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Executive Sum m ary

Executive Summary

This IPC G uidance N ote is issued by the Environm ent A gency as one o f  a series o f  gu id ance notes 

for processes prescribed  for In tegrated  Pollution C ontrol (IPC) in  Regulations m ade under Sectio n  

2 o f  the Environm ental P rotection  Act 1 9 9 0  (EPA 90). It is a guide on tech n iq u es and standards 

relevant to  inorganic acid and halogen m anufacture and processes related to  th em . It su persedes 

H er M ajesty ’s Inspectorate o f  P o llu tio n ’s C h ie f In sp ector’s G uidance N otes IPR 4 / 1 0 , IPR 4 / 1 1 , 

1PR 4 / 1 3  and IPR 4 / 1 4  published by HM SO in 1 9 9 3 .

It w ill be used by A gency staff, in co n ju n ctio n  w ith  other relevant guidance, in  assessing 

op erators’ proposals relating to  their A uthorisations under EPA 90. This N ote sh ou ld  be used 

togeth er w ith  separate gu id ance on  m on itorin g , dispersion m ethodology, and  assessm ent 

princip les for d eterm inin g  Best Available Techniques Not Entailing Excessive Cost (BATNEEC) and 

Best Practicable Environm ental O p tion  (BPEO ) to provide a fram ework for a co nsisten t ap p roach  

to the regulation o f  this class o f  processes regulated under IPC.

The processes covered by this N o te are found in Sections 4 .3  and  4 .4  o f  the R egu lations. O th er 

ino rgan ic chem ical processes prescribed  for IPC are covered by  IPC G uidance N o te S2 4 .0 4 .

T his N ote provides b r ie f  d escrip tion s o f  selected  processes, b est available tech n iq u es for p o llu tio n  

prevention and contro l, and the levels o f  release achievable by their use. E co n o m ic  in fo rm a tio n  

on  the relevant sectors o f  the ch em ica l industry is included.
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Introduction

1 Introduction

1.1 Scope and status of Guidance Note

This IPC G uidance N ote supersedes Her M ajesty ’s Inspectorate 

o f  P ollu tion’s C h ie f In sp ector’s G uidance N otes IPR 4 / 1 0 , 4 / 1 1 , 

4 / 1 3  and 4 / 1 4  published by HM SO in 1 9 9 3 . It is issued by 
the Environm ent A gency as o n e o f  a series o f  guidance notes for 

processes p rescribed  for Integrated Pollution C ontrol (IPC) in 

Regulations1” m ade un der Section 2 o f  the Environm ental 

Protection Act 1 9 9 0  (EPA 90). It is a guide on techn iqu es and 

standards relevant to  the processes covered by the N ote.

It w ill be used by A gency staff, in co n ju n ctio n  w ith o th er 

relevant guidance*1*, in assessing op erators’ proposals relating to 

their A uthorisations under EPA90. This N o te should be used 

together w ith separate guidance on m o n ito rin g '” , d ispersion 

m eth od olog y {4), and assessm ent princip les fo r d eterm in in g  Best 

Available Techniques Not Entailing Excessive Cost (BATNEEC) 

and the Best Practicable Environm ental O p tion  (B P E O )<s<>) to 

provide a fram ew ork for a consistent approach to the regulation 

o f  this class o f  IPC process.

This N ote rep resents the state o f  understanding at the tim e o f  

w ritin g , and inclu des:

O  d escription (s) o f  the principal processes covered by the 

N ote;

O  the p rescribed  substances and o th er substances that can 

cause harm  and are m ost likely to  be released from  the 

processes;

O  guidance on best available techn iques (BATs) fo r the 

control o f  releases;

O  bench m ark  achievable release levels;

W h ere  other release levels are  proposed fo r a sp ecific  case, ■ 

com p arin g  th em  and the benchm ark release levels w ill ind icate 

the d egree o f  techn ical and econom ic ju stifica tio n  requ ired  to 

be provided by the operator. Conditions in  A uthorisations that 
relate to  perm itted  releases should ensure that all factors, 

inclu ding  those w h ich  are site-specific, have b een  taken in to  

accou n t, and that the legal requirem ents to  use BATNEEC and 

BPEO are fully satisfied.

C om pliance w ith  statutory environm ental qu ality  standards o r 

ob jectiv es, and w ith  agreed international ob lig a tion s relating  to 

perm itted  releases or environm ental standards, is m andatory.

No d iscretion  is p erm itted  w ithout form al p o licy  approval.

1.2 Existing processes

Existing processes should  have been up graded  taking in to  

acco un t the criteria  included in  Articles 4 , 1 2 and  1 3 o f  the 

European C om m u nity  D irective on the C o m b atting  o f  Air 

Pollution from  Industrial Plants known as the Air Fram ew ork 

D irective (8 4 / 3 6 0 / E E C )(7). Article 13 requ ires the fo llo w in g  

points to  be taken into acco u n t:

O  the plant’s techn ical characteristics;

O  its rate o f  utilisation and rem aining life ;

O  the nature and volum e o f  polluting em issio n s from  it; 

and

O  the desirability  o f  not entailing excessive costs for the 

plant co n cern ed , having regard in  particu lar to  the 

eco n o m ic  situation o f  undertakings b e lo n g in g  to  the

category  in qu estion .

O  other en vironm ental standards relevant to the process; 

and

O  in form ation  on the eco n o m ic im plications o f  the 

relevant p o llu tion  control techniques.

An operator should  keep up to  date w ith the best available 

techn iqu es relevant to  the process. This N ote may n o t therefore 

be cited in an attem pt to delay the in trodu ction o f  im proved, 

available tech n iqu es, and, except w here specifically  stated to the

______ contrary, n o th in g  contained  herein  should-be consid ered - -  -

prescriptive.

The concep ts o f  BATNEEC and BPEO expressed in the EPA90 

and associated R egu lations are site-sp ecific. This N o te cannot 

take in to  acco un t su ch  site-specific considerations. T h u s, w hile 

op erators’ p roposals should be judged against the benchm ark 

' ~ ' release" levels given in  this'N ote, th e 'b eh ch m ark s^ h o u ld  no t be 

applied as u n ifo rm  release lim its. They are ind icative, but not 

prescriptive, for new  processes that are expected  to use m od ern  

techniques for the prevention, m in im isation  and abatem ent o f  

releases.

M ost existing  processes sh o u ld  have co m p le ted  their 

im provem ent pro gram m es an d , subject to  the above po in ts, 

should  b e achieving the relevant benchm ark releases given in 

Section 4  or shou ld  be closely  approaching them . W h e re  this is 

not so , a tim etable for fu rth er improving o r  d eco m m issio n in g  

the process should  be requ ired .

1.3 Processes covered by this Note

This N ote covers processes fo r  the m anu facture o f  inorganic acids, 

halogens and rela ted "p rocesses._Most, but no t all, are 

continu ous and relate m ost closely to th o se listed  in Sectio ns

4 .3  and 4 .4  o f  the R egu lation s(,).

The m ain  process are:

O  su lphu ric acid  p r o d u c t io n ;___ __  . .

O  n itr ic  acid p ro du ction ;

O  halogens, halides and oxyhalogens; and 

O  titaniu m  d ioxid e by the sulphate and ch lo rid e  routes.

1
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N o t all relevant p ro cesses  o p e ra tin g  in  th e  UK can be covered  

and  th e  N o te  is n o t in ten d ed  to  c o in c id e  precisely  w ith  these 

se c tio n s  o f  th e  R eg u la tio n s.

O th e r  in o rg a n ic  ch e m ica l p ro cesses  are covered by IPC 

G u id a n ce  N o te  S2  4 .0 4 (8>.

W h e re  o th e r  p re scrib e d  p ro cesses are carr ie d  on in co n ju n ctio n  

w ith  th e  p rim ary  p ro cess , re fe re n ce  sh ou ld  be m ade to  the 

relevan t C h ie f  In sp e c to r ’s G u id an ce  N o tes (C IG N s) o r  IPC 

G u id a n ce  N o tes (IPC G N s) an d , w h ere  ap p rop riate, the Secretary  

o f  S ta te ’s G u id an ce  for Local A u th o rity  A ir P ollu tion  C on tro l o n  

th e  a n c illa ry  p rocesses in so fa r as they  have p otential fo r releases 

to  th e  e n v iro n m en t.

In th e  c o n te x t o f  th is N o te  ’p ro c e ss ’ is fro m  receipt o f  raw 

m a te r ia ls  via p ro d u ctio n  o f  in term ed ia tes  to  d ispatch o f  fin ished  

p ro d u cts.

1.4 Reference conditions used throughout this 
Note

T h e  re fe re n ce  c o n d itio n s  o f  su b stan ces in  releases to air fro m  

p o in t so u rc e s  are: tem p e ratu re  2 7 3  K ( 0 ° C ) , pressure 1 0 1 .3  kPa 

(1 a tm o sp h e re ) , n o  c o rre c t io n  fo r  w a ter vapour o r  o x y gen .

T h e s e  re feren ce  c o n d itio n s  relate  to  the b en ch m ark  release 

levels g iv en  in th is N o te  and care  sh o u ld  always be taken to 

co n v ert b e n c h m a rk 'a n d  p ro p o sed  releases to  the sam e referen ce 

c o n d it io n s  for c o m p a r is o n . T h e  A u thorisation  m ay em p loy  

d iffe re n t re feren ce  c o n d itio n s  i f  they  are  m o re  su itab le for the 

p ro ce ss  in  q u estio n .

To co n v ert m easu red  values to  re feren ce  co n d itio n s see 

T e ch n ica l G u id an ce  N o te  M 2 (3) fo r  m o re  in fo rm atio n .

R eleases m ay be exp ressed  in  te rm s o f  m g / m 3, g / h . g/t 

(p ro d u c t)  o r  g/M J as ap p rop riate .

1.5 Standards and obligations

1.5.1 Air quality standards

S ta tu tory  In stru m e n t 1 9 8 9  N o 3 1 7 , Clean Air, The Air Quality 

Standards Regulations 19 8 9 w gives lim it  values in  air fo r the 
fo llo w in g  su bstan ces:

•  su lp h u r d io x id e ;

•  -su sp en d ed  p a rticu la tes;

•  lead ; and

•  n itro g e n  d io x id e.

1.5.2 Air quality objectives

Sta tu to ry  In stru m e n t 1 9 9 7  N o  3 0 4 3 ,  Environmental Protection, The 

Air Quality Regulations 1 9 9 7 (,0) g ives a ir q u a lity  ob jectiv es to  be 

a ch ie v e d  by  2 0 0 5  for:

•  b e n z e n e ;

•  1 ,3 —b u ta d ien e ;

•  carbon m o n oxid e ;
•  lead;

•  nitrogen d io x id e ;

•  P M 10; and

•  sulphur d io x id e.

Any em ission from  the process shou ld  not result in  a breach  o f  

the appropriate air quality standard beyond the site boundary.

1.5.3 Water quality objectives

Statutory Instru m ent ( 1 9 8 9 )  No 2218 6 (ll), The Surface Waters 

(Dangerous Substances Classification) Regulations gives the annual m ean 

concentration lim it values fo r certain  substances in receiving 

w aters. These inclu de cad m iu m  and mercury.

1.5.4 The UNECE Convention on Long-Range 
Transbouridary Air Pollution*^

U nder this C onvention , a req u irem ent further to reduce S 0 2  

em issions fro m  all sources has been agreed. T h e second 

Sulphur Protocol (O slo, 1 9 9 4 )  o b liges the UK to  reduce S O z 

em issions by 8 0 %  (based o n  1 9 8 0  levels) by 2 0  1 0 .

N egotiations are now  u n d er way w h ich  could  lead to a 

requirem ent fu rth er to red uce em ission s o f  N O x and volatile 
organic com pounds (V O C s).

1.5.5 Volatile organic compounds

‘Reducing E m issions o f  VOCs and Levels o f  G round Level 

O zon e: A UK Strategy’(1}) w as published  by the D epartm ent o f  

the Environm ent in  O cto b er 1 9 9 3 . It sets out how  the 

G overnm ent exp ects to ‘m eet its ob ligation s under the UNECE 

VOCs Protocol to reduce its em ission s by 3 0 %  (based on  1 988  

levels) by 1 9 9 9 , inclu ding  the red uctions pro jected  for the 

m a jo r industrial sectors. A 6 5 %  reduction is forecast for the 

chem icals secto r, based o n  the application o f  BATNEEC.

EC Directive 9 0 / 4 1  5/EEC(U) covers releases to w ater from  the 

production an d  use o f  1 , 2 -d ich loroeth an e. trich loroethy len e, 
p erchloroethylene and trich lo rob enzen e.

1.5.6 Mercury and chlorine

PARCOM D ecisio n  9 0 / 3  relates()i) to  the red u ction  o f  

atm ospheric em ission s fro m  ch lor-alkali plants.

EC Directive 82/ 1 76/EEC<l6) gives release lim its for m ercury  

from  chlor-alkali plants to  water.

1.5.7 Titanium dioxide

EC Directive 9 2 / 1  1 2/EEC(i;) covers w aste from  the m anufacture 

o f  titanium d io xide.

1.5.8 Groundwater protection

T h e principles, pow ers and  responsibilities fo r groundw ater 

protection in  England and  W ales, together w ith  the A gency ’s

2
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p olicies in this regard, are ou tlined  in  the A gency’s d ocu m en t 

‘Policy and Practice fo r the Protection  o f  G roundw ater’ (li). This -  

ou tlines the concep ts o f  vulnerability  and risk and the likely 

acceptability fro m  the A gency’s view point o f  certain activities _  
w ith in  groundw ater pro tectio n  zones.

T he EC D irective on the Protection of Groundwater against Pollution 

Caused by Certain Dangerous Substances (80/ 68/ E E C )o,) im poses an 

ob ligation  on  M em b er States to prevent the in trod u ction  in to  

groundw ater o f  List I substances and to lim it the in trodu ctio n  

o f  List II substances so as to prevent pollution o f  groundw ater.

Lis't I and List II substances are described  in Appendix 1 o f  the 
pppQ(i») The D irective is at present im plem ented  by, inter alia:

©  Part I o f  the Environm ental Protection Act 1 9 9 0 , w hich  

requires A uthorisation o f  IPC processes;

O  Part 1 1  o f  that Act, w h ich  requires the m anagem ent o f  

contro lled  wastes;

O  R egu lation 1 5 o f  the W aste M anagem ent Licensing

R egulations 1 9 9 4 ,  w h ich  requires the Agency to  observe 

the provisions o f  the G roundw ater D irective w hen 

issuing w aste m anagem ent licences; and

©  Part II o f  the W ater Resources Act 1 9 9 1 , w h ich  m akes it 

an o ffen ce  to d ischarge polluting m atter to controlled  

w aters, except in accordance w ith a Consent issued by 

the Agency.

The G overnm ent is in trodu cin g  new  G roundw ater R egulations 

to provide additional p rotection  and com plete the transposition 

o f  the G roundw ater D irective. In addition to  those processes 
controlled  fnr TPC, these R egu lations are intended tn relate> O
prim arily  to activities w here List I and II substances are either 

deliberately d ischarged, o r w here there is a risk o f  discharge 

occu rrin g , for exam ple, as a result o f  spillages o r leaks. The 

R egulations w ill provide for p rio r investigation o f  the potential 

effects o f  discharges on  groundw ater; the A uthorisation o f  

disposal or tipping to land and Consents to  d ischarge to 

groundw ater; the serving o f  N otices by the A gency to  p roh ib it 

activities or to  apply cond ition s; the reco g n itio n -o f the 

im portance o f  Codes o f  Practice; and provisions-for cost 

recovery by the Agency.

Two key aspects o f  the G roundw ater Directive are the need for:

O  P rio r in v estig a tio n  o f  the potential effect on

groundw ater o f  on -site  disposal activities or discharges to 

groundwaTer -  Such’  inves t i ga ti ons "will "vary Trom"case""t6  

case, bu t the A gency is likely to require a map o f  the 

proposed disposal area; a d escription o f  the underlying 

geology, hydrogeology and soil type, inclu ding the depth 

o f  saturated zone and quality  o f  groundw ater; the 

p ro xim ity  o f  the site  to any surface w aters and 

__ abstraction .p oints, and the relationship betw een ground- _  

and surface w aters; the co m p osition  and volum e o f  waste 

to be disposed o f; and the rate o f  p lanned disposal.

O  R eq u isite  su rv eillan ce . This w ill a lso  vary fro m  case to 

case , but w ill include m onitoring  o f  g ro u nd w ater quality  

and  ensuring that the necessary p recau tions to  prevent 

_  grou nd w ater p ollution  are being u n d e r t a k e n ._________ ' _

T he D irective states that, su b je ct to certain  co n d itio n s, the 

d ischarges o f  List I substances to  groundw ater m ay be 

au th orised  i f  the groundw ater is 'perm anently  u n su itab le  for - 

o th er u ses’ . Advice m ust b e sought fro m  the A gency w h ere  this 

is be in g  consid ered  as a justification for su ch  discharges.

T he A gency is ob lig ed  to take account o f  these req u irem en ts for 

IPC processes and, w here th ere  is an activ ity  that rep resen ts a 

p o ten tial risk  to groundw ater, may request fu rth er investigations 
(see Sectio n  6 . 6 ) .
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2 Processes, potential release routes and specialised 
techniques for controlling releases

2.1 Introduction

T h e  m a jo r  p ro cesses  are brie fly  d escrib e d  and the release routes 

o f  p o llu ta n ts  are  in d ica ted . T he co n tro l tech n iq u es co n sid ered  

to  b e  BAT fo r  e a ch  p ro cess are d escrib e d  in  this se c tio n , w here 

th ey  are  sp e cia l to  th e  p ro cess , o r are covered in  Sectio n  3 

(g e n e ra l te c h n iq u e s ).

R e lea se  levels ach iev able  by the use o f  the tech n iq u es are 

p ro v id ed  in  S e ctio n  4  fo r each  gro u p  o f  related p rocesses as 

b e n c h m a rk s . T h ey  sh o u ld  not b e applied  as u n ifo rm  release 

lim its .

2.2 Sulphuric acid

2.2.1 Manufacture of sulphuric acid from sulphur

M o st c o m m e rc ia l p ro cesses for su lp h u ric  acid m anu factu re in 

th e  U K  u se the “co n ta ct p ro ce ss” fo r th e  catalytic ox id atio n  o f  

su lp h u r d io x id e  ( S 0 2)  to  su lp hu r tr io x id e  ( S 0 3) in  a m u lti-stage 

reactor.

T h e  c o n ta c t  p ro cess can b e  carried  o u t w ith  e ith er sin gle 

a b s o r p tio n  o r  d o u b le  a b so rp tio n  o f  th e  su lphur trioxid e. D ouble 

a b s o r p tio n  resu lts in increased  p ro cess e ffic ien cy  and therefore  

re d u ce d  losses o f  u n co n v erted  su lp hu r d io x id e  to  the 

a tm o sp h e re .

T h e  su lp h u r d io x id e  feed  can o r ig in a te  fro m  a variety  o f  

s o u rc e s , in c lu d in g  sm e ltin g  p ro cesses, bu t the p ro p o rtio n  o f  

su lphu r- d io x id e  p ro d u ced  in the U K  fro m  elem ental su lphur is 

o v er 9 0 % .

S o m e  su lp h u ric  acid  is p rodu ced  fro m  spent su lp h u ric acid, 
e ith e r  by  d e c o m p o s itio n  and re g en era tio n  or by  co n cen tra tio n  

in m u lti-e ffe c t  evaporators.

(a) Process chemistry

T h e  m a n u fa ctu re  o f  su lp h u ric  acid  fro m  su lp hu r by the co n tact 

p ro ce ss  takes p lace in  th ree  stages.

S u lp h u r is b u rn t in  an excess o f  d ried  a ir to  fo rm  su lphu r 

d io x id e . T h is  is th en  fu rth er o x id ise d  (co n ta cted ) to  su lphur 

tr io x id e  in  a m u lti-stag e  catalytic converter. T he su lphu r 

tr io x id e  is a b so rb ed  in  ap p rox. 9 8 %  su lp h u ric acid , w h ere  it 

reacts w ith  w ater to  fo rm  m ore  su lp h u ric  acid. All three ’ 

r e a c tio n s  are  e x o th e rm ic .

S + o 2 S0 2  (1)
2 S 0 2  +  0 2  -  2 S 0 3  ( 2 )

S 0 3  +  H jO  ^  H 2 S 0 4  ( 3 )

T h e  c o m b u s tio n  re a c tio n  ( 1 ) is irrev ersib le . T h e  ig n itio n  * 

te m p e ra tu re  o f  pure su lp h u r is a b o u t 2 6 0 ° C ; how ever an 

o p tim u m  tem p e ratu re  fo r  the re a c tio n  w ou ld  b e  around

1 0 0 0 ° C . T h is  tem p e ratu re  is to o  h ig h  fo r  the co n v ersion  o f

sulphur d ioxide to sulphur trioxid e and so the gas stream  is 

co o led  before it enters the converter.

O xidation o f  the sulphur d ioxide ( 2 )  is a reversible reaction 

and occurs at an appreciable rate in the forward direction only at 

tem peratures above 3 8 0 °C  in the presence o f  a suitable 
vanadium p en toxid e catalyst. R eaction  tem peratures are 

generally betw een  3 8 0  and 620 °C . The eq u ilib riu m  o f  the 

reaction is in flu en ced  by tem perature, inlet gas S 0 2  

concentration and the ratio  o f  o x y g en  to  sulphur dioxide. 

M aintaining th e  correct ratio is essential for obtain ing 

m axim um  conversion.

T h e  rate o f  S 0 3  absorp tion , reaction  ( 3 ) ,  is greatest in 9 8 %  

sulphuric acid .

(b) Process description — single absorption

T h e single absorp tion  process is illustrated in Figure 2 .1 .

W ater vapour in  the process air to  the plant is removed in a 

d ry ing  tower circulating concentrated  ( 9 6 - 9 8 % )  su lphuric acid. 

T he pressure is boosted  to betw een 0 .3 5  and 0 .7 0  barg by the 

m ain  blower. T he dry a ir is fed to the sulphur furnace w here 

liq u id  sulphur is sprayed and bu rnt to form  sulphur dioxide. 

D rying is essential to m in im ise  acid  m ist form ation , as, 

otherw ise, S 0 3  will react w ith the w ater vapour to  produce very 

fine acid drop lets ( < 1 0  fim  ).

A waste heat b o ile r  is norm ally  used to co o l the furnace exhaust 

gases from a b o u t 100 0 °C  to the required  converter inlet 

temperature o f  betw een 4 0 0  and 500°C .

T h e  converter norm ally consists o f  four catalytic beds in w hich 
the sulphur d io x id e is oxid ised  to  su lphur trioxide. Heat o f  

reaction has to  be rem oved after each  stage so that the process 

gas re-enters the converter betw een 4 0 0  and 500°C .

Som etim es, tem peratu re control is effected  by the staged 

introduction o f  air betw een the beds o f  the converter.

T h e  su lp hu r-trioxid e-rich  gas is then  passed through the 

absorption to w er w here the su lphur trioxid e is absorbed in 

9 8 %  sulphuric acid.

Th<? conversion efficiency  depends on  the in let g?_s com p osition  

and the op erating tem peratures w ith in  the converter. For a 

sin gle  absorption su lp hu r-b urning  plant the typical conversion 

efficiency is in  the range 9 8  to 9 8 .5 % . T his p erform ance is 

readily achievable w hen there is steady-state operation and w ith 

an 0 2 :S 0 2 ra tio  o f  about 1 .3 -1 . 6  (ie  8—9 %  S 0 2) in the feed 

gas.

■ T h e  process eq u ilib riu m  is such that conversion im proves on 

reduction o f  the inlet gas strength . O n som e plants, additional 

“dilution” a ir  is added to  the gas en terin g  the second and 

subsequent stages o f  the converter.
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Single absorp tion  processes tend to be favoured w h ere  S 0 2  

concen trations are low er and for m ore variable, eg  m etallurgical 

SO z. They are also utilised in old er existing  plant.

(c) Process description -  double absorption

The process is sim ilar to  that o f  single absorption excep t that 

after the second  or third catalytic stage the gas is co o led  and •

passed to an interm ediate absorber w hich  extracts the su lphur 

trioxid e lhat has been  form ed  (see Figure 2 .2 ) .

Su lp hu r-trioxid e-free  gas is lhen_ returned to  the su bseq u ent 

stages o f  the reactor. This results in increased  total su lphu r 

d ioxide oxid ation  w hen co m p ared  to th e  single absorp tio n  

process. The 9 8 %  product a c id  is generated in the in term ed ia te

Figure 2.1 Sulphuric add  from sulphur~ single absorption

ABSORBER
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a b s o rb e r  w h e re  the S 0 3  a b so rp tio n  is greatest. T h e  final 

a b s o rb e r  also  p ro d u ces 9 8 %  acid , w h ic h  is recycled  to  the 

in te rm e d ia te  absorber. I f  a 9 3 %  acid  p ro du ct is requ ired , this 

m ay b e  taken  fro m  th e  final a b so rb er acid  loop.

A cid / w ater b alan ces n eed  to  b e  care fu lly  co n tro lled  be tw een  the 

dryer, in te rm e d ia te  a b so rb e r  and final absorber. F lex ib ility  o f  

o p e ra tio n  is usually  a cco m m o d a te d  w ith in  the acid  circu it.

T h e  d o u b le  ab so rp tio n  p ro cess  w as developed  to  give 

co n v e rs io n  e ffic ie n c ie s  over 9 9 .5 %  and therefo re  m u ch  reduced 

su lp h u r d io x id e  o u tle t co n c e n tra tio n s  and hence releases to air. It can 

o p era te  w ith  an 0 2 : S 0 2  ra tio  o f  1 . 0  ( ie  1 0 .5 %  SO z in  the feed 

gas o n  a su lp h u r-b u rn in g  p la n t).

F or n e w  su lp h u ric  acid  p lan t, d o u b le  absorp tio n  bu rn in g  

su lp h u r at steady state is the p re ferred  tech n iq u e.

F or u p g rad in g  e x is tin g  p lan t it is reco g n ised  that several op tion s 

ex is l w h ic h  can  ach iev e s im ila r  e m iss io n  p erfo rm an ce  to  the 

p re ferred  o p tio n  above. T h e se  m ay be equally accep tab le  for 

th e  p u rp o ses o f  u p grad ing  and  in clu d e:

©  u p grad e to  d o u b le  a b so rp tio n ;

O  em p lo y  a tail gas scru b b in g  te ch n iq u e ;

©  em p lo y  a h ig h - p e r fo rm a n ce  catalyst;

Q  em p lo y  a p ressu re te c h n iq u e  to  increase the su lphur

tr io x id e  at e q u ilib r iu m  fu rth e r  tow ards 1 0 0 %  conversion ; 

and

®  install extra  catalyst bed s.

T h e  u p g rad in g  o f  a p lant to  d o u b le  absorp tio n  w ou ld  involve, 

as a m in im u m :

©  b reak in g  in  to  th e  co n v e rte r  shell to  extract and re -in je c t 

re a c tio n  gas, a fter S 0 3  ab so rp tio n ;

O  rea rra n g in g  th e  heat reco v ery  c ircu it  on the converter to  

p ro v id e h ig h -g ra d e  h e at fo r  h e a tin g  the co ld  scru b bed  

gas fro m  the in te rm e d ia te  ab so rb er;

©  ad d itio n  o f  a n e w  a b s o rb e r  and  associated  co o lin g  

sy stem ;

&  m o d ify in g  the acid  c ircu it  to  o p tim ise  produ ct 

ac id / w a ter ba la n ce ; and

•  m o d ific a tio n  o f  the a ir c o m p re sso r  due to  increased  

p ressu re d ro p  th ro u g h  th e  extra  eq u ip m en t.

(d) Combustion of sulphur

Sulphur storage and handling

S o lid  su lp h u r p resen ts a fire  hazard  b e cau se  o f  its low  ig n itio n  

te m p e ra tu re  and  its te n d e n cy  to  d evelo p  static ch arges. 

C o n seq u en tly , su lp h u r is  n o rm a lly  h an d led  in its m o lten  form . 

L iq u id  su lp h u r sto ra g e  tanks are in su lated , steam -h eated  and

typically co nstru cted  from  m ild steel w ith  su bm erged  fill lines 

to  m inim ise agitation , the release o f  hydrogen sulphide and the 

build-up o f  static charges. Storage tanks should  be fitted w ith  a 

steam  quench and should also have adequate r o o f  vents to 

provide natural draught ventilation o f  hydrogen sulphide gas.

All sources o f  ign ition  shou ld  be exclu ded  from  th e im m ediate 

v icin ity  o f  th e  tanks.

Sulphur recovered from  oil refining processes w ill co ntain  

significant levels o f  hydrogen sulphide; in this case a closed  

ventilation system  fitted w ith a caustic scru b ber should b e  used.

M olten  su lphur lines and spray nozzles shou ld  be steam - 

jacketed  to h o ld  the sulphur tem perature w ith in  the range 

1 2 0 —140°C.

W h e re  liquid sulphur is transferred to  and from  storage, careful 

operation o f  flex ib le hoses and tem porary co n n ecto rs is advised 

to  prevent release.

W h e re  solid su lphur is delivered o r ensues from  leaks/spillage, 

the propensity for sulphur fires to start requires that the sulphur 

be removed to  a suitable repository. Suitable m ethods o f  
detection and extingu ishing  such fires should  be em ployed.

Sulphur furnace

A typical su lp hu r furnace consists o f  a horizontal, b rick-lined  

com bustion ch am b er w ith  dried air and m olten sulphur 

introduced at o n e  end. Som e bu rn er designs contain  baffles or 

secondary air inlets to p rom ote m ixing and effective 

com bustion .

T h e  tem perature o f  gas leaving the sulphur bu rn er is a good  

indication o f  su lphur d ioxide co n cen tratio n , eg 9 7 0 °C  

corresponds to  about 10  vol%  S 0 2  and 1 1 30°C  to  1 2 vol%  S 0 2.

At high flam e tem peratures, sm all am oun ts o f  N O x may be 

form ed . T he furnace exhaust gases are usually co o led  rapidly in 

the dow nstream  waste heat boiler, thereby m in im ising  

d ecom p osition  o f  the n itrogen  oxides. T here is a tend ency for 

the NO* to accu m u late in  the acid that is co llected  in the m ist 

elim inators d ow nstream  o f  the final su lphur trioxid e absorber.

T h e sulphur furnace norm ally  operates under positive pressure 

conditions co rresp on d in g  to the d ischarge head o f  the m ain 

acid  plant blow er.

(e) Catalytic converter

A classic approach  to h ig h  total conversion efficien cies involves 

a series o f catalyst beds w ith  interm ediate co o lin g  by eith er heat 

exchange or a ir  d ilution . In double absorp tion , the rem oval o f  

su lphur trioxid e in the interm ediate stage forces a higher 

equ ilibrium  cu rv e  to be established and h igh er conversions are 

achievable.

F igu re 2.3 illustrates ho w  S 0 2  conversion e ffic ien cy  changes 

betw een beds and betw een single and dou ble absorp tion .

C om m ercially  available catalysts are based o n  vanadium
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pentoxide as the active agent and pro m o te the reaction  at 

tem peratures betw een 4 0 0  and 620°C . 'Low  b ite ’ catalysts 

contain ing caesium  and o th er alkali m etals have a low er ign ition  

tem p eratu re.o f ab o u t-380°C . They provide the p o tential for 

increased overall efficiency  and hence low er S 0 2  releases to air, 

albeit at h igher cost, by sh ifting  the eq u ilib riu m  tow ards S 0 3  

(low -tem p erature e ffect).

Preheating

It is during the p eriod  shortly  after start-u p  that the sulphuric 

acid plant is m ost likely to release h igher-than  norm al 

concentrations o f  SO x so the converter and absorber system s 

should be close to  norm al op erating  co nd ition s befo re  S 0 2  is 

introduced.

The catalyst beds in the converter may be preheated directly 

w ith co m b ustion  gases from  the bu rn ing o f  oil, o r ind irecdy 

w ith h o t (usually d ried ) air from  oil- o r gas-fired  preheaters, or 

a com bin ation  o f  b o th  techniques.

The aim  is to have as m any o f  the four catalyst beds at 

tem peratures at w h ich  the catalyst will ‘s trik e ’ b e fore  S 0 2  is 

adm itted. W hile the op tim um  arrangem ent w ill vary betw een 
plants, it is unlikely that a satisfactory start-up  w ill result i f  

fewer than tw o beds can ‘strik e’ im m ediately  and the third and 

fourth beds are m ore than I 0 0 °C  below  ‘strike’ tem perature

beforehand . I f  th e  catalyst d oes not ‘strik e’ o n  ad m issio n  o f  

SO z, the feed m u st be  stop ped  promptly.

The a d v a n ta g e s jjf  ind irect preheating are jh a t  the air is clean  

and dry and can therefore be passed th ro u g h  th e  final 

absorp tion  and d em ister section s w ithout d ilu tion  o f  the acid  o r 

risk o f  fou ling  the acid o r dem isters w ith  the p roducts o f  

in co m p lete  co m b u stion . T h e  tail gas is then  em itted  from  the 

plant stack essentially free o f  m ist and SO x. T h e  disadvantages 

o f  ind irect preheating are h ig h er capital co st and, generally, a 

slow er preheating  phase. T h e  justification w ill be  in flu en ced  by 

the frequ ency  o f  start-ups.

Direct preheating  (w h ich  is com m on on  su lp h u r-b u rn in g  plants 

w ith oil being  b u rn t in the sulphur furnace instead o f  su lp h u r) 

has the advantage o f  not requiring  additional eq u ip m en t but the 

disadvantage o f  exp o sing  th e  catalyst (and  its associated  S 0 3) to 

the p roducts o f  co m b u stio n , ie  water and  hyd ro carbons/ sm o ke. 

Catalyst dam age by  w ater is avoided e ith er by d irect fir in g  

through the plant w ith an excess o f air so  that w ater 

concen tration  is m in im ised , o r  by ind irecdy h eatin g  the catalyst 

w ith dry air un til the catalyst tem perature is above the su lp hu ric 

acid d ew -p o in t (typically 10 0 °C + ) and then  fir in g  th ro u g h  

directly. The ind irect phase is usually acco m p lish ed  by using 
the su lphu r fu rn ace  as a recuperator that is alternatively  heated 

by d irect firing and  then co o led  by dry preheating  air passing to 

the converter.

Figure 2.3 Comparison of single absorption and double absorption processes

Catalyst bed outlet temperature, °C
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A fu rth e r  d isadvantage o f  d irect fir in g  is that the fuel may 

c o n ta in  su lp h u r and th e re fo re  w ill add to  the S 0 2  d ischarge 

d u rin g  start-u p . L ow -su lp h u r fuel o il o r fuel gas is to  be 

p re ferred  to  m in im ise  the ad d itio nal S 0 2  release. D u ring  the 

fin a l stages o f  d irect fir in g  it is g o o d  p ractice  to  pass the gases 

th ro u g h  th e  absorber.

A n o th e r  d isadvantage o f  d irect p reh eatin g  co n ce rn s the effect o f  

th e  c o m b u s tio n  pro d u cts o n  th e  a b so rp tio n / d em ister section s 

o f  th e  p lan t. To avoid d ilu tio n  and sm ok e co n ta m in a tio n  o f  the 

a b s o r b e r  acid  and  fou lin g  o f  th e  d e m iste r e lem en ts, it is 

c o m m o n  to  exh au st the p reh eatin g  gases after th e  fou rth  

catalyst b e d  and  b e fo re  the fin a l absorber. T his is satisfactory  

u n til the  tem p e ratu re  o f  th e  fo u rth  bed  reaches a p o in t w h ere  it 

is n o  lo n g e r  ab le  to reta in  o r  a b so rb  S 0 3  and a v isib le  em ission  

resu lts. F u rth er p reheatin g  can  then  on ly  take p lace  i f  the tail 

gas is ro u ted  th ro u g h  the a b so rb e r  sec tio n  — w ith  the attendant 

d isad v an tag es n o ted  above. T h is  p erio d  o f  op era tio n  sh ould  be 

kept to  a m in im u m . In d irect h e a tin g  is the p referred  route.

O n  d o u b le  a b so rp tio n  p lan ts, th e  in term ed ia te  ab sorp tion  

s e c tio n  is usually  by-p assed  d u rin g  p reheatin g  to  m axim ise  heat 

tra n sfe r  to  catalyst in the seco n d  co n v ersio n  stage. T h is re 

ro u tin g  o f  the p reh eatin g  gas can  be acco m p lish ed  u sing  large 

valves o r  d am p ers, bu t o n  larg er p lants in particu lar g as-tig h t 

re -ro u tin g  is m o re  c o m m o n ly  ach iev ed  by the in sertio n  o f  

sp e c ta c le  p lates and blanks. T h e  reverse o p era tio n  m ust be 

c a rr ie d  o u t to  restore  the n o rm a l gas path be fo re  the plant is 

started  up.

T h e  to ta l tim e  fo r  p reh eatin g  can be as m u ch  as three days, 

d e p e n d in g  u p on  the type and cap acity  o f  the p reheating  

e q u ip m e n t and o n  the typ e and  size o f  th e  converter. It is 

im p o rta n t  to  attain  the m a x im u m  p racticab le  tem p eratu res in 

th e  th ird  and  fou rth  bed s i f  sta rt-u p  em issio n s o f  S O z are to  be 

m in im is e d .

C o n tin u o u s  m o n ito r in g  o f  S 0 2  in th e  vent gas is a pow erfu l 

to o l w ith  w h ic h  to  co n tro l p ro g ress th ro u g h  the start-up  

p e r io d . B esid es the p ro g ressiv e  a d ju stm en t to in le t 

te m p e ra tu re s  to  the catalyst bed s as th e  p lant ap p roach es norm al 

w o rk in g  tem p e ratu res , the air flo w  and  S 0 2  gas stren g th  can be ‘ 

fre q u e n tly  ad ju sted  to  m in im ise  S 0 2  c o n ce n tra tio n  in  the tail 

gas.

T h e  p lan t tail gas o ften  co n ta in s a sm all am ou n t o f  S 0 3  fo r a 

s h o r t  p e r io d  a fter start-u p  and  is th e re fo re  v isible as a m isty  

p lu m e . To m in im ise  the p erio d  o f  p lu m e v isib ility  the 

aK?nrhpr<: need  !o  be ? ! o r  c lo se  to  th e ir  no rm al 2 .bsorpt.ion 

s tre n g th  ( 9 7 .5 —9 9 % )  at sta rt-u p  and  be b ro u g h t up to  n orm al 

te m p e ra tu re  (> 7 0 ° C )  as q u ick ly  as p o ssib le . The acid  stren g th  is 

u su ally  m a in ta in ed  d u rin g  the p re h ea tin g  stage by im p o rt o f  

fre sh  9 8 %  acid  o r  o leu m .

P re h e a tin g  m ay b e  u n n ecessa ry  d u rin g  ‘h o t ’ start-ups. H ot 

s ta r t-u p  o c cu rs  e ith er d u rin g  p lanne’d o r  u np lanned  

m a in te n a n c e , o r  d u rin g  p lant trips. Provided  the sh u t-d ow n  

lasts less  th an  2—3 days, th en  e n o u g h  heat sh ou ld  be retained  

w ith in  th e  p lant and co n v erter bed s to  p erm it th e  re- 

in tro d u c tio n  o f  su lp h u r b u rn in g  w ith o u t p rio r p reheatin g  o f

the beds. For. preplanned short sh u t-dow n s, on e m eans to 

m aintain the bed  tem peratures is to  allow  them  to rise p rio r to 

co m in g  off-lin e . The sm all increase in em ission s due to 

reduced conversion e ffic ien cy  can be m ore than offset by the 

reduced em issions upon starting the converter up again. 

Applicants should  ou tline the nature o f  such practices, so that 

sufficient flex ib ility  is given in the A uthorisation to allow  use o f  

su ch  techniques w here they  are BPEO.

Converter temperatures

It is possible, as a m atter o f  ro u tin e, to m aintain  very steady 

conditions w h en  op erating a su lphu r-burning sulphuric acid 

plant.

Back-up therm ocou ples should  be provided, and the 

temperatures w ith in  the catalyst m ass should also be recorded. 

R egu lar calibration checks should b e carried  out and faulty 

therm ocou ples replaced as part o f  the on g o in g  m aintenance 

program m e.

I f  goo d  records are m aintained, it is possible to  detect the 

gradual but inevitable d eterio ration  in the co n d ition  o f  the 

catalyst in the first pass. It is norm al practice for the catalyst in 

the first pass to  be sieved every tw o years and typically there is a 

need  for top-up w ith new  m aterial. The spent catalyst is either 

rem oved by th e  catalyst su pplier for recycling or sen t'to  a 

landfill site fo r disposal.

(f) Feed conditions

T here should be sufficient instru m entation  available at the 

central control panel to provide the operators w ith  accurate 

inform ation o n  the fo llow ing plant feed cond ition s:

©  sulphur feed rate o r  su lphur pum p speed;

©  air flow rate or d ischarge head o f  the m ain ;

©  blower; and

©  sulphur d ioxide co n ten t o f  the feed gas to  the converter 

or sulphur furnace tem perature.

T h e  plant sh ou ld  be fitted  w ith safety  in terlocks that prevent 

continued  op eration  u p on  equ ip m en t failure, eg the sulphur 

feed  pump is tripped on  red u ction  o r  loss o f  the m ain airflow. 

This should b e  detected throu gh m easurem en t o f  the airflow  

its e lf  instead o f  indirectly such as throu gh a ‘m o to r  failed’ 

signal.

(g) Sulphur trioxide absorption

Sulphuric acid exerts a co m p lex  vapour pressure co nsisting  o f  a 

com bination o f  su lphuric acid , w ater and su lphu r trioxide. The 

total vapour pressure is a m in im u m  w hen  the acid 

concentration  is betw een 9 8  and 9 9 % . This is the op tim u m  

concentration for the absorp tion  o f  su lphur trioxid e.

At low er concentrations, th e  partial pressure o f  w ater vap>our 

over the acid is high en ou g h  to c o m b in e  w ith  the sulphur
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trioxide to form  an acid  m ist that is not easily absorbed  in the 

acid. W h ile  at h ig h er concen trations, the partial pressure o f  

sulphur trioxid e is su fficien t to prevent com p lete absorp tion .

Mist formation in absorption towers

Acid mist is visible and  easily detected  by both the op erator and 

the public. T he avoidance o f  m ist depends on op eration  w ith in  

carefully controlled  lim its and therefore the use o f  properly  

calibrated sensors and the inclu sion  o f  associated co n tro l loops. 

M in im isation  o f  levels o f  w ater vapour throughout the plant is 

im portant.

The absorp tion  e ffic ien cy  o f  su lphur trioxid e is h ig h est w hen 

the acid co n cen tra tio n  is betw een 9 8  and 99% . W h e n  properly 

operated, the ab sorp tion  tow er o f  a su lphuric acid plant is 

extrem ely e ffic ien t, absorbing  m ore than 9 9 .9 %  o f  the sulphur 

trioxid e in the inlet gas. However, w hen this e ffic ien cy  falls off, 

due to an upset tem perature or concentration  co n d itio n , the 

sulphur trioxide passing through the tow er w ill react w ith 

m oisture in the atm osphere to form  sulphuric acid m ist. This 

w ill produce a characteristic w hite  and persistent plum e.

Any droplets entrained  in the gas stream at the top o f  the 

absorption tow ers are large, ie 1 0 - 1 0 0  jam and easy to  co llect 

in a m esh-type separator. However, acid m ist is an aerosol o f  

fine drops o f  su lp hu ric acid w ith  particle sizes rangin g from

10 jam dow n to  0 .0 7  pm  and is, therefore, very d ifficu lt to 

collect.

T he m ist is form ed e ith er by cond ensation  o f  su lphu ric acid 

vapour as the gas is cooled  o r by reaction betw een sulphur 

trioxid e gas and w ater vapour at a'tem perature at w h ich  

sulphuric acid can condense.

M ist form ed  befo re the absorption  tow er passes unchanged  

through the tow er and will pass through a sim ilar packed tow er 

even i f  irrigated  w ith  an alkali. Any aqueous m edium  makes 

m ore m ist due to  the presence o f  sulphur trioxide and acid 

vapour.

Mist collection equipment

H igh-energy con tact devices such as venturi scru b bers will 

absorb m ist, but have not found any extensive application for 

m ist rem oval from  acid  plant stacks. H igh power co n su m p tion  

and the addition o f  w ater vapour to the stack gases are the 

m ajo r draw backs.

E lectrostatic p recip itation  can be used for this d uty  butH igh” 

installation cost is th e ’ m ain ob jectio n .

U ntil com paratively  recently, m ore atten tion had b e e n  devoted 

to  the prevention o f  m ist form ation  than to  its rem oval, but 

filters are now  available to rem ove practically all form s o f  acid  

m ist. -  * -  _ -

The candle-typ e filter is an effective filtration device and it is 

now  w idely used in  the industry. The h igh  efficien cy  o f  the 

candle-type filter relies either o n  im pact o r  on  the effects o f  

Brow nian m otio n .

Candle filters are increasingly used in b o th  absorbers o n  a 

double absorp tion  plant to ensure an invisib le p lu m e and 

reduce dam age to  the plant.

(h) Circulating acid system

The op eration  o f  absorp tion  and drying tow ers is closely  linked 

(see F igu re 2 .1 )  and  form s th e  'acid sy stem ’ , o f  w h ich  there are 

two types.

In the double acid  system  th e  drying and  absorp tion  c ircu its  are 

operated at d ifferent concentrations and the tw o system s are 
conn ected  only by the acid cross-bleeds. Thu s, 9 8 %  acid  is 

transferred  to the drying c ircu it  where it is d iluted  to  9 3 - 9 6 %  

by the w ater absorbed  in th e  drying tow er. T he diluted  acid  is 

then returned to  the absorber circuit w h ere  it is fortified  back 

to 9 8 %  by the su lp hu r trio x id e  captured in  the su lp hu r trio x id e  

absorp tion  tower. Product acid  can be w ithdraw n from  e ith er 

circu it.

In the single acid  system , acid  from the absorber tow er is 

cooled  and passed over the drying tow er. Since the circu latio n  

rates are large, the changes in  acid co n cen tra tio n  are slight and 

the acid  rem ains essentially at a single co n cen tra tio n .

The d rying  and absorp tion  towers are packed tow ers and the 

acid circu lation  rates are set to  limit the tem perature rise  o f  the 

acid. H eal o f  absorp tion  is removed in acid  co o lers, exam p les 

o f  w h ich  include anodically  protected shell and tube 

exchangers, p late-type co o lers  with H astelloy C plates, spiral 

heat exch angers, and Teflon coolers w ith  sm all-b o re  tubes.

The d ou b le  acid system  is m o re  com plex in design and 

op eration  than its single counterpart. Separating the acid 

stream s keeps th em  independent o f  each  other. This enables 

con tro l o f  acid strengths and  tem peratures and allow s greater 

flex ib ility  on com p lete  p lant and product co n tro l esp ecially  * 

during plant start-up.

(i) Tail gas treatment

T here are several viable m eth od s for c lean -u p  and red u ction  o f  

SO 2 co n ten t in the tail gas from  the absorber. Som e have 

developed sp ecific  to the sulphuric acid  ind u stry ; o th ers have 

been used in the desulphurisation o f  flu e gas fro m  p ow er 

stations. Processes can also be classified as regenerative or no n - 

regenerative.

Regenerative processes are those w here the reagent is recovered 

‘by fu rth er processing a n d 'th e  S 0 2 is recovered  as e ith er S 0 2 o r  

su lphu ric acid for return to  the su lphuric acid  plant. T h ere  is 

no S 0 2  recovery o r  solvent regeneration in  no n -reg en era tiv e  

processes.

Processes that are available com m ercially  in clu de:

©  activated carb on  processes that p rod u ce d ilute su lp h u ric  

acid;

©  oxid ation  o f  S 0 2  to  S 0 3 (and su lp h u ric acid ) by 

hydrogen peroxide;
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O  ■ so lv en t ab so rp tio n  p rocesses w ith  recovery o f  S 0 2  d uring  

re g en era tio n  o f  so lv en t; and

G  d esu lp h u risa tio n  p rocesses.

Activated carbon processes

Tail gas fro m  th e  a b so rb er is h u m id ifie d , w ith  e ith er w ater o r  

d ilu ted  acid . S 0 2  is th en  co n v erted  to  su lp h u ric acid  by 

re a c tio n  w ith  resid u al o x y g e n  in  the tail gas in an activated 

ca rb o n  b e d . Typical recovery  e ffic ie n c ie s  are in excess o f  9 0 %  

S 0 2. T h e re  m ay be w ater ba lan ce  p ro b le m s i f  the p ro du ct acid 

is to o  w eak.

Hydrogen peroxide treatment

In th is p ro cess h y d ro g e n  p erox id e  is d issolved  in  3 0 - 4 0 %  

su lp h u ric  acid  and  th en  c ircu la ted  th ro u g h  a scru b b er to 

p ro v id e  d irect co n ta c t w ith  the tail gas fro m  the final absorber. 

