfo rm an ce  o f  the  process sh o u ld  
be m o n ito re d , and the  results sh o u ld  be  co n sid ered  o n  a regu lar 
basis and fo rm  part o f  th e  m an ag em en t assessm ent process. 
E nvironm ental p e rfo rm an ce  ind ica to rs (EPIs) cou ld  be u sed  for 
this p u rp o se , a lth o u g h  the po ten tia l d ifficu lties o f  de riv in g  
th em  for rapidly  ch an g in g  ba tch  o p e ra tio n s sho u ld  be 
recognised.

A co n tin g en cy  plan sh o u ld  be in  place w h ic h  iden tifies the 
potential types o f  in c id en t that co u ld  o ccu r and  prov ides clear 
gu idance on  h ow  they w ill be m anaged  an d  wrho  is responsib le. 
In som e circum stances these  w ill need to  be  n o tified  to  the 
Agency as a co n d itio n  o f  the  process A u thorisa tion  and-these  
m ust be clearly defined . P rocedures sh o u ld  be in place to 
identify, re sp o n d  to  and  learn  fro m  all com pla in ts an d  incidents.

3.2.3 Maintenance

A p ro g ram m e o f  preventive m ain ten an ce  sh o u ld  be in  place.

Records o f  process p e rfo rm an ce  sho u ld  be  available and  used to  
m o n ito r  slow7 changes in  releases that m ay signal th e  n eed  for 

m ain tenance.

All staff sh o u ld  be aw are o f  the  ro le they  can play by 
m ain ta in in g  vigilance, fo r exam ple, in  re la tion  to  p rocess upsets 
and leaks, and  ap p ro p ria te  p ro ced u res sh o u ld  be in  place to 
encourage sta ff involvem ent.

A p rocedure  shou ld  be in place to  au th o rise  m o d ifications and 
to  u ndertake  checks a fte r m o d ifications before  process start-up .

3.2.4 Process control

The o p e ra to r should  be able to  d em o n s tra te  that the  process 
is being  adequately  co n tro lled . In m any  cases this w ill involve 
the  use o f  a co m p u te r-b ased  system  w ith  facilities to  en su re  
con tro l in em ergency  situations.

As n o ted  above there sho u ld  be reco rds o f  p ro d u c tio n  and  a 
p rocedure  in  place to  en su re  that they are sub ject to  p e rio d ic  
review.

3.2.5 Waste minimisation

__W aste m in im isa tio n  au d its  sh o u ld  be c o n d u c ted  periodically_to
a defined p ro g ram m e. T he In stitu tio n  o f  C hem ical Engineers, 
am o ngst o th ers , has issued g u id an ce  on  w aste m in im isa tio n (30,p 
w h ilst a n u m b e r o f  W aste M in im isa tion  C lubs have been  set up , 
eg Aire and Calder.

T he active p a rtic ip a tio n  o f  s ta ff sh o u ld  be en co u rag ed  in  these
— in itiatives,-w ith  reco g n itio n -g iv en  to  th o se  w h o  id en tify  w aste 

m in im isa tio n  im provem en ts.

T here  sho u ld  be  active m o n ito r in g  o f  m ateria ls th ro u g h p u t, 
an d  m ass balances sh o u ld  be available for processes.
M o n ito rin g  sh o u ld  in c lu d e  water, pow er, heat and so lven t _  

use.

3.2.6 Design

T he en v iro n m en ta l im p lica tions o f  a n e w  p rocess o r  p ro d u c t 
sh o u ld  be  c o n sid e red  at th e  earliest stages o f  the  p ro jec t an d  
sh o u ld  co n tin u e  to  be review ed at reg u la r in te rv als thereafte r. 
This is the  m ost cost-effective tim e to  in tro d u c e  im p ro v e m en ts  
in  overall en v iro n m en ta l perform ance. T h ere  sh o u ld  be  
ev idence  that a lternative  process o p tio n s  w ere  c o n sid e re d  a n d  
assessed. It sh o u ld  be possib le  to m a in ta in  a n  a u d it trail o f  the 
design  and  d ec is io n -m ak in g  process. '

3.2.7 Training

All s ta ff  sh o u ld  be  aware o f  the regu la tory  a n d  s ta tu to ry  
im p lica tio n s o f  the  A uthorisa tion  fo r th e  p ro cess  an d  th e ir  
w o rk  activities. •

T rain ing  sh o u ld  be  g iven to  all staff involved in  p rocess 
o p e ra tio n  and  th is  sho u ld  include the  en v iro n m en ta l 
im p lica tio n s o f  th e ir  w ork  an d  the p ro c ed u re s  for d ea lin g  
w ith  inciden ts .

T here  sh o u ld  be  records o f  the train ing  g iven  to  all staff.

3.2.8 Finance and accounting

T here  sh o u ld  be  a good  u n d erstan d in g  o f  th e  costs assoc iated  
w ith  w aste  p ro d u c tio n  w ith in  the process. T h is can b e  ach ieved  
by hav ing  a cco u n tin g  p ractices in place that e n su re  th at w aste  
d isposa l and o th e r  sign ifican t env ironm ental costs are  a ttr ib u te d  
to  the  processes involved a n d  are no t trea ted  s im ply  as a site  
overhead .

The p rocess o p e ra to r  sh o u ld  be able to  d e m o n s tra te  that 
ad eq u a te  resources are b e in g  com m itted  to  keep  th e  p rocess 
o p e ra tin g  in co m pliance  w ith  the A u th o risa tio n .

3.3 Minimisation and abatement of releases to air

3.3.1 General

Releases to  a ir f ro m  the processes a u th o rise d  u n d e r  th is  sec to r 
have a w id e  range  o f  p ro p e rtie s  that can  in flu en ce  the  c h o ic e  o f  
ab a tem en t tech n iq u e . T hese properties in c lu d e  b u t are n o t 
lim ite d  to :-

o h ig h  tem p era tu re ;

o particu la te  laden;
o ‘ od o ro u s;
o co m b u s tio n  p ro d u c ts  (NO*, SOx);
o acid ic  gases;
0 toxic gases;
o VOCs;
o “ w e t” ; an d
O - m etal v ap o u r/m eta l-d u sts .

A w id e  range  o f  tech n iq u es are therefore app licab le  an d  can be 
fo u n d  in  o p e ra tio n  in this sector. O ften  a c o m b in a tio n  o f  
tec h n iq u es  (fo r exam ple  cy c lo n e/fab ric  filter/H EPA  o r  v e n tu r i 
sc ru b b e r /p a c k e d  tow er) is required to  abate  em iss io n s  
successfully.
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T h e  a im  sh o u ld  be  to  m ax im ise  m a te ria l recovery, m in im ise  
f la r in g  a n d  m in im is e  re leases by a p p ly in g  a p p ro p ria te  
te c h n iq u e s .  T h e  re lease  o f  p re sc r ib e d  su b s tan ces to  air d u r in g  
p la n t c le a n in g , e q u ip m e n t  d e co k in g , catalyst re g en e ra tio n , 
ca ta lyst d is c h a rg in g  a n d  d isp o sa l, a n d  cata lyst c h a rg in g  
o p e ra t io n s  s h o u ld  be p re v en ted . M etals a n d  th e ir  c o m p o u n d s  
in  e x h a u s t gases sh o u ld  be  reco v e red  a n d  p u l  to  fu r th e r  use  
w h e re  th is  re p re se n ts  BATNEEC. T h is  m ay  in c lu d e  sale o r  re -u se  
w ith in  th e  p ro cess .

VOCs, u n le s s  re q u ire d  fo r  fu r th e r  p ro c ess in g , sh o u ld  be  p u t  to  
c o n s tru c t iv e  u se  w h e re  p o ss ib le . T h is  m ay  in c lu d e  sale, o r  use 
as fu e l fo r  gas tu rb in e s , h e a te rs , fu rn aces , bo ile rs , etc.

M ean s  fo r r e d u c in g  s u lp h u r  o x id es , o x id es  o f  n itro g e n  an d  
p a r tic u la te  m a tte r  sh o u ld  be  c o n s id e re d  u sin g  the  tec h n iq u e s  
d e s c r ib e d  in  IPC G u id a n ce  N o te s  S2 1 .0 1 (l7) fo r large 
c o m b u s tio n  p lan t and  S2 5 .0 1 (J4) fo r  th e  ch em ica l in c in e ra tio n  
p ro cesses .

A ny c re d ib le  a b n o rm a l even ts, in c lu d in g  activ atio n  o f  
e m e rg e n c y  p re ssu re  re lie f  d ev ices , th a t c o u ld  lead 10 release 
o f  m a te r ia ls  to  a tm o sp h e re , s h o u ld  be  id en tif ie d  o n  th e  
a p p lic a t io n , g iv in g  the  likely  fre q u e n c y  o f  th e  even t, q u a n titie s  
re le a se d , c h e m ic a l spec ies inv o lv ed , th e ir  c o n c e n tra tio n s  and  
d is c h a rg e  ra tes.

M ean s  fo r  d e a lin g  w ith  p o llu tin g  re leases fro m  p re ssu re  re lie f  
sy s te m s sh o u ld  b e  p ro v id ed . Such m ean s  n o rm ally  in c lu d e  
p h a se  s e p a ra t io n  w h e re  tw o -p h a se  f lo w  is poss ib le  an d  m ay 
in c lu d e  v e n tin g  to  s c ru b b e r  sy s tem s, co flare , to  v en t, o r  to  an  
e n c lo se d  d u m p  tank. P ro c e d u re s  sh o u ld  be  in  p lace  to  re d u ce  
to  a m in im u m  th e  likely fre q u e n c y  o f  su ch  releases. It m ay  be 
a p p ro p r ia te  to  have tw o  re l ie f  dev ices in  paralle l se t at d iffe ren t 
r e l ie f  p re ssu re s . T he r e lie f  dev ice  at th e  lo w e r  set p ressu re  m ay 
b e  o f  a sm a lle r  capacity, w h ic h  can  relieve sm all e x cu rs io n s  such ' 
th a t th e  m a x im u m  capacity  o f  th e  re lie f  dev ice  is capab le  o f  
b e in g  s c ru b b e d  in  e m e rg e n c y  e q u ip m e n t.  T h e  re lie f  d ev ice  at 
th e  h ig h e r  set p re ssu re  w o u ld  b e  sized  fo r th e  lo w -p ro b ab ility -  
h ig h  f lo w ra te  even t that c a n n o t b e  ab a ted  a n d  m u st be  released  
a t a su f f ic ie n t h e ig h t  to  p ro m o te  d isp e rs io n , p rev en t h a za rd o u s  
c o n c e n tr a t io n s  at g ro u n d  level, in  b u ild in g s  o r  p lan t s tru c tu re s , 
a n d  p ro te c t  th e  p ro cess  sy s tem  in teg rity .

F o r e m e rg e n c y  v e n t re leases th a t c o u ld  have a sig n ifican t 
e n v iro n m e n ta l  im p a c t, to ta l c o n ta in m e n t re lie f  sy s tem s sh o u ld  
be  c o n s id e re d . T h is  w o u ld  re q u ire  a ven t rece iver that d o es  n o t 
d is c h a rg e  d ire c tly  to  a tm o sp h e re  a n d  is capab le  o f  rece iv in g  the 
c o m p le te  p ro c e ss  g aseo u s, liq u id  an d  so lid  inventory , tak in g  
a c c o u n t o f  all d e c o m p o s it io n  p ro d u c ts , w i th o u t  i ts e lf  b e in g  
o v e rp re ss u r is e d .

F u g itiv e  lo sses o f  v o la tile  c o m p o u n d s  can  b e  su b stan tia l an d  
can  g o  u n id e n t i f ie d  un less a p ro g ra m m e  o f  leak d e te c tio n  and  
re p a ir  is in  use . For m o s t o f  th e  m o re  h a za rd o u s  m ate ria ls , 
e n g in e e r in g  s ta n d a rd s  ex is t to  e n su re  m in im a l leakage an d  are 
sp e c if ic  to  th e  su b s tan ce . Best available te c h n iq u e s  fo r th e  
p re v e n t io n  o f  su c h  losses in  g e n era l in c lu d e  the  fo llo w in g ;

®  u se  o f  h ig h - in te g r iiy  valve, p u m p  a n d  c o m p re sso r  seals;

u se  o f  c a n n e d  o r  m ag n e tic a lly  d r iv e n  p u m p s;

®  m in im ising  the use o f  flanged co n n ec tio n s;

©  use o f  caps o r p lugs o n  o p e n -e n d e d  lines; and

9  provision o f  closed  lo o p  flush o n  sam p lin g  lines.

Raw m aterials, in te rm ed ia te s  and  p ro d u c ts  w ith  a true  vapour 
p ressu re  (TVP) o f  14 kPa o r  above at m a x im u m  ru n -d o w n  
tem p era tu re  o r o d o ro u s  substances sh o u ld  be  sto red  so  as to 
m in im ise  releases to  air. T echn iques available include fixed ro o f 
tanks w ith  in ternal floating covers and  r im  seals, fixed ro o f  tanks 
(w ith  o r  w ith o u t gas blankets) v en tin g  to  su itab le  a rrestm en t 
p lan t, o r  pressure storage. Suitable a rre s tm en t tech n iq u es are 
condensation , ab so rp tio n , a d so rp tio n  and  d estru c tio n . If  
th erm al destruction  is ch o sen , th en  th e  insta lla tion  o f  flam e 
arreste rs  or o th e r  d e f la g ra tio n /d e to n a tio n  safeguards m ay be 
necessary. In general bulk storage tem p e ra tu res  sho u ld  be as 
lo w  as practicable and tem p e ra tu re  ch anges d u e  to. for 
exam ple, solar heating  sh o u ld  be taken in to  account.

Som e co m p o u n d s have lo w  o d o u r  th resh o ld s . T herefore  the 
co n tro l o f  o d o u rs  should  be  an in teg ral part o f  the p o llu tio n  
ab a tem en t system s.

For b a tch  o p erations it is genera lly  d ifficu lt to  balance the  flow 
o f  gaseous w astes to m in im ise  peaks an d  tro u g h s  o f  releases 
the  operation  o f  a c o m m o n  gas co llectio n  system  facilitates a 
m o re  constant supp ly  to  gas trea tm en t eq u ip m e n t and  m ay be 
e n h an c ed  by ap p ro p ria te  sc h e d u lin g  o f  the  o p e ra tio n  o f  
d iffe ren t processes.

H eatin g  or coo ling  c ircu its  sh o u ld  be  m o n ito re d  w h e re  
ap p ro p ria te  for process flu id  co n tam in a tio n . T em perature 
a la rm s should be  fitted to  p reven t o v erh ea tin g /co o lin g .

Lagging should be  fitted w h e re  th is w o u ld  m in im ise  energy  
usage, m aterial d eg rad a tio n , o r  flu c tu a tio n s in tem pera tu re .

Secondary  releases can re su lt from  the  co llection  and  o p en  
trea tm en t o f  w aste  w ater c o n ta in in g  volatile  c o m p o u n d s  as a 
resu lt o f  direct and  in d irect contact. D irect con tact occu rs 

,w h en :

®  water is used to w ash  im p u ritie s  fro m  p ro d u c ts in 
reactors, p ipelines, etc.;

•  water is used to  coo l o r q u e n c h  vap o u r stream s;

®  condensed  steam  fro m  steam  e jectors p u lling  vacuum  on 
vessels co n ta in in g  su ch  c o m p o u n d s ;

•  water is used as a ca rrie r  fo r catalysts and  neu tra lis in g  
agents (eg  so d ium  h y d ro x id e  so lu tio n ) ;  and

•  water is fo rm ed  as a b y -p ro d u c t from  reactions.

C onsideration  sh o u ld  be  g iven  to  p re -s tr ip p in g  o f  the  w aste 
w a ter o r use o f  an enclosed  trea tm e n t m eth o d . Vented vapours 
sh o u ld  be passed  to ap p ro p ria te  trea tm e n t p lan t.

W h ere  plants a re  enclosed for to x ic ity  p u rp o ses , generally

64



Minimisation and abatement of releases to air

large ex traction  vo lum es are u sed  to p reven t b u ild -u p  o f  toxic 
vapours to  en su re  p lan t and  personnel safety. Such large a ir 
vo lum es w ith  low  em iss io n  co n cen tra tio n s d o  n o t len d  
them selves to  aba tem en t. Total p lant en c lo su re  w ith  lo w  
ex tractio n  vo lum es g o in g  to  abatem en t p lan t, w ith  large 
ex tractio n  vo lum es b e ing  available in th e  event o f  m o re  
substan tia l em ission , sho u ld  be  considered . The app lican t 
sh o u ld  justify  th e  reg im e  it is in tended  to  em ploy  an d , w h e re  
ab a tem en t is n o t b e in g  used , it should  be  d e m o n s tra ted  that 
su itable d isp e rsio n  w ill be  o b ta in ed  in  all s ituations and  that th e  
installation  o f  ab a tem en t eq u ip m en t w o u ld  entail excessive cost.

Releases o f  VOCs m ay o ccu r fro m  cleaning processes o r  
reactions usin g  solvents. T he o p erato r sh o u ld  be ab le  to 
d em o n stra te  that the  solvent selected is the  least 
env ironm en ta lly  h a rm fu l, and  all practicable p recau tio n s to 
m in im ise  VOC releases and to  ren d er any su ch  releases 
harp iless have been  taken w ith in  the co n tex t o f  BATNEEC.

The d ilu tio n  o f  p rocess vents by m ix ing  w ith  general ex tract air 
is no t generally  co n sid ered  to  represent BATNEEC. An ap p lican t 
w ish in g  to  use th is p ro ced u re  shou ld  d em o n stra te  that it 
rep resen ts the  BPEO as o p p o sed  to  app ly ing  ab atem en t to  the 
co n cen tra ted  process stream .

N o tw ith s tan d in g  th e  p rov ision  o f  re lief catch  tanks, app lican ts 
sh o u ld  d e m o n s tra te  that all practicable steps have b een  taken to  
p revent th e  o ccu rren ce  o f  a runaw ay reaction . On th e  basis 
that, in m o st cases, o n e  reactant is added  at a co n tro lled  rate to  
the full charge  o f  the  second reactant, im p o rtan t co n sid era tio n s 
include th e  fo llow ing:

O  O p era tin g  p ro ced u re s sh o u ld  ensu re  that the reac tion  is 
p ro p e rly  in itia ted  and uiiuei' con tro l before th e  m ain  
reac tan t ad d itio n  stage, w h ich  is o ften  on  au to m a tic  
co n tro l, com m ences.

O  I f  in itia tio n  o f  the  reaction  is k now n  to be a p ro b lem , 
im p u ritie s  in  the  feed m aterials sh o u ld  be m in im ised .

O  T he flow  o f  the  in p u t reactant sh o u ld  be lim ite d  such 
that the heat o f  reaction  evolved can n o t exceed the 
capacity  o f  the  reac to r coo ling  system .

3.3.2 Particulate matter

Solids h a n d lin g  o p e ra tio n s  can  be en co u n tered  w h e re  charg in g , 
d isch arg in g , conveying, s to rin g  and pack ing  o f  so lid  raw  
m ateria ls and  p ro d u c ts  are undertaken . In ail cases, e q u ip m e n t 
design  sh o u ld  en su re  that th ere  is the m in im u m  o f  d u st 
g en era tio n  and  re liance is no t solely p laced upon  d u s t 
ex tractio n  an d  trea tm en t plant.

Specific tech n iq u es  that have p roven successful in m in im is in g  
the  g en era tio n  o f  d u st-lad en  gas stream s w h en  h an d lin g  dusty  
so lids in c lu d e  the fo llow ing : —

O  M anual w e ig h in g  o u t from  raw m ateria l c o n ta in e rs  u n d e r  
local ex traction .

O  W h e n  having to  charge  so lids by h a n d  to  a vessel charg e

hole o r  m an  way. u s in g  a local e x tra c tio n  v en tin g  o u tside  
the  vessel ra ther th a n  ventilate th ro u g h  th e  vessel to  
m in im ise  dust en tra in m en t.

O  C harg ing  co m p le te  d ru m s o f  so lid s by m ean s o f  flexible 
fabric seals be tw een  d ru m  an d  vessel, so  that th e re  is no 
ne t d isp lacem en t v o lu m e o r n e ed  fo r ex trac tio n .

O  D issolving sacks c h arg e d  d irectly  to  the  vessel.

O  Enclosed au tom atic  sack or d ru m  h a n d lin g  p lan t.

O  D rum  filling  devices that fill f ro m  th e  b o tto m  u p w a rd s  to 
elim inate  the free fall o f  solids th ro u g h  the  air in the  d ru m .

O  A ttach ing  the  p o ly th en e  flexible lin e r o f  th e  d ru m  a ro u n d  
the  neck o f  the filling  device to  c o n ta in  any dust.

O  Charge ch u te s  a n d /o r  hoppers to  red u ce  so lids im pact 
velocity.

O  W ater jet solids p u m p  for use w ith  rec ircu la to ry  ch arg in g  
system s.

W here  a d u st-lad en  gaseo u s stream is g en era ted  by a p rocess, 
the  stream  m ay req u ire  abatem ent e q u ip m e n t fitted  to  reduce  
dust losses. T he ap p lica tio n  should sh o w  w h y  d u st has b een  
e n tra in ed  by a gaseous s tre am  and that th is  effect has been  
m in im ised  at source.

The m eth o d s  available for m in im is in g  o r  red u c in g  d isch arg es o f  
particu la te  m atte r to  the a tm o sp h ere  inclu d e :

o cyclones;
o fabric filters;
o high-effic iency  particu la te  a rresters;
o ceram ic filters;
o w et co llection  devices;
o . e lectrosta tic  p recip ita to rs , bo th  w et an d  dry ; an d
o dust su p press ion  eq u ip m en t.

F u rthe r in fo rm a tio n  is available in T echnical G u id an ce  
N ote  A3<n>.

The ap p ro p ria te  tech n iq u e  depends o n  the  ch arac te ris tics  o f  
the particles and  th e  c a rr ie r  gas stream , p rocess factors su ch  
as tem p era tu re  a n d  p ressu re , and o p e ra tio n a l facto rs in c lu d in g  
stru c tu ra l lim ita tio n s such as floor space an d  h ead  ro o m . T he 

_solids o r  s lu rries ,recovered  should b e .re -u se d .w h e re  p racticable. _

(a) Cyclones

Cyclones are the  p rin cip al ty p e  of gas so lid s separator, 
em p lo y in g  cen trifugal force , and are w id e ly  used . T hey  can  be 
m anufactu red  fro m  a w id e  range o f  m ate ria ls ; an d  can  be 

d esig n ed -fo r-h ig h -te m p era tu re  a n d -h ig h -p re ssu re  o p e ra tio n . ~ 
C yclones are su itab le  for separating  pa rtic les  d o w n  to a b o u t
S pm ; sm aller particles d o w n  to abou t 0 .5  jam can  be  separa ted  
w h ere  ag g lom era tion  occurs. H igh-effic iency  cyclones are 
capable o f  rem oval e ffic iencies o f the o rd e r  o f  90%  fo r particles 
d o w n  to 5 p.m. _
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At sm a lle r  p a r tic le  sizes th e  c o lle c tio n  e ffic ien cy  d ro p s  o f f  
ap p rec iab ly . H ig h -g a s - ra te  c y c lo n es  have a rem oval e ffic iency  o f  
a b o u t  9 0 %  fo r  p a rtic le  sizes d o w n  to  a b o u t 20  fim. T he  m ost 
c o m m o n ly  u se d  d e s ig n  is th e  reverse  f lo w  cyclone, w h e re  gas 
e n te rs  th e  to p  c h a m b e r  ta n g e m ia lly  an d  sp ira ls  d o w n  to  the 
ap ex  o f  th e  c o n ic a l se c tio n . It th e n  m o v es u p w a rd  in  a seco n d , 
sm a lle r-d ia m e te r , sp ira l a n d  ex its  a t th e  to p  th ro u g h  a cen tra l 
v e rtica l p ip e . Gas p re ssu re  d ro p s  le n d  to  be  o f  the  o rd e r  o f
10—7 0  m m  w a te r  g au g e .

C y c lo n e s  are  o f te n  u se d  as th e  p r im a ry  o r  first-stage trea tm e n t 
m e th o d  fo r so lid s  rem o v a l in  a p a r ticu la te  ab a tem e n t system .

C y c lo n es  can  b e  i r r ig a te d  to  re d u ce  levels o f  du st re -e m ra in m en i.

A n e w  c o n c e p t  in  p a r ticu la tc  f iltra tio n , th e  inertial filter, c laim s 
to  ach iev e  h ig h  rem o v a l e ffic ie n c y  b y  th e  use  o f  an  im p e lle r  that 
is ro ta te d  at sp eed  w ith in  an  e n c lo su re . D u s t-lad en  a ir fro m  th e  
p ro c ess  e n te rs  th e  e n c lo su re  a n d  th e  la rg e r partic les are 
im m e d ia te ly  e jec ted  in to  a c o lle c tio n  silo. T h e  sm aller, less 

'  d e n se  p a rtic le s  fo llo w  th e  gas flow  to w a rd s  th e  sp in n in g  
im p e lle r . O n  a p p ro a c h in g  th e  sp in n in g  im p e lle r, these  sm alle r 
p a r tic le s  a cce le ra te  in  th e  p lan e  o f  th e  ro ta tin g  b lade an d  are 
im m e d ia te ly  re jec ted . T h is  d y n a m ic  b a r r ie r  in h ib its  the  passing  
th ro u g h  o f  p a rticu la te s . T h e  e ffic ien cy  o f  th e  u n it in  any o n e  
in s ta n c e  c an  b e  m o d if ie d  by  c h a n g in g  th e  sp eed  o f  th e  im peller.

(b ) Fabric filters

T h e  in d u s tr ia l  fab ric  f ilte r  is g e n e ra lly  c o n s tru c te d  fro m  a 
w o v e n  m ate ria ] o r  a fe lted  fab ric  to  p ro v id e  the  filtra tio n  
m e d iu m  th ro u g h  w h ic h  th e  p a r tic le - la d e n  gases are  passed . 
F ab ric  f ilte rs  m ay  be  c o n s tru c te d  f ro m  m u ltip le  layers o f  
d if fe re n t  m a te ria ls  to  p ro d u c e  th e  re q u ire d  filtra tio n  efficiency.

F ilter e ffic ie n c y /e a se  o f  c lean in g  m ay be  e n h an c ed  by  p re-coating  
th e  filte r c lo th . C o a tin g s su ch  as PTFE m ay be  used . C onven tional 
f ilte r  e le m e n ts  re ly  u p o n  a s tead y  b u ild -u p  o f  p a rticu la tes  that 
c o n tr ib u te  to  th e  e ffic ien cy  o f  th e  filter, ie  filtra tio n  effic iency  
in c re a ses  o v e r tim e  as p a r tic u la te s  b u ild  u p  to  a p eak , afte r 
w h ic h  it falls o f f  d u e  to  p ro g re ss iv e  fo u ling . W ith  PTFE-coated 
f iltra tio n  e le m e n ts , th e  f iltra tio n  e ffic ien cy  is h ig h  at th e  sta rt, 
a n d  can  b e  m a in ta in e d  in  th is  w ay  b y  e n su r in g  th a t particu la tes  
d o  n o t  b u ild  u p  o n  th e  f ilte r e le m e n t. T h ese  d o  n o t  rely o n  th e  
c o n tr ib u t io n  o f  th e  p a r tic u la te s  to  th e  f iltra tio n  efficiency. T he 
re lease  c h a ra c te ris tic s  o f  PTFE also  re d u c e  fo u lin g  an d  increase  
c le a n in g  efficiency.

