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1.1 INTRODIJCT 

Sec t ion  Ill( d )  o f  t h e  Clean A i r  Act ,  1 2  l l.2.C. 1 8 5 7 ~ - 6 ( d ) ,as 

amended, r equ i  r es  EPA t o  e s t a b l  ish qrocedures under \hich S ta ten  

submit  p l ans  t o  c o n t r o l  c e r t a i n  e x i s t i n q  sources o f  c e r t a i n  

p o l l u t a n t s .  nn Yovember 1 7 ,  1975 (4'7 Fn 5334'7) FPP implemented 

s e c t i o n  Ill( d )  by  p romu lga t inq  Subpart  9 o f  QO CFP P a r t  60 

e s t a h l i s h i n q  procedures and requi rements  f o r  adop t ion  and s u b m i t t a l  

o f  q t a t e  p lans f o r  c o n t r o l  o f  " d e s i m a t e d  p o l l u t a n t s "  f rom "des innated 

f a c i l i t i e s " .  Designated p o l l  wtants  a re  p o l l u t a n t s  which a re  n o t  

i nc l uded  on a l i s t  pub l i shed  under s e c t i o n  l r ) 8 (a )  o f  t h e  Ac t  

(Na t i ona l  Ambient I\.ir flual - i ty  Standards) o r  s e c t i o n  112(h)  (1 ) ( A )  

(Hazardous A i r  Pol 1u ta r i t s )  , b u t  f o r  which standards o f  performance 

f o r  new sources have been e s t a b l i s h e d  under s e c t i o n  Ill( b ) .  A 

desiqnated f a c i l i t y  i s  an e x i s t i n g  f a c i l i t y  which em i t s  a  des ignated 

p o l l u t a n t  and which would Ile s u h j e c t  t o  a s tandard  o f  performance f o r  

t h a t  p o l l u t a n t  if the  e x i s t i n q  f a c i l i t y  were new. 

Subpart  n o f  40 CFR P a r t  63 n rov ides  t h a t  EPA w i l l  p u b l i s h  a  g u i d e l i n e  

document f o r  development o f  S ta te  m i s s  i o n  s tandards a f t e r  prornul g a t i  on 

o f  any s tandard o f  performance frlr a des iqnated p o l l u t a n t .  The d o c u ~ e n t  

w i l l  spec i f v  eni ission q v i d e l i n e s  and t imes f o r  compl iance and w i l l  

i n c l u d e  o t h e r  p e r t i n e n t  i n f o rn i a t i on  such a? d i scuss ion  of  t h e  p o l l u t a n t ' s  

e f f e c t s  on p u b l i c  h e a l t h  and we l f a re  and d e s c r i p t i o n  of c o n t r o l  techniques 

and t h e i r  e f f ec t i veness  and cos ts .  The emiss ion guide1 i n e s  w i l l  

r e f l e c t  the  degree o f  emiss ion r e d u c t i o n  attainable w i t ?  t he  b e s t  



adequately demonstrated systems o f  emiss ion reduc t i on ,  cons ide r i nn  

cos t s  as a ~ p l i e dt o  e x i s t i n q  f a c i l i t i e s .  

A f t e r  p u b l i c a t i o n  o f  a f i n a l  q u i d e l i n e  document f o r  t h e  p o l l u t a n t  

i n  ques t i on ,  t h e  S ta tes  w i l l  9ave q i ne  montqs t o  develop and submit  

p lans  f o r  c o n t r o l  o f  t + a t  p o l l u t a n t  f rom des ignated f a c i l  i t i e s .  M i t h i n  

f o u r  months a f t e r  t h e  date f o r  submission of  p lans ,  t he  A d m i n i s t r a t o r  

w i l l  approve o r  disapprove each p l a n  ( o r  p o r t i o n s  t h e r e o f ) .  Ifa 

s t a t e  p l an  ( o r  p o r t i o n  the reo f )  i s  d isapproved, t h e  A d m i n i s t r a t o r  w i l l  

promulgate a  p l an  ( o r  n o r t i n n  t h e r e o f )  w i t h i n  s i x  months a f t e r  t h e  

da te  f o r  n l  an submission. These and r e l a t e d  p r o v i s i o n s  o f  suhpar t  R 

a re  b a s i c a l l y  o a t t ~ r n e d  a f t e r  sec:t ion 11Q of  t h e  Ac t  and 43 CFR P a r t  

51 (concern ing  adop t ion  and suhmi t t a l  o f  s t a t e  implementat ion p lans  

under s e c t i o n  110).  

As d iscussed i n  t h e  preamble t o  subpar t  B y  a  d i s t i n c t i o n  i s  drawn 

between des ignated p o l l u t a n t s  which may cause o r  c o n t r i b u t e  t o  

endangerment o f  pub1 i c  h e a l t h  ( r e f e r r e d  t o  as "heal  t h - r e 1  a ted  q o l l  u t a n t s " )  

and those f o r  which adverse e f f e c t s  on p u b l i c  h e a l t h  hawe n o t  been 

demonstrated ( r e f e r r e d  t o  as "we1 f a r e - r e l a t e d  po l  1  u t a n t s " ) .  For  

heal  t h - r e 1  a ted  p o l  1  u t a n t s  , emiss ion s tandards and compl iance t imes  i n  

s t a t e  p lans  must o r d i n a r i l y  be a t  l e a s t  as s t r i n q e n t  as t h e  cor responding 

emiss ion q u i d e l i n e s  and compliance t imes i n  E P A ' s  g u i d e l i n e  documents 

(va r iances  may be g ran ted  i n  cases o f  economic hardsh ip  and s i m i l a r  cases. 

However, t h e  A d m i n i s t r a t o r  may approve l e s s  s t r i n g e n t  emiss ion 

standards and con~p l iance  schedules on a  case-by-case bas i s  i f  

t i l e  S t a t e  p rov ides  s u f f i c i e n t  j u s t i f i c a t i o n .  J u s t i f i c a t i o n  f o r  l e s s  

s t r i n g e n t  emiss ion standards w i l l  be based on phys i ca l  l i m i t a t i o n s  

o r  unreasonable c o s t  of c o n t r o l  r e s u l t i n g  f rom the  p l a n t ' s  age, 
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l o c a t i o n ,  o r  bas ic  process design, and j u s t i f i c a t i o n  f o r  l e s s  

s t r i n g e n t  compliance schedules may i n c l u d e  unusual t ime  de lays  

caused by unavai l a b i l  i t y  o f  l abo r ,  c l i m a t o l o g i c a l  f a c t o r s ,  

s c a r c i t y  o f  s t r a t e g i c  m a t e r i a l s ,  and 1  arge work hack logs f o r  

equipment vendors o r  cons t ruc t i i on  c o n t r a c t o r s .  

For  we1 f a r e - r e l a t e d  p 6 l l u t a n t s  ,, S ta tes  may balance t h e  emiss ion 

gu ide l i nes ,  t imes f o r  compliance, and o t h e r  i n f o r m a t i o n  p rov i ded  i n  

a  q u i d e l i n e  document aga ins t  o t h e r  f ac to r s  o f  p u b l i c  concern i n  

e s t a b l i s h i n q  emiss ion standards and compliance schedules, and 

var iances p rov i ded  t h a t  app rop r i a t e  c o n s i d e r a t i o n  i s  q i ven  t o  

t h e  i n f o rma t i on  presented i n  t h e  q u i d e l i n e  document and a t  p u b l i c  

hea r i ng ( s )  r e q u i r e d  by Subpart  R and t h a t  a l l  o t h e r  requi rements  

o f  Subpart  R a re  met. 

Standards o f  performance f o r  new s u l f u r i c  a c i d  p roduc t i on  u n i t s  

were promulgated on December 23, 1971 (36 FR 24876) i n  Subpart H 

o f  40 CFR P a r t  60. Sec t ion  60.83 o f  Subpaat H s e t s  f o r t h  a  s tandard 

of performance f o r  s u l f u r i c  a c i d  m i s t ,  which i s  a  des ignated p o l l u t a n t .  

Therefore,  t h e  S ta tes  a re  r e q u i r e d  t o  adopt s u l f u r i c  a c i d  m i s t  

emiss ion standards f o r  e x i s t i n g  c o n t a c t  s u l f u r i c  a c i d  p roduc t i on  u n i t s  

which would be s u b j e c t  t o  t h e  s tandard o f  performance i f  t h e y  were new. 

The A d m i n i s t r a t o r  has determined t h a t  s u l f u r i c  a c i d  m i s t  i s  a  h e a l t h -  

r e l a t e d  p o l l u t a n t .  The r a t i o n a l e  f o r  t h i s  de te rm ina t i on  i s  i n c l u d e d  

i n  Chapter 5 of t h i s  document. 

Th i s  g u i d e l i n e  document p rov ides  a b r i e f  d e s c r i p t i o n  o f  t h e  

s u l f u r i c  a c i d  manufac tu r ing  i n d u s t r . ~  and t h e  c o n t a c t  s u l f u r i c  a c i d  



process. In fo rmat ion  i s  a1 so p rov ided  reqa rd i nq  t h e  na tu re  and 

source o f  s u l f u r i c  a c i d  m i s t  and i t s  h e a l t h  e f f e c t s .  The q r ~ a t e s t  

emphasis, however, has been n laced  on t he  t e c h n i c a l  and economic 

e v a l u a t i o n  o f  c o n t r o l  techniques t h a t  a re  e f f e c t i v e  i n  reduc inq  

a c i d  m i s t  emissions, w i t h  p a r t i c u l a r  emphasis on r e t r o f i t t i n q  

e x i s t i n q  p l a n t s .  

1.2 SULFURIC ACID MIST 

For  nurooses o f  standards of  performance f o r  new s t a t i o n a r v  sources 

( S P W ? )  and t he  a t t endan t  requi rements  o f  s e c t i o n  I l l ( d ) ,  t h e  te rm 

s u l f u r i c  a c i d  m i s t  i n c l udes  n o t  o n l v  l i q u i d  m i s t  h u t  a l s o  s u l f u r  

t r i o x i d e  ($(I3)and s u l f u r i c  a c i d  vapor. A l l  o f  these m a t e r i a l s  a re  

measured by t he  re ference method f o r  a c i d  m i s t  - Vethod 8 - o f  

Appendix A t o  40 CFR 60. I n  a d d i t i o n ,  any of these m a t e r i a l s  

which c o n t r i b u t e  t o  v i s i b l e  emissions a re  measured by Method 9 

of Appendix A t o  40 CFR 60. 

The i n t e n t  o f  t h e  SPNSS i s  t o  l i m i t  emissions o f  l i q u i d  s u l f u r i c  

a c i d  m i s t ,  a c i d  vapor, and S03. Con t ro l  of these p o l l u t a n t s  r e q u i r e s  

n o t  o n l y  qood i n i t i a l  p l a n t  des ign and a  s u i t a b l e  m i s t  e l i m i n a t o r ,  

b u t  a l s o  ca re fu l  and p roper  o p e r a t i o n  o f  t h e  absorber and o f  t h e  

o v e r a l l  s u l f u r i c  a c i d  p l a n t .  Thus, t h e  SPNSS r e q u i r e s  c o n t r o l  o f  

more than  l i q u i d  a c i d  m i s t  a lone. 

1.3 STANDARDS OF PERFORMAYCE FOP. YEW SULFURIC A C I D  PLANTS 

I n  accordance w i t h  s e c t i o n  111 o f  t he  Clean A i r  Act ,  standards o f  

performan r e  were promulgated on December 23, 1971 (36 FR 24876 

under 5560.82 and 60.83) f o r  s u l f u r  d i o x i d e  (SO21 and a c i d  m i s t  

emiss ions from new and m o d i f i e d  c n n t ~ c t - p r o c e s s  s u l f u r i c  a c i d  and 
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oleum f a c i l  it i e s  t h a t  burn  elemental  s u l f u r ,  a1 k y l a t i o n  ac id ,  

hydrogen s u l f i d e ,  o rgan i c  s u l f i d e s ,  o r  a c i d  s ludge. 

The s tandard does not  apply  t o  a c i d  p l a n t s  used as 

SO2 c o n t r o l  systems, t o  chamber process p l an t s ,  a c i d  

concen t ra to rs ,  o r  t o  01 eum s to rage  and t r a n s f e r  f a c i  1  it ies. The 

chamber process i s  ~ e i n g  pnaseci o u t  ana rep laced  ~y t n e  con tac t  

process. 

Standards o f  performance f o r  new s u l f u r i c  a c i d  p l a n t s  s t a t e  t h a t  no 

person s h a l l  cause t o  be d ischarged i n t o  t h e  atmosphere from any 

af fected f a c i l i t y  any gases which con ta in  s u l f u r  d i o x i d e  (SO2) i n  

excess o f  2 kg per  m e t r i c  t o n  crf a c i d  produced (4  1b p e r  t on ) ,  t h e  

p roduc t i on  be ing  expressed as 100 percen t  H2SO4 

This  s tandard r e q u i r e s  t h a t  new sources e i t h e r  be designed f o r  dual  

a b s o r p t ~ o no r  employ s u i t a b l e  scrubbing processes t o  meet t h e  SO2 

l i m i t .  

S u l f u r  d i o x i d e  i s  a  p o l l u t a n t  f o r  which n a t i o n a l  ambient a i r  q u a l i t y  

standards have been promulgated. S ta tes  a r e  n o t  r e q u i r e d  t o  submit  

p lans t o  c o n t r o l  SO2 under s e c t i o n  I l l  (d )  , a1 thouqh many s t a t e s  

l i m i t  SO2 emissions f rom s u l f u r i c  a c i d  p l a n t s  under s e c t i o n  110 o f  

t h e  Clean A i r  Act.  

Standards o f  performance f o r  a c i d  m i s t  fro!. new s u l f u r i c  ac id  p l a n t s  

r equ l re  t h a t  no person s h a l l  cause t o  be d ischarged i n t o  t h e  atmosphere 

frlu I any a f f e c t e d  f a c i  1it y  any gases which: 

( 1 )  Contain a c i d  m i s t ,  expressed as 1I2SO4, i n  excess o f  0.075 
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kg per met r i c  ton  o f  ac id  produced (0.15 It per ton)  the 

product ion being cxpressed as 100 percent H2S04 

( 2 )  E x h i b i t  10 percent opac i ty  o r  greater .  

For Method 8, t he  sampling t ime f o r  each run s h a l l  be a t  l e a s t  6 0  

minutes and the minimum sample volume s h a l l  be 1.15 dscm (40.6 dsc f ) .  

For a t y p i c a l  s u l f u r  burn inq p l a n t  feeding 8 percent  SO2 t o  the  

conver ter ,  uncont ro l led  a c i d  m i s t  emissions are  about 4* pounds 

per ton  ( I b / t o n )  o f  100 percent H2SO4 f o r  an a c i d  p l a n t  and 10 

l b / t o n  f o r  an oleum-producino p l a n t .  For t h i s  same p lan t ,  the  

a c i d  m i s t  standard o f  0.15 pound per  t on  i s  equ iva len t  t o  a 

concentrat ion o f  0.8 mg o f  s u l f u r i c  a c i d  per  standard cubic f o o t  

o f  e f f l u e n t  (see F igure  4.1 ) . Equivalent  vo lumetr ic  concentrat ions 

i n  m i l l i g r a n s  per  standard cubic f o o t  (mg/scf) w i l l  va ry  from p l a n t  

t o  p l a n t  because they are dependent on the  SO2 concent ra t ion  t o  

the conver ter .  The ranqe 0.5 t o  1.0 mg/scf w i l l  cover emissions 

from most contact  ac id  p lan ts  covered by the  new source performance 

standard. 

1.4 CONTROL OF A C I D  M I S T  EMISSIONS FROM EXISTING PLANTS. 

Good con t ro l  of s u l f u r i c  ac id  m is t  emissions from e x i s t i n g  contac t  

su l  f u r i  c ac id  p lan ts  can be achieved through proper absorber 

*Although EPA's p o l i c y  i s  t o  use the me t r i c  system, c e r t a i n  non-
me t r i c  u n i t s  are used i n  t h i s  document both f o r  convenience and 
t o  r e f l e c t  o r i q i n a l  data. 



operat ion and the i n s t a l l a t i o n  o f  e f f e c t i v e  m i s t  con t ro l  dcvices. 

The l a t t e r  inc lude e l e c t r o s t a t i c  p r e c i p i t a t o r s  and f i b e r  m i  s t  

e l  irni t lators. I t  i s  a n t i c i p a t e d  t h a t  most e x i s t i n g  p lan ts  w i t h  

i n e f f e c t i v e  con t ro l  w i l l  e l e c t  t o  i n s t a l l  f i b e r  m is t  e l im ina to rs  

s ince they genera l l y  have lower i n s t a l l a t i o n  and opera t ing  costs.  

There are three types o f  f i b e r  m i s t  e l im ina to rs :  v e r t i c a l  tube, 

v e r t i c a l  panel,  and ho r i zon ta l  dual pad. O f  these, v e r t i c a l  

panel and ho r i zon ta l  dual pad m i s t  e l im ina to rs  a re  l e s s  e f f e c t i v e  

and less  expensive than ver t i i ca l  tube m i s t  e l im ina to rs .  They 

are s u i t a b l e  f o r  a t  l e a s t  45 percent  o f  the  contac t  p lan ts  i n  

the U. S .  t h a t  burn on l y  s u l f u r  and produce s u l f u r i c  ac id  o r  weak 

oleum. The t y p i c a l  manufacturer guarantee f o r  v e r t i c a l  panel 

and ho r i zon ta l  dual pad m i s t  e l im ina to rs  i n s t a l l e d  on these p l a n t s  

i s  2 mi l l i g rams  per  cubic foo t  as measured by the  Monsanto Method (a 1 

which i s  equjvalent  t o  0.3 tlo 1.5 l b / t o n  f o r  most e x i s t i n g  contact  

p lan ts  (See F igure  4.1). 

EPA source tes ted  two su l fu r -bu rn ing  acid-producing u n i t s  us ing 

both EPA Method 8 and the  Monsanto Method (see Sect ion 6.3.2). 

One of these u n i t s  !,as equipped w i t h  a  v e r t i c a l  panel m i s t  e l  imina- 

t o r .  Test  r e s u l t s  us ing EPA Method 8 ranged from 0.14 t o  0.28 l b / t o n ,  

equ iva len t  t o  concentrat ions o f  0.55 t o  1  .llmg/scf. Test  r e s u l t s  

us ing the  Monsanto Method ranged from 0.14 t o  0.24 Ib / ton ,  equ iva len t  

t o  concentrat ions o f  0.56 t o  0.94 mg/scf. The o ther  u n i t  was equipped 

(a)  Mention o f  a  trademarked product o r  company name i s  n o t  
intended t o  cons t i t u t e  endorsement by the  Environmental 
P ro tec t i on  Aqenc,y. 



w i t h  a ho r i zon ta l  dual pad m i s t  e l i m i n a t o r .  Test r e s u l t s  us ing EPA 

Method 8 ranged from 0.05 t o  0.10 I b / t o n ,  eau iva len t  t o  concentrat ions 

of 0.19 t o  0.40 mg/scf. Test r e s u l t s  us ing  the Monsanto Method 

ranged from 0.07 t o  0.13 l b l t o n ,  equ iva len t  t o  concentrat ions o f  0.27 

t o  0.49 mg/scf. These t e s t  r e s u l t s  i n d i c a t e  t h a t  even though the  

m i s t  e l im ina to rs  are  on l y  auaranteed f o r  2 mg/scf, they a c t u a l l y  

a r e  doing much b e t t e r  app l ied  t o  these two p l a n t s .  

The most eff ;?ct+ve and expensive m i s t  e r l i ~ ~ l i n a t o ri s  the  v e r t i c a l  

tube. I t  i s  s u i t a b l e  f o r  a l l  con tac t  p lan ts .  The t y p i c a l  manu-

f a c t u r e r  guarantees range from 90 t o  99.8 percent c o n t r o l  w i t h  99.3 

percent being most common. General ly speaking, the  h igher  the 

e f f i c i e n c y ,  the  h igher  the  i n s t a l l e d  cost .  Applying 99.3 percent  

con t ro l  t o  a t y p i c a l  oleum-producing p l a n t  w f t h  an uncon t ro l l ed  

a c i d  m i s t  em;ssion of about 10 l b / t o n  would r e s u l t  I n  an emission 

o f  0.07 l b / t on .  EPA source tes ted  th ree  u n i t s  equipped w f t h  

v e r t i c a l  tube m i s t  e l  im ina tors  us ing  EPA Method 8 (see Sect ion 6.3.1). 

Test r e s u l t s  ranged from 0.01 t o  0.15 lb / ton .  

Data were obta ined (Table 6 .7 )  us ing  EPA Method 8 by cmpanies 

w i t h  p lan ts  making var ious st rengths of oleum and burn ing var ious 

feedstocks. A1 1 th ree  types of m i s t  e l im ina to rs  were represented and a l l  

a c i d  m i s t  emissions were below 0.5 l bs / ton .  The h igh  reading 

f o r  ho r i zon ta l  dual pads was 0.38 I bs / ton  and was f o r  a case where 

spent ac id  was a feedstock. Another p l a n t  burned on ly  H2S, which 

p r a c t i c e  i s  be l ieved t o  r e s u l t  i n  almost 100 percent  ac id  m i s t  

formation; the  e x i t  gas from the  v e r t i c a l  tube m i s t  e l i m i n a t o r  ranyeu 

from 0.13-0.21 lbs / ton .  



Data from industry (Table 6 . 8 )  confirms EPA bel ief  t ha t  

impaction devices - such as the horizontal dual pad mist 

e l  iminator - are re la t ive ly  ine f fec t ive  in removing submicron 

acid mist.  

1 '5  E M I S S I O N  G U I D E L I N E  

The following emission guide1 ine applies t o  exis t ing su l fu r i c  acid 

and oleum f a c i l i t i e s  t ha t  burn elemental su l fu r ,  a kylation acid,  

hydrogen su l f ide ,  organic su l f i de s ,  o r  acid sludge i t  does not 

apply t o  ac id  plants used as SO2 control 

systems, to  chamber process p lan t s ,  acid concentra o r s ,  o r  t o  oleum 

storage and t r an s f e r  f a c i l i t i e s .  The emission guideline which 

r e f l e c t s  the applicat ion of the best system of emission reduction 

considering cos t s ,  i s :  

Emissions from designated f a c i l i t i e s  can be l imited t o  

0.25 g acid mist (as measured by EPA Method 8,  of Appendix A 

t o  40 CFR Part  60) per kg  of acid produced (0.50 1b per ton) 

the production being expressed as 100 percent H2SO4. 

For plants producinq strong oleum and f o r  p lants  not producing 

strong oleum, b u t  burning chemically bound su l fu r  feedstock the 

ver t ica l  tube mist el iminator i s  usually needed fo r  control t o  

0.25 g mist/kg (0.5 l b  mist / ton) 100% H2S04. 

The November 1974 costs  of adding ver t ica l  tube controls  varies 

from 660,000 t o  $99,000 fo r  the 50 tonlday of H2SO4 plant  and from 

Q660,0f10 to  %900,000 f o r  the 15'70 tonlday plant .  The range i n  



cost f o r  each mods1 plant  r e f l e c t s  the degree of r e t r o f i t  d i f f i c u l t y  

fo r  ins ta l  l a t i  on of the control device. The correspondinq annualized 

costs  of control are  40.92 t o  $1.69 per ton of \I2704 fo r  the 53 tonjrlay 

plant and 50.29 t o  3q.56 f o r  the 1500 tonlday plant (Table 6 . 2 ) .  

Vertical panel and horizontal dual pad mist el iminators are 

su i t ab le  controls  fo r  plants producinq su l fu r i c  acid and/or oleum 

u p  t o  about 20 percent in s t renqth .  For these types of p lan t s ,  a 

control level of 0.25 q/kq 100" ti2Snq i s  readi ly  achieved. Some acid 

plant owners have claimed instances where these controls  have 

sufficed f o r  stronrrer oleums and bound su l fu r  feedstocks (Table 6.7) .  

The costs  o f  addinq ver t ica l  panel o r  horizontal dual pad mist 

el  irninators t o  an ex i s t inq  plant  varies from 619,000 t n  $52,000 f o r  

the 50 tonlday H2W"41ant and $90,00? t o  9620,OW for  the 1500 ton/day 

plant .  The range in costs  fo r  each model p lant ,  as s ta ted  e a r l i e r  f o r  

the ver t ica l  tube,  r e f l e c t s  the  deqree of r e t r o f i t  d i f f i c u l t y .  The 

correspondins annualized costs  of control are  $0.32 t o  W.86 per ton 

of H2S04 f o r  the 50 ton/day plant and 50.03 t o  $9.37 fo r  the 15Ml ton/day 

plant (Table 6 .2 ) .  The l e a s t  cos t  a l t e rna t ive  i s  the horizontal 

dual pad m i d t  el iminator .  

Section 7.4 estimates t he  number o f  plants t h a t  would be forced t o  

double r e t r o f i t  ( r e t r o f i t  t o  a s t r i c t e r  control level a f t e r  previously 

r e t r o f i t t i n g  to  a  l e s s  s t r ingen t  one) t o  reach a standard of 0.15 

lb/ ton.  Of U. S. plants  t ha t  b u r n  su l fu r  and do not produce oleum, 

55 - 80 percent would be forced t o  so r e t r o f i t .  Thus, emission 

standards l ess  than 0.5 lb/ton may have an excessive f inancial  impact. 
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However, where double r e t r o f i t t i n g  i s  n o t  a problem (i.e., i n  States 

w i t h  p l a n t s  i n  compliance w i t h  e x i s t i n g  standards more s t r i n g e n t  than 

t he  guide1 i ne ,  o r  f o r  p r e s e n t l y  uncon t ro l l ed  p l a n t s ) ,  S ta te  standards 

as low as t he  s tandard o f  performance f o r  new sources (0.15 1b / t on )  

may be j u s t i f i e d .  

1.6 COMPLIANCE TIMES 

As can be seen f rom Tahle 1.1, the  compliance t imes f o r  i n s t a l l a t i o n  

o f  a m i s t  e l i m i n a t o r  on a s u l f u r i c  a c i d  ~ l a n t  w i l l  n o t  d i f f e r  

ve ry  much accord inq t o  t he  t ype  o f  dev ice  i n s t a l  l ed .  

TABLE 1.1 -

COYPLIANCE TIMES FOP. MIST ELIIIINATOR INSTALLATION 

tlILESTONES Elapsed Time, Weeks 

S ta te  s tandard e f f e c t i v e  0 

Submit f i n a l  c o n t r o l  p l a n  t o  agency 18 

Award demi s t e r  c o n t r a c t  26 

I n i t i a t e  demister  i n s t a l l  a t i o n  4r) - 70 

Complete demister  i n s t a l  l a t i o n  43 - 73 

F ina l  compl iance achieved 44 - 74 

The above mi 1estones i n  t he  compl iance t imes were de r i ved  f rom 

Tahle 6.1. The f i r s t  two mi les tones  above can p robab ly  be met 

i n  most cases; under f avo rab le  c londi t ions,  t h e  t imes may be 

sho r te r .  The i n t e r v a l  between m i l es tone  3 and 4 i~t h a t  

r equ i red  f o r  f a b r i c a t i o n ,  i n c l u d i n q  sh ipp inq .  Thc f a h r i c a t i o n  

t ime i s  almost comple te ly  ou t  of  the  c o n t r o l  of  e i t h e r  t h e  customer 

o r  t h e  a i r  p o l l u t i o n  c o n t r o l  o f f i c i a l .  For t h i s  reason, a range 
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o f  elapsed t ime  has t o  be g iven  f o r  f a b r i c a t i o n .  Ifposs ib le ,  

enforcement o f f i c i a l s  should t r y  t o  cons ider  each p l a n t  on a 

case-by-case bas i s  and should r e q u i r e  p roo f  f o r  t h e  t ime r e q u i r e -  

ments c la imed f o r  each mi lestone.  