T h e  b as ic  re a c tio n  is:

so2 +  h 2 o 2  h 2 s o 4

T h e  p ro cess  w as p rim arily  d esig n ed  for lo w  SO z co n cen tra tio n s, 

eg  ex it gas fro m  a d ou b le  ab so rp tio n  p rocess,.'as the ox id ant is 

ex p e n siv e  in  term s o f  o p era tio n a l costs.

Scrubbing processes

S 0 2  m ay also  b e  rem oved  by scru b b in g  w ith  a range o f  

so lv en ts/ reag en ts . D ep en d ent o n  the type o f  solvent it m ay be 

p o ssib le  to  recov er S 0 2  fo r  recy cle  to  the converter.

So lv en ts in use in clu d e:

O  A m m o n ia  so lu tio n  -  absorb s S 0 2  to  produ ce am m o n iu m  

b isu lp h ite . S 0 2  is recov ered  by  treatm en t w ith  su lp hu ric 

a cid . A m m o n iu m  su lp hate  fo rm s as a b y -p ro d u ct.

O  So d iu m  su lp h ite/ so d iu m  hyd ro gen su lp h ite  -  S 0 2  is 

ex tracted  and th en  released  by steam  heating. T h e 

a b so rb en t is reg en era ted .

O  O th e r so lv ents in  use in clu d e so d iu m  carbon ate , c itric  

acid , reg en erativ e  a m in e  a b so rb en ts  and so d ium  citrate.

Essen tially  all th e  p ro cesses fu n ctio n  in  a sim ilar way and  

invo lv e an a b so rp tio n / scru b b in g  stage fo llow ed  by a. 

re g e n e ra tio n  stage in  w h ic h  th e  S 0 2  is recovered  and, w here 

p ra c tica b le , the so lvent is reg en era ted .

E ffic ie n cy  o f  S 0 2  rem oval fo r  these  p ro cesses can b e b e tter than 

9 5 % .

T h e s e  ‘a d d - o n ’ p rocesses o ffe r  the p ro sp ect o f  be in g  a sim p ler 

and ch e a p e r co st than  co n v ersio n  to  d o u b le  a b sorp tio n , w h ilst 

p ro d u c in g  a p oten tia lly  saleable p ro d u ct o r  b y -p rod u ct. O f  

th ese  p ro cesses , th e  h y d ro gen  p ero x id e  p rocess is likely  to have 

th e  lo w est cap ital co st, b u t h ig h est o p era tin g  cost due to  the 

p r ic e  o f  H 2 0 2.

In addition, they  may b e  useful in single o r d ou b le  absorption 

processes during  plant start-up situations to m itigate  h ig h  S 0 2 

losses. In su ch  situations the H 2 0 2 process m ay be acceptable.

Cos Desulphurisation

Gas desulphurisation processes range from  w et to  sem i-d ry  to 

dry. Wet processes inclu d e scrubbing w ith lim e, sodium  

carbonate or o th e r  types o f  alkaline solutions and usually 

achieve sulphur d ioxide rem oval efficien cies o f  better than 90% . 

How ever the disadvantages o f  this type o f  process are that a 

w ater vapour p lum e is produced fro m  the top o f  the tail gas 

stack , a liquid efflu ent is produced w h ich  w ill need treating 

be fo re aqueous d ischarges are m ade, and the liquid  scrub bing  

agent is relatively expensive.

Sem i-dry  processes norm ally  involve spraying a slurry o f  lim e, 

or lim estone in to  the gas. The typical piece o f  equ ip m en t used 

for this purpose is a spray dryer. T h e  techn iq u e typically 

rem oves about 8 5 %  or m o re  o f  the S 0 2. T h e  heat in the gases 

evaporates the w ater in th e  slurry and leaves a so lid  gypsum  

produ ct, w hich  m ight be o f  saleable quality. N o liquid efflu en t 

is produced bu t a vapour plum e w ould  still o ccu r at the to p  o f  

the tail gas stack . Provision and preparation o f  the slurry agent 

is likely to be relatively expensive and it is unlikely that sale o f  

the gypsum w ou ld  be eco n o m ic  bearing  in m in d  the relatively 

sm all volume produced com pared  fo r exam ple to that from  

so m e coal fired pow er stations. In addition dust abatem ent 

facilities dow nstream  o f  the spray dryer are likely to be needed.

T h e  dry processes involve in jectin g  lim e dust in to  the gas 

stream  and co llectin g  it, typically on  a bag filter system . J h e  

ch em ical reactions betw een the lim e and the su lphur d ioxide 

occu rs in the gas stream and  over the bag filters. Typical 

su lp hu r dioxide rem oval efficien cies are betw een 5 0  and 6 0 %  

but higher efficien cies are possible. T he process offers less 

b en efit than th e  other tw o types o f  processes. However, n o  

vapour plume is produced  and there is no liquid  effluent, but 

there are solids to  dispose o f  to landfill.

I f  a sulphuric acid  plant is adjacent to  a com p ou nd  fertiliser 

p lant, then em p loying  am m onia scru b b in g  w ill result in an 

am m onium  su lphate e fflu ent that can be fed to  the granulator.

T h e  tail gases fro m  a conventional sin gle  or d ou b le  absorp tion  

plant are dry becau se  the last stage in  the p rodu ction  process 

involves passing the gas through a circulating stream  o f  

concentrated  su lp h u ric acid , w hich  is a very effective drying 

agent. Therefore the iu u iiio ii  o f  w ater vapour to  the taii gas via 

the w et and sem i-d ry  processes and its consequ en tial co o lin g  

n o t on ly  results in  a stack vapour p lu m e but w ill also red uce the 

therm al buoyancy o f  the p lu m e due to  the reduced 

temperature. As a result reheating o f  the treated gas may be 

needed .

B earing  in m ind the potential investm ent required  and 

disadvantage o f  these types o f  scru bbing  system s w hen  applied 

to  sulphuric acid  plants (th ey  are no rm ally  applied to  m u ch 

larger facilities su ch  as p ow er sta tio ns), it is unlikely  that th ey  

w ill provide co st-e ffectiv e  abatem ent.
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Processes that produce a useful by-p ro d u ci su ch  as gypsum  or 

am m o niu m  sidphate should  be required to  show  that a market 

can be foreseen for that product.

In particular the quantity  o f  gypsum  produced by abating 

su lphuric acid plant em issions is substantially less than from  

coal-bu rn in g  pow er stations. H ence it may b e u n eco n om ic to 

find outlets.

(j) Pressure process

From the eq u ilib riu m  relationship , op eration  o f  the ‘co n tact’ 

process at elevated pressure w ill enhan ce the oxid ation  o f  \ 

sulphur d ioxide to su lphur trioxide.

O ne potential m ethod o f  reducing the level o f  sulphur d ioxide 

em ission lies in being able to op erate the last stage o f  

conversion in a separate reactor vessel op erating at an elevated 
pressure o f  15 0  k P a(g). A com p resso r is required to  boost the 

gas through the reactor and associated absorber but a tail gas 

expander allow s 8 0 %  energy recovery. T his process is 

potentially a cheaper m ethod o f  achieving low  sulphur d ioxide 

em issions than tail gas scrubbing, but it is understood that the 

techn ology has not yet been proven on  a p rodu ction plant. 

Inspectors should be aware that such techniques are being 

developed.

(k) Potential release routes

Releases to air

O  Sulphur d ioxide and sulphur trioxid e from  absorption 

colum n.

O  Carbon d ioxide from  co m b u stion  plant.

O  N itrogen oxides from  absorber colu m n.

O  H ydrogen sulphide, from  sulphur storage.

Releases to water

O  Effluent from  absorption  co lu m n  m ist co llection  

equipm ent.

Releases to land

O  Spent vanadium  pentoxide (and alkali-m etal sulphates) 

catalyst; -  - ■ -  -

O  Spent and contam inated  sulphur and su lphu r filter cake.

2.2.2 Manufacture of sulphuric acid from smelters and 
roasters

(a) Introduction '  -

Prim ary sm elting  op erations that extract no n-ferro u s m etals 

from  sulphide ores result in the em ission  o f  exhaust gases 

contain ing  su lphu r dioxide.

Such plants need to  be provided w ith  ‘S 0 2  abatem ent sy stem s’

and the su lphu r d io xid e concentration is o fte n  su fficien tly  h igh 

for this p o llu tion  co n tro l facility  to consist o f  a co n v en tio n al 

su lphu ric acid  plant located dow nstream  o f  the various item s o f  
gas clean in g  equ ip m en t. ~~

This latter type o f  plant is som etim es term ed  a ‘w et g as’ plant 

because it includes a p u rification section in  w h ich  the feed gas 

is su b jected  to a series o f  dust and mist co llec tio n  op eratio ns, 

inclu ding  scrubbing.

(b) Process description

A typical gas c lean - up sch em e is shown in Figure 2 .4 .

M etallurgical o ff-g ases w ill include:

O  particulate, w hich  w ould  clog the first catalyst bed;

O  fum es or aerosols o f  0 . 0 1  to 2 jim  d iam eter form ed  by 

con d ensation  o f  volatile metal co m p o u n d s (Z n, Pb, Sb,

B i, Cd and their ch lorides, sulphates and o x id e s);

O  volatile m etals (As, Se, Hg and th e ir  co m p o u n d s), w h ich  

m ay de-activate the catalyst; and

O  gaseous im pu rities including, for exam p le. S 0 3, HC1. HF. 

CO and C O z.

T hese im p u rities (except CO . C 0 2) m ust be rem oved  for 

su lp hu ric acid produ ction.

As a result o f  the need fo r extensive c lean-u p , the feed gas is 

cold  (4 0 °C ) com pared  w ith  over 1 0 0 0 °C  (b e fo re  q u e n c h in g ) 

from  virgin su lphu ric acid  plants. T he e x o th e rm ic  heat o f  

reaction  is therefore used to  heat up the in co m in g  gas. Energy 

may not be available for export.

C ontact plants cease to  be autotherm al w hen the su lphu r 

d ioxid e concentration  in the converter feed  gas falls b e lo w  

approxim ately  4 .5 % . T h e  exact po in t at w h ich  this occu rs 

depends on  the am ount o f  heat.exchange su rface area available.

T h e  feed gas to  the co n tact section can have a w idely flu ctuating 

S 0 2  co n cen tratio n  and flow rate that o fte n  falls be lo w  that 

required  to  sustain the reactions in  th e  con tact plant.

Low er concentrations o f  S 0 2 (down to  2 % ) m ay be best treated 

using the sin gle  absorp tion  process as m ore  heat is available for 

heating  the co ld  feed. A lso the single absorp tio n -p rocess is less_ 

sensitive to  variations in  S 0 2 concentrations.

Plant op eration  must b e  carefully co n tro lled  to  en su re that, 

w henever there is a requirem ent for top -u p  heat, the heater is 

qu ickly  brou gh t into service before the tem p eratu res in the 

reactor fall below  the ‘strike’ tem perature o f  th e  catalyst.

A recently  introduced  low -tem perature p ro cess uses 

catalytic/adsorptive carbon  to convert S 0 2  to  S 0 3> w h ic h  is 

period ically  flushed fro m  the bed w ith  w ater as su lp h u ric  acid. 

H igh  conversion  and reduced em ission s are p ossible.
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Figure 2.4 Typical flow scheme for gas clean-up
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T h e  in itia l d ust co lle c tio n  m ay b e  ach iev ed  in  a variable throat 

v en tu ri s c r u b b e r  o r a d ry  e le ctro s ta tic  p recip ita tor; 

see S e c tio n  3 .

N ick el o res m ay co n ta in  traces o f  se len iu m  that pass in to  the 

e x h a u st gas as se len iu m  d io x id e , w h ic h  is su bsequ ently  

rem ov ed  in  th e  gas scru b b er. T h e  se le n iu m  co m p o u n d s can be 

p re c ip ita ted  fro m  th e  sc ru b b e r  l iq u o r  b leed  stream  by arran g in g  

fo r  a se ttlin g  tank to  be h e ld  at w eakly a c id ic  co n d itio n s o f  

pH  4  to  5 .

T h e  a q u eo u s e fflu e n t w ill req u ire  trea tm en t (n eu tra lisation  and 

s e d im e n ta tio n )  to  rem ov e m e ta llic  co n ta m in a n ts , acid ic , 

su sp en d ed  and d issolved  co m p o n e n ts . W h e re  p racticable the 

first slu d g es sep arated  are re cy c led  to  th e  m etallurgical p lant fo r 

reco v ery  o f  th e  m etals. F erro u s su lp hate , fe rr ic  su lphate, lim e 

o r  ca u stic  soda can  be added  to  the e fflu e n t stream  to  ensure 

c o lle c t io n  o f  any a rsen ic  that is p resent.

T raccs o f  rvicicury fu m e are  p re sen t in  the exhaust gases from  a 

le a d / z in c  sm elter. T he m ercu ry  rem oval p lant is located  after 

th e  acid  m ist p recip ita to rs . T h is  co n sists  o f  a packed tow er in  • 

w h ic h  th e re  is a c ircu la tin g  strea m  o f  m e rc u ric  ch lo rid e , H gC l2. 

T h is  rea c ts  w ith  the m ercu ry  v ap ou r in  the gas stream  to  form  

in s o lu b le  m ercu ro u s  ch lo rid e , H gC l (c a lo m e l) ,  w h ich  

p re c ip ita te s  as y e llo w -w h ite  crystals. So m e slu rry  is ox id ised  

w ith  a c o n v e n ie n t ox id an t su ch  as c h lo r in e  gas to  regen erate  

m e rc u r ic  c h lo r id e , w h ic h  is th en  re tu rn ed  to  th e  scrubber.

G rea ter ca re  is necessary  w h e n  o p era tin g  a w et gas plant 

c o m p a re d  w ith  a su lp h u r-b u rn in g  o n e  to  e n su re  co n tro l o f  

s u lp h u r d io x id e  and  su lp h u r tr io x id e  em iss io n s .

Each o f  the electrostatic p recip itators in the gas cleaning train is 

norm ally  fitted w ith  a w ater seal that should  be covered. These 

seals ‘break’ in the event o f  ov er-suction , thereby drawing 

a m b ien t air in to  the plant and thus preventing any release o f  

su lp hu r dioxide. There is effectively  n o  danger o f  ‘b lo w in g ’ the 

seals through overpressure. As an additional precaution  there 

shou ld  be m eans to  establish the in teg rity  o f  the seal.

So m e m ist is form ed  in 'th e  gas p u rification section , as the sm all 

qu an tity  o f  su lphur trioxide present in the furnace o r roaster 

exhaust gases reacts w ith w ater vapour.

O n ce  this mist is form ed, it is very stable and d ifficu lt to 

co llect. H igh -efficiency  lead tube electrostatic precip itators can 

b e used for this duty, and it is b e co m in g  co m m o n  practice to  

provide a tw o-stage co llection  system  so  that so m e co llectio n  is 

m ain tain ed  even w h en  one precip itator is out o f  service. An 

e ffic ien cy  o f 9 8 .5 %  can be achieved w ith  a single unit.

T he usual criterion o f  satisfactory m ist p recip itator perform ance 

is that the outlet gas, w hen view ed throu g h  the sight glass 

p rovided , is optically clear, corresp o n d in g  to an ou det loading 

o f  ab o u t 3 0  mg o f  S 0 3  per m \

O p erating  experience suggests that m ist co llectio n  is im proved 

i f  the tem perature at the inlet o f  the prim ary  precip itators is 

su fficien d y  above am bient (4 0 °C  is a g o o d  tem perature at 

w h ich  to  run i f  the plant w ater balance p erm its th is). The 

m ist particles, w h ich  act as co nd ensation  nuclei, b e co m e 

sig n ificantly  enlarged as w ater vapour cond enses ou t o f  the 

gas stream .

12
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(c) Acid bleaching

Acid produced from  sinter gas can contain  hydrocarbons 

carried  forw ard in  the gas stream  from  the sinter plant. This 

carbonaceou s m aterial causcs the acid to be dark in co lo u r and 

reduces its co m m ercia l value. This co lo ration  can b e rem oved 

by ‘b lea ch in g ’ the co ncen trated  acid w ith  hydrogen peroxide 

so lution . The p ro p ortio n  o f  peroxide used varies w ith  the 

initial co lo u r but is o f  the ord er o f  2  kg H 2 0 2 per to n n e 9 6 .5 %  

su lphuric acid produced . T he eco n o m ics o f  the p rocess 'are 

such that the feed acid  should be free o f  S 0 2  to prevent the gas 

m opping up the expensive peroxide.

The continu ou s process involves the intim ate m ix in g  o f  the acid 

and the peroxide through a nozzle. R eten tion  tim e in  the 

bleach ing tanks is a few hours. Increasing the tem perature o f  

the reaction  greatly enhances the bleaching but at th e  cost o f  

increased p eroxide d ecom p osition . T he bleaching process 
evolves carbon d io xide and som e oxygen . Careful co ntro l o f  

the hydrogen p eroxid e in jectio n  is required  to avoid any excess, 

w h ich  could co rro d e dow nstream  pipew ork. Sulphur d ioxide 

in jection  is allow ed fo r to reduce any excess.

(d) Potential release routes

Releases to air

O  Sulphur d ioxid e and sulphur, trioxid e from  absorp tion  

co lu m n .

O  C arbon d io xid e from  co m b ustion  and bleach ing plant.

Releases to water

r i  ___ ________ _ ... t % rV. . t -1 , t>Ah„ w . ,
V  V J < i>  C i C c i j j - L i p  p i  \ _ i y i i t a i i i i i i a i v _ v i  v * a i u ,  vv  i n u i

requires treatm ent, before consented  discharge.

Releases to land

O  C ontam inated  tow er packing from  gas clean- up.

O  Spent vanadium  p en to xide (and alkali-m etai sulphates)

- - catalyst.- -  -  -

O  N on-recoverable calom el (m ercu ro us ch lo rid e).

2.2.3 Manufacture of oleum and sulphur trioxide

(a) Manufacture of oleum

’0 1 eu m 7 "or fu m in g  su lp h u ricfac id ris  su lphuric acid 'con tain irig  

su lphur trioxid e in  excess over the form ula H jSO ^  eg  2 0 % • 

oleu m  contains 2 0 %  sulphur trioxide and 8 0 %  su lphu ric acid.

O leum  is norm ally  m anufactured w ith  S 0 3  free w eight 

con cen tratio ns o f  e ith er 20%  o r 65% . T he freezing poin ts o f  

jh ese_p rod u cts are -1 5 °C  and O°C jesp ectively . ___________

U p to  3 5 %  oleu m  can be m ade in  a single packed tow er, w hile  

4 0 %  o leu m  is generated  by tw o towers in  series. In  a double 

absorption plant the extra equ ip m en t is located  befo re  the

interm ediate absorber. G reater than 4 0 %  o leu m  is usually 

-p ro d u c e d  by m ix in g  liq u id -S 0 3 with lo w -co n ce n tra iio n  o leu m .

Sulphur trioxid e is absorbed  in  a circu lating  stream  o f  o le u m  

w hose co n cen tratio n  is controlled  by cro ss-b leed in g  su lp h u ric  

acid from  the acid  c ircu lation  system. Su lphu r trioxid e 

absorption  is lim ited  by its vapour pressure above the o leu m . 

The rem aining  3 0 - 6 0 %  is subsequendy rem oved  in the 

dow nstream  absorber on  th e  acid plant.

Vents and  overflow  pip ew ork  on liquid S 0 3  and stro ng  ( > 3 5 % )  

oleu m  storage tanks sh ould  no t pass d irectly  to  atm osp h ere but 

should  be vented to an adequate S 0 3  a b so rber system , su ch  as a 

packed tower irrigated  w ith  98%  H 2 S 0 4 . H igh-level alarm s and 

overflow  pro tection  arrangem ents m ust be designed  to  prevent 

external spillage, fum e em ission  and m o istu re  ingress.

Special atten tion is required  in  the han d ling  and storage o f  
o leu m  since exp osu re to air w ill release large qu antities o f  fin e 

su lp hu ric acid m ist. Q uick ly  deployable m easures to  safeguard 

against such releases should  be encouraged. Exam ples in clu d e:

O  application o f  solid  absorbent to  spillages that are sm all 

or in n on-bu nd ed  areas; and

O  use o f  silico n e  or sim ilar inert o il to absorb  large releases 

in bunded areas.

For liq u id  S 0 3 and oleum s w ith  a h ig h  vapour pressure, storage 

vents m ust be m ain tained  at a tem perature su ffic ien t to  prevent 

cond ensation  and  so lid ificatio n  o f S 0 3. In practice this requires 

steam  tracing o r  h ig h -in teg rity  electric tracing  to  be installed  

and lagged to a h igh  standard , such that all p ip ing and fittin g s 

are m aintained  at 80°C . Tem perature, pressure and cu rren t (fo r 

e lectric  tracing) m on itorin g  or data-logging are recom m en d ed , 

w ith  a trace heating  failure alarm.

(b )  Manufacture.of liquid sulphur trioxide

Liquid sulphur trioxid e is produced by d istillin g  o leu m  to drive 

o f f  gaseous su lphu r trio x id e , which is then  co nd ensed . T h e 

. ..red u ced-strength  oleum  can .either b e .u sed .as a produ ct or be. 

returned  to the oleu m  absorber for furth er su lphur triox id e  

addition and re-use.

(c) Potential release routes

These release routes inclu de those for the contact p rocess for 

the m anu facture o f  su lp h u ric acid w h ere  applicable.

Releases to air

O  Sulphur d ioxide and sulphur trio x id e  from  ab so rp tion  

colum n.

O  Carbon d ioxide fro m  com bustion plant.

Releases to water

O  ‘ Effluent from  absorp tion  colum n m ist co lle c tio n  

equ ip m en t.
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Releases to land

•  Sp en t vanadium  p en to x id e  (in c lu d in g  alkali-m etal 

su lp h ates) catalyst.

2.2.4 Manufacture of liquid sulphur dioxide

(a) Introduction

L iq u id  su lp h u r d io x id e  is m an u factu red  by th e  fo llo w in g  tw o 

m e th o d s:

•  p artia l co n d e n sa tio n ; and

•  re a c tio n  o f  su lp hu r trio x id e  w ith  liq u id  sulphur.

(b) Partial condensation v

T h e  p artia l co n d en sa tio n  m eth od  fo r p ro d u cin g  liq u id  sulphur 

d io x id e  is a p o llu tio n -fre e  p ro cess w h ic h  op erates in associa tion  

w ith  a su lp h u ric  acid  plant.

T h e  p lan t in le t gas is a sid e stream  fro m  the su lp h u r-d ox id e- 

r ic h  gas stream  that fo rm s the feed  gas stream  to  a su lp hu ric 

ac id  p lan t. T h is  is taken fro m  d ow n stream  o f  the w aste heat 

b o ile r  a fter the su lp hu r fu rn ace , o r  a fter th e  d rying  tow er o n  a 

w et gas p lant.

T h e  gas is first co o led  against the p lant tail gas, after w h ich  it is 

filte red  to  rem ov e any traces o f  su lp h u ric  acid  m ist that may 

have b e e n  fo rm e d  in  the d ry in g  tow er. C o o lin g  d ow n  to  about

- 6 5 °C  resu lts in the co n d en sa tio n  o f  m u ch  o f  the su lphu r 

d io x id e .

T h e  resid u al gas fro m  the su lp hu r d io x id e  liq u e fie r co n ta in s a 

s ig n ifica n t c o n ce n tra tio n  o f  su lp hu r d io x id e  and sh ou ld  

th e re fo re  b e  re tu rn ed  to  the su lp h u ric  acid  plant and added to 

th e  co n v e rte r  in le t gas.

(c) Potential release routes for condensation process

N o n e .

(d) Reaction of sulphur trioxide with liquid sulphur

T h is  m e th o d  is m o re  co m p le x  th an  co m p re ss io n -liq u e fa c tio n . 

H ow ever, it d oes have the advantage that a very pure p ro d u ct is 

m a d e  and th ere  is n o t the sam e co m p re ss io n  and co o lin g  
requirem ent. The process is norm ally integrated w ith  the 
o p e ra tio n  of' 2 . c o n  cen tra  ted  su lp liu ric  acid  plant p rod u cing  

o le u m  that is d escrib ed  in  S e c tio n  2 .2 .3 .

M o lte n  su lp h u r is fed  co n tin u o u sly  w ith  a s to ich io m e tr ic  

a m o u n t o f  liq u id  su lp hu r trio x id e  in to  an  agitated  reacto r 

c o n ta in in g  h o t o leu m . T h e  heat o f  re a c tio n  is rem oved  by 

e ith e r  c o o lin g  co ils  o r ja ck e t c ircu la tin g  w ater at am b ien t 

tem p eratu re .

T h e  su lp h u r d io x id e  p ro d u ced  is fed th ro u g h  a b e d  co n ta in in g  

so lid  su lp h u r to  red u ce  any gaseou s su lp h u r trioxid e. Any 

resid u a l S 0 3  is rem ov ed  in  a 9 8 %  su lp h u ric  acid  absorber. T h e

pu re SO z gas stream  is condensed  and  stored in  a vessel that 

m aintains the pressure for the entire process.

T h e  bitum inous im pu rities, w hich  en ter the reacto r w ith the 

sulphur, tend to  foam  u p on  su lphonation and m ust therefo re  be 

pu rged  periodically from  th e  system . This is acco m p lish ed  by 

rem oving the en tire  reactor contents after about every 2 0 0 0  

ho u rs o f  liquid sulphur d ioxide p roduction. T his is the m ain  

efflu en t from th e  plant.

Any sulphur trio x id e  vents can be returned to any o f  the 

absorption tow ers on  the su lphuric acid  plant w hile any sulphur 

d io x id e  vents can  b e fed to the converter inlet.

Typically the m anu facture o f  1  ton ne o f  liquid S 0 2  requires 20  

k W h  o f  electric pow er and 3 0 m 3 o f  co olin g  w ater at 20°C.

(e) Potential release routes for reaction process

Releases to air

•  Release o f  sulphur oxid es u p on  draining reactor contents.

Releases to water

•  Spent rea c to r contents.

•  Sulphuric acid e fflu ent from  reactor o ff-gas p u rification.

Releases to land

•  Dirty excess sulphur setded ou t o f  spent reactor contents.

2.2.5 Decomposition of spent sulphuric acid and its 
recovery

(a) Introduction

This process c a n  produce com m ercial-grad e su lp hu ric acid  o f  

any desired co n cen tra tio n , inclu ding oleu m , from  alm ost any 

w aste sulphuric acid stream . The process is en ergy- intensive 

com pared  w ith  co n cen tra tio n  processes. This type o f  plant is 

generally only used w here the waste acid stream  is unsuitable 

for concen tration . R egeneration is preferred  to disposal.

Sulphuric acid regen eration  processes involve d ecom p osin g  

spent sulphuric acid, to sulphur d ioxide and water, w h ich , after 

passing through various stages o f  gas pu rification , are fed to  a 

conventional co n ta ct plant w here th e  sulphur d ioxide is 
ox id ised  to su lp hu r trioxid e to rem ake su lphuric acid.

Typical sources o f  spent acid  are from :

•  alkylation plants;

•  nitration plants;

•  acrylonitrile plants; and
•  methyl m eth acry late  plants.

(b) Process description

T h e  organic c o n te n t o f  the acid is effectively incinerated  as part 

o f  the d ecom position process. U nless there is su fficient org an ic
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Figure 2.5 Spent acid decomposition and clean-up
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m aterial present in  the spent acid, additional fuel is required.

The energy req uired  for d ecom p osition  m ay be provided by oil 

or gas. Liquid su lphu r o r hydrogen sulphide may also be fed to 

the furnace i f  the required acid production rate exceeds that o f  

the spent acid.

A typical co m b u stio n  schem e is show n in Figure 2 .5 .

Below  about 2%  free oxygen there is a p ossibility  that som e 

sulphur d ioxide w ill be reduced lo sulphur, w hich  can su blim e 

on to  walls and the baffle plate at the back end o f  the furnace. 

Besides potential-blockage-p roblem s, su bsequ ent-ignition  o f  this - 

m aterial w ould result in uncontrolled  co m b u stion  cond ition s 

and fire dam age. Too h igh  a free oxygen  content, w hile 

m aking the plant easier to operate, increases the eq u ilib riu m  

value and therefore  form ation  o f  sulphur trioxide in  the 

furnace.

The com b u stion  process operates at about 1000°C  and requires 

'co olin g "to  abou t 3 5 0 "^  4 0 0 °C T 6 r  purification’. — “  :

A w aste heat bo iler recovers heat from  the furnace exhaust 

gases, w h ich  then  pass to the pu rification  section.

The co m b u stion  gases include undecom posed  S 0 3, particulates

.and surplus jw ater vapour, all o f  w h ich  m ust be je m o v e d  to  __

obtain  a h ig h -q u a lity  acid product.

The sulphur trioxid e is co llected  as acid m ist in the 

scru b ber/ p recip itator section  and, althou gh recovery and re-use

may b e possible, is usually lost in the e fflu ent. U n d er no rm al 

op erating co nd ition s 1 - 1 .5 %  o f the feed acid  is lost in  this way.

The bleed from  the circu lating  acid stream  around theO
scrubbing tow er is one o f  th e  liquid efflu ents from  the process. 

Its flo w  is ad justed  to m ain ta in  a designed  acid  co n cen tra tio n .

Saturated gas leaving the to p  o f  the scru b b er is co o led  e ith er 

directly or ind irectly  to red u ce  the w ater vapour co n ten t o f  the 

gas to  the drying tower, thereby en suring the co rre ct plant 

w ater balance.

I f  o leu m  is be in g  produced in  the-contact p lant, there w ill b e 

an increased gas cooling d u ty  and a p ossib le  need  for 

refrigerated  w ater in the gas coolers. C on d ensate  is o ften  

routed  back through the scru bber to  m ake up for the purge 

required  to prevent b u ild -u p  o f  solids. T h e  co n d en sed  w ater 

leaves the plant as a weakly acidic liq u id  efflu en t stream .

'An_electrosiati'c precip itator- is -use"d to- rem ov e the“Iast traces- a f  

su lp hu ric acid m ist. The purified su lp hu r d io xid e is then 

converted  to su lphu r triox id e , w hich is absorbed  in su lp h u ric 

acid to  produce m ore concentrated su lp h u ric  acid . T h is  can be 

d one by  either th e  single o r  double a bsorp tio n  process as 

described  above.

O ne process variant is to u s e  oxygen instead  o f  air for the 

com b u stion  process in the furnace. T h e  fu rn ace is d esigned  to 

operate at tem peratures s im ilar to those in  co nv en tio nal* 
su lp hu ric acid plant and th e  exhaust gases co n ta in  su lphu r
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d io x id e . T h e  u se o f  o x y g e n  red u ces the gas volum es by a factor 

o f  2 , bu t apart fro m  the use o f  m u ch  sm aller eq u ip m en t the 

p lan t is essen tia lly  the sam e as that d escrib e d  above. D ilu tion  

air is b le d  in to  th e  p lant at the d ry in g  tow er so that the 

c o n c e n tr a tio n  o f  su lp h u r d io x id e  in  th e  feed  gas to  the 

co n v e rte r  w ill b e  at the n o rm a l level o f  1 1 % . T h e  absence o f  

a tm o sp h e ric  n itro g e n  d u rin g  c o m b u stio n  also ensures that 

n itro g e n  ox id es a re 'n o t  fo rm ed .

T h e w a ter c o n te n t o f  th e  sp ent acid  is cr itica l to the design and 

' o p e ra tio n  o f  the p lant. M o re  d ilu te  acids req uire extra 

su p p lem e n ta ry  fu el f ir in g , and  h e n ce  g rea ter q u an tities o f  

c o m b u s tio n  gases (re d u cin g  th e  SO z co n te n t) . B e lo w  6 5 —70 

w t%  H 2 S 0 4 , the S O z c o n te n t (less than  a b o u t 3% ) is in su ffic ien t 

to  su sta in  a u to th e rm a l o p e ra tio n  o f  th e  co nverter in the acid 

p lan t. S trateg ies to  o v e rco m e  th is in clu d e:

•  p re co n cen t'ra tio n  o f  th e  sp ent acid ;

•  use o f  o x y g en  o r  o x y g e n -e n r ic h e d  air;

' •  re fr ig e ra tio n  o f  th e  o ff—gases to  co n d en se  m o re  w ater; 
and

•  p re h eatin g  o f  a ir to  4 5 0 - 6 0 0 ° C .

O n  fa ilu re  o f  the acid  p lant m a in  b lo w er th e  feeds to the spent 

acid  d e c o m p o s itio n  fu rn a ce  sh ou ld  b e  trip p ed  to  prevent the 

u n co n tro lle d  e m iss io n s  o f  su lp h u r d io x id e  from  the furnace.

(c) Potential release routes

T h e se  p o ten tia l re lease  ro u tes  in c lu d e  th o se  for the co n tact 

p ro cess  fo r  m an u factu re  o f  su lp h u ric  acid , as detailed  in  Section

2 . 2 . 1  (k ) , w h ere  app licable.

Releases to air

•  Su lp h u r d io x id e  and  su lp h u r tr io x id e  from  ab so rp tio n  

co lu m n .

•  C a rb o n  d io x id e  fro m  c o m b u stio n  plant.

•  V olatile o rg a n ic  co m p o u n d s.

Releases to water

•  E fflu en t fro m  a b so rp tio n  c o lu m n  m is t co lle c tio n  

e q u ip m e n t.

A  o f l l n A T i t  f rA m  m r  r M i r i f t r n f i n n  p o r t i o n

Releases to land

•  Sp en t v an ad iu m  p e n to x id e  (a n d  alkali- m etal su lphates) 

catalyst.

2.2.6 Recovery of sulphuric acid from nitration processes

(a) Introduction

A m ix tu re  o f  c o n ce n tra te d  su lp h u ric  and  n itric  acids is used for 

th e  n itra tio n  o f  o rg a n ic  co m p o u n d s  su ch  as benzen e o r  to lu en e

to  fo rm  interm ediate-com pounds, w h ich  are then  used in  the 

m anufacture o f  m ore co m p lex  organ ic com pounds.

T h e  diluted o r  ‘sp ent’ acid , w hich  is typically at a 

concentration  o f  70—72% , can be concen trated  up to 9 1 —9 3 %  

fo r  re-use.

Any im purities that are in trodu ced  in to  the acid  are such that 

they  are either elim inated  w ith  the evaporated w ater or are not 
deleterious i f  th ey  rem ain in the p ro du ct acid.

W hatever process is used to  recover the spent acid , heat m ust be 
supplied  to:

•  evaporate the w ater; and

•  raise the acid  tem perature.

T h is process op eration  can b e achieved in  e ith er a vacuum  

concentrator o r  a drum  concentrator.

T h e  process o f  co n cen tratio n  is su itable for spent acids 

contain ing:

•  little or n o  inorganic contam inants, w h ich  would 

otherw ise build up on  the co n cen tra tio n  cycle; and

•  less than 1  0 % organ ic contam in ants, w h ich  should be 

volatile o r  easily oxid ised .

(b) Vacuum concentration

Evaporation u n d e r vacuum  is a w ell established chem ical 

engineering tech n iqu e and allow s the use o f  low er operating 

tem peratures th an  in the a ltern ativ e 'con cen tration  processes.

In  practice this also results in  fewer co rro sio n  problem s.

T h e  acid  is first preheated and then passed in to  a rectification 

co lu m n  where the organic contam in ants are stripped  out o f  the 

acid . A small am ount o f  p re -co n cen tratio n  also takes place and 

th e  acid  is fed to  the first-stage evaporator.

T h e  tem perature o f  outiet acid from  the stripping co lu m n is 

raised  to approxim ately 5°C  above the acid bo ilin g  point at the 

op erating vacuum . W hen  the jet o f  acid  en ters the vessel, flash 

evaporation occu rs . Any sm all droplets o f  acid  that are 

en trained  in th e  overhead vapour stream s d eposit on  the 

pipew ork and ru n  back in to  the evaporators.

A typical evaporation sch em e is show n in Figure 2 .6 .

T h e  concentration and p u rificatio n  are carried  o u t under forced 

circu lation  in tw o or three vessels arranged  in  series and 

op erating  under- vacuum co nd ition s. T he evaporators are 

successively sm aller as the acid  beco m es m ore  concen trated .

S team  is norm ally  used in  the acid heaters and there is a w ater- 

co o led  condenser for the co llectio n  o f  the w ater vapour 

evaporated fro m  the acid.

T h e  overhead vapour stream s from  the evaporator vessels and 

th e  steam  e je c to r  are co llected  in to  a co m m o n  duct, coo led  and
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Figure 2.6 Multi-effect evaporation

VENT

condensed  under a barom etric seal. C ontam inated  condensate 

is an acidic effluent from  the plant and requires neutralisation.

Any uncondensed  vapours and the vents from  the pum p tanks 

are scrubbed  w ith  w ater in a sm all stainless-steel packed 

colum n to w hich  air is added to convert so m e nitrogen 

m on oxid e (N O ) that is present to n itrogen dioxide (N O z). 

Typically, the average NO* level leaving the vacuum  plant is 

approxim ately 4 0 0 - 4 5 0  m g/ m 3  and has a peak o f  1 0 0 0  

m g/ m 3. T he required  vacuum , less than 4  kPa, is co m m on ly  

achieved by liquid  rin g  vacuum  pumps in  co m b in atio n  w ith 

steam  ejectors.

Extra equipm en t installed upstream  o f  the concen trato r for 

steam  o r  air stripping jD fth e  feed acid shou ld  be used  to je d u c e  

the am ount o f  benzene or Other volatile organ ic co m p ou n d s 

(VOCs) that can be present in the d ischarge gases. T he quantity 

o f  VOCs stripped depends u p on the qu ality  o f  the acid  being 

concentrated . These should be recovered w here possible or 

elim inated , for exam ple by incineration.

N itric "acid may be used as an in situ oxid ant to convert the less -  

volatile hydrocarbons to w ater vapour, C O  and C 0 2. In the 

presence o f  n itric acid, n itrosyl su lphuric acid w ill form . U rea 

is then added after the nitrosyl su lphuric acid  stripping stage to  

convert it to  H 2 S 0 4, C O z and nitrogen. M etal contam in ants are 

not generally rem oved by the concen tration  process. _Any

ferrous ion  w ill be  oxid ised  to ferric form  and w ill be rem oved 

as a sludge.

E ffluent treatm ent is req uired  to com p lete  the ox id atio n  o f  

Organics to C 0 2  and hence achieve accep table b io lo g ica l/  

ch em ica l oxygen dem end (BOD /COD) levels, e lim in ate  

od orou s m aterials and achieve satisfactory aqu eou s stream  

d ischarge quality.

Spent acid  co ncen tratio n  m ay be effective in  rem oving  up to  

9 7 %  o r  m ore o f  the organ ic material from  the recovered  acid.

(c) Drum concentration

This plant consists o f  three vessels in series, in  w h ich  the acid, 

flow in g  through each in tu rn  in one d irectio n , is co n tacted  

directly  w ith  ho t co m b u stio n  gas at 7 S 0 °C  fro m  a furn ace 

flow in g  counter-currently.

The in terco n n ected  vessels are know n as the h ig h -, 

in term ediate- and  low -stage drums and are lin ed  w ith  lead and 

bricks. -The-high-stage d ru m  contacts the co m b u stio n  gas first 

and operates at the highest tem perature, and therefo re  the 

h ighest concentration .

The h o t co m b u stio n  gas is bubbled be lo w  the acid  surface 

throu gh s ilic o n -iro n  dip pipes. Exhaust gas from  the low -stage
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d ru m  is scru b b ed  and  th en  d isch arged  to  a tm o sp h ere th ro u g h  a 

d isch a rg e  stack.

An ad vantage o f  the d ru m  co n ce n tra to r  is that it uses 

c o m b u s t io n  gases d irectly  as a so u rc e  o f  heat and d oes not 

c o n d e n se  the w ater evap orated , so  that its dem and  o n  utilities is 

co m p a ra tiv e ly  sm all. In  a d d itio n , th e  gas stream  passing 

th ro u g h  th e  d ru m s e ffectiv e ly  red u ces the partial pressu re o f  

w ater in  th e  a tm o sp h ere  over the acid  and  so  lowrers the 

ap p aren t b o ilin g  p o in t by  50°C .

V acu u m  su lp h u ric  acid  co n ce n tra tio n  rep resen ts the p referred  

o p tio n  fo r  th is process. D ru m  co n ce n tra tio n  w ill co n tin u e  to 

b e  an a ccep tab le  alternativ e fo r  e x is tin g  p lant but sh ou ld  m eet 

th e  stan d ard s set fo r  vacu u m  plant. T h is  co u ld  b e accom p lish ed  

by a ir  s tr ip p in g  the feed  acid  b e fo re  co n ce n tra tio n , fo llow ed  by 

c o lle c t io n  o r  d estru ctio n  o f  th e  VOCs.

(d) Potential release routes

Releases to air

O  Su lp h u r d io x id e  and su lp hu r tr io x id e  from  absorp tion  

c o lu m n .

O  U n c o n d e n se d  gaseo us e fflu e n t fro m  co n cen tra to r 

sc ru b b e rs  c o n ta in in g  n itro g e n  m o n o x id e , n itro gen  

d io x id e  and v o latile  o rg a n ic  co m p o u n d s.

G  C a rb o n  d io x id e  fro m  co m b u stio n  plant.

Releases to water

O  A cid ic  e fflu e n t c o n ta in in g  b e n z e n e  and  n itro b en zen e  

fro m  co n ce n tra to r  scru b b ers .

Releases to land

Q  W h e re  e fflu e n t trea tm en t is req u ired , o r ferrou s ion  is

p re sen t in the sp e n t acid , th en  a land fill sludge w ill arise.

2.2.7 Processes using sulphuric acid or releasing sulphur 
compounds

(a) Manufacture of titanium dioxide

Introduction

T h e re  are  n r in ri na 1)v rw n co m m e rc ia l p rocesses fo r  the 

m a n u fa ctu re  o f  tita n iu m  d io x id e  ( T i 0 2  ) ,  b o th  o f  w h ic h  are the 

s u b je c t  o f  an  EC D irec tiv e071.

T h e  p ro ce ss e s  are:

O  th e  ch lo r id e  p ro cess , w h ic h  is d escrib e d  in  Sectio n  

2 .4 .5 ( f ) ;  and

O  th e  su lp hate  p ro cess , w h ic h  uses su lp h u ric acid  to  d igest 

th e  p rep ared  tita n iu m  d io x id e  o re . and  w h ich  is 

d e scrib e d  in  th is sec tio n .

T he sulphate ro u te  uses lo w -co n cen tra tio n  ores such as 

ilm en ite  but can  also use h ig h er-con centration  synthetic slags. 

T he greater presence o f  im p u rities, however, leads to m ore 

w aste from the process. B oth  crystalline form s o f  T iO z can be 

readily form ed.

T he process generally  consists o f  the follow ing sequential stages 

(see Figure 2 .7 , for a typical block flow  sch em e).

Figure 2.7 Outline flow diagram (Sulphate process)

Drying and grinding

T he raw ore is usually d ried  then g ro u nd  to produce the 

op tim u m  particle size fo r  efficien t d issolu tion  w ith  

concentrated su lp hu ric acid  (typically 4 0 —6 0  fim ).

Digestion

D igestion o f  the ore can be operated eith er batch  w ise or 

continuously. T h e  m ore usual process is batch. The ground ore 

is m ixed  with co ncen trated  su lphu ric acid in a digester. T h e 

h ighly exo th erm ic reaction  is in itiated  by the in trod u ction  o f  a 

m easured quantity  o f  steam  and takes place at around 1 50°C .
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The equ ation fo r the d igestion  reaction m ay be su m m arized  as:

FeTi03 + 2H2S04 —  T i0S04 + 2HzO + FeS04"

D uring the batch process the exo th erm ic reaction raises the 

tem perature o f  the reactor from  18 0  to 2 0 0 °C  and w ater is 

evaporated. A gitation/m ixing o f  the reactor is generally 

achieved by air blow ing. The off-gases also co ntain  sulphur 

dioxide, w hich  m ust be scrubbed . A solid  ‘cake’ is form ed 

towards the com p letio n  o f  the reaction . This is subsequently  

dissolved in cold  water.

Extrem e care has to be taken to ensure that the reaction does 

not run away and result in an exp losion . The vessel area is 

evacuated before the steam  is introduced.

The prim ary product from  the reaction is titanyl sulphate 

(T iO SO +) but bo th  ferrous and ferric  sulphates are produced as 
by-products.

Reduction

The d igester liq u o r is contacted  w ith  scrap iron  to convert ferric  

(Fe1*) ions to  ferrous (Fe2*), otherw ise the iron w ould  rem ain 

w ith the T i 0 2  throughou t all subsequent processing stages.

Clarification and crystallisation

Any suspended m aterial is rem oved from  the so lution  by 

flocculation and filtration. It is w ashed w ith  w ater to  recover 

the acid. The solid residue is neutralised w ith lim esto ne before 

goin g  to landfill. T he acid ic liqu ors are recycled  back to  the 

process.

The clarified  solution may be sent to batch co o ler-cry sta llisers 

to rem ove the bulk o f  the iron sulphate as solid , w here ilm en ite  

is the feedstock. This solid is used in  w ater treatm ent, 

pharm aceutical and p igm ent industries.
I

T he iron-depleted  product liq u or is polished using candle filters 

to rem ove fine particles and finally concentrated  in evaporators.

Hydrolysis

Hydrated titan ium  d io xide is produced by hydrolysing the 

liq uo r w ith steam  in ru bber-lin ed  m ild  steel vessels.

T h e hydrolysis reaction is:

T i 0 S 0 4 + 2H 20  —*•" T iO (O H )2‘ +  H 2S 0 4 _ - -  -  -

Precipitation o f  the hydrated T iO z is achieved by boiling  the 

liq u o r for som e hours follow ed by coolin g  to  60°C . The 

addition o f  the correct T i 0 2  nuclei to the batch  determ ines the 

final crystal form  o f  the titanium  d ioxide (anatase o r  rutile 

crystals)..

Filtration and leaching

T he precipitate is w ashed and dried on  vacuum  filters to 

rem ove trace m etal salts. Resultant so lid  is slu rried  w ith  dilute 

su lphuric acid  and eith er zinc o r trivalent titan iu m  is usually 

added as a reducing agent.

The slurry is ‘leach ed ’ at 50°C  to  remove final traces o f  iro n  and 

undergoes final w ashing and drying. C o n d ition in g  agents are 

added at this point to  the resulting  pulp to  en h an ce  crystallite  
grow th.

T he filtrate is strongly acidic and either can b e recon cen trated  

and recycled  back to  the process or may be neutralised  w ith  

lim e/ lim estone and the product gypsum sold  fo r w allboard  
m anufacture etc.

Calcination

The rotary kilns are directly fired  with oil o r gas. T h e  pulp 

m oves under gravity counter-currently  to  the co m b u stio n  gases. 

W ater and oxides o f  sulphur are driven o f f  the pulp.

Tem perature con tro l is im p o rtan t in the p ro d u ctio n  o f  the 

co rrect crystalline form  o f  the pigm ent.

Solids processing

T he resulting so lid  is cooled , m illed, coated , m icro n ised  and 

packed. Tw o stages o f  m illing  are used:

O  dry m illing  to break d ow n agglom erates from  the

calcin ing process (up to 2 0  m m ) to 7 5 - 1 0 0  ^ m ; and

O  w et m illing  to  achieve fin e  particles to  co rrect size for 

op tim u m  pigm ent properties ( 0 . 2 - 0 . 4  p m ).

T he T i 0 2  particles are coated w ith  other ox id es (eg  a lu m in iu m /  

silicon / zircon iu m ) to im prove durability and may be co ated  

w ith organic m aterials to  p ro m o te  d ispersion. T hese m ay have 

an effect on  the toxicity  o f  the final product ( T i 0 2  is classed as 
a nuisance dust).

Abatement systems for the sulphate process for TiO2  
production

The sulphate process p otentially  produces large q u antities o f  

aqueous effluents including m etal sulphates and dilute 

su lphuric acid.. Large-scale co -p rod u ction  o f  useful saleable 

by-produ cts from  this e fflu ent is possible and w ou ld  m in im ise  

the quantity  o f  e fflu ent released to the en v iron m en t. T his 

w aste m in im isatio n  approach constitutes BAT and m ay inclu de 
the fo llow ing:

O  Ferrous sulphate bein g  re-converted  to  fe rric  fo rm , 

w hich  is used in w ater treatm ent.

O  Spent acid  being eith er regenerated or.treated  w ith  ch alk  

to  produ ce w hite gypsum  (for w allboard s) and  red ' 

gypsum  (agricultural use).

O  A h igh -qu ality  C 0 2  m ay be produced d u ring  gypsu m  

m anufacture. This m ay be bottled  and sold  for 

carbonated  drinks.

A batem ent o f  oxid es o f  su lp hu r releases resulting  fro m  reaction  

o f  the o re  w ith  su lphuric acid  is via the processes d escrib ed  in 

Section 2 .2 .1 .
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Releases to air

®  O x id e s  o f  su lp hu r fro m  d igester.