F ab ric  filte rs  a re  n o t  g e n e ra lly  su itab le  fo r u se  in m o is tu re - la d e n  
s tre a m s o r  th o se  w ith  ac id ic , ta r ry  o r  s tick y  c h arac te ris tics  d u e  
to  th e  ad v erse  effec ts o f  fab ric  “ b lin d in g ” a n d  a d h ere n ce  
p ro b le m s .

R e g u la r  m a in te n a n c e  a n d  c le a n in g  o f  th e  fillers is n ecessary  to  
m a in ta in  re m o v a l e ffic ien c ies . H ow ever, th e  o p e ra tio n  o f  u n its  
h a s  im p ro v e d  w ith  th e  im p le m e n ta t io n  o f  variable b lo w in g  
s e q u e n c e s  fo r  f ilte r  bag c le a n in g  u s in g  e lec tro n ic  p u lse  tim ers. 
T h is  sy s te m  can  be  re m o te -m o u n te d  in  a c o n tro l pan e l ra th e r 
th a n  in situ. T h e  se q u e n c e  m ay  a lso  be  c o n tro lle d  by  a PLC. T he 
f re q u e n c y  o f  jet p u ls in g  can  b e  c o n tro lle d  by  the p re ssu re  d ro p  
acro ss  th e  filte r e le m e n t so  th a t b ag  c le an in g  ‘cyc les’ c an  be set

to  m atch  filtration load. Excessive c lean ing  n o t on ly  uses 
excessive com pressed  air, b u t  can result in  sh o rte n ed  bag life. 
B roken-bag d e tec to rs  are available that reduce  th e  im p ac t o f  
fug itive  em issions. Also u n its  are available co m p le te  w ith  
e m iss io n  m o n ito rin g  system s to  m o n ito r  o n g o in g  p e rfo rm an ce  
a n d  quantify  re leases sh o u ld  they occur.

T he p e rfo rm an ce  o f  fabric filters m ay be assessed by m easu rin g  
th e  d u st concen tra tions u p stream  o f  th e  filters and  in the 
e x h au s te d  gas s tream . Bag failure sh o u ld  be a la rm ed , o r  at the 
very  least regularly  checked  fo r using  d ifferen tia l p ressure  
transm itte rs o r m an o m e te rs .

A w id e  range o f  types o f  fabric  filters are n ow  available an d  
d e s ig n  im provem en ts such  as inlet technology, o ff-lin e  c leaning 
a n d  advanced fabrics have resulted  in very h ig h  co llection  
e ffic iency  being achievable even w ith  fine particles.

It is unlikely, how ever, that fabric filters o n  th e ir  o w n  will 
ach ieve  BATNEEC standards for heavy-m etal fu m e  w ith  particle  
sizes o f  less th an  1 jim  d iam eter. I f  u sed  for these  app lications, 
fab ric  filters m ay  need  to  be  backed u p  by o th e r  devices, eg  
HEPA filters.

An exam ple o f  th is  is in th e  p ro d u c tio n  o f  red  lead  w h e re  a 
fabric  filter/HEPA filter a rran g em en t is used fo llow ing  a cyclone.

Fabric filters a re  a lso available in cartrid g e  fo rm . C o m p ared  to 
filter bag, cartrid g es have a larger filtra tion  area, an d  are 
g en era lly  sm aller units. In som e cases the sam e eq u iv a len t filter 
area  can be ach ieved  w ith  h a lf  the n u m b er o f  e lem en ts.

C onventional b ag  and cartrid g e  filters are rated  fo r use up  to
1 80°C. C artridge filtra tion  is o ften  m o re  effic ien t than  bag 
filtra tio n . Som e fabrics have been developed  that are able to  
w ith s tan d  tem p era tu res  u p  to  2S0°C.

(c) High-efficiency particulate arresters

HEPA filters ex is t in  several form s and  se lf-c lean ing  versions are 
n o w  available. G enerally  th e  filters consist o f  a b ed  o f  densely  
packed  fibres (o f te n  sp u n -b o n d e d  po lym ers) o r  s in te red  
m ate ria l to p ro v id e  the filtra tion  m e d iu m  th ro u g h  w h ich  th e  
particle-laden gases are passed.

O w in g  to the d e n s ity  o f  pack ing  and  the  type o f  fibres, HEPA 
filters are capable o f  ach iev ing  h ig h  rem oval e ffic iencies fo r 
partic les o f 0 .5  jam d iam e te r and larger. They can also rem ove 
a significant p ro p o r tio n  o f  particles d o w n  to  0.01 p m  d iam eter.

HEPA filters a re  n o t generally  su itable for u se  in  m o is tu re -lad en  
s tream s due to  th e  adverse effects o f  ‘b lin d in g ’.

T he  condition  o f  HEPA filters can be m o n ito re d  by  p ressu re  
d ro p  m easu rem en t to  sh o w .w h en  th e  filter is b e co m in g  
b locked . Pressure d ro p  m o n ito r in g  can  also d e m o n s tra te  the 
occu rren ce  o f  filter failure o r  in co rrec t sealing  o f  a filter.

HEPA filters have the d isadvantage o f  h ig h  p ressu re  d ro p  
(rela tive  to w e t sc ru b b in g ) and can th erefo re  be  u n su itab le  
fo r large a irflow s w h ere  th e  req u ired  size o f  f ilte r leads to  a

66



Minimisation and abatement of releases to air

com paratively h igh  capital cost w h en  co m p ared  to  o th e r  system s.

Self-cleaning versions use a reverse air p u lse  system  sim ilar in  
p rin cip al to  fabric  and  ceram ic  filters.

(d) Ceramic filters

C eram ic filters are co n stru c ted  in  tw o  varieties: h ig h -d en s ity  
and low -density . T he h ig h -d en s ity  u n it com p rises  a  silicon 
carb ide  base w ith  a fine co ating  (usually  a lu m in iu m  silicate). 
The lo w -d en sity  u n it com p rises a m atted  m ix tu re  o f  silica and  
a lu m in a  fibres.

The h ig h -d en sity  un its  genera te  a h ig h er pressure d ro p  than 
the low er-density  type.

C eram ic filters m ay also be co n stru c ted  fro m  o th e r m ateria ls, 
w h ich  include m etal and  m eta l “ fib res” , sin te red  m eta l or 
g ranulated  activated carbon  cloths. W here  m ore  ro b u st filters 
are req u ired  that can w ith stan d  corrosive  gases, an a ll-m etal 
filter w ith  a sin te red  nickel m em b ran e  in c o rp o ra te d  in to  a 
stainless steel h o u sin g  is available.

C eram ic filter e lem en ts are n o w  capable o f  w ith s tan d in g  
tem p era tu res  in  excess o f  1000°C, in stan tan eo u s tem p era tu re  
shock from  900°C  to 0°C and  therm al cycling.

F iltration  efficiencies greater than  99 .9%  for particu la tes d o w n  
to su b m icro n  sizes arc attainable.

R egeneration  is achieved by reverse air pu lse  at a b o u t 7 barg, an 
o p era tio n  sim ila r to  that u n d ertak en  w ith  bag filters.

C eram ic filters can be used  for "d ry  sc ru b b in g ” o f  acid  gases 
and heavy m etals w h ere  reactant o r  ad so rb en t so lids su ih  as 
calcium  carbonate , calcium  ox ide  o r  calc ium  h y d ro x id e  are 
in jected  upstream  o f  the filter.

(e) Wet collection devices

Wet co llection  devices use a variety  o f  m e th o d s  to  w e t the 
particles to  rem ove  th em  fro m  a gas stream . T he tech n o lo g y  
available varies in term s o f  cost, co llection  effic iency and en erg y  
req u irem en ts. Increased  en ergy  results in  increased  collection  
efficiency for particu la te  m atter. They in c lu d e  v e n tu ri, jet, 
dynam ic , cen trifugal, im p in g e m e n t and  w et m o p  scru b b ers , b u t 
generally  on ly the  first tw o  are  su itable fo r su b m ic ro n  particles.

Wet co llectors have a co n stan t p re ssu re 'd ro p  and  d o 'n o t  p resen t 
secondary  dust prob lem s. The design  sh o u ld  en su re  that m ists- 
and fum es can n o t be fo rm ed . They can h an d le  h ig h -  
tem p era tu re  gas stream s and  m o is tu re -lad en  gas stream s. T hey 
can a lso  handle  corrosive  gases and  aerosols.

In a v en tu ri sc ru b b er the  gases are d raw n  in to  the  th ro a t o f  a 
ven tu ri tube to  w h ic h  p ressu rised  w ater is in jected . T here  are  
tw o basic types: lo w  and h ig h  pressure d ro p . P ressure  d ro p s at 
the low er en d  o f  the  range ( 2 SO m m  w a te r gauge) are  generally  
ad eq u a te  for the  rem oval o f  particles o f  a few  m ic ro n s  in 
d iam eter.

For su b m icro n  particles th e  up p er ran g e  o f  th e  p ressu re  
d rops ( I 500  m m  w ater g a u g e) may be re q u ire d , p a rticu la rly  i f  
co llection  e ffic iencies g rea te r  than 99%  a re  re q u ire d .

The sep ara tion  effic iency  o f  venturi sc ru b b e rs  is d e p e n d e n t 
on  the  h ig h  re la tive  velocity  betw een the  p a rticu la te -lad e n  
gas stream  and  th e  sc ru b b in g  liquor in  th e  v en tu ri th ro a t.

Efficiencies can be  increased  by  sa turating  o r  su p e rsa tu ra tin g  the 
gas stream  p rio r  to  the sc ru b b in g  section .

Satisfactory o p e ra tio n  o f  scrubbers sh o u ld  be  p ro p e rly  c o n tro lled  
and c o n firm ed  by  m easu rem en t and, w h e re  a p p ro p ria te , 
reco rd ing  o f  the necessary param eters. T hese  m ay inclu d e : 
exhaust gas analysis, gas o r  scrubber l iq u o r  p ressu re  d ro p  an d  
tem p era tu re , l iq u o r  c ircu la tio n  flowrate o r  level an d  liq u o r  
co m p o sitio n , eg pH , redox  potential o r  so lid s c o n te n t. T he 
cho ice  o f  sc ru b b in g  m e d iu m  depends u p o n  th e  n a tu re  o f  th e  
po llu tan t to  be abated ; a n e u tra l m ed iu m  m ay be u sed  w h e re  
only inso lub le  p a rticu la tes a re  invo lved ,.w hereas acid ic  o r  
alkaline m edia  sh o u ld  be em ployed  for n e u tra lisa tio n  as is 
appropria te .

A lthough  n o t as effic ien t in  particle rem oval as HEPA filters, 
wet sc ru b b ers  have the  advantage o f  a low er p ressu re  d ro p  a n d  
therefore  m ay be ap p ro p ria te  in  situations w h e re  large flow s are 
en co u n tered . T h e  app lican t should be ab le  to  d e m o n s tra te  th at 
the large a irflow  is necessary  (eg for safety  reaso n s). T he 
p re fe rred  o p tio n  w o u ld  be  to  contain the  system  to  re q u ire  a 
sm aller v o lu m e tric  airflow, so  allowing th e  use o f  a 
fab ric /ce ram ic  f ilte r  w ith  a HEPA filter seco n d  stage.

/ C l n r t r n r f ' t f ̂I y OjtUtIL pi J

Electrostatic p rec ip ita to rs  (ESPs) o f the  w e t o r  d ry  ty p e  can  
provide very h ig h  co llectio n  efficiencies o f  d u st o r  fu m e  
particles d o w n  to  0.01 fim  d iam eter an d  can o p e ra te  at h ig h  
tem p era tu re  (u p  to  450°C ) o r  high h u m id ity , un lik e  bag filters. 
ESPs m ay be p reced ed  by a co n d itio n in g  to w er to  o p tim ise  
p e rfo rm an ce  an d  m ay be d esig n ed  w ith  lo w  p ressu re  d ro p  a n d  
thereby  reduced  p o w er c o n su m p tio n  o f  in d u c e d  d ra u g h t fans. 
C om pact un its  a re  available fo r small ap p lica tio n s an d  c lean ed  
air m ay be rec ircu la ted  to  th e  process in stead  o f  ex h au s tin g  
p rehea ted  o r  p re -co o led  a ir  to  a tm osphere.

The d isadvan tage o f  e lectrosta tic  p recip ita to rs is th e  risk  o f  
spark ing  o f f  ex p lo s io n s o f  flam m able gas m ix tu res. T h is lim its  
the app lication  o f  e lectrosta tic  precip itators, p a rticu larly  for 
processes using ofganitTsolveritsT “

A n ew  type  o f  f ilte r  has b e e n  developed k n o w n  as a tu rb u le n t 
precip itator. A ir c o n ta in in g  particulates passes over th e  filte r 
m ed iu m  and g en era tes  a sta tic  charge, w h ic h  a ttrac ts an d  ho ld s 
dust particles. T h is  u n it c an  be  used fo r very  h o t gases, a n d  for 
the rem oval o f  f in e  solid  o r  liqu id  partic les fro m  gas s tream s.. It 
has m any  sim ila rities  to  an  electrostatic  p rec ip ita to r, b u t d o e s  
not use electricity.
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(g ) Dust suppression equipment

W h e re v e r  p o ss ib le , raw  m a te ria ls  sh o u ld  be  c o n ta in e d  in  silos, 
s to ra g e  tan k s , o r  co v ered  areas. T h e  s to rag e  o f  d u s ty  m ateria ls 
by  s to c k p il in g  re q u ire s  so m e  fo rm  o f  d u s t su p p re ss io n . 
C o n tin u a l  m a in te n a n c e  o f  a su ffic ie n t m o is tu re  level o n  th e  
su rfa ce  o f  s to c k p ile d  d u s ty  m a te ria l m ay  be  n ecessary  to  a rrest 
d u s t  p o l lu t io n .

3.3.3 Gaseous effluent abatement techniques

T h e  m e th o d s  available fo r  m in im is in g  o r  re d u c in g  d isch arg es o f  
g a se o u s  su b s ta n c es  to  th e  a tm o sp h e re  likely  to  be a p p ro p ria te  
fo r  th e  p ro c esse s  co v ered  by  these  N o te s  in c lu d e  th e  fo llo w in g :

9  c o n d e n s a tio n ;

•  a b s o rp tio n
- p a ck e d  an d  p la te  to w e r  sc ru b b e rs ,
- sp ray  to w ers,
- w e t m o p  sc ru b b e rs  a n d  ro tac lo n e s;

•  th e rm a l d e c o m p o s itio n
- th e rm a l in c in e ra tio n ,
- ca ta ly tic  in c in e ra tio n ,
- flares;

•  a d s o rp t io n
- a c tiv a ted  c a rb o n  a d so rp tio n .

T h is  is n o t  an e x h au s tiv e  list o f  a ccep tab le  te c h n iq u e s  an d , as 
o th e r  sy s te m s are  d e v e lo p ed , th ey  s h o u ld  be  ev a luated  fo r 
in d iv id u a l  p ro cesses .

(a ) Condensation

C o n d e n sa tio n  has th e  p o te n tia l  o f  b e in g  th e  sim p lest 
m in im u m -w a s te -p ro d u c in g  a b a te m e n t tech n o lo g y , capab le  
o f  r e c y c lin g  su b s tan ces . W h e re  a p p ro p ria te , c o n d e n sa tio n  _ 
s h o u ld  rece iv e  s tro n g  c o n s id e ra tio n  as th e  p r im a ry  a b a tem e n t 
t e c h n iq u e ,  fo r e x am p le  u p s tre a m  o f  p la n t  sc ru b b ers .

C o n d e n sa tio n  is g en era lly  ach iev e d  by in d ire c t h e a t ex ch an g e , 
eg  in  a s h e ll-a n d - tu b e  h e a t e x ch a n g e r, w i th  co o lin g  w ater, 
p o ss ib ly  ch illed . C o o lan t te m p e ra tu re  sh o u ld  be  ju stified  w ith  
r e fe re n c e  to  th e  v a p o u r  q u a n ti ty  d isc h a rg e d .

M o n i to r in g  o f  c o o lin g  f lu id  te m p e ra tu re  a n d  flow  are  re q u ire d  
to  assess th e  e ffic ie n c y  o f  th e  co n d en se r. A lo w -flo w  a la rm  an d  
c o o la n t  h ig h - te m p e ra tu re  o r  ex it v a p o u r  s tream  h ig h -  
te m p e ra tu r e  a la rm , o r  e q u iv a le n t, sh o u ld  b e  re q u ire d  to  reg is te r 
u p s e t  c o n d it io n s  like ly  to  a ffect th e  p e rfo rm a n c e  o f  th e  
c o n d e n s e r .

F o r th e  sp ec ific  case o f  a re flu x  c o n d e n s e r  o n  a b a tc h  reactor, 
th e  c o o lin g  cap ac ity  o f  th e  c o n d e n s e r  s h o u ld , w h e re  possib le , 
b e  in  e x ce ss  o f  th e  h e a tin g  cap ac ity  o f  th e  reactor, as well as 
b e in g  cap a b le  o f  a ch iev in g  th e  d e s ire d  v e n t tem p e ra tu re .

C o n d e n s a tio n  w ill g e n era lly  o n ly  be  ap p licab le  to  
b a tc h /c o n t in u o u s  p ro c ess in g  o p e ra t io n s  w h e re  p a rticu la te s

are n o t present a n d  w h e re  co n cen tra tio n s o f  condensib le  
com p o n en ts are  sign ifican t.

C ryogenic system s can a lso  be u sed  in  certain  applications.

(b) Absorption

General

W h ere  a soluble gas is re leased  fro m  a process, ab atem en t 
techn iques sh o u ld  be u sed  to  p reven t o r  reduce  em issions o f  
th e  gas to the a tm o sp h ere . Usually th is  is ach ieved  by 
sc rubb ing  in  a w e t scrubber, a tech n iq u e  that has proven 
effective in re m o v in g  a w id e  range o f  species e ith e r  by so lu tio n  
in  w ater or by  a b so rp tio n  in aq u eo u s acid o r a lkaline so lu tions.

T he absorbent m ay  be recycled  ro u n d  the ab so rb er o r passed  to  
a recovery system .

To achieve o p tim u m  tran sfer from  th e  gas phase  to  the l iq u id  
p h ase  it is im p o rta n t that:

41 m ax im um  in terfacial con tact be tw een  gas and  liqu id  
phases is m a in ta in ed ;

•  sufficient residence  o r  con tact tim e  for a b so rp tio n  is 
allowed; an d

•  ■ the co n ta m in a n t is readily  so lub le  in the abso rben t.
v  i

In m o st cases th e  ab so rb en t flows c o u n te r-cu rren tly  to  the 
ex h au s t gas, so  that the m o s t d ilu te  gas is co n tacted  w ith  the  
m o st pure a b so rb in g  liq u o r, p ro v id in g  a m ax im ised  
concen tra tion  d ifference fo r the  e n tire  leng th  o f  the  c o lu m n . 
T his a rran g em en t results in  the h ig h est theo re tical rem oval 
efficiency.

It sho u ld  be n o te d  that w e t co llection  devices can be used 
fo r these p u rp o ses  as w ell as for particu la te  m atte r con tro l.

C onsideration  sh o u ld  be g iven  to  usin g  an ab so rb en t that can  be 
u sed  directly in  the  sam e process, fo r exam ple by using an  
appropria te  raw  m aterial o r  solvent as the  ab so rb en t to recover 
so lven t or p a rtia lly  reac ted  products. They can th en  be recycled  
to  th e  process, o r  used  e lsew here , eg using  w a ter to  abso rb  
h y d ro g en  c h lo r id e  o r o x ides o f  n itro g e n  such th a t the. re su ltan t 
h y d roch lo ric  o r  n itric  ac id  is o f  su ffic ien t s tren g th  to  be u se d  as 
a process raw m ate ria l o r  for e ffluen t trea tm en t. It is likely that 
a secondary sc ru b b e r  d e s ig n ed  p rim arily  for m in im is in g  
releases to a tm o sp h e re  w ill be req u ired  in those  cases, u sin g  a 
reac ting  ab so rb en t liquor.

For m u lti-p ro d u c t ba tch  p lan ts the sc ru b b e r  sh o u ld  be d es ig n ed  
to  abate the w ors t-case  re lease  w ith  th e  low est sc ru b b in g  liq u o r 
co n cen tra tion . O ften  it is ap p ro p ria te  to  have an  o n -lin e  seco n d  
sc ru b b er a lth o u g h  the sc ru b b in g  l iq u o r  in  the seco n d  sc ru b b e r 
w ill require care fu l m o n ito rin g .

In s tru m en ta tio n  and  a la rm s sho u ld  be  installed  to  ensure  that 
l iq u id  level an d  flow rate are  m ain ta in ed  and  th a t the  p ressu re  
d ro p  rem ains constan t. Lowr-tem p era tu re  a la rm s m ay be
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necessary to  w a rn  o f  freezing. W h ere  appropria te , co n cen tra tio n  
o f  ab so rb en t sh o u ld  also be m o n ito re d . S crubbers sh o u ld  
in clude  sam ple  p o in ts  upstream  an d  d o w n stream  to  allow  
analysis o f  in f lo w  an d  o u tflow  gas co ncen tra tions .

In ab so rp tio n  e q u ip m e n t, a p o ten tia l release to  a ir is o ften  
transferred  to  a po ten tia l release to  w a te r  o r  lan d , and  the  
ab so rb en t itse lf m ay req u ire  fu rth er trea tm en t. How ever, 
a b so rp tio n  is o ften  the  BPEO w h ere  th e  a b so rp tio n  process 
concen tra tes the  p o ten tia l release in to  the  ab so rb en t and  
m akes recovery  fo r re -use , sale, o r trea tm en t easier.

Packed and plate tower scrubbers

In a packed to w er scru b b er the packing m aterial prov ides a 
large surface area fo r m ass transfer b e tw een  liq u id  and  gas 
phases. In the  p late  co lu m n  the plate d isperses th e  gas in to  
n u m ero u s  bubb les , so  creating  a large surface area  for m ass 
transfer. T he even d is tr ib u tio n  o f  s c ru b b in g  liq u o r  and 
preven tion  o f  p lu g g in g  o r channel flow  is o f  critica l 
im p o rtan ce  to  th e  satisfactory o p e ra tio n  o f  such a system .

The advantages o f  packed tow er sc ru b b ers  include generally  
m odest to  low  p re ssu re  d rops, and ease o f  co n stru c tio n  w ith  
chem ically  resistant m aterial. A w ide  varie ty  o f  d iffe ren t 
packing g eo m e trie s  and  m aterials o f  c o n stru c tio n  are  now  
available.

Packed tow er sc ru b b ers  are generally  best su ited  to  situations 
w h e re  a h ig h  gas rem oval efficiency is req u ired  and  the  exhaust 
gas to  be treated is relatively .particulate-free. Plate co lu m n  
sc ru b b ers are m ore  effective for dealing  w ith  gas s tream s 
co n ta in in g  p a rticu la te  m aterial and can m o re  readily  
acco m m o d ate  flu c tu a tio n s in flow rate an d  tem p era tu re .

Variations in clude  h ig h -efftc iency  gas sc ru b b in g  packed  tow er 
system s based on  a flu id ised -b ed  design. H igh  tu rb u len ce  in 
the  gas flow  is caused by flu id ising  the  pack ing , and the  
co u n te r-cu rren t gas an d  liqu id  stream s are therefore  b ro u g h t 
in to  in tim ate  con tact, sign ificandy  en h an c in g  the m ass transfer 
characteristics o f  th e  system . Significant red u ctio n s in  the  
h e ig h t and d iam ete r o f  the  system  can be achieved an d  the  
system  can also rem ove particu la tes w ith o u t e n co u n te rin g  the 
conventional solids blockage p rob lem s o f  a packed to w er system .

Spray towers

Spray tow ers can achieve g o o d  rem oval rates for readily
absorbable co n tam in an ts . Mass transfer is ach ieved  b y ----- — *
a to m isin g  th e  ab so rb en t using  nozzles and  m ay  be en h an c ed  by 
th e  use o f  ap p ro p ria te  surfactants.

T he sim ple  d esig n  allow s relatively easy co n stru c tio n  in  
co rro s io n -resis tan t m ateria l and ease o f  m ain tenance .

T he advantages o f  these  un its  in d u d e  cheapness and m in im al 
en erg y  req u irem en ts  d u e  to  lo\V pressure  d rop . R egular checks 
sh o u ld  be m ade to  en su re  that the  nozzles are  n e ith e r 
excessively w o rn  n o r c logged , particularly  i f  th e  gaseous stream  
co n ta in s particulates. W here  ap propria te , p ressu re  gauges 
sh o u ld  be installed . '  -

Specialist sp ray  sc ru b b e r  designs, u s in g  h ig h -p re s su re  liq u o r, 
can  treat gases to  p late  tow er s tan d ard s w ith  o u t fo u lin g  o r  so lid  
b lockage p rob lem s.

Wet mop scrubbers and rotaclones

In  w et m o p  scru b b ers , absorbent is in jec ted  in to  the  im p e lle r  
casing  w h e re  it is a to m ise d  and m ix ed  w ith  an  ex trac ted  a ir  
stream . T he im pelle r is usually o f  an  a b so rb e n t and  flex ib le  
fib ro u s m ateria l. The exhaust stream  is d e m is te d  an d  th e  
ab so rb en t e ith e r  d isch arg ed  to d rain  o r  rec ircu la ted  to  the  
im pelle r casing  via a h o ld in g  tank.

R otaclones o p e ra te  in  a sim ilar m an n e r to  w e t m o p  sc ru b b e rs  
excep t that th e  im peller is rigid. R otac lones ten d  to  be  u sed  for 
h ig h e r  flow rates, w et m o p  scrubbers for lo w er ones. T he 
po larity  o f  th e  surface o f  the  adsorben t d e te rm in e s  th e  ty p e  o f  
vapours for w h ic h  the adso rben t has th e  g reatest affinity.

(c) Thermal Decomposition

General

T herm al o r catalytic d ecom position  processes sh o u ld  be 
co n sid ered  for co m b u stib le  non -b io d eg rad ab le , tox ic  p o llu ta n ts  
in  th e  gas phase  w h e re  fu r th e r  recovery can n o t be  ach ieved .

T hree basic d eco m p o sitio n  processes can  be em p lo y ed : th e rm a l 
incinera to rs, catalytic  incinerators, and flares. Process b o ile rs 
can a lso be used  in  certain  circum stances. T he app lican t sh o u ld  
justify  the  cho ice  o f  process.

In the  ino rgan ic  chem ica ls sector, use o f  these  p rocesses is 
lim ited , b u t th e rm a l in c in e ra tio n  is p ractised  in  specific 
app lications; for exam ple  it is used in so m e  processes to  
rem ove hyd ro g en  su lph ide. T h e  applicant sh o u ld  justify  
the  ch o ice  o f  processes.