1.7 IMPACTS 

Since t he  emissi  on gu ide l  i n e  i s  n o t  an enforceable r e g u l a t i o n  

anp l i cah le  t o  any source, t he re  i s  no d i r e c t  impact from t h e  

emiss ion gu ide l  i n e .  Rather, the  impacts r e s u l t  f rom S ta te  ac t i ons ,  

and t he  degree t o  which States j u s t i f y  l e s s  s t r i n g e n t  standards 

w i l l  determine t h e  o v e r a l l  impact;. I n  t h e  d iscuss ion  o f  impacts 

t h a t  fo l low,  i t  w i l l  he assumed t h a t  a l l  p l a n t s  w i l l  be sub jec t  

t o  a  s tandard a t  l e a s t  as s t r i n q e n t  as t he  emiss ion g u i d e l i n e .  

Indus t ry -w ide  adverse economic impacts a r e  n o t  expected f o r  t h e  emiss ion 

g u i d e l i n e  of  0.5 1  b/ ton.  Only t he  sludge p l a n t  t h a t  operates e x t e n s i v e l y  

i n  compe t i t i ve  markets may f i n d  d i f f i c u l t y  i n  absorbing t h e  c o n t r o l  cos ts  

o r  pass ing them i n  the form of h i ghe r  p r i c e s  t o  i t s  merchant a c i d  p l a n t s .  

The pet ro leum r e f i n e r  who needs t ne  se rv i ces  o f  t n i s  s ludge processor  

e i t h e r  must pay the  h i g h e r  p r i c e  o f  reclaic!ed ac id ,  t h a t  r e f l e c t s  increased 

c o n t r o l  cos t s ,  o r  i n v e s t  t h e  c a p i t a l  i n  h i s  own new s ludge p l a n t .  I n  con- 

s i d e r a t i o t i  o f  t he  expense of t h e  l a t t e r ,  he t r i l l  p robab ly  choost pay ing 

h i ghe r  p r i c e s  t o  t he  af fected sludge p l a n t  processor.  

Depending on t h e i r  p roduc t  mix o f  s u l f u r i c  a c i d  and oleum, oleum p ro -  

ducers w i  11 pass on t o  a g r e a t e r  o r  l e s s e r  e x t e n t  t h e i r  c o n t r o l  cos ts .  

! lost oleur i~ prouucers gene ra l l y  produce bo th  a c i d  atrd smal l  arlounts o f  

cleur.1. V e ~ d o r s  re fuse  t o  guarantee t h e  performance o f  pads and panels 
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on oleum p l a n t s ,  and most States w i t h  standards r e q u i r e  a l i m i t a t i o n  

o f  0.5 l b / t o n  o r  lower .  For these reasons, occas ional  oleum producers 

would have i n s t a l l e d  v e r t i c a l  tubes and/or ad jus ted  t h e i r  market 

p o s i t i o n  i n  response t o  increased c o n t r o l  costs .  

The assessment o f  t h e  environmental  impact o f  t h e  q u i d e l i n e  i s  based on 

the  incrementa l  impact above t h a t  normal 1y imposed on t h e  env i  ronment 

by t he  a f f e c t e d  sources o r  process c o n t r o l l e d  t o  meet o t h e r  p o l l u t i o n  

r e g u l a t i o n s .  The environmental  impact i s  t h e r e f o r e  a f u n c t i o n  o f  

incrementa l  e f f ec t s ,  o r  a comparison o f  two degrees o f  c o n t r o l ,  and i s  

n o t  t he  t o t a l  e f f e c t  o f  t h e  p o l l u t i o n  c o n t r o l  i t s e l f .  

The most common S t a t e  a c i d  m i s t  r e g u l a t i o n  i s  0.5 1  b  a c i d  m i s t / t o n  

H2S04, a l e v e l  adopted by 10 o f  t h e  18 S ta tes  w i t h  en fo rceab le  

r e g u l a t i o n s ,  o f  which four  have lower  standards. (Table 6 .9) .  Thus, 

t he  major  impacts w i l l  occur  i n  t h e  23 s ta tes  w i t h  no standards w i t h  

m inor  impacts o c c u r r i n g  i n  t h e  f o u r  S ta tes  w i t h  l e s s  s t r i n g e n t  standards. 

On a  n a t i o n a l  bas is ,  each emiss ion increment o f  0.1 I b / t o n  i s  

equ i va len t  t o  about 1600 t o n s f y r  o f  a c i d  m i s t ,  a t  c u r r e n t  H2S04 

p roduc t i on  l e v e l  f rom about 215 p l a n t s  i n  41 s ta tes .  However, t h e  

m a j o r i t y  of  p l a n t s  have some t ype  o f  m i s t  e l i m i n a t o r  and thus, t h e  

impact even i n  S ta tes  w i t h  no r e g u l a t i o n  f o r  a c i d  m i s t  i s  

d i f f i c u l t  t o  determine. 

Other environmental  impacts a r e  absent, f o r  a l l  p r a c t i c a l  purposes. 

There i s  no e f f l u e n t  d ischarge a t  any a c i d  m i s t  c o n t r o l  l e v e l .  Ac id  

m i s t  c o n t r o l s  do n o t  generate s o l i d  waste. They do n o t  change t he  

q u a n t i t y  of  SO2 emi t ted .  



- - 

2.  SULFURIC ACID MANUFACTURING STATISTICS 

2 . 1  DEFINITIONS. 

Within th i s  document, sulfur ic  acid plants are classif ied 

by product concentration and by type of feedstock. These 

classes are defined as follows: 

1 .  Acid Plants - Plants that  produce sulfur ic  acid, 

but  no oleum. 

2. QleumPl a ~ t s- Pl.ants that  produce .elem OT any 

strength and that  may also produce sulfur ic  acid 

simultaneously. Oleum i s  a solution of f r ee ,  

uncombined sulfur t r i  oxide (SO3) i n  sulfur ic  acid 

(HpSOq). Oleums are described i n  terms of the i r  

f ree SO3 content. For example, a 20 percent oleum 

c o n t . 4 ~ ~2% percent free SO, md 80 p e m t  H2S04 

3 .  Sulfur Burning Plants - Plants that  burn only elemental 

sulfur.  

4.  Bound Sulfur Feedstock Plants - Plants tha t  burn 

chemically bound s wl fu r  feedstocks, such as a1 kyl a t i  on 

acid,  hydrogen sulf ide,  or  acid sludge, and tha t  may 

also burn elemental sulfur .  

2 .2  EXISTING PLANTS. 

2.2.1 Introductlon 

Sulfuric acid i s  one of the largest  volume industrjal  chemicals 



produced in the United S ta tes .  The United Sta tes  i s  the 

world's leadin! producer of su l fu r i c  ac id .  U.S. production in 

1370 to ta l l ed  29.5 million shor t  tons compared t o  a world to ta l  

of 100.5 m i  11 ion shor t  tons (1) .  U.S. production capacity in Parch 

1971 vas  estimated a t  38.6 mill ion shor t  tons and was accounted 

fo r  by 251 plants ( 2 ) .  fif these ,  contact process plants t o t a l l ed  

21 4 and accounted or o v e r  97 percent of 11.5. productian~~capacit.y 

( 2 )  and 99 percent of U . S .  production ( 3 ) .  The remaininq 37 plants  

u t i l i zed  the older lead chamber process. In 1973, 11.5. production 

t o t a l  led 31.7  mi 11 on shor t  tons ( 3 ) ,  and production capacity was 

estimated a t  41.0 rr~il l ion shor t  tons ( 4 ) .  

Sulfur ic  acid i s  produced in a variety of concentrations and in 

four grades: commercial; e l e c t ro ly t e  or  high pur i ty ;  t e x t i l e  

with low organic content; and chemically pure (C.P . )  or  reagent 

grade. Typical concentrations are :  35, 65, 78, 93 and 98 percent 

a c i d  and 20, 30, 40, 50, 60, 65 and 100 (pure SV3) percent oleum. 

The chief uses of su l fu r i c  acid are in the production of phosphate 

f e r t i  1i  zer  , the manufacture of chemi cal s  , oi 1 ref i  ni n a  , p i  qment 

production, i ron and s t e e l  processing, synthet ic  f i b e r  production, 

and metal 1 urgi cal a p ~ l  i cat ions . 

!'iost su l fu r i c  acid i s  consumed near i t s  point of manufacture, by 

e i t he r  the producer or nearby i  ndust r ies .  '1er.y l i t t l e  i s  s h i p e d  

more than 300 mi l e s .  Of the 31.7 nii 1 l ion shor t  tons rlroduced in 

the I1.S. in 1973, 13.2 mill ion tons were shioped a t  a  value of 

242 million dollar;  ( 3 ) .  



-- - 

2.2.2 Loca t i on  and Size 

Table  2.1 i s  a l i s t i n g  o f  con tac t  process s u l f u r i c  a c i d  p l q n t s  

i n c l u d i n g  1o c a t i  on, capa t i ty , age, t ype  o f  feed,  and oleum/aci  d  

p roduc t i on .  It i s  based upon a  census of s u l f u r i c  a c i d  p l a n t s  

publ  i shed  i n  t h e  Chemi c a l  Cons t ruc t i on  Company r e p o r t  ( 2 )  , r e v i  sed 

w i t 1 1  i n f o rma t i on  i n  t lydrocarbon Process in? ( 5 ) ,  CE Cons t ruc t i on  

P l e r t  i n  Chemical Enai n e e r i  ng ( 6 )  , s u p ~ l e m e n t s  t o  the  Stanford 

Research I n s t i t u t e  D i r e c t o r y  of Chemical Producers ( 7 ) ,  an4 

-Cont ro l  Techniques f o r  S u l f u r  Oxide 4 i r  P o l l u t a n t s  (8 ) .  

Table 2 .2  g i ves  a  s i z e  d i s t r i b u t i o n  o f  s u l f u r i c  a c i d  e s t a h l i s h -  

ments i n  t h e  U . S .  based on t he  S tan fo rd  Research I n s t i t u t e  l a73  

E l i  r e c t o r y  o f  Chenli c a l  Producers ( 4 ) .  

The Chemical Cons t ruc t i on  Company r e p o r t  ( 2 )  and t h e  D i r e c t o r y  of 

Chemical Producers (4 )  (1 3 )  c o n t a i n  t h e  o n l y  publ  i c l y - a v a i l a b l e  p l a n t -  

by-p l  an t  l i s t i n g s  o f  s u l f u r i c  a c i d  ~ l a n t s  ( o r  es tab l i shmen ts ) .  

There i s  no t r a d e  a s s o c i a t i o n  s p e c i f i c  t o  t he  s u l f u r i c  a c i d  i n d u s t r y ,  

and ~ l a n t - b y - p l a n t  l i s t i n g s  were n o t  a v a i l  ab le  f rom t h e  Yanufactur ina 

Che~ i is t s  F s s o c i a t i o n  o r  t h e  11.7. Department of Commerce. 

2.2.3 Type o f  Process 

Table 2.3 i s  a summary ~f t h e  numter and c a ~ a c i t y  of 11.5. s i n q l c  

c~bsorpl;iori con tac t  s u l f u r i c  a c i d  p l d n t s  arranqed by feed,  con-

ve rs i on  s tages,  and oleurn/acid p roduc t i on .  Tho t a b l e  i 5  hacccl on 
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TABLE 2.1 

CONTACT PROCESS A C I D  PLANTS (a) 

C i  t v  & State Dai lv  
t v  ''ateria1 s -' " I  ConcentrationC a ~ a c i  

Short Tons -froduct  

A1 abarna 

cul fur  ?V a c i d!?obi1 Chem. Co. P i  minaham 70 
h r i c a n  Cvanami d Co. '"obi l e  75 

I 1  I t  

PJ M b i l  Chem. Co. Dothan 70 
-b DuPont Mineral S ~ r i n a s  60 

Deichhold Chem. Inc. Tus ca 1oosa 150 
Stauffer Chem. Co. LeYovne 400 

Arizona 

r ~ !Bagad Cooper Corp. Baddad 
Phelps bdqe Cow. Harenci Cu Smelter GAS 

I 1  II I 1Phelps Dodge Cow. Yorvlnci 
18 II I tKennecott Copper Corp. ?av 

hmerican Smeltino & Ref in ins Havden Smctl t e r  Gas 
Phelps Dodge Coro. 4 jo  -

( e )  Insp i ra t ion  Consol idated Copper Co. Insp i ra t ion  Cu Smelter Gas 
(e)  Kennecott Copper Corp, Ha yden Cu Smelter Gas 

I'aama Cop~erCo. a n  "anuel 
!leela P i  n i  nc Pinal County 

Note: See p .  2-21 for  footnotes. 
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TABLE 2.1 - V G E  2 
.-

C i  t v  & State Dai l v  
Capaci t v  

Short Tons 
.-- -

Rui 1 t ( b )  Pr inc ina l  Ray , Hiahest  
' f a te r ia l s  I C )  Concentratio 

Product I d  

Arkansas 

Monsanto Co. 
Gardi n ier Corp . 

E l  Dorado 
Helena 

375 
600 

Pre 1954 
1967 

Su l fu r  
II 

< 9 I$W,c id  
I 1  

Ol i n  
Cerr~Corporation 

N. L i t t l e  Rock 
Pine B l u f f  

250 
400 

1947- Su l fu r  I(! ti,!: 
r u  Smelter Gas 

01e m  
-

Ca1 i f o r n i a  
P 

%> 

! 
L ,  

A l l i e d  Chemical Corp. N i  chols 350 Fre l P 9  Sulfur < 947 Pcic! 
Occidental Petroleum Cow. 
Val ley Ni troqen Prod. Inc.  

Lath roo 
Helm 

701) 
2011 

1957 
1959 

II 

I 1  

II 

I 1  

Valley Nitrogen Prod. Inc. Helm 300 1467 I I I 1  

Valley Nitrogen Prod. Inc. Helm 600 1965 II I 1  

AFC Inc. Edi son 200 1067 11 II 

??onsanto Co. 
Pmeri can Smel tinq & Ref i  n i  np 

(e)  Standard O i l  Co. o f  Ca l i f o rn i a  
Stauffer Chem. Co. 

Avon 
Selby 
El Segundo 
Dminquez 

300 
50 

300 
650 

1953 
pre 1954 
1977 
Pre 1954 

Sludae R H C 

Smlt e r  ca3 
5ludac P u,S 
II 11 

< 
n leum 
949' k i d  

II 

I1 

A1 1 i e d  Chemical Corp. Richmond 200 1043 II II 11 

A l l i e d  Chemical Corp. Richmond 300 1955 I I I 1  I 1  

Union O i l  Co. o f  Ca l i fo rn ia  Los Pnpe 1es 325 1960 II 11 II 

Stauf fer  Chem. 
S tau f fe r  Chem. 

Co. 
Co. 

R i  chrnond 
Vernon 

5r)O 
3 W  

!'re 1954 
Pre l o 5 4  

Su l fu r  
I 1  

01 eum 
II 

Stau f fe r  Chem. Co. Ya r t i  nez 850 1969 I I II 

Val ley Nitrogen Prod. , Inc.  Helm 940 1975 11 < 99% Acid 



- --- 

Colorado 

Union Carbide C o n .  

A1 1 ied Chemical Corn. 
"3 

I 
C? 

Florida 

Yobil Cherr. Co. t i chol s =ulI!fur < 99" Pcid 
' 4 .  R. Grace 8 Co. Rartow I 1  

In te r .  I l in .  & C h e ~ .  Corp. 
S w i f t  & Co. 

Eartow 
Agri cola 

11  

1 ,  

Yobil Chem. Co. N i chnl s l i  

Gardi n i e r ,  Inc.  Tamna I t  

Gardinier ,  Inc. Tarn~a I \  

Cardinier ,  I n c .  Tam~a II 

Gardinier ,  Inc. 
W. R .  Grace R Co. 

Tampa 
Partaw 

II 

I 1  

F .  S .  Rovster Guane Co. Mu1berrv I t  

Mobi 1 Chem. Co. N i  chol s I !  



-- ----- C i t v  & S ta te  D a i l v  P r i  n c ioal Paw H i  obeq t. 
Caoaci t v  - ? J a t ~ r i a l c  (c' r o n c p n t r a t i on 

Short Tons product 

F l o r i d a  ( c o n t .  ! 

CF Indus t r i es  Sartoer onn C ~ ~ lf t ~ r  
CF Indus t r i es  B a r t w  OO!! II 

I n t e r .  V n .  8 Chem. C o r ~ .  Rartow 4 0  II 

CF Indus t r i es  Gartow 11 

P m u r  Par. 
Amour Agr. 

Chemical Co. 
Chemical Co. 

F t .  yeade 
Bartow 

1 ,500 
800 

I f  

I 1  

CF I ndus t r i es  Sar te r  qf'n I 1  

Cont inenta l  Q i  l Co. l P g r i  co Chem. Pierce 2.000 I I 

Borden Chem. Co./Zmith Douplas P lan t  C i t v  i,an0 I 1  

CF Indus t r i es  
Farmland Ind. Inc.  
N. R. Grace !i Co. 

P lan t  C i t v  
Green Pav 
Bartow 

1,7nn 
1,57" 
1,I"'-! 

II 

II 

I I 

Occidental  Petroleum C o r ~ .  
Fannland Indus t r i es  

'.!hi t e  Spr i  n w  
R a r t w  

2, f)V 
2,200 

I I 

I 1  

CF Indus t r i es  
W.R. Grace & Co. 
I n t e r .  Tlin. h Chem. C o r p .  
Occidental  Petrolem C o r p .  

Plan t  C i t y  
Bartow 
New Wales 
White Springs 

2,850 
2,000 
5,050 
3,600 

I 1  

I 1  

1, 

II 

Kaiser  P-gr. Chem. Comanv Savannah lO! l  71.11fur 
American Cvanamid Co. Savannah 45n II 

American Cvanami d  Co. Savannah 25'-! I 1  

M inera ls  % Chem. /Phi 1ipp Corn. 
C i t i e s  Service Co. Inc .  

P.ttapu1 oas 
Augusta 

I?O I I 

I1  



--- 

-- 

-- 
City &- S t a t e  9 a i l v  

Car ac i  t v  
Year ( b )  
-Fuil  t 

P r i n c f ~ a lPay  
Mater ia l s  s' 

Shor t.- Tons 

Havra i i 

Standard Oil Co. of  Ca l i fo rn i a  Honolulu 11 5 1P6Q-65 

Idaho 

J .  
J .  

R .  
R. 

Simplot Co. 
Sirnolot Co. 

Pocatel  l o  
Pocatel  1 o 

65n 
1,2nn 

1059 
1'366 

Su l fu r  
I 

Bunker H i l l  Co. Kel l o g  250 1954 7n c m ~ l t e rcas 
Bunker H i  11 Co. 
Bunker H i l l  Co. 

Kel log? 
Kel 1 oucr 

350 
30n 

1066 
1071 

I I 1  

Pb 
1 1  

(e)Agricul  t u r a l  Products Corp. Conda 850 1974 Su1 f u r  
Aari cul t u r a l  Products Corp Conda 1,000 l96? Sul fur  

I l l i n o i s  

P,ll i ed Chemi ca 1 C o n .  C h i  c a ~ o  Ann Pre  lQ54 5ul f u r  
Swif t  & Co. Calrrmet Ci t v  100 1447 II 

Borden Chem. Co. /Smi t h  Doug1 a s  
National Di s t i  1 l e r s  Chem. Corz. 

S t r e a  t o r  
Tuscol a 

125 
590 

la51 
1053 

I! 

! I  

Pner ican Zinc Co. Saurret 49P 1'360.-65 I 1  

Beker Indus t r i e s  Yarsei 11 es 7no 1962 II 

b!ilson Co. Inc. E1 wood en? Pre 195a 'u l fur  + slrrdae 
Charles P f i z e r  Co. Inc.  East  S t .  Louis 18 Pre lC54 F ~ r r o u q  Su l f a t e  



-- 

-- 

- - -- 

Dai  1 
Capaci t v  

r h o r t  Tons .- -

I l l i n o i s  ( c o o t . )  

P w r i c a n  Zinc Co. East S t .  Louis 45'7 Zv ?me1 t e r  %s 
P l l i e d  Chemical Corn. E a s t  S t .  Louis 5ClP 'iul ftlr 
01 in  J o l i e t  1 ,OO@ I I 

b m r i  can Cyanami d Co . 
ponsanto Co. 
U.S.  Amy Corps of Engineers 
i l l i n o i s  Power Co. 

Jol i e t  
Sa u ~ e  t 
Jol  i e t  
Umd Piver  

150 
6gC' 
775 
-

I I 

I 1  

Sl udge
-

An1 i n  5100d l J !  ver 240 Sludoe + H i 
5u l fu r  2 -

2 a t i o n a l  C i  s t i l  lers  C h e ~ . Corg .  Tuscol a 1 ,410 -
Indi ana 

S t a u f f e r  Chem. Co. 
PuPont 

Hanmond 
East Chicano 

.400-
950 

71udoe + 5111f u r  
Zn 5 w l t e r  Caz + 

Pl  eum 
I I 

7 1vdo? 
S t a u f f e r  Chem. Cc. P a m n r !  500 : ! ! ! doe  + Sul fu r  
Parion I ' fa.  Cn. Indi anaool i s  125 ~ l u r f n e+ C ~ l f ~ ~ r  

Iowa-
I n t e r .  Min. + Chem. Corn. Mason C i  t v  Pre 195a Cul Cur 
S i n c l a i r  Petrochemicals Inc. F t .  Madison 1068 I !  

National ? i s t i l l e r s  Chern. Corp. Dubusw 1043 I t  



- -  -- 

-- 

- --- 
-- 

C i  t v  & S ta te  
-

D a i l v  
Caclaci t v  Yater i  a l s  (17) Snncen tw t io  

Short Tons Product n(d) 

Kansas-

E a ~ l e  Picher  Co. Ga 1 ena 45r) Sul fu r  + I n  <?aa @ c i d  
q m ~ lt e r  cas 

r ia t ional  D i s t i l l e r s  Chem. Cow. 25n C u l f u r  PI  e m  

Kentucky 

DuFont b!urtl and 6r)n Sul fu r  "1 PUP 
Pennsalt Chem. Corp. Calver t  C i  t v  1ZE; I 1  1 I 

Louisiana 

01 i n  Sossie r  C i  t v  200 
f i l lied Chemical Corn. saton Rouge 35" 
American Cvanami d Co. F o r t i e r  1no 
Baker Industries T a f t  1,5no 
A l l i e d  Chemical Corp. Gei smar 1 ,sm 
Freeport  Eherni ca l  Co. I l n c l ~Sam 4,800 
S t a u f f e r  Chem. Co. Baton Qouge 1 , 6 K  ' u l f u r  + Sludoe 
C i t i e s  Serv i  ce Co. Inc .  Lake Charles 450 Yludoe + 11 5 
DuPont Rums i de 1 ,sw  Sul f u r  + ~ ? u d o e  

(e)Freeport r h ~ m i c l lrn. 
F a r i  co Chemical Co. 

Uncle Sar; 
Donaldsonvi l le  

1 ,mn 
3 , 4 n ~  -

Freeport !:inera 1 s Co. Por t  S u l ~ h u r  35q Waste Gas Su l fu r  
Compounds 
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-TPPLE 2.1 - PPCE 11 

Company C i ty  t---R Stake D a i  l v  Pr inc ina l  D a w  C I ~ W  
Caoaci t v  Mate r ia l s  ( c !  rnncentrat ion ( d  

Short Tons 

New York 

A l l i e d  Chemical Con. Buffalo Pre 1954 
Eastman Kodak Co. Rochester 1QY' 

N. Carolinah' 

d 


Mobil Chem. Co. lfiIminclton Sulfur < Fc id  
II IIS w i f t  Co. !Ji 1m i  ngton 

Acme Chemical P.cme 
Texas Gul f cmwnv Lee Creek 
A m u r  Agr. Chemical Co. k!i 1mi naton 

( e )  Texas Gulf Company Lee Creek 

A1 1 ied Chemical Cow. Cleveland b e  1954 Sulfur 
Diamond F e r t i  1 i z e r  Co. 
DuPont 

Sandusky 
Cleveland 

Pre 1954 
Pre 1954 

It 

I 1  

I n t e r .  Min. & Chem. Corp. L6ckl and Pre 1954 !I 

Mobil Chem. Co. Cincinnat i  l a w  I1 

Yinn. Mininq & Mfp. to .  
American Cyanami d Co. 

Cop1 ev 
Pami 1 ton 

1942 
1955 

I t  

II 
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--Texas (cent. ) 

O l in  Port  Arthur 

-y Stauf fer  Chem. Co. Pous ton 
S tau f fe r  Chem. Co.  Ft. i ior th 

'3 
Stauf fer  Chem. Co. Vous ton 
O l in  Houston 

( e )  American Smelting & Refining Co. E l  Paso 
Chmical Producers Co . E l  paso 

Utah 

Kennecott Copper Corn. Yaqna 
Kennecott Cooper Corp. Maqna 
Kennecott Copper Coro. ?aana 
Kennecott Copper Corp. Mapna 
Kennecott Copper Corn. Sa 1 t Lake  C i t y  

V i  r g i  n i  a 

h e r i  can Cyanami d Co. Piney River 
Borden Chem. Co./Smith Douglas Norfolk 

P a i l v  
Capaci t v  

Short Tons 
Materials 

.-- t C  ' roncentrat ion 
Product ( d  

I 

2 m  
1,75n 
35n 
2, Qn(3 
1.553--

750 
4r)Q 
5 ~ n  -
6@'7. 

85 
20n 
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TABLE 2 . 2  

S I Z E  CISTI?IBUTI3( \ !  OF SULFURIC A C I D  ESTABL1SHI;EIITS I N  THE U.S. ( a )  

P lan t  Capacity 
(100% H2Sf14 equ i va len t )  

Number o f  
Tons/day l o 3  tons& Establ ishments 

0 - 100 0 - 35 

101 - 250 36 - 87 

251 - 500 88 - 175 

501 - 750 176 - 262 

751 - 1000 263 - 350 

1001 - 1590 351 - !i25 

1501 - 3000 526 - '1050 

> 3000 ~ 1 0 5 0  

Not avai 1able 

T o t a l  173 

( a )  The term "es tab l i shnent "  i s  de f ined  i n  Tahle 2.1, D.  2-71, 

f oo tno te  ( a ) .  





i n fo rma t i on  i n  the  Chemical Cons t ruc t ion  Company r e p o r t  ( 2 ) ,  

and g ives  the i n d u s t r y  breakdown as o f  1970. + lost  3-stage p l a n t s  

were b u i l t  p r i o r  t o  1960, 4  stages being t y p i c a l  o f  ~ l a n t s  b u i l t  

s ince  1VO.  Table 2.3 shows t h a t  w h i l e  on l y  28 percent  o f  t he  

p lan ts  are 4-stage, they account f o r  44 percent  o f  the  t o t a l  U.S. 

capac i ty .  Table 2.3 a l so  shows t h a t  45 percent  o f  t h e  p l a n t s  burn 

c n l y  s u l f u r  and do n o t  produce oleum; and t h a t  32 percent  o f  a l l  

the  p l a n t s  ( s u l f u r  and bound s u l f u r )  do produce oleum. 

Table 2.4 gives 1970 and 1973 a c i d  and oleum produc t ion  i n  the 

U.S. by the  contac t  process ( 3 ) .  I t  shows t h a t  oleum produc t ion  

accounts f o r  on l ;~ 9-1Q percent o f  t he  t o t a l  con tac t  process pro-  

d u c t i  on. 

[lany o f  t he  s u l f u r i c  a c i d  p lan ts  constructed s ince  1970 are 

dual absorpt ion p lan ts .  As of October 1974, a t  l e a s t  14 dual 

absorpt ion p l a n t s  had been b ~ u i l t  i n  t he  U.S., w i t h  a t  l e a s t  

one more scheduled f o r  complet ion by 1975. These are i n d i c a t e d  

i n  Table 2.1. The dual absorpt ion process i s  opera t ing  success- 

f u l l y  i n  over 90 p lan ts  throlughout the wor ld  ( 9 ) .  