©  O x id e s  o f  su lp hu r fro m  kilns.

®  O x id e s  o f  ca rb o n  fro m  kilns.

•  P articu late  m atter fro m  k iln s, dry m illing  and  m aterials 

h an d lin g .

Releases to water

©  L iq u id  e fflu e n t fro m  so lid s w ash ing.

. ©  E fflu en t a fter b y -p ro d u ct p ro d u ctio n .

Releases to land

©  U n re a cte d  ore and resid u e fro m  the digesters.

0  So lid s fro m  stro ng  acid  filtrate n eu tralisatio n  or the acid 

p ro cess .

(b) Manufacture of alkali-metal and ammonium 
sulphites

Introduction

S o d iu m , p o tassiu m  and a m m o n iu m  su lphites are co n su m ed  in 

la rg e  q u a n titie s  in ihe fo o d , paper, o ffsh o re  d rilling  and 

p h o to g ra p h ic  in d u stries. T h e  m an u factu re  o f  these  bu lk  

c h e m ic a ls , as b o th  so lid  and d isso lved  p rodu cts, generally  takes 

p la ce  by a b s o rb in g  su lp hu r d io x id e  in  th e  relevant hydroxide.

T h e  g e n e ra tio n  o f  the su lp h u r d io x id e  depends u p on  the scale 

o f  o p e ra tio n  bu t w ill n o rm a lly  b e via the co m b u stio n  o f  

su lp h u r in air. S tan d -by  su p p lies and  m anu facture fro m  

. im p o rte d  liq u id  S 0 2  m ay b e  e n co u n tered . The gen eratio n  o f  

th e  su lp h u r d io x id e  w ill b e  s im ila r  to  that for su lp h u ric  acid 

p ro d u c tio n  ex ce p t that th ere  is n o  req u irem en t to  dry  the 

c o m b u s t io n  air. To in crease  the y ield  o f  h ig h -v alu e  p ro d u ct and 

m in im is e  th e  total S 0 2  e m is s io n , the co n cen tra tio n  o f  S 0 2  in  

th e  e x it  gas sh ou ld  be as c lo se  to  2 1 %  as practicable.

Il is n o rm a l to  o p era te  the p lant u n d er slig h t vacu um  

d o w n stre a m  o f  the su lp hu r bu rner. T h e  vacu u m  is created  by 

th e  v a rio u s d is tr ib u tio n  b lo w ers/ fans and  helps to  m in im ise  
fu g itiv e  e m i^ in r n

L arg er-sca le  p lants w ill g enerally  be h ig h ly  in tegrated . Any 

b a c k -e n d  c le a n -u p  sh ou ld  use a cau stic  scru b b er system  from  

w h ic h  th e  liq u id  efflu en t can  be fed  fo rw ard  in to  the p rocess 

fo r  g e n e r a tio n  o f  m o re  p ro d u ct. Su ch  p lants are p ro n e  to  w ater 

b a la n c e  p ro b le m s and d ifficu lties  in  m a tch in g  p rod u ct dem and.

T h e  S 0 2  re leased  by  ea ch  sy stem  w ill be  d ifferen t d ep en d in g  

u p o n  w h e th e r  th e  p ro d u ct is fo rm ed  u n d er alkaline o r  acid  

c o n d it io n s . For in teg ra ted  p lants, to  m in im ise  th e  duty o n  a 
fin a l s c ru b b e r , it is best that th e  lo w -p H  p ro du ct is fo rm ed  from  

th e  s tro n g  g as stren g th  w h ile  th e  alkalin e p rodu ct is fo rm ed

under the leaner gas cond ition s further dow n the absorp tion  

series.

This perm its the exhaust S 0 2  from  o n e process to be used in 

another, thu s m in im ising  overall S 0 2  em ission  levels. Typically 

total sulphur loss should  be less than 0.1 5% .

Manufacture of sodium metabisulphite

Sodium  m etabisulphite (N a 2 S 2 O s) is produced under acid 

conditions in  cou nter-cu rrent absorber/reactors. Usually tw o 

stages are involved operating under slightly acid ic co n d ition s 

(pH  5). T h e  feed liqu or contains a m ix o f  virgin sodium  

hydroxide and sodium  sulphite. Sodium  m etabisu lp h ite has an 

appreciable S 0 2  vapour pressure and therefore the exhaust gas is 

typically 2—9%  S 0 2  by volu m e, dependent on  op erating  

conditions.

A slurry o f  the crystals form ed in the reactor is 

thickened/centrifuged to  give a cake that is flash-dried  and > 

bagged. T h e m o ther liq u o r istrecycled  back to  the process.

Manufacture of sodium sulphite

Sodium  sulphite (N a 2 S 0 3) is inevitably form ed as an 

interm ediate in  the production o f  acid sulphites from  caustic 

soda solution under alkaline co nd ition s (pH 1 2 ) .  W hen  

required for sale it may be produced by contactin g  e ith er the 

exhaust gas from  a m etabisulphite plant o r neat bu rner gas.

This two-stage counter-cu rrent op eration  can reduce the S 0 2  

strength in the gas to 0 . 1 %.

Sodium  su lp hite can also be produced from  the 

hydrogensulphite by adding caustic soda and em ploying 

evaporative crystallisation. This m eth od  is en ergy-intensive but 

o ffers a m ethod  o f  continued  m anufacture w hen the sulphur 

bu rn er is ou t o f  com m ission . It is also a m eans to convert 

excess hydrogensulphite in to  saleable product.

Manufacture of sodium hydrogensulphite

Sodium  hydrogensulphite (sod ium  bisulphite, N a H S 0 3)  m ore 

o ften  results from  rem oving S 0 2  from  the gas before exhaust 

to atm osphere. It exerts a high er vapour pressure than sodiu m  

sulphite. This w ould  principally co m p el produ ction  to be 

located  earlier in the gas absorption  seq uence o f  an integrated  

plant.

O perational advantages exist over the su lphite for using it in 

abatem ent s in ce  it rem oves tw ice as m uch S 0 2  fo r the sam e 

cau stic requirem ent. It is also m ore soluble, thereby enabling  a 

m o re  concentrated  yet so lid s-free scru bbing  system  to be used.

Sodiu m  hydrogensulphite is a product in its ow n right but 

integrated plants tend to m anufacture it to  excess and so it is 

o ften  converted to sulphite o r  thiosulphate.

Manufacture of sodium thiosulphate

Sodium  thiosulphate (N a 2 S 2 0 3) is m ade by oxid ising  sodiu m  

su lphite or hydrogensu lphite w ith  excess sulphur. This can  

therefore use any excess hyd rogensu lphite and has the added
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advantage that im pure o r  recovered sulphur, eg sulphur spillages 

from  o th er processes, can  be used.

H ydrogen su lphide gas is released, w h ich  requires scrubbing. 

T he product has to  be filtered to  rem ove the excess su lphur and 

im purities. T h e  filter cake is disposed o f  to land.

Manufacture of potassium sulphites

Potassium  su lp hite  (K 2 S 0 3) is m anufactured in a sim ilar way to 

sodium  su lphite.

Potassium  hyd rogensu lphite (K H S 0 3) is m anufactured in a 

sim ilar way to  sodium  m etabisulphite.

Manufacture of ammonium hydrogensulphite

A m m onium  hyd rogensu lphite (am m on iu m  bisulphite, ABS, 

NH 4 H S 0 3) is m anufactured in  either single-or-d ou ble-stage 

cou nter-cu rren t absorp tion  plant. T he first stage contacts neat 

bu rner gas w ith  the liquid product from  the second  stage at a 

pH o f  about 5 .5 . A m m onia solution is added to the second 

stage and contacts the gas from  the first stage at a h igh er pH, 

Control o f  this pH is im portant — to o  low  and S 0 2  w ill be lost, 

too  h igh and am m o n ia  w ill be  stripped out and cause 

deposition fou lin g  dow nstream .

Releases to air

•  Sulphur d io xide from  vents and tail scrubber,

•  H ydrogen sulphide from  sodium  thiosulphate reactor.

•  A m m onia fro m  am m o nium  hydrogensulphite plant.

•  Particulate from  m aterial handling and dryers.

•  H ydrogen sulphide from  liquid su lphur storage.

Releases to'water

•  Spillages from  all plant.

•  Drainage from  bunded storage tanks.

Releases to land

•  Filter cake fro m  sodium  thiosulphate plant, ch iefly  iron 

oxides.

Abatements. . . -

Abatem ent tech n olo g y  is generally conventional SOx scrubbing 

technology, w ith  the m axim u m  re-use o f  recovered S 0 2. 

Particulate from  the b u rn er and m ists are rem oved from  the tail 

gas by 'B rin k s’ m ist e lim in ator and electrostatic precip itation. 

The form er also kn ocks ou t am m onia  and th e ia tte r  SO x as. weak 

sulphuric acid. - BAT w ill involve recycle o r sale for spent acid 

recovery (see Section 2 .2 .6 ) .

2.3 Nitric acid

2.3.1 Manufacture of medium-concentration nitric acid

(a) General

M ost co m m ercia l m anufacture o f  n itr ic  acid  is by m ean s o f  the 

am m onia  ox id atio n  process, with the m a jo rity  o f  plants 

co nstru cted  for the p rodu ction  o f  m e d iu m -co n ce n tra tio n  acid  
( 5 7 - 7 0  w t% ) .

T h ere  are m any variations in  the op eratin g  details o f  th e  plants 

producing m ediu m -con centration  n itric  acid  by the am m o n ia  

ox id ation  process. However, there are three essential steps that 

are co m m o n  to  all plants. These are as fo llow s:

•  catalytic oxidation o f  am m onia (N H 3) to n itro gen  

m on oxid e  (N O );

•  oxid ation  o f  n itrogen m onoxide to  the d io xid e ( N 0 2) ; 
and

•  absorp tion  o f  the n itrogen  dioxide in w ater to  produ ce 

m ed iu m -co n cen tration  nitric acid  ( H N 0 3) .acco m p an ied  

by the release o f  on e nitrogen m o n o x id e  m o lecu le  for 

every three m olecules o f  N 0 2 absorbed .

Low pressure at the am m onia oxidation stage slightly  favours 

m ore effic ien t n itrogen  m o n o xid e  (N O ) p ro d u ctio n , w hilst 

high pressure in  the absorp tion  section m arkedly favours the 

oxid ation  o f  N O  to  N 0 2  and the absorption o f  N 0 2  in  water. 

The design o f  n itric  acid plants has responded to these 

co n flictin g  requirem ents by developing a lon g  tw o separate 

lin es-s in g le  pressure or dual pressure op eration .

The ‘sin g le ’ pressure system  operates the am m o n ia  ox id ation  

step at essentially the sam e pressure as the a b so rp tion  section  

w ith ‘lo w  single pressure’ plants operating at a pressure be lo w

1.7 barg, ‘m edium  single pressure’ plants op eratin g  at 3 - 6 .5  

barg and  ‘high sin gle  pressure’ plants op erating  above 7 .5  barg.

* The relative sim plicity, and low er capital req u irem en t, o f  plant 

op erating w ith  the am m onia oxidation stage and acid ab sorber 

at a co m m o n  pressure has found favour in the U nited  States.

In Europe, the ‘dual pressure’ o r  ‘split p ressure’ system  has 

developed in w h ich  am m onia oxidation is ca rr ie d  ou t at low  

pressure (around 1 barg) and N 0 2  absorption at m ed iu m  

pressure ( 2 - 6 .5  barg) or am m on ia  oxidation is a t.m ed iu m  

..p ressu re (-3—5 barg) and absorp tion  is at h igh  pressure (above

7 .5  barg). The m ore  com p lex dual com pression and energy  

recovery system s are optim ised  for the therm odyn am ic and 

kinetic req u irem ents o f  both stages in the overall process.

All the m ain  reactions in n itric  acid  form ation are ex o th erm ic  

and, w ith  m od ern  plants requiring  to  operate at on e o r  m ore 

elevated pressures as w ell, a m a jo r proportion o f  every n itric  

acid  plant is co n cern ed  w ith heat and power recovery.

A n itric  acid  plant is m ainly constru cted  from  stain less steels 
selected  for these sp ecific  duties, w ith  nickel alloys, liian iu m  o r
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Figure 2.8 Basic process scheme for medium concentration nitric acids
TAIL GAS

z irc o n iu m  used in so m e o f  the m o re  h o stile  environm ents. In 

p articu lar, d u rin g  the heat reco v ery  p ro cess , n itric  acid  w ill pass 

th ro u g h  an acid  gas d e w -p o in t reg im e. C o oler tu bes may be 

s u b je c t  to  a ltern ate  d ry in g / w ettin g / ev ap o ratio n  zones. 

C o rro s io n  is a lso  m o re  o f  a p ro b lem  w ith  h igh er-p ressure 

p lants.

A b a s ic  p ro cess sch e m e  fo r  m e d iu m -co n ce n tra tio n  n itr ic  acid is 

sh o w n  in  F igu re 2 .8 .

(b) Ammonia oxidation

In  th e  o x id a tio n  (c o m b u s tio n )  sec tio n  o f  n itric  acid  plants, 

a m m o n ia  is o x id ised  u sin g  air, ov er a catalyst. D u ring  this 

o p e ra tio n , n itro g e n  m o n o x id e  and  w a ter are form ed  accord in g 

to  the rea c tio n  ( 1 ) :

tem peratures fo r catalytic oxid ation  to  NO are in the range 

8 0 0 -9 5 0 ° C  b u t, w hilst reactors designed for op eration  at 1 b a rg . 

can  achieve yields o f  NO fro m  NH 2  o f  9 7 —9 8 % . m odern plant 

designs tend to  favour op eration  at ‘m ed iu m ’ pressure ( 3 - 5  

b arg ) where th e  yield is arou nd  9 6 % . '

A tm ospheric po llu tion , catalyst p oison in g and non-ideal gas- 

flo w  d istribution through the catalyst gauze may progressively 

reduce the y ield  by a further 1 0 %.

In the process o f  the reaction  sm all am ounts o f  the catalyst 

vaporise. For this reason a co llector is so m etim es installed 

below  the catalyst to capture this m aterial. G old  or palladium  

can be used for this p urpose to alloy w ith the platinum  and 

rhodium , a llow ing initial recovery o f  6 0 - 8 0 %  o f  the total 

catalyst losses (see later fo r overall reco v ery ).

4 N H 3  +  5 0 2 ~  4 N O  +  6 H 20  (1 )

S im u ltaneou sly , n itro g e n , n itro u s o x id e  (d in itro g en  m o n o x id e ) 

and  w ater can  be fo rm ed  by u n d esired  side reaction s:

4 N H j +  3 0 2 =  2 N 2  +  6 H 20  (2 )

4 N H 3  +  4 0 2 ^  2 N 20  +  6 H 20  (3 )

All th re e  a m m o n ia  o x id a tio n  rea c tio n s are h ig h ly  ex o th erm ic.

N itrou s o x id e  is n o t classed  as an a c id -fu n n in g  o x id e o f  

n itro g e n  a lth o u g h  it has a h ig h  g lo b a l w arm in g  p oten tial. It 

passes w ith  the n itro g e n  th ro u g h  th e  absorber to  the plant exit 

stack .

T h e  catalyst typ ically  co n sists  o f  a w oven o r  knitted  gauze 

fo rm e d  fro m  w ire  c o n ta in in g  a b o u t 9 0 %  p latin u m  (th e  catalyst) 

a llo yed  w ith  rh o d iu m  an d / o r pallad iu m  to  provide greater 

stren g th .

T h e  selectiv ity  o f  th e  re a c tio n  and  the yield  o f  n itro gen  

m o n o x id e  fro m  th e  ca ta ly tic  o x id a tio n  o f  a m m o n ia  are 

d ep e n d e n t o n  tem p e ra tu re  and  pressure. T h e  low er the 

tem p e ratu re  and  p ressu re, th e  h ig h e r  the yield . O p tim u m

(c) Oxidation of nitrogen monoxide

The gases co o l to  100—2 0 0 °C  through the w aste heat bo iler 

system and gas-g as heat exch angers, and eventually to around 

50°C  in the co oler-con d en ser. D u ring  co o l-d o w n  the n itrogen 

m onoxide starts oxid ising  to n itrogen  d io x id e accord ing to the 

reaction ( 4 ) :

2NO + 0 2  ~  2 N 0 2  (4 )

The reaction  is ex o th erm ic and the conversion o f  NO to  N O z 

increases w ith  falling tem peratu re. H ence the reaction w ill not 

be near com p letio n  until uie gases en ter th *1  absorption section .

Oxygen is needed for this reaction  to p roceed  and h ence excess 

air is e ith er in troduced  w ith the am m o nia  feed at the oxidation 

stage, o r  is added befo re  the absorp tion  stage to ensure that the 

waste gas leaving the ox id atio n  stage has an  oxygen co ntent o f

2 -  4%  by volum e.

(d) Reaction of nitrogen dioxide with water

Water produced by am m o nia  oxid ation  (reactions ( 1 )  to  ( 3 ) )  is 

condensed in  the co oler-con d en ser, fo rm in g  a weak acid  by the 

absorption o f  n itrogen d ioxide present, and is then transferred
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lo  the absorption  tow er at the appropriate level fo r the 

concen tration  achieved.

The absorption o f  the n itrogen d ioxide in  w ater and its reaction 

to n itric  acid and n itrogen m on oxid e take place accord in g to 

the reaction ( 5 ) :

3 N 0 2  +  H 20  ^  2 H N 0 3  +  N O  (5 )

This reaction is exo th erm ic and the heat released necessitates 

continu ou s co o lin g  o f  the acid  w ith in  the absorber.

In addition, the undesired reverse o f  reaction  (4 )  can take place 

sim ultaneously in the gas and liquid  phases. M in or form ation 

o f  nitrous acid can also occu r in accordance w ith equ ation  ( 6 ) :

N O (g) +  N O Z(g) +  H 2 0 {1) -  2 H N O z(1) (6 )

After m ost in co m in g  N O z has been  absorbed  in the low er part 

o f  the absorber, the critical reaction  is again reaction (4 ) ,  the 

reaction betw een residual oxygen  and N O  m olecu les liberated 

from  reaction (5 ) .  The speed o f  this reaction  is a fu n ction  o f  

both the oxygen concen tration  and the squ are o f  the NO 

concentration . As the latter progressively falls, so the oxidation 

o f  NO, form ed in subsequent absorption  stages, requires 

progressively lo n g er residence tim es.

This reaction is greatly assisted by increased pressure as is the 

associated absorption o f  n itrogen dioxide in  water. Both 

reactions are also very dependent on the tem perature in the 

absorber, hence the developm ent o f  absorption  low ers operating

at pressures above 8  barg and cooled by ch illed  supply w ater at 

tem peratures b e lo w  10°C.

M odern  co u n ter-flo w  absorption tow ers use h ig h -efT ic ien cy  tray 

designs w ith the spacing betw een the trays progressively  

increasing  tow ards the top  o f  the tow er to  allow  fo r  the 

increasing  co ntact tim es necessary to  o x id ise  N O  to  N O z. M any 

o f  the trays are equ ipped  w ith  internal co o lin g  co ils  for 

rem oving the heat o f  reaction  from the ab sorp tion  o f  N O z w ith  
ch illed  w ater be in g  circu lated  through the u p p er trays and 

co o lin g  w ater throu gh the low er ones. B ubble cap trays give 

better perform an ce but sieve trays are also used. C eram ic 

packing has been  used, in  lie u  o f m etal trays, to  avoid co rro sio n  

problem s.

(e) Typical dual pressure plant description

A sim plified  flow  diagram  is given in  F igu re 2 .9 .

Liquid am m onia from  storage is evaporated and superheated  to  

ensure that no liq u id  carry-over occurs, w h ich  can give rise to  

catalyst gauze dam age, loss o f  ratio co n tro l and co n seq u en t risk  

o f  op eratio n  w ith in  the explosive range. F ilterin g  is necessary  

w here carb on  steel has been used in the co n stru ctio n  o f  the 

am m o nia  storage and  vaporising vessels, as rust m ust be 

rem oved from  the am m onia stream. C ertain  plants avoid diis 

p roblem  by using stainless stee l lines and vessels.

The am m onia  is th en  m ixed w ith  filtered air, w h ich  has been  

com pressed  and heated . T he mixed gases then  pass in to  the 

catalytic reactor.

Figure 2.9 Simplified dual pressure flow diagram: medium concentration nitric acid

TAIL GAS
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F ilte r in g  o f  th e  tw o stream s is g enerally  ca rr ie d  o u t separately 

to  m in im is e  th e  p o ssib ility  o f  a p re lim in ary  reaction  betw een  

th e  a m m o n ia  and  th e  a ir and to  prevent catalyst gauze 

c o n ta m in a tio n .

T h e  re a c to r  is d esig n ed  to  g ive a u n ifo rm  d is tr ib u tio n  o f  the 

a m m o n ia / a ir  m ix tu re  over th e  catalyst gauze.

M a in ta in in g  the catalyst at the co rre c t  op eratin g  tem p eratu re is 

very im p o rta n t. W ith .th e  air and a m m o n ia  tem peratures held 

c o n sta n t, the catalyst tem p e ratu re  is ad ju sted  by slig h t changes 

in  th e  p ro p o rtio n  o f  a m m o n ia  to  air, en su rin g  that the low er 

e x p lo s iv e  lim it  fo r  a m m o n ia  in  a ir is no t exceed ed .

H ig h -p u rity  a ir and  a m m o n ia  are essential to  m ain tain  g oo d  

catalyst p e rfo rm a n ce . T h e  life  o f  a catalyst gauze varies from  

th re e  to  five m o n th s  d ep en d in g  o n  the p rocess used. T h e usual 

im p u rit ie s  are  iro n  (ru s t)  fro m  the a m m o n ia  system  (un less 

sta in less steel is u s e d ) , and  halid es, su lp hu r and p h o sp h o ru s 

fro m  th e  air supply. Su lp h u r and  p h o sp h o ru s tend to  appear 

w h e n  n itr ic  acid  plants are lo ca ted  near to  fertiliser 

m a n u fa c tu r in g  facilities .

O v er th e  n o rm a l life  o f  the catalyst its co nv ersion  e ffic ien cy  

falls. T h is  red u ced  p e r fo rm a n c e  is m o n ito red  and the catalyst is 
rep laced  period ically .

T h e  sp e n t catalyst g auze and  c o lle c to r  are sent to  the catalyst 

su p p lie r fo r recov ery  o f  the p re c io u s m etals and re-m anu factu re. 

S lu d g e recov ered  fro m  v ario u s item s o f  eq u ip m en t d u ring  sh u t

d o w n s can have a s ig n ifica n t m eta ls  co n ten t and th erefo re  is 

a lso  sent fo r  m eta ls  recovery. O v erall, therefore , on ly  a sm all 

fra c tio n  o f  the p re c io u s m etal is lost.

T h e  catalyst is p reheated  ju st p rio r  to  process ig n itio n , n orm ally  

u s in g  h y d ro g en  b u rn ers , w h ic h  typically  raise the tem p eratu re 

o f  th e  gauze to  b e tw een  8 1 0  and  9 4 0 °C , in a p erio d  o f  tw o 

m in u te s . '

T he catalytic reacto r section  is typically m ounted  at the upper 

end  o f  a vessel, w h ich  also contains a nu m ber o f  heat 

exch an gers that form  part o f  an en ergy recovery system  for the 

p ro cess (eg w aste heat b o ile r  and su perheaters).

A fter prelim inary cooling  b y  these heat exchangers the 

com b ustion  gases leave the vessel and can be further cooled  in 

additional energy recovery heat exch angers, be fo re  final co o lin g  

in a cooler-condenser.

W eak nitric acid  solution is form ed in  the cooler-con d en ser and 

is separated fro m  the gas and pum ped to the equivalent 

concentration tray in the absorption  tower.

In the ‘dual pressu re’ process the ‘n itro u s’ gas leaving the 

coo ler-co n d en ser is com pressed  to a higher pressure in 

preparation fo r  the absorption  stage.

T h e  heat o f co m p ressio n  is rem oved from  the com pressed  gas 

stream  by gas-gas heat exch an gers, w h ich  can be part o f  the 

process energy recovery system , and the stream  enters the base 

o f  the absorption tower at around 50°C .

As the gas flo w s up th ro u g h  the tow er, cou nter-cu rren t to  the 

acid  flow, n itro g e n  d io x id e dissolves in  the acid  form ing  m ore 

n itric  acid an d  releasing n itrogen m onoxide. The n itrogen  

m onoxide is re-ox id ised  in the space betw een the trays by the 

excess oxygen that is present. H igh-qu ality  process w ater (such 

as dem ineralised  w ater o r  steam cond ensate) is added to  the top 

o f  the tower as the absorbent m ake-up.

T he ‘tail gas' from  the absorption ' tow er is passed via a tu rb o 

expander and  other energy recovery equ ipm ent to stack. It 

should be n o ted  that o n  n itric acid  processes the energy 

recovery system s are usually highly integrated in to  the overall 

design o f  th e  plant. F igu re 2 .1 0  show s a typical arrangem ent 

for a turbo-com p resso r train w ith  energy recovery. W aste heat 

b o iler steam  and the tail gas are used to drive .turbines to :

Figure 2.10 Simplified diagram of medium concentration nitric acid integrated drive train
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O  com press the process air; and 

O  generate surplus electricity  w here practicable.

H ighly integrated  energy recovery system s have im p lications 

w ith  respect to  the use o f  ‘en d -o f-p ip e ’ abatem ent techniques 

(see later se c tio n ) .

T he ‘m ed iu m -con cen tra tion ’ acid stream  leaving the base o f  the 

tow er is passed to a low er-pressure bleach ing co lu m n  w here it 

is contacted  w ith  a cou nter-cu rren t flow  o f  com pressed  air 

taken from  the air supply going to the am m on ia  oxid ation  

reactor.

T he bleach ing colum n is a stainless steel vessel and is typically 

no greater than 3 m high  and 1 m diam eter. It can use either 
packing or plates and may be integrated  w ith  the absorp tion  

co lu m n .

The air strips the dissolved n itrogen oxides present in  the 

product acid leaving the higher-pressure absorber, thereby 

produ cing a co lourless, ‘b leach ed ’ , product o f  strength up to 

70% .

T he air and stripped n itrogen oxides from  the bleach ing 

co lu m n are recycled  and com bin ed  w ith  the m ain ‘n itro u s’ gas 

stream  leaving the cooler-condenser prior to com p ressio n  for 

absorption.

(f) Single pressure plant description

The single pressure process operates w ith  the sam e nom in al 

pressure throughout the plant. As su ch , the on ly  d ifference 

betw een this process and the dual pressure o n e is that there is 

n o  further com pression o f  the ‘n itrou s’ gas m ixtu re leaving the 

co o le r-co n d e n se r and the bleaching co lu m n . T hese gases pass 

directly, upon m ix in g , to the absorption  tower.

(g) Advantages and disadvantages of the dual 
pressure process

The reactions occu rrin g  in the am m onia oxid ation  catalytic 

reactor and the absorption tow er are bo th  high ly  dependent on 

pressure and tem perature (see Section 2 .3 .1  (b )  and (d )) .

At the catalytic reactor, the low er the pressure, the greater the 

yield  o f  n itrogen m onoxide. At the absorption  tower, the 

h igh er the pressure, the greater the yield  o f  n itr ic  acid. It is 

clear then that the dual pressure process, w h ich  takes advantage 

o f  the increased-yields.at opposing-pressures at the reactor and 

absorption  tower, can achieve a greater overall conversion 

e fficiency  than the single pressure process.

T he disadvantage o f  the dual pressure process is that it is 

generally m ore com p lex  and has therefore a greater capital cost 
than a single pressure process. However, the energy efficiency  

o f  a w ell designed m odern dual pressure plant is com parable 

w ith  that o f  single pressure process plants.

(h) Potential release routes

Releases to air

O  O xides o f  n itrogen  including nitrous ox id e from  the

absorp tion  co lu m n via the plant stack , particularly  after 

plant start-u p  during plant stabilisation.

O  Fugitive releases o f  am m onia from  storage, han d ling  and 
vaporising system s.

Releases to water

O  D ilute am m o niu m  nitrite/nitrate so lu tio n  from  p erio d ic  

w ashing (typically  once/day) o f  the N O x co m p resso r 
and from  the co o ler—cond enser drain for a p eriod  after 

plant start-up . O n  m odern plant it m ay be p ossib le  to 
steam -in ject the N O x com pressor to  avoid any liquid  

efflu ent and also arrange for acid ification  d u rin g  start-u p  

to  avoid the need to  drain the cooler-con d en ser.

O  A queous am m o nia  solution from  evaporator b lo w -d ow n . 

This can be m in im ised  by steam strip p in g  to  recover th e 

am m onia in to  the process.

O  B low -d ow n o f  w ater containing dissolved salts from  the 

steam  drum .

O  O ccasional em ission s from  the purging and sam p ling  o f  

n itric  acid  solutions.

Releases to'land 

O  N one.

2.3.2 Manufacture of high-concentration nitric acid , 
(95-100% H N 03)

(a) Introduction

Because o f  its low  dem and, on ly  relatively sm all-sca le  

processes have been developed for the m anu facture o f  h ig h - 

concen tratio n  n itric  acid ( 9 6 —10 0  wt % ).

T he n itric  acid produced by the standard am m o n ia  ox id ation  

process is an aqu eou s so lu tio n  at a m edium  co n cen tra tio n  o f  

5 7 —7 0  wt %. Such co n cen tratio n s are su itab le for the 

p roduction o f  am m o n iu m  nitrate but, fo r m any organ ic 

n itration processes, concen trated  or anhydrous n itr ic  acid  is 

required . —  — —  — -  - --

M ed iu m -con cen tratio n  acid cannot be co n cen trated  by sim p le 

d istillation because n itric  acid form s an azeo tro p e w ith  w ater at 

6 8  w t% .

Two d ifferent routes have b een  used in the industry  to  produ ce 
concentrated  n itric  acid , nam ely :

O  extractive d istillation ; and

O  direct p rocessin g  from  am m onia ox id atio n  via 

. -Su perazeotropic acid.
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(b) Extractive distillation using sulphuric acid

E xtractiv e  d is tilla tio n  o f  m e d iu m -c o n c e n tra tio n  acid  uses a 

d eh y d ra tin g  agent to  break  d ow n the azeotrop e. T h e 

d eh y d ra tin g  agents m o st co m m o n ly  used are su lp hu ric acid  and 

m a g n e siu m  n itrate .

D e p e n d in g  u p o n  the c o n c e n tra tio n  o f  the sou rce n itr ic  acid , it 

is first sen t to  a p re co n ce n tra tio n  tow er, w h ere  by  n o rm al 

d is tilla tio n  its c o n c e n tra tio n  is in creased  to  close to  its 

a z e o tro p ic  lim it  o f  6 8 % . T h e  6 8 %  acid  is cooled  by heat 

e x c h a n g e  (u su ally  w ith  the acid  feed  to  th e  p recon cen tra tion  

to w e r) and  is fed to  th e  c o n c e n tra tio n  tow er.

N itr ic  acid  p ro d u ced  in  p lant u sing  h ig h -p ressu re  a bsorp tio n  o f  

n itro g e n  d io x id e  w ill n o t n o rm a lly  req u ire  this 

p re c o n c e n tra tio n  p rocess .

T h e  c o n c e n tr a tio n  to w er is  typ ically  a packed  co lu m n  

co n stru c te d  fro m  glass, w ith  a d ia m e te r  o f  3 0 0 - 9 0 0  m m  and a 

total h e ig h t  o f  up  to  a b o u t 13 m .

E ith er in d irect h e a tin g  o r  live steam  evaporates pu re n itric  acid 

fro m  th e  to p  se c tio n  o f  the tow er, w h e re  it is in  co n tact w ith  a 

9 6 —9 8 %  co n ce n tra te d  su lp h u ric  acid  so lu tio n .

T h e  n itr ic  acid  vap ou r leav ing  th e  to p  o f  th e  tow er co n ta in s • 

sm all q u a n titie s  o f  a ir and n itro g e n  ox id es and is sen t to a final 

tow er, w h e re  liq u id  n itr ic  acid  co n d e n se s , w h ich  is th en  

b le a ch e d  by  air strip p in g  and  c o o le d . T h is  packed tow er is 

fabrica ted  fro m  glass and has s im ilar d im en sio n s to  the 
c o n c e n tr a tio n  tow er.

T h e  co n ce n tra te d  su lp h u ric  acid  fed to  th e  co n cen tra tio n  tow er 

d escen d s and  b e c o m e s  m o re  d ilu ted  as it does so , reach in g  a 

c o n c e n tr a tio n  o f  a b o u t 6 9 %  in  the b o tto m . It is e ith er rem oved  

fo r  d e -n itra tio n  and  su b seq u e n t use e lsew here or is 

re c o n c e n tra te d  and recy cled  ba ck  to  the top  o f  the 

c o n c e n tra tio n  tow er.

T h e  tail gas fro m  the fin al to w er is passed  first to  a w ater 

sc r u b b e r  and w h e re  n ecessary  to  a N O x abatem ent system .

T h e  w eak  acid  so lu tio n  fro m  th e  w ater scru b b er shou ld  be 

re c o n c e n tra te d  and  re -u sed .

(e) Potential release routes using sulphuric acid

Releases to air

9  O x id e s  o f  n itro g e n  fro m  th e  final tow er via the stack.

©  S u lp h u ric  acid  m ist fro m  the re c o n cen tra tio n  process. 

Releases to water

#  W eak  acid  e fflu e n t fro m  scru b b e rs  d u rin g  o p era tio n  and 

p lan t w a sh -d o w n .

Releases to land

©  N o n e.

(d) Extractive distillation using magnesium nitrate

A fter preconcentration i f  necessary, the 6 8 %  acid is fed to a 

distillation co lu m n , w here it is m ixed w ith a concentrated  

so lu tio n  o f m agnesium  nitrate. N itric acid is vaporised, leaves 

the top o f  the tow er and is condensed to give the h ig h - 

concentration acid, w ith  som e being returned to the tow er as 

reflu x. From the low er part o f  the tow er a dilute n itric-acid - 

free solution o f  m agnesium  nitrate is ob tained , w h ich  is 

vacu um -concentrated  and returned to  the process.

(e) Potential release routes using magnesium nitrate

Releases to air

€> Oxides o f  n itrogen  from  the acid cond enser o r final 

absorber.

Re/eases to water

©  Weak n itric  acid efflu ent from  plant w ash-dow n.

Releases to land

©  None.

(f) Distillation of superazeotropic acid

Figu re 2.11 show s a process flow  diagram  o f  the direct 

concentrated  n itr ic  acid route.

D irect processing co m p rises the novel techn ology  o f  am m onia 

oxidation, p ro d u ctio n  o f  a su perazeotropic acid ( 7 5 - 8 0 %  

H N 0 3) and its rectification .

A m m onia is oxid ised  by air in  the conventional m anner in a 

reactor at low  o r near-atm osp heric pressure.

T h e reaction gases, m ainly n itrogen m on oxid e , are co o led  to a 

tem perature low  en ou gh  to condense all the reaction w ater in 

the form  o f  w eak acid  (2 %  H N 0 3).

T he dry gases en ter the ox id atio n  tower, w here, in  contact w ith  

around 6 0 %  n itric  acid , the n itrogen m on oxid e reacts w ith  

n itric  acid in  the reverse o f  the norm al n itric  acid absorption 

reactions to  produ ce n itrogen dioxide:

N O  +  2 H N 0 3  -  3 N 0 2  +  H 20

thereby substantially increasing  the n itrogen Hinxide 

concentration in the gas stream .

T h e  depleted n itric  acid  from  the oxid ation  tow er is pum ped to 

the w eak-acid absorption  tow er for re-stren gth enin g  to 60 % .

T he enriched N 0 2  stream  from  the oxid ation  tow er is then 

com pressed to  about 1 1  barg, cooled  and passed to the stro ng- 

acid  absorption tow er w here 6 8 %  n itric  acid  is flow ing 

counter-currendy. At this p o in t, the n itrogen d ioxid e partial 

pressure in  the gas is h igh  en ou g h  to  produce 8 0 %  

concentration  n itric  acid  w hen  absorbed in  azeotropic n itric 

acid  ( 6 8 %  H N O j).
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Figure 2.11 Simplified flow diagram: direct route concentrated nitric acid

The resulting sunerazpotropic acid from  the b o tto m  o f  ihe 

tow er is then distilled to produce concentrated  n itric  acid  from  

the top and azeotropic ( 6 8 % ) acid at the b o tto m , w h ich  is 
recycled back 1 0  the absorption stage.

T h e gases leaving the strong-acid  absorption tow er co ntain  a 

h igh  concentration  o f  n itrogen oxid es and pass to the w eak-acid 

absorber, w hich  uses w ater at the top  and weak acid from  the 

oxid ation  tow er near-the m iddle, as absorbent to form  6 0 %  

H N 0 3. This n itric  acid e ith er becom es the feed to  the 

oxidation tow er o r is sold as 60%  acid.

The tail gas from  the w eak-acid  absorber passes to  the plant exit 

stack typically via reheat facilities and a tu rbo-exp ander and, as 

the product o f  a high-pressure absorber, at a N O x concen tration  

com parable w ith  the best m ed iu m -con centration  n itric acjd  

plants. "

(g) Potential release routes from superazeotropic acid

Releases to air

O  O xides o f  nitrogen from  the w eak-acid  absorption 

co lu m n via the plant stack.

Releases to water

©  Weak n itric  acid e fflu ent from  plant w ash-dow n.

Releases to land 

O  N one.

2.3.3 Abatement techniques for nitric acid manufacture

(a) General

Essentially the only significant process release from  a n itric  acid 

m anu facturing plant that requ ires control is the gaseous w aste 

stream  from  the absorption  tow er containing the ox id es o f  

n itrogen. This stream  consists o f  nitrogen m o n o xid e  (N O ), 

n itrogen d ioxid e ( N 0 2) and nitrous oxide (N zO ) in various 

p ro p ortio ns d epend ing upon reactor and a b so rber p erform an ce.

A ssociated w ith  the n iy ic  acid  m anufacturing plant w ill-b e  the 

am m onia storage and handling systems. Fugitive gaseous 

am m onia em ission s m ay occu r from  this eq u ip m en t, ie fro m  

vents and pressure r e lie f  devices. The tech n iq u es for 

preventing, o r  m in im ising  and rendering h arm less, releases o f  

am m onia to  the environm ent should  include g oo d  m ain ten an ce 

and housekeeping practices and  leak d etection  ch ecks. T h ese 

are covered-under a separate IPC Guidance N ote, S2 4 .0 4 ,  on 

inorganic ch em cia ls(8).

T he co rrect design and op eration  o f  the absorp tion  tow er are 

essential in  o rd er to lim it the concentration  o f  N O x gases in the 

tail gas stream . T he im portant engineering and -process
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p a ra m e te rs  are  as fo llo w s:

O  p ressu re ;

©  tem p e ra tu re ;

O  re a c tio n  v o lu m e;

O  e ffic ie n c y  o f  the a b so rp tio n  c o lu m n ; and

O  p artia l p ressu res o f  n itro g e n  m o n o x id e  and o xygen .

In the a b so rp tio n  stage, h ig h  pressu res favour the fo rm atio n  o f  

n itro g e n  d io x id e  fro m  the m o n o x id e , and  also the fo rm a tio n  o f  

n itr ic  acid  fro m  th e  d io x id e . H ow ever, h ig h  tem peratures 

in h ib it  th e  abo ve co n v ersio n s .

C o n seq u en tly , i f  th e  c o o lin g  w ater ex ce e d s  the d esign  

te m p e ra tu re  d u e  to , fo r ex a m p le , th e  w eath er co n d itio n s , then  

N O x e m is s io n  levels m ay rise . Plants u sing  ch illed  w ater as the 

c o o lin g  m ed iu m  w ill o b v io u sly  have lo w er and m o re  stable 

e m is s io n  levels th ro u g h o u t th e  year. '

O w in g  to  the low  so lu b ility  o f  n itro g e n  m o n o x id e  in w ater and 

w eak  n itr ic  acid , a re d u ctio n  o f  its partia l pressure and thus a 

re d u c tio n  o f  the N O  c o n te n t in  th e  tail gas is im p o ssib le  

w ith o u t its o x id a tio n  to  n itro g e n  d io x id e .

F o r a h ig h  co n v ersio n  o f  th e  n itro g e n  m o n o x id e  to  th e .d io x id e , 

a su ff ic ie n t rea c tio n  v o lu m e m u st b e available in  o rd e r to  give 

an ad eq u a te  res id en ce  tim e  fo r the rea c tio n .

A h ig h  co n ta ct su rface  area is req u ired  in  the a b so rp tio n  tow er 

to  g ive g o o d  m ass tran sfer b e tw e e n  th e  liqu id  and  gas phases. 

H e n ce  c o lu m n  in tern a ls o f  h ig h  effic ien cy , eg sieve trays, have 

to  b e  provid ed .

F o r n ew  sm all n itr ic  acid  p lants (say, less than 1 0 0  tonne/day) 

fo r  w h ic h  h ig h -p ressu re  co m p resso r, exp an d er or en ergy  

recov ery  e q u ip m e n t is g en era lly  less e ffic ie n t than  o n  a large 

sca le , N O x releases b e lo w  3 0 0  m g / m \  as N 0 2, m ay be attained 

m o re  e c o n o m ic a lly  by a b so rb e r  o p e ra tio n  at m ed iu m  pressure 

(say, 8  b a rg ) and a typical exit c o n ce n tra tio n  o f  1 2 0 0  m g / m ’ 

N O x fo llow ed  by cata ly tic  re d u ctio n .

H o w ever, b e ca u se  th e  rea c tio n s necessary  for th e  fo rm atio n  o f '  

n itr ic  acid  are all rea c tio n s that rea ch  an e q u ilib riu m , there w ill 

alw ays b e , even at h ig h  p ressu res an d  exten d ed  resid en ce tim es, 

p artia l p ressu res o f  N O  and  N 0 2  in  th e  a b sorp tion  tower. 

T h e re fo re , the tail gas fro m  n itr ic  acid  plants w ill always 

co n ta in  sm all q u a n tities  o f  th e  N O x gases.

(b). Abatement techniques

T h e  te c h n iq u e s  that can  b e  ap p lied  to  b o th  m ed iu m - and h ig h - 

c o n c e n tr a tio n  n itr ic  acid  p lants to  abate the releases to  the 

e n v iro n m e n t o f  th e  s ig n ifica n t p re scrib e d  su bstan ces are:

O  sc ru b b in g  u sin g  so d iu m  h y d ro x id e  so lu tio n ;

O  ex te n d e d  a b s o rp tio n ; and

O  n o n -se le c tiv e  cata lytic  re d u ctio n  (N SC R ); and

O  se lectiv e  cata lytic  re d u ctio n  (SC R ).

A sum m ary o f  the techniqu es, their im pacts and applicability 

can be found in  Table 2 .1 . T h e above techn iqu es for tail gas 

treatm ent require a m in im u m  tem perature and pressure. These • 

cond ition s cannot always be achieved in old n itric  acid plants 

w ith ou t additional energy input.

(c) Scrubbing using sodium hydroxide solution

By treatment o f  the tail gas under pressure w ith  sodium  

hydroxide, n itro gen  m on oxid e and n itrogen d ioxide are 

absorbed  in equ al volum es reacting to produ ce sodium  nitrite:

N O  +  N 0 2 -  N 2 0 3

N 2 0 3  +  2NaOH —  2 N a N 0 2  +  H 20

N o te : If  the m olar ratio o f  N 0 / N 0 2  is n o t unity, then the 

reaction  to so d iu m  n itrite  is im peded.

A very small am ount o f  surplus n itrogen d io xid e will react, but 

on ly  very slowly, to  form  sodium  nitrate and n itrite  according 

to  the equation:

2 N 0 2  + 2N aO H  —  N a N 0 2  +  N a N 0 3  +  H 20

Surplus n itrogen m on oxid e does no t react w ith  the sodium  

hydroxide.

Providing the pressure is in excess o f  4 .5  barg and the NO and 

N 0 2  concentrations are close to parity, this techn iqu e is just 

capable o f  red u cing  a tail gas concen tration  o f  1 2 0 0  m g/ m 3 to 

4 0 0  mg/m 3  as N O z.

T h e  resulting sodium  n itrite-n itrate  so lution  from  the 

neutralisation reaction is a liq u id  effluent and as such may 

present a disposal problem ; hen ce  the alkaline absorp tion  

process can on ly  be consid ered  as an abatem ent op tion  i f  the 

effluent can  b e  either u tilised  (fo r exam ple as a product) or 

elim inated w ithout causing fu rther environm ental pollution . 

T h e  system has a fu rther operational disadvantage as sodium  

nitrate has a tendency to  freeze during the w inter m onths. 

Although p resent on  existing  processes this abatem ent 

technique is unlikely o n  its ow n to be capable o f  m eetin g  BAT 
em ission levels.

Scrubbing techn iques have used a range o f  chem icals inclu ding:

O  su lp hu ric acid;

O  am m o nia ; and 

G  ' urea.

(d) Extended absorption

T he absorption efficien cy  o f  existing  plant may be im proved by 

extending the height o f  an existing  absorp tion  tower, i f  

practicable, o r by adding a second  tow er in  series w ith  the 

existing u n it, thus increasing  the ox id ation  volum e and .nu m ber 

o f  trays, resulting in m ore N O x being recovered as n itric  acid 

and consequendy red u cing  the em ission levels.

I f  extended absorption  w ere to  be em ployed  it is m ost probable
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Table 2.1 Summary of abatement techniques nitric acid plants.

■ C on tro l 

; techn ique

A ir

Environr

Liquid

nen ta l im p  

Solid

acts

E nergy

Typical

N O x

(m g /m * )

Sa lient features A p p lica b ility  ;

M olecular 

, sieve

None. None. None. Extra fuel for 

regeneration.

20 H igh  capital. 

Cyclic operation, 

adsorption

N o  recent exam ples < 

of use of process. 

G o o d  turndow n.

C an  be added  easily 

to existing plant. ‘

Extended

Absorption

None. None. Pum ps and  

refrig uration.

205 -410 H igh capital if retrofitted; 

modest capital as 

integral part o f plant 

design. Limited 

suitability o n  LP processes.

Industry standard  

for new  plants.

N SC R Possible CO . 

Increased C 0 2 

emissions.

None. Catalyst

disposal.

Increased fuel 

consum ption. 

Potential for 

energy recovery.

205 H igh capital multiple beds  

with 'intercooling for 

low emissions. '

Removes N zO.

Tending to be 

superseded by SCR.

SCR Am m onia slip. None. Catalyst

disposal.

Sm all quantity 

of am m onia  

required.

100 Does not rem ove N 20 . Can  be added  to 

existing plants.

that a second  absorption  tower would be installed, in  w hich  

case the tail gas from  the first tow er would b e routed to the 

base o f  the second  tow er and flow  cou ntcr-cu rrent to  a ch illed  

process w ater feed to form  weak n itric acid. T his w eak acid 

w ould then b e  cycled to the upper trays o f  the first tow er 

absorbing the rising N O x gases from  the am m onia oxid ation  

stage and produ cing the product acid at the tow er bo tto m .

In order to m in im ise  the size o f  the additional absorption  tow er 

the inlet gas w ould require to be pressurised w ith  additional 

refrigeration co o lin g  provided for the liquid on  the trays.

Tail gas from  the second  tow er may be heated by recuperation 

from  the am m o nia  oxid ation  stage and pow er recovered u sing a 

turbo-expander. Extended absorption may offer an 

en vironm entally  attractive m ethod o f  m eeting  N O x release 

lim itsp ; how ever considerable integration w ould be necessary 

w ith heat and pow er recovery to yield a satisfactory op erating  

efficiency.

O ther op tio n s for extended absorption are:

1. H igh-pressu re absorption  at up to  1 7 bar. To ru n  the 

w h o le  back  end o f  the plant at pressure w ill usually 

require the use o f  e x o tic  m aterials o f  co nstru ctio n . It is 

claim ed that the use o f  titanium  and zircon ium  can result 

in co st-effectiv e design.

2. O xygen in jectio n . Tw o advantages accrue from  the use 

o f  increased oxygen as opposed to air in the feed to  the 

bleach co lu m n . First, the mass o f  the tail gas stream  is 

reduced, w h ich  reduces the total em ission to atm osphere. 

Secondly, an increase in the partial pressure o f  ox y gen  in 

the system  increases the concentration  o f  oxygen in the

liq u id  film . The absorption  o f  N O x in  w ater to  give 

n itric  acid  is the sum  o f  two reaction s:

H 20  +  N O  +  N 0 2  -  2 H N 0 2

3 H N 0 2 -  2N O  +  H 20  + H N 0 3

A high concentration  o f  oxygen in the liq u id  film  

prom otes the direct reaction:

2 H N 0 2 +  0 2  2H N O j

w ith  a correspon ding decrease in  N O x em ission s in the 

tail gas.

Molecular sieve adsorption

T he m olecular sieve sw ing adsorption p rocess has been  used fo r 

co n tro lling  em issions. The ob jection s to  the process are the 

high  capital and en ergy costs, and the p ro b lem s o f  co u p lin g  a 

cy clic  process to  a co ntin u ou s plant op eration . As a result no 

co m m ercia l use o f  this process has been found.