O n all types o f  th e rm al d ecom position  e q u ip m e n t, sa m p lin g  
po in ts sh o u ld  be in  place for m o n ito rin g  th e  p e rfo rm a n ce  o f  
the  c o m b u s tio n  process. Several param eters sh o u ld  be 
co n tin u o u sly  m o n ito re d . T hese should in c lu d e  flam e failure, 
w h ich  sh o u ld  tr ig g e r an a larm , the c o m b u s tio n  te m p e ra tu re  
and  pressure.

C onsiderab le  fuel savings can b e  realised by use  o f  h ea t recovery  
system s. T he fo llo w in g  techno log ies sh o u ld  b e co n s id e red :

O ------R ecuperative — direc t hea t transfer b e tw ee n  the  ex it gas
and the  in co m in g  feed s tream ; up  to  70%  o f  th e  e n erg y  
in  th e  p ro d u c t gas may recovered.

O  R egenerative — use o f  a d irec t-con tac t ce ram ic  heat
ex ch an g er a lternately  co n tac ted  w ith  h o t  p ro d u c t gas an d  
the  cool in co m in g  feed s tream ; the cyclic p ro cess  a ffo rds 
very h ig h  en erg y  recovery, u p  to 95% .

O  W aste energy  recovery  — ad d itional heat ex ch a n g ers  can 
be ad d ed  to p ro v id e  process heat in th e  fo rm  o f  low - 
p ressu re  steam  a n d /o r  h o t water. . - - - - - -
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Thermal incineration

T h e rm a l in c in e ra to rs  a re  u se d  to  c o n tro l w a ste  gases c o n ta in in g  
lo w  c o n c e n tra t io n  o f  e m iss io n s .

For e x a m p le , w aste  gases c o n ta in in g  a rs in e  gas and  o th e r  
a rsen ic  c o m p o u n d s  in  th e  h y d ro g e n  c a r r ie r  gas s tream  leaving 
th e  p ro d u c tio n  re a c to r  o f  th e  M O C V D /M O V PE p ro cess u se d  in  
s e m ic o n d u c to r  m an u fa c tu re  can  'b e  c o n tro lle d  b y  th e rm al 
in c in e ra tio n .

T h e  te m p e ra tu re  o f  th e  in c in e ra to r , o x y g e n  c o n c e n tra tio n  an d  
th e  gas re s id e n c e  tim e  are  th e  m o s t im p o r ta n t  o p e ra tio n a l 
variab les . M o st th e rm a l u n its  are  d e s ig n e d  to  p ro v id e  n o  m o re  
th a n  o n e  se c o n d  o f  re s id en ce  tim e  to  th e  w aste  gas w ith  typical 
te m p e ra tu re s  o f  6 5 0 - 1 100°C . O n c e  th e  u n i t  is d e s ig n e d  an d  
b u ilt , th e  re s id en c e  tim e  is n o t  easily  c h a n g e d , so th a t th e  
re q u ire d  re a c tio n  te m p e ra tu re  b e co m es a fu n c tio n  o f  th e  
p a r tic u la r  g a se o u s  spec ies a n d  th e  d es ired  level o f  c o n tro l.
A s u p p o r t  fue l is n o rm a lly  b u rn t  to  m a in ta in  th e  d e s ire d  
te m p e ra tu re . R e feren ce  sh o u ld  be  m ad e  to  th e  W aste 
In c in e ra tio n  IPC G u id a n ce  N o te  S 2 .5 .0 1 (l4) fo r fu r th e r  deta ils , 
in c lu d in g  ach iev ab le  re lease  levels.

Catalytic incineration

C ata ly tic  in c in e ra to rs  e m p lo y  a b ed  o f  active  catalyst m ate ria l to  
fac ilita te  c o m b u s tio n  o f  th e  p o llu tan ts . T h e  catalyst has the  
e ffec t o f  in c re as in g  th e  re ac tio n  ra te , en ab lin g  co n v ers io n  at 
lo w e r re a c tio n  te m p e ra tu re s , typ ica lly  15 0 —500°C.

C ata lysts a re  n o w  available th a t are  p o iso n - to le ra n t a n d  su itab le  
fo r  rem o v a l o f  h y d ro g e n  cy an id e , h y d ro g e n  su lp h id e  an d  
c h lo r in e -c o n ta in in g  VOCs.

F or o p tim a l o p e ra tio n , th e  v o lu m e tr ic  gas flow rate  a n d  t h e '  
c o n c e n tra t io n  o f  c o m b u s tib le s  in  th e  gas f lo w in g  to  th e  catalytic  
in c in e ra to r  sh o u ld  b e  c o n stan t.

N e w  catalysis b a sed  o n  heavy m eta ls  are  b e in g  d ev e lo p ed  fo r 
u se  in  cataly tic  devices.

P ro p r ie ta ry  th e rm a l/c a ta ly t ic  c a r tr id g e  c rac k in g  c o lu m n s  
a re  su ccessfu lly  u se d  to  abate  h y d r id e  gases f ro m  th e  
io n - im p la n ta t io n - ty p e  s e m ic o n d u c to r  processes.

Flares

D irec t c o m b u s tio n  o r  f la rin g  can  be  u sed  fo r the  d e s tru c tio n  o f  
in te rm it te n t  o r  e m e rg e n c y  e m iss io n s  o f  co m b u s tib le  gases. 
W h ils t  th e re  m ay  be  n o  su itab le  a lte rn a tiv e  to  a flare sy s tem  fo r 
d e a lin g  w ith  e m e rg e n c y  re liefs , d e lib e ra te  c o n tin u o u s  flarin g  o f  
p ro c ess  v en ts sh o u ld  b e  d isc o u rag e d  as th ere  is in su ffic ien t 
c o n tro l  o v er th e  c o m b u s tio n  e x h au s t gases.

T h e  flare  sy s tem  sh o u ld  b e  care fu lly  d e s ig n ed  to  an  
in te rn a tio n a lly  re c o g n ise d  s ta n d a rd  to  a llo w  c o m b u s tio n  o f  
all gases n ecessa rily  v e n te d  to  it u n d e r  all gas flow s, a n d  w in d  
d i lu t io n  sh o u ld  be  c o n s id e re d  a n d  a llo w ed  fo r in  th e  d esign . 
F lares sh o u ld  b u rn  w ith o u t  sm o k e  u n d e r  all c o n d itio n s  an d  
sh o u ld  be  d e s ig n e d  to  a c c o m m o d a te  va ry in g  flow rates.

T he app lican t should  justify  flare heights.

K n o ck -o u t p o ts /d ru m s  should  b e  installed as close as practicable 
to  th e  flare to  catch liq u id s an d  co n d en sib le  m ateria l.

P ro b lem s associated w ith  flare system s in c lu d e  the fo llow ing:

•  T he heat g en era ted  m ay be unaccep tab le  w ith o u t careful 
design.

•  T he lig h t/lu m in esce n ce  o f  the flam e m ay be a nuisance if  
th e  plant is n ear an u rb a n  se ttlem en t.

•  Flare tip m ix in g  system s can cause  increased  no ise  levels.

•  Incom plete c o m b u s tio n  can  resu lt in the em iss io n  o f  
toxic or o b n o x io u s  substances.

•  Flares need  to  be kept lit co nstan tly  w ith  ro b u st pilot 
lights. P rocedures sh o u ld  be  o p e ra ted  to  en su re  that th e  
pilot ligh ts d o  not fail.

•  Heat c an n o t be recovered .

•  C onstant pu rg ing  is generally  req u ired .

•  M onito ring  o f  re leases from  flares is generally  
im practicable, m ak in g  it d ifficu lt to  ensu re  adequate  
com bustion .

Flare gas recovery system s sho u ld  be  co n sidered  to  m in im ise  
flaring.

(d) Adsorption

General

A dsorption d escribes th e  rem oval o f  gaseous c o m p o n e n ts  from  
a gas stream b y  adheren ce  to  the surface  o f  a so lid . The gas 
m olecules rem o v ed  are re fe rred  to  as the ad so rbate  and  th e  
so lid  to w h ic h  the m o lecu les ad h ere  is the adso rben t.
A dsorbents a re  h ighly p o ro u s  m aterials.

A dsorption  is used for a ir p u rifica tio n  and  solvent recovery.
T he most c o m m o n  ad so rb en ts  are activated ca rb o n , silica gel, 
activated a lu m in a  and zeolites.

The po larity  o f  the su rface  o f  the  ad so rb en t d e te rm in e s  the type 
o f  vapours fo r w h ich  th e  ad so rb en t gas has th e  greatest affinity.

Polar adso rb en ts  will p referen tia lly  adsorb  any w ater v apour 
present in  th e  gas s tream . If m o is tu re  is p resen t in gaseous 
waste stream s, their ap p licatio n  to  p o llu tan t rem oval is lim ited .

O f  the ab o v e -m en tio n ed  ad so rben ts , activated  carbon-is the 
only c o m m o n  n o n -p o la r  ad so rb en t. T herefore, fu r th e r  
discussion is based o n  activated carb o n  system s.

Activated carbon adsorption

Carbon b e d s  m ay b e  o f  fixed -bed  o r  ro tary  w h eel d esig n , 
regenerative o r  non-reg en era tiv e . In all cases the co n ta m in a te d
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-g a s  stream  sh o u ld  be  p re -irea ted  to  rem ove any particu la te  
m atter o r  e n tra in e d  liquids. H igh  h u m id ity  can  also in te rfere  
w ith  the a d so rp tio n  process. H u m id ity  levels m ay be red u ced  
by a c o m b in a tio n  o f  co o lin g  o f  th e  gas to  con d en se  o u t w a te r  
vapour fo llow ed  by h ea tin g  o f  the  gas back to  its o rig in a l 
tem pera tu re .

Fixed-bed, regenerative  system s usually lake the  fo rm  o f  tw o  
o r  th ree  beds o p e ra tin g  in  parallel, w ith  o ne  o n -lin e , one 
regenerating  an d , in  th e  case o f  th ree  beds, o ne  o n  stand by. 
Pipew ork sh o u ld  be  d esig n ed  to  a llow  sim ple  an d  efficient 
changeover b e tw een  beds. A varia tion  o f  this m u llip le -b ed  
system  sees tw o  c a rb o n  beds in  series. C hangeover b e tw een  the 
tw o beds is in itia ted  w h e n  b reak th ro u g h  o f  the first bed occurs. 
R egeneration  is ach ieved  by lo w -p ressu re  steam  o r  w arm  air.

An alternative to  fixed b eds is th e  ro tary  w heel u sin g  a carb o n  
m atrix . C o n tam in a ted  air is passed th ro u g h  90%  o f  the  w h eel, 
w h ich  is ro ta tin g  slo w ly  so  ad so rb in g  the po llu tan ts , w ith  th e  
clean air d isch arg in g  to  a tm osphere . By m eans o f  a series o f  
specially d esig n ed  seals, h o t reg en era tin g  gas is passed c o u n te r-  
cu rren tly  th ro u g h  the  o th e r  10% segm en t and the  p o llu tan t is 
d riven  off. Such system s are n o rm ally  em ployed  to  co n cen tra te  
a po llu tan t s tream  befo re  passing  to  an incinerator. Zeolites 
m ay be used  in p lace o f  activated carbon.

Activated carbon  a d so rp tio n  m ay be used to  co n tro l releases 
o f  m etal co m p o u n d s  in  gaseous fo rm , fo r exam ple from  
sem ico nducto r-p rocesses . In these  applications, no n  
regenerating  system s are n o rm ally  used ; w ith  the  sp en t 
cartrid g e  b e ing  d isp o sed  o f  to  land. The cartridge  sh o u ld  
be replaced before b re ak th ro u g h  occurs.

As a general ru le  a d so rb ers  o perate  below  55°C. Any increase 
in pressure will increase  the ad so rp tio n  capacity o f  a system .
As the tem p era tu re  increases, th e  capacity o f  an ad so rb en t 
decreases, since the en erg y  level o f  the  ad so rb ed  m olecu les 
increases. This gives th em  sufficient energy  to  overcom e the 
van d e r W aals a ttrac tio n  and  m ig ra te  back to  the  gas phase.

The residence tim e  in  th e  ad so rb er is d ep en d en t on  th e  gas 
velocity (the  slow er th e  gas passes th ro u g h  an adsorber, the 
g reater the p ro b ab ility  o f  a co n tam in an t m o lecu le  h ittin g  an 
available site) and  the  size o f  th e  adso rber un it. Consequently , 
p rov id ing  sufficient b ed  d e p th  and  low  gas velocity  are  
im p o rtan t design  factors.

The h u m id ity  levels, tem p e ra tu re  .and  .p ressure  d u rin g  th e  
"ad so rp tion  sh o u ld  be m o n ito re d  to  m ain ta in  o p tim u m  
efficiency. It sh o u ld  be possib le  to  m easure the  p e rfo rm an ce  o f  
any ad so rp tio n  e q u ip m e n t, ie sam ple  p o in ts sho u ld  be in  place 

.to  facilitate the  analysis o f  in flo w  and  o u tflo w  gas stream s. The 
adso rp tio n  eq u ip m e n t sh o u ld  be m o n ito red  for b reak th rough . 
Similarly, o th e r p a ram ete rs  su ch  as tem pera tu re  and  p re s su re ,  _ 
sh o u ld .b e  m o n ito red . '  “

A ctivated carbon  beds can  be  u sed  w ith in  the  processes covered  
by this N ote as a p o lish in g  trea tm en t after sc ru b b ers o r  LEV 

system s.

3.3.4 Cooling towers

Several types o f  coo ling  tow er are in c o m m o n  use. T hese  
in clu d e :

O  air co o lin g ;

O  natu ra l d rau g h t c o o lin g  tow ers; an d

O  low -level m echan ically  assisted co o lin g  tow ers.

C o n d en sed  p lu m es that co m e  dow n to  g ro u n d  level can b rin g  
d ro p le ts  c o n ta in in g  b ioc id es, or o rg an ism s th a t co u ld  be 
h a rm fu l, and  can also cause  loss o f  lig h t, p o o r  v isib ility  an d  
ic ing  o f  roads. Such p lu m es should n o t be  p e rm itte d .

W h ere  p lu m es n eed  to  be abated the  te m p e ra tu re  an d  th e  
h u m id ity  need  to  be co n tro lled . T his m ay be ach ieved  by 
c o m b in in g  conductive  heat exchange a n d  evaporative  c o o lin g  
in  the  design  o f  the  co o lin g  tower. T h e  d eg ree  o f  a b a tem e n t 
re q u ire d  w ill d e p en d  u p o n  local co n d iiio n s  a n d  th e  d is tan ce  
from  the  tow ers to  the n earest sensitive area. P lum e m o d e llin g  
sh o u ld  be em p lo y ed  by th e  operator to  c o n firm  th a t th e  visible 
(co n d en sed ) p lu m e  will n o t g round  b e y o n d  the  b o u n d a ry  
fence n o r reach areas o f  h ab ita tion  at a h e ig h t th a t w ill cause 
sign ifican t loss o f  light. (As a guide th e  w id th  o f  th e  p lu m e  
sh o u ld  n o t fill an arc that sub tends an  an g le  g rea te r  th an  10° 
w h e n  view ed vertically u p w a rd s  from  th e  g ro u n d .)

An o p e ra to r  m ay p ro p o se  to  guaran tee  to  red u ce  load  o r  to  take 
o th e r  a p p ro p ria te  action  to  en su re  that th e  above c o n d itio n s  arc 
m et. Perfo rm ance  curves sh o u ld  be p ro v id ed  to  enab le  th e  
p lu m e  ab a tem en t to  be dem o n stra ted  u n d e r  a w id e  range  o f  
a m b ien t co n d itio n s.

3.3.5. Dispersion from chimneys and vents 

(a) Assessment and modelling

The app lican t w ill n eed  to  d em onstra te  th a t an a p p ro p ria te  
assessm ent o f  vent and  ch im n ey  heights has b een  m ad e  to  
p rov ide ad eq u a te  d isp e rsio n  o f  p rescribed su b stan ces , and  
o th e r  substances th a t m igh t cau se  harm , w h ic h  c a n n o t be 
p rev en ted  and  m ay be  released. Some g u id an c e  is g iven  in 
Technical G uidance  N ote

For m a jo r sites it is co n sidered  BAT for d isp e rs io n  m o d e llin g -------
-- to -b e-carried  o u t, w hich"takes in to  account local m eteo ro lo g ica l 

data, local s tru c tu re s  and  topography, as w ell as o th e r  local 
releases, to  p ro v id e  estim ates o f  process c o n tr ib u tio n  to  
g ro u n d -lev e l co n cen tra tio n s o f  s ignificant p o llu tan ts  at 
ap p ro p ria te  p ro d u c tio n  and  a m b ie n t scenarios. O p e ra to rs  (o r  
relevant experts actin g  for th em ) should  be e x p ec ted  to  p ro d u ce  
and  m ain ta in  an u p -to -d a te  m ulti-stack  d isp e rs io n  m o d e l for 
the  w orks. O p erato rs sh o u ld  p ro v id e  clear in fo rm a tio n  o n  the 
param ete rs  u sed  and  the  a ssu m p tio n s m ade in  th e ir u se  o f  
d isp e rsio n  m odels. O f  particu la r relevance w ill be th e  
assessm ent o f  b ack g ro u n d  concen tra tions o f  p o llu ta n ts  and  th e  
fate in  the  en v iro n m en t o f  p o llu tan ts  released. S ta tu to ry  a ir - 
qua lity  s tan d ard s00^ a n d o th e r  recognised  c rite ria  re la tin g  to 
in te rn a tio n a l o b lig a tio n s should  b e  taken in to  acco u n t.
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W h e n  a s ig n if ic a n t c h a n g e  is b e in g  c o n s id e re d  that c o u ld  lead 
to  an  A u th o r isa tio n  v a ria tio n , eg n e w  p lan t, u p ra te d  ex is tin g  
p la n t o r  m a jo r  feed sto ck  q u a lity  c h a n g e  (o u ts id e  th e  n o rm al 
r a n g e ) ,  a n e w  d isp e rs io n  m o d e l sh o u ld  be  p re sen ted . T his 
sh o u ld  cake in to  a c c o u n t th e  p ro p o se d  c h a n g e s  and sh o w  the  
e n v iro n m e n ta l  im p a c t o f  m a k in g  th em .

W h e re  a p p ro p ria te , th e  o p e ra to r  s h o u ld  a lso  reco g n ise  th e  
c h im n e y  o r  ven t as an  e m e rg e n c y  re lease  p o in t. Process u p se ts 
o r  e q u ip m e n t  fa ilu re  g iv in g  rise  to  a b n o rm a lly  h ig h  release 
levels o v e r s h o r t  p e r io d s  sh o u ld  be assessed . Even i f  a very  lo w  
p ro b a b il i ty  o f  o c c u rre n c e  can b e  d e m o n s tra te d  by th e  ap p lican t, 
a va lue  fo r th e  c h im n e y  o r  v en t h e ig h t  sh o u ld  nevertheless be 
se t to  avo id  any  s e r io u s  d a m a g e  to  h ea lth .

T h e  a sse ssm e n ts  m a d e  by  th e  o p e ra to r  sh o u ld  be v a lid a ted  usin g  
th e  a p p ro p r ia te  c a lcu la tio n s  o r  d isp e rs io n  m o d e ls  available to 
th e  A gency.

All re leases  m u s t be  c o n tro lle d  a n d  m in im is e d  to  en su re  that 
a m b ie n t  a ir  q u a lity  b e y o n d  th e  p ro c ess  b o u n d a ry  co m p lies , as a 
m in im u m , w ith  a ir q u a lity  s ta n d a rd s '101.

(b) Visible plume elimination

R eleases f ro m  v en ts  g en era lly  sh o u ld  b e  h o t  e n o u g h  to  avoid 
v is ib le  p lu m e  fo rm a tio n  in  th e  v ic in ity  o f  the  vent. T h is is to  
p re v e n t th e  c o n d e n s a tio n  o r  a b s o rp tio n  o f  en v iro n m en ta lly  
h a rm fu l  su b s ta n c es  by th e  c o n d e n s in g  w a te r  v ap o u r an d  
im p ro v e  d isp e rs io n . E xhaust gases f ro m  a wet sc ru b b e r  can 
b e  h e a te d  by th e  u se  o f  w aste  p ro c ess  h e a t to raise th e  exit 
te m p e ra tu re  o f  th e  e x h au s t gases a n d  p rev en t im m e d ia te  
c o n d e n s a tio n  o n  ex it f ro m  th e  ven t. T h is p ro c ed u re  increases 
th e  th e rm a l b u o y a n cy  o f  th e  p lu m e . W h ere  th ere  is n o  available 
w aste  h ea t and  th e  v en t c o n ta in s  n o  s ig n ifican t en v iro n m en ta lly  
h a rm fu l  su b s ta n c es , th e  ap p lic an t m ay  b e  able to  d e m o n s tra te  
th a t th e  BATNEEC/BPEO c r ite r ia  have n o n e th e less  b een  m et.

3.3.6 Odours

S u b s tan ces  p re se n t in  e m iss io n s  to  air, w h ic h  are  k n o w n  to  
b e  o d o ro u s ,  sh o u ld  b e  id e n tif ie d  a n d  q u a n tif ied  (fo r  exam ple, 
a m m o n ia  h as an  o d o u r  th re s h o ld  o f  1.5 p p m  and  h y d ro g e n  
s u lp h id e  0 .0 0 0 4  p p m ) . T ec h n iq u e s  d e sc rib e d  in  th is  N o te  
sh o u ld  b e  e m p lo y e d  to  e n su re  th a t th ey  are m in im is e d  to  
p re v e n t th e m  b e in g  n o tic e ab le  o u ts id e  the site  bo u n d ary .

T h e  m a in  m e th o d s  n o rm a lly  u se d  fo r  o d o u r  c o n tro l are:

•  b io lo g ic a l sy s tem s su c h  as b io f il t ra t io n /b io sc ru b b in g ;

•  ac tiv a ted  c a rb o n ;

•  w e t c h e m ic a l sc ru b b in g ;  an d

•  th e rm a l/c a ta ly t ic  o x id a tio n .

W h e re  a s c ru b b e r  is u se d  fo r  o d o u r  c o n tro l, th e  ab so rb en t is 
o f te n  a su itab le  o x id is in g  ag en t su c h  as p o tassiu m  p e rm an g an a te  
o r  s o d iu m  h y p o c h lo r ite .

B io filtra tion  represen ts a relatively n ew  b io lo g ical trea tm en t 
m e th o d  fo r gaseous w aste stream s. It genera lly  uses b ed s o f  
p e a t /h e a th e r  or o th e r  o rg an ic  m ateria ls , for exam ple, bark or 
so m e  com posts. B io sc ru b b in g  on  the o th e r  hand  takes place 
in  tow ers co n ta in ing  a b ioflo ra .

3.4 Minimisation and treatment of releases to water

3.4.1 Minimisation

W aste w ater can arise  from  the  process, from  sto rm  water, 
f ro m  cooling w ater, from  acc iden tal releases o f  raw  m ateria ls, 
p ro d u c ts  o r waste m ateria ls, and  from  fire-figh ting . These 
sh o u ld  all be taken  in to  acco u n t w h en  d ea lin g  w ith  the  
p ro cess  A uthorisation .

A q u eo u s wastes g en era ted  from  processes in th is sec to r may 
c o n ta in  a w ide ran g e  o f  species such  as cyanides, sulphides, 
disso lved  Organics, suspended Organics, dissolved heavy-m etal 
c o m p o u n d s  including su lpha tes and flu o rid e s as w ell as 
su sp en d ed  solids.

T h e  characteristics o f  releases to  w ater from  a chem ica l p lan t 
largely  depend  u p o n  the type o f  process involved, th e  standards 
o f  housekeep ing , the  deg ree  o f  recycling  achieved, and w h e th e r 
o r  n o t potential releases to  air are transferred  in to  the  aq ueous 
m e d iu m , eg by gas scrubbing .

T he follow ing tech n iq u es sh o u ld  be co n sid ered  fo r red u cin g  or 
p reventing  w aste -w a te r d ischarges:

•  M inim ise the  p resence  o f  .water in the  p rocess inclu d in g  
water u sed  in p ro d u c t purification  and eq u ip m en t cleaning.

•  Use d ry  tech n iq u es  w h e re  ap p ro p ria te  to  abate particu la te  
and gaseous exhaust stream s.

•  R insing processes sh o u ld  seek to  m in im ise  w ater 
c o n su m p tio n  by red u cin g  p rocess d ra g -o u t and using 
ap p ro p ria te  tech n iq u es and  tech n o lo g y  to  m axim ise  
water co n serva tion  an d  re-use.

•  Recycle o r re -use  w a ter back to  the  processes o r to  
secondary  uses such  as e q u ip m e n t w ash -d o w n  w here  
possible.

•  W h ere  possible, rin se  w a ter c o n su m p tio n  sho u ld  be 
m etered .

•  W h ere  possible, in te rm itten t d ischarges o r  ex trem e 
v aria tio n s in  flow, co n cen tra tio n  o r  o th e r  characteristics 
sh o u ld  be ba lanced  befo re  trea tm en t.

•  E m ploy  in d irec t-co n tac t heat exchange  devices.

•  Segregate p rocess w ater, ra in  w ater and  in d irect coo ling  
w a te r  stream s to  reduce  th e  h y drau lic  lo ad in g  to  w aste­
w a te r  trea tm en t e q u ip m e n t o r  sewers.

•  D evelop spill c o n tin g en cy  p ro ced u res to  m in im ise  the 
risk  o f  accidental releases o f  raw  m ateria ls , p ro d u c ts  and  
w aste  m aterials a n d  to  c o n tro l such  spillages to  prevent 
th e ir  en try  in to  water.
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O  Shelter b u nded  areas to  p reven t tran sfer o f  co n tam in an ts  
to  ra in  w ater w ith  su b seq u en t release to  th e  en v iro n m en t.

O  Elim inate e q u ip m e n t w ash in g  b e tw een  batches o f  the
sam e p ro d u c t unless essential. W h ere  th is is not possib le, 
such as at w eek en d  sh u t-d o w n , a reduced  level o f  
c lean ing  sh o u ld  be  co n sidered .

O  Use d ry  c lean ing  m eth o d s  w h erever practicab le  for solids. 
Vacuum  ex traction  reduces the  loss o f  p ro d u c t to  w ater 
and, in  som e cases, allow s the  recovery o f  these  p roducts .

O  W ipe d o w n  eq u ip m e n t that is accessible ra ther th an  
w ash ing  and rin s in g  it.

W h ere  appropria te , l iq u id  effluents o f  d ifferen t characteristics 
sh o u ld  be segregated  for treatm ent.

Areas w here  spillages are m ost likely, such  as transfer and  
sam pling  p o in ts , sh o u ld  d ra in  to  sum ps. T he su m p s shou ld  
be  d ischarged  to  e ffluen t trea tm en t after the co m p o s itio n  o f  
the  co n ten ts has been checked . Self-sealing co u p lin g s shou ld  
be  used w h e re  applicable.

Storage tanks and  process vessels sh o u ld  be bu n d ed . The 
b u n d in g  a rran g em en ts  shou ld  be sub ject to  risk assessm ent 
and  be  capable o f  c o n ta in in g  at least 110% o f  the  capacity  
o f  the  largest tank w ith in  any o ne  b u n d . B unds sh o u ld  be 
im perm eab le  and  sh o u ld  have n o  d irec t co n n ec tio n  to  d ra in .
The E nvironm ent Agency has issued g u id an ce  o n  oil tank 
s to rage(36).