2 .3  FUTURE TRENDS. 

Table 2 .5  shows the chanqes i n  a c i d  p roduc t ion  and i n  number 

o f  producing establ ishments f o r  c e r t a i n  years s ince  1P3P (3, l r ) ) .  



TABLE 2.4 

CONTF,CT PROCESS A C I D  AND 0LE.UM PRODUCTION 

( l o 3  tans/year)  

P.ci d 26,243 

Oleum 

Under 40% 2,021 

40% 699 

Over 40% 241 

-
T o t a l  ;3,961 

Tota l -Contact  Process 29,204 



- - - - - - - - --- - - - -- 

TABLE------ 2.5 

GROWTH OF SULFURIC A C I D  INDUSTRY I N  THE UNITED STATES 

3Production 
(19 ton/vr  of In??! I.lumkr of Prnduci no 
t$Sn4 equi v a l m t )  Fstablishrwnts ( a )  

(b (b )  Contact Chamber 
- - -- - New Pxid  Total Acf d On1v - - TotalYear - -- -- - .- . - - - - - - . -- O_"-!!~V-- soth 

(a )  The term "establlshn#ntn i s  defined I P  Table 2.1, p. 2-21, 

footnote ( a ) .  

(b)  "New acid" i s  defined as v i r g i n  ac id  o r  oleum produced from the 

oxidat ion o f  s u l f u r  o r  sulfur-bearinrl  mater ia l  inc lud ing the 

decomposition of sludge."Total acid"  includes new ac id  and alsn 

spent ac id  f u r t i f i e d  (strenqthened) by the add i t ion o f  s u l f u r  

t r i n x i d e .  



I t  shows a gradual r e t i r e r~cn t  of v lants  usina the old l e a d  

cha~l~berprocess: a steady increase in production from 1Q33 t o  

1966, with only a s l i g h t  increase from 1966 t o  1973; and a ~ e a k  

in number of establishments from 1956 t o  1967 and a gradual 

decline since then. Average annual production of new acid Fer 

establishnient has increased from 31,40? tons in 1839 t o  93,000 

tons in 1963 and t o  190,110nl tons in 1973. This trend toward 

larger  plant  s i zes  i s  expected t o  continue. The approximate upper 

l imi t  on --uni t  s i zes  i s  now about 1500 tons per day (11 ) .  

Another s ign i f i can t  chance i s  the reduction in the r a t i o  of 

?reduction f o r  merchant s a l e s  or  shipments t o  nroduction f o r  

captive use. In 1939 t h i s  r a t i o  stood a t  2:l (merchant s a l e s :  

cap t ive ) ,  while in 1966 i t  stood a t  1:1 and a t  0.7:1 i n  1973 

( 3 , I n )  

Environmental pressures t o  recover indus t r i a l  process wastes 

will probably bring about a higher percentage of s?ent  acid 

and metallurgical plants in the fu tu re  as  contrasted t o  elemental 

su l fu r  p lanls .  

E P A  neu! source ~erformance standards (Section 1 .3)  require SO2 

emission levels  f o r  new and subs tan t ia l ly  modified plants  t ha t  

cannot be met w i t h  s inqle  absorption unless a control device 

(such as a scrubber) i s  ap!~l ied  t o  the absorber t a i l  gas. The 



standard t t ~ u s  requires e i t h e r  such t a i  1 qas treatment or  the 

addition of a second ahscrbeir (dual absorption process) .  h a 1  

absorption and thr.<: tilil  aas treatment systems are  described in 

Section 3.1.3. 

The importance of various regions of the country as acid-

producing areas has a l so  changed. Table 2.6 i l l u s t r a t e s  t h i s  

change by presenting regional production f igures f o r  the years 

1956, 1963, and 1970 ( 3 ,  10) .  The l a rges t  reqional increase 

has occurred i n  the South, pr incipal ly  f o r  the production of 

phosphate f e r t i  1 i ze r .  I n  1933, approximately 40 percent of su l fu r i c  

a c i d  produced in the I1.S. was f o r  phosphate f e r t i l i z e r  ( l o ) ,  while 

i n  1971 about 50 percent went f o r  f e r t i l i z e r  (12) .  
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3. PROCESS DESCRIPTION 

3.1 CONTACT SULFURIC A C I D  PRODUCTION. (19 2  3.4 ) 

A1 1 contact processes incorporate three basic operations : 

burning o f  su l fu r  o r  sulfur-bearing feedstocks t o  form So2; 

cata ly t i c  oxidation of SO2 t o  SO3; and absorption o f  SQ3 i n  a 

strong acid stream, The several variat ions i n  the process are 

due pr inc ipal  l y  t o  differences i n  feedstocks. The least  

complicated systems are those that  burn elemental su l fur .  Where 

appreciable organ1 cs and moisture ex is t ,  as i n  spent acid and 

acid sludge, addi tional operations are requi red t o  remove misture 

and part iculates p r l o r  t o  catalysis and absorption. The composi- 

t i o n  of feedstocks can affec:t the sul fur conversion ra t io ,  the 

volume of exhaust gases and the character and rate o f  'pol lutants 

re1 eased. 

3.1.1 Sul fur ic  Acid Plants Burnlng Elemental Sulfur 

Figure 3.1 i s  a schematic diagram of a single absorption contact 

su l fur ic  p lant  burning elemental sul fur.  Sul fur i s  burned t o  form 

a gas mixture which i s  approximately e iqht  percent sul fur dioxide, 

13 percent oxygen, and 79 percent nitrooen (5y  volume). Cnqbustinn 

a i r  i s  predried Ly pass inq i t  tl~rouqha packed tower c i rcu la t ina  

98 or 93 percent s u l f u r i c  a c i d .  Tt r i s  n i i r i im izes acid mist forma-

t ion and resu l tan t  corrosion throuqhout t h e  sys tern. 



BOILERFURNACE & 
DRYING - -&b 
TOWER 1 ABSORPTION- - ~~~ 

BOILER FEED WATER A 
BLOWER 

ah I1 ,L,QulD4 T' I 
1
~ACID W A T E ACID 

COOLER COOLER 
SULFUR 41 

STORAGE PRODUCT 
~ i g u ~ e3.1. Contact-process sulfuric acid plant burning elemental sulfur. 



Tile o x i d a t i o n  o f  s u l f u r  d i o x i d e  (SO2) t o  s u l f u r  t r i o x i d e  ( S O 3 )  

by oxygen i s  promoted by  a  vanadium pen tox ide  c a t a l y s t .  The 

temperature o f  t he  r e a c t i n g  gas m i x t u r e  inc reases  as t he  r e a c t i o n  

:)roceeds. Maximum convers ion t o  SO3 r e q u i r e s  temperature 1  irni t a -  

t i on a r d  severa l  csnvers i  on stages v ? i t h  i ntermedi a t e  gas cool  inq. 

Kost  p l a n t s  b u i l t  p r i o r  t o  1960 had o n l y  t h r e e  convers ion staoes 

and o v e r a l l  convers ion e f f i c i e n c i e s  were anprox imate ly  95 t o  96 

percen t .  F i gu re  3.1 sho::s "nur cclnversion stages which is t y p i c a l  

o f  p l a n t s  b u i l t  a f t e r  1960. E f f i c i e n c i e s  f o r  t;\esr. ':lat?tr, 

no rma l l y  range between 96 and 98 pe rcen t .  The gas e x i t i n g  t he  

conve r t e r  i s  coo led i n  an economizer t o  450" t o  5"0°F, and qfl? 

i s  absorbed i n  98 pe rcen t  s u l f u r i c  a c i d  c i r c u l  a t i n q  i n  a  packed 

tower .  i t later i s  i n  t u r n  added t o  t h e  a c i d  t o  m a i n t a i n  t he  d e s i r e d  

concen t ra t i on .  The absorber  a c i d  concen t ra t i on  and temperature must 

be c a r e f u l l y  c o n t r o l  l e d  t o  p reven t  excess ive  r e  ease o f  Sf13 and 

H2SOq vapors. 

.4 s u l f u r i c  a c i d  p l a n t  can be designed t o  produc oleum i n  s t r eng ths  

up t o  40 pe rcen t  by t h e  use o f  an oleum abso rp t i on  tower  between 

the  conve r t e r  and t h e  f i n a l  98 percen t  a c i d  ahsorber .  Tqe SO3-

l aden  gases f rom the  conve r t e r  a re  coo led and then  oassed throuf lh  

t h e  oleu111 tower which i s  f e d  w i t h  a c i d  f rom t h e  98 pe rcen t  a b s o m t i o n  

system. The e x i t  gas stream from t h e  oleum tower i s  then  passed 

through t h e  f i n a l  absorber f o r  r ecove ry  o f  r e s i d u a l  Sn3. 

Ycum s t r eng ths  g r e a t e r  than  40 pe rcen t  a re  u s u a l l y  made hy 

b o i l i n g  o f f  SG3 f rom one oleum and absorb ing i t  i n  another .  The 



concen t ra t i on  of t h e  SO3 thus  b o i l e d  o f f  i s  h i g h e r  than  t h e  

concen t ra t i on  o f  t h e  SO3 i n  t h e  process conve r t e r  e x i t  oar 

3.1.2 S u l f u r i c  Ac id  P lan t s  Burn ing Bound S u l f u r  Feedstocks 

blhere spent  a c i d  , s l  udae , and s im i  1  a r  feedstocks a re  employed 

as a source o f  SO2 ' 
t he  p l a n t s  a re  more comnlex and expensive 

than s u l  f u r - b u r n i n q  p l a n t s  because t he  s u l f u r  d i ox i de -con ta l  n i  nq 

gas stream i s  contaminated. Feed gases must be c leaned if hiqh-

qua1 i t y  a c i d  i s  t o  be produced. Th i s  r e q u i r e s  a d d i t i o n a l  gas 

c l e a n i n g  and c o o l i n g  equipment t o  remove dus t ,  a c i d  m i s t ,  and 

gaseous i m p u r i t i e s ,  a long  w i t h  excess ive  amounts of v a t e r  vaoor.  

(See Sec t ion  4.2 f o r  d i s c u s s i o n  o f  a c i d  m i s t  f o rma t i on ) .  P u r i f i -

c a t i o n  equipment c o n s i s t s  o f  cyc lones,  e l e c t r o s t a t i c  dus t  and m i s t  

p r e c i p i t a t o r s ,  p l u s  scrubbers  and gas-coo l ing  towers i n  va r i ous  

combinat ions.  F i qu re  3.2 shows one p o s s i b l e  c o n f i a u r a t i o n  o f  

a spent a c i d  p l a n t .  The balance o f  t h e  process f o l l o w i n a  t h e  

d r y i n g  tower  i s  e s s e n t i a l l y  t h e  same as an e lementa l  s u l f u r -  

bu rn i ng  p l a n t .  S ~ e n t  a c i d  p l a n t s  have f o l l o w e d  t h e  same des i cn  

t r e n d  as su1 f u r -bu rn i  ng p l a n t s .  ! l os t  th ree-s taae  p l  ants  were 

b u i l t  p r i o r  t o  1960 and four -s tage  p l a n t s  were u s u a l l y  b u i l t  a f t e r  

1960. Comments on oleum p roduc t i on  i n  Sec t i on  3.1.1 a l s o  app ly  

t o  spent a c i d  p l a n t s .  
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Figure 3.2. Contact-process sulfuric acid plant burning spent acid. 



A few p lan ts  burn ing only  hydrogen s u l f i d e  o r  r3ydrogen s u l f i d e  

p lus elemental s u l f u r  use a s i m p l i f i e d  vers ion o f  the  above pro-  

cess .  lkt gases from the c:ombustion chamber and waste heat 

boi l e r  are charged d i r e c t l y  t o  the conver ter  w i t h  nc in te rmed ia te  

t r e a t v e n t .  Gases from the conver ter  f l ow  t o  the absorber, throucjh 

\.:him 70 t o  93 percent  s u l f u r i c  ac id  i s  c i r c u l a t i n q .  I n  a p l a n t  

burning only  hydrogen s u l f i d c ,  411 o f  the  s u l f u r  t r i o x i d e  from 

the  conver ter  i s  i n  the form o f  ac id  m i s t ,  much nf which i s  no t  

absorbed i n  the absorpt ion tower. Hiqh e f f i c i e n c y  m i s t  c o l l e c t o r s  

both recover  product ac id  and prevent  excessive a i  r po l  1  u t i o n .  

3.1 . 3  Dual Absorpt ion Plants 

I n  the dual  absorpt ion proc:ess, F igure 3.3, a  g reater  f r a c t i o n  of 

the s u l f u r  i n  the feedstock i s  converted t o  s u l f u r i c  ac id  than 

i n  the s ing le  absorption process. The Sn3 f o m d  i n  the primarv 

conversion stages i s  removed I n  a  pr imaw absorption tower and 

the remainder of the gas i s  returned t o  the f i n a l  conversion 

stage(s). Removal of a product of a revers ib le  react ion such 

dr ives the  ox idat ion fur ther  toward com~le t ion ,  anoroachina 

the react ion equ i l i b r ium expressed hy: 
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Figure 3.3. Dual absorption sulfuric acid plant. 



where K i s  the react ion equ i l ib r ium constant pecu l ia r  t o  the 

temperature of the react lon and t o  the un i t s  o f  the narenthet ical  

en t i t i e s ,  which are usual lv  taken as the molar concentrations of the 

gases invol ved. 

The resu l t i ng  SO3 i s  absorbed i n  a secondary absorption tower 

obtain ing a t  l e a s t  99.7 percent overa l l  conversion of the su l fu r  

t o  s u l f u r i c  acid. 

F igum 3.3 depicts primary absorption a f t e r  the t h i r d  conversion 

stage w i t h  one f i n a l  conversion stage. nuat ahqorption plants  are 

also desianed w i th  primary absorption a f t e r  the second convcrston 

stage and two f i n a l  converslon stages. 

The dual absorption process penni t s  higher i n l e t  SO2 

concentrations than normally used i n  s ing le  a b s o r ~ t i o n  plants 

since the f i na l  conversion stage(s) e f f ec t i ve l y  handles the 

residual  SO2 from the f i r s t  conversion stages. Higher i n l e t  SO2 

concentrations permit a reduction i n  equipment s i ze  which 

p a r t i a l l y  of fsets the cost  of the add i t iona l  equipment required 

f o r  a dual absorption plant ,  The dual absorption equipment 

occupies l i t t l e  more space than a conventional p lant  even thouqh 

an addi t ional  absorber i s  required. 

fls shown i n  Table 2.1, the d u a l  absorption vrocess has been 

applied t o  s u l f u r i c  acid 3lants burninq su l f u r ,  soent a c i d  and 

hydroqcn su l f ide;  t o  metal l u r a i  cal p lants;  and t o  p lants nroducinn 

ncicl rlnd oleum. Honev~r,most  appl icat ions have been f o r  su l fur -  

turninq a n d  rrietal l u rq i ca l  p lants  producinq acid nn lv .  



The 99.7 Yercent o v e r a l l  conversion e f f i c i e n c y  o f  the dual 

absorpt ion process corresponds t o  a stack emission o f  a.C ~ o u n d s  

o f  5Q2 per  ton o f  ac id  produced. This same low Sn2 emission l e v e l  

can be achieved i n  a s i n g l e  absorpt ion p l a n t  by the  use of a t a i l  

gas recovery system. I n  the I !n i ted States, th ree  such systems which 

have been commercially demonstrated t o  achieve t h i s  l e v e l  or  helow 

arz sodi urn su l  fit e  scrubbi ng , ammonia s o l u t i o n  scrubbing, and 

molecular s ieve separat ion.  

The sodiui . .  s u l f i t e  scrubbing system scrubs Sn2 from the  t a i l  

gas y i e l d i n g  var ious  percentaqes o f  sodium s u l f i t e ,  h i s u l f i  t e  

and s u l f a t e  i n  the  spent scrubbinq l i q u o r  ( 2 ) .  The b i s u l f i t e  i s  

then thermal l y  decomposed t o  y i e l d  sodium s u l  fit e  c r y s t ? l  s  , Vl ? ' 
and water vapor. Most o f  the water vapor i s  condensed and the 

wet SO, i s  sent back t o  the a c i d  p l a n t .  The c r y s t a l s  are separated 
L 

from the mother l i q u o r  and are e i t h e r  d isso lved i n  recovered con- 

densate and recycled t o  the absorber o r  are consumed i n  the manu- 

f a c t u r e  o f  o ther  products. The mother l i q u o r  o r  spent scrubbing 

l i q u o r  must be purged t o  prevent  s u l f a t e  bui ldup,  and t h i s  purge 

stream i s  u s u a l l y  t rea ted  t o  reduce water  p o l l u t i o n  o r  may be d r i e d  

f o r  sa l  e. 

The animonia s o l u t i o n  scrubbing system scrubs Sn2 frm t t e  t a i l  

gas y i e l d i n g  var ious percentages of ammonium su l  f i t e ,  b i s u l f i  t e  

and s u l f a t e  ( 5 ) .  The spent scrubbinq l i q u o r  can be converted 

t o  ammonium s u l f a t e ,  i f  a market e x i s t s ,  o r  can he thermal ly  

decomposed t o  produce c n p ,  n i t roqen,  and water vapor, the  q0
2 

beinn sent back t o  the ac id  p l a n t .  I n  t h e  TVA "ABS" process, the 
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ammonium s u l f a t e  i s  me l ted  and decomposed t o  form ammonium 

b i s u l f a t e  and amnonia gas which a re  b o t h  r ecyc l ed .  

The mo lecu la r  s i eve  sepa ra t i on  system removes Sg2 from t h e  t a i l  

gas on an adsorbent bed ( 6 ) .  J u s t  be fo re  t h e  bed becomes 

comple te ly  sa tu ra ted  w i t h  S O 2 ,  t h e  feed  qas i s  swi tched t o  an 

a l t e r n a t e  bed and t h e  sa tu ra ted  bed i s  regenerated w i t h  a  purge 

o f  ho t ,  d r y  a i r .  The e f f l u e n t  purge stream, r i c h  i n  S?, i s  

f e d  back t o  t he  a c i d  p l a n t .  The e n t i r e  adso rp t i on / r egene ra t i on  

c y c l e  operates con t i nuous l y  on an a u t o m a t i c a l l y  t imed bas i s .  

R e l a t i v e  a c i d  m i s t  p r o d u c t i o n  i n  dual  vs .  s i n g l e  abso r? t i on  

p l a n t s  and t he  l o c a t i o n  o f  m i s t  e l i m i n a t o r s  i n  t h e  d u ~ l  abso rp t i on  

process and i n  t a i l  gas recovery  systems i s  d iscussed i n  Sec t i on  

4 . 3 .  
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4. ACID MIST EIIISSIONS (1.2.3) 

4 .I POINTS OF EMISSION.  

The p r i n c i p a l  p o l n t  of a c i d  m i s t  emission i n  a s u l f u r i c  a c i d  

p l a n t  i s  t h e  e x i t  qas from the f i n a l  absorber, more cornrnonl\/ 

r e f e r r e d  t o  as "stack gas" o r  " t a i l  gas". 

4.2 FORMATION AND CHARACTERISTICS. 

Hexavalent s u l f u r  i s  present i n  t he  stack gas as s u l f u r i c  a c i d  

vapor, gaseous s u l f u r  t r i o x i d e  (SO3) ,  and p a r t i c u l a t e  ac id  m i  s t .  

The stack gas l eav ing  the  f i n a l  absorber always conta ins  s u l f u r i c  

a c i d  vapor. This  vapor i s  i n  e q u i l i b r i u m  w i t h  the  ac id  i n  t h e  

absorber a t  i t s  opera t ing  ac id  concent ra t ion  and temperature, 

and on c o o l i n g  may condense i n  l ong  ducts l ead ing  t o  the  stack 

o r  i n  t he  stack i t s e l f .  Ifno m i s t  c o n t r o l s  a re  employed o r  

if the coo l i ng  occurs a f t e r  the  m i s t  e l im ina to r ,  the  condensed 

vapor can be c a r r i e d  o u t  of the stack as r e l a t i v e l y  l a r q e  d rop le t s  

which f a l l  i n  the  v i c i n i t y  o f  the  p lan t .  Acid vapor may he reduced 

by opera t ing  the  absorber a t  lower temperatures where H 2 W q  vaeor 

pressure i s  lower; however, t h i s  may increase ac id  m i s t  format ion.  



Table 4.1 shows t h a t  the HESOq vapor pressure i s  deoendent upon 

temperature and, t o  some extent ,  upon a c i d  concentrat ion ( 4 ) .  To 

reduce a c i d  vapor emissions from a s p e c i f i c  absorber, the  lowest  

opera t ing temperature consi s t e n t  w i t h  good opera t ion must be 

found. This genera l l y  l i e s  i n  t he  range 170 - 185°F. 

4.2.2 S u l f u r  T r i  ox i  dc V?nov 

I f  s i g n i f i c a n t  gaseous SO3 i s  present  i n  t he  stack gas as a 

r e s u l t  of poor absorber oper'ation, i t  w i l l  combine w i t h  water 

vapor i n  the  atmosphere t o  produce a v i s i b l e  a c i d  mis t .  The 

on 1 y way t o  prevent t h i s  m i s t  format ion i s  through proper 
-

absorber opera t i  on and desicm ( 5 ) .  

Table 4.1 shows t h a t  t he  vapor pressure o f  20 increases
3 


r a p i d l y  above P9 percent a c i d  concentrat ion ( 4 ) .  Since SO3 

absorpt ion e f f i c i e n c y  drops o f f  below 98 percent a c i d  concentrat ion, 

c o n t r o l  o f  concent ra t ion  i n  the range 98 - 99 percent i s  genera l l y  

good p rac t i ce .  

Concentrations of So3 i n  the absorber e x i t  c~as ill nf  necassi t y  

exceed the  equi 1ib r i  urn concentrat ions o i  ven i n  Tab1 e 4.1 . T h i s  

i s  because no absnrber o f  f i n i t e  he inh t  can achieve e q u i l i b r i u m  

hetwcen t h e  a c i r !  c n t c r i n o  the ton  o C  the tower and t h e  t n w ~ rt o p  





4.2.3 P a r t i c u l a t e  Ac id  Y i s t  

Ac id  m i s t  i s  formed anywhere i n  a s u l f u r i c  a c i d  p l a n t  where 

s u l f u r i c  a c i d  vapor i s  cool~ed below the  dewpoint  correspondin7 

t o  t h a t  p a r t i c u l a r  a c i d  vapor concen t ra t ion ;  t h e  o r i g i n a l  

H Sn vapor can a r i s e  from a c i d  vapor pressure, o r  f rom r e a c t i o n  
2 4 

o f  S O 3  w i t h  water  vapor i n  t h e  c a r r i e r  gas stream. Once formed, 

t h i s  m i s t  i s  ext remely  s tah le ,  i s  n o t  r e a d i l v  separated o r  

absorbed, and much o f  i t  passes th roush  t h e  absorber.  The 

q u a n t i t y  and p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  a c i d  m i s t  a re  func t ions  

o f  the  s u l f u r  feedstock and t h e  s t r e n g t h  o f  t h e  a c i d  produced. 

For  a h r i q h t  elemental  s u l f u r  p l a n t ,  t h e  o n l y  sources of wa te r  

vapor a re  mo i s tu re  i n  t h e  s u l f u r  and i n  t h e  i n l e t  a i r  t o  t h e  

d r y i n g  tower. The d r y i n q  towers i n  most c o n t a c t  p l a n t s  a re  

ab le  t o  d r y  t h e  process gas t o  a mo i s tu re  con ten t  o f  about 

3 mi 11 igrams pe r  s tandard cub i c  f c o t  (mg/scf) ( 6 ). Theo re t i ca l  1 y, 

t he  3 mg/scf of water  vapor w i l l  form 16 rnq/scf of  s u l f u r i c  

a c i d  m i s t .  P a r t  o f  t h e  m i s t  i s  probably  removed i n  t h e  absorber, 

however. 

When dark o r  contaminated s u l f u r  i s  burned, hvdrocarbon impu r i  t i e s  

present  i n  t h e  s u l f u r  burn  t o  produce water  vapor. Th is  i n  tlm 

combines w i t h  So3 t o  form a c i d  m i s t  as t h e  qas coo ls  i n  t h e  



economizer o r  absorpt ion tower. This  m i s t  format ion may be 

accentuated by sudden c h i l l i n l g  o f  the  gas on co ld  surfaces, 

an e f f e c t  sometimes produced by r a i n  on the gas duct.  E x i s t i n g  

i n fo rma t ion  i nd i ca tes  t h a t  t h i s  m i s t  cons is ts  o f  1  t o  5 micron 

p a r t i c l e s  ( 7 ) .  

Another cause o f  m i s t  formation i s  the  presence o f  n i t rooen  

oxides i n  the converted gas. r,l though the n i t rogen  oxides may 

r e s u l t  from f i x a t i o n  o f  atmospheric n i t rogen  i n  h iqh  temperature 

furnaces o r  from a rc ing  o f  e l e c t r o s t a t i c  p r e c i ~ i t a t o r s  i n  the  

p u r i f i c a t i o n  sec t ion  upstream o f  the  d ry ing  tower i n  non-sulfur 

burn ing p lan ts ,  they more commonly r e s u l t  from n i t r o g e n  compounds 

i n  the  raw mater i  a1 used. Spent ac ids recyc led  from organic 

reac t ions  are most l i k e l y  t o  produce n i t r o g e n  oxides. P a r t  o f  

the m i s t  format ion undoubtedly r e r u l t s  from ox ida t i on  o f  SO2 by 

these n i t rogen  oxides ( the  chamber p l a n t  reac t i ons )  (8). It i s  

a l so  be l ieved t h a t  n i t r i c  ox ide (PC) reac ts  w i t h  SO3 t o  form 

n i  t r o s y l  pyrosul fa te,  (NO)* S307; and t h a t  n i  t r o s y l  pyrosul  fa te  

reac ts  w i t h  atmospheric moi st.ure t o  form n i  t r o s y l  b i s u l  f a t e ,  

NOHS04. N i t r o s y l  pyrosu l fa te  w i  11 pass through the  f i n a l  absorber 

and any m i s t  e l i m i n a t o r  i n  gaseous form a t  normal e x i t  gas 

temperatures, and both n i  t r o s y l  pyrosul  f a t e  and n i  t r o s y l  b i  su l  f a t e  

can e x i s t  i n  the stack gas as very f i n e  m is t .  (91.These m i s t  

emissions can be minimized through use of h igh  e f f i c i e n c y  m i s t  

e l im ina to rs  and/or e l e c t r o s t a t i c  p r e c i p i t a t o r s  i n  the p u r i f i c a t i o n  



sec t i on  and i n  the stack gas, and by proDer furnace operat ion.  

As an example o f  the l a t t e r ,  one r e p o r t  c laims t h a t  furnace 

operat ion below 2000°F w i t h  low oxygen content  w i l l  i nsure  t h a t  

the decomposition products conta in  no more than 100 ppm o f  

n i  t r q e n  oxides ( 8 ) .  

I n  ' w e t  gas" p lan ts  burn ing hydrogen s u l f i d e ,  no attempt i s  made 

t o  remove water vapor e i t h e r  from the combustion a i r  o r  from the 

gas r e s u l t i n g  from combustion of the hydrogen s u l f i d e .  Hence, 

the amount o f  water vapor i n  the  qas en te r i nq  the conver ter  i s  

m r e  than enough t o  combine w i t h  a l l  o f  the s u l f u r  t r i o x i d e  

produced, and the e n t i r e  output  o f  the  p l a n t  i n i t i a l l y  i s  i n  the 

form o f  ac id  m i s t .  !lost o f  t h i s  m i s t  i s  recovered as product  

ac id  w i t h  gas coo l i ng  equipment and h igh e f f i c i e n c y  m i s t  e l im ina to rs .  