(e) Non-selective catalytic reduction

In no il-selective catalytic red u ction  (N SCR) p ro cesses, the 

reducing agent reacts not on ly  w ith the ox y gen  b o u n d  to the 

n itro gen  oxides, but also w ith free oxygen present in  the tail 

gas. T he reducing agent can b e  hydrogen (p ossib ly  from  an 

am m onia plant) and/or a hydrocarbon (eg  natural gas o r  

nap htha), but they m ust be free  o f  sulphur to  avoid prem ature 

inactivation o f  the catalysts.

H ydrogen has the advantage o f  operating at a sign ificantly  low er
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te m p e ra tu re  th an  m e th a n e  o r  o th e r  h y d ro carbo n s and ca n n o t 

in tro d u c e  c a rb o n  m o n o x id e  o r  h y d ro ca rb o n s into the tail gas. 

H ow ever, if, as is so m e tim e s  the case , the hydrogen is a by

p ro d u ct fro m  an  a m m o n ia  p lant, th e  supply may on ly  be 

available w h e n  th e  a m m o n ia  plant is op eratin g . A m m onia  plant 

sh u t-d o w n s  w ill leave the n itr ic  acid  p lant w ithout N O x 

a b a te m e n t. F u rth e rm o re , any sm all m eth an e co ntent in  the 

h y d ro g e n  w ill pass o u t w ith  the ta il - gas as the NSCR 

te m p e ra tu re  is to o  lo w  to  react m eth a n e  w ith  NOx.

Process description

T h e  tail gas fro m  the a b so rp tio n  tow er is preheated  by heat 

e x c h a n g e rs , typ ically  u sin g  th e  h o t gases fro m  the am m o n ia  

o x id a tio n  reactor, to  a tem p eratu re  that is depend ent o n  the 

d esig n  o f  th e  plant and  th e  fu el used .

In le t tem p e ra tu res fo r g o o d  co n v ersio n  e ffic ien cy  and catalyst 

life  are  g iv en  b e lo w  fo r  co m m o n ly  used reducing  agents:

©  H y d ro g e n  — 2 0 0 ° C  m in im u m , typically  300°C .

©  N ap h th a , LPG — 3 5 0 ° C  m in im u m , typically 4 5 0 °C .

© '  N atural gas -  4 8 0 ° C  m in im u m , typically  5 5 0 °C

T h e  re d u cin g  gas is m ix ed  w ith  th e  p reheated  tail gas stream  

and  a h o m o g e n e o u s  m ix tu re  is passed in to  a reactor co n ta in in g  

a bed  o f  catalyst. Part o f  the red u cin g  agent may be used as an 

in te rm e d ia te  q u e n c h .

T h e  catalyst co n sists  o f  p la tin u m -g ro u p  m etals d eposited  

ty p ica lly  o n  a ce ra m ic  h o n e y co m b . T h e  bed  is bu ilt up from  

b lo ck s  o f  catalyst.

T h e  re a c tio n s  tak in g  p lace o n  th e  catalyst su rface can  b e  d ivided 

in to  tw o  g ro u p s. T h e  first g ro u p  o f  reaction s involves the 

re a c tio n  o f  the fu el w ith  o x y g e n  and  n itro g e n  d io x id e , red ucing 

the la tter to  n itro g e n  m o n o x id e . T h e se  reaction s take p lace first 

and  are  s o m e tim e s  re ferred  to  as the 'd eco lo risa tio n  re a c tio n s ’ 

as fu el m erely  serves to  d e co lo u r the p lu m e w ith ou t red ucing  

the ov erall NO„ co n te n t.

T h e  re a c tio n s  w ith  d ifferen t fuels are g iven  below :

•  Reduction of oxygen 

CH4 + 2 0 2 -*■ C 02 + 2H20  

2H2 + 0 2 —  2H20

2C4H 10 + 1 3 0 2 —  8C02 + 10H20

•  Reduction of nitrogen dioxide 

CH4 + 4NOj —* C 0 2 + 2HzO + 4NO 

H2 + N 0 2 —  H20  + NO

C4H 10 + 1 3N 0 2 4C 02 + 5H20  + 13NO

T h e second grou p  o f  reactions d o n o t co m m en ce  until reducing 

co n d itio n s have b een  achieved. T his is .w hen all the oxygen  in 

the tail gas has reacted  w ith  the fuel. These are som etim es 

referred  to as th e  ‘abatem ent reaction s’.

® Reduction of nitrogen monoxide

CH 4  +  4NO —  C 0 2  +  2 H 20  +  2 N 2

2 H 2  +  2NO —*  2H 20  +  N 2

2C 4 H 1 0  + 2 6N O  —  8 C 0 2  +  1 OHzO  +  1 3 N 2

•  Reduction of Nitrous oxide

CH 4  -I- 4N 20  — ► C 0 2  + 2 H 20  +  4 N 2

H 2  +  N jO  —  ■ H 20  +  N 2

C 4 H 1 0  +  13N 20  4 C 0 2  +  5H 20  +  13 N 2

An excess o f  fu el is necessary to ensure reducing cond ition s.

T h e  gases leaving the catalyst reactor w ill co ntain  substantially 

red u ced  concentrations o f  n itrogen oxides and oxygen  and w ill 

co n sist predom inantly o f  n itro gen  gas and w ater vapour.

Typically, conversion efficiencies are about 9 0 %  for the N O x 

gases and 7 0 %  for nitrous oxide, though under p ilot plant trials 

conversion e ffic ien cies o f  9 0 %  have been achieved for nitrous 

ox id e.

T h e  reaction o f  the fuel gas w ith  the oxygen in the tail gas is an 

exotherm ic reaction  and the gas leaves the catalyst at an elevated 

tem perature. T h e  tem perature rise is p ro p ortional to the 

oxygen  content o f  the tail gas but varies accord in g  to the 

pressure and tem perature o f  the reaction . As a general ru le the 

follow ing tem perature rises can be used for each  1 %  o f  oxygen 
that is burnt w ith  the nam ed fuel:

©  Hydrogen 160°C

@  M ethane, naphtha, butane, pro pane I3 0 °C

T h is  tem perature rise puts a lim itation  on  the m axim u m  

am ount o f  o x y g en  that can be rem oved o n  a single pass. This 

can be calculated by subtracting the inlet tem peratu re required  - 

w ith  the ch o sen  fuel from  the m axim u m  perm issib le operating 

tem perature, typically 750 °C , and dividing by the tem perature 

rise  obtained i f  1% o f  oxygen w ere bu rnt w ith  that fuel. For 

exam ple, w ith  hydrogen tuel and inlet tem peratu re u f  2GGnC 

th e  m axim um  tem perature rise allow able is S 5 0 °C  and the 

m axim um  o x y gen  red u ction  is 3 .4  % .

Two stages o f  catalytic treatm ent are generally  on ly  required 

w hen  m ethane is the fuel because m ethane requires the highest 

catalytic op erating  tem perature. Even so . w hen  tw o stages are 

used an in terco o ler is not usually necessary. It is avoided by 

adm itting th e  total fuel req u irem en t before the first stage, 

thereby ind u cin g  reform in g  o f  the excess m eth an e to  carbon 

m onoxide and  hydrogen, w hich  is an en d o th erm ic reaction .
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However, it is no w  co m m o n  practice to  reduce the oxygen

-  levels in the tail gas to a m in im u m , by carefully co n tro llin g  the 

airflow  in the bleaching tower, such that only o n e pass is 

required  over the catalyst^

T he hot gas leaving the system , at a tem perature up to 750°C , 

can be used to  generate steam  and/or p ow er via a gas turbine 

(see F igure 1. 1 0 ). O ne disadvantage o f  extensive in tegration , 

particularly w ith  hydrogen-based  NSCR, is that loss o f  hydrogen 

results in im m ed iate loss o f  abatem ent. T he n itric acid  plant 

therefore needs to  be shut dow n until hydrogen is restored.

T he co m p o sitio n  and form  o f  the catalyst used for the above 

reactions have an im portant bearing  on  the flex ib ility  o f  the 

op eration , the degree o f  abatem ent achieved, the efficien cy  o f  

fuel com b u stion  and the catalyst life.

T he advantages o f  using ceram ic ho n ey co m b  su pports for 

platin um -grou p  m etal catalysts for N O x rem oval m ay be 

sum m arised  as a com pact process design, high activity, low 

pressure drop and good catalyst life. T hese advantages have led 

to  h on eycom b-based  system s b ecom in g  w idely accepted  in 

preference to  pelleted  or m etal rib b on  support system s.

The activity o f  the catalyst is particularly im portant w hen 

m eth ane is used as the reducing fuel because the m ethane 

m olecu le has h igh  stability and is difficu lt to  oxid ise. Platinum 

has h igh stability  coupled w ith  good  activity  and also under 

reducing co n d itio n s it does not cause carb o n  fo rm atio n , w hich  

may o ccu r w ith  palladium -based system s.

NSCR catalysts are long-lived  and need rep lacem ent every two 

to three years.

The disadvantages o f  using a hydrocarbon as op posed  to 

hydrogen as the reducing agent is that the treated tail gas can

contain  qu antities o f  ca rb o n  m onoxide (u p  to  1 2 5 0  m g / m J) as 

w ell as unreacted  and partially  converted h y d ro carbon .

(f) Selective catalytic NOx-reduction with ammonia

In the case o f  th e  selective catalytic red u ctio n  (SC R ) process the 
reducing agent, am m o nia , reacts w ith n itro g e n  ox id es to  form  

nitrogen and water.

U nlike the n on -selectiv e processes, the reactio n  o f  the ox y g en  
in the tail gas w ith  the red u cing  agent is  on ly  o f  m in or 

im p o rtance as o n ly  sm all am ounts o f  the am m o n ia  are ox id ised  

this way.

D ependent u p on  the ratio o f  NO to N 0 2, the a m m o n ia  reduces 

them  to  n itrogen  by a m ix tu re o f the th ree  reaction s, all o f  

w h ich  are strongly ex o th erm ic:

4N O  +  4N H 3  +  0 2  4 N 2  + 6  H 20

NO +  N 0 2  +  2 N H 3  - *  2 N 2  + 3 H 20

6  N 0 2  +  8  NH 3  —*  7 N 2  +  1 2 H20

T here are also sm all q u antities o f am m o n iu m  n itrate and n itrite  

form ed  by the reaction  o f  th e  am monia and n itro gen  ox id es. 

Catalysts co m m o n ly  used are  vanadium p en to xid e, p latinum , 

iro n / ch ro m iu m  oxid e m ix tu res or zeolites.

The in let tem perature o f  the tail gas in the selective catalytic 

reduction depends on  the catalyst used bu t is generally  above 

250°C .

Process description

An o u tlin e o f  the SCR flow sheet is given as Figu re 2 .1 2 .

Figure 2.12 Outline of SCR flowsheet

EXPANDER
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T h e  tail gas fro m  the ab so rp tio n  tow er is brou gh t to  the desired 
te m p e ra tu re  th ro u g h  o n e  o r  m o re  heat exch an g ers. A m m onia is 
in je c te d  in  th e  tail gas at th e  in le t o f  a m ix er, w h ich  ensures 

h o m o g e n e o u s  m ix in g  o f  the tw o stream s. T h e  m ix tu re  then 
passes th ro u g h  th e  cata lytic  bed  w h e re  the ch em ica l reaction s 

take p lace . T h ese  rea c tio n s b e in g  e x o th e rm ic  cause an increase 
in tem p e ra tu re .

T h e  e ffic ie n c y  o f  the co n v e rsio n  o f  th e  N O x gases can  b e  in 

ex ce ss  o f  9 5 % . T h e o re tica lly  n o  e x ce ss  am m o n ia  is requ ired , 
bu t in  p ra c tice , d u e to  a m m o n ia  s lip p ag e thro u g h  the catalyst, 

so m e  e x ce ss  a m m o n ia  m ay be req u ired  and  thus may give a 
release  level o f  up 1 0  1 0  m g / m 3 fro m  th e  plant stack.

T h e  a m m o n ia  a d d itio n  can  b e  co n tro lle d  to  m atch  a varying 

in le t N O x co n ce n tra tio n  to  en su re  that the req u ired  outlet 
c o n c e n tr a tio n  o f  N O x can  b e co n sis te n tly  achieved.

It is ev id en t that the use o f  th is a b a tem en t p rocess involves 
in creased  a m m o n ia  co n su m p tio n . H ow ever, for plants w ith 

sm all ca p acities  (say, less than  1 0 0  ton nes/ d ay  o f  a c id ), w ith  
m e d iu m -p re ss u re  a b so rp tio n  and  a N O x co n ten t o f  1 2 0 0  

m g / m 3, as N 0 2, in  the ta il gas, th e  p ro cess can b e  e co n o m ica lly  
a ttractiv e  co m p a red  to  a h ig h -p ressu re  ab so rp tion  plant 
d e sig n e d  to  ach iev e the sam e lo w  release  lim it fo r N O x.

(g) Comparison of nitric acid plant abatement 
systems t

C o n d itio n s  se lected  by th e 'o p e ra to r  sh ou ld  be d em o nstrated  to 
b e  th e  b est p racticab le  for o p tim u m  abatem en t o f  N O x, B oth  

ca ta ly tic  re d u ctio n  te ch n iq u e s  and ex ten d ed  absorp tio n  are 
cap ab le  o f  ach iev in g  2 0 0  m g / m 3 N O x fo r  new  plant.

D in itro g e n  m o n o x id e  (n itro u s  o x id e  o r  N zO ) is p rodu ced  in 
th e  ca ta ly tic  a m m o n ia  o x id a tio n  re a c to r  and , having passed 
th ro u g h  th e  ab so rp tio n  to w er u n affected , is released fro m  the 

p lan t ex it stack . Its c o n c e n tra tio n  is likely  to be a fu n ctio n  o f  

c o n d it io n s  in  the a m m o n ia  o x id a tio n  reactor, su ch  as 
tem p e ra tu re , p ressu re and  catalyst c o n d it io n . C austic 
a b s o rp tio n , ex ten d ed  ab so rp tio n  and  catalytic red u ctio n  by 
a m m o n ia  w ill have little  o r  n o  e ffe c t  o n  the N 20  level bu t n o n - 

se lectiv e  cata ly tic  red u ctio n  b y  h y d ro g e n  o r  hyd rocarbon s can 
s ig n ifica n tly  red u ce  it.

F or re tro fittin g  o f  ab a tem en t e q u ip m e n t to  existing  n itr ic  acid  
p lan ts w h e re  th e  ta il-g as N O x co n ce n tra tio n  is in  the range 

6 0 0 - 3 0 0 0  m g / m 1, as N 0 2, cau stic  a b so rp tio n  is un likely  to be 
a sa tisfa cto ry  o p tio n , even w h en  b e n e fic ia l use can be m ade o f  
th e  so d iu m  n itr ite / n itra te  p ro d u ced . T h ere  is a lso  an associated  

o p e ra tio n a l p ro b le m  sin ce  so d iu m  n itra te  has a tend ency  rn 
fre e z e  d u rin g  th e  w in te r  m o n th s.

B o th  SCR and  N SCR te ch n iq u e s  req u ire  th e  tail-gas to  b e at a 

p re ssu re  in  e x ce ss  o f  4  barg  and  at a tem p eratu re at w h ich  the 
catalyst w ill o p era te  — ie > 2 5 0 ° C  fo r  a m m o n ia  and  hyd ro gen , 
> 5 0 0 ° C  fo r m eth a n e  and  > 4 0 0 ° C  fo r*o th er hyd ro carb o n s — 
th o u g h  SC R  te ch n iq u e s  u s in g  a m m o n ia  usually have a low er 
e n e rg y  in p u t re q u ire m e n t th an  N SCR tech n iq u es.

W h e re  re tro fittin g  o f  ca ta ly tic  red u ctio n  eq u ip m en t be tw een  the 
ta il-g a s reh eaters a fter th e  a b s o rb e r  and  the ta il-gas exp an der is-

p ossib le , the advantages o f  the am m onia  (ie SCR) 'techn iqu e
are:

O  am m onia is always available on  a n itric acid  plant;

©  very low  N O x concen trations can be achieved w ith an

am m onia excess o f  less than 5%  over the sto ich iom etric  

requirem ent o f  N O x rem oval;

O  no carbon m on oxid e  o r  hydrocarbons are released to 
atm osphere and releases o f  am m onia are norm ally . 
extrem ely sm all;

O  oxygen in  the tail-gas is only reduced after the m ajority  
o f  NOx has been rem oved;

©  there is a neglig ib le increase in  tail gas tem perature, 
which is beneficial fo r m aterials o f  co n stru ctio n ; and

O  SCR system s are low -p ressure-d rop  units that are capable 
o f  being retrofitted  w ithou t sacrificing  pow er recovery or 

affecting the balance o f  the plant energy netw ork.

T h e  disadvantages o f  SCR w ith  am m on ia  are:

O  am m onia ‘slip' through the catalyst bed is possible and 
this can lead to a sm all am m o n ia  release to  atm osphere, 
although the latest catalyst techn ology  has reduced this to 
a m in im u m ;

©  there is n o  red u ction  in N 20  con cen tration ;

©  tail-gas tem peratu re after the expander m ust be kept 
above 1 0 0 0 °C  to prevent cond ensation  o f  am m o niu m  
nitrite and  nitrate, w h ich  may have form ed  from  the free 
am m onia present;

O  catalytic reduction o f  N O x can only start wrhen the

tem perature is above 20 0 °C , and this on ly  occurs w hen 
the m ain  plant is approach ing stable op eration ; and

O  the system  can on ly  start w hen  tem peratures are stable.

T h e  advantages o f  NSCR relative to SCR are:

©  N20  is rem oved alm ost as effectively as N O x;

©  the red u cin g  agent is likely to  be relatively inexpensive in 
com parison to  am m o n ia ; and

©  if a p ro cess upset occurs that causes insufficient reducing 

agent to  be fed to  the catalytic reactor, the N O z in  the tail
- gas is reduced in  p reference to  N O  and the em ission  

rem ains colourless.

T h e  disadvantages o f  NSCR relative to  SCR are:

©  unless hydrogen is used the tail-gas from  the absorber 

has to  be preheated  to a h ig h er tem perature:

O  the abatem ent system  can on ly  be started-up after the 
am m onia ox id ation  and N O x absorption  sections have 
stabilised and o x y gen  in  the gas passing to  the NSCR
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sectio n  is less than 3%  — oth erw ise  the tem perature rise 

across the catalyst w ill be to o  high ;

O  . unless hydrogen is used, significant concen tration s o f  
carbon m o n oxid e (up to  1 2 5 0  m g/ m 5) and 
hyd rocarbons are released in the tail-gas.;

O  hy d rogen, i f  provided from  a refinery unit, is less reliable 

and may result in  m ore frequent shut-dow ns; and

O  the system  is n o t available as an ad d-on system  because 
o f  the need for a high-tem p erature gas expander.

(h) Start- up and transient plant conditions

T he required N O x em ission  levels can be achieved w ith  m odern 

dual pressure n itric acid plants op erating  w ith  an absorber 
pressure o f  approxim ately  1 1  barg; however, on  start-up this 

pressure takes tim e to  establish.

It can take up to  an h o u r to establish stable operating co n d ition s 
after process air com p ressor start-up although not at rated • 

capacity, w h ich  may take several hours.

Ammonia oxidation

D uring the ‘lig h t-u p ’ o f  the catalyst care m ust be taken to 

ensure that there is even heat d istribution across the face o f  the 
catalyst gauze so  that the com b ustion  reaction ‘strikes* properly 
w hen  am m onia gas is fed to the reactor. T here  are 
therm ocou p les provided to m on itor the tem peratures at various 

points im m ediately  under the gauze. I f  co rrect operating 
cond itions are not achieved w ithin a reasonable period then 

ihere is a plant trip. T h e operators, w ho w ill be  closely view ing 
the gauze during  the start-u p  period, can also abort the start-up 
i f  their observations ind icate  a delay in  establishing the correct 
am m onia com bu stion  conditions.

A weak acid so lu tion  is produced in  the co oler-con d en ser 
dow nstream  o f  the reactor. However, on som e plants, the 
quantity produ ced  in the first 1 0 — 2 0  m inutes after ‘lig h t-u p ’ 
o f  the catalyst is put to d rain  as there is-a ch ance that it could  

contain  am m o n iu m  nitrite  as a result o f  unreacted am m onia 
slipping past the catalyst gauze. A litm us test is som etim es 
carried  out to ensure that acidic co n d ition s have been 
established.

T he acid  produ ct is also analysed to ensure that there is n o  
continued  op eration  w ith  on going  am m onium  nitrate 
form ation  and-the risk o f  detonation? ~

Catalytic abatement systems

Both catalytic NSCR and SCR abatem ent system s only becom e 
effective w hen the co rrect operating tem perature has been 
reached and h e n ce  are no t norm ally  in  op eration during plant 

start-up or sh ut-dow n. ‘ “

The heating o f  the tail - gas to  the co rrect operating 
tem perature for the catalytic abatem ent system s'is norm ally 
achieved by exch an g in g  heat w ith the gas leaving the am m onia 
oxidation reactor. W ith the therm al inertia o f  the absorber _ -

_  plant to  be ov ercom e and start-up rates be in g  on ly  7 0 %  o f  
norm al op erational rates, it can take up to an h o u r to  estab lish  
effective NOx abatem ent.  ̂ -

For n o n-selectiv e catalytic system s on  plant start-u p , fuel can n o t 
be introdu ced  to  the abatem ent system until the o x y g en  co n ten t 

has dropped fro m  the initial 2 0 % to abou t 2 % . o th erw ise  th ere  
w ill be overheating o f  the catalytic abatem ent un it. T he 2%  
oxygen  then has to  be reacted  before the n itro gen  ox id es can be 
reduced to  n itro gen .

N itric acid  system s often have highly in tegrated  en ergy  system s 
as m ention ed  previously and shown in Figure 2 .1 0 . T h is w ould  
m ake the retrofittin g  o f  units with NSCR d ifficu lt. N ot only 
w ould it require a change to  the energy ba lan ce  across the 
w ho le u n it, but o fte n  the com pressors, expanders and m o to rs  
are located  on o n e  drive shaft in a 'train ' co n fig u ra tio n  su ch  
that any changes w ould m ean reconfiguring the train.

2.3.4 Best available techniques

N ew  large n itric acid  plants can  be designed to  op erate  under 
steady co nd ition s w ith  a tail -  gas concentration  o f  less than 

2 0 0  m g / m J, as N 0 2, utilising extended absorp tion  at h igh  
pressure w ith  refrigeration  follow ed by SCR treatm en t o f  the tail 
gas. A lternatively best available techniques (BAT) m ay be 
achievable by absorption  d ow n to these levels, w h ich  w ou ld  
require op tim al tow er design, operation at a pressure o f  aroun d
1 1  barg o r  above and top tow er temperatures belo w  1 5°C.

D ep ending on the com parative environm ental im pact o f  N 20  
and N O x. the use o f  NSCR m ay be justified. BAT for existin g  
plant w ould  inclu de retrofittin g  plants that do not inclu de tail 
gas abatem ent w ith  a suitable system such that em ission s are 
reduced to  less than 3 0 0  m g / m 3. The use o f  cau stic scru b b in b g  
to  produ ce co  produ ct sodium  nitrite may also  be BAT and can 

achieve a level o f  2 0 0  m g/ m 3.

D uring start-up con d ition s transient releases up to  1 0 0 0  m g / m 3 

m ay be exp erien ced .

2.3.5 Processes giving rise to the release of oxides of 
nitrogen

Relevant inorgan ic ch em ical processes are classified  as fo llow s:

O  m etal b rig h ten ing  ;
O  m etal p icklin g ; and 

O  d issolu tion  o f  m etals and metal alloys.

M etal b rig h ten in g  and m etal p ickling  are n o w  covered un der 
Part A only w hen  they form  part o f  another Part A process.

Metal brightening- the anodising of aluminium

M etal brig h ten in g  techn iqu es can  be applied to  n o n -fe rro u s  
-m eta ls  and their alloys to  im prove appearance. T h e  b rig h t 

anodisin g  o f  a lu m inium  is such an application, w h ich  is 
exp lained  briefly  below.

A nodising refers generally  to the process used fo r creating  a 

decorative and  p ro tectiv e surface finish to a lu m in iu m  and its 

alloys.
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N itr ic  a c id  is c o m m o n ly  used  in  th e  p re -trea tm en t and p o st

tre a tm e n t p ro cesses ap p lied  to  co m p o n e n ts  u n d erg oing  

a n o d is in g  an d  can  g ive rise  to  the release  o f  ox id es o f  n itro gen .

T h e  s p e c if ic  a n o d is in g  o p era tio n  involves the p ro m o tio n  o f  a 

p assive a lu m in iu m  o x id e  su rface  layer on  alu m in iu m  

c o m p o n e n ts  by e le c tro c h e m ic a l actio n .

T h e  b a s ic  steps involved in the overall anod isin g  p rocess are:

O  cleaning and degreasing;

O  surface brightening;

O  anodising; and 

O  dyeing and sealing.

A d d ition ally , in te rm e d ia te  w ash in g  o p era tio n s (r in se s)  take 

p la ce  b e tw e e n  th e  m ain , p ro cess step s above, in clu d in g  "d e -  

s m u ttin g ” to  rem ov e su rface  co n ta m in a tio n .

Cleaning and degreasing

T h e  rem ov al o f  o il , g rease , p o lish in g  co m p o sitio n , d irt, e tc , is 

m o st c o m m o n ly  ach ieved  u sing  a lk alin e so lu tio n s , a lth ou g h  

acid  o r  so lv en t clean ers can  be used.

Surface brightening

T h is  p ro ce ss  step  serves to  sm o o th  (lev el) any surface 

irre g u la r itie s  and p rovides a b r ig h t reflectiv e fin ish  p rio r to 

a n o d is in g . Su rface b r ig h te n in g  can b e ach ieved  in  tw o ways:

O  E le c tro -b r ig h te n in g  involves p assing  a D C cu rren t

th ro u g h  an e lectro ly te  bath  w ith  the w ork p iece fo rm in g  

th e  an o d e. T h is  p ro cess d o es n o t give rise  to  N O x 

e m is s io n s ;

O  C h em ica l b r ig h te n in g  uses a m ix ed  acid so lu tio n

c o n ta in in g  p rin cip a lly  p h o sp h o ric  acid, n itr ic  acid  and 

su lp h u ric  acid  w ith  o th e r  ad d itio n s in clu d ing  w etting  

ag en ts and a n ti- fu m in g  agents. It is th is p ro cess step that 

p rin c ip a lly  g ives rise  to  e m issio n s in the fo rm  o f  N O x 

w h ic h  m u st b e  m ech an ica lly  ex tracted  and  treated  befo re  

d isch a rg e  to  a tm o sp h ere .

T h e  g reatest release  o c cu rs  w h e n  the w ork p iece is b e in g  

rem o v e d  fro m  the bath  but lesser co n tin u o u s releases d o  o ccu r 

fro m  the su rface  o f  the bath  in  n o rm a l op era tio n .a t a 

tem p e ra tu re  o f  1 0 0 —1 1 0°C.

Anodising

A p ro te c tiv e  o x id e  layer is d evelo p ed  o n  the a lu m in iu m  by 

p a ss in g  a lo w -v o lta g e  DC cu rren t th ro u g h  an  e lectro ly te  bath 

w ith  th e  im m ersed  w o rk p iece  a ctin g  as the an od e. T h e 

e le c tro ly te  can  b e  a lk alin e bu t m o st c o m m o n ly  su lp h u ric acid  is 

u sed  w ith  a typical stren g th  ran g e  o f  1 5 -2 5  w t% . P h o sp h o ric 

and  c h r o m ic  acids ca n  b e  used  fo r  sp ecial app lications.

T o a ch iev e  a satisfactory  fin ish  the ano d isin g  bath  m ust be  

ag ita ted  e ith e r  by a ir  sp arg in g  o r  by extern al rec ircu latio n

p ossibly  including electrolyte .cooling. A co n cen tratio n  o f  

a lum inium  builds up in the electrolyte during  anodising and 

m ust be  controlled by partial dum ping o f  the bath co ntents or 

by continuous purging, usually to an efflu ent treatm ent plant.

A technique know n as ‘hard an o d isin g ’ is achieved using 

ch illed  electrolyte to produce a d enser surface oxide layer.

Dyeing and sealing

T h e  alum inium  w orkpiece can be dipped in  organic or 

inorganic dyes to produce co loured  fin ishes; electrolytic 

co lo u rin g  techn iqu es are also available. In organ ic p igm ents 
contain ing heavy m etals may find use in dyeing operations.

To m aintain the colour fin ish  attained by dyeing, the surface 

m ust be sealed. This can be achieved by:

O  physical sealing'using a protective coating such as a 
solvent- based substrate;

O  water sealing using boiling de-ionised water;

O  chemical sealing o f  the oxide surface by reaction.with a 
chemical solution; and

O  chem ical sealing using n ickel acetate and co balt acetate 

salts

O  de-ionised water is usually required to avoid surface
contam ination from  dissolved salts found in tow n's water.

De-sm ut treatm ents betw een the key process steps are used to 

rem ove surface contam ination  and these can involve the use o f  

n itric  acid, b u t other reagents are now  m o re  co m m o n , such as 

ferric  sulphate.

Hydrogen evolved in the anodisin g  tank can  carry ou t som e 

sulphuric acid  mist w h ich  may requ ire alkaline scru b b ing  in 
exceptional cases.

Surface b leach ing  w ith  n itric acid  is so m etim es practised to 

remove o ld  dye from  rew orked p rod u ction  and may 

consequently  give rise to fum e.

T h e w orkpiece is im m ersed  in  rin se  w ater tanks betw een the 

various processing  stages; the acid  and alkaline w aste rinse 

waters produced, together w ith  other w aste stream s (ie  purge 
from  duodising b a th ), are usually neutralised  in an effluent 

treatment plant.

(b) Potential release routes from metal brightening

Releases to air

6  O xid es o f  n itrogen  from -th e ch em ica l b righ ten ing  bath. 

Releases to water

O  M etallic salts from  neutralised  w aste water.
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Releases to land

O  Precipitated m etal salts follow ing w aste-w ater treatm ent 

and dewatering.

x t

(c) Abatement techniques for metal brightening

In non-ferrou s m etal b righ ten ing  processes (eg anodising  o f  

a lu m inium ) the b righ ten ing  baths can u tilise proprietary  m ixed  

acid so lutions co n ta in in g  a fu m e suppressant, w h ich  serves to 

reduce N O x em issions but w ill not obviate the need  for 

su bsequent abatem ent before  release to air.

A w et scrubbing system  may be installed using, m ost 

com m only, sodium  hydroxide so lution  (approx. 2  w t%  ) but in 

som e applications achieving the release lim it fo r N O s m igh t be 

difficult.

A w et scrubbing system  em ploying hydrogen p eroxide as an 

oxid ising agent w ill give significantly  better N O x rem oval 

e fficiency  than sodium  hydroxide as well as a sm aller scru bbing  

plant albeit at the expense o f  increased op erating cost.

W aste-w ater stream s are usually collected  in an efflu en t 

treatm ent plant for neutralisation and solids sep aration; clarified  

w ater m ay be recycled  to  process w ith the solids disposed o f  to 

a licensed  waste disposal facility.

C onsideration should  be given to  ion -exchan g e m ethod s, w h ich  

w ould allow  recycling  o f  spent acid from  the anodising  process 

and also for the recovery o f  m etals used in the sealing process.

(d) Metal pickling -  stainless steei

N itric acid is used in the pickling o f  stainless steels and 

titan iu m . The p icklin g  o f  titan ium  is not w idely practised  and 

the follow ing description concentrates o n  stainless steel.

The pickling o f  stainless steel is necessary to rem ove the m etal 

oxid e scale, e ith er by dissolving or by detaching, that has been  

form ed  on the surface o f  the steel during hot w ork in g  and 

annealing processes.

Stainless steel p ick ling  is predom inantly  carried  ou t in  a m ixtu re 

o f  n itric  acid and hyd roflu oric acid. The concen trations o f  the 

two acids used varies accord ing to the quality o f  the stainless 

steel to  be pickled.

For austenitic stainless steels (1 6 —26% -ch ro m iu m , - 6 -2 2 %  _  

n ickel, 0 .)  5%  ca rb o n ), typically a so lu tion  co n ta in in g  15%

-1  7%  n itric  acid and 2 % -2 .5 %  hyd rofluoric acid  is used.

For ferritic  stainless steels (1 2 —1 8 %  ch rom iu m , up to  1% 

nickel, 0 . 1 % ca rb o n ), typically a solution co n ta in in g  1 0 % 

n itric  acid and 1 %  hyd roflu oric acid is used.

Process description

Pickling can be d one as a batch , sem i-batch , o r co ntin u ou s 

process and can also involve a nu m ber o f  stages using  d ifferent 

. baths.

All form s o f  stainless steel ( ie  sh eet, plate o r  tub e) can b e . 

p ickled , bu t the fo llow in g  p ro cess description co n sid ers a 

contin u o u s lin e op erating w ith  the steel in  the fo rm  o f  a co il. 

This co il is som etim es referred  to  as a 'b lack  hot band c o il ’ , the 

‘black’ term  referrin g  to  the co lo u r o f the scale d ep osit. Each 

o f  the steps d escrib ed  in the continuous lin e  can be carried  out 
as an individual batch  process.

Before passing in to  the acid bath s the steel is first annealed  and 

m ay then req uire sh o t blasting. The shot b lasting  p ro cess is 

carefully co ntro lled  so as to rem ove m ost o f  the scale but no t 

dam age the steel.

The op erations carried  out on  the pickling lines take p lace 

e ith er in totally en closed  equ ip m en t or in  eq u ip m en t fitted  w ith  

hoods. In e ith er case the un its are under co n tin u o u s ex traction . 

T he m odern design o f  bath recirculates the acid  using an 

external pum p throu gh nozzles m ounted w ith in  the bath 

creating agitation and im p rovin g  reaction co n d itio n s.

Sludge form ation  increases rapidly once there is m ore than  
approxim ately  5%  iron  in the acid  solution.

T he p ickling  process is carried  out at tem p eratu res up to  70°C  

d ependent up on the steel quality.

The reaction  betw een austen itic stainless steel and the acid  

so lution  is slightly en d o th erm ic  and heat can be added to  the 

baths to co ntro l the tem perature.

The reaction  betw een ferritic  stainless steel and the acid 

so lution  is exo th erm ic and co o lin g  o f  the baths is necessary  to 

co ntro l the tem perature.

A new  developm ent in stainless steel p ick lin g  is the d osin g  o f  

the acid  so lu tion  w ith  hyd rogen  peroxide. T his reduces the 

n itrogen oxid es em issions and  the quantity  o f  n itric  acid  used.

Pickling chemistry

T h e ch em ical reactions taking place du ring  p ick lin g  are 

com p lex  and the fo llow ing is only a sim p listic  rep resentation .

T he d om in atin g  ch em ical reaction  during p ick lin g  is the 

d issolu tion  o f  m etals (Fe, Cr, Ni and M o) by the n itric  acid  

w h ich  then react w ith  the hyd rofluoric acid  leading to  the 

form ation  o f  m etal com plexes. The fo llo w in g  are the reaction s 

for iron (th e  d om in an t m etal) with n itric  acid:

Fe +  4H+ +  N O j —  Fe3+ +  NO + 2 H 20

Fe +  6 H + +  3 N O ; Fe3+ +  3 N 0 2  +  3 H zO

W hen ferritic  stainless steel is pickled the surface is ox id ised  to 

create a passive layer.

In the m etal d issolu tion  reaction s NOx gases are fo rm ed , 

typically consisting  o f  equal quantities o f  N O  and N 0 2.

Som e o f  the liberated  N O x gas reacts w ith  the w ater present to  

form  nitrous acid in  acco rd an ce with the fo llow in g  ch em ical 

equ ation :
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N O  +  N 0 2  +  H zO  -  2 H N 0 2

T h e  sy stem  o f  d o sin g  w ith  h y d ro gen  p eroxid e is based u p on 

ih e  re a c tio n  b e tw een  the N O x gas and hyd rogen p eroxid e , 

w h ic h  fo rm s n itr ic  and  n itro u s acids, and the reaction  betw een 

th e  n itro u s  acid  and  h y d ro g e n  p e ro x id e  to form  m ore  n itric  

acid , all in  acco rd a n ce  w ith  the fo llo w in g  ch em ica l eq u atio n s:

N O  +  H 2 0 2  -  N 0 2  -I- H 20

n o 2  +  N 0 2  “  n 2 o 4

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

h n o 2  +  h 2 o 2  -  h n o 3  +  h 2o

T h e  c h e m ic a l re a c tio n  b e tw e e n  n itro u s acid and hyd rogen  

p e ro x id e  is ex trem ely  rapid , m u c h  m o re  so than the catalytic 

d e c o m p o s itio n  o f  h y d ro g e n  p e ro x id e  to  oxygen  and  water, 

a lth o u g h  th is rea c tio n  d o e s  in crease  w ith  tem perature.

H y d ro g e n  p ero xid e  trea tm en t o f  the p ick lin g  acid  n o rm ally  

gives a 2 0 —2 5 %  saving in  n itr ic  acid  co n su m p tio n .

(e) Potential release routes from metal pickling

Releases to air

#  G aseo u s e m iss io n s  o f  th e  o x id es o f  n itro gen  and 

hy d ro g en  flu o r id e  fro m  the p ick lin g  baths.

#  A cid  m ist e m issio n s fro m  the p ick lin g  baths.

#  P articu late e m iss io n s  o f  th e  m etal oxid es scale and shot 

frag m en ts ( ir o n )  g en era ted  fro m  the shot b lasting  o f  the 

sta in less steel.

#  G aseo u s e m iss io n s  fro m  acid  storage facilities.

Releases to water

#  N eu tra lised  acid  w aste  fro m  th e  e fflu en t treatm en t plant.

#  F u g itiv e  releases o f  acid  so lu tio n  co n ta in in g  dissolved 

m eta l salts fro m  th e  p rocess .

#  F u g itiv e releases o f  m e ta l-r ic h  slu d ge from  the p ickling  
bath s.

#  F u g itiv e releases o f  acid s fro m  the storage facilities 

p articu larly  d u rin g  road  tanker transfer op eratio ns.

Releases to land

#  - M etal h y d ro x id e  and  flu o r id e  w aste from  the efflu en t

trea tm en t p lan t.

#  C o lle cte d  d u st fro m  th e  sh o t b lastin g  (m eta l ox id es and 

ir o n ) .

(f) Abatement systems for metal pickling

Dust abatement technique

Shot-blasting equ ip m en t is norm ally  operated  w ith  m echanical 

air extraction. The dust-laden air is passed throu gh a bag filter 

p rio r to d ischarge to atm osphere via a vent stack.

NOx abatement techniques

T he oxides o f  n itrogen released from  the process can be 

m inim ised by  close co n tro l o f  acid  co n cen tratio n s and 

tem peratures. Pickling baths should be w ell covered and 

provided w ith  m echanical fum e extraction .

Addition o f  hydrogen peroxide to the bath can reduce N O x 

em issions by oxid ising  the n itrogen m on oxid e form ed  to 

nitrogen d io x id e  w h ich  is re-absorbed  w ith in  the bath acid. 

Emissions o f  N O x from  the bath can be reduced by up to  7 0 % , 

although the eco n o m ics  o f  this techn ique w ill need  to be 

assessed in relation to  the specific application.

Constant ad dition  o f  hydrogen peroxide to the bath at a p re

determ ined rate is co m m on ly  used to control the em ission s .o f  

nitrogen ox id es. Im proved d osing  control may be achieved by 

m easuring th e  redox p otential o f  the H N 0 3 / H N 0 2 /H 2 0 2  

m ixture.

N itrogen ox id es released from  the p ickling baths should be - 

further treated by passing them  through a series o f  packed wet 

scrubbers.

W here hydrogen p eroxide is not used as an oxidant in the 

pickling baths it can be used as the irrigant in the wet 

scrubbing system  for im proved p erform ance, but this may be 

less efficient than d irect in jection  in to  the bath.

Scrubbing w ith  sodium  hydroxide so lu tion  alone is unlikely to 

achieve the N O x BAT level unless equ ip m en t design allow s for 

the long N O  oxid ation  tim es required . Caustic so lutions w ill 

perm it recirculation o f  the scru bbing  liq u or and w ill 

consequently  reduce the treated w ater req u irem ent (w h ich  

w ou ld  otherw ise be required  w ith  w ater alone) and su bsequent 

w aste disposal volum e. T he presence o f  nitrates m ay requ ire 

effluent treatm ent be fo re  final disposal.

Spent acid disposal techniques

An ion exchange process can be used to achieve recovery and 

recycling o f  acid . Dissolved m etals and sludge that rem ain after 

acid  recovery can be treated using conventional effluent 

treatm ent tech n iq u es involving neutralisation, sed im en tation  

and filtration.

Filtrate should  be recycled  for process use w here practicable. 

F ilter cake co n ta in in g  m etal hydroxides is typically disposed o f  

to  licensed landfill.
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(g) Dissolution of metals and metal alloys - basic 
-principles

Introduction

Almost all n itrates are soluble, so reactions o f  many m etals w ith 

n itric  acid are used as a route fo r the m anufacture o f  a w ide 

range o f  chem icals.

Recycled m aterials are dissolved in n itric  acid to  recover 

precious m etals, particularly in  the electron ics industry.

Process description

U is not possible to cover the sp ecific  industry applications in 

this N ote but rather to  cover basic  com m on principles. It 

should be no ted  that m any m etal dissolution processes m ay be 

m ore aptly d escribed  under Sectio n  4 .5  o f  the Regulations.

T he processing  steps are usually fairly sim ple, norm ally 

involving batch  dissolver vessels to  w h ich  the m etallic m aterial 

and n itric acid o f  varying strength are added.

The m etal can be in various form s inclu ding billets, sheet, w ire 

or small particles. T he size and resulting surface area presented 

affects the rate o f  d issolution and consequently  the rate o f  

evolution o f  N O x and other gases. The rate o f  reaction also 

depends on tem perature and, as reactions are ex o th erm ic, it is 

often  necessary to have a dedicated  coolin g  system  associated 

w ith the reaction  vessel. The n itric  acid strength, as w ell as 

in flu encing  the reaction rate w ill also give rise to variable 

p roportions o f  n itrogen m o n oxid e and n itrogen d ioxide, w hich  

w ill require treatm ent.

Gases evolving from  the dissulver vessels are m echanically  

extracted and passed through a scru bbing system  before release 

to atm osphere via a vent stack.

D ependent u p on  the process application, the solution rem ain ing  

on com p letion  o f  the reaction w ill be either concentrated  for 

subsequent use or neutralised to  separate the desired 

com ponen ts. T h e  spent liq u or rem aining after separation may 

require further treatm ent for d isposal i f  recycling o f  w astes is 

not possible.

Chemistry

In general, the no b le  m etals are no t attacked by n itric acid. T in , 

arsenic, antim ony, tungsten and m olybd enum  are converted  to 

oxides, w hile th e  rem aining m etals form  nitrates. Iron and 

ch rom iu m  b e co m e  passive in- concentrated  n itric  acid, and lead 

nitrate form s a protective film  on  lead.

D uring reaction , part o f  the n itric  acid is reduced to N 0 2, NO 

and N 20  tog eth er w ith  n itrogen , hydroxylam ine and am m o n ia , 

depending u p on  the tem perature o f  reaction , the acid 

concentration  and  the m etal involved. _  _________

It has been suggested  that the prim ary  reaction in all cases is the 
produ ction o f  nascent hydrogen, and this is follow ed by 

secondary and tertiary  reactions. Taking cop p er in dilute n itric

acid as an exam ple, this may be presented in  a sim p lified  form  
as fo llow s:

O  Prim ary reaction

3Cu +  6 H N O 3  —*  3 C u (N 0 3 ) 2  + 6 H

O  Secondary  reaction

6 H +  3 H N 0 3  —  3 H N 0 2 +  3H 20

O  Tertiary reaction 

3HNOz = HNOj + 2NO +H20

For co m p arison  the overall reaction o f  z in c  w ith  d ilu te  n itric  

acid  m ay be presented as follow s:

4Zn +  IO H N O 3 —■> 4 Z n (N 0 3 ) 2  + 5 H 20  +  N zO

The m echan ism s o f  form ation o f  NOx gases a ris in g 'fro m  the 

d issolu tion  o f  m etals can be com plex but the less ob v io u s sid e- 

reactions that o ccu r do not usually affect, to  any d egree, the 

basic gaseous oxid e constitu ents that req u ire  to  be abated.

(h) Abatement techniques for dissolution of metals

W here batch d issolver vessels are used clo se  process co n tro l 

should  b e exercised  to m in im ise surges in N O x em ission s. T his 

may inclu de:

Q  adequate tem perature controls;

O  liq u id  level ind ication ; and

©  size grading o f  metals used and m eans to  co n tro l the feed 

rate.

Vessels should  be adequately enclosed against excessive air 

ingress and su b ject to m echanical fume ex traction . All 

em ission s should be passed through a scru b b in g  system  befo re  

d ischarge to atm osphere.

W et scru bbing  system s based o n  packed tow ers o r h igh  

efficien cy  venturi may be em ployed. T h e  use o f  reagents such  

as hydrogen p eroxide in the circulating so lu tio n  w ill, m ost 

likely, be  necessary to achieve the required N O x em ission  lim its.

In a sim ilar m anner to that described for the p ick lin g  o f  

stainless steel, it may be p ossible to in ject h y d ro g e n .p ero x id e  

in to  acid  so lutions to suppress NO* em issions. T h is w ill on ly  

be possible in applications that do not p ro m o te  unstable 

d ecom p osition  o f  the oxidant.

2.3.6 Recovery of nitric acid

It may be eco n o m ic*to  recover spent n itric  acid  o r  the ox id es o f  

nitrogen generated  in a n u m b er o f  process ap plications utilising  

n itric  acid . Consequently, it is probable that su ch  p ractices w ill 

be ancillary to o th er processes that may be m ore  aptly d escrib ed  

in  other sections o f  the Regulations^1.
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S o m e  exam p les o f  n itr ic  acid  recov ery  p rocesses are given 

below .

(a) Ion exchange In the recovery of spent metal 
pickling acid

D u rin g  th e  p ick lin g  o f  sta in less stee l, th e  qu ality  o f  acid  in the 

bath  d eterio ra tes  as a resu lt o f  th e  p ro cess reaction  and 

a ssocia ted  sludge fo rm a tio n .

Sp ent acid s c o n ta in in g  d isso lved  m etals are period ically  

d isch a rg e d  from  the p ro ce ss , typ ically  in to  a settlin g  tank, and 

th en  filtered  to rem ov e so lid s p r io r  to  feed ing  to  an acid  

re g e n e ra tio n  un it.

In th e  acid  re g en era tio n  u n it th e  sp ent acid  is passed th rou g h  a 

sp e cia lly  prep ared  res in  b ed . T h e  free  acid  is 'a b so rb e d ’ in to  

th e  resin  bed  w h ilst the d isso lved  m etals pass th ro u g h .

T h e  a b s o rb e r  is th en  reg en era ted  by passing  w ater th ro u g h  the 

resin  to  d isp lace the ‘a b s o rb e d ’ acid s, w h ich  are then  sent to 

sto ra g e  fo r  re-u se.

T h e  m e ta l-r ic h  w aste stream  fro m  th e  acid  reg en eration  un it is 

passed  to  an e fflu e n t tre a tm e n t plant w h ere  it is m ixed  w ith  the 

rin se  w aters used to  clean  the p ick lin g  baths.

T h e  c o m b in e d  w aste stream  is th en  n eu tra lised , typically using 

c a lc iu m  h y d ro xid e, b e fo re  p assing  to  c larifiers w h ere , w ith  the 

aid o f  flo ccu la n ts , th e  m eta l h y d ro xid e  p recip itates are rem oved 

as a slu dge.

T h is  slu d ge is th en  passed  th ro u g h  a filte r  press o r a rotary 

v acu u m  filter, and th e  resu ltin g  filte r  cake is sen t to  a licensed  

la n d fill. T h e  filtrate is re tu rn ed  to  the e fflu ent plant settlin g  

tank.

D e p en d in g  up on the p ro cess  w o rk lo ad , acid reg en era tion  units 

can  save up  to ap p roxim ate ly  3 5 %  o f  acid  by recycling .

(b) Extractive distillation of nitric acid •

A lth o u g h  the n itra tio n  o f  Organics is covered  by a separate IPC 

G u id a n ce  N o te SZ 4 . 0 2 (1,\ su ch  p ro cesses m ay in co rp o rate  an 

acid  reco v ery  sy stem  as a m ean s to  red u ce  op eratin g  costs and 

w h ic h  in turn serves to  red u ce  p o ten tia l w aste stream s. As an 

e x a m p le , th e  m an u factu re  o f  n itro g ly ce r in e  involves an org an ic 

n itra tio n  u sing a m ix e d  n itr ic  acid  an d  su lp hu ric acid  so lu tio n . 