B unds should  be regularly  inspected  for struc tu ra l in te g rity  by a 
co m p eten t p erson . B unds n o t frequen tly  in sp ec ted  sh o u ld  be 
fitted w ith  a high-level p ro b e  and an alarm  as ap p ro p ria te .

C on tam inated  ra in -w ater accum ula tions sho u ld  be d irec ted  to 
ap p ro p ria te  treatm ent.

Separated o rgan ic  chem icals sho u ld  be h an d led  in  a m an n e r that 
p reven ts air p o llu tio n  an d , w h ere  practicable, recycled  to  the  
process.

Care should  be taken in the  cho ice  o f  o rgan ic  c leaners used , eg 
de tergen ts, w h ich  can e n te r  the e fflu en t system , as they  m ay act 
as co m plcx ing  agents w ith  m etals and im p a ir  trea tm en t 
perfo rm ance .

Treatm ent chem ica ls su ch  as co rro s io n  in h ib ito rs , coagulants, 
flocculants, descaling  agen ts, so d iu m  hyd ro x id e  and b iocides 
sho u ld  be ch o sen  such th a t they m in im ise  substances p rescribed  
for water, eg m ercu ry  in  so d iu m  hydrox ide.

T reatm ent chem ica ls and  b iocides sh o u ld  be s to red  in sealable 
b u n d ed  areas, o r  equ iva len t, and  re tu rn e d  to  those  areas a fter 
use.

Process w aters, site  dra inage  w aters an d  chem ically  
co n tam in a ted  w aters sh o u ld , w h e re  ap p ro p ria te , be treated .

The d ilu tio n ^o f aq u eo u s p rocess stream s by m ix ing  w ith  general 
site effluent o r  the  m ix ing  o f  process stream s from  d ifferen t

processes to  achieve co -d ilu tio n  is g en era lly  n o t  c o n s id e re d  to  _ 
rep resen t BATNEEC. An applicant w ish in g  to  use th is  p ro c ed u re  
sho u ld  d e m o n s tra te  that it represents BPEO as o p p o se d  to  
app ly ing  trea tm en t to  the  concen tra ted  p rocess s tream .

3.4.2 Water collection

(a) Process waters

Process w aters are those ob ta in ed  as a resu lt o f  th e  p ro cesses 
ca rried  o n  in  the  chem ical works and arise  fro m  specific  p lan t 
item s. E xam ples in clude  process filtrates, d is tilla tio n  
condensates , liq u o rs  fro m  w et arrestm en t devices, v acu u m  
p u m p  sealing  flu ids and  w a sh -d o w n /d ra in a g e  from  process, 
h an d lin g  a n d  sto rage  areas.

As a co n seq u en ce  o f  th e ir d irect con tact w ith  o th e r  p rocess 
fluids, process w aters m ay  have b ecom e c o n tam in a ted . 
Accordingly, they  sh o u ld  b e  conveyed from  so u rc e  via an  
a p p ro p ria te  system  to trea tm e n t plants in  a c losed  sy s tem  as 
far as p racticable. The sy s tem  should  be d es ig n ed  to  p reven t 
leakage in to  g ro u n d  and  to  prevent ingress o f  g ro u n d w ater.

T he q u an tity  and  n a tu re  o f  co n tam in a tio n  w ill be largely 
site-specific  b u t can generally  be categ o rised  as follow s:

O  w aste -w a te r stream s co n tam in a ted  w ith  heavy m etals;

O  w aste -w a te r stream s co n tam in a ted  w ith  h y d ro carb o n s;

O  w aste -w a te r stream s co n tam inated  w ith  c h lo r in a te d  
hydrocarbon 's; and

O  acidic and  alkaline w aste-w ater stream s.

O  Potential releases sh o u ld  be m in im ised  by th e  fo llo w in g
m eth o d s:

O  Vacuum  lines sh o u ld  pass th ro u g h  k n o c k -o u t p o ts  and  
separa to rs fo r recycle w herever possib le.

O  The use o f  p rocess flu id s for liq u id  rin g  p u m p  sealing  
sh o u ld  be consid ered , an d  the su b se q u e n t use o f  these  
c o n tam in a ted  stream s w ith in  the  process.

O  C on sid e ra tio n  sh o u ld  be given to  th e  u se  o f  d ry  v acu u m  
p u m p s that d o  n o t u se  eid ier a sea ling  flu id  o r  
lu b rica tin g  oil.

O  W here  sealing  flu ids are  used the  in sta lla tio n  o f  closed  
system s sh o u ld  be considered  to g e th e r  w ith  heat- 
exch an g e  e q u ip m e n t an d  sc rubb ing  facilities.

(b) Site drainage waters

These are essentially  rain w a te r ru n n in g  o f f  h a rd  surfaced  
p rocess areas an d  roofs o r  collected  by p u rp o se -d e s ig n e d  d rains.

In  m any  cases an o il sep ara to r w ill be re q u ire d  fo r site d ra in ag e  
waters*2̂ .

T he site dra inage  sh o u ld  be designed  su ch  th a t sp illages o f  
chem icals, etc , sh o u ld  be ro u te d  lo the e fflu en t system  w ith
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p ro v is io n s  to  c o n ta in  su rg es  a n d  s to rm -w a te r  flows.

A b s o rb e n ts  s h o u ld  b e  u se d  to  m o p  u p  m in o r  leaks an d  spills 
a n d  s h o u ld  b e  d isp o se d  o f  to  le a k -p ro o f  c o n ta in e rs .

T h e  c o lle c t io n  sy s te m  sh o u ld  a lso  take acc o u n t o f  th e  a d d itio n a l 
fire  w a te r  flo w s (BS 5 9 0 8 ,38) g ives so m e  g u id a n c e ) , o r f ire ­
f ig h tin g  fo am s. E m erg en cy  s to rag e  lag o o n s  m ay be  n e ed e d  to  
p re v e n t c o n ta m in a te d  fire  w a te r  re a c h in g  c o n tro lle d  w a te rs(}9).

(c) Cooling waters

D isc h a rg e s  f ro m  o n c e - th ro u g h  c o o lin g  w a te r  system s o r  o th e r  
so u rc e s  sh o u ld  n o t  be  u se d  to  ach ieve , by  d ilu tio n , release 
l im its  fo r  su b s ta n c e s  p re sc r ib e d  fo r  w a te r  b e in g  d isc h a rg e d  
f ro m  tre a tm e n t p lan ts.

C o o lin g  w a te rs  are  g e n e ra lly  u sed  in  in d ire c t, re c ircu la to ry  
sy s tem s.

3.4.3 Treatm ent methods

F u r th e r  in fo rm a t io n  is available in  T ech n ica l G u id an ce  
N o te  A 4 ('l0) a n d  fro m  th e  ETBPP g u id e s (J,).

It is u n lik e ly  th at an y  s in g le  w a s te -w a te r  tre a tm e n t.te c h n iq u e  
w ill b e  a d e q u a te  to  re n d e r  h a rm le s s  th e  w a s te  w a te r to  be 
d isc h a rg e d . For e x am p le :

O  A w a s te -w a te r  s tre am  c o n ta in in g  h ex avalen t c h ro m iu m  
w ill r e q u ire  r e d u c tio n  to  th e  tr iv a le n t fo rm  at lo w  p H  
fo llo w ed  by  p re c ip ita tio n  a t h ig h  pH .

O  A w a s te -w a te r  s tre a m  c o n ta in in g  cy an id e  and  w ith  a h ig h  
pH  w o u ld  r e q u ire  cy an id e  d e s tru c t io n  fo llo w ed  by pH  
a d ju s tm e n t.

O  A w a s te -w a te r  s tre am  c o n ta in in g  o rg a n ic  m e rc u ry  m ay 
n e e d  b o th  ac id ific a tio n  to  c o n v e rt it to  th e  in o rg an ic  
fo rm  p r io r  to  c h em ica l p re c ip ita tio n  and  a m ean s  fo r 
re n d e r in g  h a rm le s s  th e  o rg a n ic  c o m p o u n d s .

O  W aste  w a te r  f ro m  valuab le  m eta l c o m p o u n d  m an u fac tu re  
(eg  p la t in u m  a n d  p a lla d iu m ) is trea ted  w ith  m etal 
scav en g e rs  su c h  as c o p p e r, z in c  o r  iro n  to  d isp lace  th e  
va lu ab le  c o m p o n e n ts ,  w h ic h  are  reco v e red  by filtra tio n  
b e fo re  th e  w a s te  l iq u o r  is d isc h a rg e d  to  th e  e fflu en t 
tre a tm e n t p lan t.

T re a tm e n t m e th o d s  in c lu d in g  c o m b in a tio n s  o f  (a) to  (e) b e lo w  
s h o u ld  b e  a p p lie d  as a p p ro p ria te . G en era lly  the  la rger th e  site  
e f f lu e n t  v o lu m e , th e  m o re  c o m p le x  th e  tre a tm e n t system . 
S m a lle r  s ites  (less th a n  4 0  m V d a y  efT luent) are liable to  carry  
o u t  b as ic  t re a tm e n t b e fo re  d isc h a rg in g  th e  e fflu en t to  a 
se w e rag e  u n d e rta k e r.

(a ) In-plant treatment

O  F o r c y an id es  a n d  su lp h id e s , c o m b in a tio n s  o f: a ir  o r  w et 
o x id a tio n ; io n  e x c h a n g e ; s tr ip p in g ;  g ran u la r  activated  
c a rb o n .

O For heavy m etals, c o m b in a tio n s  of: o x id a tio n /re d u c tio n ; 
p recip ita tion ; filtra tion ; io n  exchange; reverse osm osis; 
e lectrochem ica l tech n iq u es.

O For Organics, combinations of: wet ox id a tio n ; ion  
exchange; reverse osm osis; electrodialysis.

(b) Primary treatment

P rim ary  treatm ent p repares the  w aste w aters for fu rth er 
trea tm en t. Large solids are rem o v ed  by sc reen ing , an d  g rit 
is a llow ed to  se ttle  out.

O Physical w a te r  trea tm en t system s.

O N eutralisation .

O O xidation .

O Solids rem oval 
se ttlem en t, 
flo ta tio n , 
p rec ip ita tio n , 
d ew ate rin g , 
filtra tion .

(c) Secondary/tertiary treatment

Secondary  trea tm e n t system s can be e ith e r sing le  system s o r  
con jugated  sy s tem s to  red u ce  o r  e lim inate  chem ical species 
p re sen t in the  aq u eo u s  stream .

o Activated carb o n  ad so rp tio n .

o Ion e x c h a n g e /m a c ro re tic u la r  resins.

o M em brane processes.

o Biological trea tm en t.

o Electrochem ical tech n iq u es  
e lec tro -d ep o sitio n .

(d) Sludge dewatering

W aste solids in  s lu rry  fo rm  are p ro d u ced  by p rim ary  
sed im en tatio n , seco n d ary  c larification , an d  various in -p lan t 
treatm ents a n d  p re -trea tm en ts . T hese slu d g es typically have to  
be  thickened an d  d ew ate red  before  they  can  be landfilled , 
incinerated  o r  o th e rw ise  d isp o sed  of. M ethods available include 
co m b in a tio n s o f  the fo llow ing:

O Gravity th icken ing .

O D issolved-air flo ta tion

O Filtration.

O Drying.

- O C en trifugation .

O Sludge d ig es tio n .
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(e) Sludge disposal

D epend ing  on  the  nature  o f  th e  re m a in in g  s ludge , this can be  
d isp o sed  o f  to:

o Recovery, eg  p rim ary  ex tractio n

o Land.

o E ncapsulation.

o Lagoon.

o Incinerator. ^

3.4.4 Primary treatment

(a) Stripping

Steam  str ip p in g  tech n iq u es are used  to  rem ove volatile 
co m p o n en ts  dissolved in aq u eo u s  e ffluen t stream s. Very often  
gaseous effluent stream s req u irin g  fu rth e r trea tm en t can  be 
fo rm ed. The BPEO o f  the s tr ip p in g  p rocess sh o u ld  be justified 
in the application .

Removal o f  su lp h u r co n tam in an ts  o r  p h o sp h in e  can  be achieved 
by steam  o r  air stripping. T his p rocess is especially  useful for 

■stripping trace am oun ts o f  p h o sp h in e  fro m  b y -p ro d u c t 
p h o sp h o ric  acid and from  w ater and  so d iu m  h ydrox ide  

sc ru b b in g  liquors.

Care shou ld  be taken w h en  selecting  co n stru c tio n  m ateria ls, 
particu larly  for the co lu m n  overhead  e q u ip m e n t, since severe 
co rro s io n  can he en coun tered . C o n tam in ated  e ffluen t steam  
strip p ers are p rone  to  p lugging , and  sequ este rin g  agents are 
frequen tly  used to  prevent calcium  d e p o sitio n .

(b) Neutralisation

Effluents sh o u ld  be dosed w ith  an a p p ro p ria te  acid o r  alkali to 
achieve a neu tra l so lu tion . pH  co n tro l sh o u ld  be ca rried  o u t in 
a vessel co n stru c ted  o f  suitably resistan t m ateria l. T he vessel 
sh o u ld  be d esig n ed  to  a llow  su ffic ien t re te n tio n  tim e for dosing.

Care shou ld  be  exercised w h en  acid  dosin g  effluen t in  case 
toxic gases are  released, eg ch lo rin e  from  h y p o c h lo rite  
so lu tio n , h y d ro g en  su lph ide  from  su lph ides, o r  h y d ro g en  
cyan ide from  cyanides. T he vent fro m  these vessels sh o u ld  
pass to  sc ru b b in g  facilities. _ _ , _ -------

D osing  system s are  unable to  cope w ith  e ffluen ts o f  ex trem e  
pH ; therefo re , an in te rm ed iate  facility capable o f  s to rin g  
strong ly  acidic o r  alkaline effluents sh o u ld  be  installed  w ith  
a u to m atic  co n tro l i f  such effluents are likely.

The con tro l o f  p H  is d ifficult since th e  re la tio n sh ip  b e tw een  pH  
and  co n cen tra tio n  o f  reagent is h igh ly  non-linear. A typical 
titra tion  curve favours m ulti-stage dosing . A utom atic  p H  m eters 
sh o u ld  be backed u p  by regu lar m anual pH  m easu rem en ts  an d  
in stru m en ts  sh o u ld  be calibrated frequendy. N ew  te c h n o lo g ie s / 
co n tro l system s are  being developed  to  im prove  pH  co n tro l. -

T he  n eu tra lisa tio n  o f  an  acid w aste w ith  an  a lka line  w aste  
sh o u ld  be co n sid ered  i f  com patib le s tream s are  available.

An a lte rna tive  to  conventional lim e  a n d  so d iu m  h y d ro x id e  for 
th e  trea tm en t o f  acidic waste stream s (a n d  fo r trea tin g  e fflu en ts  
c o n ta in in g  m eta ls) is th e  use o f  m ag n e s iu m  h y d ro x id e  
su sp en s io n . It has m any advantages in  th a t it is safe an d  easy to  
hand le , has na tu ra l pH buffering  p ro p e rtie s , th u s  re d u c in g  the 
lik e lih o o d  o f  a pH  excursion , and  re d u ce s  s lu d g e  v o lu m es 
genera ted . For alkaline wastes, the  use  o f  c a rb o n  d io x id e  has 
so m e  sim ila r advantages.

(c) Oxidation

O x id a tio n  o f  c o n ta m in a n ts  can be ach iev ed  by  th e  a d d itio n  
o f  a varie ty  o f  reagents. For exam ple, o zo n e , h y d ro g e n  p e ro x id e  
and  so d iu m  h y p o ch lo rite  can be used . O th e r  sch em es involve 
p u re  ox y g en , UV rad ia tio n  and p ro p rie ta ry  catalyst system s.

In o n e  system , ox id a tio n  takes place over a catalyst that activates 
the h y p o c h lo rite  io n  so th a t the o x id a tio n  rate  o f  a n u m b e r  o f  
species is e n h an ced . A w id e  range o f  o d o ro u s  c o m p o u n d s  
(in c lu d in g  a m m o n ia  and hydrogen  su lp h id e )  can  be  d estro y ed , 
w h ile  su p p ress in g  the  fo rm ation  o f  c h lo r in e  an d  c h lo r in a te d  
by -p roducts .

(d) Solids Removal

The rem oval o f  particu la te  m atter from  e fflu en t can be  h in d e re d  
by flu c tu a tio n s in  flow. A flow  balancing facility  m ay  be 
req u ired  u p stream  o f  any particulate m atte r  rem oval e q u ip m e n t.

T he rem oval o f  finely d iv id ed  suspended so lid s can  be  e n h an c ed  
by the  ad d itio n  o f  chem ical coag u lan ts/flo ccu lan ts . Sim ilarly, 
these su b stan ces can aid th e  removal o f  e m u ls if ied  o il an d  
grease.

T he ad d itio n  an d  m ix in g  o f  p H  control ch em ica ls  an d  
flocculants can be  m ade, as necessary, p r io r  to  raw  e fflu en t 
e n te rin g  th e  tank.

T echn iques fo r so lids rem oval include se ttle m e n t, flo ta tio n , 
p rec ip ita tio n , d ew ate rin g  and  filtration.

Settlement

I f  an  effluen t co n ta ins a sign ifican t am o u n t o f  su sp en d e d  
m ateria l, the  separa tion  o f  up  to  90% o f  th e  su sp e n d e d  so lid s 

-c a n 'b e  ach ieved  by  se ttlem en t.

S e tdem en t is c a rried  o u t in  a clarifier. T he c la rifie r d esig n  that 
is co n sid ered  to  be  the m ost efficient and  eco n o m ica l is a 
circular, m echanically  scraped  tank. How ever, d e p e n d in g  o n  
the  flow rate , o n e  o r  m ore  pyram idal-type se ttle m e n t tanks m ay 
be  ap p ro p ria te . _ -  - - - ~ ‘

T he app lican t sh o u ld  have id en tified  a su itab le  t re a tm e n t/  
disposal ro u te  fo r the resu ltan t sludge. T he o p tio n  o f  m etal 
recovery sh o u ld  be investigated.

- C o n tro l'fo r  se ttlem en t processes should  in c lu d e  a s lu d g e  b lanket
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level in d ic a to r  a n d  h ig h -lev e l a la rm . W h e re  scrapers are u sed , 
lo s s -o f -m o tio n  se n so rs  sh o u ld  be  used .

S lu d g e  th a t in c lu d e s  read ily  b io d e g ra d a b le  O rganics c o n ta in in g  
s u lp h u r  w ill have a te n d e n c y  to  p ro d u c e  h y d ro g e n  su lp h id e  
u n less  p ro p e r ly  aera ted .

Flotation

An a lte rn a tiv e  to  se d im e n ta t io n  is u s in g  e ith e r  in d u c e d  or 
d is so lv e d -a ir  f lo ta tio n , a lth o u g h  it is less c o m m o n  in  the 

c h e m ic a l in d u s try  T h e  re q u ire d  tan k  size  is su b stan tia lly  
re d u c e d  b u t  m o re  a n c illa ry  e q u ip m e n t  is n e e d e d , m ak in g  
th e  overall cap ital cost h ig h e r  fo r  sites w ith  larg e  (m o re  
th a n  200  m V d a y )  e fflu e n t v o lu m es.

C o n tro lle d  re lease  o f  p re ssu re  p ro d u c e s  a r is in g  b lanket o f  
m ic ro -b u b b le s  as th e  d isso lv e d  a ir passes o u t  o f  so lu tio n . T he 
b u b b le s  c a rry  su sp e n d e d  so lid s to  th e  su rface  o f  th e  tank w h ere  
th ey  a re  re m o v e d  by su rface  sk im m e rs . E ith e r c ircu la r o r 
re c tan g u la r  tanks can  be  em p lo y ed . R e ten tio n  tim es are typically 
o f  th e  o rd e r  o f  2 0 - 4 0  m in u te s  a t peak  h y d rau lic  lo ad in g  
( in f lu e n t  a n d  recy c le ). A d d itio n  a n d  m ix in g  o f  p H  co n tro l 
c h e m ic a ls  a n d  flo ccu lan ts  can b e  m ad e  as necessary  p r io r  to  raw  
e f flu e n t e n te r in g  th e  tank .

W h e re  vo la tile  o rg a n ic  c h em ica ls -m ay  be  p re sen t, an ap p lican t 
p ro p o s in g  to  use  a flo ta tio n  te c h n iq u e  sh o u ld  assess th e  im p ac t 
o f  th e  re lease  to  a ir o f  any  o f  th o se  ch em ica ls  .d u e  to  the  action  
o f  a e ra tio n .

In sp e c to rs  sh o u ld  e n su re  th at a d e q u a te  c o n tro l.is  in place to  
m o n ito r  th e  a ir supply . T he sk im m e rs  o n  the  su rface  can be 
m o n ito re d  by lo s s -o f-m o tio n  senso rs .

Precipitation

C h em ica l p re c ip ita tio n  o f  d isso lv ed  heavy m eta ls is th e  m ost 
c o m m o n  m e th o d  e n c o u n te re d  a n d  m ay b e  acco m p lish ed  by 
e ith e r  b a tc h  o r  c o n tin u o u s  tre a tm e n t system s. A b a tch  system  is 
u su a lly  d e s ig n e d  w ith  tw o  tan k s , e ac h  o n e  o f  su ffic ien t vo lum e 
to  h a n d le  th e  w aste  g e n e ra te d  in  a sp ec ific  tim e.

P re c ip ita tio n  re lies o n  th e  lo w  so lu b ili ty  o f  h eavy-m eta l 
h y d ro x id e s  in  w a te r  a n d  th ey  usually  p re c ip ita te  as very  sm all 
o r  co llo id a l p a rtic le s ; th u s  co ag u la tin g  agen ts su ch  as a 
p o ly e le c tro ly te  are  o f te n  a d d e d  to  o b ta in  a heav ier p rec ip ita te  
to  a id  e ffic ien t sep a ra tio n .

P rec ip ita tes  m ay  be  se p a ra ted  by  se ttlin g  o r  f iltra tio n  o r  a 
c o m b in a tio n  o f  b o th . P ressu re  filte rs, m ed ia  filters o r  vacuum  
filte rs  m ay  be u se d . In  so m e  cases, in  o rd e r  to  ach ieve  a level o f  
m eta l rem o v a l in  p ra c tic e  th a t a p p ro ac h es  th e  theo re tica l, 
e n h a n c in g  te c h n iq u e s  su c h  as se c o n d a ry  p rec ip ita te  g en era tio n  
o r  filte r a id  a d d it io n  m ay  b e  necessary.

T h e  p re c ip ita te d  s lu d g e  c a n  th e n  b e  d ra w n  o ff  an d  sep ara ted  
so lid s  s h o u ld  b e  d e w a te re d  to  o b ta in  a s lu d g e  th at m ay be 
su itab le  fo r m eta l recovery. W h e re  m u lti-s tag e  p re c ip ita tio n  is 
u sed , so lid s  se p a ra tio n  n o rm a lly  o c cu rs  b e tw een  stages.

G en era lly  the precip itate  is e ith e r the  m etal hy d ro x id e, su lp h id e  
o r  carb o n a te  and pH  is set at the  o p tim u m  for m ax im u m  
rem oval; the final e fflu en t m ay req u ire  su b seq u en t pH  
re ad ju s tm en t before release to  w ater.

T he m o s t com m only  used p rec ip itan ts  are calcium  h ydrox ide  
s lu rry  o r  sodium  h y d ro x id e  so lu tio n , an d  the ap propria te  
c h o ice  sh o u ld  be m ad e  tak ing  acco u n t o f  all relevant factors 
in c lu d in g  the p referen tia l recovery  o f  the  m etal value from  the 
p rec ip ita te  w here th is  is feasible. M agnesium  hydrox ide  
su sp en s io n  may o ffe r  a n u m b e r  o f  advantages, inclu d in g  
re d u c e d  sludge v o lu m e, a natu ral b u ffer pH  o f  9 .5  an d  g reater 
c o s t/m a te r ia l  effectiveness.

H y d ro x id e  so lubility  varies m arked ly  w ith  pH and  species; 
th e re fo re  it is im p o rta n t to  establish  th e  o p tim u m  pH  con tro l 
p o in t  for the particu lar w aste  s tream . This is difficult w h e n  a 
n u m b e r  o f  different m etal ions are p resen t, in c lu d in g  m etals 
n o t them selves covered  by th is G u idance  N ote, as individual 
o p tim a  vary, for ex am ple , fro m  pH  4.3  for fe rric  h ydrox ide  to 
pH  9 .3  for n ickel(II) h y d ro x id e. In such  cases a full literatu re  
survey  and a p ro g ram m e  o f  test w o rk  sh o u ld  be  u ndertaken . 
O th e r  factors su ch  as residence  tim e, particle  g ro w th  and  cho ice  
o f  coagulant, i f  any, w ill also n eed  to  be investigated and  
ju stified  in an ap p lica tio n . M ulti-s tage  p rec ip ita tion  m ay be 
n ecessary  and, w h e re  used , so lid s sep ara tion  norm ally  occurs 
b e tw een  stages.

S u lp h id e  precip ita tion  m ay give h ig h e r rem oval efficiency bu t. 
it requ ires a h ig h  deg ree  o f  co n tro l to  avoid excess su lp h id e  
in  the  final e fflu en t and  the  avoidance o f  hy d ro g en  su lph ide  
g en era tio n  fro m  sludge. It m ay be ap p ro p ria te  to use b o th  
h y d ro x id e  and  su lp h id e  in  a m u lti-stag e  system  at increasing  
p H  w ith  a fin a l-lo n g -re sid en ce  tim e  su lp h id e  stage.

C arbonate  p rec ip ita tio n  by the  use o f  so d iu m  carbonate  o r 
ca rb o n  dioxide m ay be  an a p p ro p ria te  m eth o d  in  som e cases, 
eg  stream s c o n ta in in g  n ickel, lead  and  c ad m iu m  co m p o u n d s .

H ydroxide an d  carbonate  p rec ip ita tio n  m ay no t be suffic ien t 
to  remove m eta l cations in  o n e  stage, req u irin g  fu rth e r 
p recip ita tion  reagent o r  d ifferen t tertia ry  trea tm en t such  as ion 
exchange fo r full ca tio n  rem oval. P recip itation  reactions may be 
sub ject to in te rferen ces fro m  co m p lex in g  agents, o th e r  cations 
a n d  anions p resen t. M any a lte rn a tiv e  chem icals are available fo r 
enhancing  chem ica l p rec ip ita tio n  efficiency for specific .species.

C o-precip ita tion  is a tech n iq u e  o ften  u sed  for heavy-m etals 
removal. Ferric  h y d ro x id e  is o ften  u sed  since it naturally  
coagulates in  w ater w ith o u t the  ad d itio n  o f  chem ical coagulants. 
This results in  very effective ag g lom era tion  o f  fines an d  colloidal 
m aterial w ith  the heavy m etals naturally  adso rb ing  to  the surface 
o f  the iron solids. Iro n  so lids are  m o re  dense  than  o th e r  m etal 
hydroxide p recip ita tes and  h en ce  are easier to  settle and  rem ove.