I n  oleum producing p lan ts ,  a  g reater  q u a n t i t y  o f  m i s t  and a  much 

f i n e r  m i s t  i s  produced. I n  these p lan ts ,  oleum ( i  .e. s u l f u r i c  

ac id  conta in ing  excess SO3 i n  s o l u t i o n )  i s  produced i n  a  pre-  

l i m i n a r y  absorpt ion step before the f i n a l  absorpt ion tower. 3n l y  

p a r t  o f  the SO3 i s  absorbed and the gas l c a v i n ?  the oleum tower 

s t i l l  contains 3 ' 3  which i s  absorbed i n  the f i n a l  ;thsor:)tion 

tower. I n  s p i t e  of t h i s  p re l im ina ry  absorpt ion,  the  stack qas 

always contains more m i s t  than when the oleum tower i s  bypassed. 

The q u a n t i t y  o f  m i s t  appears t o  be p ropo r t i ona l  t o  the oleurn/ 

a c i d  u roduct i  on r a t i o  and t o  t.he s t renq th  of t h e  oleum yroduced (1n) , 

Thc niechanism i s  n o t  c l e a r l y  understood bu t  i t  has been es tab l ished 



t h a t  the m i s t  i s  formed i n  the f i n a l  absorpt ion tower, n o t  i n  

the oleum tower ( 7 ) .  

Table 4.2 gives a p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  s u l f u r i c  ac id  

m i s t  emissions a t  p lan ts  producinq st rong ac id,  20 percent  oleum 

and 32 percent oleum (11,12). These d i s t r i b u t i o n s  were obtained 

us ing a cascade impactor (See Sect ion 6.2.1.2 f o r  a d e s c r i ~ t ion). 

Table 4.2 i nd i ca tes  t h a t  oleum product ion r e s u l t s  i n  a f i n e r  

p a r t i c l e  s i z e  d i s t r i b u t i o n  than ac id  product ion  alone, and t h a t  

the d i s t r i b u t i o n  becomes f i n e r  w i t h  increas ing  oleum concentrat ion.  

TABLE 4.2 

PARTICLE SIZE DISTRIBUTIONS IN SELECTED SULFURIC ACID PLANT ABSORBER 
EFFLUENTS 

Cumulative weight percent  smal ler  than 
P a r t i c l e  diameter Acid product ion  20% oleum 32% oleum 

(microns ) on1y product ion  product ion  



4.3  TYPICAL PLAkT KIST ENISSIONS. 

Figure 4.1 shows the relationship between mist concentration 

and pounds of mist per ton of acid produced. For a given mass 

eliii ssi on r a t e ,  acid mist concentrati on ( in  mi 11 igrams of H2Sgq 

per standard cubic foot)  i s  a function of the volume of  a i r  

fed to the process. The a i r  volume in t u r n  depends on the SOZ 

concentration in the gas  stream fed t o  the converters. The 

curves can be used for any gas stream before or a f t e r  mist elimina- 

to r s ,  ?rovided there i s  no a i r  dilution. 

Stack gas acid mist emissions range from 2 to  20 milligrams 

per standard cubic foot (mg/scf) for  a plant producing no 

oleum to 5 to 50 mg/scf for  an oleurn plant (13) .  For a typical 

sulfur-burnin? system feeding 8 percent SO2 to  the converter, 

these stack gas emissions are equivalent t o  0.4 t o  4 pounds per 

t o n  (1 b/ton) of 100 percent H2SC4 produced for  an acid plant 

and 1 to 10 1b / t o n  of 100 percent HpS04 produced for  an 

oleum plant ( re fer  to  Figure 4.1) .  The lower mist l imit  in each 

range requires some form of mist control device while the  uaper 

1imi t i s tyoi cal of no control . 

Generally speaking, the du(a1 absorption process does not reduce 

the acid ~n i s t  emission, and a dual absorption plant wi 11 require 

t t tc salire type of mist control device a s  a conventional p1sr:L ( l f i) . 

I\.n additional mist elimina'tor i s  required on the primary absorption 



ACID MIST EMISSIONS, Ib H2S04/T OF 100 PERCENT Hz SO( PRODUCED 

F iqure  4.1 S u l f u r i c  a c i d  p l a n t  concen t ra t i ons  of m i s t  f o r  mass s tack  
el;:issions per  u n i t  o f  p roduc t i on  a t  i n l e t  SO,- volume concen t ra t i ons .  



tower (see Sect ion 3.1.3) t o  p r o t e c t  t h e  downstream heat exchangers 

from corros ion.  This a d d i t i o n a l  m i s t  e l i m i n a t o r  w i l l  o f ten  a l l ow  

a l ess  e f f i c i e n t  m i s t  e l i m i n a t o r  ( r e f e r  t o  Sections 6.2.1.2 and 

6.2.1.3) t o  do an adequate f i n a l  cleanup on the  secondarv 

absorpt ion tower, whereas a h igh  e f f i c i e n c y  m i s t  e l i m i n a t o r  

(Sect ion 6.2.1 . l )  might otherwise have been requi red.  

The use o f  a t a i l  gas scrubbinq system, f o r  removal of SO,, 

such as sodium s u l f i t e  o r  ammonia scrubbing, does n o t  reduce 

the  need f o r  a m i s t  e l i m i n a t o r  s ince - as mentioned i n  Sect ion 

4.2 - ac id  m i s t  i s  n o t  r e a d i l y  absorbed. 

With the  sodium s u l f i t e  system, i t  i s  bes t  t o  l o c a t e  the  

m i s t  e l i m i n a t o r  upstream of the scrubber t o  minimize the  

formation of su l f a tes  which must be purqed from the system. 

It may even be des i rab le  t o  have two h iqh -e f f i c i ency  m i s t  

e l im ina to rs :  one i n s t a l l e d  i n  the  absorber and the  o ther  

" a t  grade", downstream o f  the  absorber and upstream o f  the  

scrubber. ( " A t  grade" and "piggyback" i n s t a l  1 a t i  ons a r e  discussed 

i n  Sect ion 6.2.2). The scrubber e x i  t qas does not  normal 1y 

r e q u i r e  m i r t  removal. 

The ammonia s o l u t i o n  scrubbing process requ i res  a pH o f  

6.0 o r  q rea ter  f o r  e f f e c t i v e  SO2 con t ro l .  However, as t h e  pH 

o f  the l i q u o r  increases, ammonia losses increase and t h e  ammonia 

combines w i t h  the  SO2 t o  form a h i g h l y  v i s i b l e  plume o f  ammonium 

s u l f i t e ,  b i s u l f i t e ,  and slul fate. A h igh  e f f i c i e n c y  m i s t  

e l i m i n a t o r  must be i n s t a l l e d  downstream of the  scrubber t o  



c o n t r o l  these emissions, Fur ther  i n f o h a t i o n  on the  use of m i s t  

e l im ina to rs  i n  ammonia s o l u t i o n  scrubbing systems can be found 

i n  reference ( 1 5 )  . 

The use of a molecular s ieve  requ i res  removal of a1 1 H2S04 mis t ,  

HpSOq vapor, and gaseous SO upstream o f  the  sieve, as H2SOq3 


cannot be regenerated from the  s ieve.  This, and the  f a c t  t h a t  

the  s ieve has a h igher  capac i ty  a t  lower temperatures, requ i res  

t h a t  the  absorber t a i l  gas f i r s t  be cooled bv nassaqe through a 

r e f r i g e r a t i o n  tystem before passaqe through a h igh  e f f i c i e n c y  m i s t  

e l im ina to r .  This c o o l i n g  cannot be achieved by water i n j e c t i o n  

s ince the  s ieve absorbs water vapor. It cannot be achieved hv 

lower ing the  ac fd  temperature t o  the  absorber a %  t h i s  may 

increase a c i d  m i s t  formation. A p l a n t  may choots t o  i n s t a l l  

another m i s t  e l i m i n a t o r  upstream of ths coo le r  t o  reduce the  

load on the  second m i s t  e l i m i n a t o r .  This  m i s t  e l i m i n a t o r  would 

usua l l y  be i n s t a l l e d  i n  the  absorber i n  new p lqn ts  and "piqgyback" 

o r  " a t  grade" i n  e x i s t i n q  p lan ts ,  Due t o  the extensive p re l im ina rv  

treatment, s ieve stack qas should conta in v i r t u a l l y  no acid 

.:is t . 
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5. HEALTH AYT, NELPI\,R€ EFFECTS OF ACT D FIIST 

I n  accordance w i t h  43 CFR 6r).22(b), promulgated on November 17, 1975 

(40  FR 53340), t h i s  chapter  presents  a  surnmar.y o f  t h e  a v a i l a b l e  

i n f o r m a t i o n  on the  p o t e n t i a l  h e a l t h  and w e l f a r e  e f f e c t s  o f  s u l f u r i c  

a c i d  m i s t  and t h e  r a t i o n a l e  f o r  t he  f l d m i n i s t r a t o r ' s  de te rm ina t i on  

t h a t  i t  i s  a  heal  t h - r e l a t e d  oo l l l u t an t  f o r  purposes o f  s e c t i o n  111 ( d )  

o f  t h e  Clean A i r  Act .  

The Admin i s t r a to r  f i r s t  cons iders  p o t e n t i  a1 h e a l t h  and we1 f a r e  

e f f e c t s  o f  a  des ignated p o l l u t a n t  i n  connect ion w i t h  t he  es tab l i shment  

o f  standards o f  performance f o r  new sources o f  t h a t  p o l l u t a n t  under 

s e c t i o n  Ill( h )  of t he  Act .  Refore such standards may be es tab l i shed ,  

t he  Admin i s t r a to r  must f i n d  tht the  p o l l u t a n t  i n  ques t ion  "may c o n t r i b u t e  

s i g n i f i c a n t l y  t o  a i r  p o l l u t i o n  which causes o r  c o n t r i b u t e s  t o  t h e  

endangerment of  p u b l i c  h e a l t h  o r  we1 f a r ~ " ( s e e  s e c t i o n  111 (I))(1 ) ( A ) ) .  

Because t h i s  f i n d i n g  i s ,  i n  ef f 'ect ,  a  p r e r e q u i s i t e  t o  t he  same 

p o l l u t a n t  be ing  i d e n t i f i e d  as a des iqnated p o l l u t a n t  under s e c t i o n  11 1  ( d )  , 

a l l  des iqnated p o l l u t a n t s  w t l l  have heen found t o  have p o t e n t i a l  adverse 

e f f e c t s  on p u b l i c  hea l t h ,  p u h l i c  we l f a re ,  o r  bo th .  

As d iscussed i n  s e c t i o n  1.1 above, Subpart  I3 o f  Pa r t  63 d i s t i n r ru i shes  

between des iqnated p o l l u t a n t s  t h a t  may cause o r  c o n t r i b u t e  t o  endannermen: 

of p u b l i c  h e a l t h  ( r e f e r r e d  t o  as " h e a l t h - r e l a t e d  p o l l u t a n t s " )  and t+ose 

f o r  which adverse e f f e c t s  on p u b l i c  h e a l t h  have n p t  been demonstrated 



( " w ~ lf a r e - r e 1 a t e d  no1 l u t a n t s " ) .  I n  creneral , the  s ic rn i f i cance  

of t he  d i s t i n c t i o n  i s  t h a t  S ta tes  have more f l e x i b i l i t y  i n  

ans f o r  t he  c o n t r o l  o f  we1 f a r e - r e l a t e d  po l  1  u t a n t s  es tab l  ish inq  ~l 

than i s  p rov i ded  f o r  p l ans  i n v o l v i n g  heal  t h - r e l a t e d  p o l l u t a n t s .  

I n  de te rmin ing  whether a  desiqna t ed  no1 l u t a n t  i s  heal  th - re1  a ted  

o r  we1 f a re - re1  a ted  f o r  purposes o f  s e c t i o n  11 1  ( d )  , t h e  Padm in i s t r a to r  

cons iders  such f a c t o r s  as: ( 1 )  Knom and suspected e f f e c t s  o f  t h e  

n o l l u t a n t  on p u h l i c  h e a l t h  and we1 f a r e ;  ( 2 )  p o t e n t i a l  ambient 

concen t ra t i ons  o f  t he  po l  l u t a n t ;  ( 3 )  gene ra t i on  o f  any secondary 

p o l l u t a n t s  f o r  which t h e  des iqnated p o l l u t a n t  may he a  p recu rso r ;  

( 4 )  any s y n e r g i s t i c  e f f e c t  w i t h  o t h e r  p o l l u t a n t s ;  and (5 )  p o t e n t i a l  

e f fec ts  from accumulatMn i n  t h e  env i  ronment (e.9. , s o i l  , wa te r  

and food cha ins ) .  

I t  should  be no ted  t h a t  t h e  A d m i n i s t r a t o r ' s  de te rm ina t i on  whether 

a  des ignated p o l  l u t a n t  i s  heal  t h - r e l a t e d  o r  we1 f a r e - r e l a t e d  f o r  

purposes o f  s e c t i o n  Ill( d )  does n o t  a f f e c t  t h e  degree of  c o n t r o l  

rep resen ted  by EPA's  emiss ion q u i d e l i n e s .  For  reasons d iscussed 

i n  t h e  preamble t o  Subpart  D, EPA's emiss ion g u i d e l i n e s  ( l i k e  

standards o f  performance f o r  new sources under s e c t i o n  Ill( b )  a re  

based on t h e  degree o f  c o n t r o l  achievable w i t h  t h e  hes t  adequately 

demonstrated c o n t r o l  systems ( c o n s i d e r i n q  cos t s ) ,  r a t h e r  than on 

d i r e c t  p r o t e c t i o n  o f  p u b l i c  h e a l t h  o r  wel fare.  Th i s  i s  t r u e  whether 

a  p a r t i c u l a r  des ignated p o l  1  u t a n t  has been found t o  be heal  t h - r e1  a ted  

o r  w e l f a r e - r e l a t e d .  Thus, t he  o n l y  consequence of t h a t  f i n d i n g  i s  

t h e  deqree o f  f l e x i b i l i t y  t h a t  w i l l  he a v a i l a b l e  t o  t h e  S ta tes  i n  

e s t a h l i s h i n q  n lans  f o r  c o n t r o l  of t h e  p o l l u t a n t ,  as i n d i c a t e d  above. 

5-2 



5.2 HEALTH EFFECTS 

Shor t - te rm human exposure t o  s u l f u r i c  a c i d  m i s t  can cause temporary 

and permanent damage t o  t h e  lungs and h ronch ia l  tubes.  Long-term 

exposure can cause s k i n  damage, i n f l a m a t i o n  o f  t h e  eyes, mouth and 

stomach, and permanent t o o t h  damage, t h e  l a t t e r  be ing  t h e  most 

se r i ous  (1,Z). 

One hour exposure t o  a  concen t ra t i on  o f  39,000 micrograms pe r  cub i c  

meter  ()lg/m3) o f  d r y  m i  s t  has produced p e r s i s t e n t  wheezing f o r  up 

t o  4 days a f t e r  exposure, an inlcrease i n  a i rway  f l o w  r e s i s t a n c e  o f  

35.5 t o  100 percen t  above normal,  and l o n g - l a s t i n q  h ronch ia l  

i r r i t a t i o n  /3,4).  A deep breatlh a t  a  concen t ra t i on  o f  5000 ~ g / m 3  

w i l l  u s u a l l y  produce coughing. A concen t ra t i on  o f  30Wl 1,o/m3 

produces a n o t i c e a b l e  odor,  a1 though concen t ra t i ons  below 600 ,la/m3 

usual  1  y cannot be de tec ted (1 )  . k c u p a t i  onal  exposure t o  1  QOO ~ ~ a / r n ~  

i s  u n l i k e l y  t o  r e s u l t  i n  l u n g  i n j u r y  (2,5).  

Workers exposed t o  long- te rm concen t ra t i ons  o f  3000 t o  16000 ug/m 3 

evidenced severe c o r r o s i o n  o f  den ta l  enamel (2,6), b u t  no damage 

was no ted  a f t e r  occupa t iona l  exposure t o  1009 l lg /m3 ( 2 . Z ) .  

A thresh01 d 1  i m i  t va lue  of 10r)O 11 g/m3 f o r  8-hour workday exposure 

has been s e t  by  t h e  American Conference o f  Governmental I n d u s t r i a l  

H y g i e n i s t s ,  a l e v e l  which shoul d n o t  cause i r r i t a t i o n  o f  r e s p i r a t o r y  

passages and t o o t h  i n j u r y  ( 2 ) .  Th i s  same l e v e l  was recommended by 

the  Na t i ona l  I n s t i t u t e  f o r  nccupa t iona l  Sa fe t y  and Hea l t h  f o r  

occupa t iona l  exposure t o  s u l f u r i c  a c i d  m i s t  as a  t ime-weighted 

averaqe exposure f o r  up t o  l r )  hours per  day, 40 hour  work week (1'7). 



The e f f e c t s  o f  s u l f u r i c  a c i d  m i s t  on t h e  lungs  a re  aggravated b y  

h i gh  humid i t y .  I n  terms of s u l f u r  equ i va len t ,  s u l f u r i c  a c i d  i s  

cons iderab ly  more o f  an i r r i t a n t  t o  humans than i s  s u l f u r  d i o x i d e  (2,4,39). 

Emissions o f  t h e  ac ids  and ox ides o f  s u l f u r  c o n t r i b u t e  t o  t h e  t o t a l  

s u l f a t e  concen t ra t i on  i n  t h e  a i r .  A method f o r  measuring atmospheric 

HzS04 i s  n o t  a v a i l  ab le .  A compari son o f  measured atmospheric s u l  f a t e  

w i t h  atmospheric meta ls  and arnmcmium i ons  i n d i c a t e s  t h a t  about h a l f  

o f  t he  atmospheric s u l f a t e  cou ld  be i n  the  form o f  H2SQ (38) .  I n  1970, 

t he  n a t i o n a l  average s u l f a t e  concen t ra t i on  a t  urban l o c a t i o n s  was 10.1 pg/m3. 

The nonurban average was 6.3 11q/m3 (37) .  Ac id  m i s t  emiss ions add t o  t h e  

t o t a l  background, b u t  re1  iabl e  no-ef fect  thresh01 d  l e v e l  s  have n o t  been 

es tab l  ished. 

A r ecen t  i n v e s t i g a t i o n  i n  guinea p i g s  demonstrated t b a t  t he  t o t a l  

r e s p i r a t o r y  d e p o s i t i o n  r a t e  o f  i nha led  p a r t i c l e s  and t h e  p a t t e r n  o f  

r eg iona l  r e s p i r a t o r y  d e p o s i t i o n  o f  these p a r t i c l e s  wa5 a l t e r e d  by 

s u l f u r i c  a c i d  m i s t  i n h a l a t i o n .  These e f f e c t s  were noted a t  a c i d  m i s t  

concen t ra t ions  as low as 30 yg/m3, p a r t i c l e  s i z e  i 1 m, f o r  1  hour.  

Th i s  response was p robab ly  assoc ia ted  w i t h  inc reased  pu1monar.y a i r f l o w  

res i s tance .  Increased pulmonary a i r f l o w  res i s tance  i s  t h e  p r i n c i p a l  

p h y s i o l o g i c  response i n  uncompl icated asthma. I t  has been hypothesized, 

t h e r e f o r e ,  t h a t  s u l f u r i c  a c i d  m i s t  i n h a l a t i o n  may a c t  t o  inc rease  t h e  

inc idence  o f  asthma a t t a c k s  through increased d e p o s i t i o n  o f  i n h a l e d  

p a r t i c l e s  and/or a  s h i f t  i n  t he  p r i n c i p a l  s i t e  of  despos i t i on  o f  

i n h a l e d  p a r t i c l e s  t o  a i rway rea ions  where asthma can be t r i q g e r e d  ( 8 ) .  

Another r ecen t  animal s tudy  examined r e s p i r a t o r y  ph.ysio1 og i c  responses 

t o  a  v a r i e t y  of s u l f a t e s  o f  s i m i l a r  aerosol  s i z e  and mass concent ra t ions  ( 9 ) .  



S u l f u r i c  a c i d  was found t o  be t h e  g r e a t e s t  r e s p i r a t o r y  i r r i t a n t .  The 

d i f f e rences  i n  t h e  i n h a l a t i o n  response o f  some o f  these s u l f a t e s  was 

sma l l .  Al though these da ta  do n o t  c o n s t i t u t e  an adequate b a s i s  f o r  a 

de te rm ina t i on  o f  t h e  comparat ive t o x i c i t y  f o r  s p e c i f i c  i n o r g a n i c  su l  fa tes ,  

t h e  da ta  do suggest t h a t  t h e  t o x i c o l o g i c a l  e v a l u a t i o n  o f  p a r t i c u l a t e  

s u l f u r  ox ides must cons ide r  t h e  c a t i o n  as w e l l  as t h e  an ion  o f  t h e  molecu le ,  

and t h a t  aeroso l  a c i d i t y  i s  o f  g r e a t  importance. These s t u d i e s  were 

based upon a s e n s i t i v e  r esn i r a ta l r y  p h y s i o l o g i c  response, p r i m a r i l y  

increased pulmonary a i  r f l o w  r e s i s t a n c e  i n  gu inea p i g s .  Th i s  response 

r e s u l t s  from nar row ing  o f  t h e  a i rways w i t h i n  t h e  r e s p i r a t o r y  system. 

A s i m i l a r  response has been ohserved i n  men exposed t o  s u l f u r  d i o x i d e  

and HzSO4 aeroso l  . Th i s  p h y s i o l o g i c a l  response i s  a  genera l  l y  accepted, 

s e n s i t i v e  measure o f  a i rway  i r r i t a t i o n .  

Data on s u l f u r i c  a c i d  m i s t  t o x i c i t y  i n  humans a re  l i m i t e d ,  b u t  t h e r e  

i s  some i n f o r m a t i o n  on sho r t - t e rm  exposures. One s tudy  r e p o r t e d  

an inc rease  i n  pulmonary f l o w  r e s i s t a n c e  i n  humans of  18  percen t  a t  

HzSO4 aeroso l  l e v e l s  ( p a r t i c l e  s i z e  1.8 vm, count  median d iamete r )  

as low as 10 - 100 vg/m3 (40),  a l t hough  t h e  exper imenta l  techniques 

used i n  t h i s  s tudy have been f a u l t e d  by independent rev iews.  

I n  ano ther  s tudy ,  r e s p i r a t o r y  r a t e  has been r e p o r t e d  t o  inc rease  by  

about 30 percen t ,  t i d a l  vo l  ume t o  i nc rease  by about 28 percen t ,  and 

maximum i n s p i r a t o r y - e x p i r a t o r y  f l o w  r a t e s  t o  decrease by about 20 

percen t  a t  exposure 1  eve l  s of 350-500 yg/m3, concen t ra t i ons  be1 ow 

s u b j e c t i v e l y  de tec tab le  1eve l  s  ( 5 ) .  These changes occur red  d u r i n g  

t h e  f i r s t  t h r e e  minutes o f  exposure, were ma in ta ined  th rouqhou t  t h e  

1 5  m inu te  exposure p e r i o d ,  and r e t u r n e d  t o  pre-exposure l e v e l s  w i t h i n  

15 minutes a f t e r  t h e  exposure ended. A t  h i q h e r  l e v e l s ,  hronchospasm, 



increased upper r e s p i r a t o r y  t r a c t  sec re t i ons ,  inc reased  f l o w  

res i s tance  and inc reased  r e s p i  r a t o r y  r a t e  have been c o n s i s t e n t l y  

found. I t  thus appears t h a t  as H2SOq concen t ra t i on  increases,  

so do r e s p i r a t o r y  r a t e  and pulmonary a i r  f low res i s tance .  A l l  

o f  t he  sub jec t s  i n v o l v e d  i n  t he  c l i n i c a l  s t ud ies  were heal  t hy ,  

young a d u l t s  who cou ld  e a s i l y  compensate f o r  t he  inc reased  

r e s i s t a n c e  imposed upon t h e i r  b rea th i ng .  E f f e c t s  on persons 

w i t h  p r e - e x i s t i n g  disease have n o t  been determined. 

5.3 WELFARE EFFECTS 

I n  a d d i t i o n  t o  i t s  e f f e c t  on the  b ronch ia l  tubes, another  annoying 

p rope r t y  of s u l f u r i c  a c i d  m i s t  i s  t h e  a b i l i t y  o f  t h e  aerosol  p a r t i c l e s  

t o  reduce v i s i b i l i t y .  They do t h i s  by s c a t t e r i n g  and absorb ing t h e  

l i g h t  pass ing f rom o b j e c t  t o  observer  thus  reduc ing  t h e  eye 's  a b i l i t y  

t o  d i s t i n g u i s h  o b j e c t s  from t h e i r  background, and by s c a t t e r i n a  l i g h t  

f rom t h e  sky and sun i n t o  t he  l i n e  o f  s i g h t  o f  an observer  , ( l 2 ) .  

The most se r i ous  s u l f u r i c  m i s t  v i s i b i l i t y  r e d u c t i o n  i s  caused by 

smal l  p a r t i c l e s  from 0.2 t o  2 microns i n  d iameter .  About 5 t o  20 

percen t  o f  t he  p a r t i c l e s  i n  urban a i r  a r e  s u l f u r i c  a c i d  and o t h e r  

s u l f a t e s ,  and 80 we igh t  percen t  o r  more o f  these s u l f a t e  p a r t i c l e s  

a re  sma l l e r  than  2  microns i n  d iameter  (13).  

V i s i b i l i t y  decreases w i t h  i n c r e a s i n g  a c i d  m i s t  concen t ra t i on  and 

i nc reas lnq  r e l a t i v e  hum id i t y ,  and i s  p a r t i c u l a r 1 . y  impo r tan t  i n  

a i r c r a f t  ope ra t i ons .  A t  a v is,ual  ranqe o f  l e s s  than  5 m i l e s ,  

ope ra t i ons  a r c  slowed a t  a i r p o r t s  because o f  t he  need t o  ma in ta i n  



l a r g e r  d is tances  between a i r c r a f t  ( 1  3) .  S u l f u r i c  a c i d  m i s t  can 

l i m i t  v i s i b i l i t y  t o  5 m i l e s  a t  98 percen t  r e l a t i v e  hum id i t y  and 

3an a c i d  m i s t  concen t ra t i on  o f  200 ug/m , a t  90 percen t  r e l a t i v e  

3humi d i  ty,  and 60 ug/m and a t  50 percen t  r e1  a t i  ve humi d i  ty and 

200 ug/m3 (14) .  

I n  atmospheres c o n t a i n i n g  s u l f u r  d i o x i d e  and s u l f u r i c  ac id ,  an 

inc rease  i n  hum id i t y  increases t he  r a t i o  o f  s u l f u r i c  a c i d  t o  s u l f u r  

d i o x i d e  and t h i s  r e s u l t s  i n  an inc rease  o f  s u l f u r i c  a c i d  concen t ra t i on  

i n  the  s i z e  range c h a r a c t e r i s t i c  o f  a c i d  fogs (15) .  

S u l f u r i c  a c i d  m i s t  e x e r t s  a  neqa t i ve  economic e f f e c t  by damaging 

m a t e r i a l s  and vege ta t ion .  Ac id  m i s t  acce le ra tes  t he  c o r r o s i o n  of 

most meta ls ,  i n  p a r t i c u l a r  i r o n ,  s t e e l ,  and z i nc .  The damaqe increases 

w i t h  i n c r e a s i n g  r e l a t i v e  hum id i t y  and temperature.  I n  a d d i t i o n ,  

atmospheric s u l f u r i c  a c i d  can r e a c t  w i t h  some suspended p a r t i c u l a t e s  

t o  form s u l f a t e  s a l t s  which f u r t h e r  acce le ra te  t he  c o r r o s i o n  (16,17, 

18-1 9,ZO). 

S u l f u r i c  a c i d  w i l l  a t t a c k  b u i l d i n q  m a t e r i a l s  and deface monuments. 