T h e  bu jp lru ric acid  can  b e  reco v ered  fo r sale by u sing  steam  to 

d riv e  o f f  th e  n itr ic  acid  p referentially . T h e  n itr ic  acid  fu m e can 

b e  co n d e n se d  for re c y c le  b a c k  to  th e  p rocess. T h is process is 

s im ila r  to  that d escrib e d  e a rlie r  fo r n itr ic  acid co n cen tra tio n  by 

e x tra c tiv e  d istilla tion .

(c) , Absorption of oxides of nitrogen

O th e r  p rocesses u s in g  n itr ic  acid  g ive rise  to  the gen eratio n  o f  

o x id e s  o f  n itro g e n  ,and  the a b s o rp tio n  o f  su ch  em issio n s in 

w a ter o r  w eak acid  at lo w  p ressu re m ay allow  recy clin g  o f  the 

n itr ic  acid  recovered . H ow ever, it  is un likely  that achievable 

re lease  levels w ill be  m e t w ith o u t fu rth e r  scru b b in g  o f  the

effluent gases be fo re  d ischarge to atm osphere.

(d) Potential release routes

Releases to air

•  Oxides o f  n itrogen from  cond enser pu rge gas scru b ber in 

extractive d istillation , o r from  tail gas scru b b in g  in low - 

pressure w ater/w eak acid absorp tion .

Releases to water

•  Weak acid  effluent from  purge scru b ber and from  plant 

w ash-dow n.

Releases to land

•  Metal hydroxides and flu orid e-con ta in in g  com p ou nds in 

filter cake arising from  n itric  acid recovery using ion 

exchange m ethods.

2.4 Halogens

2.4.1 Manufacture of Fluorine

(a) General

Fluorine can be produced by the electrolysis o f  anhydrous 

hydrogen flu orid e, dissolved in potassium  b iflu orid e. The 

m ixture has a m elting p oin t o f  approxim ately  80°C  and the 

electrolytic cells are operated  in the 8 5 ° -9 0 ° C  tem perature 

range. O peration at these co n d itio n s is op tim u m  and 

processing advantages include:

•  low H F vapour pressure:

•  use o f  tem pered w ater as coolant;

#  less co rro sion  at the anode; and

#  accom m od ation  o f  w ider variations in electrolyte 

com p osition .

T he principal reactions are:

2HF - *  F 2  +  H 2

2KHF 2 —  2KF +  F 2  +  H 2

CelL die individually ccn n cc ted  to  on ex tractio n  sy«fem 

Hydrogen released at the cathode is scru bbed  to  rem ove traces 

o f  fluorine and hydrogen fluoride before release to  atm osphere. 

Potassium hydroxide is preferred  as the scru b b in g  m edium  

since the so lu b ility  o f  potassium  flu orid e is greater than that o f  

its sodium analogue. T h is reduces the risk  o f  scru b ber 

blockages.

Fluorine is produced under a slight positive pressure (5 0  m m  

water g au g e). N itrogen , in trodu ced  via sealing  glands, serves 

both as a padding m edium  and as a carrier gas. T h e  gas 

m ixture is o ften  fed directly to  the user process.

In circum stances involving the b o ttlin g  o f  the
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nitro gen / flu orin e m ixture, the gas is fed direct from  dedicated  

cells to  a com pressor. N o inventory o f  pure gaseous flu orin e is 

m aintained.

HF is recovered from  the gas stream  by con d ensation  and 

recycled  to the cells.

Releases to  atm osphere from  the process, in to  w h ich  the 

flu orin e p rod u ction  is fed, are sim ilarly scrubbed  w ith  aqueous 

potassium  hydroxide.

(b) Potentialrelease routes 

Releases to air

O  Fluorin e, hydrogen fluoride and hydrogen from  

absorbers.

Releases to water

O  Potassium  fluoride in scrubber liqu ors.

O  H yd ro fluo ric acid, as a dilute so lu tio n  follow ing use o f  

the em ergency  hydrogen fluoride scru bbing system .

Releases to land

O  Redundant cell lin ings and carbon anodes.

O  W aste electrolyte solids.

O  H ydrogen flu oride absorbed on polyacrylam ide arising 

from  em ergency  treatm ent o f  sm all spillages.

O  C alcium  flu oride from  treatm en t.o f aq u eou s w astes 1 0  

rem ove fluoride.

2.4.2 Manufacture of chlorine

(a) General

C h lo rine is m ain ly  produced  by the e lectro lysis o f  so d iu m  

ch lo rid e  brine o r  occasionally  potassium  ch lo rid e  brin e. It is 

also m anufactured  as a by-product in  th e  electrolysis o f  fused 

salts o r fused m ix ed  salts, eg  sodium ch lo rid e/ ca lciu m  

ch lo rid e/ b ariu m  ch loride producing so d iu m  m etal, o r  so d iu m  

ch lorid e/ calciu m  chloride/m agnesium  ch lo rid e  p ro d u cin g  

m agnesium , o r lith iu m  ch loride/ potassium  ch lo rid e  p ro d u cin g  

lith iu m . The basic process for the electrolysis o f  b r in e  is sh ow n 

in  Figure 2 .1 3 .

(b) Purification of brine

B rine from  salt cavities at about 25%  so d iu m  ch lo rid e  is 

purified  by pH ad ju stm ent, precipitation, flo ccu latio n  and 

settling o f  ca lciu m , m agnesium  and iron  im p u rities.

A cidification o f  b rin e  feed liberates C O z fro m  b r in e-feed  tanks, 

w h ich  may be vented  to atm osphere. T h e  qu an tity  o f  so lids fo r 

disposal depends o n  the p u rity  o f  the ro ck  salt used to  m ake the 

brin e. The sludge generated  may be filtered , and  the so lid  

disposed o f  as cake to a licensed  waste disposal facility.

Feed brin e  may also  be produced in a resatu ration  process 

w here im ported  pure salt o r  r 6 ck salt is added in co n tro lled  

quantities to a recycled  m o th er liquor. P u rification  by pH 

ad ju stm ent, p recip itation, flocculation and filtration  is requ ired ,

Figure 2.13 Chlorine production process
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o n  a fu ll flo w  or sid e stream  basis, to  k eep  levels o f  im p u rities 

at th e  re q u ire d  c o n c e n tra tio n . M em b ra n e  and  m ercu ry  cells 

m ay use recy c led  b r in e  re q u ir in g  d e ch lo r in a tio n  by 

a c id if ic a tio n , vacu u m  strip p in g  and  air b low ing.

S o d iu m  ca rb o n a te  is g en era lly  used  for p recip ita tin g  calciu m  

io n s , as c a lc iu m  ca rb o n a te , fro m  th e  b r in e . C 0 2  m ay also be 

u sed ; w ith  the advantage o f  red u ced  so lid s w aste.

B r in e  p u rific a t io n  fo r  m e m b ra n e  ce lls  is o f  critica l im p o rtan ce  

to  lo n g  m e m b ra n e  life  and  h ig h  effic ien cy . Im p urities need  to 

b e  rem o v e d  d o w n  to  p arts p er b illio n  levels by io n  exch an g e 

re s in  u n its , w h ic h  th en  req u ire  reg e n e ra tio n  w ith  cau stic  soda 

a n d -acid  w ash in g .

(c) Electrolysis of brine

A n 'a q u e o u s  so lu tio n  o f  so d iu m  ch lo rid e  is d ecom p osed  

e le c tro ly tic a lly  by  d irect cu rre n t, p ro d u cin g  ch lo rin e , hyd rogen 

and  so d iu m  h y d ro x id e  so lu tio n . T h is  takes p lace in  tw o parts: 

c h lo r in e  is evolved at the an o d e, and at the cathode cau stic soda 

and  h y d ro g e n  are p ro d u ced  d irectly  or ind irectly  d ep en d ing  o n  

th e  ty p e  o f  cell. A typical o p era tio n  w o u ld  involve large 

n u m b e rs  o f  cells.

T h e  ov erall rea c tio n  involved  is:

2N aC l +  2 H 20  —  C l 2  +  H 2  +  2N aO H

T h e re  are  th ree  b as ic  p ro cesses u sing  d ifferen t types o f  cells 

d e sc r ib e d  in  the fo llo w in g  sec tio n s:

•  th e d iap h rag m  cell p ro cess ;

•  th e  m e rcu ry  ce ll p ro cess ; and

•  th e  m e m b ra n e  cell p rocess .

Diaphragm cell

F igu re 2 .1 4  provides an illustration o f  the basic cell. The anode 

area is physically separated from  the cathode area b y  a 

perm eable asbestos-based  diaphragm . Saturated b rin e  is 

introduced into the anode co m p artm en t and flow s through the 

diaphragm  in to  the cathode com partm ent.

C h lo rin e is generated  at th e  anode w hereas sodium  ions 

m ig rate  preferentially to the cathode w here hydrogen is evolved 

and sodium  hyd roxide form ed . Som e m igration o f  sodium  

io n s across the d iaphragm  occurs in b o th  d irections and, as a 

result, current e fficien cy  w ill b e  less than 1 0 0 % and im pu rities 

su ch  as sodium  salts arise in the brine/caustic stream s.

C austic brine fro m  the cells is separated in to  sodium  hydroxide 

and  salt in an evaporation unit. The sodium  hydroxide 

produced co n ta in s residual sodium  ch lo rid e. T he salt separated 

is partly or w h o lly  recycled  to recon centrate  the in co m in g  

b rin e . C hlorine, w ith ca rb o n  d ioxide, oxygen,- and hydrogen 

im pu rities; is liquefied  and  tail gas contain ing the residual 
ch lo rin e , plus inerts, may b e  routed via scrubbers and 

neutralised in  sodium  hyd roxide, m aking sodium  hyp och lorite  

solution.

T h e  special w aste p roblem  o f  the diaphragm  process arises from  

th e  use o f asbestos for th e  diaphragm . Asbestos waste is su b ject 

to  the Asbestos R egu lations and requires 'sp ecialised  handling 

and landfill req u irem ents. (22)

Mercury cell

A n arrangem ent for the m ercu ry  cell is given in Figure 2.1 5. In 

th is process, m ercu ry  flo w s dow n the inclined  base o f  the cell, . 
form ing the cathode. T h e  hot saturated brine flow s co -

Figure 2.14 Simplified diaphram cell

SATURATED BRINE

DILUTE NaOH 
AND NaCL

DIAPHRAGM
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Figure 2.15 Mercury cell
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currently on top o f  the m ercury and anodes are suspended in 

the flow ing brine. M ercury cell tech n ology  is w ell established 
but, due to en v iron m en tal'co n cern s relating prim arily  to 
releases o f  m ercury, intergovernm ental pressure favours 

replacem ent o f  the m ercury cell by o th er cell types.

A pplication o f  effective abatem ent techn iques on existing  
m ercury cell processes has led to substantial reductions in 

m ercury em issions. These can effectively be considered  as BAT 

for m ercury cells and include the fo llow ing:

©  Removal o f  Hg from  w eak and strong hydrogen stream s, 

by a co m b in atio n  o f  ch illin g , co olin g  and use o f  activated 

carbon.

©  C om bination  o f  m echanical/physical treatm ent to recover . 

m etallic m ercury, dow nstream  o f  the cells (eg  vibration, 

vacuum  cleaning, freezing, water je t treatm ent).

O  D em ercurisation  o f  cau stic soda, o r  potash, w ith  plate or 

candle filters that have been  p re-coated  w ith activated 

carbon .

©  Chem ical treatm ent o f  process gases w ith oxidants such 

as ‘hyp o’ , ch lorinated  b r in e , H 2 O z solutions

©  D em ercurisation o f  liquid  effluents using sulphurous

precip itation_(to H gS). o r specific io n  -  exch ang e resins.

®  D istillation o f  m ercury from  solid w astes and recycle.

@  Changes o f  cell co n fig u ratio n , such as steeper bases to 

reduce depth o f  m ercury film , and vertical d ecom posers

D ECO M POSER

to  m in im ise surface area o f m ercury. T h ese ch an g es assist 
in  reducing the qu antity  o f m ercu ry  required  and its 
vaporisation.

The co st o f  changing  from  m ercury cell tech n o lo g y  to 
m ercu ry -free  techn ology  is high , not just in  plant hardw are, 
but in train ing  operators and  gaining o p eratio nal ex p e rien ce . 

O perators are therefore exp ected  to plan their transition  to 

m ercu ry -free  techn ology  in such a way that sig n ifican t su m s o f  
capital o n  further en d -o f-p ip e  abatem ent eq u ip m en t is not 

spent to  gain sh ort-term  environm ental im p rovem en ts i f  in  the 

m ediu m  term  a m ercu ry -free  solution has been  clearly 
iden tified  and is achievable.

In op eratio n , ch lo rin e  gas'is produced at the anode and a 

m ercury—sodium  am algam  at the cathode. T his am algam  flow s 
out o f  th e  cell over a weir in to  a d ecom p oser w here it reacts 

w ith  w ater generating hydrogen and so d iu m  hyd roxide 

so lu tio n , typically 4 7 - 5 0  w t% . The m ercury, stripped  o f  its 

sodium  co n ten t is recirculated  back, to  the cell. D ep leted  b rin e  
from  the cells is d ech lorin ated  and may be recircu lated  or 

disposed o f  after treatm ent to  remove m ercury.

Hot m o ist ch lo rin e  from  the cells contain s sm all am ou n ts o f  

m ercu ric  ch lorid e. This is removed alm ost com p lete ly  in the 
coolin g  process and may be fed back to  the b r in e  w ith  the 

condensate.

Caustic liq u o r may be filtered  in candle filters o r  le a f  filters to 
reduce th e  m ercu ry  content to  about 4 0 m g / t.

The cau stic produced from  th e  m ercury ce ll process has a sm all 

but m easurable co n cen tratio n  o f  mercury. T h is can cau se 

dow nstream  contam in ation  o f  the products m anu factu red  by its
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u se. In so m e  cases, it has resu lted  in  a m easurable m ercu ry  

d isch a rg e  fro m  p ro cesses u sing  cau stic  soda produced  from  this 
p ro ce ss  o r  its p ro d u cts. T h is  can  lead to  e fflu en t treatm en t 

p ro b le m s. M u ch  o f  U K  in d u stry  uses the h ig h -q u a lity  cau stic  

p ro d u ced  fro m  m ercu ry  cells. A ch a n g e  to  p ro d u ctio n  o f  

ch lo r in e / c a u stic  b y  o th e r  m ean s m ay cau se d ow nstream  

o p e ra tio n a l p ro b le m s due to  d iffe re n c e s  in  qu ality  su ch  as 

c o n ta m in a tio n  o f  ca u stic  w ith  so d iu m  ch lo rid e .

All co n ta m in a te d  m ateria ls that have c o m e  in to  co n ta ct w ith  

m e rc u ry  (e q u ip m e n t, au x ilia ry  ch e m ic a ls , w ash w ater, w aste 

g ases , scrap  ce lls , e tc )  sh ou ld  have th e  m ercu ry  rem oved  p rio r 

to  d isp osal.

Membrane cell

A ty p ica l m e m b ra n e  ce ll is sh o w n  in  F igu re 2 .1 6 . M em b ran e 

ce lls  are a ssem b led  o n  the sam e p rin c ip le  as filter presses/plate 

h ea t e x c h a n g e rs  in layers o f  m e m b ra n e s  separated  by spacers. 

T h e  ce lls  are th e re fo re  very co m p a ct and  o ffe r  sign ificant 

re d u c tio n s  in ce ll ro o m  area.

In th e  m e m b ra n e  ce ll p ro cess , the a n o d e  and  cath ode are 

sep arated  by a c a tio n -p e rm e a b le  io n  e x ch a n g e  m em b ran e . O nly 

ca tio n s  and  w ater pass th ro u g h  th e  m em b ran e . A d em ineralised  

w a te r  feed  is req u ired  to  th e  ca th o ly te , w h ich  is recycled  to  the 

e le c tro ly se r  co m p a rtm e n t.

As in  the m ercu ry  cell p ro cess , the d ep leted  b rin e  fro m  the 

ce lls  m ay b e  d e ch lo r in a te d  and recirculated^using so lid  salt to 

resa tu ra te  the b r in e . In  certa in  m ercu ry  cell plants a o n ce - 

th ro u g h  b r in e  flo w  is e c o n o m ic . H ow ever, this m ay n o t be 

a ttractiv e fo r  so m e  m e m b ra n e  cells d u e  to  co st, s in ce  the life  o f  

th e  m e m b ra n e  is d ep en d en t o n  very h ig h -p u rity  b r in e  that has 

b e e n  treated  by io n  e x ch a n g e . T h e  3 0 - 3 5 %  sodiu m  hyd roxide

Figure 2.16 Simplified membrane cell

so lu tio n  leaving the cell contain s less than 2 6 0  m g/ m 3  salt, and 

concentration to  4 7 —5 0 %  sodium  hydroxide m ay be required 

for sale.

C h lo rin e product from  the m em brane process tends to be m ore 

aggressive chem ically  than ch lo rin e  produced  by  other cell 

processes, although the reasons are no t com p letely  understood. 

C onsequently pipew ork and other m aterials w ill have shorter 

lives.

(d) Advantages/disadvantages of cell types

Diaphragm cells

T hese must be operated  n ear their specified  capacity to allow  

successfu l op eration. A m ix ed  stream  o f  cau stic soda in b rin e 'is  

produced , w h ich  requires further treatm ent to  produce caustic 

o f  the required strength and ch lo rid e  content. Even after this 

treatm ent, the residual b rin e  co n ten t may prevent its use in 

.so m e applications.

T h e asbestos d iaphragm  d oes degrade w ith  op eration  and the 

resultant asbestos waste req u ires specialised handling.

Mercury cells

C hlor-alkali processes u sing  m ercury  tech n o log y  have an 

in h eren t disadvantage ow in g  to products and by-products 

contam inated w ith  m ercury  being  released in to  the 

environm ent. BAT techn iqu es, as described  can reduce total 

m ercu ry  losses to  about 1 g/ tonne o f  ch lo rin e  capacity but 

ca n n o t com pletely prevent m ercury from  bein g  released to  the 

environm ent.

Cell room  ventilation air can be a relatively large source o f  

release o f  m ercu ry  to the environm en t.

SATURATED BRINE

DEPLETED BRINE

PURE WATER

► NaOH

MEMBRANE
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M ercury rem oval is no t norm ally attem pted from  ventilation air, 

as the co n cen tra tio n s are kept below  0 .0 5  m g/ m 3  by 

ventilation, and treatm ent o f  the very large volum es o f  air 

involved w ou ld  be very expensive. M ercury  loss to  cell room  

should  b e m in im ised  by effective co n ta in m en t, inclu ding  use o f  

effective op erating  and m aintenance techn iques to  m in im ise 

losses to  the cell room .

M ercury in process air, eg from  cell end b ox ventilation, or the 

vacuum  clean in g  system s, can be treated by m eth od s sim ilar to 

those used for hydrogen.

Liquid efflu ents w ill also contain m ercury, w h ich  w ill require 

treatm ent p rio r to discharge.

M ercury cell op erations and their routine rep lacem ent produce 

quantities o f  solid w astes, w hich must be regarded as m ercu ry- 

contam inated . Each cell requires rep lacem ent every six years or 

so. Periodically the cell is drained and the bare cell is rinsed 

w ith  hyd rogen peroxide to rem ove, as H g2+, m ercu ry  that has 

am algam ated w ith the steel baseplate. D epending on  the 

process, the total m ercu ry  lost as solids can b e up to  2 4  

g/ tonne ch lo rin e  p rodu ction. M ercury- contam in ated  solid 

wastes are landfilled.

Caustic soda, ch lo rin e  and hydrogen produced using 

techn olog y  such  as the m em brane cell o r diaphragm  cell have 

the advantage o f  being m ercury free.

Membrane cells

M em brane cells p ro d u ce high-purity. low -stren g th  cau stic soda. 

T h eir m ain p roblem  is that very pu re b r in e  is req u ired  and the 

ch lo rin e  generated  in th e  cell can be co n tam in ated  w ith  2 —3%  

oxygen . Special corrosion-resistant co n stru ctio n  m aterials are 

required  in th e  initial h igher-tem p eratu re zones o f  the plant.

This process has low er pow er usage, and has no m ercu ry - 

contain ing  produ ct stream s.

The advantages and disadvantages o f  the three cell types are 

sum m arised  in  Table 2 .2 .

(e) Chlorine gas treatment

Wet gas from  the cells m ust be co oled , d ried , com p ressed  and 

liquefied  under pressure by refrigeration. Export as ch lo rin e  

gas (w ith  im pu rities su ch  as oxygen and h y d ro gen) 1 0  

consu m in g plants elsew here on the sam e m anu factu ring  site, 

has benefits in  m in im isin g  production o f  so d ium  h y p o ch lo rite  

in the final ch lo rin e  absorp tion  plant.

Cooling and drying

The drying o f  ch lo rin e  is accom plished  by initial co o lin g  o f  the 

gas from  the ce ll. Excessive cooling sh ou ld  be avoided to 

preclude the p rodu ction  o f  chlorine hydrate. Su lp hu ric acid  

( 9 6 - 9 8  w t%  )  is then used to reduce the m oisture  co ntent to

Table 2.2 Comparison of Electrolytic Cells

D isa d v a n ta g e s

D ia p h ra g m  Cells N o  mercury in products or wastes. Poor performance during turn-dow n operation. 

M ixed  product of dilute N a O H  and brine 

requires further treatment and concentration, 

with significant energy use.

Asbestos waste.

M ercury  Cells

•>

i

Proven and well-known technology. 

Insensitive to production upset 

conditions.

Lower investment at h igher current 

densities (CDs).

Capacity increase at m ost existing 

plants by C D  increase.

N o  N a O H  concentration required.

Products and wastes contain mercury. 

Higher energy use.

H igher cell maintenance.

M e m b ra n e  Cells

i

Produce high-purity, low-strength  

N aO H

Reduced energy use.

N o  mercury in products or wastes. 

M ore  m odern technology.

Less maintenance.

Easier operations.

Requires very pure brine feedstock.

H igher investment.

M ore  sensitive to production upset conditions.

N a O H  needs concentration, increasing 

energy use.

Need for higher level of plant personnel.

Chlorine product can be contam inated ‘ 

with 2 -3 %  0 2.

Special materials o f construction required.
4
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less th an  1 3 0  m g / m 3  in  a serie s  o f  co n ta c t  tow ers. W aste acid 

is d e c h lo r in a te d  b y  a ir b lo w in g  and is n o rm a lly  sold, but may 

b e  re c o n c e n tra te d  fo r  re -u se  o r  u sed  fo r  trea tm en t o f  efflu en t. 

C h lo r in e  p ro d u ce d  fro m  the so d iu m  p ro cess receives sim ilar 

tre a tm e n t. H ow ever, o w in g  to  ih e  p re se n c e  o f  dust and fu m e 

th e  gas stream  is first w ash ed  w ith  a rec ircu la tin g  ch illed  w ater 

sy s te m  c o m p r is in g  a spray to w er fo llo w ed  by a packed tower. 

So lid s in su sp e n sio n  are d ealt w ith  in  an e fflu e n t treatm ent 

p lan t by  pH  c o rre c t io n  and  se ttlin g  to  rem o v e su spended  solids.

Compression, liquefaction and storage

E ffic ie n t ce n tr ifu g a l m a ch in e s can ach iev e  m ulti-stage 
c o m p r e s s io n  u p  to  ap p ro xim ate ly  3 .0  barg. C o m p resso r seals 

are  f itted  w ith  a p ressu rised  p u rge to  in h ib it  leakage o f  ch lo rin e  

to  th e  a tm o sp h ere .

A u to m a tic  co n tro l o f  th e  c o m p re sso r  by-p ass is used to 

m a in ta in  th e  c e l l ’s d esig n  pressu re c o n d it io n , w h ich , under 

u p set c o n d it io n s , is a lso  e ffe c te d  by r e lie f  to  th e  ch lo rin e  

a b s o rp tio n  sy stem  in c o n ju n c tio n  w ith  a fan.

C h lo r in e  liq u e fa c tio n  is u n d ertak en  in  co n d en se rs , w h ic h  are 

a rra n g e d  to  a llo w  liq u id  c h lo r in e  to  flo w  to  stock u n d er gravity. 

T h e  c h lo r in e  co n ta in s h y d ro g e n , o x y g e n , n itro gen  and carb on  

d io x id e  co n ta m in a n ts . T h ese  m u st b e  a llow ed  for in  the 

s u b s e q u e n t use o f  the gas as a p ro cess feed sto ck , o r  in avoiding 

e x p lo s iv e  co n c e n tra tio n s  d u rin g  liq u e fa c tio n  o f  the ch lo rin e .

N O T E . N o t all p lants avoid exp lo siv e  reg im es. So m e are 

d e sig n e d  to  o p era te  w ith in  these co n d itio n s , w ith  vessels that 
are  s tro n g  e n o u g h  to  w ith stan d  d e to n a tio n .

All liq u id  re lie fs  fro m  c h lo r in e  storag e tanks'p ass to  closed  

e x p a n s io n  tanks and on ly  th en ce  by co n tro lle d  release to  the 

c h lo r in e  a b so rp tio n  p lant. R efrig era ted  storag e m ay be used as 

a p p ro p ria te . T h e  liq u id  c h lo r in e  fro m  th e  bulk tank can be 

u sed  as a feed sto ck  for o n -s ite  p ro cesses , load ed  in to  co n ta in ers , 

road  o r  rail tankers.

T h e  se le c tio n  o f  re frig era n t to  ch ill and  liq u efy  c h lo r in e  gas 

has s ig n if ic a n t e n v iro n m en ta l im p lica tio n s . R efrig eran ts w ith  

s ig n if ic a n t o z o n e  d e p le tio n  p o ten tia l su ch  as 

c h lo ro flu o ro c a rb o n s  (C FC s) sh o u ld  be rep laced  w ith  n o n -o z o n e  

d e p le tin g  refrig era n ts . ‘T ra n sitio n ’ re frig era n ts  su ch  as 

h y d ro c h lo r o flu o r o c a rb o n s  (H C FC s) sh ou ld  also be rep laced  in 

the lo n g e r  term . R efr ig era n ts  that are rem ov ed  m ust b e  sent to 
an a u th o rise d  o p e ra to r  fo r  d estru ctio n

C o n v e rs io n  o f  e x is tin g  sy stem s w ill involve co n sid era tio n  o f  

several fa cto rs , su ch  as:

rev iew  o f  th erm o -p h y sica ] p ro p erties ;

©  c o m p a tib ility  w ith  c o m p re sso r  lu b rican ts;

®  h eat tran sfer e ffic ie n c y ;

©  p o w e r re q u ire m e n ts ; and 

©  h e a lth  and  safety.

Distillation

C h lo rin e  is som etim es d istilled  to rem ove contam inants. 

A m ongst these can be n itro gen  trich lorid e, and highly 

ch lo rin ated  m aterials such as hexachloroethane, 

H exachlorobenzene and hexachlorobu tad ien e arising from  

traces o f  organic m aterials in  the b rin e feedstock. These 

ch lo rin a ted  heavy ends tend to  be fully substituted and should  

be destroyed by therm al ox id ation  w ith  recovery o f  hydrogen 

ch lo rid e . Detailed guidance is given in  IPC G uidance N ote S2
5 .0 1  ‘Waste Incineration’ 0<l>.

(f) Hydrogen gas treatment

Strong hydrogen

H yd rogen produced from  the am algam  ‘d ecom p oser’ is referred 

to  as ‘strong h y d ro gen ', ind icating  its high co ncentration . It is 

fo rm ed  from the e x o th erm ic  reaction o f  sodium  am algam  w ith 

w ater. Mercury vapour is en trained  in the process stream . 

C o o lin g  the gas stream  reduces the concen tration  o f  m ercu ry  to 

a few  m g/m 3. M ercury  vapour condenses and is co llected . It is 

rep orted  that low er levels can be achieved using m ore advanced 

ad sorbents such as m olecu lar sieves in com bin ation  w ith 

co o lin g  m ethods to  attain em ission  levels equivalent to 2 .5  m g 

H g/ ton ne ch lorine.

H yd rogen  may b e  com pressed  and co o led , to reduce the 

m ercu ry  content further. A dditional pu rification can be 

achieved  using activated carb on  adsorbers. T h e hydrogen is 

e ith er used as a feedstock to other m anufacturing processes 

su ch  as HC1 m anufacture, stored p rior to bein g  sold, bu rned  as 

a fu el, o r less probably  vented to atm osphere.

A tw o-stage m eth od  for the rem oval o f  m ercury from  hydrogen 

cu rren tly  in use in  Europe appears to  be particularly effective.

T he first stage o f  the process involves com pressing and co o lin g  

the hydrogen to  -20°C . T hese co nd ition s generate ice crystals, 

w h ich  nucleate the gas, p rom otin g  rem oval o f  the mercury.

T h is is reported to  reduce the m ercu ry  content to less than

1 p p b in the ex it gas, w h ich  is then fed into the second  stage.

T h e  second stage passes th e  hydrogen over p allad iu m ,w hich  

am algam ates w ith  the traces o f  m ercu ry rem aining , com p leting  

the removal process.

Weak hydrogen

A further hydrogen stream  is produced from  m ercury cells 

d u rin g  the w ash op erations perform ed o n  the m ercury, o n  its 

en tran ce to, and exit from , the cell. The qu antities o f  hydrogen 

are m uch sm aller, and are diluted w ith  air to  m ain tain  the 

concentrations below  explosive lim its. This hydrogen stream  

also  contains m ercury’, w h ich  may be treated by addition o f  

ch lo rin e . The ch lo rin e  reacts w ith  m ercu ry to  form  H g 2 C l2, 

w h ich  deposits as a solid . The cleaned  gas is vented to 

atm osphere.

T h e  m ercurous ch lo rid e  residue is w ashed w ith  ch lorinated
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brine, which reacts to form HgCl42' and is recycled to the
electrolysis plant. D uring electrolysis the HgCl42' com p lex

produces m ercu ry  m etal and ch lo rin e .

(g) Potential release routes

Releases to air

•  C h lorine from  absorbers. ,

•  C arbon dioxide m ay be vented from  brin e acid ification 

tanks.

•  Waste, unsold  hydrogen.

•  In the m ercu ry  cell process, m ercu ry  may be released in 

vapours from  brin e system s, process air and cell ro o m  

ventilation system .

•  Fugitive em issions from  ch lo rin e  handling system s. 

Releases to water

•  Waste b rin e  from  the cells. NOTE: Brine is purged from  

m em b ran e cells to reduce the levels o f  sodium  sulphate 

and/or sodium  ch lorate  in the cells.

•  C h lorine-contam in ated  w ater contain ing  residual 

dissolved free ch lo rin e  o r h yp och lo rite .

•  Spent su lphuric acid  from  ch lo rin e  drying is discharged, 

unless sent for re-use.

®  W aste scru b ber liq u o r (h y p o ch lo rite  in caustic) fiu iit uie 

absorp tion  plant.

•  Brine m u d , filter w ashing and w aste liquor from  the 

b rin e p u rification  plant.

•  M ercury contam in ation  may be present in any liquid  

efflu ent discharges from  m ercu ry  plants.

•  M ercury contam in ation  o f  rain -w ater effluents from  

m ercu ry  process plants.

Releases to land

•  D ew atered filter solids from  b r in e  pu rification.

__ Bagged asbestos fro m  scrap d iap h ragm s._______________

•  There is a risk o f  m ercu ry  d ischarge in  all solid  wastes 

from  m ercu ry  plants, eg treatm ent sludges, spent ion 

exch ang e resins, spent active carb on  from  w ater 

treatm en t and scrap cells.

. #  ^ M e m b r a n e s  from  m em b rane ce lls .___________ „ ____

(h) Chlorine Production as a by-product

Production of sodium by electrolysis of fused salt

C hlorine gas is produced by sodium  cells as a by-product in

the electrolysis o f  fused sodiu m  ch lo rid e m ix ed  w ith  ca lc iu m  

ch lo rid e  and bariu m  ch lo rid e . This is un dertaken  at 6 0 0 °C  in a 

b rick -lin ed  diaphragm  cell w ith  graphite*anodes and  a w ater- 

co o led  steel cathode. The process is h o t and dusty w ith  m any 

m anual op erations. The by-product c h lo r in e  is co n tam in ated  

w ith  salt and siliceou s particles, w hich m u st be  rem ov ed  in an 

extra w ash ing stage, but is otherw ise treated  as w ith  a b rin e  

e lectro ly tic  cell.

Production of magnesium by electrolysis of fused salt

C h lo rin e gas is produced in  the electrolysis o f  a fused  salt 

m ix tu re o f  m agnesium  ch loride/ sod iu m  ch lo rid e/ ca lciu m  

ch lo rid e . The techn ology  is similar to  the p ro cess d escrib ed  for 

the p rod u ction  o f  sodium .

C h lo rin e produced  by the above processes is generally  han dled  

su bsequently  as described earlier w ith in  this sec tio n , excep t that 

additional fro n t-en d  clean -u p  is required.

2.4.3 Manufacture of bromine

(a) General

B ro m in e  occurs in  nature as soluble b ro m id e  salts. T h ere  are 

tw o ch em ically  sim ilar processes w orld w id e for ex tractio n  o f  

b ro m in e : a tw o-stage p rocess from sea w ater and a s im p ler o n e- 

stage process fro m  richer brines. O nly the sea w ater p ro cess is 

used in  the UK, '

B y-p rodu ct liqu id s co n ta in in g  brom ine or hyd rogen  b ro m id e 

m ay be e ith er returned  to th e  brom ine plant fro m  users, o r  

treated w ith  ch lo rin e  on -site , for the recovery  o f  b rom in e .

(b) Extraction from sea water

T he sea-w ater process is illustrated in  F igu re 2 . 1 7 .

Sea w ater un der am bient conditions, co n ta in in g  ab o u t 65  

m g/ litre o f  b ro m in e  as various brom ides and  brom ates, is 

acid ified  w ith"sulphuric acid  to pH 3 - 3 .5  to  avoid the fu rth er 

form atio n  o f  brom ates. C hlorine is added to 5 - 1 0 %  excess 

over stoich iom etry. This releases the b ro m id es as free b ro m in e , 

w h ich  is then stripped ou t b y  a large co u n ter-cu rren t flow  o f  

air in  a packed tower. T he brom ine-laden air is co n tam in ated  

w ith  ch lo rin e . T h e  reaction  is:

2N aBr +  Cl7  — *~ Br? j^ 2 N a C l_________ __________________ _______

In the first recovery stage, brom ine-lad en air is fed to  an 

a bsorber in to  w h ich  w ater is sprayed. Im m ed iately  p rio r  to  the 

w ater spray, su lphur d ioxid e is in jected, w h ic h  along  w ith  w ater 

reacts w ith  the brom ine to  form  hydro b ro m ic  acid  and so m e 

h y d ro ch lo ric  acid . This tends to be .in  d rop let fo rm  and  the

—  off-g a s stream  is-therefore-passed-through a bed  co a lescer -----

w h ere  d isentrainm ent o f  the hydrobrom ic acid  and 

h y d ro ch lo ric  acid  occurs. T he blown a ir is recycled .

T he governing equation is:

B r r +  S O ^ + ^ H jO  ^  2HBr~ + H2 S 0 4 ~
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Figure 2.17 Bromine manufacture

CHLORINE AND WATER RECYCLE

WASTE BRINE

The excess sulphur dioxide in the gas stream passes through the 
bed coalescer. This gas stream is then fed to the bottom  o f the 
brom ine stripping colum n w here it contacts the stripped brine 
containing residual (unstripped) free halogen. This reduces 
the level o f  free halogen typically to 18—20 m g /m 3 in the 
discharged waste brine under norm al operating conditions.

Mixed acids (mainly hydrobrom ic acid and sulphuric acid) are 
transferred from the coalescer to the bulk storage tanks to be 
used as feedstock for the next stage o f  the brom ine recovery 
process.

In the second concentration stage, the brom ine is recovered by 
rechlorination o f the acid liquor. Two variants o f this are in 
current use.

The first m ethod uses two packed columns. The mixed acid 
stream is contacted w ith chlorine (less than stoichiometry) 
added at am bient tem perature in the first column. The 
b rom ine liberated forms a separate phase at the bottom  of the 
colum n and is separated off to be com bined with bromine 
form ed in the second column.

The aqueous phase from  the first colum n w ith dissolved 
b rom ine and hydrogen brom ide is passed into a second column 
w here further chlorine (to slight excess) is added together with 
steam at the bo ttom  of the column.

The second colum n bottom  tem perature is controlled at 1 00°C 
so that the liquor leaving the base o f  the column, stripped o f 
dissolved gases, is clear and colourless, containing only trace 
levels o f  chlorine or brom ine. (This effluent liquor from the 
colum n is used to acidify incom ing brine in the first part o f the 
process). The overhead tem perature is maintained at about 
9S°C and is at atm ospheric pressure.

The second m ethod uses one colum n. There is no  pre-stage 
chlorination. All o f  the chlorine and steam is added at the base 
o f  the colum n, w hich is operated as described above.

The disadvantage o f  this second m ethod is that a lower- quality 
aqueous effluent is generated w ith higher levels o f  free chlorine 
and brom ine.

Overhead condensers produce a mixture of liquid bromine and 
water. This is separated under gravity into two phases, bromine 
and an acid liquor, which is recycled to the process.

Vents from the separators pass up a packed tower where they 
meet the incoming acid liquor and where they receive a 
primary scrub to remove bromine and chlorine before passing 
to the bromine scrubber.

The bromine scrubber uses sea water, which then passes to the 
dilute acid tank and is recycled. The effluent from the scrubber 
contains dissolved bromine and normally returns to the dilute 
acid tank. It is possible for this effluent to be put to drain in 
emergencies. It must not pass directly to an open drain.

The dilute acid tank has a sea water scrubber and a second 
caustic soda scrubbing stage for treating vented gases. The 
caustic scrubber effluent is rejected, at 4% caustic containing 
bromides, and recirculated into the dilute acid tank. Failure to 
replenish the caustic would allow the presence of dissolved free 
bromine.

Wet bromine, containing traces o f chlorine, from the separators 
is contacted w ith the incoming hydrobromic/hydrochloric acid 
feed to remove the chlorine.

After dechlorination some o f the wet bromine is dried counter- 
currently with concentrated sulphuric acid prior to sale or use 
in ctis rnamifactvir ~ of liydro^cn tromidw. Tliw rsst of tlis 
bromine may be used in processes where wet bromine is 
acceptable.

The sulphuric acid waste stream saturated with bromine from 
the drying operation is recycled to acidify incoming sea-water.

(c) Bromine loading and storage/chlorine storage

Dry bromine is loaded into road or rail containers or bottles 
specifically designed for its transport. Stock tanks are fitted 
w ith double bursting discs with a tell-tale indicator between, 
venting to a lead-lined expansion tank, which is then able to 
vent to the bromine scrubber system.
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Transfer is accomplished by compressed air from an automatic 
pressure-controlled system. All tanks are equipped with 
breathers leading to the vent scrubber via a non-return valve.

Imported liquid chlorine from tankers is ofT-loaded into stock 
tanks with similar facilities to those for bromine storage.

(d) Potential release routes

Releases to air

© Bromine, chlorine and sulphur dioxide from absorbers 
and strippers.

Releases to water

© Sea water, depleted in bromides but containing the
sulphuric acid used to acidify the brine, is returned to 
the sea at a location remote from the intake. There is 
likely to be a slight excess of mercury compared with 
natural levels in sea-water, if the stripping chlorine 
originates from the mercury cell process.

Releases to land

•  ' Wastes from plant maintenance.

© Solids from brine treatment.

2.4.4 Manufacture of iodine

(a) General

No primary iodine manufacture or recovery is undertaken in 
the UK, although resublimation of crude iodine to produce a 
high-purity product is carried out. Iodine was formerly 
manufactured by the burning o f seaweeds (kelp) but is now 
recovered from iodine-containing brines in the United States 
and from nitrate deposits in Chile. The Japanese are major 
producers.

(b) Potential release routes

Iodine is unusual in having a significant vapour pressure (90.5 
mm Hg) at its melting point o f 113.6°C. Hence usage and 
resublimation o f iodine can give rise to atmospheric release of 
iodine vapour, and also iodine dust. Containment o f this is 
discussed under potassium iodide production? -

2.4.5 Processes using or releasing halogens or halogen 
compounds

(a) Manufacture of lithium

Lithium is produced by the electrolysis of a molten eutectic 
mixture o flith ium  chloride and potassium chloride in gas- 
fired cells. Chlorine gas, co-produced in the cell, is absorbed in 
sodium hydroxide to produce a sodium hypochlorite solution 
for commercial sale.

There are no membranes or separators within the cell to enforce

separation of lithium and chlorine, avoidance o f  recombination 
being dependent on  the induced draught extracting the 
chlorine gas. The gas streams are manifolded to a venturi, 
followed by a packed scrubbing column, where sodium 
hydroxide (15% initial concentration) is used to produce 
sodium hypochlorite solution.

Further information on sodium  hypochlorite production is 
given in Section 2.4.5 (d).

Lithium chloride is generally manufactured on a batch basis by 
the addition oflith ium  carbonate powder to concentrated 
hydrochloric acid (34%). Effervescence results, with the 
carbon dioxide given off carrying over some hydrochloric acid 
spray.

The mixing tank is under slightly reduced pressure, resulting 
from the induced draught on  the scrubber exhaust. Off-gases 
are scrubbed in a single-stage reinforced glass-reinforced plastic 
(GRP)/PVC-lined, packed scrubber, using dilute caustic soda.

Crystallisation o f lithium chloride is effected by evaporation or 
spray drying.

Releases to air

•  Chlorine and carbon dioxide from absorbers.

Releases to water

•  Sodium chloride and residual sodium hydroxide in 
scrubber liquors.

Releases to land

© Spent eutectic (lithium and potassium chloride
contaminated with a build-up o f  impurides) requires 
periodic disposal as ‘special waste’ to landfill.

(b) Manufacture of ferric chloride

Chlorine gas and hydrochloric acid are used in the batch 
manufacture o f ferric chloride solution. Mild steel off-cuts are 
commonly used as the source of iron.

Ferrous chloride (10%) solution is made using fresh 
hydrochloric acid, spent pickling liquors (containing 2—3% 
hydrochloric acid) and steel off-cuts. Ferrous chloride 
(2 5 wt%) is'addedr This mixture'is then reacted with gaseous 
chlorine, in a lined and lidded vessel, to oxidise the ferrous 
chloride to ferric chloride. Additions are regulated to produce 
a 43-44%  solution.

In the continuous process, the plant comprises an iron dissolves 
a packed ferrous tower and a packed ferric tower. Pickle liquor 
and dry chlorine are fed counter-currently, w ith the pickle- 
liquor introduced into the ferrous tower and the chlorine into 
the ferric tower.

The reaction vessels are exhausted to atmosphere via a scrubber, 
w ith 10% ferrous chloride liquor being used, as the scrubbing 
medium.
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Releases to air

•  Chlorine and hydrogen chloride from absorbers and 
ferrous towers.

Releases to water

•  None.

Releases to land

•  Sludges accum ulating in reaction vessels are periodically 
disposed of, off-site, as ‘special wastes’ to licensed 
landfill.

(c) Manufacture of aluminium chloride

A lum inium  chloride is made in a continuous process from 
alum inium  metal and chlorine. Ingot alum inium  is charged to 
a refractory crucible furnace in which it is melted (660°C).
Dry chlorine is passed into the m olten charge and forms 
alum inium  chloride vapour. This reaction is exothermic and 
sufficient to melt further alum inium  as it is introduced.
External indirect cooling is also-required. The alum inium  
chloride vapour leaves the furnace through a vapour duct, 
w hich passes to the air-cooled condensers.

A lum inium  chloride crystals form  on the condenser walls and 
are periodically removed (by vibrating the walls o f the vessel), 
crushed, screened and packaged in m oisture-tight containers.

Packaging, product handling and storage conditions must avoid 
contact w ith moisture and may require dry air or nitrogen 
conditions.

W ith proper regulation o f  the chlorine addition rate, very little 
free ch lorine should exist in the exit gases from the furnace. 
However, a protective scrubber, using caustic solution, is placed 
beyond the condenser to absorb any unreacted chlorine, hydrogen 
chloride and alum inium  chloride that may pass through. The 
waste liquid  effluent, containing hypochlorite from the 
scrubber, can be catalytically treated to make a brine solution.

Polyalum inium  chloride (PAC) is also manufactured in the UK, 
using a batch reaction in w hich hydrated alumina is reacted 
first w ith hydrochloric acid, then w ith sulphuric acid at 
elevated tem perature in a two-stage process. The basic forms of 
alum in ium  sulphate and alum inium  chloride are then reacted 
together foi ilie final polymerisation stage. The product is 
cooled, filtered and diluted w ith dem ineralised water. The 
products are PAC and hydrated alum ina, which is either 
recycled or disposed o f  as a controlled waste.

Releases to air

•  Chlorine and hydrogen chloride from  absorbers

•  Particulate alum inium  chloride dust from classifying and 
packaging.

Releases to water

•  C austic /b rine/so lu tion  from  catalytic treatment.

•  Soluble aluminium compounds removed as hydroxides.

Releases to land

•  Castable refractory (drosses and inert impurities in the 
aluminium feed material) removed from the furnace 
periodically during maintenance.

•  Spent hydrated alumina from the PAC process.

(d) Manufacture of sodium hypochlorite

Sodium hypochlorite is commonly obtained as the' tail gas 
scrubber liquor in chlorine production. A solution o f caustic 
soda is circulated, generally through a packed scrubbing 
column.

It can also be obtained by selectively scrubbing tail gas from the 
chlorination o f  organic compounds using caustic solution.

An alternative method includes dedicated in-situ electrolysis of 
high-purity brine using a proprietary membrane process. The 
chlorine is immediately reacted with a bleed o f the co-product 
caustic soda to yield the hypochlorite. Hydrogen is normally 
vented to atmosphere.

In some instances, liquid chlorine may be vaporised and fed 
directly to a purpose-built scrubber. The reaction is very 
exothermic. Heat extraction by use o f an exchanger in the 
circulation loop will be required at higher production rates.
This also minimises sodium chlorate production.

The product m ust be maintained above pH 1 1, to minimise 
decomposition. Contact w ith heavy metals (Ni, Co, Cu, Fe) 
also catalyses decomposition. Hence materials used for plant 
and equipment are commonly high-performance plastics or 
rubber-lined steel.

Abatement

The abatement techniques are typically those o f chlorine 
abatement processes. They include scrubbing o f off-gases to 
remove chlorine and treatment of liquid wastes from the 
electrolytic process with sodium thiosulphate to minimise free 
chlorine. Acidic liquid wastes are segregated and neutralised 
before thiosulphate treatment. The combined wastes are 
discharged as aqueous waste.

Releases to air .

•  Chlorine from absorbers.

•  Hydrogen from electrolytic process.

Releases to water

•  The in situ electrolytic process produces a neutralised 
aqueous waste.

Releasse to land

•  ' None.
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(e) Manufacture of phosgene (carbonyl chloride)

The significant processes using phosgene in the UK are 
predominantly for organic chemicals manufacture. Liquid 
phosgene may be manufactured for sale.

Phosgene is manufactured from gaseous chlorine and carbon 
monoxide. In most cases gaseous phosgene is required for 
various downstream processes. Either crude phosgene is 
supplied direct, where there is no need for purification such as 
in the production o f isocyanates, or alternatively pure phosgene 
as in the production of polycarbonates. The specific plant 
design concept depends on required product purity, its intended 
use and raw material specification as well as on local conditions 
and regulations.

Typically phosgene plants for production o f gaseous phosgene 
have a capacity o f between 20 and 600 kg/h o f phosgene and 
consist of two main process units: reactor and absorber. Carbon 
monoxide can be supplied in gas cylinders or can be generated 
in situ by partial combustion ofliquified petroleum gas (LPG), 
coke, natural gas, etc. Chlorine is usually supplied as a liquid in 
cylinders or from bulk storage located on-site.

Phosgene is manufactured by the exothermic gas-phase catalytic 
reaction of chlorine and carbon monoxide at temperatures o f 
150—180°C and pressure typically 1.1 barg. The catalyst is 
normally activated carbon. The heat o f reaction is removed by 
circulating oil on the shell side of the tubular reactor cooling 
the phosgene' gas supply pipe to typically SOX.

Product purity o f crude gaseous phosgene would typically be 
carbonyl chloride 97.5 wt% with traces o f chlorine. Other 
contaminants such as carbon dioxide, carbon monoxide, 
hydrogen chloride, oxygen and uilrugeii make up the balance.

A caustic scrubbing system is used for neutralising phosgene 
and chlorine gas from vent and purge air streams and during 
upset conditions. Phosgene reacts slowly to give sodium 
carbonate and sodium chloride solutions. Some small phosgene 
unit packages have double containment which is purged.
Package units can include phosgene detectors for purge air from 
the double containment system.

Owing to the hazardous nature o f phosgene common practice 
is to scrub the olf-gas stream with a series of scrubbers with an 
additional scrubber provided to act as an emergency back- up.