Dewatering

D ew atering o f  s lu d g e  w astes is a c o m m o n  m eth o d  o f  w aste 
volum e re d u c tio n .
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M echanical d ew ate rin g  i n  ad d itio n  to  o r  instead o f  gravity  
th ick en in g  is ap p ro p ria te  fo r m any liq u id  w astes associated  w ith  
the m an u fac tu re  and  use o f  m etal co m p o u n d s . This gives a 
dew ate red  so lid ; w h ich  m ay be h and led  m ore readily  w ith  less 
risk o f  sp illage th an  a slurry.

A varie ty  o f  d ew ate rin g  facilities can be  em ployed  inc lu d in g : 
cen trifu g es, filter-belt presses, filter-p late presses and  ro tary  
vacuum  filters. The system  ch o ice  is d ep en d en t o n  cost, space 
availability an d  the  deg ree  o f  d ew ate rin g  req u ired ; fiher-p late 
presses are freq u en tly  ap p ro p ria te . Poly electro ly te ad d itio n  
( I —S k g / to n n e  d ry  so lid) m ay be necessary as a d ew ate rin g  aid. 
Such d o sin g  sh o u ld  be o p tim ised .

D ew atering  facilities m ay n eed  to  be situated  in enclosed  
b u ild ings an d  any nox io u s fum es em itted  sh o u ld  be  exhausted  
via a gas c lean ing  facility. T he filtrate m ay req u ire  trea tm en t 
p r io r  to  d isposal, for exam ple by biological trea tm en t.

Filtration

In term ed ia te  o r  p ro d u c t m ateria ls are o ften  iso lated  as solids. 
The m ax im u m  re te n tio n  o f  so lids on  the  filter is requ ired , 
w h ich , for batch  processes, usually  involves recycling the  initial 
filtrate until the  in itial carry -over o f  solids has ceased. Loss o f  
solids to  w a ter sh o u ld  be quan tified .

The m eth o d  o f  d ischarg ing  o f  the  solid  filter cake varies betw een 
each type o f  filter bu t it shou ld  be d em o n stra ted  that the 
m eth o d  selected m in im ises any spillage o r  loss o f  solids to  the 
w ater en v iro n m en t. M eans to  collect an d  recycle any spillage 
shou ld  exist that p reclude  it being  flushed  to  d rain .

If the filter req u ires  c lean -d o w n , th e  q uan tities o f  solid  p ro d u c t 
lost to  the  w ater e n v iro n m en t sh o u ld  be defined  and  sh o w n  to 
be the m in im u m  achievable. W herever possible, c lean -d o w n  
w ater shou ld  be re -used .

Since the m echan ical in te g rity  o f  the  filler m ed iu m  is c rucial to 
the o p era tio n , a m eans o f  p reven ting  its failure and  co n seq u en t 
loss to  the e n v iro n m en t is requ ired . T his can take th e  fo rm  o f  a 
gu ard  filter, a co llectio n  vessel o r  an au tom atic  d e tec tio n  an d  
sh u t-d o w n  system .

W here  solid im p u ritie s  are rem oved  fro m  process liq u o rs  an d  
b ecom e w aste, th e ir m ean s o f  d ischarge, handling , trea tm en t 
and d isposal sh o u ld  be justified .

The rep lacem ent o f  filter m ed iu m .c an .g en e ra te  a"significant 
c lean -dow n  stream . Som etim es rep lacem en t can be m in im ised  
on  m u lti-p ro d u c t p lan t by storage o f  u sed  cloths fo r re -u se  o n  
each specific p ro d u c t.

For b o th  liq u id  liq u id  separa to rs an d  liq u id  solid  separa to rs, d ie  
re ta ined  batch is usually, w ashed , o ften  w ith  a d iscrete  n u m b er 
o f  w ashes. Som etim es th e  last w a s f fo f  o n e  batch can be  used  

'as the first w ash o f  th e  nex t batch to  m in im ise  the overall usage. 
The app lication  sh o u ld  sh o w  that th is tech n iq u e  is used o r  the 
reasons w hy  it is inap p ro p ria te .

3.4.5 Secondary/tertiary systems

(a) "Activated carbon adsorption

A ctivated carbon  co lum ns can be  u sed  for th e  rem o v a l o f  lo w  
co n cen tra tio n s o f  m etal species an d  to  p o lish  a final e fflu en t to  

. p ro v ide  recyclable water. Heavy m eta ls are rem o v ed  th ro u g h  
carb o n  co lum ns. In order to  avo id  re d u ce d  capacity  after 
reg en era tio n , the  carbon  sho u ld  be  a c id -w a sh e d  p r io r  to  re -u se . 
TOC (to ta l o rgan ic  carbon) can o f te n  be  red u ced  by u p  to 9 9% .

P ow dered  activated carbon (PAC) can  be  ad d ed  to  activated  
sludge  processes to  enhance p e rfo rm an ce . Typical do sag e  levels 
are o f  th e  o rd e r o f  2 0 —200 m g/1  o f  e fflu en t feedstock . Its 
usage resu lts  in: decreased  variab ility  o f  e fflu en t q u a lity ; the 
rem oval by a d so rp tio n  o f  n o n -b io d eg ra d ab le  O rganics; an d  th e  
fu rth e r d eg rad a tio n  o f  norm ally n o n -d e g ra d a b le  substances.

W h en  th ere  is a sm all o r  in te rm itten t ap p lica tio n  o f  PAC, the 
ca rb o n  is d isposed  o f  w ith  the excess sludge. C o n tin u o u s  
app lication  at-larger p lan ts, however, req u ire s  re g en e ra tio n  o f  
the carb o n . This can be accom plished  by th e  use o f  w et. a ir 
ox id a tio n  (W AO).

Generally granular activated carbon (GAC) is easier to  regenerate, 
b u t usage o f  p o w d ered  activated c a rb o n  (PAC) o ffers several 
advantages. These in clude  a m ore c o n sisten t e fflu en t q u a lity ; 
usage and  recycling  can b e  integrated in to  th e  b io log ical 
trea tm en t facility at m in im al capital cost; and  usage can  a lso  
h e lp  to  reduce , o r e lim in a te  in som e cases, th e  p ro b lem  o f  
n itrifica tion  caused  by the  presence o f  tox ic  Organics.

(b) ton exchange resins/macroreticular resins

Ion  exch an g e  can  be em ployed  for the rem oval o f  u n d esirab le  
an ions and ca tions from  a w aste water. C ations are  e x ch a n g ed  
for h y d ro g en  o r  so d iu m , an d  anions for hydroxy l ions. Ion  
ex ch an g e  resins consist o f  a n  organic o r  in o rg an ic  n e tw o rk  
s tru c tu re  w ith  a ttached  functional g ro u p s. Rem oval o f  fine  
m eta l-co n ta in in g  particles p r io r  to io n  ex ch an g e  m ay be 
necessary.

T reatm ent o f  a w aste  w ater by  ion exch an g e  involves a se q u e n ce  
o f  o p e ra tin g  steps. The w aste  water is passed  th ro u g h  the  resin  
u n til b reak th ro u g h  occurs. T h e  bed is th e n  re g en e ra ted  by 
backw ash ing  w ith  w a ter an d  then  reg en eran t p r io r  to  re -u se . 
D isposal o f  re g en e ran t liq u o rs  is an im p o rta n t facto r in* _
m in im is in g  en v iro n m en ta l h a rm . Several'system s have b een  

-d e v e lo p ed  specifically  to  red u ce  the q u an tity  o f  chem ica ls  
released.

M acrore ticu lar resins are em p lo y ed  for the  rem oval o f  specific  
n o n -p o la r o rgan ic  co m p o u n d s . They are capab le  o f  re m o v in g  
b e tw een  85 and 99%  o f  Schedu le  50> substances f ro m  w aste  
stream s. _ _ - — ■ '  '

Fouling  o f  resins, especially  by unexpected  c o n ta m in a n ts , n eed s 
to  be considered .

Ion exchange  can rem ove  cyan ide and  su lp h id e  fro m  effluen t; 
how ever, it d o e s  n o t d e stroy  the  cyanide and a su b seq u e n t 
trea tm e n t-o f the  re g en e ra tio n .so lu tio n s  w ou ld  be  req u ired .
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(c) Membrane processes

M e m b ra n e  p ro c esse s  in c lu d e : u ltra filtra tio n , reverse  o sm o sis , 
m e m b ra n e  f iltra tio n , a n d  p e rv a p o ra tio n . T h e  e ffic iency  o f  the  
f i ltra tio n  p ro c esse s  d e p e n d s  u p o n  th e  d iffe re n ce  in  size b e tw een  
th e  p o re  a n d  th e  p a r tic le  to  b e  rem o v ed  o r  re ta in e d . In reverse 
o sm o s is  th e  e ffic ien cy  d e p e n d s  o n  h o w  w e ll th e  m e m b ra n e  
re je c ts  th e  f lo w  o f  s o lu te  w h ils t  a llo w in g  th e  f lo w  o f  so lven t.

M e m b ra n e  p ro cesses  c o n c e n tra te  so lu tio n s  by  selective 
f i ltra tio n  a n d  u su a lly  p ro d u c c  a p u r if ie d  filtra te  s tream  a n d  a 
c o n c e n tra te d  s tream .

T h ese  ty p e s  o f  p ro cess  can  be  u sed  e ith e r  to  c lean  up th e  w aste  
w a te r  fo r re -u se , o r  reco v e r m ate ria l for recyc ling . T hey  ten d  
to  b e  u se d  in  sp ec ia lis t ap p lic a tio n s  w h e re  th e  te c h n o lo g y  has 
b e e n  d e v e lo p e d  to  o v e rc o m e  m e m b ra n e  life  a n d  fo u lin g  
p ro b le m s .

As m e m b ra n e  p ro cesses te n d  to  be  d e v e lo p e d  fo r specific  
e fflu e n ts , th e  a p p lic an t sh o u ld  d e m o n s tra te  its su itab ility  an d  
sh o w  th a t th e  e ffic ien cy  is at least as g o o d  as a n d  p re ferab ly  
b e tte r  th a n , o th e r  available te c h n iq u es .

D e v e lo p m en ts  in c lu d e  d irec t c lean in g  m e m b ra n e  u n its , w h ic h  
avo id  p ro b le m s  o f  fou ling .

N e w  te c h n iq u e s  in c lu d e  th e  use  o f  g as-filled  m e m b ra n e s  fo r the 
se lec tiv e  rem o v a l o f  c o m p o n e n ts . A g a s-filled  m e m b ra n e  is a 
h y d ro p h o b ic  m ic ro p o ro u s  m e m b ra n e  in  w h ic h  th e  p o re s  are 
filled  w ith  gas. W h e n  in se r te d  b e tw e e n  an  a q u e o u s  so lu tio n  
c o n ta in in g  th e  vo latile  c o m p o n e n t a n d  a s tr ip p in g  so lu tio n  such  
as so d iu m  h y d ro x id e  o r  h y d ro ch lo ric  acid, th e  volatile co m p o n en t 
w ill d iffu se  p re fe ren tia lly  th ro u g h  th e  m e m b ra n e  and  be 
ab so rb e d  by th e  s tr ip p in g  so lu tio n . T h is te c h n iq u e  can  be  used  
in  c o m b in a tio n  w ith  o th e r  te c h n iq u e s  su c h  as io n  exch an g e .

(d ) Biological treatment

T h e  tre a tm e n t o f  b io d e g ra d a b le  m a te ria l b y  m ic ro b ia l activ ity  
re q u ire s  d e ta iled  c o n s id e ra tio n  o f  th e  n a tu re  o f  th e  waste in 
o rd e r  to  d e s ig n  an  a p p ro p ria te  b io lo g ic a l tre a tm e n t system .

P o ten tia l p ro b le m s  o f  p ro cess  in h ib i t io n  d u e  to  th e  p resen ce  o f  
to x in s  can  be  id e n tif ie d  by  trea tab ility  tests.

A b io lo g ical e fflu en t tre a tm e n t p lan t w ill n eed  to  b e  acc lim atised  
to  th e  e ff lu e n t feed  a n d  n u tr ie n t  c o n d itio n s . T h ere fo re , u n d e r  
n o rm a l c irc u m s tan c es , a f lo w  b a la n c in g  sy s tem  o r  b u ffe r  lank  is 
re q u ire d  to  b a lan ce  flow's a n d  p o llu t io n  loads to  th e  p lan t and  
to  a llo w  analysis to  c h ec k  c o m p a tib il ity  p r io r  to  trea tm en t.

B io log ical sy s tem s m ay  be  ae ro b ic  o r  an ae ro b ic . Typical types 
in c lu d e : trick le  f ilte r  b ed s  (b io lo g ic a l f iltra tio n ); ro ta tin g  
b io lo g ic a l c o n ta c to rs ; f lu id ise d -b e d  sy s tem s; ac tiv a ted  s ludge; 
d e e p  shaft a n d  p o lis h in g  filters.

For b io lo g ic a l tre a tm e n t th e  p H  o f  th e  feed  sh o u ld  b e  k ep t 
b e tw e e n  6.5  a n d  8 .5  to  e n su re  o p t im u m  b io lo g ica l activity. 
C o n s id e ra tio n  sh o u ld  b e  g iv en  to  ih e  effect o f  loss o f  b io m ass 
d u e  to  th e  in tro d u c tio n  o f  to x ic  c o m p o u n d s , a n d  a s tan d -b y

p ro c ed u re  sh o u ld  be developed  for such  an event. Such a 
p ro c e d u re  m ay include m a in ta in in g  a stock o f  seed in o cu lu m .

B iological treatm ent o f  e fflu en t c o n ta in in g  cyan ide is possible, 
b u t is g en era lly  susceptible to  shock loads an d  requ ires long 
resid en ce  tim es.

B iological treatm ent o f  e fflu en t c o n ta in in g  su lp h u r c o m p o u n d s 
is p o ss ib le , bu t is suscep tib le  to  shock  load. Strict co n tro l 
c o n d itio n s  are required  to  prevent fo rm atio n  o f  h y d ro g en  
su lp h id e  o r  m ercaptans, w h ich  because o f  th e ir lo w  o d o u r 
th re sh o ld  cou ld  lead to  o d o u r  no ticeab le  ou tsid e  the  b o u n d ary  

o f  th e  p rem ises.

N a tu ra lly  occurring  su lp h a te -red u c in g  bacteria  can  be used to  
g en era te  hydrogen su lp h id e , w h ic h  is th en  sparged  in to  w aste 
w a te r co n ta in ing  m eta ls in  o rd e r to  p recip ita te  o u t  sulphides.

I
(e) Electrochemical techniques

General

M etals can be ex tracted  from  aq u eo u s  stream s by sacrificial 
ex ch an g e . For ex am p le, a d d in g  z inc  to  an aq u eo u s so lu tion  o f  
lead  salts results in  th e  p rec ip ita tio n  o f  lead, zinc be ing  m ore 
e lectropositive  th an  lead. A n o th e r exam ple o f  th is m e th o d  is - 
the  trea tm en t o f  p la tin u m  an d  pallad ium  effluen ts w ith  iron 
scrap.

Im p ro v ed  removal o f le a d  fro m  w aste liquors , co m p ared  to - 
c h em ica l p recip ita tion , m ay be  achieved by the  use o f  iro n  
p o w d e r  in electro ly tic  exchange.

T h is  process w o u ld  result in  the  release o f  an o th e r m etal in to  
th e  aqueous s tream . Careful co n sid era tio n  should  th erefo re  be 
g iven  to  the co n cep t o f  BPEO w h en  co n sid erin g  e lectrochem ica l 
exch an g e  techniques.

Electro-deposition

M etal cations m ay be e lectro p la ted  o n to  cathode  m aterials in 
e lectrochem ica l cells. In so m e  cases th e  p lated  m etal may be re ­
used. Cation rem oval e ffic iency  is d e p en d e n t on physical and 
chem ical facto rs, b u t e lec tro -d ep o sitio n  a lo n e  m ay no t achieve 
total cation rem oval. E lectrochem ical cells are typically  used for 
b u lk  removal fro m  h ig h -co n c en tra tio n  so lu tio n s such  as fro m  
drag-ou t tanks o r  spen t io n  exchange  reg eneran t so lu tions.

N ew  techno log ies are dev e lo p in g  a lternative  e lectro d e  designs 
to  im prove th e  effic iency o f  recovery  at low er m etal 
co n cen tra tions in  e fflu en t stream s.

3.5 Minimisation of waste to land

3.5.1 Introduction

T he application  for A u th o risa tio n  sh o u ld  deta il all w astes 
from  the  p rocess that are likely to  be  d isposed  o f  to  land.

Substances for d isposal to  land  may in clude  effluent 
trea tm en t sludges, bag filter dust, kiln residues, o rgan ic  sludges, 
spent catalysis, liq u o rs , floor sw eepings, d ried  spillages and
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re frac to ry  m ateria ls . O th er substances m ay in c lu d e  bu ild in g  
m ateria ls, scrap  m eta l, m ain ten an ce  item s and  co n tam in a ted  
consum ab les su ch  as packag ing  and sp e n t filter bags.

Efforts sh o u ld  b e  m ad e  to  reclaim  raw  m ateria ls an d  p ro d u c ts  
from  residues an d  w aste p r io r  to  d isposal to  land  in  o rd e r to  
m in im ise  the  q u a n titie s  released. R ecovered dusts  m ay be re­
used in  th e  p rocess and  sludges m ay be  rep rocessed  to  recover 
m etals. An ex am p le  o f  th is is the lead carbonate  o r  h ydrox ide  
recovered d u r in g  trea tm en t o f  e ffluen t from  processes 
m an u fac tu rin g  lead  co m p o u n d s.

A m ine so lu tio n s , m o lecu lar sieves, catalysts and  io n  ex change  
resins sh o u ld  be  regen era ted  on-site , w h e re  p racticab le , to  
m in im ise  th e  freq u en cy  of, and  am o u n ts  for, d isposal. This 
sh o u ld  be c o m p a tib le  w ith  g o o d  air an d  w ater p o llu tio n  
con tro l. W h ere  necessary, they  sh o u ld  be re tu rn e d  to  the 
sup p lie r fo r reg en e ra tio n  o r  reclam ation .

A pplications sh o u ld  include details o f  th e  facilities for the  
co llection  an d  sto rage o f  so lid  and  liq u id  w astes th a t are taken 
off-site  for trea tm e n t a n d /o r  disposal. P rocedures sh o u ld  be 
established w h ic h  en su re  that there  is n o  m ix ing  o f  w astes 
excep t in p u rp o se -b u ilt eq u ip m e n t d esig n ed  for th e  trea tm en t 
o f  the w astes to  m ake them  less h arm fu l. Such e q u ip m e n t w ill 
fo rm  part o f  the  A uthorised  process.

C o n d itio n s sh o u ld  be in c lu d ed  in the  A uthorisa tion  to  ensure 
that all substances p ro d u ced  by the p rocess and  d isp o sed  o f  to  
land o n  o r  away fro m  the site shou ld  be  h and led , lo ad ed  and 
tran sp o rted  o n -s ite  so  as to  p reven t spillage, du st release or th e  
g en era tion  o f  o d o u rs.

M aterials h an d lin g  includes d ischarging raw  m aterials, conveying 
them  to  process, d ischarging, sto ring  and conveying th e  
p ro d u c t(s) an d  packaging  it. E qu ipm en t design  sh o u ld  ensure 
that there  is the  m in im u m  o f  du st g enera tion  and th a t reliance 
is not solely p laced  u p o n  dust ex traction  and  trea tm en t plant.

All spillage sh o u ld  be  c leaned u p  w ith o u t delay and , w h ere  the 
co n seq u en ce  is likely to  be env ironm en ta lly  sign ifican t, the 
plant design  sh o u ld  be  such that any spillage can be collected  
and  preven ted  fro m  e n te rin g  any sew er o r  w ater course.

Wastes should  be  sam pled  and characterised , w h ich  m ay include 
a deta iled  analysis, at app ro p ria te  frequency  to  en su re  that they 
m ay be accep ted  a t th e  w aste disposal facility and so  th a t the 
relevant in fo rm a tio n  can be m ad e  available to  the n e x t ho ld er as 
req u ired  by the  D uty  o f  Care Regulations*40. ___ __  _

3.5.2 Contamination of soil and groundwater

H ard  su rfacing  sh o u ld  be p rov ided  in  areas w h e re  acciden tal 
spillage m ay occur, eg b eneath  p rim e  m overs, in  sto rage  areas, 
and  in lo ad in g  areas. T he surfacing  sho u ld  be im perm eab le  to 
process liquors . T his also applies to  tank b u n d  floors. -T his w ill - 
facilitate recovery  a n d  c lean -u p  opera tio n s an d  prevent 
p en etra tio n  in to  the  g ro u n d . As m u ch  o f  sludges as practicable 
sho u ld  be  recycled  fo r p rocessing  (eg by filtra tion , cen trifu g in g , 
e tc ), to  m in im ise  th e  am o u n ts  req u irin g  disposal.

H ard  surfacing  o f  areas subject to  p o ten tia l c o n ta m in a tio n  
sh o u ld  be d ra in ed  such th a t potentially  c o n ta m in a te d  su rface 
r u n -o f f  is n o t  allow ed to  discharge to  g ro u n d  an d  th u s  cau se  a 
b reach  o f  th e  re q u ire m e n ts  o f  the G ro u n d w a te r  D irective  as 
n o te d  in Section  1.5.6 o f  this N ote. P articu lar care  s h o u ld  be 
taken in  areas o f  in h eren t sensitivity to  g ro u n d w a te r  p o llu tio n . 
Poorly m ain ta in ed  d ra in ag e  system s are  in  m any  cases k n o w n  
to b e  the m ain  cause o f  g ro u n d w a te r c o n ta m in a tio n , a n d  
su rfa ce /ab o v e -g ro u n d  d ra in s  are p re fe rre d  to  facilitate  leak 
d e tec tio n  (an d  to  reduce explosion risks).

In ad d itio n  to  sealed b u n d s , possible m easu re s  to  red u ce  
c o n ia m in a tio n  from  large storage tanks inclu d e :

O  d oub le  w alled  tanks; and
O  leak d e te c tio n  channels .

The ad d itional m easures c o u ld  be ju stified  in  loca tio n s o f  
p a rticu lar env ironm en ta l sensitivity. D ecisions o n  th e  m easu res 
to  be taken sh o u ld  take accoun t o f  th e  risk to  g ro u n d w a te r, 
taking in to  co nsidera tion  th e  factors o u tlin e d  in  the  A gency 
d o cu m en t, Policy and P ractice for th e  P ro tec tio n  o f  
G ro u n d w ate r '1 S), inc lu d in g  g ro u n d w ater v u ln erab ility  an d  
the p resence  o f  g ro u n d w a te r  p ro tection  zones.

The v u ln erab ility  o f  g ro u n d w ater to  c o n ta m in a n ts  w ill d e p e n d  
on  the  natural ch aracte ris tics o f  any g iven  site, specifically  o n  
the physical, chem ical an d  biological p ro p e rtie s  o f  so il an d  
rocks beneath  th e  site. T h e  E nvironm ent A gency has p ro d u c e d  
a series o f  m aps o f  E ngland and Wales, w h ic h  p ro v id e  a g u id e  
to p o ten tia l g ro u n d w a te r vulnerability. Source  P ro tec tio n  Z ones 
are in te n d e d  to  a id  p ro tec tio n  by d e fin in g  a n n u la r  zones a ro u n d  • 
each m ajo r po tab le  source, including sp rin g s , b o re h o le s  and  
wells, based  o n  travel tim es.

Surveys o f  plant th a t may co n tin u e  to  c o n tr ib u te  to  leakage 
sho u ld  a lso be consid ered , as part o f  an overall en v iro n m en ta l 
m an ag em en t system . In particular, o p e ra to rs  sh o u ld  c o n s id e r 
u n d e rtak in g  leakage tests a n d /o r  in teg rity  surveys to  c o n firm  
the co n ta in m e n t o f  u n d e rg ro u n d  d rains a n d  tanks.
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4 Benchmark release levels

T h e  re lease  levels g iv en  are  ach iev ab le  by all n e w  p ro cesses u sin g  th e  best available tech n iq u es  desc rib ed  in  Sections 2 and  3. T hey 
are  a p p lic a b le  to  e ac h  n o n -c o m b u s tio n  p o in t source. T hey  sh o u ld  n o t b e  applied as u n ifo rm  release lim its, but sh o u ld  be assessed 
to  take a c c o u n t o f  s ite -sp ec ific  c o n d it io n s  so  as to co m p ly  w ith  the  req u irem en t to u se  BATNHEC and BPEO and any relevant 
e n v iro n m e n ta l  q u a lity  s tan d ard s .

4.1 Benchmark releases to air

B e n c h m a rk  release levels to  a ir a re  su m m a rise d  in Table 4.1 by su b s tan ce  an d  process sector

Table 4.1 Releases to air° (mg/m3).

Process sector

Substance Ammonia Fertilisers h c n /h 2s P + cpds Sb, As, etc Cd + cpds Hg +cpds Cr, etc. + cpds

Ammonia 30 50h 15 15 15

Antimony 5

Arsenic 1

Benzene 5

Beryllium 0.002

Bromine 5

Cadmium and cpds (as Cd) 0.05

Carbon disulphide 5 5

Carbon monoxide 100 100 * 100

Chlorine 10 10 10 10

Chromium (III)' 5

Chromium (Vl)d 0.5

Chromium (VI)' 1

Cyanogen chloride 1

1,2-Dichloroethane 5

Gaseous chlorides (as HCI) 10
, Gaseous fluorides (as HF) 10

Hydrogen bromide 5
Hydrogen chloride 10 10 10 10 10

Hydrogen cyanide 5
Hydrogen fluoride 5 5 5

Hydrogen iodide 5
Hydrogen sulphide 5 5 5 5 5 5 5

Indium 1
Inorganic cyanide dust 5
Lead 2

Mercury and cpds (as Hg) 0.05
Nickel (insoluble) 10

Nickel (soluble) 2

Organic sulphides and 
mercaptans (as methyl mercaptan)

2 2

Oxides of sulphur (as S 0 2) 200 200 200 200 200 50 200

Oxides of nitrogen (total acid 
forming as N 0 2)

150 200 200 200 200 200

Oxides of phosphorus (as P2O s) 50

Particulate matter 20 50® 2(y 20 20 20 20 20
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Process sector

i Substance __ Ammonia Fertilisers HCN/H2S P + cpds Sb, As, etc Cd + cpds Hg +cpds Cr, etc. + cpds ,

Phosphine 5 1

Phosphorus oxychloride 10

Phosphorus pentasulphide 5

Phosphorus trichloride 10

Platinum (soluble) 0.002

> Platinum (insoluble) 1

Selenium 1

1 Tellurium 1

Thallium 0.05

VOC total Class A9 20 20 20 20 20 20 20

VOC Total Class B9 (as toluene) 80 80 80 80 80 80 80

a T he reference co n d itio n s applicable to  the above levels are: tem p era tu re  273 K (0°C), p ressu re  1 0 !.3  kPa (I a tm o sp h e re ) , no 

c o rrec tio n  for w ater vapour o r  oxygen.