The a t t ack  i s  very  severe i f  the  h u i l d i n q  m a t e r i a l  con ta ins  ca l c i um 

carbonate, as do 1  imestone, marble,  r o o f i n g  s l a t e ,  and mor ta r .  The 

carbonate i s  conver ted t o  r e l a t i v e l y  s o l u b l e  s u l f a t e s  and then  leached 

away h.y r a i nwa te r  (21,22,23,24). Dolorni t es  , which c o n t a i n  bo th  ca lc ium 

and maanesium carbonates, a r e  p a r t i c u l a r l y  vu lne rab le  as maqnesi um 

carbonate i s  r e a d i l y  s o l u b l e  i n  an a c i d  environment (21 ,25,26,27). 

Gran i te ,  gneiss,  and many sandstones , which do n o t  c o n t a i n  carbonates, 

and wel l -baked b r i c k s ,  g lazed b r i c k s  and g lazed t i l e  a re  l e s s  r e a d i l y  

a t t acked  b,y s u l f u r i c  ac i d .  S u l f u r i c  a c i d  can a l s o  d i s i n t e q r a t e  

stone s t r u c t u r e s  by co r rod inq  i r o n  t i e  rods (21,25). 



T e x t i l e  f a b r i c s  made o f  c e l l u l o s i c  veqetable f i b e r s ,  such as co t t on ,  

l i n e n ,  hemp, j u t e ,  rayons and s y n t h e t i c  nylons, a re  p a r t i c u l a r l y  

vu lnerab le  t o  s u l f u r i c  ac id .  A f t e r  exposure, these f i b e r s  l o s e  

t e n s i l e  s t r e n g t h  (21,28). Animal f i b e r s ,  such as wool and f u r s ,  

a re  more r e s i s t a n t  t o  a c i d  damaqe (21,27). C e r t a i n  c lasses of  f a b r i c  

dves a re  a t t acked  by s u l f u r i c  a c i d  which i s  o f t e n  absorbed o r  adsor?ed 

on atmospheric p a r t i c l e s .  The dye c o l o r i n q  i s  reduced o r  sometimes 

destro.ved e n t i r e 1  y  (21,29,30). 

S u l f u r i c  a c i d  a1 so causes d i s c o l o r a t i o n ,  embri t t l e m e n t ,  and a 

decrease i n  f o l d i n g  res i s tance  of bo th  book and w r i t i n g ,  paper (25,31,32). 

S u l f u r i c  a c i d  d r o p l e t s  have s e t t l e d  on d r y  leaves w i t h o u t  caus ing 

i n j u r y  b u t  when the  l e a f  su r face  was wet, as may occur  d u r i n g  

p o l l u t e d  foqc,  a spo t t ed  i n j u r y  has developed. The in ju r .y  c o n s i s t s  

o f  p roqress ive  c e l l u l a r  co l l apse  from t h e  exposed 3ur face  throuqh 

t he  l e a f  l e a v i n g  scorched areas (33,34,35). I n j u r y  may occur  a t  

3concent ra t ions  of 100 ~ g l m (36).  I n j u r y  has occured on Swiss chard, 

beets ,  a l f a l f a  and spinach, t h e  l a t t e r  showinq a  more d i f f u s e  type  o f  

i n j u r y  ( 3 3 ) .  

5 . 4  RATIONALE 

Based on t h e  i n f o r m a t i o n  i n  sec t i ons  5.2 and 5.3, i t  i s  c l e a r  t h a t  

s u l f u r i c  a c i d  m i s t  has s i q n i f i c a n t  h e a l t h  and w e l f a r e  e f f e c t s .  To 

be c l a s s i f i e d  as a  h e a l t h  r e l a t e d  p o l l u t a n t ,  t he  h e a l t h  e f f e c t s  

o f  a c i d  m i s t  must be presen t  a t  reasonably  expected ambient con- 

c e n t r a t i o n s .  Resu l ts  o f  d i f f u s i o n  model inq presented i n  s e c t i o n  



8.1.1.2 i n d i c a t e  t h a t  expected maximum ground- leve l  concen t ra t ions  

f rom u n c o n t r o l l e d  a c i d  and oleum p l a n t s  a r e  i n  t h e  range of 0.6 t o  

12 uq/m3 on an annual average, 3 t o  60 pg/m3 on a 24-hour average, 

40 t o  300 u g h 3  on a one hour average, and 640 t o  4700 ug/m3 on a 

ten  second average. (See Table 8.1 f o r  complete r e s u l t s . )  

The p r e d i c t e d  sho r t - t e rm  concent ra t ions  a r e  i n  the  range where 

h e a l t h  e f f e c t s  have been observed i n  hea l t hy ,  young sub jec t s  (see 

s e c t i o n  5 .2 ) .  I t  i s  a reasonable conc lus ion  t h a t  p o t e n t i a l l y  more 

sens i  t i ve i n d i v i d u a l s  (e.g. ,  i n f a n t s  and o the rs  o f  g r e a t  susceptabi  1 it y  

such as persons whose h e a l t h  i s  a l ready  compromised by p r e - e x i s t i n g  

d isease c o n d i t i o n s  and whose p h y s i o l o g i c  reserves are,  t h e r e f o r e ,  
-

reduced) would e x h i b i t  adverse e f f e c t s  a t  even lower  concen t ra t ions  

than t h e  c l i n i c a l  s t ud ies  i n d i c a t e d ,  o r  more ser ious  adverse e f f e c t s  

a t  t he  l e v e l s  s tud ied .  

Therefore,  the  Admin i s t r a to r  concludes t h a t  s u l f u r i c  a c i d  m i s t  

c o n t r i b u t e s  t o  endangerment o f  p u b l i c  h e a l t h  and may i n  f a c t  cause 

t h a t  endangerment. Thus, s u l f u r i c  a c i d  m i s t  w i l l  be cons idered a 

heal  t h - r e l a t e d  p o l  1 u t a n t  f o r  purposes o f  s e c t i o n  11 1 ( d )  and Subpart  B 

o f  P a r t  60. 
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6. CONTROL TECHNIQUES FOR ACID MIST 


As mentioned i n  Sect ion 1, the i n t e n t  o f  the  ac id  m i s t  new source 

performance standard and these guide1 ines f o r  e x i s t i n g  f a c i  1 it i e s  

i s  t o  l i m i t  the  H2S04 concentrat ions i n  the  atmosphere r e s u l t i n g  

from p a r t i c u l a t e  a c i d  mist ,  H2S04 vapor, and gaseous SO3. Acid m i s t  

i s  de f ined by EPA Method 8 which measures y i r t u a l l y  a l l  of t he  p a r t i -  

cu la te  ac id  m is t ,  b u t  on ly  a f r a c t i o n  o f  the  ST)3 and H2S04 vaeor. 

E f f e c t i v e  c o n t r o l  o f  ac id  m i s t  as de f ined i n  the standard thus 

requ i res  more than c o n t r o l  o f  p a r t i c u l a t e  a c i d  m i s t  alone. As 

mentioned i n  Sect ion 4.2, i t  a l so  requ i res  c o n t r o l  o f  H2S04 vapor 

and SO3 throuqh proper absorber operat ion.  Consequently, Sect ion 6.1 

deals w i t h  absorber opera t ing  parameters t h a t  can a f f e c t  t he  emission 

o f  H2S04 vapor and SO3; and Sect ion 6.2 deals w i t h  c o n t r o l  techniques 

f o r  p a r t i c u l a t e  a c i d  m is t .  

Sect ion 6.3 presents the  r e s u l t s  o f  EPA source t e s t s  t o  support the  

standard of performance f o r  new s t a t i o n a r y  sources (SPNSS) f o r  a c i d  

m i s t ,  EPA source t e s t s  t o  support t h i s  Ill( d )  document dea l i ng  w i t h  

r e t r o f i t  p lan ts ,  and m i s c e l l  aneous company-run source t e s t s .  A1 1 o f  

t h e  p l a n t s  f o r  which data are g iven were tes ted  us ing  EPA Method 8. 

Sect ion 6.4 presents EPA's emlssion q u i d e l i n e  f o r  e x i s t i n g  sources 

based on apply ing the  bes t  system o f  emission reduct ion--consider ing 

cos t - - t ha t  i s  a v a i l a b l e  t o  e x i s t i n g  p lan ts .  This  guir lel inr!  r e f l e c t s  

the  a p p l i c a t i o n  of the  v e r t i c a l  panel o r  ho r i zon ta l  dual pad m i s t  

e l im ina to rs ,  as a minimum, t o  s u l f u r  burn ing p lan ts  producinq a c i d  

o r  low s t reng th  oleum, and genera l l y  r e q u i r e  t h e  a p p l i c a t i o n  o f  

v e r t i c a l  tube m i s t  e l im ina to rs  t o  o the r  non-metal lurg ica l  s u l f u r i c  



a c i d  p l a n t s .  

Sec t ion  6 .5  dea ls  w i t h  good p l a n t  ope ra t i ng  p r a c t i c e s  t h a t  can 

reduce t h e  qenera t ion  o f  pa r t i c : u l a te  a c i d  m i s t  upstream o f  the 

absorber.  



6.1 ABSORBER OPERATION. ( '1 ,Z)  

I n  an absorption process, a soluble component of a gas 

mixture f s  dissolved into a re1 atively nonvolatile 1 iquid. 

As the component i s  dissolved, i t  may react chemicallv with the 

l iquid,  with evolution or fatsorption of heat. Furthermore, if 

the qas and liquid enter the atxorber a t  different  temperatures, 

ordinarv heat transfer will also occur from one stream t o  the 

other. 

The final operation in a contact process sulfur ic  qcid unit  

i s  the absorption of gaseous SO3 into a liquid stream of stronq 

HZSOq. The SO3 i s  absorbed from a gas stream which also 

contains nitrogen, oxygen, SO2, and particulate acid mist. 

Absorptionis carried out by passing the liquid H2S0,, and the 

gas streams countercurrent to  each other in a vertical  packed 

cylindrical tower known as an absorber. The liquid HZSOq drains 

down the packing by gravity and the gas flows upward throuqh the 

tower, coming into intimate contact with the l iquid on the surface 

of the packing. The gaseous SO3 diffuses out of the qas stream 

into the l iquid H2S04,  reacts with the water i n  the acid stream 

t o  form more 1i2Snq, and releases heat. Yater make-up i s  necessary 

to maintain constant acid concentration to  t h a  absorber. Tbs 

operat-ion O F  the absorber a lso involves the physical t ransfer  of 

hrat from the qas to  the l iquid.  In a typical absorber, acid 

enters thc  tower a t  lRO°F and cools the gas stream nearly to  i t s  

Own i n l e t  temperature, from about 450°F. The heat senerated 



i n  the absorber leave5 w i t h  the ac id  stream, thus r e q u i r i n q  a c i d  

coo l i nq  ex terna l  t o  the absorber. 

I n  a we l l -des imed  and operated absorber, s u f f i c j e n t  contac t  

t ime i s  provided between the gas and the  l i q u i d  streams so t h a t  

the gas l eav ing  the absorber conta ins e q u i l i b r i u m  vapor con-

cen t ra t i ons  of the l i q u f d  and o f  the component being d issolved.  

These e q u i l i b r i u m  concentrat ions are charac ter ized by t h e  vanor 

pressures o f  the l i q u i d  and the component a t  t h e  l i q u i d  concent ra t ion  

and temperature en te r i ng  the  absorber. 

Table 4.1 (Sect ion 4.2) gives HpSOd and SO3 vapor pressures a t  

selected ac id  temperatures and concentrat ions.  The t a b l e  shows 

a d i s t i n c t  increase i n  H2S04 vapor pressure (ac id  v o l a t i l i t v )  w i t h  an 

increase i n  t ~ m p e r a t u r e ,  and emphasizes the importance o f  c o n t r o l l i n q  

the ac id  temperature t o  the absorber. As mentioned i n  Sect ion 4.2, 

a good opera t inq  range i s  qeneral l y  170 - 185°F. The t a b l e  

a l s o  shows a r a p i d  increase i n  the  vapor pregsure of  SO3 as 

the  a c i d  concent ra t ion  exceeds 99 percent,  and empha5izcs the  

importance of c o n t r o l l i n g  the a c i d  s t reng th  so  t h a t  t he  concent ra t ion  

does n o t  approach t h a t  of an oleum (g rea te r  than 190 Percent ac id ) .  

Although no t  shown i n  the  tab le ,  t he  vapor pressure of SO3 

over o l e m  i s  even h igher  than i t s  vapor pressure over 100 percent  

H2SD4. Since SO3 absorpt ion e f f i c i e n c y  drops o f f  helow 98 percent 

ac id  concentrat ion,  a good opera t ina  ran?e i s  genera l l y  98 - 99 

percent. 



Proper absorber opera t ion  requ i res  l i m i t i n g  the l i q u i d  temperature 

and concentrat ion r i s e s  across the  tower, and t h i s  requ i res  t h a t  

the liquid f low be maintained above a minimum l e v e l .  Ideas on 

proper absorber ac id  f lowra te  have chanqed over the  years, b u t  

i t  appears t h a t  the minimum flow requ i red  i s  about 2 qa l l ons  

per minute of ac id  per ton  per day of  100 percent H2SQ4 

produced. I n s t a l l a t i o n  of a flowmeter i n d l c a t i n q  a c i d  f lowra te  

t o  the absorber i s  good opera t ing  p rac t i ce .  

Proper absorber opera t ion  a l s o  requ i res  even cross-sect ional  

d i s t r i b u t i o n  of the 1  i q u i d  from the t o p  t o  the  bottom o f  the 

tower packing so t h a t  the gas receives maximum contac t  t ime 

on the surface o f  the  packing and does n o t  channel past  the  

l i q u i d .  This even d i s t r i b u t i o n  requ i res  proper arranqement o f  

the packinq and moper  l i q u i d  d i s t r i b u t i o n  a t  the  ton  of the  

packinq. A d e t a i l e d  discuss.ion o f  tower i n t e r n a l s  can he found i n  

references ( 3 , 4 ) .  

The cond i t i on  o f  the d i s t r i b u t o r  and the packing should he 

checked du r ing  scheduled downtimes. The ac id  d i s t r i b u t i o n  can 

be checked by running a c i d  over the  tower w i t h  no qas flow. 

Also, ifthe packing i s  d i r t y ,  the  tower should he washed o u t  

s!i t h  c l e a n  a c i 3  dur ina t h e  dr iwnt i l l~e. 



6.2 F I B E R  MIST ELIMINATORS 


E f f e c t i v e  c o n t r o l  o f  s tack gas a c i d  m i s t  emiss i ons  can be' ach ieved  

by f i b e r  mi s t  e l  im ina to r s  and by e l e c t r o s t a t i c  p r e c i p i t a t o r s .  

Although e l e c t r o s t a t i c  p r e c i p i t a t o r s  a r e  f r e q u e n t l y  used i n  

the  p u r i f i c a t i o n  sec t i on  o f  spent a c i d  p l a n t s ,  t h e r e  i s  no 

evidence t h a t  any have been i n s t a l l e d  t o  t r e a t  t h e  s tack gas of  

s u l f u r i c  a c i d  p l a n t s  i n  t h e  l a s t  two years  (5,6). Th i s  d isuse  

i s  probably  due p r i m a r i l y  t o  t h e i r  r e l a t i v e l y  l a r g e  s i z e  and 

r e s u l  t a n t  h igh i n s t a l  1  a t i  on c o s t  compared t o  f i b e r  mi s t  e l  i m i  nato;  s 

and t o  t he  h i g h  maintenance c o s t  r e q u i r e d  t o  keep t h e  u n i t s  

ope ra t i ng  w i t h i n  proper  t o l e rances  i n  t h e  a c i d  environment which 

i s  c o r r o s i v e  t o  t h e  m i l d  s t e e l  equipment. Hence, a1 though e l e c t r o -  

s t a t i c  p r e c i p i t a t o r s  do have t h e  advantage o f  ope ra t i ng  w i t h  a  lower  

pressure drop than  f i b e r  m i s t  e l i m i n a t o r s  ( no rma l l y  l e s s  than 1  i n c h  

o f  H20). a t t e n t i o n  i n  t h i s  document i s  concentrated on f i b e r  m i s t  

e l  im ina to r s .  

F i b e r  m i s t  e l i m i n a t o r s  u t i l i z e  t h e  mechanisms o f  impac t ion  and 

i n t e r c e p t i o n  t o  cap tu re  l a r g e  t o  i n te rmed ia te  s i z e  a c i d  m i s t  

p a r t i c l e s  and o f  Brownian movement t o  e f f e c t i v e l y  c o l l e c t  low 

t o  submicron s i z e  p a r t i c l e s .  F i be rs  used may be chem ica l l y  

r e s i s t a n t  g lass  o r  f l uorocarhon. F i b e r  m i s t  e l i m i n a t o r s  a re  

a v a i l a b l e  i n  t h ree  d i f f e r e n t  con f i gu ra t i ons  cove r i ng  a  range o f  

e f f i c i e n c i e s  r e q u i r e d  f o r  va r ious  p l a n t s  hav ing  low t o  h i g h  a c i d  

m i s t  load ings  and coarse t o  f i n e  m i s t  p a r t i c l e  s i zes  r e s p e c t i v e l y .  

The t h r e e  f i b e r  m i s t  e l i m i n a t o r  c o n f i g u r a t i o n s  a re :  



( a )  V e r t i c a l  tubes 

( b )  V e r t i c a l  panels  

( c )  Ho r i zon ta l  dual  pads 

6.2.1 D e s c r i p t i o n  

6.2.1.1 V e r t i c a l  tubes (7,13,9,10) 

Tubular  m i s t  e l i m i n a t o r s  c o n s i s t  of a  number o f  v e r t i c a l l y  o r i e n t e d  

t u b u l a r  f i b e r  elements i n s t a l l e d  i n  p a r a l l e l  i n  t h e  t o p  o f  t h e  

absorber on new a c i d  p l a n t s  and u s u a l l y  i n s t a l l e d  i n  a  separate 

tank  above o r  bes ide  t h e  absorber on e x i s t i n g  p l a n t s .  Each element 

(see F igure  6.1) c o n s i s t s  01' g lass  f i b e r s  packed between two 

concen t r i c  316 s t a i n l e s s  s t e e l  screens. I n  an absorber i n s t a l l a t i o n ,  

t h e  bottom end cover  o f  t h e  element i s  equipped w i t h  a  l i q u i d  seal  

p o t  t o  p reven t  gas bypassing. A pool o f  a c i d  p rov ides  t he  seal  i n  

t h e  separate tank design. M i s t  p a r t i c l e s  c o l l e c t e d  on t h e  su r f ace  

of  t h e  f i b e r s  become a  p a r t  o f  t h e  l i q u i d  f i l m  which wets t h e  f i b e r s .  

The l i q u i d  f i l m  i s  moved h o r i z o n t a l l y  th rough  t h e  f i b e r  beds by t h e  

gas d rag  and i s  moved downward by g r a v i t y .  The l i q u i d  ove r f l ows  t h e  

seal  p o t  con t inuous ly ,  r e t u r n i n g  t o  t h e  process. 

Tubular  m i s t  e l i m i n a t o r s  use i n e r t i a l  impac t ion  t o  c o l l e c t  l a r g e r  

p a r t i c l e s  (no rma l l y  g r e a t e r  than 3 m ic rons)  and use d i r e c t  i n t e r -  

c e p t i o n  and Brownian movement t o  c o l l e c t  sma l l e r  p a r t i c l e s .  The 

low s u p e r f i c i a l  v e l o c i t y  o f  gas pass ing through t h e  f i b e r  bed--

20 t o  40 f e e t  p e r  minute- -prov ides s u f f i c i e n t  res idence  t i m e  f o r  

n e a r l y  a1 1 o f  the  small p a r t i c l e s  w i t h  random Brownian movement 

t o  con tac t  the wet f i b e r s ,  e f f e c t i n g  removal from t h e  gas stream. 

The p r o b a b i l i t y  t h a t  such a  p a r t i c l e  c o u l d  pass tn rough t h e  bed 
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F i g w e  6.1. Ver t i ca l  tube mist  el iminator element. 



f o l l o w i n g  the r e s u l t a n t  g r e a t l y  lengthened t r a v e l  path i s  

very low. 

Design volumetr ic  f l ow  r a t e  through an element i s  about 1000 

standard cubic f e e t  per  minute (scfm) (11) and the  number o f  

elements requ i red  f o r  a g iven p l a n t  s i z e  can be determined 

from the scfm handled a t  capaci ty .  Depending on the  s i z e  

o f  the s u l f u r i c  a c i d  p lan t ,  anywhere from 10 t o  100 elements 

may be used; each element i s  normal ly  2 fee t  i n  diameter and 

10 f e e t  h igh  (11 ). 

Pressure drop across t h e  element va r i es  from 5 t o  15 inches o f  

H20 w i t h  a h igher  pressure droo requ i red  f o r  a h iqher  removal -

e f f i c i e n c y  on p a r t i c l e s  smal ler  than 3 microns. The manufacturer 

o f  these elements guarantees a m i s t  removal e f f i c i e n c y  o f  100 

percent on p a r t i c l e s  l a r g e r  than 3 microns and 90 t o  99.8 percent 

on p a r t i c l e s  smal ler  than 3 microns w i t h  99.3 percent being 

most common (11 ).  These e f f i c i e n c i e s  can be achieved on the stack 

gas o f  s u l f u r i c  a c i d  p l a n t s  burn ing elemental s u l f u r  o r  bound- 

s u l f u r  feedstocks (spent ac id,  wet gas, e t c . ]  and producing 

a c i d  o r  oleum. 

Bccause the v e r t i c a l  tube m i s t  e l i m i n a t o r  does n o t  depend on l y  

upon inlpact ion f o r  m i s t  removal, i t  can be turned down (operated 

a t  a volumetr ic  f low r a t e  considerably below design) w i t h  no l oss  

i n  e f f i c i e n c y .  

6.2.1 -2 V e r t i c a l  panels (7,8,9,10,12) 

Panel m i s t  e l im ina to rs  use f i b e r  panel elements mounted i n  a 

polygon framework closed a t  the bottom by a s l i g h t l y  con ica l  
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d r a i n  pan equipped w i t h  an a c i d  seal pot t o  prevent  gas bypassing. 

The polygon top  i s  surmounted by a c i r c u l a r  r i n g  which i s  usual 1y 

i n s t a l l e d  i n  the absorpt ion tower and welded t o  the  i n s i d e  o f  the 

absorpt ion tower head. Each panel element cons i s t s  o f  gla;s f i b e r s  

packed between two f l a t  p a r a l l e l  316 s t a i n l e s s  s t e e l  screens (see 

Figure 6.2) .  I n  l a r g e  h igh  v e l o c i t y  towers, recent  designs have 

incorporated double polygons, one i n s i d e  the o ther ,  t o  ob ta in  more 

bed area i n  a given tower cross sect ion.  

As i n  the h igh  e f f i c i e n c y  tubu la r  m i s t  e l i m i n a t o r  above, the gas 

f lows h o r i z o n t a l l y  through the  bed, bu t  a t  a much h igher  s u p e r f i c i a l  

v e l o c i t y  (400 t o  500 f e e t  per  minute) us ing  t h e  impact ion mechanism 

f o r  c o l l e c t i o n  o f  the  m i s t  p a r t i c l e s .  Gas l eav ing  the  bed f lows 

upward t o  the  e x i t  p o r t  wh i l e  the c o l l e c t e d  l i q u i d  d ra ins  down- 

ward across the pan and ou t  through the seal po t  back i n t o  t h e  

tower o r  t o  a separate d r a i n  system. 

The polygon may con ta in  10 t o  48 v e r t i c a l  s ides, each s ide  normal ly  

c o n s i s t i n g  o f  an 18 1/2"  x 53" panel. A smal ler  18 1/2" x 26" panel 

i s  a v a i l a b l e  f o r  small p lan ts ,  e.g., 35 tons per  day, (11).  

Pressure drop across the panel i s  u s u a l l y  about 8 inches o f  H20. 

The manufacturer o f  panel mist  e l i m i n a t o r s  w i l l  u s u a l l y  guarantee 

an emission no h igher  than 2 m i l l i g rams  per  cubic foo t  (equ iva len t  

t o  0.375 pounds per  ton o f  100 percent H2S04 produced -- see 

Figure 4.1 ) f o r  a su l fu r -burn ing  p l a n t  producinu oleum up t o  2Q 

percent  i n  s t reng th  and/or a c i d  (P,11). For an i n l e t  loae inq  of 20 

m i l l i g rams  per cubic f o o t  which i s  t y p i c a l  o f  a p l a n t  no t  producing 

oleuni ( r e f e r  t o  Sect ion 4 .3 ) .  2 m i l l i g rams  per cub ic  f oo t  o u t l e t  

load ing  corresponds t o  a 90 percent  removal e f f i c i e h c y  . 
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Figure 6.2. Ver t ica l  panel mist  el iminator.  



Before guaranteeing t h a t  the above emission level wi 11 be met, 

i t  i s  necessary t o  obtain an acid mist pa r t i c l e  s i z e  d i s t r ibu t ion  

curve on the absorber t a i l  gas. This i s  done by sampling with 

a cascade impactor. Use of one such impactor avai lable  on the  

market i s  described in Industr ial  and Engineering Chemistry (13).  

The impactor separates the mist pa r t i c l e s  i n to  several s i ze  

f rac t ions  by passage in s e r i e s  through several impaction j e t s  

designed t o  co l l e c t  progressi vely small e r  pa r t i c les  . From these 

f rac t ions ,  a pa r t i c l e  s i z e  d i s t r ibu t ion  curve can be constructed. 

The col lec t ion eff ic iency of the panel mist el iminator f a l l s  o f f  

below 1 micron. From the pa r t i c l e  s i z e  d i s t r ibu t ion  curve, the 

mist eliminator removal ef f ic iency curve, and the  acid mist loading, 

the expected acid mist emission from the panel mist el iminator can 

be calculhted. Sampling with an impactor and calcula t ing the pa r t i c l e  

s i z e  d i s t r ibu t ions  can be time-consuming operations. However, the 

problem of guaranteeing an emission level i s  of more concern t o  a 

vendor than i t  i s  t o  EPA o r  t o  a S ta te  agency. 

Because of the large percentage of submicron (below 1 micron) mist 

present in the stack gas of a spent acid plant and of a plant producing 

oleum stronger than 20 percent, the ve r t i ca l  panel mist el iminator 

w i 11 usually give unsatisfactory performance 6or these plants.  

(See Table 4 . 2  f o r  oleun olant  pa r t i c l e  s i z e  d i s t r i bu t i ons . )  

Removal ef f ic iency decreases as  the gas  veloci ty  through the  ver t i ca l  

panel mist el iminator drops below the  lower design l imi t .  This l im i t  

var ies  from un i t  t o  un i t ,  the  design l im i t  being dependent upon many 

fac to rs  including local ordinances. As the veloci ty  i s  lowered below 



t h i s  l i m i t ,  a c i d  m i s t  emissions and the  stack opac i ty  increase. Hencs, 

t o  p roper ly  enforce a standard, a State agency should measure the  

stack gas a c i d  m i s t  l oad ing  w i t h  the  u n i t  running a t  o r  near r a t e d  

capaci ty ,  and no t  du r ing  u n i t  s t a r t u p  o r  shutdown. 

V e r t i c a l  panel m i  s t  e l  im ina tors  normal ly  operate w i t h  a 1 iqu id  

l e v e l  i n  the ac id  seal po t  below the  con ica l  d r a i n  pan. Although 

the  v e l o c i t y  through the  panels could be increased a t  lower 

throughputs by r a i s i n g  the  l i q u i d  l e v e l  t o  cover the  lower p a r t  

of each panel, t h i s  would no t  be good p r a c t i c e  s ince i t  would cause 

re-entrainment o f  spray by the gas passing over the l i q u i d  l e v e l  i n  

the basket. 

V e r t i c a l  panel m i s t  e l i m i n a t o r s  a l so  have an upper v e l o c i t y  design 

l i m i t  above which ac id  spray re -en t ra ins  from the  i nne r  sur face 

of the polyqon, This spray may o r  may n o t  reach the  atmosphere, 

depending upon t h e  conf igura t ion  o f  the  ductwork. I f  i t  does, i t  

normal ly  w i l l  n o t  cause an increase i n  stack opac i ty  and w i l l  f a l l  

ou t  on the  p l a n t  equipment. Hence, opera t ing  above the  upper 1 i m i t  

should be o f  more concern t o  t h e  p l a n t  operator  than t o  EPA o r  a 

Sta te  agency. Fur ther  in fo rmat ion  on removal e f f i c i e n c y  i s  contained 

in references (1 0,12). 