Residual gases may be burnt to convert phosgene to carbon 
dioxide and HC1. One advantage in this is that other pollutants, 
such as solvents and CO, will also" becom  busted. Combustion 
gases will, however, contain HCl.and will require scrubbing. 
Detailed guidance on the avoidance o f the formation o f dioxins 
and furans is given in IPC Guidance Note S2 '5.01,10).

Releases to air

O Carbon monoxide, chlorine and phosgene from 
absorbers.

O Hydrogen chloride, carbon dioxide from combustion
gases. NOTE: Phosgene hydrolyses only slowly in water,

generating carbon dioxide and hydrogen chloride. Any 
release o f  phosgene to moist air can therefore contain 
these gases.

Releases to water

O  Sodium carbonate, sodium chloride and sodium  
hydroxide in scrubber liquors.

Releases to land

O  catalyst from phosgene reactor.

(f) Manufacture of titanium dioxide by the chloride 
process

As stated in Section 2.2.7(a) titanium dioxide is also produced 
using the chloride route. Chlorine gas is used as an 
intermediary in the process and is recovered for re-use. The 
chloride process can treat a w ider range o f ores than the 
sulphate process including natural rutile (95% TiOz), synthetic 
rutile (93—96% TiOj) and lower-concentration ores. Higher- 
concentration ores are preferred to minimise chlorine losses, 
because impurities, such as iron in the ore feed result in a net 
loss o f chlorine. Significant quantities o f make-up gas are 
required.

Figure 2.18 Outline flow diagram (Chloride process)
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A schem atic block diagram illustrating the primary processing 
stages is given in Figure 2.18.

Ore, containing titanium  dioxide, and coke are fed to a 
fluidised-bed reactor where an exotherm ic reaction with 
chlorine gas takes place at 1000°C. The primary reaction is:

2TiOz +  4CI2 + 3C —  2TiCl4 + 2CO +  COz

Im purities such as iron oxide will react in a similar manner: .

FeO + Cl2 + C —  FeCl2 + CO

Im purities such as silica and zirconium  do not chlorinate and 
may rem ain accumulated in the reactor. There is however a 
natural attrition/carry-over o f  fines along with the off-gases, 
and this may be sufficient to prevent build-up. Otherwise the 
solids will require periodic removal. The reactors require total 
bed replacement about once per year.

The resulting vapours o f titanium  tetrachloride plus other 
volatile metallic chloride im purities are cooled w ith recycled 
cold TiCl4, w hich allows removal o f some impurities. The gas 
stream  is then condensed and pum ped to a dedicated storage 
facility.

Further purification by distillation is carried out and the 
distillate product stored.

From storage, the liquid titanium  tetrachloride is heated and 
reacted w ith oxygen at around 1S00°C to yield chlorine and 
titanium  dioxide powder. These are cooled and the powder is 
collected in bag filters.

Oxidation

O xidation o f  the TiCl4 to titanium  dioxide and chlorine is 
carried out at between 1000 and 1500°C in a plasma arc 
furnace, using oxygen injection. The reaction involved is:

TiCl4 +  O z —  TiOz + 2C12

The oxidation phase is used to control the final quality o f TiOz 
crystal size for the pigm ent. The oxidation products are a 
m ixture o f  chlorine and oxygen gases and titanium dioxide 
powder. These are quenched after exiting the reactor, normally 
by indirect water cooling. The titanium  dioxide is slurried with 
w ater and transferred to the finishing stage. Finishing treatment 
is sim ilar to that o f  the sulphate process, including conditioning 
w ith  additives. Chlorine is separated in one o f two ways. In 
the first (the older process) chlorine is absorbed/desorbed in 
liquid titanium  tetrachloride before being returned to 
chlorination. In the second process the chlorine from oxidation 
is directly recycled to chlorination. The basic processing stages 
are similar.

Absorption/desorption process

In the oxidation stage o f  the older process, the oxide is 
separated from the carrier gas, w hich is predominantly 
chlorine. The oxide is slurried in water and sent for finishing. 
The chlorine gas is drawn from  the fibers and then absorbed in

liquid titanium tetrachloride in an absorption column. This 
liquid is stored, whilst the tail gases pass to a caustic scrubbing 
train, to remove residual chlorine, w ith inerts passing to the 
main process stack.

I
Chlorine is recovered by desorption from the liquid titanium 
tetrachloride. The recycled chlorine is liquefied and stored or 
direcdy used in the chlorination section.

Chlorine recycle process

This process involves direct recycle o f chlorine from oxidation 
to chlorination, by operation of the oxidation reactors at a 
higher pressure than the chlorinators.

Abatement Systems for Cases

Off-gases from chlorination that include carbon monoxide, 
carbon dioxide'with some hydrogen chloride and titanium 
tetrachloride pass through the scrubbing train. Aqueous 
scrubbers absorb the HC1 and then caustic scrubbing removes 
any chlorine that may ‘slip’ from the reaction stage. This is 
achieved either using a dedicated caustic scrubber with back-up 
caustic injection available or by injection o f caustic into an 
aqueous scrubber in the event that chlorine is detected. Sodium 
hypochlorite produced can either be sold or destroyed 
catalytically before discharge. It is practicable to produce sales- 
grade hydrochloric acid in the first stage of scrubbing using 
demineralised water.

All other venting and reliefs from the process and storage areas 
are scrubbed with caustic soda solution to make hypochlorite.

Currently, thermal converters are being installed to convert 
carbon monoxide in the tail gas to carbon dioxide, which 
reduces the toxicity of the discharge gases.

Abatement systems for liquids

Metal chlorides and coke from the reaction stage can be treated 
either by neutralisation with lime, resulting in metal hydroxide 
precipitates which are filtered and landfilled, or by converting 
these wastes into by-product hydrochloric acid and metal 
oxides. The conversion process involves roasting the metal 
chlorides in air to form HC1 and leaving the oxide as a solid. 
Steam may be raised with a waste heat boiler. The process has 
potential for producing a relatively inert oxide w ith sales 
potential (as an inert filler). It also allows for recovery o f the 
chlorine content of the wastes as hydrochloric acid (and hence
r h l n r i n ^  v a l n p j  i f  a c i d  IS £ o I d ,  H C t  H C U tT l i iS S d .

Abatement systems for solids

Waste solids from the chlorination stage, which mainly include 
metal chlorides, coke and some ore, are neutralised in a wet 
chalk-Ume slurry. The metals are precipitated as hydroxides. 
The filter cake is landfilled and the aqueous filtrate is discharged 
to estuarial waters.

Sand may be used to scour titanium dioxide from the oxidation 
cooler. It is then separated through lock- hoppers and sent to 
landfill, or re-used.
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Releases to air

O Hydrogen chloride from absorbers.

O  Chlorine from absorbers and storage tanks.

O  Titanium tetrachloride from storage vents.

NOTE. Normal practice is for vents from items of 
equipment to be manifolded to a vent header and drawn 
through an aqueous scrubber by an induced draught fan 
to atmosphere. Separate maintenance areas are ventilated 
via aqueous or caustic scrubbers.

O  Carbon m onoxide/carbon dioxide tail gas emissions to 
stack. (Percentage o f monoxide to dioxide varies 
between 20 and 40%, unless thermally converted to
co2).

Releases to water

O  Hydrochloric acid from aqueous scrubbers.

O  Aqueous waste from neutralised effluent treatment.

O  Filtrate from lime neutralisation effluent treatment 
filtration.

O  Sodium hypochlorite from caustic scrubbing.

Releases to land

O Metal hydroxides filtered out from lime neutralisation 
effluent treatments.

O Metal oxides from effluent treatment plant.

O Inert materials from chlorinator beds.

(g) Manufacture of potassium iodide

Potassium iodide is produced by the reaction o f potassium 
hydroxide with elemental iodine. Flake iodine charged as a 
solid is dissolved, on a batch basis, in potassium hydroxide 
solutions, in a hooded mixing vessel. Where required, the 
potassium iodide produced is subsequently purified by 
crystallisation. Iodine dust and vapour (iodine readily sublimes 
because o f its high vapour pressure at its melting point) that is 
released to atmosphere, principally during the charging 
operation, is scrubbed with a 3-4% potassium hydroxide 
solution. _The resultant-iodate liquor is recycled: The reaction 
is:

3I2 + 6KOH —  5KI + KI03 + 3H20

KJOj can be recovered as a useful co-product, by 
crystallisation. Alternatively it can be heated in a gas-fired 
furnace to produce additional potassium iodide:

2 KI03 —  2KI + 3 0 2

The fused iodide is redissolved in water and purified by pH

adjustment w ith COz. Barium carbonate, potassium carbonate, 
hydrogen sulphide and iron iodide are added to precipitate 
heavy-metal impurities and sulphates. The KI is then 
recrystallised.

Recovered iodine and potassium hydroxide scrubber liquors can 
be returned to process. This represents effective abatement o f 
the iodine vapour.

Releases to air 

O Iodine from absorbers.

O Flue gases, if gas firing is used for iodide recovery from 
iodate.

Releases to water

O Potassium, hydroxide/potassium iodide scrubber liquors 
during wash-down operations.

(h) Manufacture of chlorine dioxide

This is the only chlorine oxide of commercial importance. It 
exists at ambient temperatures as a greenish-yellow gas (b.p.
11°C) and is a powerful oxidising agent. It is explosively 
unstable and has high toxicity.

Production of chlorine dioxide in the UK is on a small scale. 
However, it is a major tonnage chemical on a worldwide basis 
and virtually all bleached chemical pulp mills use one or more 
chlorine dioxide bleaching stages.

The explosive nature o f the gas prevents its transportation. It is 
therefore manufactured adjacent to its point o f  use and 
immediately absorbed in water (commonly at 6 -10  g/litre) for 
storage and process use.

The only economic route for the generation o f  chlorine dioxide 
in significant quantities is by the reduction o f  sodium chlorate 
in a highly acidic medium. The reaction consumes both the 
acid and reducing agents, which are therefore continuously 
added to the reaction vessel. Commonly available reducing 
agents are sulphur dioxide, hydrochloric acid or methanol.

Small-scale generation of chlorine dioxide

Chlorine dioxide can be generated in solution for the relatively 
low levels required by the textile and tallow industries, and for 
water purification purposes, by the oxidation o f  sodium- 
chlorite. Gaseous chlorine is commonly used as the oxidising 
agent, although other agents can be used.

These small-scale uses can, however, give rise to gaseous 
chlorine dioxide in the working environment, which 
constitutes an atmospheric release.

Abatement systems are typically those used for handling 
chlorine or its halides.

Releases to air

O  - Losses-of chlorine dioxide'from absorbers.
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•  H ydrogen chloride and chlorine.

(I) Interhalogen compounds

W hile a considerable num ber o f  interhalogen compounds are 
know n to exist, their usage in general terms tends to be small. 
The exception is iodine m onochloride, w hich is generated in 
situ for use in iodination reactions.

The pollution abatement techniques applicable are as for the 
individual halogens.

2.5 Hydrogen halides

2.5.1 Manufacture of hydrogen fluoride -

Hydrogen fluoride in its anhydrous form exists as a low- 
boiling-point (19.5°C) colourless liquid. It is highly soluble in 
water, form ing hydrofluoric acid, and fumes strongly in contact 
w ith moisture. The vapour is corrosive and highly toxic, and 
both the vapour and aqueous solutions can cause particularly 
serious burns to skin and tissue, which warrant a specialist 
medical response.

(a) Process

Hydrogen fluoride is manufactured by the reaction o f  fluorspar 
(calcium fluoride) w ith concentrated sulphuric acid. For 
anhydrous material (as opposed to hydrofluoric acid 
production) it is necessary to ensure elimination o f  water from 
the reaction mixture. This is achieved in two ways:

•  pre-drying o f  calcium fluoride powder to remove 
residual traces o f m oisture (this can contain 5—10%

' moisture, as received), the drying operations possibly 
giving rise to dust emissions; and

®  use o f oleum  to absorb excess moisture.

The reaction is normally carried out in sloping and heated 
(300°C) rotating kilns. The two raw materials are fed into one 
end o f  the rotary kiln and calcium sulphate removed from the 
other. Hydrogen fluoride gas, together with a number of 
gaseous and particulate im purities, is withdrawn, under 
vacuum, via a header at the inlet end o f  the kiln. An 
emergency gas removal system, ducted to a stand-by scrubber, 
is com m only installed on the outlet end.

The spent calcium sulphate from the reaction is deliberately 
discharged from the kiln still containing 1-2% calcium 
fluoride, since it is m ore free-flowing with this composition. 
This acidic by-product com m only generates sulphur trioxide 
fume. Emission o f this fume is prevented by admixing with 
calcium oxide in the discharge conveyor system, which 
neutralises acidic com ponents w ith no consequent release of 
sulphur trioxide to air.

Crude hydrogen fluoride gas, plus impurities, is drawn from 
the kiln under vacuum at circa 160-180°C,-by tail gas fans at 
the end o f the scrubbing/condensing train. It is initially 
scrubbed and cooled w ith concentrated sulphuric acid to

remove dust, sulphur trioxide mist and water vapour. The 
cooled, scrubbed gas mixture o f hydrogen fluoride 
contaminated with sulphur dioxide and fluosilicic acid at about 
20°C (only slightly above its boiling point) is passed through 
condensers to give a liquid containing 98% hydrogen fluoride.

Hydrogen fluoride o f this purity is o f a quality acceptable for 
some manufacturing operations such as aluminium fluoride, 
synthetic cryolite and sodium fluoride production.

Where the anhydrous hydrogen fluoride produced as above is 
not o f acceptable quality for further manufacturing operations, 
it can be purified further by fractional distillation. Fractional 
distillation of the crude 98% material will yield 99.9% 
anhydrous hydrogen fluoride. Low-boiling-point substances 
such as sulphur.dioxide, fluosilicic acid and silicon 
tetrafluoride, leaving the top condenser o f the rectifying 
column, will be saturated with hydrogen fluoride. These are 
passed through a concentrated sulphuric acid absorption 
column to recover the hydrogen fluoride. This is subsequently 
released from the acid when it is used as the scrubbing medium 
in the pre-purifying stages.

The exit gases are further scrubbed in a water absorption 
scrubber, to yield an aqueous solution o f fluosilicic acid. Tail 
gases from this unit are commonly vented to atmosphere via a 
further water absorption unit, through which all fluorine- 
containing tail gases from other site operations are also 
channelled.

This will commonly include:

• •  scrubbed gases exiting from the kiln’s emergency 
scrubbing system;

•  gases from storage tank vapour spaces; and

© venting and purging occurring during tank filling and 
transfer operations.

Anhydrous hydrogen fluoride can be stored in mild steel 
pressure tanks. Tanks may be grouped within a sealed, and 
alarmed, secondary containment structure, with permanent 
connections from the tanks themselves, and the containment 
unit, to the site scrubbing systems.

The alarm is specific for the detection o f hydrogen fluoride 
vapour.

Abatement o f HF is generally through the waier snubbing 
systems as described above. These are very effective due to the 
high solubility o f HF.

(b) Potential release routes

Releases to air

•  Particulates (losses from dust control equipment).

•  Hydrogen fluoride from absorbers.
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Releases to water

These will comprise combinations of:

•  Dilute fluosilicic acid. NOTE. The principal component 
as regards fluorine contribution will be fluosilicic acid. 
This arises as a by-product due to the presence o f silica in 
the calcium fluoride raw material. Although some 
commercial outlets exist for fluosilicic acid, it is 
appropriate to use fluorspar with the lowest practicable 
silica content.

•  Liquors from water-fed process and emergency scrubbers.

•  Spent alkaline scrubbing liquors.

Releases to land

•  Calcium sulphate. NOTE. Approximately 3.7 tonnes of 
waste calcium sulphate is generated per tonne of 1 00% 
hydrogen fluoride produced. This is neutralised with 
lime and has historically been disposed o f to landfill. 
Increasingly, outlets are being sought for its 
incorporation in manufactured building products.

•  Calcium fluoride precipitated from aqueous effluent.

2.5.2 Manufacture of hydrofluoric acid

(a) Process

The production process o f hydrogen fluoride gas for the 
manufacture o f hydrofluoric acid is similar to that for 
anhydrous hydrogen fluoride production. The main differences 
are that the calcium fluoride feedstock may not be dried, and 
concentrated sulphuric acid may be used instead o f oleum.

The strength o f the concentrated sulphuric acid used, in 
conjunction with the moisture content of the calcium fluoride, 
dictates the initial concentration o f acid obtained from the 
hydrogen fluoride condenser. • An initial concentration of 
70-80% is normally obtained.

Hydrofluoric acid fumes at concentrations above 40%, so that 
the condenser is followed by a counter-current absorption 
tower train, typically of reinforced plastic construction. This 
allows preparation o f acids o f different commercial strengths in 
the range 40-70% . A separate final scrubber tower, not part o f 
the counter-current.train-uses fresh water to minimise the* 
release of hydrogen fluoride to air. Graphite heat exchangers 
may be used in areas of high corrosion risk.

Storage tanks for hydrofluoric acid are commonly of spirally 
wound polypropylene and filled by dip pipe to minimise splash 
and fuming. Ball blanketing is also used. Tanks breathe to 
atmosphere via a demister and water scrubber, the liquor of 
which is used for acid strength adjustment.

Abatement o f  hydrofluoric acid vapour is generally through the 
water scrubbing systems described for HR

-(b) Potential release routes

Potential release routes into the environment associated w ith 
hydrofluoric acid manufacture are essentially the same as those 
for anhydrous hydrogen fluoride production.

I
2.5.3 Manufacture of hydrogen chloride

Anhydrous hydrogen chloride is obtained principally from the 
following sources:

•  as a by-product in the chlorination o f  hydrocarbons;

•  as a by-product from the thermal cracking o f  chlorinated 
hydrocarbons;

•  from the combustion o f  hydrogen and chlorine; and

•  by evaporation of 36 wt% hydrochloric acid.

(a) By-product hydrogen chloride

Chlorination of hydrocarbons .

Hydrogen chloride is produced as a by-product o f  substitution 
reactions. (Refer to IPCGN S2 4.02(ll) for further details).

Thermal cracking

Dichloroethane (DCE) is converted to hydrogen chloride and 
vinyl chloride monomer (VCM) by passing through heated 
tubes followed by a DCE quench to stop the reaction selectively 
at the optimum VCM make. Hydrogen chloride is separated by 
distillation and refrigeration to producc anhydrous liquid 
hydrogen chloride for sale, o r for use in oxychlorination 
reactors to make further DCE. These processes are described in 
more detail in IPCGN S2 4.0 I™ .

Abatement of HCI is generally through the water scrubbing 
„ systems as described above. These are very effective due to the 

high solubility o f HCl.

Releases to air

•  Hydrogen Chloride from absorbers.

Releases to water

•  Scrubber effluents.

•  Catalyst from reactors.

Releases to land

•  None.

(b) Combustion of hydrogen and chlorine

This particular manufacturing operation is often carried out as 
an ancillary process to the manufacture o f chlorine (see Section 
2.2). There is thus the potential for carry-over o f contaminants 
from the previous manufacturing operation, eg mercury from 
-the-chlor-alkali process. —
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So-called synthetic hydrogen chloride is made by burning 
chlorine in an excess o f  up to 20% o f  hydrogen in proprietary 
carbon burners. A graphite bursting disc, relieving to stack in 
case o f  explosion, is provided.

In norm al operation, burning is initiated with air before 
chlorine is adm itted. Inert non-condensibles pass to 
atm osphere via a scrubber and stack. The process is simple and 
autom atic controls are effective. Very pure hydrogen chloride . 
can be m ade, depending on the purity  o f  the inlet gases.

Extra h igh purity for use in pharmaceutical and semiconductor 
m anufacture can be achieved by drying and distilling aqueous 
hydrogen chloride. Dry hydrogen chloride gas produced is 
com pressed and liquefied under refrigeration.

(c) Evaporation of 36 w t%  hydrochloric acid

Aqueous HC1 is preheated and fed to a falling film evaporator. 
The falling film evaporator is heated w ith steam and wet HC1 
gas is removed as overheads and condensed, then dried by 
direct contact w ith sulphuric acid. Depleted hydrochloric acid 
is treated w ith the 36% acid to produce a 28% solution. The 
28% acid is available as an absorbent for any potential gaseous 
HC1 releases.

Abatement o f  hydrochloric acid vapour is generally through the 
w ater scrubbing systems.

Releases to air

O  Hydrogen chloride from absorbers.

O  Excess hydrogen.

Releases to water

O  Sodium chloride in spent absorber liquors.

Releases to land '

O  None.

2.5 .4 Manufacture of hydrochloric acid

Anhydrous hydrogen chloride (AHC1) is absorbed in water in a 
packed colum n constructed in corrosion-resistant material. The 
hydrogen ch loride/w ater equilibrium  is complex, and 
concentration o f  hydrochloric acid is limited to 36% bv the 
physical properties o f  the system.

2.5.5 Manufacture of hydrogen bromide

Com mercial anhydrous hydrogen bromide is obtained 
principally from  three sources:

O  from  the com bustion o f  brom ine and hydrogen;

O  from  the catalysed reaction o f  bromine and hydrogen; 
and

O  as a by-product from the bromination o f hydrocarbons.

The first two are both followed by a second-stage catalytic 
reaction to achieve 100% conversion o f the bromine.

(a) Combustion of bromine and hydrogen/catalysed 
reaction of bromine and hydrogen

Anhydrous gas (AHBr) is produced industrially by burning 
bromine in the presence o f  excess hydrogen at 500°C, or by 
reacting it with hydrogen over platinised silica gel at 375°C.
The second stage o f the conversion is achieved in a catalytic 
reaction over active carbon at 250°C.

Hydrogen from high-pressure cylinders is reduced in pressure
to 2 barg and steam-heated to 100°C. Bromine, dried over
concentrated sulphuric acid, is transferred from liquid stocks by
padding nitrogen and is vaporised in a steam- heated monel
vaporiser. Air must be excluded, since even traces o f oxygen
will react w ith hydrogen and this will cause corrosion in
downstream monel and stainless steel equipment.

\

A mixture o f  hydrogen (5% excess) and bromine gases is 
ignited by spark discharge in a stainless steel burner. A 99.9% 
conversion o f  bromine is possible at this stage, with the exit gas 
temperature o f  400—41 0°C controlled by adjusting the cooling 
water supply. The gases then pass through heated pipes to the 
catalytic activated carbon reactor to complete the conversion of 
bromine to hydrogen bromide.

The exit gases (hydrogen bromide and a small amount o f 
residual hydrogen) are then cooled and pass to plants using the 
AHBr or to absorbers, producing hydrobromic acid.

Gaseous emissions from the plant are fed to a caustic scrubbing 
tower. Caustic is preferred for the exit vent scrubbing due to 
the reduced vapour pressure o f the HBr in the vent gas, when 
compared w ith aqueous scrubbing/

(b) Potential release routes

Releases to air

O  Hydrogen bromide and bromine losses from absorbers. 
NOTE. Normal practice is to recover hydrogen bromide 
in aqueous scrubbers to produce hydrobromic acid in 
strengths up to 47 wt% - the binary azeotrope contains 
47 .S wt%, with residual gases vented via a caustic 
scrubber.

O  Excess hydrogen.

Releases to water

O  Sodium bromide and sodium hydroxide in spent 
absorber liquors.

Releases to land 

O Spent catalyst.
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2.5.6 Manufacture of hydrobromic acid

(a) Process

Hydrogen bromide is very soluble in water, making an acid 
solution o f hydrobromic acid. It can be manufactured as an 
ancillary process to anhydrous hydrogen bromide production 
by absorption in a water scrubber as described above.

Hydrobromic acid is also recovered from off-gas streams arising 
from organic bromination reactions using aqueous scrubbers. 
Dependent on its origin, hydrobromic acid may therefore 
contain traces o f organic material.

(b) Potential release routes

Releases to air

O Hydrogen bromide and traces o f Organics from 
absorbers.

Releases to water 

O None. 

Releases to land

O None.

2.5.7 Use and release of hydrogen halides and their 
acids

The following are examples o f processes not covered by other 
guidance notes in this series.

4

(a) Friedel-Crafts processes

Two organic feeds (one chlorinated) are reacted in the presence 
o f an aluminium chloride or ferric chloride catalyst. Chlorine 
from one o f the organic feeds is substituted and evolved as 
hydrogen chloride. Any acidic vapour given off during the 
reaction is scrubbed before being vented.

Friedel-Crafts reactions are generally carried out between 40 
and 90°C at atmosphere pressure.

Once the reaction is complete, the mixture is quenched in 
water or a weak solution of hydrochloric acid. The quenched 
mixture is treated further.

The final'stage o f the-process may require purification o f  the 
product using for example, distillation.

(b) Alternative Friedel-Crafts Catalysts

These consist o f restructured montmorillonite clays. Metal ions 
are then incorporated into the structure to-provide Lewis acid- 
characteristics to the clay, superimposed onto its normal 
properties. These catalysts differ fundamentally from 
conventional Lewis acids in that their action is heterogeneous 
and truly catalytic.

Chemicals such as benzophenone may be manufactured using a 
novel Friedel-Crafts catalyst.

The process minimises evolution of hydrogen chloride, since it 
is not produced from the catalyst (in contrast to the standard 
aluminium chloride route). Furthermore there is no need to 
quench the reaction product in water using this route, and thus 
additional aqueous effluent is prevented.

(c) Manufacture of methyl chlorosilanes/siloxane 
polymers

Methyl chlorosilanes are produced by the reaction o f  silicon and 
methyl chloride, and are then hydrolysed to give silicone 
hydrolysis polymers. The process stages are: reaction, 
distillation and hydrolysis. The hydrolysis step also produces 
hydrogen chloride. The basic silicone polymer mixture from 
hydrolysis is further processed to give a range o f silicone 
products, including emulsions, elastomers, fluids and resins.

The main reaction takes place in the presence o f a copper 
catalyst at 270-300°C under ambient pressure conditions in a 
fluidised-bed reactor. Vapours from the reaction vessel and 
distillation are condensed and returned to their origin using 
vent condensers (water or cryogenic).

Over 97% of the hydrogen chloride produced in hydrolysis is 
recovered, recycled and reacted with fresh methanol to produce 
methyl chloride. This is supplemented with fresh methyl 
chloride for the feed to the reaction vessel to make up the 
balance.

Within the process there is the potential for emissions o f 
hydrogen chloride, methyl chloride, methane, dimethyl ether 
and chlorosilanes. Vents from process plant and intermediate 
storage tanks pass through a cryogenic condenser and 
distillation unit for recovery. Inerts from the cryogenic 
distillation system pass to an energy recovery unit where the 
combustible components are burnt, and residual hydrogen 
chloride is scrubbed out using water.

Chlorosilane storage tanks are maintained under a nitrogen 
blanket and are vented to the recovery system.

All aqueous arisings pass through an on-site effluent treatment 
plant for neutralisation and separation o f solids (which are 
disposed o f  either by landfill or by incineration), followed by a 
biological treatment step for the removal o f  organic materials.

Releases to air

O  Silicones, VOCs and hydrogen chloride from condensers 
and scrubbers (process and storage tanks).

Releases to water

O Hydrogen chloride, silanols and hydrolysate in spent 
absorber liquors.

Releases to land

O  Sludge from, the effluent treatment-plant.
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•  Spent neutralised reaction mass.

•  By-product solid siloxanes.

(d ) Manufacture of sodium bromide

Sodium brom ide solution is manufactured batchwise in 
general-purpose plant using sodium  hydroxide and 
hydrobrom ic acid.

H ydrobrom ic acid’is added to the reactor and reacts with the 
sodium  hydroxide solution to form  sodium  bromide solution. 
Displaced vapours are vented to atm osphere via an aqueous 
scrubber, for recovery o f  the hydrogen brom ide content. A 
caustic scrubber is used for absorption o f  residual contaminants 
and for em ergency use.

Releases to air

•  Hydrogen brom ide from  absorbers.

Releases to water

•  Sodium hydroxide and sodium brom ide plus other 
contam inants in spent absorber liquors.

Releases to land

•  None.

(e ) Other processes involving hydrogen halides

O ther typical processes using or releasing hydrogen halides are 
covered in other guidance notes in this series.

IPCGN S2 4.02<2I> covers, for example, use of halogens in solid 
and liquid organic chemical processes.

A typical off-gas stream from such a reaction contains a mixture 
o f  halogen, hydrogen halide and organic material carried over.
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3 Best available techniques for controlling releases

3.1 Introduction
This section covers techniques for controlling releases that are 
common to many processes or are considered to be general in 
their application, ie are aspects o f  overall management o f  a 
works to minimise releases to the environment.

The standard techniques for pollution abatement are outlined in 
various reference sources including:

•  Air Pollution Advisory and Review Group(I5), reports;

9  BAT Review Reports on Pollution Control;

•  HMIP Technical Guidance Notes; and

•  Environmental Technology Best Practice Programme 
(ETBPP)(2,) Good Practice Guides.

These techniques need to cover releases from raw materials 
reception/storage, internal transportation, processing, waste 
materials internal transport and storage pending disposal.

The processes should be designed and operated in such a way 
that the substances released have the minimum impact on the 
environment. As a general principle the Inspector should be 
looking for evidence that the releases o f prescribed substances 
will be .prevented, or minimised and rendered harmless, and 
that releases o f other potentially harmful substances will be 
rendered harmless. This should then be confirmed by 
conditions in the Authorisation. Since the priority is to prevent 
releases, emphasis should be placed on the avoidance of 
processes and abatement techniques that create wastes.

Prevention, minimisation and recycling/re-use procedures*15* 
should be applied whenever possible, within the criteria for 
BATNEEC and BPEO.

The Inspector should be satisfied that an applicant has reviewed 
all available options and has demonstrated that the selected 
combination o f primary process and abatement equipment 
represents BATNEEC, and that the concept of BPEO is satisfied.

In general, pollution control equipment should be kept 
running during start-up and shutdown_for as_long as is _ . 
necessary to ensure compliance with release limits in 
Authorisations.

All plant and equipment should be subject to regular preventive 
maintenance programmes, in line with operational 
requirements, to ensure continued optimum performance.

More details o f the methods available for preventing or reducing 
releases are listed in Research Report No P200 . The most 
important techniques include, but are not restricted to, those 
given below.

3.2 Management techniques
Effective management is central to environmental performance 
and is an important component of BAT. It requires an actual 
commitment to establishing objectives, setting targets, 
measurement and revision according to results. This systematic 
approach may be aided by the achievement o f management 
standards such as ISO 1400 1 and EMAS(37). The following 
sections provide information on the main types o f management 
technique.

3.2.1 Senior management commitment

The commitments made by companies that sign up to the 
‘Responsible Care,<J8) or similar initiatives provide a good 
framework for the implementation o f management techniques. 
The key aspects o f this Initiative, to which companies should be 
committed through their senior management, and which they 
should be able to demonstrate they are applying, are the 
following:

•  All health, safety and environmental impacts o f activities, 
products and processes have been identified and 
considered.

•  There is a commitment to conform with statutory 
regulations as a minimum and work with authorities to 
develop and implement measures where needed.

•  Employees and contractors are aware o f the com m itm ent 
and are involved in its delivery.

•  They are open with information both inside and outside 
the organisation,

A company might not be a formal signatory to the Initiative but 
could still be expected to be aspiring to its principles.

3.2.2 Organisation and responsibility

There should be a clear structure for managing environmental 
issues in general and ensuring compliance with the 
Authorisation in particular. This should be fully integrated with 
the process operator’s wider company and site decision-making 
systems. -Many sites have'a management'committee and it 
would be expected that the environment is represented on it 
and discussed at regular intervals,

There should be a defined contact point for the IPC 
Authorisation; usually this requirement can best be met by 
having a single point contact. This should be seen as clarifying- 
the interface between Agency and process operator. It should 
not reduce the responsibilities o f  other members o f  staff for 
ensuring compliance with the Authorisation.

The environmental performance of the process is highly 
dependent on the attention and awareness o f the process
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opera to r’s staff. They should be aware o f  this and their role in 
this perform ance m ade clear. The com pany should reinforce 
the message that environm ental protection matters to the 
company. O ne way to do this is to have environmental 
perform ance as a part o f  annual perform ance assessments.

Incidents have occurred in the past as a result of poor 
com m unication am ong operations staff during shift changes 
and m aintenance or other engineering work. Specific 
procedures should be in place to avoid such problems.

The planning and scheduling o f  batches can influence waste 
p roduction , and the company operating the process should be 
able to show that these opportunities have been considered and. 
w here favourable, im plem ented.

The overall environm ental perform ance o f  the process should 
be m onitored , and the results should be considered on a regular 
basis and form  part o f  the m anagem ent assessment process. 
Environmental perform ance indicators (EPIs) could be used for 
this purpose, although the potential difficulties o f  deriving 
them  for rapidly changing batch operations should be 
recognised.

A contingency plan should be in place which identifies the 
potential types o f incident that could occur and provides clear 
guidance on how they will be managed and who is responsible. 
In som e circumstances these will need to be notified to the 
Agency as a condition o f the process Authorisation, and these 
m ust be clearly defined. Procedures should be in place to 
identify, respond to and learn from all complaints and incidents.

3.2.3 Maintenance

©  A program m e o f preventive maintenance should be in 
place.

O Records o f process perform ance should be available and 
used to m onitor slow changes in releases that may signal 
the need for maintenance.

O All staff should be aware o f  the role they can play by
m aintaining vigilance, for example, in relation to  process 
upsets and leaks, and appropriate procedures should be 
in place to encourage staff involvement.

©  A procedure should be in place to authorise 
m odifications and to undertake checks after 
modifications before process start-up.

3.2.4 Process control
®  The operator should be able to demonstrate that the 

process is being adequately controlled. In many cases 
this will involve the use o f  a computer-based system with 
facilities to ensure control in emergency situations.

O  As noted above there should be records o f  production 
and a procedure in place to ensure that they are subject 
to periodic review.

3.2.5 Waste minimisation *

O Waste minimisation audits should be conducted
periodically to a defined programme. The Institution of 
Chemical Engineers, amongst others, has issued guidance 
on waste minimisation whilst a number o f Waste 
Minimisation Clubs have been set up, eg Aire and Calder.

0  The active participation of staff should be encouraged in 
these initiatives, w ith recognition given to those who 
identify waste minimisation improvements.

© There should be active monitoring o f materials
throughput and mass balances should be available for 
processes. Monitoring should include water, power, heat 
and solvent use.

3.2.6 Design

© The environmental implications of a new process or
product should be considered at the earliest stages o f the 
project and should continue to be reviewed at regular 
intervals thereafter. This is the most cost-effective time 
to introduce improvements in overall environmental 
performance.

0  There should be evidence that alternative process options 
were considered and assessed. It should be possible to 
maintain an audit trail of the design and decision-making 
process.

3.2.7 Training

© All staff should be aware o f the regulatory and statutory 
implications of the Authorisation for the process and 
their work activities.

O There should be a clear statement o f the skills and 
competencies required for each job.

O Training should be given to all staff involved in process 
operation, and this should include the environmental 
implications of their work and the procedures for dealing 
with incidents.

© There should be records o f the training given to staff.

3.2.8 Finance and accounting

® There should be a good understanding o f the costs 
associated with waste production within the process.
This can be achieved by having accounting practices in 
place that ensure that waste disposal and other significant 
environmental costs are attributed to the processes 
involved and are not treated simply as a site overhead.

O The process operator should be able to demonstrate that 
adequate resources are being committed to keep the 
process operating in compliance with the Authorisation.
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3.3 Minimisation and abatement of releases 
to air

3.3.1 General

The aim should be to maximise material recovery, and minimise 
releases, by applying appropriate techniques. Metals and their 
compounds in exhaust gases should be recovered and put to 
further use where this represents BATNEEC. This may include 
sale or re-use within the process.

Means for reducing sulphur oxides, oxides o f  nitrogen and 
particulate matter should be considered using the techniques 
described in IPC Guidance Notes S2 1 for large 
combustion plant and S2 5 .0 l(10) for the chemical incineration 
processes.

Any credible abnormal events, including activation of 
emergency pressure-relief devices, that could lead to release of 
materials to atmosphere should be identified on the application, 
giving the likely frequency o f the event, quantities released, 
chemical species involved, their concentrations and discharge 
rates.

Processes must be operated in such a way as to protect the 
environment as well as persons at work. Means for dealing 
with polluting releases from pressure-relief systems should be 
provided. Such means normally include phase separation 
where two-phase flow is possible, and may include venting to 
scrubber systems, to flare, to vent, or to an enclosed dump 
tank. Procedures should be in place to reduce to a minimum 
the likely frequency of such releases. It may be appropriate to 
have two relief devices in parallel set at different relief pressures. 
The relief device at the lower set pressure may be o f a smaller 
capacity, which can relieve small excursions such that the 
maximum capacity of the relief device is capable of being 
scrubbed in emergency equipment. The relief device at the 
higher set pressure would be sized for the low-probability high- 
flowrate event that cannot be abated and must be released at a 
sufficient height to promote dispersion, prevent hazardous 
concentrations at ground level, in buildings or plant structures, 
and protect the process system integrity.

For emergency vent releases that could have a significant 
environmental impact, total containment relief systems should 
be considered. This would require a vent receiver that does not 
discharge directly to atmosphere and is capable of receiving the 
complete process gaseous, liquid and solid inventory, taking 
account of all decomposition products, w ithout itself being 
over-pressurised____- --- -----------  ■ — - -  - -  —

Fugitive losses o f  volatile compounds can be substantial and can 
go unidentified unless a programme o f  leak detection and 
repair is in use. For most o f the more hazardous materials, _ 
engineering standards exist to ensure minimal leakage and are 
specific to the substance. Best available techniques for the 
prevention o f such losses in general include;

® use o f high-integrity valve, pump and compressor seals;

@ use o f canned or magnetically driven pumps;

O minimising the use o f flanged connections;

O use of caps or plugs on open-ended lines; and

O provision o f closed loop flush on sampling lines.

Some compounds have low odour thresholds. Therefore, the 
control of odours should be an integral part o f  pollution 
abatement systems.

For batch operations it is generally difficult to balance the flow 
o f gaseous wastes to minimise peaks and troughs o f  releases — 
the operation o f a common gas collection system facilitates a 
more constant supply to gas treatment equipm ent and may be 
enhanced by appropriate scheduling o f the operation o f 
different processes.

Heating or cooling circuits should be m onitored where 
appropriate for process fluid contamination. The selection of 
refrigerant to chill and liquefy chlorine gas has significant 
environmental implications. Refrigerants with significant ozone 
depletion potential such as CFCs should be replaced with non
ozone-depleting refrigerants. 'Transition’ refrigerants such as 
HCFCs should also be replaced in the longer term. Refrigerants 
that are removed must be sent to an authorised operator for 
destruction.

Conversion of existing systems will involve consideration of 
several factors, such as:

O review of thermophysical properties;
O compatibility with compressor lubricants;
O  heat transfer efficiency;
O power requirements; 2nd 
O health and safety.

Temperature alarms should be fitted to prevent 
overheating/cooling.

Lagging should be fitted where this would minimise energy 
usage, material degradation, or fluctuations in temperature.

The dilution o f process vents by mixing with general extract air 
is not generally considered to represent BATNEEC. An applicant 
wishing to use this procedure should demonstrate that it 
represents the BPEO as opposed to applying abatement to the 
concentrated process stream.

Notwithstanding the provision of relief catch tanks, applicants 
should demonstrate that all practicable steps have been taken to 
prevent the occurrence o f a runaway reaction. On the basis 
that, in most cases, one reactant is added at a controlled rate to 
the full charge o f  the second reactant, im portant considerations 
include the following:

O _ Operating procedures-should ensure that thereaction is- 
properly initiated and under control before the main 
reactant addition stage, which is often on automatic 
control, commences.

59



IPC Guidance Note S2 4.03

•  If initiation o f  the reaction is known to be a problem, 
im purities in the feed materials should be minimised.

•  Limitation o f  the flow o f  the input reactant such that the 
heat o f  reaction evolved cannot exceed the capacity of 
the reactor cooling system.

W here a furnacing process is involved the choice o f type o f 
furnace to be used should take into account the releases that 
may occur. For instance, electric induction and resistance 
furnaces will not release direct products o f  fuel com bustion to 
air. Such furnaces are successfully used in the manufacture o f 
zinc oxide. They may offer higher therm al efficiency and closer 
tem perature control than fuel-fired furnaces and should be 
considered by applicants for new plants.

3.3.2 Particulate matter

Solids handling includes discharging solid raw materials, 
conveying them  to process, discharging, storing and conveying 
solid products and packing. In all cases, equipm ent design 
should ensure that there is the m inim um  o f  dust generation and 
reliance is not solely placed upon dust extraction and treatment 
plant.

Techniques that have proven successful in minimising the 
generation o f dust-laden gas streams w hen handling dusty 
solids include the following.

•  Manual weighing out from raw material containers under 
local extraction.

•  W hen having to charge solids by hand to a vessel charge 
hole or manway, using a local extraction venting outside 
the vessel rather than ventilate through the vessel to

. m inim ise dust entrainment.

•  Charging com plete drum s o f solids by means o f flexible 
fabric seals between drum  and vessel, so that there is no 
net displacement volume or need for extraction.

•  Dissolving sacks charged directly to the vessel.

•  Enclosed automatic sack or drum  handling plant.

•  D rum  filling devices that fill from  the bottom upwards to 
elim inate the free fall o f solids through the air in the 
drum .

•  Attaching the polythene flexible liner o f the drum  around 
the neck o f  the filling device to contain any dust.

W here a dust-laden gaseous stream is generated by a process, 
the stream  may require abatement equipm ent fitted to reduce 
dust losses. The application should show  why dust has been 
entrained by a gaseous stream, that this effect has been 
m inim ised at source, and how the dust is to be removed.

The m ethods available for m inim ising or reducing discharges of 
particulate matter to the atm osphere may include the following

used on their own or in combination:

•  cyclones;
•  fabric filters;
•  high efficiency particulate arresters (HEPA);
•  ceramic filters;
•  wet collection devices;
•  electrostatic precipitators -  both wet and dry; and
•  dust suppression equipment.

Further information is available in Technical Guidance Note 
A3(,l).

The appropriate technique depends on the size and other 
physical and chemical characteristics o f  the particles, the 
loading, the carrier gas stream process factors such as 
temperature and allowable pressure drop, and operational 
factors including space limitations such as floor area and head 
room. The solids or slurries recovered should be re-used where 
practicable.

(a) Cyclones

Cyclones are the principal type o f gas—solids separator, 
employing centrifugal force, and are widely used. They can 
be manufactured from a w ide range o f  materials; and can be 
designed for high-temperature and high-pressure operation. 
Cyclones are suitable for separating particles down to about 
5jun; smaller particles down to about 0.5^m can be separated 
where agglomeration occurs. High-efFiciency cyclones are 
capable of removal efficiencies of the order of 90% for particles 
down to 5 jim.

At smaller particle sizes the collection efficiency drops off 
appreciably. High-gas-rate cyclones have a removal efficiency of 
about 90% for particle sizes down to about 20pm. The most 
commonly used design is the reverse flow cyclone, where gas 
enters the top chamber tangentially and spirals down to the 
apex o f the conical section. It then moves upward in a second, 
smaller-diameter, spiral and exits at the top through a central 
vertical pipe. Gas pressure drops tend to be o f the order o f
1 0—70 mm w ater gauge.

Cyclones are often used as the primary or first-stage treatment 
method for solids removal in a particulate abatement system.

Cyclones can be irrigated to reduce levels of dust re- 
entrainment.

A new concept in particulate filtration, the inertial filter, claims 
to achieve high removal efficiency by the use o f an impeller that 
is rotated at speed within an enclosure. Dust-laden air from the 
process enters the enclosure and the larger particles are 
immediately ejected into a collection silo. The smaller, less 
dense particles follow the gas flow towards the spinning 
impeller. On approaching the spinning impeller, these smaller 
particles accelerate in the plane o f the rotating blade and are 
immediately rejected. This dynamic barrier inhibits the passing 
through of particulates. The efficiency of the unit in any one 
instance can be modified by changing the speed of the impeller.
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(b) Fabric filters

The industrial fabric filter is generally constructed from a 
woven material or a felled fabric to provide the filtration 
medium through which the particle-laden gases are passed.

Fabric filters are particularly useful as secondary or tertiary gas 
cleaning devices w ith a cyclone or dry scrubber located 
upstream.

Filter efficiency may be enhanced by pre-coating the filter cloth.

Fabric filters are not generally suitable for use in moisture-laden 
streams or those with acidic, tarry or sticky characteristics due 
to the adverse effects o f fabric blinding’ and adherence 
problems.

It is unlikely that bag filters can be used at high temperatures 
because o f the temperature limit of the bag filter material.

Regular maintenance and cleaning of the filters is necessary to 
maintain removal efficiencies and limit pressure drops.

Cleaning can be achieved by a reverse jet of air, needing the 
filter to be off-line for the cleaning cycle, hence requiring a 
bank o f filters to achieve continuous abatement of particulates.

A wide range o f types of fabric filters are now available and 
design improvements such as inlet technology, off-line cleaning 
and advanced fabrics have resulted in very high collection 
efficiency being achievable even with fine particles. Suitable 
fabric filters may therefore attain many o f the new plant 
emission levels, although on some applications a back-up device 
such as a HEPA filter (see below) may be necessary, eg where a 
significant proportion o f the particles is below ljam diameter.

The performance o f fabric filters may be assessed by measuring 
the dust concentrations upstream of the filters and in the 
exhausted gas stream. Bag failure should be alarmed, or at the 
very least regularly checked by using differential pressure 
transmitters or manometers. -

(c) High-efficiency particulate arresters

HEPA filters exist in several forms and self-cleaning versions 
have been recendy introduced. Generally the filters consist o f a 
bed of densely packed fibres or sintered material to provide the 
filtration medium through which the particle-laden gases are 
passed.

Owing to the density o f packing and the type of fibres used, 
HEPA filters are capable o f achieving high removal efficiencies 
for particles o f 0.5|im  diameter and larger. They can also 
remove a significant proportion of particles down to 0.01 fim 
diameter.

'HEPA filters are not generally suitable for use in moisture-laden 
streams due to the adverse effects of ‘blinding’.

The condition o f HEPA filters can be monitored by pressure- 
drop measurement to show when the filter is becoming

blocked. Pressure-drop monitoring can also demonstrate the 
occurrence o f filter failure o r incorrect sealing o f a filter.

HEPA filters may be unsuitable for large airflows where the 
required size o f filter leads to a comparatively high capital cost 
when compared to other systems.

Self-cleaning versions use a reverse air pulse system similar in 
principal to fabric and ceramic filters.

(d) Ceramic filters

Ceramic filters are constructed in two varieties, high density 
and low density. The high-density unit comprises a silicon 
carbide base with a fine coating (usually aluminium silicate). 
The loW’density unit comprises a matted mixture o f silica and 
alumina fibres.

The high-density units generate a higher pressure drop than the 
lower-density type.

Ceramic filters may also be constructed from other materials, 
which include metal and metal ‘fibres’, sintered metal or 
granulated activated carbon cloths. W here more robust filters 
are required that can withstand corrosive gases, an all-metal 
filter w ith a sintered nickel membrane incorporated into' a 
stainless steel housing is available.

Ceramic filter elements are now capable o f withstanding 
temperatures in excess of 1000°C, instantaneous temperature 
shock from 900°C to 0°C and thermal cycling.

Filtration efficiencies greater than 99.9% for particulates down 
to sub-micron sizes are Httainible.

Regeneration is achieved by reverse air pulse at about 7 barg; an 
operation similar to that undertaken with bag filters.

Ceramic filters can be used for 'dry scrubbing’ o f acid gases and 
heavy metals where reactant or adsorbent solids such as calcium 
carbonate, calcium oxide or calcium hydroxide are injected 
upstream of the-filter.

(e) Wet collection devices

Wet collection devices use a variety o f methods to wet the 
particles to remove them from  a gas stream. The technology 
available varies in terms o f cost, collection efficiency and energy 
requirements. Increased energy results in increased collection 

~ efficiencyTor particulate matter. They include venturi, jet, 
dynamic, centrifugal, impingement and wet mop scrubbers, but 
generally only the first two are suitable for sub-micron particles.

Wet collectors have a constant pressure drop and do not present 
secondary dust problems. The design should ensure that mists 

_ and fumes cannot be.formed. -They can handle-high-- 
temperature gas streams and moisture-laden gas streams. They 
can also handle corrosive gases and aerosols.

61



IPC Guidance Note S2 4.03

In a venturi scrubber the gases are drawn into the throat o f  a 
venturi tube to w hich pressurised water is injected. There are 
two basic types: low and high pressure drop. Pressure dropsvat 
the lower end o f  the range (250 m m  water gauge) are generally 
adequate for the removal o f particles o f  a few microns in 
diameter.

For sub-m icron particles the upper range o f  the pressure drops 
(1 500 m m  water gauge) may be required, particularly if better 
than 99% collection efficiencies are required.

The separation efficiency o f  venturi scrubbers is dependent on 
the high relative velocity between the particulate-laden gas 
stream and the scrubbing liquor in the venturi throat.

Efficiencies can be increased by saturating or supersaturating the 
gas stream  prior to the scrubbing section.