W h ere  the te rm  “expressed  as” is u sed , a co rrec tio n  sh o u ld  be c a rried  out u sin g  the ra tio  o f  ihe a to m ic  o r m o lecu la r  

w e igh ts o f  the  substances as appropria te .

All releases sh o u ld  be essentially  co lourless, free  from  p ersisten t tra ilin g  m ist o r  fum e a n d  free from  d ro p le ts .

Releases from  the  processes sh o u ld  n o t give rise  to  an offensive o d o u r  n o ticeab le  ou tsid e  the  site w h e re  the  p rocess is 

c arried  on.

For associated co m b u s tio n  o r  inc in e ra tio n  processes, reference sh o u ld  be m ad e  to  G u idance  Notes S2 1.0 l (l7) fo r large 
co m b u s tio n  p lan t and S2 5 .0 1 (34) fo r chem ical waste in c in e ra tio n , fo r in fo rm a tio n  re la ting  to  release levels.

b  T he fo llow ing  levels ( m g /m s) achievable in th e  specified parts o f  fe rtiliser p ro d u c tio n .

Particulate matter Ammonia

Ammonium
nitrate
production

Prill towers and melt granulators 15* 10

Neutralisers/reactors 30 50

Coolers and dryers 30 50

Evaporators 15 50

Ammonium phosphate production 50 10

* W h ere  n o  in so lu b le  so lids are p resen t.

c " C h ro m iu m  (III) except w h en  c o m b in e d  w ith  c h ro m iu m  (Vl) o r  in  a so luble  nickel co m p o u n d . — —  —

d  C h ro m iu m  (VI) w hen  presen t as calc ium  ch ro m a te , c h ro m iu m  ch ro m a te , s tro n tiu m  ch ro m aie  o r  z in c  c h ro m a te  

(in c lu d in g  z inc  po tassium  ch ro m a te ).

e C h ro m iu m  (VI) w hen  p resen t as all o th e r ino rg an ic  c o m p o u n d s .

f  Excluding ino rg an ic  cyanides.

g W h ere  possible, releases o f  VOCs sh o u ld  be ind iv idually  iden tified .

The VOC co n cen tra tio n  levels app ly  w h e re  th e  fo llow ing total m ass release rates are exceeded:
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Total C lass A 100  g / h r

Total Class B 5 t o n n e s /y r  o r  2 k g /h ,  w h ic h ev e r is th e  low er (expressed  as to lu en e)

R eleases b e lo w  th ese  m ass e m iss io n  rates m ay n o t be  triv ia l, and  so  may still requ ire  co n tro ls  an d  the  se tting  o f  
a p p ro p ria te  re lease  lim its .

• T h e  u se  o f  a re lease  c o n c e n tra tio n  lim it is n o t  n o rm a lly  a p p ro p ria te  in the case o f  a re lease  from  an a ir-defic ien t 
sa tu ra te d  v a p o u r  space  su c h  as a s to rag e  tank  o r  p ro cess vessel. An approach based on  lim itin g  to ta l m ass re leased  or 
m ass p e r  u n it  o f  p ro d u c tio n  is likely  to  be m o re  effective.

T h e  te rm  ‘vo la tile  o rg a n ic  c o m p o u n d s ’ in c lu d es  all o rg an ic  co m p o u n d s re leased  to  a ir in  the gas phase. See also 
A p p e n d ix  1’.

4.2 Benchmark releases to surface water

B e n c h m a rk  re lase  levels to  su rface  w a te r  a re  g iven  in  Table 4 .2  by substance.

Table 4.2 Benchmark releas to water0 (mg/l).

Substance (m g/l)

Total hydrocarbon oil content (JR method) 1-3

Biological oxygen demand (BOD) (5 day ATU @ 20°C) 20-30

Chemical oxygen demand (COD) (2 hour) 100-150

Ammoniacal nitrogen (as N) 10-15

Suspended solids (dried at 105°C) 20-30

Cadmium (expressed as cadmium) 0.01b

.
Mercury (expressed as mercury) 0.005b

a T h e  levels g iv en  are  ra n g e s  ach iev ab le  a fte r e fflu en t trea tm e n t an d  are not re lease  lim its. They are  g iven  on  th e  basis o f  flow - 
w e ig h te d  m o n th ly  averages.

PARCOM  D ecis io n  8 5 /1  g ives l im i ts  for th e  re lease  o f  m erc u ry  from  the p ro d u c tio n  o f  its c o m p o u n d s . T hese are 
0 .0 5  m g / / e f f lu e n t  a n d  0 .0 5  g / k g  o f  m erc u ry  p ro cessed .

O n -s ite  e ff lu e n t tre a tm e n t is p re fe r re d  for th ese  p rocesses. W h ere  discharge to  sew er is p ro p o sed , th e  app lican t should  
d e m o n s tra te  th a t th is  o p t io n  re p re se n ts  BATNEEC/BPEO. tak ing  in to  account:

th e  su b s tan ces  re leased  a n d  th e ir  separab ility  an d  deg rad ab ility ;

th e  ty p e  o f  sew age  tre a tm e n t available;

th e  se c u rity  o f  th e  sew ag e  tre a tm e n t sy s tem  eg w ith  reg ard  to  storm  overflow ; and

th e  re la tive  p e r fo rm a n c e  o f  th e  available sew age trea tm e n t com pared  w ith  that o f  the  site d ed ica ted  
o p tio n .

C o m p lia n c e  w ith  l im its  im p o s e d  by  th e  sew age u n d e rta k e r  d o e s  n o t guarantee co m p lian ce  w ith  BATNEEC/BPEO. 

b  S ta tu to ry  I n s t ru m e n t  ( 1 9 8 9 )  N o  2 2 8 6 (1+) gives s ta n d a rd s  for c a d m iu m  and m ercu ry  in  receiv ing  w aters.
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5 Economic considerations

5.1 Introduction

In d e te rm in in g  a case the  A gency m ust translate BATNEEC in to  
co n d itio n s to  be in c lu d ed  in  the  A uthorisa tion . T he BATNEEC 
crite rio n  requ ires th a t a ju d g em e n t be m ade , balancing  cost 
against en v iro n m en ta l dam age. The o p erato r sh o u ld  have 
co n stru c ted  a BATNEEC case after e x am in in g  the  range  o f  
technically  feasible p rocess a n d /o r  abatem ent o p tions.
BATNEEC is n o t c o n ce rn ed  w ith  the  financial h ealth  o r 
resources o f  a p a rticu la r  operato r. Excessive costs are v iew ed  in  
the con tex t o f  th e  p rocess and  the  in d u stry  co n cern ed , and  
costs o f  co n tro llin g  releases sh o u ld  n o t be  d isp ro p o rtio n a te  
to  the  en v iro n m en ta l ben efits  delivered .

In the  absence o f  scope for efficiency savings, th ere  are tw o 
elem en ts to  the  ab ility  o f  a represen tative  o p era to r in any 
industry  to  bear ex tra  ab a tem en t costs. O ne relates to  the 
financial resources typically  available for capital ex p en d itu re , 
w h e th e r from  cash reserves o r  from  external sources such  as 
loans o r  equity. T he o th e r  d ep en d s  o n  the  extent to  w h ich  
costs can be passed  o n  to  cu sto m ers, passed back to  supp liers , 
o r absorbed  by lo w er re tu rn s w ith in  the  industry.

The ino rgan ic  ch em ica ls  sec to r covers a w ide  range  o f  
industries w ith  d iffe ren t e co n o m ic  backgrounds. E conom ic 
assessm ents o f  fo u r exam ple  in d u strie s  (fertilisers, lead acid  
battery  m an u factu re , ino rg an ic  p ig m en ts  m anufactu re  and  
cad m iu m  p la tin g ) th at are covered bv this G uidance N o te  are 
given below.

5.2 Economic assessments

5.2.1 Fertiliser industry

The UK fertiliser in d u stry  consists of:

•  th ree  large  o v erseas-o w n ed  concerns, w h o  m an u factu re  
a m m o n iu m  n itra te  and  b len d ed  o r granulate  fertilisers;

•  ab o u t 20 b len d ers , som e o f  w h o m  are n o t covered by  the 
R egulations;

_ •_  _ th ree^g ran u le  m anufactu rers; and

•  three l iq u id  fertiliser m anufacturers.

In the decade to  en d  1 9 96 , m ost com p an ies  suffered  losses 
d u rin g  som e years. T he in d u stry  is operating  in  a co m p etitiv e  
an d  d ec lin in g  m ark e t. O p era tin g  p ro fit levels w ere  b e tte r  in  
1996, w h ich  w as-characterised  by s tro n g  prices and  h ig h e r  
d em an d . T he b ig g e r co m p an ies  o p e ra ted  w ith  h ig h er o p e ra tin g  
re tu rn s  than th e  sm alle r com panies.

In 1997, the  m ain  p ro d u cers  saw  low er m argins an d  re tu rn  on 
capital. T urnover also decreased  over the  year. T he situ a tio n  
was expected  to  w o rsen  in  1998 , and  som e o f  the  m ain  

com pan ies have laid  o f f  personnel.

As a co n seq u en ce, in  the  past d e ca d c  investm en t has been  
c o n fin ed  to  efficiency and  env iro n m en ta l im p ro v em en ts .

It is likely that the in d u stry  s tru c tu re  w ill re m a in  m u c h  th e  
sam e, w ith  the  th ree  large p layers and several in d e p e n d e n t 
p roducers. T he expected  co n tin u a l decline is un like ly  to  
en co u rag e  any n ew  en tran ts  in to  the m arket.

All p ro d u cers  are co n ce rn ed  by  the  im p o rtin g  o f  a m m o n iu m  
n itra te  at sign ifican tly  low er p rices (up to  20% ) th an  h o m e -  
p ro d u c ed  fertilisers. M uch o f  th e  am m o n iu m  n itra te  o r ig in a te s  
from  Russia and is n o t sub ject to  the sam e en v iro n m en ta l 
re q u ire m e n ts  that prevail in  th e  UK.

T he effect o f  these im p o rts  f ro m  the fo rm e r  Soviet U n io n  has 
been  to  d ep ress prices. After rem ain ing  lo w  in real te rm s fro m  
the  m id  1980s, p rices increased  from 1 9 9 4  to  1996  by so m e  
20% per a n u m , b u t have d e c lin e d  since th en  to  b e lo w  levels 
achieved in  early 1994 .

T he  ch eap er im p o rt issue is n o t  expected to  be  reso lved  
im m ediately , a lth o u g h  the  EU has acted in  o n e  case o f  
‘dum ping* from  th e  fo rm er Soviet U nion . Existing a n ti­
d u m p in g  m easures expire  in  2000  and  it is n o t k n o w n  
w h e th e r  n e w  prov isions w ill be  put in force.

T he p ro d u c ers’ co n cern s are  backed by sta tistics, w h ic h  sh o w  
that the p ro d u c tio n  o f  n itro g en o u s  fertilisers (w h ic h  c o m p rise d  
54%  o f  all fertiliser p ro d u c tio n  in 1996) has b een  falling by 5%  
p e r an n u m  over th e  last 10 years, and th a t, in  1996  a lo n e , 
im p o rts  increased  by just u n d e r  11%.

Latest forecasts fo r the UK sh o w  that fe rtilise r c o n su m p tio n  
(m easu red  th ro u g h  n itro g e n ) will fall fro m  1441 kt in  199 6  to
1 332 kt in  2 0 0 7 , w h ich  represents an  a n n u a l dec lin e  o f  0 .7% .

For all o f  the p ro d u cers , th e re  appears to  be  few  o p p o r tu n itie s  
for exp an sio n  g iven  the c u rre n t difficult trad in g  c o n d itio n s .

G iven the  tigh t o p e ra tin g  co n d itio n s, it is d ifficu lt to  envisage 
sig n ifican t increases in  cap ital ex p end itu re  th a t w o u ld  a llow  for 
n e w  p lan t. How ever, im p rovem en ts to  ex is tin g  p lan t are 
ex p ec ted  to  co n tinue .

T he ab ility  o f  th e  firm s to  ra ise  add itional fu n d s  fo r in v es tm en t 
w ill vary for each com pany. A lthough 1998 is p re d ic te d  to  be 
ch aracterised  by  falling p r ic e s  and tig h te r  m arg in s , n o  firm  
c o n clu sio n  can be  m ade a b o u t the overall capab ility  o f  
p ro d u cers  in  general. It w o u ld  therefore  b e  a p p ro p ria te  to  treat 

^ each case o n  j t s  o w n  m erits , considering  profitability , g e a r in g  
and  cashflow.

The b ig  three co m p an ies  a re  ow ned by sub stan tia l overseas 
co n ce rn s and th e ir  p o ten tia l to  source  fu n d s  from  w ith in  w ill 
d e p en d  o n  in te rn a l c o m p e tin g  p rio rities , b o th  b e tw een  
fertiliser d iv is ions and b e tw een  th e-v ario u s-ch em ica l sec to rs . -.
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5.2.2 Lead acid batteries

T h e  UK lead  ac id  b a tte ry  in d u s try  has c o n ce n tra ted  fro m  m an y  
m a n u fa c tu re rs  to  th re e  large  g ro u p s , p lu s  a few  in d e p e n d e n t 
p ro d u c e rs . T he  la rg e  g ro u p s  co n sis t o f  b o th  a u to m o tiv e  b a tte ry  
m a n u fa c tu r in g  c o m p a n ie s  a n d  in d u s tr ia l  b a tte ry  m an u fa c tu r in g  
c o m p a n ie s  p ro d u c in g  in  h ig h  v o lu m es, typically  in  the  ran g e  o f  
1 .5—3 m illio n  b a tte rie s  p e r  s ite  p e r  year.

T h e  in d e p e n d e n t  m a n u fa c tu re rs  in c lu d e , for e x am p le , a lo w - 
m e d iu m -v o lu m e  p ro d u c tio n  o f  a u to m o tiv e  b a tte rie s  an d  a lo w - 
v o lu m e  n ic h e  p ro d u c e r  m ak in g  b a tte rie s  for classic cars and 
o th e r  lo w e r -v o lu m e /h ig h e r -m a rg in  ap p lications.

T h e re  is lit t le  sco p e  fo r fu r th e r  c o n c e n tra tio n  o f  c o m p an ies , 
a l th o u g h  it is like ly  th a t th e re  w ill be  fu r th e r  co n so lid a tio n  o f  
m a n u fa c tu r in g  w ith in  g ro u p s  o n to ’th e  lo w est-co s t, m o st-  
p ro d u c tiv e  sites in  o rd e r  to  in c rease  scale eco n o m ies , o n  a 
E u ro p e a n  scale.

T h e  m ark e t fo r lead  acid  b a tte rie s  can  be  d iv id ed  in to  
th re e  m a in  se g m en ts :

O  s ta r te r  b a tte rie s  (m a in ly  fo r a u to m o tiv e  ap p lica tio n s) 
o r ig in a l m ark e t, 
a f te r-m a rk e t;

O  tra c tio n  b a tte rie s  (m a n u fa c tu re d  as e lem en ts  th a t are
c o m b in e d  to  p ro d u c e  th e  re q u ire d  b a tte ry  capacity ); an d

O  o th e r  ty p es (eg  s ta n d -b y  b a tte rie s ) .

T h e  a u to m o tiv e  o r ig in a l m ark e t re fe rs  to  sales o f  b a tte rie s  to 
v eh ic le  m a n u fa c tu re rs  fo r n e w  veh ic les. T h e  e stim a ted  size o f  
th is  m ark e t in  th e  UK is 1.5 m il l io n  b a tte rie s  a year. T his 
d e m a n d  is sa tis fied  by  d o m e s tic  m an u fac tu re rs . Q uality , 
p e r fo rm a n c e  a n d  p r ic e  a re  very  im p o r ta n t. Vehicle b a tte rie s  
so ld  in to  th e  o r ig in a l m ark e t m e e t h ig h e r  sp ec ifica tio n s an d  
c o m m a n d  h ig h e r  p r ic e s  th a n  a f te r-m a rk e t eq u iva len ts. H ow ever, 
th e  p r ic e s  o f  o r ig in a l e q u ip m e n t  b a tte rie s  a re  co n tin u a lly  
sq u e e z e d  by  p o w e rfu l c u s to m e rs , w h o  also  o p e ra te  in very  
c o m p e tit iv e  m ark e ts , a n d  th is  m ea n s  th a t p ro fit m arg in s  fo r 
o r ig in a l  e q u ip m e n t  b a tte rie s  a re  typ ica lly  less th an  th o se  fo r 
a f te r -m a rk e t p ro d u c t.

T h e  a u to m o tiv e  b a tte ry  a f te r-m a rk e t is h ig h ly  p r ice -co m p e titiv e  
a n d  q u a lity  is a lso  im p o r ta n t.  T h e  size o f  th is  se g m en t is 
e s t im a te d  to  be  5 .5  m ill io n  p e r  a n n u m , a n d  th ere  is a relatively  
h ig h  level o f  o v erseas im p o r ts , p a r tic u la r ly  fro m  c o u n tr ie s  
w h e re  p ro d u c tio n  facto rs are  c h e a p e r  an d  h e a lth , safety an d  
e n v iro n m e n ta l  re q u ire m e n ts  are  lo w e r th a n  in  th e  UK. After* 
m ark e t c u s to m e rs  a re  in c re as in g  in  s ize  as sm a lle r d is tr ib u to rs  
a re  sw a llo w e d  by  th e  b ig g e r  p layers in  th e  m arket. T h is 
in c re ase s  th e ir  n e g o tia tin g  p o w e r  a n d  w ill te n d  to  d ep ress  
p rice s.

T h e  UK c ar b a tte ry  m a rk e t is w o r th  a b o u t £1 2 8 m  annually. 
P ro d u c tio n  a n d  tra d e  s ta tis tics  in d ic a te  th a t th e  UK car b a tte ry  
m ark e t g re w  by  12%  an n u a lly  f ro m  1993  to  1996 . In 1 9 9 6  UK 
m a n u fa c tu re rs  e x p o r te d  14%  o f  o u tp u t  a n d  su p p lied  78%  o f  the

UK m arket. T he average price  o f  UK batte ries dec lin ed  in real 
term s from  1993 to  1996. Im p o rt p en e tra tio n  rem ain ed  fairly 
constant a t a ro u n d  22%  o f  the  value o f  the  UK m arket.

T h e  Society o f  the B ritish  Battery In dustry  (SOBAT) considers 
th a t g row th  is unlikely  to  be sustainable at these  levels in the  
lo n g  term , c o n sid e rin g  the relatively slow  increases in the  UK 
car p o p u lation , and  a tren d  to  lon g er b a tte ry  life. Im p o rts  are 
increasing, h e lp ed  by th e  cu rren tly  h ig h  levels o f  sterling.

Traction b a tte rie s  are usually  m anufactu red  as cells, w h ich  are 
th en  com bined  to  fo rm  a ba tte ry  o f  the  req u ired  specification .

Production  and  trade statistics indicate the  UK m arket for 
traction  b a tte rie s  to be w o rth  abou t £ 1 9 0 m . T he UK m arket 
and  UK m an u fac tu re rs ' sales g rew  respectively by 37%  and  35%  
a year from  1 993 to I 9 9 6 . Im p o rts  rep resen ted  4%  o f  the UK 
m arket in 19 9 6 . UK. m anufactu rers e x p o rted  1 7%  o f  th e ir 
o u tp u t in 1996 .

T hese figures sho u ld  be  treated  w ith  cau tio n  -  SOBAT suggests 
that market size  and  g ro w th  are considerab ly  overstated .

O th e r  types o f  lead acid  battery, eg s tan d -b y  ba tte ries, are 
exported  fro m  the  UK in large volum es. T he value o f  ex p o rts  
in  1996 was £ 3 2 m , co m p ared  w ith  im p o rts  o f  £2 .'6m . (UK 
m an u factu re rs’ o u tp u t data  are not available.)

O perating  p ro fit m arg ins are generally  low  (3 -4 % ) m aking 
low -cost, h ig h -v o lu m e  p ro d u c tio n  a p re -req u isite , excep t w here  
a n ich e  strategy is chosen . R eturn on  capital is typically  in the 
ra n g e  10 -15%  and  is very  sensitive to sm all increases in 
o p era tin g  costs.

N e w  car p ro d u c tio n  w ith in  Europe is ex p ec ted  to  co n tin u e  to 
increase  up to  at least the  year 2000 , c reating  a positive  o u d o o k  
fo r UK battery m anufacturers. At the  sam e lim e, th ere  w ill be 
con tin u in g  p re ssu re  from  pow erful cu sto m ers and  
com p etitiv e ly -p riced  im p o rts  to  re d u ce 'p ric e s  and  UK 
m an u fac tu rin g  costs especially w h ile  the value o f  ste rling  
rem a in s  high. In  the  lo n g  term , the sta rte r battery  m arket 
se g m en t is e x p ec ted  to  g ro w  at a low er rate than  th e  1 2% 
o b serv ed  from  1993 to  1996.

T h e  traction b a tte ry  m arket is seen as m ature. G ro w th  in the 
ran g e  2-3%  a y ear in th is sec to r is expected . Rates o f  g ro w th  
in  th e  stand-by ba tte r) ' m ark e t segm en t are ex p ec ted  to  be 
h ig h e r  than th is.

C oncentration  an d  co n so lid a tio n  w ill allow  th e  m ain  p roducers 
to  ben efit from  eco n o m ies o f  scale an d  w ill red u ce  th e  cost o f  
ab a tem en t m easu res per u n it  o f  o u tp u t. C u rren t and  expected  
fu tu re  env ironm ental com pliance req u irem en ts  are n o t generally  
seen  as onerous w ith in  the  ind u stry  by  the  m a jo r p layers. 1

M ed iu m  producers (ie 1 0 0 ,0 0 0  to  5 0 0 ,0 0 0  ba tte ries a year) 
th a t com pete  in  th e  au to m o tiv e  afte r-m arket against im p o rte d  
p ro d u c ts  face th e  m ost d ifficu lt and u n certa in  fu tu re , and  are 
likely to  be h a rd est h it by health , safety an d  e n v iro n m en ta l 
requ irem en ts.
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5.2.3 Inorganic pigments

This G uidance  N o te  is restric ted  to  firm s p rim arily  involved in 
p rocessing  o f  ino rg an ic  p ig m en ts based  o n  ihe  m etals 
ch ro m iu m , lead an d  cadm ium .

There are about 20 com pan ies in  the  UK engaged  in  
m anufac tu rin g , m ix ing , b lend ing  a n d /o r  fu rth e r usage o f  
ino rg an ic  p igm en ts. For som e o f  the  sm alle r co m p an ies  and 
those  involved w ith  a rtists’ m ateria ls , in o rg an ic  p ig m e n ts  are a 
m ajo r sou rce  o f  activity. However, for large co n g lo m era tes  
p ig m e n ts  rep resen t a fraction  o f  turnover.

The p ro d u c tio n  o f  ino rgan ic  p ig m en ts  is sign ifican tly  less 
p rofitab le  than  p ro d u c tio n  o f  o rgan ic  p igm en ts.

C adm ium  p ig m en ts  are prim arily  u sed  for co lo ra tio n  o f  
po lym ers, m in o r  usage in  ceram ics, glasses and  glazes, ‘a rtists’ 
pa in ts and h ig h -p erfo rm an ce  paints. A lth o u g h  the  local m arket 
is stagnant, th ere  has been  a substan tia l rise in  ex p o rts  
particu larly  to  Latin A m erica and  Asia. P igm en t p ro d u cers  are 
develop ing  n ew  p roducts for ex p o rt in  the  area o f  h ig h - 
p e rfo rm an ce  an d  w ater-based coatings.

For lead p ig m en ts, leg islation  has restric ted  the  use  o f  lead- 
based pain ts in co n su m er p ro d u c ts  and  has im p o sed  m ax im u m  
lead co n cen tra tio n  lim its in ceram ic  p ro d u c ts , lead ing  to  a 
substantia l red u c tio n  in the use o f  w h ite  and  red  lead p igm en ts 
in  th e  UK. They are still used for co rro s io n  co n tro l on  
steelw ork  and  for p ro tec tio n  o f  o u td o o r  w o rk  and  in  pa in ts for 

road m arkings.

C o loured  p ig m en ts  in  the UK have also been  u sed  for the  glass, 
ceram ics, pa in ts and plastics in d ustrie s. W h ite  and  g reen  
p ig m en ts  have been used  for car ex terio rs . A rtists’ m aterials 
have served specific n iche  m arkets.

C ad m iu m - and lead-based p ig m en ts  possess characteris tics no t 
available in  substitu tes. They .have=advantages in  less processing  
tim e, p e rfo rm an ce  c riteria  and cost. T here  are also 
en v ironm en ta l p ro b lem s associated w ith  the  p ro d u c tio n  o f  
organ ic  chem icals, an d  it is a rgued  that en v iro n m en ta l 
evaluation  o f  o rgan ic  p ig m en ts  has been  less co m p reh en siv e  
th an  o f  ino rg an ic  ones.

.T he  ino rgan ic  p ig m e n t in d u stry  is m ature, w ith  the  p ro d u cers  - 
having b een  estab lished’for a lo n g  tim e. A batem en t costs re la ted  
to  the installation  o f  requ ired  e q u ip m e n t are h ig h  for new  
en tries an d  place cost pressures o n  sm aller firm s presen tly  in 
th e  m arket. However, once the  e q u ip m e n t is in  place and 
op eratin g , m ain ten an ce  costs w ere  assessed by com p an ies  as 
affordable.

C o m p etitio n  co m es m ainly from  o th e r  EU com pan ies. In- 
recen t lim es, co m petitive  p ressu res have been from  Ind ian  

and  C hinese p roducers.

_The p ig m en t m arket is price ra th e r than  qu a lity  com petitive, as 
certain  qualitative standards o n  health , safety an d -th e  
en v iro n m en t have to  be m et.

C urren tly  p ig m e n t p ro d u cers believe that th e ir  co m p e titiv e  
p o s itio n  is b e in g  u n d e rm in ed  b y  the  strong p o u n d .

M ost o f  the  larger co m p an ies  assessed are h ig h ly  p rofitab le, 
w ith  above-average re tu rn s  o n  sales and equity . In a d d itio n , th e  
asset base is relatively  new  and  th e  evidence fro m  c o m p an y  
accoun ts show s that add itional plant and e q u ip m e n t h as b e en  
pu rch ased  over th e  last tw o  years.

T he c o m p a n ie s ’ cash  m an ag em en t contro l is so u n d , w ith  
acceptable days re tu rn s  for c red ito rs and d eb to rs . In so m e  
cases, stock tu rn  is be lo w  average.

All o f  the  co m p an ies  have s tro n g  sources o f  in te rn a l fu n d in g  
a n d  several are re lian t o n  p a ren t funds. G earing  levels are n o t 
co n sid ered  to  be a p rob lem  g iven  the p a ren t c o m p a n ie s ’ o w n  
in te rn al sources.

For the  sm aller co m p an ies , p rofits are m o re  variable, b u t th e  
balance sh ee t s tru c tu re  is s tro n g , w ith lo w  levels o f  liabilities.