6.2.1..3 Hor izonta l  dual pads (7,14) 

Two c i r c u l a r  f luorocarbon f i b e r  beds he1 d by s t a i n l e s s  s tee l  

screens are  o r i en ted  h o r i z o n t a l l y  i n  a v e r t i c a l  c y l i n d r i c a l  vessel 

one above the  o ther ,  so t h a t  t he  coarse f r a c t i o n  o f  the  a c i d  m i s t  

i s  removed by the  f i r s t  pad (bottom contactor- -see F igure  6.3) and 
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the f i n e  f r a c t i o n  by the o ther  ( t o p  con tac to r ) .  The bottom 

contactor  cons is ts  o f  two plane seqmented sect ions i n s t a l l e d  a t  an ansle 

t o  the  ho r i zon ta l  t o  f a c i l i t a t e  drainage and g i ve  a d d i t i o n a l  area 

f o r  gas contact .  The assembly may be l oca ted  adjacent  to--or  

pos i t ioned on--an absorp t ion  tower. 

This u n i t  uses the  h igh  v e l o c i t y  impact ion m i s t  c o l l e c t i o n  mechanism, 

as does the  panel m i s t  e l im ina to r ;  however, the  c o l l e c t e d  a c i d  

dra ins  downward through the pads countercur ren t  t o  the gas f l ow  

producing a scrubbing a c t i o n  as we l l .  Co l lec ted  a c i d  may be 

drained from ex terna l  connect ions o r  re tu rned d i r e c t l y  t o  the  

absorber through l i q u i d  seal t raps .  

Tota l  pressure drop across bo th  pads i s  u s u a l l y  about 9 inches o f  

H 2 0  The s u p e r f i c i a l  v e l o c i t y  through the  u n i t  i s  9 t o  10 

f e e t  per second. Hence, the diameter o f  t he  c y l i n d r i c a l  s h e l l  

and the  pads i s  determined from the  volume o f  gas handled. I n  

one app l i ca t i on ,  a + f o o t  diameter u n i t  was i n s t a l l e d  t o  handle 

34,000 ac tua l  cubic f e e t  per  minute (acfm) a t  160°F, and i n  

another a p p l i c a t i o n  an 11- foo t  diameter u n i t  was i n s t a l l e d  t o  

handle 51,000 acfm a t  175°F. Height requirements f o r  t h e  u n i t  

depend upon whether i t  i s  loca ted  adjacent  t o  o r  pos i t i oned  on the  

absorber, bu t  a re  roughly 1  112 t o  2  t imes the  diameter nf tho u p i t .  

As w i t h  the  panel m i s t  e l i m i n a t o r ,  t he  dual pad u n i t  w i l l  reduce 

a c i d  m i s t  emissions t o  7 m i l l i q rams  per cubic f o o t  (0 .375 ~ n u n d s  

npr t,vn o f  100 percent H 2 S m )  o r  less .  provided the p l a n t  hurnc 

q u l f u r  and does no t  prnducc ~ l e u ms t ronner  than 2n w r c e n t  ( I p )  



and ~ r o v i d e d  t h a t  a  p a r t i c l e  s i z e  d i s t r i b u t  i o n  curve s h o w  

t h a t  t h i s  l e v e l  can be met. (See Sect ion 6 .2.1.2 f o r  a  d i s -  

cussion o f  how a  p a r t i c l e  s i z e  d i s t r i b u t i o n  curve i s  ob ta ined)  . 

The removal e f f i c i e n c y  of the  h o r i z o n t a l  dual  pad m i s t  e l i m i n a t o r  

decreases below t h e  l owe r  v e l o c i t y  des ign l i m i t  as i t  does Tor  

t h e  v e r t i c a l  panel mi s t  el i m i n a t o r .  When p r o p e r l y  designed and 

i n s t a l  l ed ,  no inc rease  i n  v i s i b l e  emissions should r e s u l t  f rom 

reduc ing t he  s u p e r f i c  i a l  v e l o c i t y  t o  5 f e e t  per  second. However, 

j u s t  as w i t h  t he  v e r t  i c a l  panel m i s t  e l i m i n a t o r ,  i t  would be 

d e s i r a b l e  f o r  a S ta te  agency t o  measure t h e  a c i d  m i  s t  1  oadi  ng 

w i t h  t he  u n i t  r unn ing  near  r a t e d  capac i t y ,  and n o t  d u r i n g  u n i t  

s t a r t u p  o r  shutdown. 

I f  a p l a n t  p lans t o  r u n  cons ide rab l y  below c a p a c i t y  f o r  an extended 

p e r i o d  o f  t ime,  i t  i s  p o s s i b l e  t o  b lank o f f  some o f  t h e  segments 

o f  t h e  bottom con tac to r  t o  ma in ta i n  t h e  des i r ed  removal e f f i c i e n c y .  

Above a  s u p e r f i c i a l  v e l o c i t y  o f  12 f e e t  p e r  second, t h e  t o p  

con tac to r  w i l l  n o t  d r a i n  p r o p e r l y  and t h e  r e s u l t  i s  t h e  same as 

f o r  t he  v e r t i c a l  panel m i s t  e l i m i n a t o r .  Fu r t he r  i n f o r m a t i o n  on 

ren roa l  e f f i c i e n c y  is con ta ined  i n  re fe rence  (14 ) .  



6.2.2 I n s t a l l a t i o n  and Maintenance 

6 .2 .2 .1  V e r t i c a l  tubes (11 ) 

F igure  6.4 shows t h e  i n s t a l l a t i o n  of v e r t i c a l  tube  elements i n  

a separate tank  ( " a t  g rade" )  which i s  t h e  usual  case f o r  

e x i s t i n g  p l an t s .  The elements a r e  b o l t e d  i n t o  a tube  sheet 

supported by I-beam s t i f f e n e r s  and p rov ided  w i t h  a l i q u i d  seal  

t o  p reven t  gas bypassing. The t ube  sheet  i s  one- inch carbon 

s t e e l ,  and t h e  tank i s  carbon s t e e l  above t h e  tube  sheet  and 

carbon s t e e l  l i n e d  w i t h  ac id -p roo f  b r i c k  below t h e  tube  sheet.  

The vessel  must have b o t h  s u f f i c i e n t  space above t h e  tube  

sheet and a l a r g e  enough manway t o  a l l o w  p o s i t i o n i n g  t h e  elements. 

Representat ive tank s i zes  a r e  1 0 ' 9 "  d iameter  x 23 ' 5 "  f o r  a 250 

t o n  per  day p l a n t  and 21 '6 "  d iameter  x 25 '3 "  f o r  a 1000 t o n  pe r  

day p l a n t .  

The we igh t  o f  t h e  i n t e r n a l s  i s  determined by c a l c u l a t i n g  t h e  number 

o f  elements r e q u i r e d  and us ing  a f a c t o r  o f  850-900 pounds f o r  t h e  

u n i t  we igh t  of  one element and i t s  assoc ia ted  tube  sheet  when we t t ed  

w i t h  ac id .  The duc t s  l e a d i n g  t o  and f rom t h e  t ank  a r e  carbon s t e e l ,  

the  i n l e t  duc t  be ing  s i z e d  f o r  an average v e l o c i t y  o f  1500-2000 fpm 

and t h e  s tack  f o r  2000-4000 fpm. A new sump and pump i s  u s u a l l y  

r e q u i r e d  t o  t r a n s p o r t  t h e  c o l l e c t e d  a c i d  t o  a s to rage  tank. 

I f  space i s  a v a i l a b l e ,  t h e  elements can be i n s t a l l e d  i n  t h e  f i n a l  

absorber.  I t  i s  more comnon t o  i n s t a l l  them i n  a "piggyback" u n i t  

mounted above t he  absorber on sepdrate f o o t i n g s  (10).  These 

arrangements e l i m i n a t e  t h e  sump and pump and min im ize  t h e  ductwork.  
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Acid p l a n t s  a re  u s u a l l y  designed w i t h  20-30 inches o f  H20 unused 

pressure drop ou t  o f  a t o t a l  o f  about 140 inches of H20 p l a n t  

pressure drop. However, as t h e  u n i t  becomes d i r t y  t h i s  s a f e t y  

f a c t o r  i s  used up. I n  o rde r  t o  i n s u r e  no d rop  i n  p roduc t i on  

i n  a c o n t r o l l e d  p l a n t ,  an a d d i t i o n a l  f a n  t o  p u l l  25 inches o f  

H20 should be i n s t a l l e d  i n  s e r i e s  w i t h  t h e  e x i s t i n g  blower,  

un less a s u f f i c i e n t  des ign a l lowance has been i nc l uded  i n  t h e  

t o t a l  p l a n t  drop. 

According t o  t h e  manufacturer ,  t u b u l a r  m i s t  e l i m i n a t o r s  have 

been ope ra t i ng  maintenance-free. 

6.2.2.21 V e r t i c a l  panels (11) 

F igure  6.5 shows t he  i n s t a l  l a t i o n  o f  a v e r t i c a l  panel po lygon 

i n  t he  t op  o f  t he  absorber,  which i s  t h e  usual  case f o r  e x i s t i n g  

p l a n t s .  The polygon i s  cons t ruc ted  o f  316 s t a i n l e s s  s t e e l  and 

t h e  t op  o f  t h e  carbon s t e e l  tower i s  l i n e d  w i t h  ac id -p roo f  b r i c k  

up t o  t h e  d ished head. About e i g h t  f e e t  o f  vessel  h e i g h t  a r e  

r e q u i r e d  t o  i n s t a l l  t h e  polygon. I t  i s  norma l l y  i n s t a l l e d  by 

p u t t i n g  a new t o p  on t h e  e x i s t i n g  absorber  o r  by c u t t i n g  s l i t s  

i n  the  t o p  o f  t h e  e x i s t i n g  absorber, l o w e r i n g  t h e  panels  th rough 

t he  s l i t s ,  and assemb l i ng - t he  cone i n s i d e  t h e  vessel .  I f  t h e  

v e r t i c a l  panel u n i t  was i n s t a l l e d  i n  a  separate vessel ,  r e p r e s e n t a t i v e  

tank s i zes  would be 8 ' 0 "  d iameter  x  1 0 ' 7 "  f o r  a 250 t o n  p e r  day 

p l a n t  and 19 '0 "  d iameter  x 1 3 ' 7 "  f o r  a 1000 t o n  p e r  day p l a n t .  

Comments on s tack v e l o c i t y  and on p ressure  d rop  i n  Sec t ion  6.2.2.1 

a l s o  app ly  t o  t h e  v e r t i c a l  panel i n s t a l l a t i o n .  
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V e r t i c a l  panel m i  s t  e l im ina to rs  are  sub jec t  t o  cor ros ion  o f  t h e  

wires ho ld ing  the f i be rs  i n  p lace i n  the  panel by the h igh  

vel  oc i  t y  ac id  f low.  The panels have t o  be rescreened every 

s i x  t o  seven years a t  a  cos t  o f  15-20 percent  o f  t he  o r i g i n a l  

equipment p r i c e  o f  the  u n i t .  The co r ros ion  i s  p q r t i c u l a r l y  

severe on the  bottom o f  t h e  i n s i d e  of the polygon. 14c-

6.2.2.3 Hor izonta l  dual pads 

Figure 6.6 shows a  s p e c i f i c  r e t r o f i t  i n s t a l l a t i o n  o f  a  h o r i z o n t a l  

dual pad u n i t  handl ing 34,000 acfm i n  t h e - t a i l  gas o f  an e x i s t i n g  

p l a n t  producing about 400 tons per  day o f  100 percent  H2S04 I n  

t h i s  case ( the  9 - foo t  diameter u n i t  discussed i n  Sect ion 6.2.1.3) 

the  u n i t  i s  o f f s e t  from the  stack on t h e  f i n a l  absorber t o  prevent  

s u l f a t e  f o u l i n g  of t he  pads by co r ros ion  products formed i n  the  

stack ( p r i m a r i l y  i r o n  s u l f a t e ) .  The u n i t  i s  pos i t i oned  on t o p  o f  

the adjacent d r y i n g  tower (no process connect ion) and a c i d  c o l l e c t e d  

on the  pad i s  dra ined through two one-inch d ra ins  t o  the  d r y i n g  tower& 

The i n t e r n a l  s t r u c t u r a l  supports and ductwork f o r  t h i s  i n s t a l l a t i o n  

a r e  304 low carbon s t a i n l e s s  s t e e l ,  as a re  the  screens f o r  the f i b e r  

beds. Stack and duc t  s izes  f o r  t h i s  i n s t a l l a t i o n  are  shown i n  

F igure  6.6. 

The comment on pressure drop i n  Sect ion 6.2.2.1 a l so  genera l l y  app l ies  

t o  a dual pad i n s t a l l a t i o n .  

As mentioned above, dual pad m i s t  e l im ina to rs  a re  vu lnerab le  t o  

s u l f a t e  f o u l i n g .  This f o u l i n g  can be p a r t i c u l a r l y  severe when 

the  p l a n t  i s  shut1 down. When the  process gas f l ow  i s  turned off, 

s u l f a t e  which has been he ld  up i n  t he  stack can d r a i n  onto the  

b-ZI 
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Fiqure 6.6. Retrofit horizontal dual pad mist eliminator installation. 



pads. Dual pad m i s t  e l  i rn inators  a re  a l s o  s u b i e c t  t o  co r ros ion  

o f  t h e  w i res  h o l d i n g  the f i b e r s  i n  place. 

6.2.3 Design, I n s t a l l a t i o n  and S ta r t - up  Times 

Table 6.1 p resen ts  manufacturers '  May 1974 es t imates  of t h e  

normal l e n g t h  o f  t ime r e q u i r e d  t o  des ign and i n s t a l l  f i b e r  m i s t  

e l i m i n a t o r s  and b r i n g  t he  r e t r o f i t t e d  u n i t  back t o  normal opera- 

t i o n  (l5,16). It shows t h a t  t he  t o t a l  l e a d  t ime r e q u i r e d  can 

vary  f rom seven o r  e i g h t  months up t o  a  year and a  h a l f .  

The twc~ items i n  Table 6.1 w i t h  t h e  l onges t  and most w ide l y  

va ry i ng  l ead  t imes a re  " I n i t i a l  Design and Approval"  and 
-

"Fab r i ca t i on " .  I n itia1 Design and Approval i nc l udes  (1  5 )  : 

1 )  Engineer ing des ign o f  t h e  o v e r a l l  l a y o u t  i n c l u d i n g  

general  s p e c i f i c a t i o n s  and drawings o f  t h e  m i s t  e l i m i n a t o r ,  

tank and ductwork. 

2 )  P r o j e c t  fund approval .  

3)  Cont ro l  agency approval  . 
4 )  Order placement. 

The above a re  a l l  i tems over  which t he  m i s t  e l i m i n a t o r  manufacturer  

has l i t t l e  c o n t r o l .  

The l ead  t ime f o r  f a b r i c a t i n g  v e r t i c a l  tube  and v e r t i c a l  panel 

m i s t  e l i r ~ l i n a t o r s  depends g r e a t l y  upon the  s i z e  of  t h e  o rder ,  

the  ~ n a n u f a c t u r e r ' s  shop backlog, and t h e  a v a i l a b i l i t y  o f  s t e e l  f o r  

tank f a b r i c a t i o n .  The f a b r i c a t i o n  l ead  t imes shown i n  Table 6.1 

are f o r  tank f a b r i c a t i o n ;  m i s t  e l i m i n a t o r  f a b r i c a t i o n  l ead  t imes 



TABLE 6.1 

MIST ELIMINATOR LEAD TIMES 

(weeks ) 

V e r t i c a l  Tube and H o r i z o n t a l  
V e r t i c a l  Pane l  Dual  Pad 

I n i ti a1 Des ign and Approva l  

P r e p a r a t i o n  o f  Drawings 

P l a n t  Approva l  

F a b r i c a t i o n  

Shi pment 

I n s t a l  l a t i o n  

S t a r t u p  

T o t a l s  



va ry  f rar,: 3-6 ~ i i o n t h ;  ( 1  3-26 weeks). Tarlk f a b r i c a t i o n  l ead  t imes 

were no longer  than 5 months ( 2 2  weeks) f rom 1960 t o  1972, but  

increased d ramat i ca l l y  from 1972 t o  1974. A1 though 316 s t a i n -  

less  s t e e l  i s  the  normal ma te r i a l  o f  con t ruc t i on  f o r  v e r t i c a l  

tube and v e r t i c a l  panel m i s t  e l im ina to rs ,  a  p l a n t  may occasion- 

a l l y  r e q u i r e  a l l o y  20 cons t ruc t i on .  I n  t h i s  case, t he  long  

deliver:, t imes on a l l o y  20 can make the  m i s t  e l i m i n a t o r  f a b r i c a -  

t i o n  lead  t ime as long as a  year ( I S ) .  The lonq lead t ime f o r  

f ab r i  c a t i  ny h o r i z o n t a l  dual pad m i s t  e l i m i n a t o r s  i s  due t o  l onq  

de l i ver ,y  t imes on s t e e l .  I n  1973, f a b r i c a t i o n  took bu t  16-2r) 

weeks (16) .  

The i n s t a l l a t i o n  lead  t imes i n  Table 6.1 assume t h a t  the  m i s t  

e l i m i n a t o r  can be t i e d - i n  as soon as i t  i s  de l i ve red  t o  t he  p l a n t .  

To minimize produc t ion  downtime, t h i s  d e l i v e r y  i s  gene ra l l y  

scheduled t o  co inc ide  w i t h  a  planned u n i t  shutdown (16).  

S ta r tup  a f t e r  a  planned shutdown o r  a f t e r  a  shutdown s p e c i f i c a l l y  

f o r  t i e - i n  u s u a l l y  takes a  week o r  less .  This  does n o t  inc lude 

the t ime t o  t e s t  f o r  compliance which u s u a l l y  adds another week 

t o  the  t o t a l  lead  time. It i s  des i rab le  t o  t e s t  f o r  compliance 

w i t h  the a c i d  u n i t  running a t  capaci ty .  



6 . 2 . 4  Costs 

Table 6 .2  summarizes t h e  es t imated  cos ts  f o r  c o n t r o l  o f  a c i d  

m i s t  f rom e x i s t i n g  a c i d  p l an t s .  For each c o n t r o l  u n i t  and each 

type  o f  i n s t a l l a t i o n ,  t he  i n s t a l l e d  c a p i t a l  cos t ,  t h e  n e t  annual 

cos t ,  and t h e  n e t  annual c o s t  pe r  t o n  of p roduc t i on  ( u n i t  c o s t )  

are q iven  f o r  severa l  s i zes  o f  a c i d  p l a n t s  as o f  rlovember l n 7 ' r .  

Depending on t he  phys i ca l  cons ide ra t i ons  o f  a p a r t i c u l a r  p l a n t ,  

t h e  c o n t r o l  u n i t  may be i n s t a l l e d  on t o p  o f  t h e  e x i s t i n g  absorber 

o r  on the ground i n  an a v a i l a b l e  space and connected by duc ts  t o  

t h e  absorber and t h e  s tack.  The former i s  termed t h e  "piggyback" 

i n s t a l l a t i o n ,  and t h e  l a t t e r  t he  " a t  grade" i n s t a l l a t i o n .  

For c o s t  e s t i m a t i o n  purposes, t h e  piggyback h o r i z o n t a l  dual  pad 

i n s t a l  l a t i o n  i s  assumed t o  c o n s i s t  o f  dual  pads pre-mounted i n s i d e  

a  s t a i n l e s s  s t e e l  vessel ,  which i s  i n s t a l l e d  on t o p  o f  t h e  

e x i s t i n g  absorber. The o t h e r  two m i s t  e l  i m i n a t o r  piggyback 

i n s t a l l a t i o n s  i n v o l v e  an ex tens ion  o f  t h e  a c i d - r e s i s t a n t  b r i c k -

l i n e d  carbon s t e e l  absorber w i t h  t h e  a p p r o p r i a t e  m i s t  e l i m i n a t o r  

mounted i ns i de .  It i s  assumed t h a t  t h e  piggyback i n s t a l l a t i o n s  

r e q u i r e  no a d d i t i o n a l  suppor t ing  s t r u c t u r e  and t h a t  no a d d i t i o n a l  

f a n  capac i t y  i s  added i n  o r d e r  t o  a r r i v e  a t  a l e a s t - c o s t  case. 

Tne a t  grade i n s t a l l a t i o n  houses t h e  same t ype  o f  c o n t r o l  

equipment mounted on a new foundat ion  on t h e  ground near t h e  

absorber.  The c o s t  o f  these i n s t a l l a t i o n s  i s  based on a new 

foundat ion, an a c i d  r e t u r n  pump, a d d i t i o n a l  duc t i ng ,  and 25 inches 

o f  H20  a d d i t i o n a l  f a n  capac i t y .  
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The installed cost range between these two types of instal la t ions 

should be representative of the costs for  most acid plants. 

However, there may be certain plants which could experience 

costs outside the range due t o  the var iabi l i ty  in factors 

such as: additional structural support.requirements, fan 

requirements, congestion a t  the plant s i t e  with d i f f i cu l t i e s  

in ducting, and design allowances bui l t  into the existing 

absorber for future instal  l a t i  on of the control el ements . 

instal  led cost far the herizontal dual pad instal  la t ion 

shown i n  Figure 6.6 was $57,000 in earlv 1970. Mu1 tiplying 

by a cost index r a t io  of 1.5 gives an installed cost of %85,Q00 

for November 1974. The unit handles 34,000 acfm and by l inear  

interpolation of Table 6.2 would be expected to  cost about $46,000 

( i n  November 1974 dol la rs ) .  The additional cost i s  a t  least  

par t ia l ly  due to  the ductwork to  and from the uni t ,  the inclusion 

of three access platforms, added structural support, and labor 

costs above the national average. 

The instal led capital  costs (Table 6.2) for the vertical tube 

unit  a re  based on ,element capita1 costs for  99.3 percent removal 
'. 

efficiency on part ic les  3 microns and smaller in diameter. a t  12 

inches of H20 pressure drop. Figure 6.7 shows the re la t ive  

element capital  costs for  designs a t  other combinations of removal 

efficiency and pressure drop. 



ELEMENT PRESSURE DROP, inchesd water 

(COURTESY OF MONSANTO 
ENVIRCCHCMsvsr~ms,ac.) 

Figure 6.7. Relative changes in capital costs for vertical tube 
mist eliminator elements at different removal effi-
c ienc ies and pressure drops. 



The gross annual cos t  cons is ts  of:  c a p i t a l  r e l a t e d  charges such 

as depreciat ion,  i n t e r e s t  on borrowed c a p i t a l ,  p roper ty  tax ,  

Iinsurance, and overhead which add up t o  26 percent of t he  i n s t a l l e d  

c a p i t a l  cost;  opera t ing  cos t  which i s  t o t a l l y  made up o f  power cos t  

f o r  t h e  p resd re '  drop caused by the  con t ro l  u n i t ;  and maintenance 

cost M i c h  i s  based on in fonaa t fon  supp l ied  by t he  equipment 

manufacturers. I n  order  t o  drt8mlne the n e t  annual cost ,  the 

c r e d i t s  f o r  recovered ac id  are  subtracted from the  gross annual 

cost .  

The wide range o f  reported emission ra tes  f o r  a c i d  m is t  r e s u l t s  

i n  a range o f  cost  c r e d i t s  and a range o f  n e t  annual costs. 

The higher the pre-contro l  emission r a t e ,  t h e  h iaher the  c r e d i t  

f o r  recovered product would be. The value o f  t he  a c i d  recovered 
. .- ..-

i s  based on :the product ion cost  ( see ' i ab le  6.4) r a t h e r  -ihan 

on the  market sales p r i ce .  The f i n a l  f i g u r e s  shown i n  Table 

6.2  are tbe mt annual cost.per ton o f  product ion. An operatfng 

ra t10  (produt t ion /capac i ty )  o f  90 percent i s  assumed f o r  t h i s  

c a l c u l a t i o n .  

Table 6.3 shows the  approximate i n s t a l l e d  c a p i t a l  c o s t - f o r  

con t ro l  o f  ac id  m i s t  i n  new ac id  p lan ts  as of November lQ74.  

They were obtained by m u l t i p l y i n a  the  costs i n  Table 15, 

reference (7 ) ,  by a cost  index r a t i o  of 1.58. The cos t  f o r  a 

new p l a n t  should always be less  than the cost  f o r  r e t r o f i t  s ince 

t he  con t ro l  u n i t  can be desiqned i n  from the  beqinninq (usua l l v  

as an expanded sec t ion  a t  the top  o f  the absorber).  The f a c t  
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TABLE 6.3 

INSTALLED CAPITAL COSTS FOR ACID MIST CONTROL I N  NEW PLANTS 

S ize  (TPD o f  100% H2SOq) 

Hor i zon ta l  Dual Pad ($)  

V e r t i c a l  Tube ( $ )  

V e r t i c a l  Panel ( $ )  

t h a t  t h i s  does n o t  appear t o  be t he  case f o r  t h e  50 TPD v e r t i c a l  

tube piggyback i n s t a l l a t i o n  i s  p robab ly  due t o  d i f ferences i n  c o s t  

es t ima t i ng  procedures. 

To f a c i l i t a t e  comparison of t h e  above a c i d  m i s t  c o n t r o l  cos ts  t o  

the  t o t a l  cos ts  o f  i n s t a l l i n g  and ope ra t i ng  a s u l f u r i c  a c i d  u n i t ,  

Table 6.4 shows es t imated  c a p i t a l  c o s t  and p roduc t i on  c o s t  f o r  a 

new s u l f u r  bu rn ing  dual  abso rp t i on  u n i t  as of  November 1974. 

Accurate cos t  f i gu res  a re  n o t  a v a i l a b l e  t o  a l l o w  comparison w i t h  

an e x i s t i n g  u n i t .  Costs a re  a i ven  f o r  a  dual  abso rp t i on  u n i t  

s i nce  a1 1 new u n i t s  w i l l  have t o  be dual  abso rp t i on  o r  employ t a i  1  

pas scrubbing systems t o  c o n t r o l  SO2 emissions t o  t h e  l e v e l  r e -

q u i r e d  i n  t h e  EPA s tandard o f  performance f o r  new s u l f u r i c  a c i d  

p l a n t s .  Table 6 .4  i s  based on i n fo rma t i on  (17)  used t o  suppor t  

t h i s  new source standard. Th i s  i n f o r m a t i o n  source c i t e s  c a p i t a l  
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TABLE 6.4 


ESTIMATED COSTS FOR NEW SULFUR BURNING DUAL ABSORPTION SULFURIC ACID UNIT 

Size (TPD of 100% ~ $ 0 ~ )  t-

50 250 750 1500 

Cap i ta l  Cost ($ )  9q3,000 2,650,000 5,539,000 8 ,81 0 ,000 

Product ion Cost ($/Ton) 30.68 23.34 20.18 18.7 

and produc t ion  costs f o r  a 1000 TPD a c i d  p l a n t .  The c a p i t a l  

costs  f o r  the  s izes  g iven  i n  t he  t a b l e  are ex t rapo la ted  us ing an 

exponent of 0.67 f rom the  Chemical Engineering cos t  f i l e  (18) .  

The produc t ion  costs  f o r  the  s izes  g iven  were determined from 

u t i l  i t y  , raw m a t e r i a l  and l abo r  requirements and caoi t a l  charges 

f o r  t he  same 1000 TPD p l a n t  c i t e d  above (17).  