Satisfactory operation o f  scrubbers should be properly 
controlled and confirm ed by m easurem ent and, where 
appropriate, recording o f  the necessary parameters. These may 
include: exhaust gas analysis, gas or scrubber liquor pressure 
drop and tem perature, liquor circulation flowrate or level, and 
liquor com position, eg pH, redox potential or solids content. 
The choice o f scrubbing m edium  depends upon the nature of 
the pollutant to be abated; a neutral m edium  may be used 
w here only insoluble particulates are involved, whereas acidic 
or alkaline media should be em ployed for neutralisation as is 
appropriate.

Although not as efficient in particle removal as HEPA filters, wet 
scrubbers have the advantage o f  a lower pressure drop and 
therefore may be appropriate in situations where large flows are 
encountered. The applicant should be able to dem onstrate that 
the large airflow is necessary (eg for safety reasons). The 
preferred option w ould be to contain the system to require a 
smaller volum etric airflow, so allowing the use o f  a 
fabric/cerair.ic filter w ith a HEPA filter second stage.

(f) Electrostatic precipitators
Electrostatic precipitators (ESPs) o f  the wet or dry type can 
provide very high collection efficiencies o f  dust or fume 
particles dow n to O.Oljjm diam eter and can operate at high 
tem perature (up to 450°C) or h igh  humidity, unlike bag filters. 
ESPs may be preceded by a conditioning tower to optimise 
perform ance and may be designed w ith low pressure drop and 
thereby reduced power consum ption o f  induced draught fans.
Comr>2Cr iro aviihKIp frvr email annliratinn<; PflH HpAnpHr ' --- ----- — r r -----  * »
air may be recirculated to the process instead o f exhausting 
preheated or pre-cooled air to atmosphere.

The ESP has the advantage o f  being a low-pressure-drop device; 
however, it has the disadvantage o f  the risk of sparking off 
explosions o f  flammable gas mixtures. This limits the 
application o f  electrostatic precipitators where flammable gases 
may be present. The ESP may also be less suitable for control o f 
particulates if  the electrical resistivity o f  the dust is high and /o r 
is very variable.

(g) Dust suppression equipment

Wherever possible raw materials should be contained in silos, 
storage tanks, o r covered areas. The storage o f dusty materials 
by stockpiling requires some form of dust suppression.
Continual maintenance o f  a sufficient moisture level on the 
surface of stockpiled dusty material may be necessary to arrest 
dust pollution.

A silicone spray may be utilised to suppress the dust, from some 
stockpiles.

3.3.3 Caseous abatement techniques

Because of the nature o f the gaseous substances likely to be 
released from the processes covered by this Guidance Note, 
absorption is likely to be the main effective abatement option 
and further discussion is restricted to this technique.

(a) Absorption - general comments

Where a soluble gas is released from a process and needs to be 
abated before release to the atmosphere, this is usually achieved 
by scrubbing in a wet scrubber. This technique has proven 
effective in removing a wide range o f  species either by solution 
in water or by absorption in aqueous acid or alkaline solutions.

The absorbent may be recycled round the absorber or passed to 
a recovery system.

To achieve optim um  transfer from the gas phase to the liquid 
phase, it is important that:

O  maximum interfacial contact between gas and liquid 
phases is maintained;

O  sufficient residence or contact time for absorption is 
allowed; and

O  the contaminant is readily soluble in the absorbent.

In most cases the absorbent flows counter-currently to the 
exhaust gas so that the most dilute gas is contacted with the 
most pure absorbing liquor, providing a maximised 
concentration difference for the entire length o f the column. 
This arrangement results in the highest theoretical removal 
efficiency.

It should be noted that wet collection devices detailed in Section 
3.2.2(e) can be used tor these purposes as weii as for 
particulate matter control.

Consideration should be given to using an absorbent that can be 
used directly in the same process, eg by using an appropriate 
raw material or solvent as the absorbent to recover solvent or 
partially reacted products such that they can be recycled to the 
process, or used elsewhere, eg using water to absorb hydrogen 
chloride or oxides o f nitrogen such that the resultant 
hydrochloric or nitric acid is o f sufficient strength to be used as 
a process raw material or for effluent treatment, ft is likely that 
a secondary scrubber designed primarily for minimising
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releases 10 atmosphere will be required in those cases, using a 
reacting absorbent liquor.

For multi-product batch plants the scrubber shouldbe designed 
to abate the worst-case release with the lowest scrubbing liquor 
concentration. Often it is appropriate to have an on-line second 
scrubber, although the scrubbing liquor in the second scrubber 
will require careful monitoring.

Instrumentation and alarms should be installed to ensure that 
liquid level and flowrate are maintained and that the pressure 
drop remains constant. Low-temperature alarms may be 
necessary to warn o f freezing. Where appropriate, 
concentration o f absorbent should also be monitored. Scrubbers 
should include sample points upstream and downstream to 
allow analysis of inflow and outflow gas concentrations.

In absorption equipment, a potential release to air is often 
transferred to a potential release to water or land, and the 
absorbent itself may require further treatment. Hence the water 
treatment plant should be an adequate size to cope with any 
added discharge. However, absorption is often the BPEO where 
the absorption process concentrates the potential release into 
the absorbent and makes recovery for re-use, sale or treatment 
easier.

(b) Packed and plate tower scrubbers

In a packed tower scrubber the packing material provides a 
large surface area for mass transfer between liquid and gas 
phases. In the plate column the plate disperses the gas into 
numerous bubbles so creating a large surface area for mass 
transfer. The even distribution of scrubbing liquor and 
prevention of plugging or channel flow is o f critical importance 
to the satisfactory operation of such systems.

The advantages of packed tower scrubbers include generally 
modest to low pressure drops, and ease o f construction with 
chemically resistant material.

Packed tower scrubbers are generally best suited to situations 
where a high gas removal efficiency is required and the exhaust 
gas to be treated is relatively particulate-free. Plate column 
scrubbers are more effective for dealing with gas streams 
containing particulate material and can more readily 
accommodate fluctuations in flowrate and temperature. 
Fluidised-bed packed towers are particularly effective at 
overcoming solids blockage problems.

Where a scrubber is used for odour control, the absorbent.is _  
often a suitable oxidising agent.

(c) Spray towers

Spray towers can achieve good removal rates for readily 
absorbable contaminants. Mass transfer is achieved by 
atomising the absorbent using nozzles, and may-be enhanced by 
the use of appropriate surfactants.

The simple design allows relatively easy construction in 
corrosion-resistant material and ease of maintenance.
The advantages o f these units include cheapness and minimal

energy requirements due to  low pressure drop. Regular checks 
should be made to ensure that the nozzles are neither 
excessively worn nor clogged, particularly if  the gaseous stream 
contains particulates. W here appropriate, pressure gauges 
should be installed.

Spray towers can also be used for the removal o f particulates. 
Specialist spray scrubber designs, using high pressure liquor, 
can treat gases to plate tower standards without fouling or 
solids blockage problems.

Spray lowers or spray dryers may also be used as semi-dry 
scrubbers to abate gases and particulates with slurries sprayed 
into the tower. The heat o f  the gases evaporates the water in 
the slurry and provides a solid waste w ith the contaminants 
absorbed into or onto the solid waste.

(d) Wet mop scrubbers and rotaclones

In wet mop scrubbers, absorbent is injected into the impeller 
casing, where it is atomised and mixed w ith an extracted air 
stream. The impeller is usually of an absorbent and flexible 
fibrous material. The exhaust stream is demisted and the - 
absorbent either discharged to drain or recirculated to the 
impeller casing via a holding tank.

Rotaclones operate in a similar manner to wet mop scrubbers 
except that the impeller is rigid. Rotaclones tend to be used for 
higher flowrates, wet mop scrubbers for lower ones.

3.3.4 Cooling towers

Several types o f cooling tower are in com mon use. These 
include:

O  air cooling;
O  natural draught cooling towers; and
O  low-level mechanically assisted cooling towers.

Condensed plumes that come down to ground level can bring 
droplets containing biocides, or organisms that could be 
harmful, and can also cause loss of.light,-poor visibility and 
icing of roads. Such plumes should not be permitted.

Where plumes need to be abated, the temperature and the 
humidity need to be controlled. This may be achieved by 
combining conductive heat exchange and evaporative cooling in 
the design of the cooling tower. The degree o f abatement 
required will depend upon local conditions and the distance 
from the.towers to-the nearest sensitive-area.-Plume modelling — 
should be employed by the operator to confirm that the visible 
(condensed) plume will not ground beyond the boundary fence 
nor reach areas o f  habitation at a height that will cause 
significant loss o f  light. (As a guide the width o f  the plume 
should not fill an arc that subtends an angle greater than 10% 
when viewed vertically upwards from the ground.)

An operator may propose to guarantee to reduce load or to take 
other appropriate action to ensure that the above conditions arc 
met. Performance curves should be provided to enable the 
plume abatement to be demonstrated under a wide r'ange o f 
ambient conditions.
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3.3.5 Chimney and vent plumes

Releases from vents and chimney stacks generally should be hoi 
enough to avoid visible plume form ation in the vicinity o f  the 
vent. This is to prevent the condensation or absorption o f 
environm entally harm ful substances by the condensing water 
vapour, and to improve dispersion. Exhaust gases from a wet 
scrubber can be heated by the use o f waste process heat to raise 
the exit tem perature o f  the exhaust gases and prevent 
im m ediate condensation on exit from the vent. This procedure 
increases the therm al buoyancy o f  the plume. W here there is 
no  available waste heat and the vent contains no significant 
environm entally harm ful substances, the applicant may be able
10 dem onstrate that the BATNEEC/BPEO criteria have 
nonetheless been met. .

3.3.6 Dispersion from chimneys and vents

The applicant will need to dem onstrate that an appropriate 
assessment o f vent and chimney heights has been made to 
provide adequate dispersion o f  prescribed substances, and other 
substances that m ight cause harm , w hich cannot be prevented 
and may be released. Some guidance is given in Technical 
Guidance Note D l(4>.

For m ajor sites it is considered BAT for dispersion modeling to 
be carried out that takes into account local meteorological data, 
local structures and topography, as well as other local releases, 
to provide estimates o f process contribution to ground-level 
concentrations o f  significant pollutants at appropriate 
production and am bient scenarios. Inspectors should expect 
operators (or relevant experts acting for them) to produce and 
maintain an up-to-date multi-stack dispersion model for the 
works. Operators should provide clear information on the 
parameters used and the assumptions made in their use of 
dispersion models. O f particular relevance will be the 
assessment o f  background concentrations o f pollutants and the 
fate in the environm ent o f  pollutants released. Statutory air 
quality standards (,>’ and other recognised criteria relating to 
international obligations should be taken into account. When a 
significant change is being considered that could lead to an 
Authorisation variation, eg new plant, uprated existing plant or 
m ajor feedstock quality change (outside the normal range), the 
Inspector should require a new dispersion model to be 
presented. This should take into account the proposed changes 
and show the environm ental impact o f making them.

W here appropriate, the operator should also recognise the 
rVnm nev o r vent as an emergency release point. Process upsets 
or equipm ent failure giving rise to abnormally high release 
levels over short periods should be assessed. Even if a very low 
probability o f  occurrence can be dem onstrated by the applicant, 
a value for the chimney or vent height should nevertheless be 
set to avoid any serious damage to health.

The assessments made by the operator should be validated using 
the appropriate calculations or dispersion models available to 
the Agency.

All releases must be controlled and m inimised to ensure that 
am bient air quality beyond the process boundary complies, as a 
m inim um , w ith air quality standards***.

3.3.7 Odours

Substances present in emissions to air, which are known to be 
odorous, should be identified and quantified. Techniques 
described in this Note should be employed to ensure that they 
are minimised to prevent them being noticeable outside the site 
boundary. Carbon adsorption and other types o f odour- 
adsorbing material can be utilised in the abatement o f  odours.

3.4 Minimisation and treatment of releases to 
water

3.4.1 Minimisation

Waste water can arise from the process, from storm water, from 
cooling water, from accidental releases o f raw materials, 
products or waste materials, and from fire-fighting. These 
should all be taken into account when dealing with the process 
Authorisation.

Aqueous wastes may contain dissolved heavy-metal compounds 
including sulphates and fluorides as well as suspended solids.

The following techniques should be considered for reducing 
waste-water discharges:

•  Minimise the presence of water in the process, including 
water used in product purification and equipment 
cleaning.

•  Use dry techniques where appropriate to abate particulate •
and gaseous exhaust streams.

•  Recycle waste water back to the process or to secondary 
uses such as equipment wash-down, using water pinch / 
analysis if  applicable.

•  Employ indirect contact heal exchange devices.

•  Use improved control and optimised operating 
conditions.

•  Segregate process water, storm water and indirect cooling 
water streams to reduce the hydraulic loading to waste
water treatment equipment or sewers.

•  Develop spill contingency procedures to minimise the 
risk o f  accidental release of raw materials, products and 
waste materials and to control such spillages so as to 
prevent their entry into water.

•  Shelter bunded areas to prevent transfer o f pollutants to 
storm water with subsequent release to the environment.

•  Eliminate equipment washing between batches of the 
same product unless essential. Where this is not 
possible, such as at weekend shut-down, a reduced level 
of cleaning should be considered.

•  Use dry cleaning methods wherever practicable for solid 
dosage forms. Vacuum extraction reduces the loss of

64



Minimisation and treatment of releases to water

productto  the waste water and in some cases allows the 
recovery o f these products.

O Wipe down equipment that is accessible rather than 
washing and rinsing it.

Areas where spillages are most likely such as transfer and 
sampling points should drain to sumps. The sumps should be 
discharged to effluent treatment after the composition o f the 
contents has been checked. Self-sealing couplings should be 
used where applicable.

Storage tanks and process vessels should be bunded. The 
bunding arrangements should be subject to risk assessment and 
be capable o f containing at least 110% of the capacity of the 
largest tank within any one bund. Bunds should be 
impermeable and should have no direct connection to drain.
The Environment Agency has issued guidance on oil tank 
storage02’.

Bunds should be regularly inspected for structural integrity by a 
competent person. Bunds not frequently inspected should be 
fitted with a high-level probe and an alarm as appropriate.

# \

A site-specific spillage contingency plan should be prepared.

Care should be taken in the choice o f organic cleaners used, eg 
detergents, which can enter the effluent system, as they may act 
as complexing agents with metals and impair treatment 
performance.

Treatment chemicals such as corrosion inhibitors, coagulants, 
flocculants, descaling agents, sodium hydroxide and biocides 
should be chosen such that they minimise substances prescribed 
for water, eg mercury in sodium hydroxide.

Treatment chemicals and biocides should be stored in sealable 
bunded areas, or equivalent, and returned to those areas after 
use.

Process waters, site drainage waters and chemically 
contaminated waters should, where appropriate, be treated, 
primarily to remove inorganic compounds.

The dilution o f aqueous process streams by mixing with general 
site effluent or the mixing o f process streams from different 
processes to achieve co-dilution is generally not considered to 
represent BATNEEC An applicant wishing to use this procedure 
should demonstrate that it represents BPEO as opposed to 
applying treatment to the concentrated process stream.

3.4.2 Water collection

(a) Process waters

Process waters are those obtained as a rcsult of the processes- 
carried on in the chemical works and arise from specific plant 
items. Examples include process filtrates, liquors from wet 
arrestment devices, vacuum pump sealing fluids and wash- 
down/drainage from process, handling and storage areas.

As a consequence o f their direct contact w ith other process 
fluids, process waters may have become contaminated. 
Accordingly; they should be convcycd from source via an 
appropriate sewer to treatment plants in a closed system as far 
as practicable. The sewer should be designed to prevent leakage ’ 
into ground and to prevent ingress o f groundwater.

Potential releases should be minimised by the following 
methods:

O Vacuum lines should pass through knock-out pots and 
separators for recycle wherever possible.

O  The use o f process fluids for liquid ring pump sealing 
should be considered, and the subsequent use o f  these 
contaminated streams within the process.

O  Consideration should be given to the use o f dry vacuum 
pumps that'do not use either a sealing fluid or 
lubricating oil.

O  Where sealing fluids are used the installation o f  closed 
systems should be considered together with heat- 
exchange equipment and scrubbing facilities.

(b) Site drainage waters

These are essentially rain water running off hard surfaced 
process areas and roofs or collected by purpose-designed drains.

In many cases an oil separator will be required for site drainage 
waters*” ’.

The site drainage should be designed such that spillages of 
chemicals, etc, should be routed to the effluent system with 
provisions to contain surges and storm-water flows.

Absorbents should be used to mop up m inor leaks and spills 
and should be disposed o f to leak-proof containers.

The collection system should also take account o f  the additional 
fire water flows (BS 5908*3'*’ gives some guidance), or fire 
fighting-foams. Emergency storage lagoons may be needed to 
prevent contaminated fire water reaching controlled waters0*’.

(c) Cooling waters
Discharges from once-through cooling water systems or other___
sources should not be used to achieve, by dilution, release 
limits for substances prescribed for water being discharged 
from treatment plants.

Cooling waters are generally used in indirect, recirculatory 
systems.

3.4.3 Treatment methods

Further information is available in Technical Guidance Note 
A4<16> and ETBPP guides*14’.
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It is unlikely that any single waste-water treatment technique 
will be adequate to render harmless the waste water to be 
discharged. For example, a waste-water stream containing 
hexavalent chrom ium  will require reduction to the trivalent 
form  at low  pH followed by precipitation at high pH.

Treatm ent m ethods including com binations o f (a) to (e) below 
should  be applied as appropriate. Generally the larger the site 
effluent volume, the m ore com plex the treatment system. 
Smaller sites (less than 40 m V day effluent) are likely to carry 
ou t basic treatm ent before discharging the effluent to a 
sewerage undertaker. Often inorganic acid plants are part o f a 
m uch  larger chemical plant, in w hich case the effluent from the 
inorganic acid plant w ould be directed to a site-wide effluent 
treatm ent facility.

(a ) In-plant treatment

Effluent balancing is o f  im portance to the waste-water 
treatm ent plant, but often not em phasised enough. The 
balancing o f  waste w aters'prior to entering the plant will help 
prevent excursions from being caused by process plant upsets.

•  For heavy metals, com binations of: oxidation/reduction; 
precipitation; filtration; ion exchange.

(b ) Primary treatment

Prim ary treatm ent prepares the waste waters for biological 
treatm ent. Large solids are removed by screening, and grit is 
allowed to settle out.

•  Neutralisation.

•  Coagulation/flocculation.

•  F lotation/sedim entation/filtration.

(c ) Secondary/tertiary treatm ent

A num ber o f  m ethods may be applicable:

• Chemical precipitation.

• Electrolytic exchange.

• Ion exchange.

• M embrane techniques.

• Reed beds.

(d) Sludge dewatering

Waste solids in slurry form  are produced by prim ary 
sedim entation, secondary clarification and various in-plant 
treatm ents and pre-treatm ents. These sludges typically have to 
be thickened and dewatered before they can be landfilled, 
incinerated or otherw ise disposed of. Methods available include 
com binations of:

•  Gravity thickening.

•  Dissolved-air flotation.

•  Filtration.

•  Drying.

•  Centrifugation.

•  Sludge digestion.

(e) Sludge Disposal

Depending on the nature o f the remaining sludge, this can be 
disposed of to:

•  Recovery, eg primary extraction.

•  Land.

•  Encapsulation.

3.4,4 Neutralisation

Effluents should be dosed with an appropriate acid or alkali to 
achieve a neutral solution. pH control should be carried out in 
a vessel constructed of suitably resistant material. The vessel 
should be designed to allow a suitable retention time for 
dosing.

Where large discharges o f effluent with high or low pH are 
possible, consideration should be given to a two-or three-stage 
feed-forward pH control system.

Care should be exercised when acid-dosing effluent in case 
toxic gases are released, eg chlorine from hypochlorite solution 
or hydrogen sulphide from sulphides. The vent from these 
vessels should pass to scrubbing facilities.

Dosing systems are unable to cope with effluents o f extreme 
pH; therefore, an intermediate facility capable o f storing 
strongly acidic or alkaline effluents should be installed with 
automatic control if such effluents are likely.

The control o f  pH is difficult since the relationship between pH 
and concentration of reagent is highly non-linear. A typical 
titration curve favour' miilH-ciao#1 Hn>:ino. Automatic nH meters

’  “ O  O  A

should be backed up by regular manual pH measurements and 
instruments should be calibrated frequently.

An alternative to conventional lime and sodium hydroxide for 
the treatment o f acidic waste streams (and for treating effluents 
containing metals) is the use o f magnesium hydroxide 
suspension. 'I t  has many advantages in that it is safe and easy to 
handle, has natural pH buffering properties (thus reducing the 
likelihood o f a pH excursion) and reduces sludge volumes 
generated. For alkaline wastes, the use o f carbon dioxide has 
some similar advantages.
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The neutralisation o f an acid waste with an alkaline waste 
should be considered if  compatible streams are available.

3.4.5 Solids removal

The'removal o f  particulate matter from effluent can be hindered 
by fluctuations in flow. A flow balancing facility may be 
required upstream o f any particulate matter removal equipment.

The removal o f finely divided suspended solids can be enhanced 
by the addition o f chemical coagulants/flocculanis. Similarly, 
these substances can aid the removal of emulsified oil and 
grease.

The addition and mixing o f pH control chemicals and 
flocculams can be made, as necessary, prior to raw effluent 
entering the tank.

(a) Settlement

Separation of up to 90% of the suspended solids can be 
achieved by settlement.

Settlement is carried out in a clarifier. The clarifier design that 
is considered to be the most efficient and economical is a 
circular, mechanically scraped tank. However, depending on 
the flowrate, one or more pyramidal-type settlement tanks may 
be appropriate.

The applicant should have identified a suitable 
treatment/disposal route for the resultant sludge. The option o f 
metal recovery should be investigated.

Control for settlement processes should include a sludge blanket 
level indicator and high-level alarm. Where scrapers are used, 
loss-of-motion sensors should be used.

Sludge containing readily biodegradable Organics containing 
sulphur will have a tendency to produce hydrogen sulphide 
unless properly aerated.

(b) Flotation

An alternative to sedimentation is using either induced or 
dissolved-air flotation, although it is less common in the 
chemical industry. The required tank size is substantially 
reduced but more ancillary equipment is needed, making the 
overall capital cost higher for sites with large (more than 200 
mVday) effluent volumes.

Controlled release o f pressure produces a rising blanket o f 
micro-bubbles as the dissolved air passes out of solution. The 
bubbles carry suspended solids to the surface o f the tank where 
they are removed by surface skimmers. Retention times are 
typically o f the order o f  20-40 minutes at.peak hydraulic, 
loading (influent and recycle). Addition and mixing o f pH 
control chemicals and ftocculants can be made as necessary 
prior to raw effluent entering the tank.

Where volatile organic chemicals may be present, an applicant 
proposing to use a flotation technique should assess the impact

o f the release to air o f  any o f  those chemicals due to the action 
o f aeration.

Inspectors should ensure that adequate control is in place to 
monitor the air supply. The skimmers on the surface can be 
monitored by loss-of-motion sensors.

(c) Precipitation

Precipitation is the most widely used technique for removal o f 
certain compounds that could be recycled or are more 
appropriately disposed of to land than water.

Control o f pH, solid particle growth conditions and residence 
time are some of the key parameters to be considered.

The use of an appropriate precipitation technique is the most 
com mon method encountered with dissolved metal 
compounds. Metallic species are likely to be more mobile at 
acidic conditions and therefore raising the pH to typically 
between pH 8 and 1 0 will be required to precipitate them.
Care is required in the choice o f optimum pH for mixed waste 
streams. In some instances more than one precipitation stage 
may be required to effect the required level o f precipitation.

Where hexavalent chromium is present, it should be reduced to 
the trivalent state before precipitation and disposal. This can be 
achieved by adjusting the pH to the required acid value and 
adding a reducing agent such as sodium metabisulphite. Such a 
waste stream should normally be kept separate from other 
wastes until this step has been carried out. although in some 
cases it may be desirable to use the acidity in another suitable 
waste stream to reducc the pH.

Hydroxide precipitation is the most frequendy used technique 
to remove the metal species from aqueous waste streams. It 
relies on the low solubility o f  heavy-metal hydroxides in water, 
which usually precipitate as very small or colloidal particles; 
thus coagulating agents such as a polyelectrolyte are often added 
to obtain a heavier precipitate to aid efficient separation.

The most commonly used precipitants are calcium hydroxide 
slurry or sodium hydroxide solution and the appropriate choice 
should be made taking account of all relevant factors including 
the preferential recovery o f  the metal value from the precipitate 
where this is feasible. An alternative w hich should be 
considered where applicable is the use o f  magnesium hydroxide 
in slurry form; this may offer a number o f advantages, 
including reduced sludge volume, a natural buffer pH o f  9.5' 
and greater cost/material effectiveness.

Hydroxide solubility varies markedly w ith pH and species; 
therefore it is important to establish the optim um  pH control 
point for the particular waste stream. This is difficult when a 
num ber of-differcnt metal ions.are present,.including metals, 
not themselves covered by this Guidance Note, as individual 
optima vary, for example, from  pH 4.3 for ferric hydroxide to 
pH 9.3 for nickel(II) hydroxide. In such cases a full literature 
survey and a programme o f  test work should be undertaken. 
Other factors such as residence time, particle growth and choice
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o f  coagulant, if  any, will also need to be investigated and 
justified in an application. Multi-stage precipitation may be
necessary.

Carbonate precipitation by the use o f  sodium carbonate or 
carbon dioxide may be an appropriate method in some cases, 
eg streams containing nickel com pounds.

Separation o f  precipitates is described below and separated 
solids should be dewatered to obtain a sludge that may be 
suitable for metal recovery. W here multi-stage precipitation is 
used, solids separation normally occurs between stages.

(d ) Dewatering

Dewatering o f  sludge wastes is a com m on method o f waste 
volume reduction.

Mechanical dewatering in addition to or instead o f  gravity 
thickening is appropriate for many liquid wastes associated with 
the m anufacture and use o f  metal com pounds; this gives a 
dewatered solid, which may be handled more readily with less 
risk o f  spillage than a slurry.

A variety o f  dewatering facilities can be employed including: 
centrifuges, filter-belt presses, filter-plate presses and rotary 
vacuum filters. The system choice is dependent on cost, space 
availability and the degree o f  dewatering required; filter-plate 
presses are frequently appropriate. Polyelectrolyte addition 
(1 -5  kg /to n n e  dry solid) may be necessary as a dewatering aid. 
Such dosing should be optimised.

Dewatering facilities may need to be situated in enclosed 
buildings and'any noxious fumes em itted should be exhausted 
via a gas cleaning facility. The filtrate may require treatment 
prior to disposal.

(e) Filtration

Interm ediate or product materials are often isolated as solids. 
The m axim um  retention o f  solids on the filter is required, 
w hich, for batch processes, usually involves recycling the initial 
filtrate until the initial carry-over o f  solids has ceased. Loss of 
solids to water should be quantified.

The m ethod o f  discharging o f  the solid filter cake varies 
between each type o f  filter but it should be demonstrated that 
the m ethod selected minimises any spillage or loss o f solids to 
the water environm ent. Means to collect and recycle any 
spillage should exist that preclude it being flushed to drain.

If the filter requires clean-down, the quantities o f  solid product 
lost to the water environm ent should be defined and shown to 
be the m inim um  achievable. W herever possible, clean down- 
water should be re-used.

Since the mechanical integrity o f  the filter medium is crucial to 
the operation, a means o f  preventing its failure and consequent 
loss to the environm ent is required. This can take the form o f a 
guard filter, collection vessel or an automatic detection and 
shut-dow n system.

Where solid impurities are removed from process liquors and 
become waste, their means of discharge, handling, treatment 
and disposal should be justified.

The replacement of filter medium can generate a significant 
clean-down stream. For both liquid-liquid separators and 
liquid-solid separators the retained batch is usually washed, 
often with a discrete number o f washes. Sometimes the last 
wash of one batch can be used as the first wash of the next 
batch to minimise the overall usage. The application should 
show that this technique is used or the reasons why it is 
inappropriate.

(f) Electrolytic exchange

Metals can be extracted from aqueous streams by sacrificial 
exchange. For example, adding zinc to an aqueous solution of 
lead salts results in the precipitation o f lead, zinc being more 
'electropositive than lead.

This process would result in the release o f zinc into the aqueous 
stream. Careful consideration should therefore be given to the 
concept of BPEO when considering electrochemical exchange 
techniques.

3.4.6 Activated carbon adsorption

Activated carbon columns can be used for the removal o f  low 
concentrations of metal species, for instance to polish a final 
effluent to provide recyclable water.

Activated carbon adsorption is likely to be encountered 
infrequently in processes covered by this Guidance Note and is 
not discussed further.

3.4.7 Ion exchange resins

Ion exchange can be employed for the removal o f undesirable 
anions and cations from a waste water. Cations are exchanged 
for hydrogen o r sodium, and anions for hydroxyl ions.

Ion exchange resins consist o f an organic or inorganic network 
structure with attached functional groups. Ion exchange resins 
are called cationic if they exchange positive ions and anionic if 
they exchange negative ions.

Treatment o f  a waste water by ion exchange involves a sequence 
o f  operating steps. The waste water is passed through the resin 
until breakthrough occurs. The bed is then regenerated by 
backwashing w ith water and then regenerant prior to re-use. 
Disposal of regenerant liquors is an important factor in 
minimising environmental harm.

Fouling of resins, especially by unexpected contaminants, needs 
to be considered.

3.4.8 Membrane processes

Membrane processes include: ultrafiltration, reverse osmosis, 
membrane filtradon and pervaporation. The efficiency o f  a 
filtration process depends upon the difference in size between 
the pore and the particle to be removed or retained; in reverse
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osmosis the efficiency depends on how well the membrane 
rejects the flow o f  solute whilst allowing the flow o f solvent. 
This is determined greatly by the amount o f solids present in 
the stream to be cleaned.

These types o f process can be used either to clean up the waste 
water for recycling, or to recover material for recycling. They 
tend to be used in specialist applications where the membrane 
technology has been developed to overcome membrane life and 
fouling problems and where the quality o f the final water 
discharge needs to be high.

As membrane processes tend to be developed for specific 
effluents, the applicant should demonstrate its suitability and 
show that the efficiency is at least as good and preferably better 
than other available techniques.

3.5 Minimisation of waste to land

3.5.1 General

The application for Authorisation should detail all wastes from 
the process that are likely to be disposed of to land.

Substances for disposal to land may include effluent treatment 
sludges, bag filter dust, kiln residues, floor sweepings, dried 
spillages and refractory materials. Other substances may include 
building materials, scrap metal, maintenance items and 
contaminated consumables such as packaging and spent filter 
bags.

Packaging should be reduced to the minimum necessary in 
cooperation with suppliers of products brought on to the site.

Efforts should be made to reclaim raw materials and products 
from residues and waste prior to disposal to land in order to 
minimise the quantities released. Recovered dusts may be re
used in the process and sludges may be reprocessed to recover 
metals.

Ion exchange resins and catalysts should be regenerated on
site, where practicable, to minimise the frequency of, and 
amounts for, disposal. This should be compatible with good air 
and water pollution control. Where necessary, they should be 
returned to the supplier for regeneration or reclamation.

As much o f the sludges as practicable should be recycled for 
‘processing (eg by filtration, centrifuging, etc)-to minimise the 
amounts requiring disposal.

Applications should include details o f the facilities for the 
collection and storage o f  solid and liquid wastes that are taken 
off-site for treatment and /o r disposal. Procedures should be 
established which ̂ ensure that there is no mixing o f  wastes 
except in purpose-built equipment designed for the treatment 
o f  the wastes to make them less harmful. Such equipment will 
form part o f the authorised process.

Conditions should be included in the Authorisation to ensure 
thaFall substances'produced'by the process and-disposed of to

land on or away from the site should be handled, loaded and 
transported on-site so as to prevent spillage, dust release or the 
generation o f odours.

All wastes should be stored in appropriately identifiable and 
suitably designed and protected containment areas and 
equipment pending their transfer to on- o r off-site disposal 
facilities.

All spillage should be cleaned up without delay and, where the 
consequence is likely to be environmentally significant, the 
plant design should be such that any spillage can be collected 
and prevented from entering any sewer o r water course.

Wastes should be sampled and characterised, which may 
include a detailed analysis, at appropriate frequency, to ensure 
that they may be accepted at the waste disposal facility and so 
that the relevant information can be made available to the next 
holder as required by the Duty of Care Regulations00.

3.5.2 Contamination of soil and groundwater

Hard surfacing should be provided in areas where accidental 
spillage may occur, eg beneath prime movers, in storage areas 
and in loading areas. The surfacing should be impermeable to 
process liquors. This also applies to tank bund floors. This will 
facilitate recovery and clean-up operations and prevent 
penetration into the ground.

Hard surfacing o f  areas subject to potential contamination 
should be drained such that potentially contaminated surface 
run-off is not allowed to discharge to ground and thus cause a 
breach o f the requirements o f  the Groundwater Directive0’* as 
noted in Section 1.5.8 o f this Note. Particular care should be 
taken in areas o f inherent sensitivity to groundwater pollution. 
Poorly maintained drainage systems are in many cases known to 
be the main cause o f groundwater contamination, and 
surface/above-ground drains are preferred to facilitate leak 
detection (and to reduce explosion risks).

In addition to sealed bunds, possible measures to reduce 
contamination from large storage tanks include:

•  double-walled tanks; and

•  leak detection channels.

The additional measures could be justified in locations o f 
particular environmental sensitivity. Decisions on the measures 
to be taken should take account of the risk to groundwater, 
taking into consideration the factors outlined in the Agency 
document, Policy and Practice for the Protection of Groundwater08*, 
including groundwater vulnerability and the presence o f 

"groundwTter'protect ion zones: * '  " - - - - - -

The vulnerability o f groundwater to contaminants will depend 
on the natural characteristics of any given site, specifically on 
the physical, chemical and biological properties o f soil and

- rocks beneath the site._ The Environment Agency has produced
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a series o f  maps o f  England and Wales, which provide a guide 
to potential groundwater vulnerability. Source protection zones 
are intended to aid protection by defining annular zones around 
each m ajor potable source, including springs, boreholes and 
wells, based on travel times.

Surveys o f  plant that may continue to contribute to leakage 
should also be considered, as part o f  an overall environmental 
m anagem ent system. In particular, operators should consider 
undertaking leakage tests a n d /o r  integrity surveys to confirm 
the containm ent o f  underground drains and tanks.
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4 Benchmark release levels

The release levels given are achievable by all new processes using the best available techniques described in Sections 2 and 3. They 
are applicable to each non-combustion point source. They should not be applied as uniform release limits, but should be assessed 
to take account o f  site-specific conditions so as to comply with the requirement to use BATNEEC and BPEO and any relevant 
environmental quality standards.

4.1 Benchmark releases to air
The benchmark release levels to air are summarised by substance and process sector in Table 4.1.

Table 4.1 Benchmark releases to air (mg/m3) (a)

Substance

Process sector

Sulphuric
acid

Sulphuric 
acid from 
smelting

Nitric
acid

Halogens Hydrogen 
halides (

Ammonia <10 15

Bromine 10 10

Carbon monoxide 100 100 100 100 100

Chlorine and oxy cpds as Cl2 10 10

, Fluorine and cpds (as HF) 5 5

Hydrogen bromide 5 5 5

' Hydrogen chloride b 10 10 10

Hydrogen fluoride b 5 5

Hydrogen iodide 5 5 *5

Hydrogen sulphide 5 5 5

Iodine 10

Mercury 0.K9) 0.1(9)

Oxides of sulphur (as SOz) 150 350

Oxides of nitrogen 

(total acid forming as N 02)

300 300 200
■

‘ Nitrous oxide 200 (f>

Particulate matter 20 20 20 20 20 .

Phosgene 1 1

1 Phosphorus and cpds (as P) 1 1

VOC total Class A 0») 20 20 20 20 20

; VOC total Class B (M 

(as toluene) 80 80 80 80
:

80 !

a The reference conditions applicable to these levels are: temperature 273 K (0°C), pressure 101.3 kPa (1 atmosphere), no 
correction for water vapour or oxygen.

Where the term “expressed as” is used, a correction should be carried out using the ratio of the atomic or molecular 
weights o f the substances as appropriate.

All releases should be essentially colourless, free from persistent trailing mist or fume and free from droplets.

Releases from the processes should not give rise to an offensive odour noticeable outside the site where the process is 
carried on.

For associated combustion or incineration processes, reference should be made to Guidance Note S2. 1.01(2,) for large 
combustion plant and S2 5.01(J0) for chemical waste incineration, for information relating to release levels.
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b For acids handling plant (reconcentration and purification processes) certain parameters will depend on the chemicals 
handled by individual sites.

c Emission level is achievable using double absorption, a 'low -bite’ catalyst and tail end abatement o f  the process exhaust 
gases.

d Emission level is achievable by using single absorption and tail end abatement.

e During start-up, m uch higher releases can be experienced. Procedures should be used to limit the maximum sulphur losses 
to the levels indicated below. These values apply only to the first 5 hours o f  operation. The onus is on the operator to 
im prove the start-up procedures and minimise the environmental impact o f  the plant.

Maximum sulphur loss (% ) Steady state Start-up 1
New plant 0.05 2.0 )

Existing double adsorption plant 0.5 2.0 |

Existing single adsorption plant 2.0 |

The manufacture o f titanium  dioxide is subject to EC Directive 9 2 /1 12/EEC(I,) which gives the following limits:

Substance Limit (mg/NmJ)

Chlorine - chloride route (daily average), 5
(at any one time) 40

Oxides of sulphur -  sulphate route (as S 0 2) 10 kg/tonne of H 0 2 produced

Particulate matter (main sources) 50

Particulate matter (minor sources) 150

f  W here NSCR is used.

g PARCOM Decision 9 0 /3  o f  14 June 1990<l5) relates to Reducing Atmospheric Emissions from Existing Chlor-Alkali Plants, 
as follows.

Contracting Parties to the Paris Convention on Marine Pollution from land Based Sources AGREE:

®  that existing m ercury based chlor-alkali plants shall be required to meet a standard o f 2 g H g/tonne o f chlorine capacity 
for emissions to atm osphere unless there is a firm com m itm ent that the plant will be converted to mercury-free 
technology by the year 2000;

9  that m ercury in hydrogen w hich is released to the atmosphere, or is burnt, is to be included in this standard;
•  and RECOMMEND that existing mercury cell chlor-alkali plants be phased out as soon as practicable. The objective is 

that they should be phased out completely by 20 1 0.

h W here possible, releases o f  VOCs should be individually identified. The VOC concentration levels apply where the following 
total mass release rates are exceeded:

Total Class A 1 00 g /h
Total Class B 5 tonnes/y r o r 2 k g /h , whichever is the lower (expressed as toluene)

Releases below these mass em ission rates may not be trivial, and so may still require controls and the setting o f  appropriate 
release limits.

The use o f  a release concentration lim it is not normally appropriate in the case o f a release from an air-deficient saturated 
vapour space such as a storage tank or process vessel. An approach based on limiting total mass released or mass per unit o f 
production is likely to be m ore effective.

The term  “volatile organic com pounds” includes all organic compounds released to air in the gas phaseT See also Appendix 1.
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4.2 Benchmark releases to surface water
The benchmark release levels to surface water are summarised in Table 4 .1

Table 4.2 Benchmark releases to water (mg//) (a)

> Substance (
Total hydrocarbon oil content (IR method) 1-3

Biological oxygen demand (BOD) (5 day ATU @ 20°C) - 20-30

Chemical oxygen demand (COD) (2 hour) 50-100

Ammoniacal nitrogen (as N) 1-5

Suspended solids (dried @ 105°C) 20-30

Cadmium (expressed as cadmium) 0.01(e)

Mercury (expressed as mercury) 0.005w

a The levels given here are ranges achievable after effluent treatment using a biological treatment step and are not release 
limits. They are given on the basis o f 95% of values not exceeding the relevant level.

b For titanium dioxide production, EC Directive 9 2 /1 12/EEC (17) gives limits for releases to water:

Substance Limit
(kg/tonne T i0 2 produced)

Weak acid waste, treatment waste and neutralised waste from 130 using neutral rutile
chloride process (total chloride C l") 228 using synthetic rutile

450 using slag

’ Weak acid waste and neutralised waste from sulphate process 800 «
(total sulphate S042') .

c For chlor-alkali plants, EC Directive 82/1 76/EEC(1<,) gives the following release limits for mercury to water:

} Process type Monthly average limit 
not to be exceeded

Application

Recycled brine -  grams of mercury 
per tonne of installed chlorine 

production capacity

0.5 Applicable to the mercury present in 
effluent discharged from the chlorine 

production unit.

4 Waste-water discharges -  grams of 
mercury per tonne of installed chlorine 

production capacity

1.0 Applicable to the total quantity of 
mercury present in all mercury- 

containing water discharged from 
the site of the industrial plant.

• Lost brine -  grams of mercury per 
tonne of installed chlorine 

production capacity

5.0 Applicable to the total quantity of 
mercury present in all mercury- ' 

containing water discharged from ‘ 
the site of the industrial plant. ^

d On-site effluent treatment is preferred for these processes. Where discharge to sewer is proposed, the applicant 
should demonstrate that this option represents BATNEEC/BPEO, taking into account:

•  the substances released and their separability and degradability;
•  the type of sewage treatment available; _
•  the security o f the sewage treatment system, eg with regard to storm overflow; and
•  the relative performance o f the available sewage treatment compared with that of the site dedicated option. 

Compliance with limits imposed by the sewage undertaker does not guarantee compliance with BATNEEC/BPEO.

e Statutory Instrument (1 989) No 2286 (ll) gives standards for cadmium and mercury in receiving waters.
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5 Economic considerations

5.1 Introduction
In determ ining a case the Agency must translate BATNEEC into 
conditions to be included in the Authorisation. The BATNEEC 
criterion  requires that a judgem ent be made, balancing cost 
against environm ental damage. The operator should have 
constructed a BATNEEC case after exam ining the range of 
technically feasible process a n d /o r  abatement options. BATNEEC 
is no t concerned w ith the financial health or resources o f  a 
particular operator. Excessive costs are viewed in the context o f 
the process and the industry concerned, and costs o f controlling 
releases should not be disproportionate to the environmental 
benefits delivered.

In the absence o f  scope for efficiency savings, there are two 
elem ents to the ability o f  a representative operator in any 
industry to bear extra abatement cost. One relates to the 
financial resources typically available for capital expenditure, 
w hether from  cash reserves or from external sources such as 
loans or equity. The other, also known as sector affordability, 
depends on the extent to w hich costs can be passed on to 
custom ers, passed back to suppliers, or absorbed by lower 
returns w ithin the industry.

Set out below is a sum m ary o f  the assessment o f the economic 
and financial climate and status o f  the inorganic chemicals 
industry, as at 1998, as well as the inform ation concerning 
abatem ent techniques against w hich the application o f  BAT and 
BATNEEC may be judged.

5.2 The UK.inorganic chemical industry structure 
and market

5.2.1 UK inorganic chemical sector as a whole

(a) Market overview

The UK inorganic acids and halogens industry comprises a 
wide range o f  companies, some large and providing integrated 
facilities, some small w ith a range o f specialist products. 
Generally, inorganic chemicals are not viewed as a growth 
sector compared to some parts o f  the chemical industry, eg 
plastics and pharmaceuticals. Figure 5.1 shows how both the 
inorganic and fertiliser chemical outputs have declined in recent 
years, compared to total chemical output. Data from the 
Chemical Industries Association shows that, taken together, the 
inorganic and fertiliser sectors are expected to represent 13% of 
total UK chemical investment during the period 1997-99.
The Government last reviewed the UK inorganic chemical 
industry in 1987 in a NEDO (National Economic Development 
Office) report entitled Chemicals: A Positive Future. According to the 
report, the key determinants for development of the UK 
inorganic chemical sector would be as follows:

•  Competitive energy prices for large, intensive users.

•  Exchange rate/interest rate stability at a reasonable level.

•  Recovery o f the UK’s manufacturing base.

Figure 5.1 UK production o f inorganics, fertilisers and all chemicals

Inorganic* ----------Fertilisers .............  Total Chemicals Industry
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In the past five years there have been major changes in the 
structure and ownership o f  the UK and international chemical 
industry. Producers with manufacturing assets in the UK, as 
elsewhere in Europe, are increasingly looking at the 
international competitiveness of their products. Producers 
with growth products are looking to see whether existing and 
future UK-based production can form part of a global 
production strategy.

The chemicals covered by this Guidance Note are categorised 
into one of four types: commodity, speciality, growth or mature 
chemicals.

(b) Commodity chemicals

Commodity chemicals (eg nitric acid, sulphuric'acid, chlorine) 
are large-volume, low-price products for which the chemical 
business cycle is a key economic fact o f life. The chemical 
business cycle is the period of time (usually between 5 and 10 
years) between two peaks in chemical industry profits. The last 
two peaks in profits for the overall Western European chemical 
industry were in 1989 and 1995 so the cycle lasted six years. 
The average profit margin for Western European chemical 
companies throughout the last chemical business cycle was 
between 2 and 5% of sales value (turnover) according to an 
industry source.

(c) Speciality chemicals

Speciality chemicals are the opposite o f commodities. They are 
low-volume; high-price chemicals usually characterised by high 
demand growth. Also companies usually achieve higher 
margins on speciality chemicals. Investment for speciality 
chemicals can occur at any time irrespective o f the general 
chemical industry cycle. Examples of these are sulphites, 
iodates and oleum.

(d) Growth chemicals

Growth chemicals (eg phosgene), are those non-specialities for 
which demand is expanding faster than overall economic GDP. 
Where demand is growing at rates of 2—5 times GDP, these 
products are described as 'high growth’. These are the ‘rising 
stars’ of today, which will become commodities in 10—20 years’ 
lime. Producers with high- growth products will be most 
concerned with the speed of new plant investment and will be 
planning 5 -10  years ahead.

(e) Mature chemicals

Mature chemicals (eg ferric chloride, sodium hypochlorite) are 
those for which dem and is either falling in volume terms or 
where growth is less than the overall GDP growth rate in the 
national economy. These tend to be old products, gradually 
becoming obsolescent as newer products expand their market 
share. Producers with mature products may well be most 
concerned with cost reduction in order to maintain profitability 
in the absence o f growth.

(f) Financial results

Ail companies operating in these industries are public or private 
limited companies returning annual accounts to Companies 
House. Important financial ratios that indicate the state o f  a 
company’s operations are:

O Return on capital for the whole company can be
calculated from information in the annual report and is 
shown oil the figures in the text. Return on capital is the 
company’s annual profit expressed as a percentage o f  all 
capital employed by the company including 
manufacturing plant (depreciated), working capital and - 
other overheads for all the company’s activities.

O Return on investment (ROI) is applied to an individual 
manufacturing plant and is its annual profit expressed as 
a percentage o f the plant investment cost. This simple 
ROI therefore requires estimates or data for, product 
selling price, feedstock costs, plant investment costs and 
operating costs. ROI in this case excludes the cost o f 
financing, provision for plant depreciation and tax.

Based on the current financial climate o f these industries, 
typical figures for these financial ratios have been compiled 
below for each o f  the main production processes. It should be 
noted that percentage figures given in the text that follows for 
simple ROI are for a new plant. For an existing fully 
depreciated plant, a higher rate of return can be expected based 
on similar assumptions to those for new plant.

With regard to access to external financing, it is noted that, for 
the chemicals industry generally, the corporate finance 
borrowing cycle is 1 80 degrees out of phase with the capital 
investment cycle.

(g) Economic outlook

For each industry subsector a view o f likely future economic 
performance is presented in the text that follows based upon all 
the economic and financial data available. In recent years the 
economic performance o f  these subsectors has been reasonably 
good by historical standards. This is expected to continue until 
the next cyclical downturn in the chemicals industry.

5.2.2 Sulphuric acid and related industries

(a) Market overview

The current UK market for sulphuric acid is estimated at about- 
1500 ktpa, mainly in concentrated form. This represents a 
sizeable fall from the 4000 ktpa market size o f  the 1980s and is 
mainly due to the decline o f  UK fertiliser manufacture. lower 
steel production and more efficient use o f the acid. The overall 
number o f sulphuric acid manufacturers in the UK has also 
continued to decline. The remaining companies_produce acid- 
from some o f the oldest chemical sites in the UK and represent 
a mixture o f interests from broad-based bulk chemical 
production to specialist acid producers and non-ferrous metal 
manufacture.
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In the UK, most production is tied to other industrial 
operations or is recycled acid after reconcentration. The average 
size o f  UK plants is about 500 tpd compared to 3000 tpd plants 
in the USA and 1000 tpd plants in continental Europe. In 
addition, the continental European producers have spare export 
capacity.

(b ) Reported prices

From the inform ation available, neither feedstock nor product 
prices have had a significant effect on the sulphur industry 
profitability in recent years.

(c) Financial Results

Recent financial results for a typical sulphur-based inorganic 
chemical company are show n in Figure 5.2. The trends o f  all 
four financial parameters appear to track the overall UK 
chemical industry business cycle, ie recession in the early
1 990s, a strong recovery in 1994 rising to a peak in 1995.