5.2.4 Cadmium plating

T here are ap prox im ate ly  20 en terp rises that ca rry  o u t cad m iu m  
p lating  in  th e  UK. O f  these, about 1 5 are sm all m eta l p la tin g  
fin ish ing  co m p an ies  w ith  o n  average b e tw een  50  an d  2 0 0  
em ployees. C ad m iu m  p lating  generates b e tw ee n  5 an d  10%  o f  
th e ir to ta l tu rnover. The rest are m uch  larger c o m p a n ie s , eg 
aerospace m anufacturers. For the aerospace  co m p a n ies , o f  
w h ich  cad m iu m  p lating  is an indispensable aspect o f  
op e ra tio n s , it constitu tes  a m inuscu le  p ro p o r tio n  o f  tu rnover.

O w in g  to  th e  hazard o u s na tu re  o f  c a d m iu m , th e re  have been  
a ttem p ts  to  develop  a c lose  substitu te  fo r all n o n -sa fe ty  
app lications. Z inc alloys an d  a lum in ium  have b een  tr ie d , b u t to 
date n o 'm e ta l com es c lose  to  cad m iu m ’s u n iq u e  physical 
p ro p e rtie s , w h ic h  in clude  superior a n ti-c o rro s io n  capab ilities 
and  h ig h  na tu ra l level o f  lubricity.

N evertheless, m o re  s tr in g en t env ironm en ta l g u id e lin es  have 
b ro u g h t ab o u t an overall reduced level o f  activity. In p a rticu la r 
the  HU D irectives o f  1991 and 1993 co n fin e  th e  use  o f  
c ad m iu m  p la tin g  to  defence, aerospace, nuclear, m in in g  an d  
electrical con tacts.

T he  a m o u n t o f  c ad m iu m  consum ed for p la tin g  fell f ro m  
147 to n n es  to  80  to n n es o n  last e stim a tes in  1995.

C ad m iu m  p la tin g  en te rp rises use ab o u t 7%  o f  cad m iu m  
p ro d u c ed , th e  m ajo rity  going to  th e  b a tte ry  m an u fa c tu r in g  
sector. It is an o lig o p o lis tic  m arket, w ith  each  o f  th e  e n te rp rises  
h o ld in g  fro m  2 to 10%  share each.

. _ _New e n tra n ts  are un like ly  in the  m ark e t, d u e  to  d ecreas in g  
d e m a n d  and  costly  in itia l investm ents n e ed e d -to -c o m p ly  w ith  
en v iro n m en ta l standards.

T he sm all p laters analysed  on th e ir  financia l p e rfo rm a n c e  vary 
in  te rm s o f  their p ro fit m argins and  are  c h arac te rised  by  loose  
cash m anagem en t: S o m e are m ak in g  losses, o th e rs  are 
ach iev in g  lo w  m arg ins. The cash p o s it io n  is ex acerb a ted  by th e
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d e lay s  in  d e b to rs  p ay in g  o u ts ta n d in g  acco u n ts  an d  th e  m etal 
c o m p a n ie s  p ay in g  su p p lie rs . Bank o v erd ra ft is u sed  to  fu n d  
o p e ra t io n s  a n d  use  o f  o th e r  e x te rn a l d e b t is c o m m o n . T h eir 
f ix ed  asset base  is re la tive ly  new.

T h e  la rg e  a e ro sp a c e  a n d  d e fen c e  c o m p a n ie s  have faced d ifficu lt 
t ra d in g  c o n d it io n s ,  w i th  lo sses o v er th e  last th ree  years, bu t 
o p e ra te  w ith  b e tte r  cash m a n a g e m e n t a n d  liquid ity .

T h e  v e ry  scale o f  th ese  o p e ra tio n s  su g g ests  that, o n ce  they  b eg in  
to  g e n e ra te  o p e ra t in g  p ro f its , th ey  c o u ld  at least e a rn  suffic ien t 
funds for investm ent given the ir b e tte r control o f cash.

5.3 Costs of release control techniques

T h e  c o m p a n ie s  A u th o rise d  u n d e r  th is  in d u s try  sec to r G u id an ce  
N o te  c o v e r a ra n g e  o f  d if fe re n t in d u s tr ie s  and  d iffe ren t scales o f  
o p e ra t io n  ra n g in g  fro m  b a tc h  p ilo t-p lan t-sc a le  facilities th ro u g h  
to  la rg e  c o n tin u o u s  m a n u fa c tu r in g  p rocesses. A w id e  ran g e  o f  
c h e m ic a l  sp ec ies  w ith  d if fe r in g  p h y sica l, chem ica l a n d  
to x ic o lo g ic a l p ro p e rtie s  are  s to re d , h a n d le d  an d  p ro cessed , 
w h ic h  lead s  to  th e  g e n e ra tio n  o f  w aste  s tream s to  all 
e n v iro n m e n ta l  m ed ia  th a t vary  in  te rm s  o f  c o m p o s itio n , 
c o n c e n tra t io n  an d  th e  c o m p le x ity  o f  trea tm e n t that is req u ired .

5.3.1 Particulate matter ■

W ith in  th e  in o rg a n ic  ch em ica ls  in d u s try  o n e  o f  the  m ain  
a b a te m e n t issues c o m m o n ly  fo u n d  is th e  ab a tem en t o f  
p a r tic u la te  m a tte r  f ro m  g aseo u s  stream s. T h ere  are a n u m b e r  o f  
a lte rn a tiv e  te c h n o lo g ie s  available as d e sc rib e d  in  S ec tion  3.

T h e  c h o ic e  o f  su itab le  te c h n o lo g y  w ill b e  d e p e n d e n t u p o n  
te c h n ic a l,  s ite -sp ec if ic  a n d  e c o n o m ic  c o n s id e ra tio n s , an d  a 
n u m b e r  o f  a p p ro p ria te  c r ite r ia  fo r c o n s id e ra tio n  are g iven  
b e lo w :

®  v o lu m e tr ic  flo w ra te ;
®  te m p e ra tu re ;
©  h u m id ity ;
®  • ty p e  an d  n a tu re  o f  th e  p a r tic u la te  m atte r;
•  th e  p re se n c e  o f  o th e r  ch em ica l spec ies;
£  th e  rem o v a l e ffic ie n c y  re q u ire d ;
•  sp ace  availab ility ;
#  u t il i ty  re q u ire m e n ts ;
•  w a s te  d isp o sa l c o n s id e ra tio n s ;
#  c o n t r o l /m o n i to r in g  re q u ire m e n ts ;  a n d
#  c iv il e n g in e e r in g  w o rk .

In  so m e  cases g a se o u s  s tre am s c o n ta in in g  p a rticu la te  m a tte r  w ill 
be  c o m b in e d  to g e th e r  fo r t re a tm e n t, a n d  in  o th e r  cases it m ay 
b e  m o re  a p p ro p r ia te  to  seg reg a te  in d iv id u a l stream s fo r 
a b a te m e n t.

E ach o f  th e  m a in  a b a te m e n t te c h n o lo g ie s  fo r p a rticu la te  m atte r  
h a s  a d v an tag e s  a n d  d isad v an tag es, w h ic h  m ay  p rec lu d e  its u se  
o n  te c h n ic a l c o n s id e ra tio n s  fo r  any  p a r tic u la r  instaJlauon .

O n e  o f  th e  m a in  fac to rs  is th a t th e  e ffic ie n c y  o f  p articu la te  
a b a te m e n t  d ev ices is in f lu e n c e d  b y  p a r tic u la te  size, a n d  ty p ic a l . 
v a lu es  a re  s h o w n  in  Table 5 .1 . T h e  f ig u re s  sh o u ld  be  taken  as

gu ideline  values only. Actual rem oval efficiencies w ill d ep en d  
o n  the type  and  d en sity  o f  the  particu la te  to  be rem oved  and  
hence m ust be  d e te rm in e d  for each ind iv idual case. 
C o m binations o f  trea tm en t tech n o lo g ies  m ay be req u ired  in  
o rd e r to achieve req u ired  em iss io n  levels.

Table 5.1 Efficiency of particulate abatement devices.

\
Type Efficiency (% ) j

10 pm 5 Mm 2 |jm 1 pm j

High-efficiency cyclone 87 73 46 27 |

Wet impingement scrubber 99.5 97 92 80 |

Electrostatic precipitator 99.8 99.7 99.6 99.5 |

Pulse jet filter 99.99 99.95 99.9
1

99.8 |

O th e r  considerations w h e n  selec ting  particu la te  abatem en t 
system s that in flu en ce  the  costs in c lu d e  the cho ice  o f  m ateria ls 
o f  co n struction  for the p lan t and  ancillaries such as filter bag 
m ateria ls o f  c o n s tru c tio n .

It is n o t possible to  show  co m p reh en s iv e  costing  data to  satisfy 
all situations a n d  to  cover all app lications covered u n d e r this 
sector, but ap prox im ate  costs o f  em p lo y in g  som e o f  the 
particu la te  ab a tem en t c o n tro l tech n iq u es  d iscussed  in this 
G u idance  N ote are  g iven in F igures 5.1 and  5.2 . They sh o u ld  
be treated  w ith  a great deal o f  cau tio n  as they w ill vary 
considerably  for specific  app lications. The data show s total 
in sta lled  eq u ip m en t costs and  ann u alised  costs against 
v o lu m etric  th ro u g h p u t for each o f  th e  m ain  technolog ies.
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Figure 5.1 Installed capital cost for particulate abatement equipment

Flowrate m3/hr

gure 5.2 Total annualised costs for particulate abatement equipment
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5.3 .2 Gas scrubbing

S c ru b b in g  te c h n iq u e s  are  w id e ly  u se d  in  d ie  se c to r fo r g aseous 
p o llu ta n ts . H ow ever, th e  d iv e rse  n a tu re  o f  the  p o llu ta n ts , the 
s c ru b b in g  m e d iu m  a n d  o p e ra t in g  c o n d itio n s  m ak e  it 
im p ra c t ic a b le  to  give average a n n u a lise d  costs. F igu re  5.3 
sh o w s  c ap ita l costs on ly  fo r  a c o m m o n  ty p e  o f  sc ru b b in g  
e q u ip m e n t  c o n s tru c te d  in  sta in less  steel.

Figure 5.3 Installed cost of acid gas scrubbers
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Monitoring

6 Monitoring

6.1 General

T here  is an exp an d in g  series o f  HM IP and  E n v ironm en t Agency 
Technical G uidance N otes on  m o n ito rin g , co n ta in in g  
in fo rm a tio n  o n  th eo ry  and m ethodology, and  p ro v id in g  
techn ical in fo rm a tio n  o n  m o n ito rin g  tech n iq u es (see Associated 

pu b lica tio n s at the  en d  o f  th is N o te ).

C o n d itio n s in the  A uthorisa tion  sh o u ld  re q u ire  the  resu lts  ' 
o f  all m o n ito r in g  to  be rep o rted  in  line w ith  the  IPC stan d ard  
A uthorisa tion  form at.

The app lican t sh o u ld  provide a c lear s ta tem en t o f  the  p o ten tia l 
for release o f  all substances that m ig h t cause h a rm  to th e  
e n v iro n m en t, and  propose  an u n a m b ig u o u s  set o f  p ro ced u res 
for m easu rin g  o r o th erw ise  estim ating  releases o f  key 

po llu tan ts.

In fo rm atio n  sho u ld  be prov ided  o n  release rou tes , m eth o d s 
o f  relevant m o n ito rin g  or sam pling  and  analysis, and p e rio d s  
an d  frequency  o f  assessm ent. Evidence sh o u ld  be p ro v id ed  that 
q uality  assurance p rocedures are in  place to  ensu re  th a t all 
m o n ito r in g  and test results are sufficiently  accurate and  reliable 
(fo r exam ple  by reference to  B ritish /in te rn a tio n a l stan d ard s and  
accred itation  w ith  the U nited  K ingdom  A ccred ita tion  Service 

(UKAS)).

Reference sh o u ld  be m ade to  the  app lication  w h en  se tting  
stan d ard s o f  release in A uthorisations to  en su re  that su c h  
co n d itio n s are assessable by m eans d esc rib ed  by the app lican t, 
and are p ro p erly  enforceable.

The re q u irem en ts  and  frequency o f  sam pling , analysis and  
m o n ito rin g  are site- a n d /o r  process-specific , in flu en ced  by 
co n sid era tio n  o f  the  antic ipated  vo lum e and  c o m p o s itio n  o f  
the w aste stream s.

6.2 Monitoring releases to air

For co n tin u o u s  m o n ito rin g , release co n cen tra tio n  levels are 
given o n  the  basis o f  95%  o f  th e  hourly  average read in g s for 
each ro llin g  2 4  h o u r  pe rio d  n o t exceed ing  the  value an d  the  
m ax im u m  hourly  average not exceed ing  150%  o f  th e  value. For 
n o n -c o n tin u o u s  m o n ito rin g , th e  levels re fer to  the  sam p lin g  
p e rio d  ap p ro p ria te  to  the test m eth o d .

In o rd e r to  relate em ission  co n cen tra tio n s to  m ass releases, it 
w ill be  necessary  to  m easure o r  o th erw ise  d e te rm in e  the  gas 
flow. A dditionally, in  o rder to  relate m easu rem en ts to  reference 
co n d itio n s, tem p era tu re  w ill n eed  to  be d e te rm in ed . 
D e term in a tio n  o f  oxygen-or w ater vapour co n te n t m ay also be  
req u ired . All such  m easu rem en ts sho u ld  be reco rd ed .

W here  ap p ropria te , co n tin u o u s m o n ito r in g  tech n iq u es  shou ld  
be  used , c o m m en su ra te  w ith  th e  lim ita tio n s and  accuracy  o f  
c o n tin u o u s  m o n ito rs . W hen  co n tin u o u s m o n ito r in g  is no t 
a p p ro p ria te  o r  available, n o n -c o n tin u o u s  m o n ito r in g  sh o u ld  be

u n d e rtak en , to g e th e r w ith  co n tin u o u s su rro g a te  m ea su re m e n ts  
w h e re  applicable.

Releases to  a ir fro m  kiln system s are h ig h ly  variable.
C o n tin u o u s m o n ito rin g  for particulates, SOx an d  N O x is 
pa rticu larly  useful to  indicate tren d s in p lan t p e rfo rm an ce .

In re q u irin g  the  use o f  c o n tin u o u s  m o n ito rin g  for any g iven  
release p o in t, several factors sh o u ld  be taken  in to  acco u n t.
These in clude  the size o f  the process an d  its releases, the  value 
o f  m o n ito re d  versus calculated results (eg  by u sin g  p ro v en  m ass 
b a la n ce /fac to rin g  m eth o d s) a n d  the usefu lness o f  c o n tin u o u s  
reco rds w h e re  a re lease  m ay be  tim e-d ep en d en t, such  as 
ch an g in g  over p ro d u c tio n  cycles/catalyst life, etc.

The A gency has estab lished  its M o n ito rin g  C ertifica tion  S chem e 
(MCERTS). C o n tin u o u s e m iss io n  m o n ito rin g  system s sh o u ld  be 
expec ted  to  m eet th e  p e rfo rm an ce  standards p u b lish ed  u n d e r  
the  Schem e. M anual stack tes tin g  should  be  ca rried  o u t in  
accordance  w ith  th e  separate MCERTS p e rfo rm a n ce  s tan d ard s  
b e ing  developed  fo r  n o n -co n tin u o u s m o n ito r in g , w h ic h  
in c lu d e  the  use o f  th e  A gency’s standard re p o rtin g  fo rm ats.

W herever a c o m b u s tio n  p rocess (o ther th an  flarin g ) is used  
for the  d e s tru c tio n  o f  a p o llu tan t, its effectiveness sh o u ld  be 
d e m o n s tra ted  in d irectly  by con tinuously  m o n ito r in g  th e  
tem p era tu re  and o x ygen  c o n te n t o f the  ex h au st gas. Visual 
and o lfacto ry  assessm ents o f  releases f ro m  in c in e ra to rs , fiaics, 
fu rnaces and o th e r  sources liab le to cause a nu isan ce  em iss io n  
sh o u ld  be m ade w h e n  ap p ropria te , p a rticu larly  d u rin g  
u p s e t /s ta r t-u p /s h u t-d o w n  conditions. R em edial a c tio n  sh o u ld  
be taken im m edia te ly  in the case o f adverse  o b se rv a tio n s, and  
the  cause o f  the re lease  and  ac tion  taken sh o u ld  be re co rd e d  in 
the  log  book.

M o n ito rin g  sho u ld  be u n d ertak en  d u rin g  c o m m iss io n in g , 
sta rt-u p , n o rm al o p e ra tio n  an d  sh u t-d o w n  un less th e  In sp e c to r 
agrees that it w o u ld  be inappropria te  to  d o  so.

W h ere  Inspecto rs are not satisfied w ith  the  a m o u n t o f  
in fo rm a tio n  available abou t em issions, a s h o r t- te rm  m o n ito r in g  
exercise m ay be ap p ro p ria te  as part o f  an  im p ro v e m en t 

__p r o g r a m m e . ____ ________ _  _ __

6.3 Monitoring releases to surface water

C o n tin u o u s m o n ito r in g  and flow  p ro p o rtio n a l sa m p lin g  for 
releases to  w ater are always preferable, b u t th e  use o f  a 
fixed-in terval o r  tim e  p ro p o rtio n a l sam p le r fo r flow rates o f  
less th an  1 litre  p e r  second  m ay  be acceptable . Spot sa m p lin g  

” m ay be used  for au d it o r  en fo rcem en t p u rp o ses.
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M o n ito r in g  o f  p ro c ess  e fflu en ts  re leased  to  c o n tro lled  w a ters  
a n d  se w e rs  w ill c o m m o n ly  be  m ad e  fo r  th e  fo llo w in g :

•  flo w ra te ;
•  p H ;
•  te m p e ra tu re ;  a n d
®  TO C  (su rro g a te  fo r C O D /B O D ).

S a m p le s  sh o u ld  a lso be  m o n ito re d  fo r  a p p ro p ria te  o th e r  
p a ra m e te rs  su c h  as th o se  below , o v er re levan t tim e  p e rio d s , 
ty p ic a lly  daily, w e ek ly  o r  m o n th ly  d e p e n d in g  o n  
c irc u m s ta n c e s :

• CO D ;
• h y d ro c a rb o n  o il;
• a m m o n ia c a l an d  to ta l n itro g e n ;
9 su s p e n d e d  so lid s;
• p h e n o ls ;
& su lp h id e ;
• d isso lv ed  o x y g e n  (w h e re  ju s tif ie d  by  n a tu re  o f  rece iv ing

w a te r )  ; a n d
© m eta ls  ( ty p ica lly  Cd, H g , Cr, N i, Z n , Cu, As).

In  a d d it io n  to  th e  re g u la r  m o n ito r in g  c a rried  o u t  by th e  
o p e r a to r  to  d e m o n s tra te  c o m p lia n c e  w ith  the re lease  lim its  set, 
th e  o p e ra to r  sh o u ld  have a fu lle r  analysis ca rried  o u t covering  a 
b ro a d  s p e c tru m  o f  su b s tan ces  to  e s tab lish  that all re levan t 
su b s ta n c e s  have b e en  taken in to  a c c o u n t w h e n  se ttin g  th e  
re le a se  lim its .

W h e re  In sp e c to rs  n e e d  to  o b ta in  m o re  u n d e rs ta n d in g  o f  th e  
p e r fo rm a n c e  o f  an  e fflu en t t r e a tm e n t p la n t (ETP), a sh o r t- te rm  
m o n i to r in g  ex erc ise  to  p ro v id e  in fo rm a tio n  a b o u t in p u ts  to  the 
ETP m ay  b e  a p p ro p ria te  as p a r t  o f  a n  im p ro v e m e n t p ro g ram m e.

6.4 Monitoring releases to land

T h e  a p p lic a n t sh o u ld  re co rd  a n d  ad v ise  th e  A gency o f  the 
q u a n ti ty  a n d  c o m p o s it io n  ( in c lu d in g  p re sc r ib e d  su b s tan ces) o f  
w a s te  re le a sed  to  lan d . In a d d it io n , th e  ap p lican t sh o u ld  have 
w r i t te n  p ro c e d u re s  w h ic h  e n su re  th a t re leases are  h an d le d , 
t r e a te d  a n d  d isp o se d  o f  in  a n  a p p ro v ed  m an n er, an d  specify  
h o w  th e  a c c u m u la tio n  a n d  s to rag e  o f  w aste  are c o n tro lled .

T h e  f re q u e n c y  o f  analysis o f  th e  w a s te  is site- a n d /o r  p rocess- 
sp e c if ic , in f lu e n c e d  by  c o n s id e ra tio n s  o f  th e  a n tic ip a ted  
q u a n tity , its fre q u e n c y  o f  d e sp a tc h  fro m  th e  site, physical fo rm , 
c o n ta in m e n t  ( fo r  t ra n s p o r t)  an d  c o m p o s it io n . A pplican ts 
s h o u ld  b e  aw are  th a t th e  A g ency  w ill w ish  to  be  sa tis fied  that 
a n a ly se s  sh o u ld  be  su ffic ien t to  e n su re  th a t w astes are  accep tab le  
u n d e r  th e  te rm s  o f  th e  W aste M a n a g e m e n t L icence o f  the 
fac ility  w h e re  th ey  are  to  b e  d isp o se d  o f  a n d  fulfil th e  w aste  
d e s c r ip t io n  re q u ire m e n ts  o f  th e  D u ty  o f  C are.

6.5 Environmental monitoring

T h e  im p a c t  o f  th e  p ro cess o n  th e  e n v iro n m e n t w ill be  affected  
b y  th e  q u a n ti ty  a n d  fo rm  o f  th e  re leases, a n d  by  th e  s ite ’s 
lo c a t io n . In sp e c to rs  sh o u ld  assess th e  e x te n t  to  w h ic h  process 
re le a se s  have  b e e n  re n d e re d  h a rm le s s  a n d  d ec id e  w h e th e r  
e n v iro n m e n ta l  m o n ito r in g  w ill b e  necessary .

For m ajor sites it is c o n sid e red  BAT that so m e  fo rm  o f  
env ironm en ta l m o n ito r in g  is carried  o u t for releases to  air, 
prim arily  to  co n firm  co m p lian ce  w ith  air qu a lity  s tandards, but 
a lso  to co n firm  en v iro n m en ta l d isp e rsio n  m odelling . Inspectors 
sh o u ld  re q u ire  o p e ra to rs  to  p ro p o se  m o n ito r in g  th at is 
ap p ro p ria te  fo r the q u a n tity  and  fo rm  o f  the  releases an d  for the 
s ite ’s location. Such p ro g ram m es typically  co m m en ce  w ith  the 
use o f  a su itab ly  d es ig n ed  g rid  o f  passive d iffu sio n  a d so rp tio n  
tu b e  sam pling  sites. T he  tech n iq u e  prov ides an eco n o m ica l 
m eth o d  o f  iden tify in g  any env iro n m en ta l ‘h o t sp o ts ’ an d  
screening to  d e te rm in e  w h e th e r ad d itio n al, m o re  accurate  and 
elaborate m e th o d s  m ay be requ ired .

6.6 Groundwater impact

W h ere  o n -site  d isposals are m ade, o r  w h ere  there  are d ischarges 
to  g roundw ater, e ith e r d irectly  o r indirectly, the  re q u irem en ts  o f  
th e  G roundw ater D irective for ‘p r io r  in vestiga tion ' o f  th e  
po ten tial effects on  g ro u n d w a te r and  ‘req u is ite  su rv e illan ce’ 
n e ed  to be addressed . T he fo rm  that these w ill take w ill dep en d  
o n  c ircum stances, b u t it  may b e  ap p ro p ria te  to  include  a 
s tructured  p ro g ra m m e  o f  g ro u n d w a te r m o n ito rin g , eg using  
b orehole  m o n ito rin g .

In addition , w h e re  th ere  is reason to  suspect that leakage o f  
chem icals to  g ro u n d  m ay  have o ccu rred  o r  m ay be o ccu rrin g , a 
p ro g ram m e o f  investigations sho u ld  be instiga ted  and  preferably  
agreed  w ith  th e  Agency (som e activities m ay req u ire  th e  
Agency's p r io r  consen t).

For many sites it w ill be  appropria te  to  inco rp o ra te  a p ro g ram m e  
o f  b ack g ro u n d  m o n ito r in g  o f  g ro u n d w a te r to  ascertain  w h e th e r 
th e  process has g iven rise  th ro u g h  tim e  to  g ro u n d w a te r 
co n tam in a tio n  via leak ing  p ipes, accidental spills, co n tam in a ted  
ru n -o ff, etc. T his is over and above any m o n ito r in g  re q u ire d  to  
m o n ito r  the  effects o f  specific o n -site  d isposals o f  solids o r 
liq u id s on g ro u n d w ater. O w in g  to  the  leng thy  residence  tim e 
and  d iffering  m o d es o f  tran sp o rt and  d eg rad a tio n  in the 
u n d e rg ro u n d  e n v iro n m en t, such m o n ito rin g  is likely to  be 
lo n g -te rm  a n d  sh o u ld  be  adap ted  to  th e  types o f  c o n tam in an t 
that could b e  p resen t in  th e  poten tial d ischarges. It is essential 
to  include b ack g ro u n d  m o n ito rin g  o f  g ro u n d w a te r that has no t 
b e e n  affected by site processes (n o rm ally  u p -g rad ie n t in the 
hydrau lic  sen se ) to  d e te rm in e  objectively the deg ree  o f  
co n tam in a tio n  that may be  a ttribu tab le  to  site processes.

In setting o u t a p ro g ram m e  o f  investigations, an d  w h en  
in te rp re tin g  th e  results, o p e ra to rs  sh o u ld  take acco u n t o f  the  
specific  risks to  g ro u n d w a te r and seek advice from  the A gency 
in  cases o f  uncertain ty .

6.7 Records and reporting

Inspectors shall have reg ard  to  the  in s tru c tio n s  on :

•  rep o rtin g  an d  m o n ito r in g , and 

©  records an d  no tifica tio n s related  to  in c id en ts ,

g iven  w ith th e  IPC stan d ard  A uthorisa tion  form at.
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Appendix 1 Volatile organic compounds

A1.1 Introduction

Volatile o rg an ic  c o m p o u n d s  (VOCs) are o f  se rious en v ironm en ta l 
co n ce rn  because  o f  the  harm fu l o r  offensive p ro p e rtie s  that they 
e x h ib it in va ry in g  degrees. These include:

O  d irec t tox ic ity  to  h u m an  h ealth  and  o th e r  eco-system s;

O  c o n tr ib u tio n  to  pho to ch em ica l o zo n e  c rea tion  at g ro u n d  
level w ith  co n seq u en t h a rm fu l effects;

O  d e s tru c tio n  o f  stra to sp h eric  ozone;

O  c o n tr ib u tio n  to  g lobal clim ate change; and

O  senso ry  effects such as m alodour.

The h a rm fu ln ess  o f  VOCs varies greatly, n o t on ly  because the 
ind iv idual and  co m b in e d  sign ificance o f  these  p ro p e rties  
exh ib its  w id e  v a ria tion  b e tw een  substances, b u t also because it 
is d e p en d e n t o n  the  presence o f  the  substance  in the 
en v iro n m en t. T his is related  to m ass release rate and  sub seq u en t 
d ispersion  an d  to  the  en v ironm en ta l p ersistence  an d  fate o f  the 
substance u n d e r  p revailing  cond itions.