6.3  E!IISSION REDUCTION 

6.3.1 SPNSS Source Tes t ing  

Table 6.5 presents the  r e s u l t s  o f  t e s t i n g  performed dur ing 1971 bv EPA 

i n  developing the  a c i d  m i s t  standard o f  performance f o r  new s t a t i o n a r y  

sources (SPNSS) . A l l  three p lan ts  tes ted  employed v e r t i c a l  tube 

m i s t  e l im ina to rs .  A11 runs were made using EPA Method 8. A l l  of 

the t e s t  r e s u l t s  are equal t o  o r  l ess  than the  a c i d  m i s t  standard 

o f  performance fo r  new s u l f u r i c  ac id  p l a n t s  o f  0.15 pounds per  

t on  o f  100 percent  H2S04 produced. 

U n i t  A had a caprcitv of 700 tons par &v (PO) of 100 percent 

t!2S04 and burned on l v  dark s u l f u r  a t  the t ime of the  t e s t .  I t  

produced 35 percent oleum on February 17, and 30 percent oleum on 

Februarw 18, b u t  the  oleum/acid nroduct ion  r a t i o s  a re  unknown. 

The u n i t  was l ess  than a vear o l d  a t  t he  t ime of t h i s  t e s t ,  the  

m i s t  eliminator being imstalled when the unit was built. 

U n i t  B had a capacity of 750 TPO a t  the t4ne of  the mt. On 

March 27,  i t  burned 250 TPD of spent a c i d  (on a 100 percent  t$S04 

bas is )  and the balance was elemental sulfur.  (k\ that o r n a  dav, i t  oro-

duced 70 TPD o f  93 percent  ac id ,  460 TPD o f  98 percent  ac id ,  and 

200 TPD o f  20 percent  oleuni ( a l l  on a 100 percent  H2S04 bas i s ) .  

U n i t  B i s  an o lde r  u n i t  whose m i s t  e l i m i n a t o r  had been r e t r o f i t t e d .  

Subsequent t o  t h i s  r e t r o f i t  b u t  p r i o r  t o  the EPA t e s t s ,  a sodium 

s u l f i t e  scrubbing tower f o r  SO2 c o n t r o l  was i n s t a l  l e d  downstream 

o f  t h e  m i s t  e l im ina to r .  The t e s t s  were conducted downstream o f  

t h i s  scrubbing tower. 
6-34 
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1371 ACIE ;<IS? TEST PESCLTS USING EP? YETlIOD 8-

U n i t  and V i s t  Run Date Product ion Rate Ges low Acid M i s t  
P r ~ c e s s  E l  inina to r  No. TonslCav SCFM ( 2 )  rng/SCF 1 bs/ ton 

100% H2S04 

.4 - Dza? Ve r t i ca ITube  ? 2/17/71 305 21,669 0.107 0.02 
Absorption on Pri:qiary Ab-

sorp t ion  Tower 2 2/18/71 360 16,226 0.535 0.08 
and Ve r t i ca l  
Panel on F i na l  3 2/18/71 360 17,283 0.132 0.02 
Absorpt ion Tower . . 

8 - Sing le  Ve r t i ca l  Tube 1 3/27/71 730 35,111 0.279 0.04 
Fbsorption, 
Scrubber 2 3/27/71 730 36,292 0.965 0.15 

C - Sincjle Ve r t i ca l  Tube 1 8/31 171 185 20,737 0.244 0.09 
W s o r p t i  on 

2 ?/1/7: 175 20,354 0.208 0.08 

3 9/1/71 175 20,958 0.200 0.08 

, (a)  Five s?,nificant f igures are re ta ined  here and i,n Table 6.6 f o r  ease cf i d e n t f f i c a t i o n  against o r i o i n a l  data. 

(3 )  53:;: it!g wi thout  t revers ing  a t  ? o i n t  of average ve i oc i  ty. 



U n i t  C had a capaci ty  of 450 TpD a t  the t ime of the t e s t .  Durino 

the pe r iod  August 31 - September 2, I t  burned spent acid and s u l f u r  

and produced 20 percent olem and 99 percent  ac id.  The spent 

a c i d / s u l f u r  feedstock r a t i o s  and the  acid/oleum product ion  r a t i o s  

are unknown. However, average consumption f o r  the months o f  

August and September combined are 266 TPD o f  spent a c i d  and 204 

TPD o f  s u l f u r .  For the same two-month per iod ,  average product ion  

was 242 TPD o f  a c i d  and 210 TPD o f  oleum ( a l l  grades). A1 1 o f  the  

above ra tes  are on a 100 percent  ti2S04 basis .  The t o t a l  p roduct ion  

and consumption ra tes  o f  452 and 470 TPD, respec t i ve l y ,  i n d i c a t e  a 

u n i t  conversion e f f i c i e n c y  o f  about 96 percent.  U n i t  C i s  an 

o l d e r  u n i t  w i t h  a very unusual design. The conver ter  e x i t  gas 

i s  s p l i t  i n  h a l f  and fed  t o  two equ iva len t l y - s i zed  f i n a l  absorbers. 

Each absorber i s  fo l lowed by a booster blower, a m i s t  e l i m i n a t o r ,  

and a stack. Both m i s t  e l i m i n a t o r s  are r e t r o f i t s .  EPA tes ted  one 

stack. The equ iva len t  capac i ty  f o r  t h i s  one stack i s  thus-225 TPD. 

The product ion  rates shann i n  Table 6.5 (185, 175, 193 ToD) alse rpnlv 

only t o  t h i s  s tack  and are one-half o t  the t o t a l  w i t  p m d u c t t o n  mm. 

6.3.2 Sect i  on 11 1 (d) Source Tes t ing  

Tab e 6.6 presents the r e s u l t s  o f  a d d i t i o n a l  t e s t i n g  performed under 

EPA superv is ion  by a cont rac tor .  The purpose o f  these two t e s t s  

was t o  def ine the performance o f  the  v e r t i c a l  pane1 and the  h o r i z o n t a l  

dua pad m i s t  e l im ina to rs  covered i n  t h i s  document, and t o  compare 



TABLE 6 .5  

RESULTS OF ACID EIST TESTING FOR SECTION 11 1 ( d l  

Uni t  3rd Mis t  Run Cate ~ r o d u c t i o n!?ate Gas Flow Test Acid Mist  
Process El i m i  nator  No. Tans! Day SCFH Xethod mg/SCF 1bs/ton 

100% H2SOq 

D - Single Ver t i ca l  1 11/14/72 1025 83,1Z6 EPA 8 1 . lo7 0.28 
Absorption Panel 

2 11 /15/72 1049 1 86,239 EQA 8 0.620 G. 16 
-

3 11/I5/72 1049 86,510 EPA 8 0.983 9.26 -
4 11/I5/72 1049 81,695 EPA 8 1.019 0.25 

6 11/16/72 1028 75,455 EPA 8 0.708 0.17 

C - Single Ver t i ca l  1 11 /1 4/72 1025 83,186 Ponsant o  0.943 0.24 
b s o r p t i  on Panel 

- -

3 11/ I  5/72 1049 86.510 Konsanto 0.712 0.19 

4 1111 5/72 1049 81,695 Monsanto 0.868 9-22 

5 11/16/72 1028 83,325 Monsanto 0.564 0.15 

Note: All tes ts  run by €PA-Contractor. 



TABLE 6.6 - PAGE 2 

Unit ar,d Mist Run Date Prcrk~ction ?ate Gas Flow Test Acid Mist 
Process Eliminator No. Tons/3av SCFM msi  SCF 1 bs /ton 

E - Sincjle Horizontal 1 1 1 /29/72 368 27,772 [PA 8 0.402 0. I n  
Absorption Dua? Pad 

2 1 1  /29/72- 368 29,413 EPA 8 0.265 0.07 

3 1 1  /30/72 376 30,455 EPA 8 0.224 n.n6 

4 1 1  /30/72 376 29,304 EPA 8 0.192 0.05 

5 12/1/72 363 28,5?9 EPA 8 0.320 0.08 

E - Single  
Absorption 

Horizontal 
Dual Pad 

1 11/29/72 368 28,418 Ronsanto n . 4 ~  0.10 

2 11  /29/72 368 28,613 Monsanto n. 366 0.09 

3 1 1  /30/72 376 30,762 Monsanto q. 273 0.07 

4 11/30/72 376 30,232 Monsanto n. 7% 0.08 

5 12/1/72 363 30,509 Monsanto 0.nQd 0.13 

6 12/1/72 363 29,710 Monsanto 13.793 0.08 

Note: All tests run b . ~EPA-contractor.? 



EPA Flethod 8 w i t h  the Monsanto Vethod by simultaneous runs w i t h  

both methods(a). The 1  a t t e r  i s  important  because considerable 

data based on the Monsanto Method e x i s t s .  

U n i t  D had a  capaci t y  o f  1100 TPD, burned moderately dark s u l f u r  

and produced 93 percent  a c i d  (no oleum) a t  the  t ime o f  the t e s t .  

The u n i t  was then o n l y  about a  year  o ld ,  t he  v e r t i c a l  an el 

ailst eltmfnrtor kine tnrtrlled d u n  thc mit ws buil t ,  I t  

would have been des i rab le  t o  t e s t  an older u n i t  t h a t  had been 

r e c e n t l y  r e t r o f i t t e d  w i t h  a v e r t i c a l  panel m i s t  e l i m i n a t o r ,  b u t  

no assistance was obtained from the  vendor i n  l o c a t i n g  a s u i t a b l e  

u n i t ,  and the u n i t  t es ted  was the  most s u i t a b l e  one t h a t  could be 

found w i t h i n  the  t ime ava i l ab le .  The v e r t i c a l  panel m i s t  e l im ina -  

t o r  t es ted  was o f  the  double polygon design. Fur ther  i n fo rma t ion  

on double polygons i s  contained i n  Sect ion 6.2.1.2 and i n  reference 

(10) .  Gas l eav ing  the  absorber f lowed through the  two polygons 

i n  p a r a l l e l ,  n o t  i n  ser ies ,  so t h a t  t he  performance o f  t h i s  desian 

a t  U n i t  D should be i d e n t i c a l  t o  t h a t  which would have been ob- 

ta ined had the  u n i t  been equipped w i t h  a  s i n g l e  polygon o f  equal 

cross-sect ional  bed area. 

U n i t  E had a capac i ty  o f  350 TPD and a l s o  burned moderately dark 

s u l f u r  and produced 93 percent  a c i d  (no oleum) a t  the  t ime o f  the  t e s t .  

(a) Flention o f  a trademarked product  o r  company name i s  n o t  
in tended t o  c o n s t i t u t e  endorsement by the  Environmental 
P r o t e c t i  on Agency. 



It i s  an o l d e r  u n i t  t h a t  had been r e t r o f i t t e d  w i t h  a ho r i zon ta l  

dual pad m i s t  e l i m i n a t o r  i n  e a r l y  1970. 

Tes t i ng  o f  Un i t s  D and E w i t h  the EPP and Yonsanto t r a i n s  was 

done simultaneously so t h a t ,  f o r  instance,  U n i t  D, pun Number I ,  

EPA Flethod was run a t  the same t ime as U n i t  f l ,  Pun Number 1 ,  

rlonsanto Method. A t  U n i t  D, on ly  one sampling p o r t  was a v a i l -

able and consequently sampling was done across one diameter w i t h  

the probes o f  the two t r a i n s  adjacent .  A v e l o c i t y  check across 

the diameter perpendicular  t o  the t e s t  diameter i nd i ca ted  a  

s i m i l a r  f l o w  p a t t e r n  t o  t h a t  o f  t he  t e s t  diameter.  A t  U n i t  E, 

sarnpl i n g  was conducted through two p o r t s  on perpendicular  diameters. 

The probe o f  one t r a i n  t raversed the ho r i zon ta l  diameter f o r  the 

f i r s t  h a l f  of a  run  and the v e r t i c a l  diameter f o r  the second h a l f ,  

w h i l e  the  probe o f  the o ther  t r a i n  t raversed the v e r t i c a l  f o r  the 

f i r s t  h a l f  and the ho r i zon ta l  f o r  the  second h a l f .  The aas f lows 

as measured are n o t  i d e n t i c a l  f o r  the  i n d i v i d u a l  EPA and Monsanto 

runs (Run 1  vs .  Run 1  ) because separate v e l o c i t y  t raverses  were 

made f o r  each t r a i n .  

The EPA catch consis ted o f  t he  probe, f i r s t  impinqer and f i l t e r .  

The Monsanto method used was as s p e c i f i e d  i n  references (19,20) and 

was n o t  the mod i f ied  tlonsanto method. The Monsanto catch inc luded 



the probe, cyclone, and f i l t e r .  I n c l u s i o n  o f  t h e  probe catch i s  

p a r t i c u l a r l y  important  as i t  represented a  s i g n i f i c a n t  f r a c t i o n  of t he  

t o t a l  catch f o r  a l l  the runs. Fur ther  process, sampling and 

a n a l y t i c a l  i n fo rma t ion  on these two t e s t s  i s  contained i n  t he  source 

t e s t  repo r t s  (21, 22). 

The EPA Method r e s u l t s  averaged h igher  than the  Monsanto Method 

r e s u l t s  f o r  U n i t  D, w h i l e  f o r  U n i t  E, the  reverse was t rue .  

However, l i n e a r  regression ana lys is  o f  the  data i n  Table 6.6, 

shows t h a t  the  EPA and Monsanto methods are  r e l a t e d  by the  equation: 

Conc*~onsan to= 0.63 con^.^^^ + 0.19 

The c o e f f i c i e n t  o f  c o r r e l a t i o n  i s  0.9B. Thus, al though the  two 

methods do no t  g i ve  i d e n t i c a l  r e s u l t s ,  t he  r e s u l t s  of one method 

can be pred ic ted  from the  r e s u l t s  o f  t he  o the r  method w i t h  a  

reasonable degree o f  accuracy f o r  these p a r t i c u l a r  s u l f u r  burn ing p l a n t s  

c o n t r o l  l e d  w i t h  pads o r  panels. I t  should be emphasized t h a t  these 

r e s u l t s  were obtained from on ly  two t e s t s  and t h a t  they do n o t  mean 

t h a t  t h e  two t e s t  methods used are  necessar i l y  equ iva len t  f o r  a l l  

ac id  p lan ts .  

I t  i s  important  t h a t  the  performance o f  both m i s t  e l im ina to rs  

using both t e s t  methods was we1 1 below t h e  2.0 m i l l i g rams  per  cubic 

foo t ,  ac tua l  o r  standard, t h a t  the  manufacturers o f  these m i s t  

e l im ina to rs  w i l l  guarantee, The r e s u l t s  do n o t  mean t h a t  the  -
hor izon ta l  dual pad m i s t  e l  i m i n a t o r ' s  performance i s  super io r  t o  

the  v c r t  i c a l  panel I s  performance s i  nce the  two m i s t  e l  im ina tors  



were not  tested under i den t i ca l  condit ions. The resu l t s  also do 

not  mean t h a t  a sulfur-burning ac id  u n i t  w i th  a hor izonta l  dual -
pad m is t  e l iminator  can cons is tent ly  meet the new source p e r f m a n c e  

standard o f  0.15 pound per ton o f  100 percent H2S04 as i t  d id  i n  

t h i s  t es t .  

6.3.3 Miscellaneous Source Test Data 

Table 6.7 presents the resu l t s  o f  EPA Method 8 t es t i ng  performed by 

companies and submitted t o  EPA and State a i r  p o l l u t i o n  cont ro l  

agencies. The cktr I n  Table 6.7 f o r  plants A,  I rml J were volun-

t a d ly  subnitW tn 1972 (p lan t  A) m b  in Octobr  1W4 Ip1-

5 )  to  the €PA Research Tr iang le  Park, W.C. o f f i c e s  ,by the 

n q r c t i v e  campantes. A considerable e f f o r t  was made t o  obtr i r  

ather EPA Method 8 t e s t  data. I n  Octobrr 1974, s i x  EPA mgioml 

H 4 c e s  and 10 State agencies were contacted, and data were &-

k + m d  f o r  only three plants (F, G and H). There i s  mr track 

assmciation spec i f i c  t o  the s u l f u r i c  ac id  industry,  and the M a w  

f r c t u r i n g  Chemists Association had no data. 

CMt A i s  the same Un i t  A t ha t  EPA tes ted (Sect ion 6.3.1). I t  had 

r w a c i  t y  of 700 TPD, burned elemental su l f u r ,  and produced =id 

nl oleum a t  the t ime o f  the company-nun t es t .  Olet#n/aci d pro-

W m  rrtiw &nd k-91- str9~gtCLfw@g i v a  i n  Table && T b  

u n i t  produced 30 prmt olcnn on Ikcabmr 9, 1971. Run6 -re made 

I 



TABLE 6.7  

RESULTS OF ACID MIST TESTS MADE BY COMPANIES USING EPA METHOD 8 

R a t i o :  Bound P roduc t i on  Average 01 eun R a t i o  :Oleur;/ Ac id  Y i s t  
M i s t  Run S u l f u r / T o t a l  Rate S t reng th  Tot21 Acid,,, Lbs/Ton 100% 

u n i t  Process E i i m i n a t o r  No. Date Feedstocks Feed ~ u l  on"" H2S04f u r t a j  TonslDay ( %  f r e e  SO3) ~ r o d u c t i  

A Dual V e r t i c a l  Tube on P r i - 1 12/8/71 S u l f u r  - 700 N.A. ( d l  0 0.07 
A b s o r ~ t ion marv Abso ro t i on  Tower 

a n d  v e r t i c a l  Panel on 12/11/71 ,, 700 N.A. 0.16 0.01F i n a l  Abso rp t i on  Tower 

N.A. 

P 
W F Dual V e r t i c a l  Tube on P r i -  1 2/19/74 S u l f u r  1552 0.06 

Abso rp t i on  marv Abso ro t i on  Tower 
and" v e r t i c a l  Panel on 2/19,74 I, - 1625F i n a l  Abso rp t i on  Tower 0.04 

G S i n g l e  V e r t i  c a l  Tube 1 7/74 242 0.15 ' 

Absorp t ion ,  H2S 1 .o 
Scrubber I,2 7/ 74 1 .O 251 0.21 

H S i n g l e  H o r i z o n t a l  Dual Pad 9(e)  3/16/73 S u l f u r  - 0 . 9 0 ( ~ )  30 
Abso rp t i on  , 
Scrubber 



-- -- - 
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Ra t i o :  Bound Product ion  Average Qleum P a t i o  pleunlf Ac id  ' l i s t  
t l i s t  Run S u l f u r / T o t a  Rate S t reng th  T c t a l  A c i d  Lbs/Ton 100" 

U n i t  Process t l i m i n a t o r  No. Date Feedstocks Feed Su l f u r  l a )  TonsiOay (Y f r e e  SO3) ~ r o d u c t ~ o n l ~ )  H 2 W 4  
-- - - - - -_ - . . .  - _. 

s u l f u r  + 
I S i n g l e  H o r i z o n t a l  Dual Pad 1 ( q )  5/72 Spent Ac id  0.22 1 .03 26 -0 .6  0.38 

Absorp t ion  -

II5 6/72 0.19 1 1.04 26 %0.6 0.22 

S u l f u r  + 
I S i n g l e  V e r t i c a l  Tube 2(e)  10/18/73 Spent Ac id  0.21 0.94 28 0.70 0.26 

Absorp t ion  

J S i n g l e  V e r t i c a l  1 10/30/73 Amnonium Su l -  0.91 
Abso rp t i on  Tube f a t e  Waste 

+ S u l f u r  

8 ,3 10/31/73 0.91 0.89 20 0.57 0.07 

Footnotes :  ( a )  100% H SO produced f rom bound s u l f u r  feedstocks  t t o t a l  p r o d u c t i o n  on a  100% H SO4 b a s i s .  
( b )  Oleum $reduced expressed on a  100% 112504 b a s i s  t t o t a l  p r o d u c t i o n  on a  100% H 2 d 4  bas i s .  
( c )  Sampling d i f f i c u l t i e s  d u r i n g  runs 2 and 3; t e s t  da ta  i n v a l i d .  
( d )  Not  a v a i l a b l e .  
(e)  Other runs were made u s i n g  o t h e r  t e s t  methods. 
( f )  T h i s  and succeeding values i n  t h i s  column a r e  o p e r a t i n g  r a t i o s  ( p r o d u c t i o n / c a o a c i t v ) .  
( g )  Run numbers assumed f o r  these f i v e  runs.  



using o ther  t e s t  methods besides EPA Method 8 dur ing  the  company- 

run t e s t  a t  U n i t  A,  b u t  no simultaneous runs i n v o l v i n g  EPA 

Method 8 and another t e s t  method were made. 

U n i t  F had a capaci ty  o f  1525 TPD, burned elemental s u l f u r  and 

d i d  n o t  produce oleum a t  the t ime o f  the  t e s t .  U n i t  F was new a t  

the  t ime o f  the  t e s t ,  the m i s t  e l im ina to rs  having been i n s t a l l e d  

when the u n i t  was b u i l t .  

U n i t  G had a capaci ty  o f  240 TPD, burned on l y  hvdrogen s u l f i d e  and 

d i d  no t  produce oleum a t  the  t ime o f  the  t e s t .  This  u n i t  was 

a l so  new a t  the t ime of t e s t i n g ,  t he  m i s t  e l i m i n a t o r  having been 

i n s t a l l e d  when the u n i t  was b u i l t .  

Un i t s  H, I,and J a l l  produced oleum dur ing  t e s t i n g .  U n i t  H 

burned s u l f u r ;  U n i t  I burned s u l f u r  and spent ac id;  and u n i t  3 

burned s u l f u r  and waste a c i d  conta in ing  ammonium su l fa te .  Bound 

s u l f u r / t o t a l  s u l f u r  feedstock r a t i o s ,  opera t ing  r a t i o s  (product ion/  

capaci t y )  , oleum strengths and 01 eum/total  a c i d  p roduct ion  r a t i o s  

a re  g iven i n  Table 6.7. For u n i t  H, the m i s t  e l i m i n a t o r  was a 

r e t r o f i t  i n s t a l l e d  upstream o f  an SO2 t a i l  gas scrubber. For u n i t  I, 

the ho r i zon ta l  dual pad m i s t  e l i m i n a t o r  was replaced i n  1973 w i t h  

a v e r t  i c a l  tube m i s t  e l i m i n a t o r .  

I t  i s  important  t h a t  a11 of the data i n  Table 6.7 are below 0.5 

pounds of m i s t  per  ton of 100 percent H2S04 produced. 



Table 6.8 gives p a r t i c l e  s i z e  d i s t r i b u t i o n s  i n  the gas streams 

enter ing  and leav ing  a h o r i z o n t a l  dual pad m i s t  e l i m i n a t o r  a t  one 

speci f ic :  spent ac id  p l a n t  producing s t rong oleum (23).  Each s e t  

o f  data i s  an average o f  f i v e  i n d i v i d u a l  runs taken over the  pe r iod  

February 10-25, 1972. The p l a n t  burned spent acid and s u l f u r  

during one o f  the f i v e  i n l e t  sampling rums and three o f  the f ive 

e x l t  sampling runs, and burned o n l y  elemental s u l f u r  f o r  the  mt. 

I t  produced oleum dur ing  a1 1 the  runs, i n  s t rengths  vary ing  fnm 

23.4 t o  27.5 percent free SO3 Prodrrction o f  oleum approached 60 

percent o f  t o t a l  acid product ion.  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  Table 6.8 was determined using 

a cascade impactor. Fur ther  i n fo rma t ion  on the  cascade impactor 

i s  conta i  npd i n  Sect ion 6.2.1 .2 and reference (1  3). The average 

a c i d  m i s t  i n l e t  load ing  f o r  t he  f i v e  i n l e t  runs was 3.81 mg/scf, 

and the average e x i t  load ing  was 2.11 mg/scf corresponding t o  

0.37 Ib/ ton.  This data was obta ined us ing the  Monsanto t e s t  method. 

Table 6.8 shows t h a t  a s i g n i f i c a n t  percentage o f  the  a c i d  m i s t  

i n  t h e  absorber e f f l u e n t  i s  submicron. The above i n l e t  and e x i t  

loadings shows t h a t  impact ion devices, such as the  h o r i z o n t a l  dual 

pad m i s t  e l i m i n a t o r ,  do n o t  e f f e c t i v e l y  remove such m i s t .  

6.3.4 Extent  of Acid M i s t  Contro l  

Accurate i n fo rma t ion  on the  number o f  u n i t s  w i t h  c o n t r o l  1  ed and 

uncontro l l e d  stack gas i s  most d i f f i c u l t  t o  obta i n .  The best 



TABLE 6.8 

HORIZONTAL DUAL PAD MIST ELIMINATOR INLET AND EXIT PARTICLE SIZE DISTRIBUTIONS AT A 
SULFURIC ACID PLANT PRODUCING STRONG OLEU;! (23) 

M i s t  E l iminator  I n l e t  M i s t  E l iminator  E x i t  

P a r t i  c l e  diameter Cumulative weisht P a r t i c l e  diameter Cumulative weight 
(mi  c rons ) percent  small e r  ihan  (mi crons ) percent  small er than 



i n f o r m a t i o n  sva i  l a b l e  t o  €PA i s  l a t e  1972 data which shov: t h a t  about 40 

percent o f  t h e  s u l f u r i c  a c i d  u n i t s  i n  t he  IJn i ted S ta tes  emvloy v e r t i c a l  

tube and v e r t i c a l  panel m i s t  e l i m i n a t o r s  f o r  s t ack  gas m i s t  

c o n t r o l  , 10 percen t  employ e l e c t r o s t a t i c  p r e c i p i t a t o r s  , and 

45 percen t  employ h o r i z o n t a l  dual  pad m i s t  e l i m i n a t o r s .  Of  t h e  

l a t t e r ,  n o t  a l l  emp1o.y t he  scrubbing a c t i o n  descr ibed  i n  Sec t i on  

6.2.1.3,  n o t  a l l  opera te  w i t h  a p ressure  drop as h i g h  as 9 inches 

o f  H20, and n o t  a l l  a re  n e c e s s a r i l y  a b l e  t o  reduce emissions t o  

2.0 m i l l i g r a m s  pe r  cub i c  f o o t  o r  l e s s .  I t  i s  known t h a t  a t  l e a s t  

15 percent  o f  t he  t o t a l  s u l f u r i c  a c i d  u n i t s  i n  t h e  U n i t e d  S ta tes  

employ h o r i z o n t a l  dual  pad m i s t  e l i m i n a t o r s  which do meet these 

requi rements.  Ift h e  above percentages a r e  accurate,  the.y mean 

t h a t  about 5 percen t  o f  t h e  s u l f u r i c  a c i d  u n i t s  i n  t h e  Un i t ed  

S ta tes  do n o t  have s tack  gas a c i d  m i s t  c o n t r o l s .  

In 1971 about 70 non-metal 1  u r g i  c a l  contact -process s u l  f u r i  c a c i  d  

p l a n t s  were n o t  covered by enforceable s t a t e  r e g u l a t i o n s .  Tab le  6.9 

g i v e s  s t a t e  r e g u l a t i o n s  f o r  a c i d  m i s t  emissions f rom e x i s t i n g  

p l a n t s  as of J u l y  1972 (24 ) .  E ighteen o f  t he  41 s t a t e s  w i t h  

s u l f u r i c  a c i d  p l a n t s  had en fo rceab le  r e g u l a t i o n s  f o r  e x i s t i n g  

1  an t s .  In addi t i o n ,  Eas t  Chicago, I n diana  had a  r e g u l a t i o n  o f  

. 5  l b  m is t /  ton  ac id ;  and Wayne County, Mich igan a  r e g u l a t i o n  o f  

.7  1b n iis t / t on  ac id .  E i g h t  s t a t e s  had a  r e g u l a t i o n  o f  0.15 1b 



EPA new source 

s t a t e s  may adopt o r  en fo rce  standards t h a t  

gent  a!; t he  EPA standard. 