A current return on investment for a typical sulphuric acid plant 
(o f about 330 ktpa capacity produced by the sulphur 
com bustion process) is estimated to be 20%. This is an 
acceptable return, indicating a reasonable balance in the market 
for feedstock supply and product demand.

A typical company in this sector would be larger than the 
average chemical company in the UK and would have a credit 
rating o f  above average for UK industry as a whole.

(d) Economic outlook

Sulphuric acid is a mature com m odity and there is little 
evidence to suggest major economic changes in the UK

industry in future. Prospects for sulphuric acid recovery almost 
certainly improved in 1996 because of the introduction of a UK 
landfill tax, which improves the relative economic attractiveness 
o f  recovery versus disposal. Another spent acid concentration 
plant for the UK has been mooted.

5.2.3 Nitric acid and related industries

(a) Market overview

The nitric acid industry is about one-third the size o f the 
sulphuric acid industry in the UK. Most weak nitric acid is 
used captively, while-most concentrated acid is for merchant 
sales. In 1997 the major UK nitric acid producer sold its 
fertiliser business to an American company and most UK nitric 
acid production is now foreign-owned.

Most UK output is used to manufacture fertilisers (ammonium 
nitrate granules). Other significant uses are in the manufacture 
o f  polyurethanes, fibres, explosives and the treatment o f metals.

Fertiliser markets

Western European fertiliser production and consumption have 
declined by about 25% since the end o f the 1980s. The . 
markets suffered a disastrous slump in 199 1-2. Western 
European demand was declining slowly but, following the 
break up of Comecon in 1990, the FSU and Eastern Europe 
doubled their exports o f fertilisers to the West. This is having a 
major impact on prices and on production in Western Europe. 
Western Europe responded by closing down 25% of capacity 
and making 50% o f the workforce redundant.

Figure 5.2 Inorganic sulphur-related manufacturers -  typical financial results

---------- Profit (Y1)
-- —♦---- Profit Margin %  (Y2)
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Now the European fertiliser environment is stabilising and the 
oversupply situation is improving (see IPCGN S2 4.04(8) for 
further detail).

Chemical markets

Demand for concentrated nitric acid for high-growth chemical 
production is generally increasing.

(b) Reported prices

Significant changes have occurred recently in the price of 
ammonia feedstock used to make nitric acid. Ammonia prices 
have fluctuated around £250 per tonne, which is high 
compared to historical price trends, which are closer to £1 50 
per tonne. More recently they have fallen back towards the 
lower level. Ammonia is a bulk chemical commodity for which 
price fluctuations are expected by industry.

(c) Financial results

Recent financial results for a typical nitrogen-based inorganic 
chemical company are shown in Figure 5.3. The trends show 
that losses in 1993 have been turned into profits in recent years 
up to the start o f 1998.

One producer saw 1996 profits in its agro-business unit 
increase by 14% on a 3% rise in sales.

Another company says that its finances were highly geared 
(high debt/equity ratio) in early 1990s, but after initiating a 
drastic cost-cntting programme it is now in a growth phase and 
is expecting to invest.

A current return on investment for a typical nitric acid plant (of 
about 1 70 ktpa capacity) is estimated to be 40%, which is high. 
A recent consultants’ report also indicated a very high return on 
investment for a particular process selected. A typical company 
in this sector would be larger than the average chemical 
company in the UK and would have a credit rating o f above 
average for UK industry as a whole.

(d) Economic outlook

The economic prospects for weak nitric acid are tied to those o f 
the fertiliser industry. After a long period in the doldrum s in 
the early 1990s, the oudook for European fertiliser producers 
has improved. Positive features are the reduction in EU set- 
aside land, recovery in domestic demand in Eastern Europe/FSU 
and the near-total lack of investment for. 10 years which has 
helped to reduce overcapacity. However, not all the problems 
have been dispelled. Nitrate pollution is still a major issue, 
greater European use of urea fertiliser would not require nitric 
acid, exports to non-European markets are generally 
uneconomic, and the German market has been almost totally 
lost to Eastern European suppliers.

The prospects for concentrated nitric acid are related to a larger 
number o f industries. There is no evidence that UK production 
of stainless steel will dramatically increase, so nitric acid 
demand for pickling is unlikely to rise. Metal 
brightening/anodising is likely to increase in the UK 
particularly for aluminium components for the automotive 
industry. Of the chemical uses, the UK is expected to increase 
production of high-growth MDI polyurethane intermediate. 
Overall, production of concentrated nitric acid in the UK is 
likely to remain comparatively stable in the medium term.

Figure 5.3 Inorganic nitrogen-related manufacturers - typical financial results

_________ -----------Profit <Y1)
—  —+---- Profit Margin %  (Y2)

17



IPC Guidance Note S2 4.03

5.2 .4 Inorganic halogens industries .

(a ) Market overview

Chlorine

Chlorine is a large-volume com m odity chemical for which 
prices fluctuate widely. The chlorine production business is 
cyclical (recently 8—9 year cycles) and relies on brief periods of 
h igh profus for plant investment.

One feature o f  the industry is that chlorine is always co
produced w ith equally valuable caustic soda, and historically, 
w hen the price o f  one chemical is high, the price o f the other 
is usually low. In this way the chlorine producer (or more 
strictly the chlor—alkali producer) is partly cushioned from the 
financial effects o f  the big fluctuations in chlorine prices.

Electricity costs are typically over half o f  total manufacturing 
costs for chlor—alkali producers, whereas feedstock costs are 
usually less than 15%. Potentially, the lowest industrial 
electricity costs, w ithin the EU, are found in the Netherlands 
and the UK. This is due to gas industry and electricity 
deregulation. The UK chlor—alkali industry is therefore 

v expected to be competitive w ithin European markets.

A m ajor debate w ithin the chlor—alkali industry worldwide 
concerns the possible replacement o f  m ercury electrolytic cells 
by m em brane or diaphragm cells for environmental reasons. 
Europe has the largest num ber o f  m ercury cells worldwide. 
There is a Paris Convention recom m endation to phase out use 
o f  m ercury cells by 2010. In practice, projects to replace 
m ercury cells in Europe have been very infrequent over the last 
15—20 years. Much o f  the chlor—alkali industry argues that the 
environm ental benefit gain is too small for the large capital cost 
entailed (eg over £200 m illion).

Other chlorine-related markets

Chlorine and ethylene are used to make VCM (vinyl chloride 
m onom er) w hich is converted into PVC and is the largest en- 
use for chlorine. Most increases in chlorine production 
w orldw ide are likely to be related to increased VCM/PVC 
production.

H ydrochloric acid markets in Europe usually tend to be in 
oversupply. This is due to large volumes o f acid made as a by
product in the production o f  PVC plastic.

A lum inium  chloride is mainly used as a catalyst in the 
petrochem ical industry and this is a m ature market. Although a 
speciality chemical, production and sales are unlikely to change 

' to  a significant extent.

Ferric chloride is a mature chemical product mainly used in the 
water treatm ent industry. The chemical is usually produced as a 
by-product o r w hen steels are pickled w ith hydrochloric acid. 
Total European production is estimated at about 100 ktpa.

Phosgene is w idely used in the UK chemical industry, despite 
its highly toxic nature. It is classified as a growth product 
because bo th  polyurethane and polycarbonate plastics are high-

growth chemicals. In future, the cost of chlorine will probably 
determine the economics of phosgene production.

Sodium hypochlorite (bleach) is commonly produced as a by
product from chlorine manufacture. However, many o f  its 
pulp-bleaching and other industrial uses have been superseded 
by chlorine dioxide, so sodium hypochlorite is viewed as a 
mature chemical product.

Lithium metal is a growth product due to its use in batteries.

Siloxane is a type of plastic based on silicon rather than 
hydrocarbons. Methyl chloride is a major feedstock in the 
manufacture o f  siloxane, which is a high-growth product in the 
UK.

(b) Reported prices

Chlorine price trends have fluctuated over the last three years at 
around $200 per ton. Producers o f  the whole chlorine/VCM / 
PVC chemical chain enjoyed high prices in 1995. However, 
absolute chlorine prices are high by historical standards. For 
instance, during the previous decade average prices were closer 
to S 100 per ton.

(c) Financial results

Recent financial results for a typical chlorine-based inorganic 
chemical company are shown in Figure 5.4. Typical return on 
capital has increased in recent years. In 1994 one company said 
that its chlor—alkali business will be able to generate 20% return 
on net assets.

A current return on investment for a typical chlorine plant (of 
about 180 ktpa capacity based on the membrane process) is 
estimated to be 16%, which is acceptable. However, chlorine 
prices are currently high on an historical basis and the co
product caustic soda price has a marked effect on the economics 
of the brine electrolysis process.

Return on investment for a new hydrogen chloride plant (20 
ktpa capacity, anhydrous) is estimated at 18% (showing an 
acceptable ROI). It is more difficult to estimate an ROI for the 
phosgene production process, as reported prices o f nearly 
£1000 per ton are based on 1 ton cylinders. It is probable that 
bulk prices for phosgene would be significantly lower than 
these prices reported for 1 ton cylinders. Owing to its toxic 
nature, bulk production tends ro be made in situ foi direct use 
in downstream plant. Economics are therefore linked directly to 
the downstream market.

A typical company producing chlorine would be larger than the 
average chemical company in the UK and would have an above- 
average credit rating for UK industry as a whole. The financial 
strength of a typical company in other chlorine-related sectors 
is not as strong, but is still above average for UK industry.

(d) Economic outlook

Chlorine has one major end-use, the manufacture o f PVC 
plastic, and many small-volume applications within industry. 
The likely oudook for PVC is that Western European and UK
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Figure 5.4 Inorganic chlorine-related manufacturers - typical financial results

----------  Turnover (Y1) ~
---- ♦----Profit Margin % (Y2) -------

Profit <Y1)
Return on Capita! % (Y2)

demand will remain steady and exports are unlikely to grow. A 
continuing deterioration in PVC prices from the peak in l 995 
through to the bottom o f the petrochemical cycle, due 
1999-2000, can be expected. However, as half the feedstock is 
another petrochemical (ethylene), which is also likely to fall in 
price, the profitability o f PVC production will be partly 
protected. The UK remains a good location for VCM/PVC 
production for the European market because both electricity 
and ethylene can be comparatively competitively priced in the 
UK.

Many of the smaller uses for chlorine have already declined 
under environmental pressure, eg chlorine for pulp and paper 
bleaching, hypochlorite bleaches, chlorine in water treatment 
and, of course, chlorine for organic CFCs. However, smaller 
uses for chlorine within the chemical industry are likely to 
show above-average growth, eg for titanium dioxide, phosgene, 
propylene oxide, pharmaceuticals and organic chlorides.

A major use for co-product caustic soda is in the production of 
-aluminium from alumina.ore.^ Future growth in light-weight 
metal production will support growth in chlor-alkali 
production. However, any crisis in this industry will adversely 
impact chlor-alkali. Sentiment within the aluminium industry 
is reflected in Australian alumina three-year contracts.

Given the 'unusually' high price o f chlorine in recent years and 
the cyclic nature o f The industry, it is to be expected that - - - 
chlorine price will trend downwards in the medium-term 
future while caustic soda prices move up. This will leave the 
economic position o f  chlorine producers unchanged but should 
benefit the economics o f chlorine-consuming industries.

5.2.5 Inorganic bromine/fluorine/iodine related 
Industries

(a) Market overview

Of all the halogen group o f chemicals, chlorine is the only 
large-volume industry. For the three other halogens — bromine, 
fluorine and iodine -  each industry is small volume and highly 
specialised with generally no more than two medium-sized 
manufacturers in each sector in the UK.

Bromine .

Bromine is produced from sea water in the UK using chlorine 
as a feedstock in the process. It is the largest such operation in 
Europe. Liquid bromine is a speciality chemical used as a 
pharmaceutical intermediate and for agrochemicals. A large 
proportion of the production is also used to make ethylene 
dibromide. This is used as a scavenger for lead used in petrol. 
This use will decline with the EU decision to ban leaded 
gasoline in year 2000.

Fluorine ~~ ~ ~ - - - -  —

One company is a major producer o f  inorganic fluorides. 
Commercial-grade hydrofluoric acid is produced near Sheffield 
for the stainless steel pickling industry and for use in crystal 
glass manufacture. The company also produces very high- 
purity fluorine chemicals for the semi conductor/electronics 
industry. In 1995 there was a plan to build a UK plant to 
produce 3 ktpa high-purity HF acid based upon continuing 
growth in demand for ultrahigh- purity chemicals.

The company is also the worlds largest producer o f  potassium 
fluoroborate and potassium fluorotitanate used for alum inium  
(grain) refining.
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Potassium fluoride

Potassium fluoride is a speciality chemical w ith a wide range of 
applications notably for the production o f  agrochemicals as an 
interm ediate for root-crop pesticides.

Potassium iodide

Potassium iodide has a w ide range o f  small-volume uses and is 
a speciality chemical.

(b) Reported prices

The price o f  chemicals made from  fluorine have increased 
w ith in  the last three years. Also consum ers o f iodine have had 
to pay higher prices for their feedstock.

(c) Financial results

Recent financial results for brom ine-, fluorine- and iodine- 
based inorganic chemical com panies are shown in Figure 5.5.
A typical company appears to have been profitable in the last 
two years.

One com pany claims that it looks for high margins and a high 
(20% ) return on investment for all o f  its products.

A typical m edium -sized company in this sector would be larger 
than the average chemical com pany in the UK and would have a 
credit rating o f  above average for the UK industry as a whole. 
However, the credit rating for som e o f  the smaller companies is 
not so strong.

(d) Economic outlook

Despite the speciality nature o f  the chemicals produced by this 
subsector, any high prices achieved do not appear to be

reflected in the financial results o f a typical company.

5.2.6 Titanium dioxide industry

(a) Market overview

Titanium dioxide is a widely used pigment, with demand 
closely linked to growth in housing, the automobile and the 
coatings industries. It is a typical commodity product with 
major product price and profitability cycles. The cycles are not 
expected to be always in phase with the overall chemicals 
industry cycle. In the last cycle, good profitability in m id/late 
1980s led to major new-plant investment, which resulted in 
overcapacity, poor markets and lower profitability in the 
recession o f the early 1990s. By 1994 titanium dioxide markets 
started to improve, only to deteriorate in 1 995 and again in 
early 1997. In 1997 major new capacity projects in the US 
were delayed and now the industry profitability is reportedly 
improving.

Since 1994 in Europe most investment has been for de-bottle 
necking projects where companies have introduced new process 
technology, catalysts, etc, to boost output at existing facilities.

On a worldwide basis, the sulphate process has dropped from 
65% of.total capacity in 1985 to 45% in 1993 and is forecast to 
account for 35-40%  by 2000. It is likely that there will be a 
residual market for the sulphate-based T i0 2, where there is still 
demand for the anatase pigment. For sulphate producers, the 
markets for by-product materials (eg ferric sulphate and 
gypsum) are economically important.

(b) Reported prices

Titanium dioxide prices improved in 1996, languished in early
1 997 and recovered after expansion plans were delayed. Recent

Figure 5.5 Inorganic bromine/fluorine/iodine-related manufacturers -  typical financial results

----------- Turnover (Y1) ---------- Profit (Y1)
— •—+---- Profit Margin %  (Y2) ♦ Return on Capital %  (Y2)
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Figure 5.6 Inorganic titanium dioxide-related manufacturers -  typical financial results

—  Turnover (Y1) —  Profit (Y1)
.---- Profit Margin %  (Y2) ------ ♦----  Return on Capital %  (Y2)

titanium dioxide prices have tended to be higher on a historical 
basis with values close to S 1 per lb.

(c) Financial results

Recent financial results for a typical titanium dioxide company 
are shown in Figure 5.6.

The decline in return on capital in 1996 relates to one result 
and is probably unrepresentative o f the long term economic 
performance of the sector.

Current returns on investment for typical titanium dioxide 
plants (100 ktpa capacity), are estimated to be 31% for the 
chloride route and 24 % for the sulphate route. The sulphate 
route appears to be profitable, particularly when using a 
relatively high titanium dioxide feed. The chloride process 
appears overall to be the more economic route, due to lower 
capital costs.

A typical company in the titanium dioxide sector would be 
larger than the average chemical company in the UK and would 
have a credit rating o f  above average for UK-industry as_a whole.' 

* '
(d) Economic outlook

It is likely that the titanium dioxide industry will continue to 
operate at 95% o f capacity or better throughout 1998 and that 
product prices will trend upwards according to stock market 
analysts. This can only improve the short term economics of 
the UK’s titanium dioxide production industry.

Recendy, both UK producers have announced plans for medium 
size (£30 -  £70 million) investments to expand capacity of UK 
chloride-based production. _ - - ‘

5.3 Cost of abatement

5.3.1 Abatement of sulphuric acid plant

Costs o f abatement o f sulphuric acid plants have been developed 
in terms o f S02 recovered per tonne of daily installed capacity 
of sulphuric acid. The baseline used is the single absorption 
process, without abatement. The approximate incremental cost 
for each abatement process, applied to the baseline plant, is 
summarised in Table 5 .1.

The basis for Table 5.1 is as follows:

© SOz concentration at the inlet to the converter is 10 vol %.

© Cost data have been developed for a 1 000 tpd sulphuric 
acid plant.

© Processes considered for abatement are conversion to 
double absorption (DA), introduction o f  additional 
catalyst beds (five-bed), use of "low bite" catalyst to 
improve conversion and finally addition o f  a secondary. 
abatement system for the taiPgas.

Table 5.1 Annualised cost o f abatement for 
sulphuric acid plant

■ Process
I

Conv'n
( % )

kg S02/t 
acid

Cost (£/tpd ; 
acid) !

1 Single absorption 98 14 0 I

\ Double absorption 99.5 ' 3.3 498 ]t
i Five-bed DAI 99.8 1.5 698 ’

! Five-bed DA + low bite 99.9 0.6 822 !"

Extra abatement 99.95 0.3 1070 J
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Figure 5.7 S02 Abatement costs per tonne recovered

kg SOj/te H2S04

These results are expressed graphically in Figure 5.7 in terms of 
additional S 0 2 recovery com pared w ith the single absorption 
process. The graph essentially shows an exponential increase in 
cost as recovery efficiencies approach 100%.

The extra abatement system included in Table 5.1 is the 
peroxide-based process. Hydrogen peroxide should achieve 
efficient recovery o f  S O z at a relatively lo w  capital cost. It is 
however an expensive chemical and will result in higher 
operating costs. Alternative abatem ent processes such as 
activated carbon, or lower-priced solvents in absorption systems 
will reduce operating costs, at the expense o f  further increases 
in capital cost.

The inform ation illustrates that extra gains in conversion 
efficiency or abatem ent are approaching the limits o f reasonable 
cost above 99.8 — 99.9%  overall conversion.

Insofar as the techniques discussed above are commercially 
available currently, the com bination o f double absorption with 
improved catalyst perform ance and a further stage o f  taii ga:> 
abatement should be considered BAT.’

Table 5.1 costs apply to new -plant abatement. The use o f some 
o f  the same abatement techniques may be feasible for many 
existing plants, currently having lesser degrees o f abatement. It 
is likely, however, that costs w ould be expected to be higher for 
the abatement o f  existing plant.

The cost data are approxim ate and indicative o f  cost trends. It 
should also be noted that overall plant efficiency is related to 
inlet concentration o f  S 0 2 to the converter. As a result, the 
values estimated above are only appropriate for the 10% SOz 
case used. The costs will vary considerably w ith plant design,

capacity and operating conditions, and should be derived for 
specified conditions, when assessing BAT vs BATNEEC ' 
requirements.

5.3.2 Abatement of nitric acid plant

Costs of abatement o f nitric acid plants are provided and are 
expressed in terms of N 0 2 recovered per tonne of daily installed 
capacity o f  nitric acid. The three most common abatement 
methods have been considered. These are extended absorption 
(EA), EA in combination with selective catalytic reduction 
(SCR), and EA in combination with non-selective catalytic 
reduction (NSCR).

The cost data for each type o f abatement method are based on a 
range o f nitric acid plants, including various low, medium and 
high dual pressure plant designs. The data should therefore be 
regarded as indicative only The baseline is the non-abated dual 
pressure plant. The incremental cost for each abatement 
process is summarised in Table 5.2 for a new I 000 tpd nitric 
acid plant. Additional costs o f using the same techniques of 
abatement for existing plant are likely tc be greater, depending 
on the particular circumstances of the facility.

Table 5.2 Annualised cost of abatement for 
nitric acid plant

Abatement
method

kg N 02/t acid Cost (£/tpd acid) j

None 9.7 0 |

EA 0.5 230 |

EA + SCR 0.15 880 |

EA + NSCR 0.12 1850 |
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Figure 5.8 NOx abatement costs per tonne N0X recovered

kg NOx /te HNO,

The results are expressed graphically in Figure 5.8 in terms of 
additional N 0 2 recovery compared with the non-abated process. 
The graph shows essentially an exponential increase in cost as 
recovery efficiencies approach 100%.

The information illustrates that extra gains in conversion 
efficiency or abatement are approaching the limits o f  reasonable 
cost above 99.8-99.9%  overall conversion.

Insofar as the techniques discussed above are commercially 
available currently, the combination of extended absorption 
with either SCR or NSCR should be considered BAT for NOx 
releases. The abatement o f nitrous oxide (NjO), however, with 
respect to its ozone depletion potential and ‘greenhouse effect’, 
is favoured by a combination o f extended absorption and NSCR.

The cost data should therefore be used.cautiously and be 
considered only as indicative o f cost trends. The costs will vary 
considerably with plant design, capacity and operating 
conditions and should be derived for specified conditions.

5.3.3 Abatement of halogen plants

The specific concerns o f chlorine production relate to 
diaphragm and mercury cells. -The former uses asbestos to 
separate anolyte and catholyte. whilst the latter uses mercury as 
the cathode. BPEO would probably involve new plants being 
constructed using membrane cells, which do not create 
‘additional’ environmental concerns, above those normally 
generated in producing chlorine. This approach is also in line 
with the PARCOM Recommendation (,S) to phase out.mercury- - 
based processes.

(a) Diaphragm Cells

BAT for asbestos requires compliance with the Asbestos

Regulations in terms of safe handling and disposal o f  spent 
diaphragms.

(b) Mercury Cells

BAT for mercury cells requires removal o f  mercury 
contamination from all product streams and all emission 
sources to achieve very low release levels. BAT, therefore, 
requires the application o f a combinations o f techniques, 
including:

©

©

©

o
o

Q

chilling and use of activated carbon to remove mercury 
from hydrogen;

mechanical/ physical recovery of Hg downstream o f  the 
cells;

demercurisation of caustic soda or potash with activated 
carbon-coated plate or candle filters;

use o f oxidants to treat process gases;

demercurisation of liquid effluents by precipitation to 
HgS; and _ __ -

redesign o f cells to minimise mercury content and 
contact.

Costs for these abatement techniques are generally developed 
for specific plant. It is therefore not possible to present these in 
a way that provides trends. However, as an illustration the 
capital required to reduce mercury in the strong and weak 
hydrogen streams to less than 0.01 m g/m 3 would be about £30 
to £40 per installed tonne of chlorine capacity for a small 
chlorine plant.

Abating releases from halogen processes, other than in respect 
o f mercury removal or asbestos handling, should be considered
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in term s o f  treating the gaseous and liquid streams to minimise 
em issions and render them  harmless. BAT techniques for 
halogens, halides and caustic liquors are well established and 
are discussed in Section 2.4 “Halogens” and Section 3 “Best 
available techniques for controlling releases” .

5.3.4 Abatement of titanium dioxide plant 

(a ) Sulphate Process . .

The sulphate process produces large quantities of waste material 
including metallic sulphates. BAT represents the conversion of 
these materials into useful saleable by-products, leading to 
m inim isation o f  the releases to the environment. BAT processes 
for the sulphate route include:

®  conversion o f  ferrous sulphate to ferric sulphate (a water 
treatm ent chemical);

©  conversion o f spent acid to w hite or red gypsum (for 
wall boarding and agricultural land improvement, 
respectively); and

•  recycle o f  dilute acid produced by removal o f  S 02 from 
calciner off-gases.

The sulphate process also produces weak acid, SOx, NOx and 
particulates. Provision o f BAT is in accordance with recognised 
techniques that are described in Sections 2.2; 2.3 and 5 o f  this 
Guidance Note and include:

•  abatem ent for SOx , NOx and particulates, arising from 
fuel firing and calcining, and alternatives such as

®  removal o f  particulates from waste gases;

©  subsequent recovery o f  the SOz generated by roasting o f 
metal sulphates to make sulphuric acid via the contact 
process;

®  recycling the metal oxides produced by roasting to the 
steel industry; and

•  concentration or regeneration o f the spent sulphuric acid 
for recycle or sale.

(b ) Chloride process

Tail gases from the chlorination stage o f the process contains 
carbon m onoxide, carbon dioxide w ith some hydrogen 
chloride and chlorine ‘slip’ from  the reaction. Conventional 
two-stage scrubbing techniques, first with demineralised water 
to remove the hydrogen chloride and then caustic to remove 
chlorine, represent BAT. All other vents are scrubbed with 
caustic to remove chlorine and make hypochlorite.

BAT for the carbon m onoxide generated by oxidation o f the 
coke bed o f  the chlorinator requires the thermal conversion o f 
the m onoxide in the tail gas to carbon dioxide.

It is also practicable to convert the metallic chlorides in the 
waste material to the more inert oxide form, which will have a 
reduced environmental impact and may have value as a by
product. Inclusion of this conversion step also represents BAT 
for the chloride process.

5.3.5 Abatement of particulate matter

The choice of suitable technology will be dependent upon 
technical, site-specific and economic considerations, and a 
num ber of appropriate criteria for consideration are given
below:-

• volumetric flowrate;
• temperature;
• humidiiy;
• type and nature of the particulate matter;
• the presence o f other chemical species;
• the removal efficiency required;
0 space availability;

utility requirements;
waste disposal considerations;
control/monitoring requirements; and

© civil work.

In some cases gaseous streams containing particulate matter will 
be combined together for treatment, and in other cases it may 
be more appropriate to segregate individual streams for 
abatement.

Each of the main abatement technologies for particulate matter 
has advantages and disadvantages that may preclude its use on 
technical considerations for any particular installation.

One of the main factors is that the efficiency o f particulate 
abatement devices is influenced by particulate size and typical 
values are shown in Table S.3. The figures should be taken as 
guideline values only. Actual removal efficiencies will depend 
on the type and density o f the particulate to be removed and 
hence must be determined for each individual case. 
Combinations of treatment technologies may be required in. 
order to achieve required emission levels.

Table 5.1 Efficiency for various particulate sizes

Type Efficiency (% )

10 pm 5 pm 2 pm 1 pm

High efficiency cyclone 87 73 46

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 99.8'

When selecting paniculate abatement systems other 
considerations that influence the costs include the choice of 
materials o f construction for the plant and ancillaries such as 
filter bag materials o f construction.
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It is noi possible to show comprehensive costing data to satisfy be treated with considerable caution as they will vary greatly for 
all situations and to cover all applications considered under this specific applications. The data show total installed equipm ent
sector, but approximate costs o f  employing some o f  the 
particulate abatement control techniques discussed in this 
Guidance Note are given in Figures 5.9 and 5.10. They should

costs and annualised costs against volumetric throughput for 
each o f  the main technologies.

Figure 5.9 Installed capital cost for particulate abatement equipment
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Figure 5.10 Total annualised costs for particulate abatement equipment 
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5.3 .6 Abatement by gas scrubbing Even for more general-purpose scrubbers, the diverse nature of
_ . , . - . , _ the pollutants, the scrubbing medium and operating conditions

Scrubbing techniques are widely used in this sector. Some are
_ „ , _ . make it impracticable to give average annualised costs. Figure
fully integrated into the process and operate at elevated _ , . , , r >

, . , _ 5.11 shows capital costs only lor a com mon type of scrubbing
tem peratures and pressures and their costs are very specific to . , .
, equipment constructed in stainless steel, 

the process.

Figure 5.11 Installed cost o f acid gas scrubbers

Tower Diameter (m)
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6 Monitoring

6.1 General
There is an expanding series o f  HMIP and Environment Agency 
Technical Guidance Notes on monitoring, containing 
information on theory and methodology, and providing 
technical information on monitoring techniques (see Associated 
publications in this Note).

Conditions in the Authorisation should require the results o f all 
monitoring to be reported in line with the IPC standard 
Authorisation format.

The IPC applicant should provide a clear statement o f the 
potential for release of all substances that might cause harm to 
the environment, and propose an unambiguous set of 
procedures for measuring or otherwise estimating releases of 
key pollutants.

Information should be provided on release routes, methods of 
relevant m onitoring or sampling and analysis, and periods and ■ 
frequency of assessment. Evidence should be provided that 
quality assurance procedures are in place to ensure that all 
monitoring and test results are sufficiently accurate and reliable 
(for example by reference to British/international standards and 
accreditation with the United Kingdom Accreditation Service 
(UKAS)).

Inspectors should refer to the application when setting 
standards of release in Authorisations to ensure that such 
conditions are assessable by means described by the applicant, 
and are properly enforceable.

The requirements and frequency of sampling, analysis and 
monitoring are site- and/or process-specific, influenced by 
consideration o f the anticipated volume and composition of the 
waste streams. . . . . . . .

6.2 Monitoring releases to air
For continuous monitoring, release concentration levels are 
given on the basis o f  95% of the hourly average readings for 
each rolling 24 hour period not exceeding the value and the 
maximum hourly average not exceeding 1 50% of the value. For 

—non-continuous m onitoringrthe'levels refer to the'sampling 
period appropriate to the text method.

In order to relate emission concentrations to mass releases, it 
will be necessary to measure or otherwise determine the gas 
flow. Additionally, in  order to relate measurements to reference
conditions, temperature will need to be determined. _ _ __
Determination o f oxygen or water vapour content may also be 
required. All such measurements should be conducted by a 
recognised method and reported.

Where appropriate, continuous monitoring techniques should 
—be-used:~HoweverrInspectors‘should be aware o f the 

limitations and accuracy of continuous monitors. Regular

calibration checks should be carried out and documented.
When continuous monitoring is not appropriate or available, 
non-condnuous m onitoring should be undertaken, together 
with continuous surrogate measurements w here applicable.

In requiring the use of continuous m onitoring for any given 
release point. Inspectors should take into account factors such 
as the size of the process and its releases, the value o f 
monitored versus calculated results (eg by using proven mass 
balance/factoring methods) and the usefulness.of continuous 
records where a release may be time-dependent, such as 
changing over production cycles/catalyst life, etc.

The Agency has established its Monitoring Certification Scheme 
(MCERTS). Continuous emission monitoring systems should be 
expected to meet the performance standards published under 
the Scheme. Manual stack testing should be carried out in 
accordance with the separate MCERTS performance standards 
being developed for non-continuous m onitoring, which 
include the use o f  the Agency’s standard reporting formats.

Wherever a combustion process (other than flaring) is used for 
the destruction o f a pollutant, its effectiveness should be 
demonstrated indirectly by continuously m onitoring the 
temperature and oxygen content of the exhaust gas. Visual and 
olfactory assessments of releases from incinerators, flares, 
furnaces and other sources liable to cause a nuisance emission 
should be made when appropriate, particularly during 
upset/start-up/shut-dow n conditions. Remedial action should 
be taken immediately in the case of adverse observations, and 
the cause of the release and action taken should be recorded in 
the log book.

Monitoring should be undertaken during commissioning, start
up, normal operation and shut-down unless the Inspector 
agrees that it would be inappropriate to do so.

All final releases to air should be essentially colourless, free 
from persistent trailing mist or fume and free from droplets.

Where Inspectors are not satisfied with the am ount o f 
information available about emissions, a short-term  m onitoring
exercise may be appropriate.as part of an.im provem ent------------
programme.

6.3 Monitoring releases to surface water
Continuous monitoring and flow proportional sampling for 
releases to water are always preferable, but the use o f a fixed 
interval or time proportional sampler for flowrates o f less thari
1 litre per second may be acceptable. Spot sampling may be 
used for audit or enforcement purposes.

M onitoring o f process effluents released to controlled waters 
_and sewers will commonly„be.made.for„the.following: --
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©  flowrate;

©  pH;

©  tem perature; and
©  TOC (surrogate for COD/BOD).

Samples should also be m onitored for appropriate other 
param eters such as those below, over relevant time periods, 
typically daily, weekly or m onthly depending on circumstances:

o COD;
0 BOD;

o hydrocarbon oil;
© am m oniacal and total nitrogen;

o suspended solids;

o phenols;

o sulphides;

o dissolved oxygen (w here justified by nature o f  receiving

w ater); and

o metals (typically Cd, Hg, Cr, Ni, Zn, Cu, As).

In addition to the regular m onitoring carried out by the
operator to dem onstrate com pliance w ith the release limits set, 
the operator should have a fuller analysis carried out covering a 
broad spectrum  of substances to establish that all relevant 
substances have been taken in to  account when setting the 
release limits.

W here Inspectors need to obtain m ore understanding o f  the 
perform ance o f  an effluent treatm ent plant (ETP), a short-term 
m onitoring  exercise to provide inform ation about inputs to the 
ETP may be appropriate as part o f  an improvement.programme.

6.4 Monitoring releases to land
The applicant should record and advise the Agency o f  the 
quantity  and com position (including prescribed substances) o f 
waste released to land. In addition, the applicant should have 
w ritten procedures w hich ensure that releases are handled, 
treated and disposed o f  in an approved manner, and specify 
how  the accum ulation and storage o f  waste are controlled.

The frequency o f  analysis o f  the waste is site- an d /o r process- 
specific, influenced by considerations o f  the anticipated 
quantity, its frequency o f  despatch from  the site, physical form, 
containm ent, (for transport) and composition. Applicants 
should be aware that the Agency will w ish to be satisfied that 
analyses should be sufficient to ensure that wastes are acceptable 
under the term s o f  the Waste M anagement Licence o f  the 
facility w here they are to be disposed o f  and fulfil the waste 
description requirem ents o f  the Duty o f  Care.

6.5 Environmental monitoring
The im pact o f  the process on  the environm ent will be affected 
by the quantity and form  o f  the releases, and by the site’s 
location. Inspectors should assess the extent to which process 
releases have been rendered harmless and decide whether 
environm ental m onitoring will be necessary. For major sites it

is considered BAT that some form of environmental monitoring 
is carried out for releases to air, primarily to confirm 
compliance w ith air quality standards, but also to confirm 
environmental dispersion modelling. Inspectors should require 
operators to propose monitoring that is appropriate for the 
quantity and form of the releases and for the site’s location.
Such programmes typically commence with the use o f a 
suitably designed grid o f  passive diffusion adsorption tube 
sampling sites. The technique provides an economical method 
o f  identifying any environmental ‘hot spots’ and screening to 
determine w hether additional, more accurate and elaborate 
methods may be required.

6.6 Groundwater impact
W here on-site disposals are made, or where there are discharges 
to groundwater, either directly or indirectly, the requirements of 
the Groundwater Directive for “prior investigation" of the 
potential effects on groundwater, and “requisite surveillance” 
need to be addressed. The form that these will take will depend 
on circumstances, but it may be appropriate to include a 
structured programme o f groundwater monitoring, eg using 
borehole monitoring.

In addition, where there is reason to suspect that leakage of 
chemicals to ground may have occurred or may be occurring, a 
programme o f  investigations should be instigated and preferably 
agreed with the Agency (some activities may require the 
Agency’s prior consent).

For many sites it will be appropriate to incorporate a 
programme o f background monitoring of groundwater to 
ascertain w hether the process has given rise through time to 
groundwater contamination via leaking pipes, accidental spills, 
contaminated run-off, etc. This is over and above any 
monitoring required to monitor the effects o f specific on-site 
disposals o f solids or liquids on groundwater. Owing to the 
lengthy residence time and differing modes of transport and 
degradation in the underground environment, such monitoring 
is likely to be long-term and should be adapted to the types of 
contaminant that could be present in the potential discharges.
It is essential to include background monitoring of 
groundwater that has riot been affected by site processes 
(normally up-gradient in the hydraulic sense) to determine 
objectively the degree o f  contamination that may be attributable 
to site processes.

In setting out a programme of investigations, and when 
interpreting the results, operators should take account o f  the 
specific risks to groundwater and seek advice from the Agency 
in cases o f uncertainty.

6.7 Records and reporting
Inspectors shall have regard to the instructions on:

O  reporting and monitoring, and
O records and notifications related to incidents,

given with the IPC standard Authorisation format.
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Appendix 1 Volatile organic compounds

A1.1 Introduction
Volatile organic compounds (VOCs) are o f serious 
environmental concern because o f the harmful or offensive 
properties that they exhibit in varying degrees. These include:

' •  direct toxicity to human health and other eco- systems;

■ •  contribution to photochemical ozone creation at ground 
level w ith consequent harmful effects;

•  destruction of stratospheric ozone;

•  contribution to global climate change; and

•  sensory effects such as malodour.

The harmfulness o f VOCs varies greatly, not only because the 
individual and combined significance of these properties 
exhibits wide variation between substances, but also because it 
is dependent on the presence of the substance in the 
environment. This is related to mass release rate and 
subsequent dispersion and to the environmental persistence and 
fate of the substance under prevailing conditions.

A1.2 Categorisation
In order to enable Inspectors properly to assess applications for 
processes that release VOCs, it is necessary to categorise VOCs 
according to their harmfulness.

Substances such as benzene, vinyl chloride and 1,2- 
dichloroethane pose serious health risks to humans and are 
regarded as highly harmful. These are given individual, very 
low achievable levels of emission in guidance.

Some other VOCs carry a lesser but still significant health risk or 
may contribute substantially to photochemical ozone creation 
or stratospheric ozone destruction or global warming. These 
are regarded as o f  m edium  harmfulness and are allocated to 
Class A. They will include the substances listed in the Montreal 
Protocol(18), the phase-out o f which is covered by EC 
Regulations 5 94 /91 , 3952/92, 2047/93 and 3093/94.

The remaining majority o f VOCs are o f low harmfulness but are 
also prescribed substances whose release must be prevented or 
minimised. These are allocated to Class B.

The definition o f “harm ” given in the Environmental Protection 
Act 1990 includes offence to any o f man’s senses. Odorous 
VOCs may be offensive at extremely low concentrations and this 
property may indicate the need for very tight control o f a 
substance that would otherwise be categorised as o f low 
harmfulness.

--T he research report-The Categorisation of-Volatile Organic Compounds ~  
(DO E/H M IP/RR/95/009)C39) provides a method of

categorisation, information on the properties o f some 500 
VOCs and a summary table o f  resulting categorisations.

In seeking to categorise a VOC, Inspectors should first search 
the summary table o f  categorisations. If the VOC is not 
included, the m ethod and decision tree given in the research 
report should be used to arrive at a conclusion supported as 
well as possible by information from established sources. These 
include the Registry o f Toxic Effects o f Chemicals, the "CHIP” 
list(40), the Montreal Protocol08* and Sax’s Dangerous-Properties of 
Industrial Materials.

Knowledge of the harmful effects of VOCs is developing and 
there may be occasional differences of experts’ opinions on the 
precise interpretation of information. In these few instances, it 
will be prudent to adopt the more cautious view.

A1.3 Achievable benchmark levels
The levels o f emission that can be achieved are dependent on 
factors that include the prescribed process itself, the VOC 
concerned and its vapour pressure, and the abatement method 
used. Before abatement equipment is considered, the operator 
should review the process to determine w hether the emission 
can be reduced by changes in equipment or operating 
conditions. It may also be possible to substitute with a less 
harmful or less volatile compound.

W here possible, process- and substance-specific achievable 
levels o f release are given in Table 4.1 o f this Note.

A BPEO/BATNEEC assessment*5' should be made wherever 
possible to determine an acceptable release level. However, in 
the absence o f sufficient information or where it is agreed by 
the Inspector that an assessment is not possible, the following 
'guidelines may be Tised'to provide'a practical approach to 
setting limits. Inspectors should also consider all relevant 
information contained in applications and other appropriate 
sources when they set VOC emission concentration or mass 
limits in Authorisations.

•  The benchmark release concentrations given below
__ should be aimed for where the following .mass release__ _

limits are exceeded:

Total Class A 100 g /h
Total Class B (expressed as toluene) 2 k g /h

Releases below these mass emission levels may not be
— -trivial^ and so may still require controls and the setting of 

appropriate release limits.

•  Highly harmful VOCs pose major hum an health risks and 
have individual guidance levels given in Table 4.1 o f  this 
Note. . _ _ ____ _
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•  For Class A com pounds, state-of-the-art abatement 
techniques can achieve a benchm ark release level o f 20 
m g /m 3 for continuous releases. Her Majesty’s 
Inspectorate o f  Pollution, now the Environment Agency, 
published two Technical Guidance Notes01 4l)on pollution #  
abatem ent technology that give relevant inform ation on 
such techniques.

•  Some VOCs cause significant m alodour problems even at 
very low  concentrations after dispersion and limits lower 
than Class A com pounds may be required.

•  Class B com pounds are those o f  low environmental #  
harm fulness such as acetone and toluene. Toluene has
been used as a reference material as it is a com m on Class 
B solvent. If levels were expressed as total organic carbon 
(TOC), the mass concentration lim it, particularly for 
halogenated com pounds, would be too lax as the 
com pound may have a high molecular weight relative to 
its num ber o f carbon atoms. •

The Class B benchmark level has been set at 80 m g /m 3 
toluene based on abatement techniques involving 
adsorption w ith activated carbon.

The benchm ark release level for a Class B substance may 
be determ ined by m ultiplying the molecular weight o f 
the pollutant by a factor o f 0.87 to give the release level 
in m g /m 3.

For mixed streams the release level may be calculated by 
summing the class levels multiplied by their respective 
mass fractions.

The above is for guidance on setting release levels only 
and not for monitoring those releases. Monitoring 
would be expected to be for individual substances or for 
TOC.

HMIP Technical Guidance Note M2(J) gives more 
information on m onitoring techniques.

The use o f a release concentration limit is not normally 
appropriate in the case o f  a release from an air-deficient 
saturated vapour space such as storage tanks for solvents 
or process vessels. An approach based on limiting total 
mass released or mass per unit o f production is likely to 
be more effective.

In some processes, the VOCs released to air may well 
consist o f  partial oxidation products rather than defined 
compounds that can be classified as above. In such cases 
an approach based on a TOC release concentration is 
likely to be more effective. Reference may be made to 
the relevant IPCGN S2 5.01 (see Associated Publications in 
this Note) and the release emission concentrations used 
should take into account the harmfulness o f  the products 
that are released.
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Abbreviations and definitions

Abbreviations and definitions of terms used

BAT Best Available Techniques
BATNEEC Best Available Techniques Not Entailing Excessive 

Cost
BPEO Best Practicable Environmental Option
BOD Biological oxygen demand
CFCs Chlorofluorocarbons
CIGN Chief Inspector’s Guidance Note
CO Carbon monoxide
C 02 Carbon dioxide
COD Chemical oxygen demand
DCE Dichloroethane
DETR Department of the Environment, Transport and 

the Regions
EP Electrostatic precipitator
EPA90 The Environmental Protection Act 1990
ETBPP Environmental Technology Best Practice 

Programme
ETP Efiluent treatment plant
g /h  grams per hour
HCFCs Hydrochlorofluorocarbons
HEPA High-efficiency paniculate arrestment
HMIP Her Majesty’s Inspectorate o f Pollution
H N 03 Nitric acid
H2O z Hydrogen peroxide
H2S Hydrogen sulphide

H2S04 Sulphuric acid
HSE Health and Safety Executive
IPC Integrated Pollution Control
IPCGN IPC Guidance Note
k g /h  Kilograms per hour
ktpa Kilotonnes per annum
m g /m 3 Milligrams per cubic metre
NH3 Ammonia
N m 3 Normal cubic metre
NO Nitric oxide
N20  Nitrous oxide 
NOz . Nitrogen dioxide
NO* Oxides of nitrogen, may be NO, NOz 
OSPARCOM Oslo/Paris Conventions for the Prevention of 

Marine Pollution
PARCOM Paris Convention
PVC Poly (vinyl chloride)
5 0 2 Sulphur dioxide
5 0 3 Sulphur trioxide
TGN Technical Guidance Note
T i0 2 Titanium dioxide
TOC Total organic carbon
TSO The Stationery Office
tpd Tonnes per day
VCM Vinyl chloride monomer
VOC Volatile organic compound
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Associated publications

The following are available from  Stationery Office bookshops 
(see back cover), their accredited agents, and some larger 
bookshops.

Series 2
C hief Inspector’s Guidance Notes (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 SOMW(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

IPR 1 /2  Combustion processes: gas turbines S ep tem b er 1 9 9 4 , £ 4 .0 0  
ISBN 0-1 1 -7 5 2 9 5 4 -0
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Supersedes IPR 1 /3

S2 1 .0 4  Combustion processes: waste and recovered oil burners 3M W (th) and 
over S e p te m b e r  1 9 9 5 , £ 7 .9 5  ISBN 0-1 1 -753  I 6 7 -7  
Supersedes IPR 1 /4

S2 1 .0 5  Combustion processes: combustion of fuel manufactured from or 
comprised of solid waste in appliances 3M 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 .06  Carbonisation processes: coke manufacture S ep tem b er 1995 , 
£ 9 .9 5  ISBN 0-1 1 -7 5 3 1 7 6 -6  
Supersedes IPR 1 /9

S2 1 .07  Carbonisation and associated processes: smokeless fuel, activated 
carbon and carbon black manufacture S e p tem b e r  1 9 95 , £ 9 .9 5  ISBN 0 -
1 1 - 7 5 3 1 7 7 - 4  
Supersedes IPR 1 /1 0

S2 1 .08  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 /1 1

S2 1 .0 9  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 /1 6

S2 1 .12  Combustion processes: reheat and heat treatment furnaces 50M W (th) 
and over S e p te m b e r  1 9 9 5 , £ 8 .5 0  ISBN 0 - 1 1 -7 S 3 1 7 8 -2  
Supersedes IPR 1 /1 7

IPC Guidance Notes (prepared by the Environment Agency) 

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 2 0 -1 .
Supersedes IPR 3/1  and.IPR 3 /2

S2 3.02 Asbestos processes
A ugust 1996 , £ 1 5 .0 0  ISBN 0 -1 1 - 3 1 0 1 18-X
Supersedes IPR 3 /3

S2 3.03 Manufacture of glass fibres, other non-asbestos mineral fibres, glass 
frit, enamel frit and associated processes 
A ugust 1996 , £ 2 1 .0 0  ISBN 0 -1 1 -3  1012 1-X 
Supersedes IPR 3 /4  and IPR 3 /5

S2 3 .04  Ceramic processes

A ugust 1996 , £ 1 7 .0 0  ISBN 0 -1 1 -3 1 0 1 1 9 -8
Supersedes IPR 3 /6

Chemical Industry Sector

S2 4.01 Large volume organic chemicals 
February 1 9 9 9 , £ 4 0 .0 0  ISBN 0-1 1-3 1 0 153-8  
Supersedes IPR 4 /1  to 4 /4  and 4 /6

S2 4 .02  Speciality organic chemicals
February 1 9 9 9 , £ 4 0 .0 0  ISBN 0-1 1 -3 1 0 1 5 4 -6
Supersedes IPR 4 /5 , 4 /  7 to 4 /9 ,  4 /1 2  and 4 /1 5

S2 4 .03  Inorganic acids and halogens
February 1 9 9 9 , £ 4 0 .0 0  ISBN 0 -1 1 -3 1 0 1 4 1 -4
Supersedes IPR 4 /1 0 , 4 /1 1 ,4 /1 3  and 4 /1 4

S2 4 .0 4  Inorganic chemicals
February 1 9 99 , £ 4 0 .0 0  ISBN 0 -1 1 -3 1 0 1 4 0 -6
Supersedes IPR 4 /1 6  and 4 /1 8  to 4 /2 5

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 ,  5 /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/
July 1996, £ 1 3 .0 0  ISBN 0 -1 1 -3  1011 5-5 
Supersedes IPR 5 / 7

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  
Supersedes IPR 5 /8  and IPR 5 / 1 0
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1PR 2/2 Ferrous foundry processes
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N ovem ber 1994 , £ 7 .0 0  ISBN 0 -1 1 -7 5 3 0 2 7 -1

1PR 2/8  Processes for the production of aluminium 
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May 1992 , £ 4 .3 0  ISBN 0 -1 4 -7 5 2 6 5 0 -9  - ------- ----- - - -

O th e r  I n 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
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Relevant DETR publications

Integrated Pollution Control: a practical guide 
(HMSO) £5.00 ISBN 0-1 1-752750-5

Available from:

DETR Publications Sales Centre ,
U nit 8
G ojdthorpe Industrial Estate
Goldthorpe
Rotherham
S63 9BL

Tel: 01709  891 318

Secretary o f  State’s Process G uidance Notes

Processes Prescribed for Air Pollu tion  Control by Local 
A u thorities

A list o f  these notes is available from:

D epartm ent o f the Environment Transport and the Regions 
Air and Environmental Quality Division 
Ashdown House
1 23 Victoria Street 
London SW1E 6DE

Tel: 01 71 890 6333
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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.