A1.2 Categorisation

In o rd e r to  enab le  In specto rs p roperly  to  assess ap p licatio n s for 
processes that release VOCs, it is necessary to  categorise  VOCs 
acco rd in g  to  th e ir  harm fu lness.

Substances su ch  as b en zene, vinyl ch lo rid e  and  
1,2 - d ich lo ro e th a n e  pose  se rious health  risks to  h u m an s  an d  are 
reg ard ed  as h ig h ly  h a rm fu l . These a re  given in d iv id u a l,  very 
low  achievable levels o f  em iss io n  in gu idance.

Som e o th e r VOCs carry  a lesser b u t still sign ifican t h ea lth  risk o r 
m ay c o n tr ib u te  su b stan tia lly  to  p h o to ch em ica l o zo n e  crea tion  
o r  stra to sp h eric  o z o n e  d es tru c tio n  o r  g lobal w arm in g . T hese 
are reg ard ed  as o f  m e d iu m  h arm fu lness and  are a llocated  to 
Class A. They w ill in c lu d e  the substances listed in the  M ontreal 
P ro toco l(42), the  p h a se -o u t o f  w h ic h  is covered by EC 
R egulations 5 9 4 /9 1 ,  3 9 5 2 /9 2 ,  2 0 4 7 /9 3  and  3 0 9 3 /9 4 .

The rem a in in g  m a jo rity  o f  VOCs are o f  lo w  h a rm fu ln ess  b u t are 
. also prescri b ed  su bstances- w ho se  release m ust be  p reven ted  or 
m in im ised . T hese are a llocated  to  Class B.

The d e fin itio n  o f  “h a rm ” given in  the E nvironm ental P ro tection  
Act 1990 in c lu d es o ffence  to  any o f  m a n ’s senses. O d o ro u s  
VOCs m ay be offensive at ex trem ely  lo w  co n cen tra tio n s and  this 
p ro p e rty  m ay in d ica te  the  n eed  for very tigh t c o n tro l  o f  a 
substance that w o u ld  o th erw ise  be categorised  as o f  lo w  

harm fu lness.

The research  re p o rt ‘T he C ategorisation  o f  Volatile O rgan ic  
C o m p o u n d s’ (D O E /H M IP /R R /9 5 /0 0 9 ) (,3> prov ides a m e th o d

o f  ca teg o risa tio n , in fo rm a tio n  on the  p ro p e rtie s  o f  so m e  5 0 0  
VOCs and  a su m m ary  table  o f  resu lting  ca teg o risa tio n s .

In seeking to  categorise  a VOC, In specto rs sh o u ld  first sea rch  
the  su m m ary  table o f  categorisa tions. I f  th e  VOC is n o t 
inc lu d ed , the  m e th o d  an d  decision tree  g iven  in  th e  resea rch  
re p o rt sh o u ld  be  used  to  a rrive  at a c o n c lu s io n  su p p o r te d  as 
well as possib le  by in fo rm a tio n  from  estab lish ed  sources. These 
in clude  the R egistry  o f  Toxic Effects o f  C hem icals, th e  "C H IP ” 
list<M), the  M ontreal P ro to co l1*1* and Sax’s Dangerous Properties of 
Industrial Materials.

K now ledge o f  the  h a rm fu l effects o f  VOCs is d ev e lo p in g  an d  
- th e re  m ay be occasional differences o f  e x p e r ts ’ o p in io n s  o n  the 
precise  in te rp re ta tio n  o f  in fo rm atio n . In these  few  in stan ces , it 
w ill be p ru d e n t to  ad o p t th e  m ore cau tio u s  view.

A1.3 Achievable benchmark levels

T he levels o f  em iss io n  that can  be ach iev ed  are d e p e n d e n t o n  
factors that in c lu d e  th e  p rescribed  p rocess itself, th e  VOC 
co n ce rn ed  a n d  the  ab a tem en t m ethod  used . Before a b a tem e n t 
e q u ip m e n t is c o n sid e red , th e  operato r sh o u ld  rev iew  th e  
process to  d e te rm in e  w h e th e r  the e m iss io n  can be  red u ced  by 
ch anges in  eq u ip m e n t o r  operating  c o n d itio n s . It m ay a lso be 
possib le  to  su b stitu te  w ith  a less h a rm fu l o r  less volatile  
co m p o u n d .

W h ere  possib le, process- an d  substance-specific  ach ievab le  
levels of' release are given in  Table 4 .1 o f  th is  N ote.

A BPEO/BATNEEC assessm en t1' ’ should  be m ad e  w h erev e r 
possib le to  d e te rm in e  an acceptable re lease  level. H ow ever, in  
the  absence o f  su ffic ien t in fo rm ation  o r  w h e re  it is ag reed  by 
the  In specto r that an assessm ent is n o t p o ssib le , the  fo llo w in g  
g u id e lin es m ay be  used  to  p rovide a p ractica l ap p ro ac h  to  
se tting  lim its. Inspecto rs sh o u ld  also c o n sid e r all re levan t 
in fo rm a tio n  c o n ta in ed  in  applications an d  o ther, a p p ro p ria te  
sources w h en  they  set VOC em ission  c o n ce n tra tio n  o r  m ass 
lim its in  A uthorisa tions.

O  The b en ch m ark  release con cen tra tio n s g iven b e lo w
sh o u ld  be  a im ed  for w h e re  the fo llo w in g  m ass re lease  
lim its are exceeded:

Total Class A 100 g / h
Total Class B (expressed  as to luene) 2 k g /h

Releases b e lo w  these  m ass em ission  levels m ay  n o t be  
trivial, a n d  so  m ay still require co n tro ls  an d  th e  se ttin g  
o f  a p p ro p ria te  release lim its.

O  H ighly  h a rm fu l VOCs p ose  m ajor h u m a n  h ea lth  risks an d  
have ind iv idua l g u id an ce  levels g iven  in  Table 4.1 o f  th is  
Note.
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O  F o r C lass A c o m p o u n d s ,  s ta te -o f - th e -a r t  a b a tem en t
te c h n iq u e s  can  ach iev e  a b e n c h m a rk  release level o f  20 
m g / m 5 fo r  c o n tin u o u s  re leases. H e r  M ajes ty ’s 
In sp e c to ra te  o f  P o llu tio n  p u b lis h e d  tw o  Technical 
G u id a n c e  N o te s (15-4<l) o n  p o l lu t io n  a b a tem e n t tech no logy , 
w h ic h  g iv e  re lev an t in fo rm a tio n  o n  su c h  tec h n iq u es .

O  S o m e  VOCs cause  s ig n if ic a n t m a lo d o u r  p ro b lem s even at 
v e ry  lo w  c o n c e n tra t io n s  a fte r d isp e rs io n , an d  lim its  lo w er 
th a n  C lass A c o m p o u n d s  m ay  b e  re q u ire d .

O  Class B c o m p o u n d s  a re  th o se  o f  lo w  en v iro n m en ta l
h a rm fu ln e s s  su c h  as a c e to n e  an d  to lu e n e . T o luene  has 
b e e n  u se d  as a re fe re n ce  m a te ria l as it  is a c o m m o n  Class 
B so lv en t. I f  levels w e re  e x p re ssed  as total o rg a n ic  carb o n  
(T O C ), th e  m ass c o n c e n tra t io n  lim it, p a rticu la rly  fo r 
h a lo g e n a ie d  c o m p o u n d s ,  w o u ld  b e  to o  lax, as th e  
c o m p o u n d  m ay  have a h ig h  m o le c u la r  w e ig h t relative to 
its  n u m b e r  o f  c a rb o n  a to m s.

T h e  C lass B b e n c h m a rk  level h a s  b e e n  set at 80  m g / m 1 
to lu e n e  b ased  o n  a b a te m e n t te c h n iq u e s  invo lv ing  
a d s o rp t io n  w ith  ac tiv a ted  c a rb o n .

T h e  b e n c h m a rk  re lease  level fo r  a C lass B su b s ta n c e  m ay 
b e  d e te rm in e d  by  m u ltip ly in g  th e  m o le c u la r  w e ig h t o f  
th e  p o llu ta n t by a fac to r o f  0 .8 7  to  g ive  th e  re lease  level 
in  m g / m 3.

For m ix e d  s tre am s th e  re lease  level m ay  be calcu la ted  by 
s u m m in g  th e  class l im its  m u lt ip lie d  b y  th e ir  respec tive  
m ass  frac tio n s .

O  T h e  above is fo r g u id a n c e  o n  se ttin g  release levels on ly  
a n d  n o t  fo r m o n ito r in g  th o se  re leases. M o n ito r in g  
w o u ld  b e  e x p ec te d  to  b e  fo r  in d iv id u a l su b s tan ce  o r  fo r 
TOC.

HM1P T echnica l G u id a n ce  N o te  M 2 (3) gives m o re  
in fo rm a tio n  o n  m o n ito r in g  tec h n iq u es .

O  T h e  u se  o f  a re lease  c o n c e n tra t io n  lim it is n o t n o rm ally  
a p p ro p ria te  in  th e  case  o f  a re lease  fro m  an  a ir-d e fic ien t 
sa tu ra te d  v a p o u r  space  su c h  as s to rag e  tanks fo r so lvents 
o r  p ro c ess  vessels. An a p p ro a c h  b a se d  o n  lim itin g  to tal 
m ass re leased  o r  m ass p e r  u n it  o f  p ro d u c tio n  is likely to  
b e  m o re  effec tive .

O  In  so m e  p ro cesses , th e  VOCs re le a sed  to  a ir m ay w ell
c o n s is t o f  p a rtia l o x id a tio n  p ro d u c ts  ra th e r th an  d e fin ed  
c o m p o u n d s  th a t c an  b e  c lass ified  as above. In  su ch  cases 
an  a p p ro a c h  based  o n  a TO C  re lease  c o n ce n tra tio n  is 
like ly  to  b e  m o re  effective . R eferen ce  m ay  be  m ad e  to  
re le v an t IPC G u id a n ce  N o te s  fo r W aste D isposal an d  
R ecy c lin g  (see  .Associated Publications in  th is N o te ) , an d  th e  
re lease  e m iss io n  c o n c e n tra t io n s  u se d  sh o u ld  take in to  
a c c o u n t th e  h a rm fu ln e s s  o f  th e  p ro d u c ts  th a t are  re leased .
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BATNEEC Best Available T echn ique(s) N ot Entailing  Excessive IPC In teg ra ted  Pollu tion  C o n tro l

Cost IPCGN IPC G uidance N ote

BOD Biological oxygen d em an d LDAR Leak de tec tio n  and repair

BPEO Best Practicable E nv ironm ental O p tio n LEC L iquid-encapsu lated  C zochralski

CCA C o pper ch rom e arsenic LTS L ow  tem p era tu re  shift

CFCs C h lo ro fluo rocarbons MDEA M ethy ld ie thano lam ine
CHP C o m b in ed  heat and  pow er MOCVD M etal oxide chem ical v a p o u r d e p o s itio n

CIGN C h ief Inspecto r’s G uidance N ote MOVPE M etal oxide vapour-phase  ep itax y

CIMAH C ontro l o f  Industrial M ajor A ccident H azards NaHS S o d iu m  h y d ro g e n  sulphide

CO C arbon  m onox ide NAMAS N ational M easurem ent A ccred ita tio n  Service

COD C hem ical oxygen d em and n h 3 A m m onia

EA E nvironm ent Agency N O z N itro g en  d io x id e

EC E uropean C o m m unity N O x A m ix tu re  o f  n itric  oxide a n d  n itro g e n  d io x id e

EDTA E thylenediam ine tetraacetic  acid NPK N itro g en , p h o sp h o ru s , p o tassiu m

EP Electrostatic p rec ip ita to r NTA N itrilo triace tic  acid

EPAQS Expert Panel on  A ir Q uality  S tandards PAC P ow dered  activated  carbon

EPA90 The Environm ental P ro tection  Act 19 9 0 PSA Pressure  sw ing  adsorption

ESP Electrostatic p recip ita to r PVC Polyvinyl c h lo r id e

ETBPP E nvironm ental Technology Best Practice P rogram m e TSO Stationery  O ffice

ETP Effluent treatm ent p lant sox A m ix tu re  o f  su lp h u r d io x id e  and  su lp h u r  tr io x id e

GAC G ranular activated carbon SRU S u lp h u r recovery  unit

HCFCs H ydro ch lo ro flu o ro carb o n s SSP Single superphosphate

HCN H ydrogen  cyanide SVL S tro n g  VAT liq u o r

HEPA High-efTiciency particu la te  a rrestm en t SWS S our w ater s tr ip p in g

Hg M ercury TGN T echnical G u id an ce  Note
HHV H igh  heat value TOC Total organic c a rb o n

HMIP H er M ajesty’s Inspectorate  o f  Pollution tpd to n n e s  per day

H 2S H y d ro g en  su lph ide UKAS UK A ccred ita tion  Servicc

HSE H ealth  and Safety Executive VOC Volatile o rgan ic  co m p o u n d
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Associated publications

T h e  fo l lo w in g  are  available f ro m  S ta tio n e ry  O fficc  b o o k sh o p s  
(se e  b ack  c o v e r ) , th e ir  a c c re d ite d  a g en ts , an d  so m e  la rg e r 
b o o k sh o p s .

Series 2

C hief Inspector’s Guidance N otes (prepared by Her Majesty’s 
Inspectorate o f  Pollution)

Fuel production processes, com bustion processes (including  
power generation)

S2 1.01 Combustion processes: large boilers and furnaces 50M W (th) and over 
N o v e m b e r  1 9 9 5 , £ 9 .9 5 , ISBN 0-1 1 -7 5 3 2 0 6 -1  
Supersedes IPR 1 /1

IPR1 / 2  Combustion processes: gas turbines 
S e p te m b e r  1 9 9 4 . £ 4 .0 0 , ISBN 0-1 1 -7 5 2 9 5 4 -0

S2 1 .0 3  Combustion processes: compression ignition engines 50  MW (th) 
and over

S e p te m b e r  1 9 9 5 . £ 7 .9 5 , ISBN 0-1  1 -7 5 3  1 6 6 -9  
Supersedes IPR 1 /3

S2 1 .0 4  Combustion processes: waste and recovered oil burners 3 MW (th) 
and over
S e p te m b e r  1 9 9 5 , £ 7 .9 5 . ISBN 0-1 1 -7 5 3 1 6 7 -7  
Supersedes IPR 1 / 4

S2 1 .05  ‘Combustion processes: combustion of fuel manufactured from or 
comprised of solid waste in appliances 3 M W (th) and over 
S e p te m b e r  1 9 9 5 , £ 9 .9 5 , ISBN 0-1 1 -7 5 3 1 6 8 -5  
Supersedes IPR 1 /5  1 /8

S2 1 .0 6  Carbonisation processes: coke manufacture 
S e p te m b e r  1 9 9 5 , £ 9 .9 5 , ISBN 0-1 1 -7 5 3  1 7 6 -6  
Supersedes IPR 1 /9

S2 1 .0 7  Carbonisation and associated processes: smokeless fuel, activated 
carbon and carbon black manufacture 
S e p te m b e r  1 9 9 5 , £ 9 .9 5 , ISBN 0-1 1 -7 5 3  1 7 7 -4  
Supersedes IPR 1 /1 0

S2 1 .0 8  Gasification processes: gasification of solid and liquid feedstocks 
N o v e m b e r  1 9 9 5 , £ 9 .9 5 , ISBN 0-1 1 -7 5 3 2 0 2 -9  
Supersedes IPR 1/11

S2 1 .09  Gasification processes: refining of natural gas 
N o v e m b e r  1 9 9 5 , £ 9 .9 5 , ISBN 0 -1 1 -7 5 3 2 0 2 -7  
Supersedes IPR 1 /1 2  and 1 /1 3

S2 1 .1 0  Petroleum processes: oil refining and associated processes 
N o v e m b e r  1 9 9 5 , £ 1 4 .0 0 , ISBN 0-1 1 -7 5 3 2 0 4 -5  
Supersedes IPR 1 / 1 4  and 1 / 1 5

S2 1.11 Petroleum processes: on-shore oil production 
N o v e m b e r  1 9 9 5 , £ 8 .2 5 , ISBN 0-1 1 -7 5 3 2 0 5 -3  
Supersedes IPR 1 /16

S2 1 .12 Combustion processes: reheat and heat treatment furnaces 50 
M W (th) and over
S ep tem b er 1995, £ 8 .5 0 , ISBN 0 -1 1 -7 5 3 1 7 8 -2  
Supersedes IPR 1 /1 7

IPC Qui dance Notes (prepared by the Environment Agency)

(a) Mineral industry sector

S2 3 .01  Cement manufacture, lime manufacture and associated processes 
A ugust 1996, £ 2 1 .0 0 , ISBN 0 -1 1 -3  101 20-1 
Supersedes IPR 3 /1  and IP R  3 /2

S2 3 .0 2  /Asbestos processes

A ugust 1996, £ 1 5 .0 0 , ISBN 0 -1 1 -3 1 0 1 1 8-X
Supersedes IPR 3 /3

S2 3 .0 3  Manufacture of glass fibres, other non-asbestos mineral fibres, glass
frit, enamel frit and associated processes
A ugust 1 996, £ 2  1.00. ISBN 0-11 -3 1 01 21 -X
Supersedes IPR  3 /4  and IP R  3/5

S2 3 .0 4  Ceramic Processes
A ugust I 996, £  1 7 .00 , ISBN 0 -1 1 -3 1 0 1 1 9 -8
Supersedes IPR 3 /6

(b) Chemical industry sector

S2 4 ,01  Laige-volume organic compounds 
F eb ru ary  1999, ISBN 0 -1  1 -3 1 0 -1  5 3 - 8  
Supersedes IP R  4 /1  to 4 / 4  and 4 /6

S2 4 .0 2  Speciality organic chemicals 
F ebruary  1999, ISBN 0 -1  1 - 3 1 0 - 1 5 4 - 6  
Supersedes IP R  4 / 5 ,  4 / 7  to 4 / 9 ,  4 / 1 2  and 4 /1 5

S2 4 .0 3  Inorganic acids and halogens 
F ebruary  1999, ISBN 0—1 1—31 0 —141—4  
Supersedes IP R  4 / 10, 4 / 11, 4 / 13 and 4 / 1 4

S2 4 .0 4  Inorganic chemicals

F ebruary  1999 , ISBN 0 -1  1 - 3 1 0 - 1 4 0 - 6
Supersedes IP R  4 /1 6  and 4 / 1 8  to 4 / 2 5

(c) Waste disposal and recycling sector

S2 5.01 Waste Incineration
A ugust 1996, £ 3 0 .0 0 , ISBN 0 - 1 1 - 3 1 0 1 1 7 - 1
Supersedes IPR 5/1,  5 / 2 ,  S/3,  5 / 4 ,  5 /5  and 5 /11

S2 5 .02  Making solid fuel from waste
Ju ly  1996, £ 1 5 .0 0 , ISBN 0 - 1 1 - 3 1 0 1 1 4 - 7
Supersedes IPR 5 /6

S2 5 .03  Cleaning and regeneration of carbon 
Ju ly  1996, £ 1 3 .0 0 , ISBN 0-1  1 -3 1 0 1 1 5 -5  
Supersedes IPR 5 /7
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Associated publications

S2 5 .0 4  Recovery of organic solvents and oil by distillation 
July 1996. £ 1 7 .0 0 , ISBN 0 -1 1 -3 1 0 1 1 6 -3  
S u p e rsed es  IPR  5 / 8  a n d  IPR  5 / 1 0

Series 1

C h ie f  In s p e c to r ’s G u id a n c e  N o te s  (p re p a re d  by  H e r  
M a jes ty ’s In sp e c to ra te  o f  P o l lu t io n )

(a) M etals P ro d u c t io n  a n d  P ro c e ss in g

IP R 2 /1 Iron and steel making processes: integrated iron and steel vvorks 
O c to b er 1994 , £ 1 3 .0 0 , ISBN 0-11 -7 5 2 9 6 1 -3

IP R 2 /2  Ferrous foundry processes
O cto b er 1994 , £ 1 0 .0 0 , ISBN 0-1 1 -7 52962-1

IP R 2/3  Processes for electric arc steel making, secondary steel making and 
special alloy production
O cto b er 1994 , £ 1 0 .0 0 , ISBN 0-1 1 -75 2 9 6 3 -X

1PR 2/4 Processes for the production of zinc and zinc alloys 
N o vem ber 1994, £ 7 .5 0 , ISBN 0-1 1 -7 5 3 0 2 4 -7

IP R 2/5  Processes for the production of lead and lead alloys 
N o vem ber 1994, £ 7 .5 0 , ISBN 0-1 1 -7 5 3 0 2 5 -5

1PR 2/6 Processes for the production of refractory metals 
N o vem ber 1994, £ 6 .5 0 , ISBN 0-1 1 -7 5 3 0 2 6 -3

IP R 2/7  Processes for the production, melting and recovery of cadmium, 
mercury end their alloys
N o vem ber 1994 , £ 7 .0 0 , ISBN 0-1 1 -7 53027-1

IP R 2 /8  Processes for the production of aluminium 
N ovem ber 1994, £ 8 .5 0 , ISBN 0 -1 1 -7 5 3 0 2 8 -X

IP R 2 /9  Processes for the production of copper and copper alloys 
N o vem ber 1994 , £ 7 .0 0 , ISBN 0-1 1 -7 5 3 0 2 9 -8

IP R 2 /10 Processes for the production of precious metals and platinum 
group metals
N ovem ber 1994, £ 8 .0 0 , ISBN 0-1 1 -7 53030-1

IPR2 /1  I The extraction of nickel by the carbonyl process and the production 
of cohalt and nickel alloys
N ovem ber 1994, £ 7 .5 0 . ISBN 0-1 1 -7 5 3 0 3  1-X 

IP R 2 /1 2 Tin and bismuth processes
• N ovem  her- 1 9 94', £  7 .'5 0, ISBN 0 -T 1 - 7 5 3 0 3 2~8 ~ ~  _

(b )  W aste  a n d  re c y c lin g  s e c to r

IP R 5 /9  Regeneration of ion exchange resins 
May 1992, £ 4 .3 0 , ISBN 0-1 1 -7 5 2 6 5 0 -9

(c) O th e r  in d u s tr ie s

IP R 6 /1 Application or removal of tributyltin or triphenyltin coatings at 

shipyards or boatyards
M arch 1995, £ 6 .0 0 , ISBN 0-1 1 -7 5 3 0 7 9 -4

IP R 6 /2  Tar and bitumen processes
M arch 1995 , £ 7 .0 0 , ISBN 0 -1 1 -7 5 3 0 8 0 -8

IP R 6 /3  Umber preservation processes
M arch  1 9 95 , £ 6 .0 0 , ISBN 0 -1 1 -7 5 3 0 8 1 -6

IP R 6 /4 Di-isocyanate manufacture
M arch  1995 , £ 8 .0 0 , ISBN O-l 1 -7 5 3 0 8 2 -4

IP R 6 /5  Toluene di-isocyanate use and flame bonding of polyurethanes 
M arch  1 9 95 , £ 7 .0 0 , ISBN 0 -1 1 -7 5 3 0 8 3 -2

IP R 6 /6 Textile treatment processes
M arch  1995 , £ 7 .0 0 , ISBN O-l 1 -7 5 3 0 8 4 -0

IP R 6 /7  Processing of animal hides and skins 
M arch  1995 , £ 7 .0 0 , ISBN 0 -1 1 -7 5 3 0 8 5 -9

IP R 6 /8  The making of paper pulp by chemical methods 
May 1 9 95 , £ 8 .5 0 , ISBN 0-1 1 -7 53105-7

IP R 6 /9  Paper making and related processes, including mechanical pulping,
re-cycled fibres and de-inking
May 1995 , £ 1 0 .0 0 , ISBN 0-1 1 -7 5 3  I 0 6 -5

T e c h n ic a l G u id a n c e  N o te s

(a )  M o n i to r in g

M 1 Sampling facility requirements for the monitoring of particulates in gaseous
releases to atmosphere
M arch  1993 , £ 5 .0 0 , ISBN 0 -1 1 -7 5 2 7 7 7 -7

M 2 Monitoring emissions of pollutants at source 
January  1 9 94 , £ 1 0 .0 0 , ISBN 0 -1 1 -7 5 2 9 2 2 -2

M 3 Standards for IPC monitoring Part 1: Standards, organisations and the 
measurement infrastructure
A ugust 1995 , £1 1.00, ISBN 0 -1 1 -7 5 3 1 3 3 -2

M 4 Standards for IPC monitoring Part 2: Standards in support of IPC 
monitoring
A ugust 1995 , £ 1 1 .0 0 , ISBN 0 -1 1 -7 5 3 1 3 4 -0

MS Routine measurement of gamma ray air kerma rate in the environment 
S ep tem b er 1 9 95 . £ 1 1 .0 0 , ISBN 0-1 1 -7 5 3 1 3 2 -4

_ ( b ) _ D is p e r s io n .  . _  —  -  — — -  — -

D1 Guidelines on discharge stack heights for polluting emissions 
July 19 9 3 , £ 8 .0 0 , ISBN 0-1 1 -7 52794-7

(c )  A b a te m e n t

“ A'l Guidance on effective'flaring in the gas, petroleum, petrochemical and 
associated industries

D ecem b er 1993 , £ 4 .25 ,'IS B N  0 -1 1 -7 5 2 9 1 6 -8

A2 Pollution abatement technology for the reduction of solvent vapour emissions 
.O c to b e r  .1.9.94, £ 5 .0 0 , -ISB N -0-1 1 -7 5 2 9 2 5 -7
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A3 Pollution abatement technology for particulate and trace gas removal 
A p ril 1 9 9 4 , £ 1 5 .0 0 ,  ISBN 0-1 1 -7 5 2 9 8 3 -4

A 4  Effluent treatment techniques
Ja n u a ry  i 9 9 7 ,  £ 2 8 .0 0 ,  ISBN 0-1 1-3 1 01 2 7 -9

(d) Environmental

E l Best practicable environmental option assessments for Integrated Pollution 
Control
A p ril 1 9 9 7  £ 3 5 .0 0 ,  ISBN 0-1 1-3 10 1 2 6 -0

Relevant DETR publications

Integrated Pollution Control: a practical guide.
(H M SO ) £5.00. ISBN 0-1 1 -7 5 2 7 5 0 -5

Secretary of State’s Process Guidance Notes

Processes P resc rib ed  fo r A ir P o llu tio n  C o n tro l by  Local 
A u th o r i t ie s '

A list o f  these n o te s  is available from ;

D epartm ent o f  E nvironm ent, T ransport and  th e  R egions
Air and E nvironm ent Q uality  D ivision
Ashdow n H o u se
123 Victoria Street
London
SW 1E 6DE

Tel : 0171 890  63 3 3
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f The Environment Agency has a commitment to
follow developments in technology and 

techniques for preventing or minimising, or 
remedying or mitigating the effects of pollution 

of the environment. It publishes information 
provided to its staff, in the form of Guidance 

Notes, to make it available to potential operators 
and other interested parties.

In the revision of the Integrated Pollution Control 
Guidance on the chemical industry, the twenty 
five original Notes have been consolidated into 
four. In addition to updating the earlier 

information, new sections on management 
techniques, groundwater protection and 

sectoral economics have been included.
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