States 

Georgia, I l l i n o i s ,  
Wyoming 

New Hamps h i  r e  

- Alabama, Iowa, Kansas, 
M i s s i s s i p p i ,  M i ssou r i ,  
Nor th  Caro l ina ,  Ohio, 
Pennsyl vani  a, South 
Carol  ina , Tennessee 

Kentucky, V i  r g i  n i  a 

M i  nnesota 

New Jersey  

new p l a n t s .  A l l  new p l a n t s  must now meet t h e  m i s t / t o n  a c i d  f o r  -
performance s tandard o f  0.15 l b  m i s t / t o n  ac id ;  

a r e  a t  l e a s t  as s t r i n -

TABLE 6.9 

STATE REGULATIONS FOR ACID MIST EMISSIONS FROM EXISTING 
SULFURIC ACID PLANTS (24)  

Lb H2S04 M i s t  Per  

Ton o f  100% H2S04 Produced 

0.18 

1 



6.4 E!iISSIOTI GI;IDELIfIE FOR EXIST1:IG S1ILFC;RIC A C I D  PL.ArlTS 

Emission guidelines for  existing sources must be based on applying 

the best available system of emission reduction, considering 

cost. For sulfur ic  acid plants,  these guidelines apply to exis t -  

ing contact-process sulfur ic  acid and oleum faci 1 i  t i e s  that  b u r n  

elemental sulfur  and chemi cal ly bound sulfur  feedstocks such as 

a1kyl a t i  on sci d,  hydrogen sulfide , organi c sul f  i  des , mercaptans 

or acid sludge. These emission guidelines do not apply to  acid plants 

used as SO2 control systems, t o  chamber process plants, to  acid 

concentrators, or to  oleum storage and transfer f a c i l i t i e s .  

Based upon the rationale in Section 7 and the source t e s t  data in 

Section 6.3, the acid mist emission guideline fo r  existing sulfur ic  

acid plants that ref lects  the application of the best system of 

emission reduction considering cost i s :  

No more than 0.25 g (measured as H2S04) ner Ka of 

acid (as  100 nercent H2S04) produced, or  0.5 1b 

per ton. 

The reference method for  determining acid mist emissions i s  EPA 

Flethod 8 of Appendix A to  40 CFR Part 60. 

The emission guidelfne ref lects  the application of vertical  

panel o r  horizontal dual pad mist eliminators, as a minimum, t o  



sulfur  burning plants producing acid o r  low strength oleum. 

For plants burni ng bound sul fur  feedstocks and/or producing 

strong oleum, the guideline ref lects  the application of vertical  

tube mist eliminators. However, there may be some bound sulfur  

feedstock or olcum plants capable of meeting the emissfon guide- 

1 i ne w i  t h  vertical panel or horizontal dual pad mi s t  eliminators . 



6.5 GOOD PRACTICES. (1 )  

The greater  t h e  a c i d  m i s t  l oad ing  t o  f i b e r  m i s t  e l im ina to rs ,  

the g rea te r  the a c i d  m i s t  emissions from them t o  the  atmosphere 

i s  l i k e l y  t o  be. Hence t o  minimize a c i d  m i s t  ev iss ions  i t  i s  

important  t o  minimize ac id  m i s t  formation i n  the  a c i d  product ion 

u n i t . 

Good p rac t i ces  which minimize m i r t  formation f a l l  i r t o  t h ree  

classes: those t h a t  a ~ p l  y t o  a1 1 un i t s ,  those t h a t  app ly  t o  

s u l f u r  burning u n i t s  on1.y. and those t h a t  apply t o  u n i t s  burn ing 

spent a c i d  and o ther  by-products. Good p rac t i ces  which apply 

t o  a l l  u n i t s  inc lude those which minimize moisture t o  the  conver ter ,  

those which minimize a c i d  spray t o  the  conver ter ,  and those which 

minimize mi s t  format ion between the  conver te r  and the  absorber, 

To minimize moisture t o  the  converter,  make sure t h a t :  

l 1.  The a c i d  t o  the d rv lng  tower i s  a t  the  prnper s t renqth .  

I t  should be between 93 and 91 percent H2S04. 

2.  The a c i d  t o  the  d r y i n s  tower i s  a t  t he  proner temperature. 

It should be below 120°F f o r  a u n i t  d r v i n q  w i t h  93 

percent a c i d  and below 170°F fo r  a u n i t  d ry ing  w i t h  

98 percent ac id.  

3 .  There i s  s u f f i c i e n t  ac id  f low t o  the  d r y i n q  tower. A 

minimum a c i d  f low i s  about 1.5 ga l l ons  per minute 

per ton  of 100 percent t i2S04 produced. 

4. The a c i d  i s  p rope r l y  d i s t r i h u t e d  on the  top  of the 

~ a c k i n g  i n  the  d ry ing  tower. 



5. The packing i n  the dry ing tower i s  clean. 

6 .  If the blower i s  located a f t e r  the dry ing tower, 

t ha t  atmospheric moisture i s  no t  drawn i n  the 

suction duct o r  connections o f  the blower, 

To minimize ac id  spray t o  the converter which can cause 

moisture i n  the SO3 gas leaving the converter make sure that :  

1 ,  Splashing i s  no t  occurr ing i n  the ac id  d i s t r i b u t i o n  

system on the top of the dr.ying tower. 

2 .  Fa i lu re  has not  occurred i n  the dry ing tower 

entrainment separator. 

3. Flooding has no t  occurred i n  the  dry ing tower, 

To minimize mis t  formation between the converter and the 

absorber, make sure that :  

1 .  Cooling i n  the economizer i s  no t  too great, too 

fast, o r  loca l ized.  

2. Rainstorms or  sudden changes i n  temperature and wind 

ve loc i t y  have not  caused duct coo l ing and subsequent 

mis t  formation. I f  atmospheric condi t ions appear t o  

a f f e c t  mis t  formation, duct sh ie ld ing may be required. 

3. I f  the u n i t  i s  producing oleurn, t ha t  leakaqe i s  no t  

occurr ing I n  the SO3 gas l i n e  bvpassing the o l e m  tower. 



The subsequent mixing o f  ho t  and cooled gas s t r eam 

can generate m is t .  

Good pract ices which apply t o  s u l f u r  burninq un i t s  on ly  inc lude 

those which minimize n i t rogen oxides i n  the burner, those which 

minimize steam o r  water leaks i n  the un i t ,  and those which 

improve q u a l i t y  cont ro l  of the su l fur .  

To minimize n i t rogen oxides, make sure t h a t  the su l fu r  burner 

temperature i s  below 2000°F. Very high burner temperature 

causes n i t rogen t o  combine w i t h  oxygen and form n i t roqen oxides. 

The primary places where steam o r  water leaks can occur are i n  the 

s u l f u r  l i n e  t o  the burner and i n  the process bo i l e r s  and economizer. 

To minimize ac id  m i s t  formation stemming from the sul fur ,  i t  i s  

important t o  have a su i tab le  ana ly t i ca l  q u a l i t y  cont ro l  program. 

The two most important analyses t o  consider are hydrocarbon and 

moisture. C,ood s u l f u r  f i l t e r i n g  can sometimes help t o  reduce 

hydrocarbons, and proper storage and handl ing pract ices can 

he1 p t o  reduce moisture, 

Good pract ices which apply t o  un i t s  burning spent ac id  and 

o ther  by-products inc lude those which minimize m i s t  carryover 

from the gas purification sect ion and those wWch minimize 

n i t rogen oxjde formation. 



To minimize mis t  carryover i t  i s  important t h a t  t h e  

dust and mist  removal device i n  the  gas p u r i f i c a t i o n  section 

(usua l ly  an e l e c t r o s t a t i c  p r e c i p i t a t o r )  be o ~ e r a t i n g  

e f f i c i e n t l y .  

To minimize n i t rogen oxide formation, make sure that :  

1 .  The burner temperature i s  below 2000°F. 

2. Arcing i s  n o t  occurr ing i n  t h e  e l e c t r o s t a t i c  

p r e c i p i t a t o r  which i s  i n  the gas p u r i f i c a t l o n  

section. 
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INTRODUCTION 

This scc t i on  develops the  r a t i o n a l e  f o r  the  s e l e c t i o n  o f  the 

emission gu ide l ine .  The econoniic impact i s  analyzed f o r  both 

capt ive  and open market producers. The analys is  i s  s p e c i f i c  

t o  the f o l  l o w i r ~ g  i ndus t r y  categor ies:  p lan ts  burning e l e r v n t a l  

s u l f u r  and producing no oleum, p lan ts  burn ing bound s u l f u r  

feedstocks, and oleum producers burn i  ng any raw ma te r ia l s  . 

The emission gu ide l i ne  i s  a  l e v e l  n o t  t o  exceed 0.5 1b of 

a c i d  m is t  per t on  o f  a c i d  produced, when measured by EPA 

Method 8. This l e v e l  w i l l  a l l ow  low-cost m i s t  e l im ina to rs  

f o r  the s u l f u r  burning, HpS04-producing p lan ts .  The remainder 

o f  the i ndus t r y  w i  11 be expected t o  i n s t a l  1  the more expensive 

v e r t i c a l  tube device. 

P r o f i t s  i n  general are c u r r e n t l y  h igh  i n  the i n d u s t r y  and w i l l  

be s u f f i c i e n t  t o  absorb any o f  the con t ro l  costs f o r  those p lan ts  

needing r e t r o f i  t s  wherever competi t ive forces may prevent  p r i c e  i n -  

creases. The on ly  adverse impact foreseen may occur f o r  the  sludge 

processing p lan ts  t h a t  s e l l  much o f  t h e i r  a c i d  on the open market 

in competi t ion w i  t h  a c i d  producers ir l cu r r ing 1  ower product ion  and con- 



t r o l  cos ts .  Oleum producers,  on t h e  o t h e r  hand, w i  11 be expected 

t o  pass on most o f  t he  cos t s .  

7.2 INDUSTRY STRUCTURE 

Over f i f t y  percen t  o f  t h e  s u l f u r i c  a c i d  produced i s  consumed f o r  

phosphate f e r t i l i z e r s  and ammonium s u l f a t e  f e r t i l i z e r s .  Most of 

t h e  a c i d  produced f o r  these uees i s  c a p t i v e  t o  t he  f i n n s  t h a t  

manufacture f e r t i l i z e r s  and i s  ma in l y  de r i ved  f rom elemental  s u l f u r .  

The second l a r g e s t  use f o r  s u l f u r i c  a c i d  i s  a l k y l a t i o n  i n  pet ro leum 

r e f i n i n g .  Ac id  p l a n t s  produc ing t h i s  a c i d  use spent s ludge a c i d  

f rom t h e  r e f i n e r i e s .  These a c i d  p l a n t s  may e i t h e r  be c a p t i v e  o r  

owned by chemical companies t h a t  s p e c i a l i z e  i n  process ing such 

m a t e r i a l .  About e i g h t  pe rcen t  o f  a l l  s u l f u r i c  a c i d  p roduc t i on  i s  con-

sumed by r e f  in e r i  es. 

The balance o f  s u l f u r i c  a c i d  p roduc t i on  and oleum i s  spread among 

many chemi c a l  manufactur ing a c t i  v i  t i e s  such as exp los ives  , f i b e r s  

( rayon,  ce l  l u l o s e / a c e t a t e )  , pigrments , b a t t e r i e s ,  aluminum su l f a te ,  

a1 coho1 s  , phenol , and s u l  fonates.  Ac id  produced f o r  t h i s  segment 

o f  t he  i n d u s t r y  i s  s o l d  on t he  open market, hence t he  term merchant 

ac i d .  Most oleum i s  s o l d  as merchant a c i d  f o r  consumption i n  

many o f  t h e  above a t t i v i t i e s .  

P r i c i n g  f o r  s u l f u r i c  a c i d  i s  s e n s i t i v e  t o  sh ipp ing  volume and 

t r a n s p o r t a t i o n  cos ts .  Concise i n f o r m a t i o n  f o r  a p a r t i c u l a r  l o c a l e  



can on ly  be obta ined by contac t ing  l o c a l  supp l i e rs  o r  buyers. A 

w i d e  range o f  p r i c e s  e x i s t s  i n  the  Indus t r~y ,  as demonstrated by 

the f o l l o w i n g  in fo rmat ion .  Current quotes by the  Chemical Market- 

ing Reporter (Nov. 4, 1974) p r i c e  a c i d  a t  $43 t o  $50 per  t on  ( a t  

tke a c i d  p l a n t ) .  According t o  several contacts i n  the  i ndus t r y ,  

these pr i ces  are what a custmer pays f o r  a ma17 , one-time trans-

act ion .  Contact wf t h  one l a r g e  consumer (Gulf Coast) (1) and om 

l a r g e  merchant ac id  s e l l e r  ( 2 1 ,  i nd i ca tes  p r i ces  ranging from $23 

t o  $30 per ton  del ivered,  f o r  l a r g e r  shipments. These lower p r i ces  

represent 1  ong term cont rac ts  (consi s t e n t  w i  t h  l a r g e  volume pro-  

duc t ion)  w i  t h  esca la t i on  clauses p r o t e c t i n g  bo th  a c i d  producer and 

consumer aga ins t  f 1  u c t u a t i  on i n  s u l f u r  p r i ces  . Transpor ta t ion  is 

such an impor tan t  f a c t o r  t h a t  p l a n t s  i d e a l l y  loca ted  ( w i t h  low 

t ranspor ta t i on  costs t o  the  consumer) can favorab ly  compete aga ins t  

lower cos t  producers t h a t  are remote. 

Pr ices  f o r  oleum are d i f f i c u l t  t o  es tab l i sh .  One s e l l e r  ( 2 )  

i n d i c a t e d  t h a t  oleum c a r r i e s  a  market premium over 100 percent  

a c i d  on an equ iva len t  weight  bas is  (H2S04 content ) .  This  premium 

o r  p r i c e  spread increases w i t h  the  percentage of S O 3  Contact 

w i t h  a buyer (1 )  revealed no ex is tence o f  preniums. The con- 

c l u s i o n  from these contacts i s  t h a t  oleum and s u l f u r i c  a c i d  are  n o t  

always p r i ced  equa l l y .  Two f a c t o r s  t h a t  might  reduce cu r ren t  premiums 

f o r  oleum would be: more s u l f u r i c  a c i d  producers conver t ing  t o  



oleum produc t ion ,  o r  a  d e c l i n e  i n  demand f o r  oleum r e l a t i v e  t o  ac id .  

A i r  p o l l u t i o n  c o n t r o l  costs  ( s p e c i f i c a l l y  a c i d  m i s t  c o n t r o l  cos ts )  , 

on t h e  o t h e r  hand, m igh t  be expected t o  p reven t  convergence of 

p r i c e s  f o r  oleum and s u l f u r i c  ac id .  

7.3 IMPACT O?4 MODEL PLANTS 

The s u l f u r i c  a c i d  i n d u s t r y  c o n s i s t s  of p l a n t s  us ing  d i f f e r e n t  

raw m a t e r i a l s  and s e l l i n g  s u l f u r i c  a c i d  and var ious  grades of  

oleum. Produc t ion  cos t s  w i l l  d i f f e r  accord ing t o  requirements f o r  

p u r i f i c a t i o n ,  feed stream d ry i ng ,  and p o l l u t i o n  c o n t r o l .  The c o s t  

s t r u c t u r e  o f  t h e  i n d u s t r y  i s  dependent upon many impo r tan t  p roduc t i on  

v a r i a b l e s ,  n o t a b l y :  p l a n t  s i z e ,  raw m a t e r i a l s ,  p l a n t  des ign,  and 

p roduc ts .  

Tab le  7.1 e x h i b i t s  p roduc t i on  cos ts  f o r  an elemental  s u l f u r  burn ing  

p l a n t  and a  spent  a c i d  burn ing  p l a n t ,  bo th  produc ing 1000 tons pe r  

day, 100 percent  H2S04 An a c i d  p r i c e  o f  $30 pe r  t on  d e l i v e r e d  was 

a r b i t r a r i l y  s e t  t o  r ep resen t  a  t y p i c a l  long- term c o n t r a c t .  F r e i g h t  

cos ts  were a1 so a r b i  t r a r i  1y se t .  According t o  one source ( 3 )  , 

p r o f i t s  before taxes average about $2.40 p e r  t o n  o f  a c i d  f o r  a 

u t i l i z a t i o n  o f  75 percen t  o f  capac i t y .  

P re - t ax  p r o f i t s  f o r  the  i n d u s t r . ~  w i t h  t he  same u t i l i z a t i o n  r a t e  

were es t imated  t o  vary  f rom $1 .OO pe r  t on  t o  $4.00 p e r  ton ,  accord ing 

t o  p l a n t  s ize .  Table 7.1 shows s i g n i f i c a n t l y  h i ghe r  p r o f i t s  f o r  



TABLE 7.1 

PRODUCTION COSTS FOR EXISTING ACID PLANTS 
( B u i l t  i n  pe r iod  from 1968 t o  1972) 

Elemental S u l f u r  Spent Acid 

O r i g i n a l  P l a n t  Capi t a l  ($1 000) 

Capaci t y  , TPD 

Product ion, TPY 

Sales ( $ I T )  , Del i ve red  

Sul f u r  Cost ( $ I T )  

Other Product Costs ( $ 1 ~ )  ( b )  

To ta l  Mfg. Costs ( $ 1 ~ )  
-

S e l l  ing Expense, Admin is t ra t i ve ,  
Corporate Overhead ($IT)  

F r e i g h t  ($ IT)  

Operat i  ng P r o f i  t ($ IT)  

Income Taxes ($ IT)  

P r o f i  t A f t e r  Taxes ($ IT)  

(a )  S u l f u r  c red i  t t o  r e f i  ner:y 

(b )  Includes a i r  + water abatement costs t o  meet S I P ' S  (SO on ly )  
and water e f f l u e n t  guide1 ines , respec t i ve l y .  These cogts 
a re  as fo l l ows :  

Elemental s u l f u r  burning p l a n t  - a i r  costs,  $1.50 per  
ton; water costs,  $0.50 per  ton. Spent a c i d  burning p lan ts  -
a i r  costs,  $2.50 per  ton; water costs, $1 .OO per ton. 

( c )  F r e i g h t  based on 150 mi les  v i a  r a t  1  @ 26 per  ton-mi le one 
d i  r e c t i o n .  

(d )  F r e i g h t  based on 100 m i les  round t r l p  v i a  r a i l  @ 24 per- ton m i l e .  



the case o f  the  s u l f u r  burn ing p l a n t .  This  i s  expected due t o  

the p l a n t ' s  l a r g e  s i z e  (average p l a n t  s i z e  i s  500 TPD) .  A lso,  

r a t e  o f  u t i  1  i z a t i o n  of capaci ty i s  assumed t o  be 90 percent .  In 

general  , w i t h  h igh  u t i  1  i z a t i o n  today ( a t  90 percent)  and h i g h  

product demands, prof it s  can Ibe conse rva t i ve l y  est imated t o  be 

approximately double t h e  above est imate o f  $1.00-$4.00 per  t on  ( 3 ) .  

The p r o f i t  depic ted f o r  the  spent a c i d  p l a n t  ($2.14) i s  somewhat 

above the p r o f i  t of t he  average-si zed p l a n t  (500 TPD) . However, 

a  new sludge processing p l a n t  ( f o r  1000 TPD produc t ion)  would cos t  

n e a r l y  $10 m i  11 i o n  i n  1974, o r  $30 per  annual t on  capaci ty .  The $2.14 

p r o f i t  thus amounts t o  a r e t u r n  on e q u i t y  o f  approximately 7 percent .  

Th is  i s  u n a t t r a c t i v e  when comipared w i t h  today 's  corporate borrowing 

cos t  of 10 percent.  This  i s  impor tan t  t o  t he  r e f i n e r y  t h a t  may 

consider  b u i l d i n g  i t s  own cap t i ve  sludge p l a n t  i n  l i e u  o f  paying 

the sludge processor f o r  h i s  con t ro l s .  Environmental costs  f o r  

abatement o f  SO2 and f o r  n e u t r a l i z a t i o n  and s e t t l i n g  o f  suspended 

so l  i d s  f o r  waste water d i  scha'rges have been incorpora ted  i n t o  the  

cos t  s t ruc tu res  e x h i b i t e d  i n  'Table 7.1. The costs f o r  meeting SIP 

requirements on abatement o f  502 are  approximately $1 "50 per t o n  o f  

product  f o r  t he  elemental s u l f u r  burn ing  p l a n t  and $2.50 per  ton  f o r  

the  sludge burn ing p l a n t  ( 4 ) .  However, t he  requirements f o r  SO2 

abatement i n  SIP'S are  no t  t h~e  same i n  a l l  s ta tes .  Stage Iwater 

t reatment  gu ide l i nes  costs  ( 3 )  a re  $0.50 per ton  and $1 .OO per  

t on  f o r  the elemental s u l f u r  and sludqe burnincl p l a n t s  respec t i ve l y .  

To ta l  environmental c o n t r o l  costs  be fore  m f s t  c o n t r o l s  are thus 



apnroximatelv $2.00 per ton f o r  the elemental s u l f u r  o l an t  

and $3.50 f o r  the sludge ac id  p l an t .  

For a 100n TPD elemental sul fur-burninq ac id  n lan t ,  the 

l e a s t  cost  opt ion o f  achievinq the ac id  m i s t  qu ide l ine w i l l  

ranqe from $n.04 t o  $0.11 per  ton ( in te rpo la ted  from Table 6.2). 

For a s ~ e n t  acid-burning p l an t  o r  a p l an t  producinq stronq 

oleum onerat inq a t  1000 TPD acid, the cost  of achievinq 

the quidel ine would ranae from $0.34 t o  $0.65 per ton, the 

low end o f  the ranqe representfnq "p i  qqvback" i n s t a l  1 a t i on  

and the h i  qh end represent i  nq "a t  qrade" f ns ta l  1 a t i  on. 

These costs w i l l  be h iqher f o r  the elemental sulfur-burninq 

~ l a n tt ha t  may convert only a small no r t i on  o f  i t s  ac id  t o  

heavier qrades o f  oleum. For such a n l an t  producinq 1000 TPD, 

the marainal cost  t o  cont ro l  ac id  m is t  ner ton o f  oleum w i t h  

a hiqh e f f i c i e n c y  v e r t i c a l  tube co l l ec to r  could be s i q n i f i c a n t l y  

more than $1 .OO per ton. However, the averaqe cost  remains 

the same as f o r  the ac id  sludqe-burning p l an t  and the f u l l  

t ime oleum ~ r o d u c e r .  The imnlact o f  t h i s  s i t u a t i o n  f o r  the 

occasional oleum producer w i l l  be discussed i n  the next  sect ion.  



7 .4  RATIONALE FOR SELECTION OF GUIDELINES 

Emission guidelines for  existing sources must be based on 

applying the best available system of emission reduction 

considerinq costs.  For Sulfuric acid plants,  the guide1 ine 

appl ies t o  ex ist inq contact-process ~ u lfur ic  acid and oleurn 

faci 1 i  t i e s  that  b u r n  elemental sulfur and chemi cally bound sulfur  

feedstocks such as alkylation aciid, hydrogen sulf ide,  organic 

sulf ides ,  mercaptans, or acid sludge. Practicable r e t r o f i t s  for  

controlling acid mist emissions from these plants include vertical  

tube, vertical panel and horizontal dual pad mist eliminators. 

Tile emission fluidel irle does n o t  (ipply t o  metal lurqical acid plants,  

t o  chamber process plants,  t o  acid concentrators, or to  oleum 

storage and transfer faci l  it i e s .  

Based upon equipment capabi l i t ies ,  existing State standards, 

emission t e s t  data, and best demonstrated control technoloqy fo r  

new plants ( the EPA acid mist standard of performance fo r  new 

sulfur ic  acid plants) ,  four alternative control levels could be 

proposed as candidates for  the ernission guideline. Table 7.2 

1i s t s  these levels and the corres~ondincj control equipment required. 



TABLE 7.2 
ALTERNATIVE ACID MIST CONTROL LEVEL,S AND CORRESPONDING CONTROL EQUIPMENT 

Required Cont ro l  Equipment 

01 eum P lan t s  
Candi da te  Contro l  Level  and Bound Sul f u r  S u l f u r  Burn ing 
( 1b m i s t / t o n  100% H2S04) Feedstock Ac id  P l a n t s  Ac id  P l a n t s  

-
V e r t i c a l  panel and V e r t i c a l  pane1 
horri zon ta l  dual  pad and h o r i  zon ta l  

dual nad 

V e ~ r t ic a l  tube V e r t i  c a l  panel 
( clomnonly ) and h o r i z o n t a l  

dual  pad 

. . 0.3 V e r t l  c a l  tube V e r t i c a l  tube  

0.15 V e r t i  c a l  tube V e r t i c a l  tube 

The 2.0 pound c o n t r o l  l e v e l  i s  based upon t h e  c a p a b i l i t i e s  o f  t he  

v e r t i  c a l  panel and h o r i  zon ta l  dual  pad mi s t  e l i m i n a t o r s  appl  i e d  

t o  oleum p l a n t s  and bound s u l f u r  feedstock a c i d  p l a n t s ,  and 

t h e  f a c t  t h a t  n o t  one of t he  18 s t a t e  standards f o r  e x i s t i n g  

p l a n t s  i s  h i ghe r  than t h i s  l e v e l  (see Table 6.9, Sec t ion  6.3.4). 

The 0.5 pound c o n t r o l  l e v e l  i s  based upon t he  c a p a b i l i t i e s  o f  t h e  

v e r t i c a l  panel and h o r i z o n t a l  dual  pad m i s t  e l i m i n a t o r s  a p p l i e d  t o  

s u l f u r  burn ing  a c i d  p l a n t s ,  and t h e  f a c t  t h a t  14 of t h e  18 

s t a t e s  w i t h  standards f o r  e x i s t i n g  p l a n t s  have standards a t  o r  

below t h i s  l e v e l .  For oleum p l a n t s  and f o r  bound s u l f u r  feedstock 

a c i d  p l a n t s ,  t h e  v e r t i c a l  tube m i s t  e l i m i n a t o r  i s  u s u a l l y  r e q u i r e d  

t o  ach ieve t he  0.5 pound c o n t r o l  1  eve1 . 



--- 

The 0.3 I b / t o n  l e v e l  i s  based on the t e s t  data i n  Tables 6.5, 6.6, and 6.7. 

Most o f  those data are we l l  below 0.3 Ib / ton ,  and on1.v two i n d i v i d u a l  

runs exceeded 0.3 Ibs / ton .  Assumina thle two h iqh  runs are v a l i d ,  when 

averaged w i t h  o the r  runs as i s  done for.  a performance t e s t ,  the  p l a n t  

woluld be i n  comnliance w i t h  a n.3 I b / t o n  standard. This  l e v e l  o f  

con t ro l  would requ i re  v e r t i c a l  tube m i s t  e l  im ina tors  on most s u l f u r i c  

ac id  o l  ants. 

The 0.15 pound c o n t r o l  l e v e l  i s  based upon bes t  demonstrated 

con t ro l  technology f o r  new p lan ts  as s p e c i f i e d  i n  the  EPA standard 

o f  performance f o r  new p l a n t s .  This  standard I s  based on source 

tes ts  a t  p l a n t s  producing oleum as we1 1 as ac id ,  and burn ing 

elemental s u l f u r  and o the r  feedstocks. O f  the types o f  devices 

considered, the v e r t i c a l  tube m i s t  e l i m i n a t o r  i s  t he  on l y  one 

t h a t  w i  11 a1 1 ow any type of sa l  f u r i  c ac id  p l a n t  t o  achieve the 

0.15 pound c o n t r o l  l e v e l  . 

The f o l l o w i n g  d iscussion deals w i t h  the economic impact and 

o ther  issues associated with each o f  the candidate l e v e l  s. 

2 .T  l l l / ? ~ n  

The 2.0 lb .  l e v e l  o f  c o n t r o l  correspond,~ t o  c o n t r o l  which would be achieved 

by a p p l i c a t i o n  of the v e r t i c a l  panel o r  ho r i zon ta l  dual pad across the  

b a r d .  A1 1 s ta tes  w i t h  regu la t ions  forb a c i d  m i s t  had l e v e l s  1 over  than 

th~e 2.0 1b gu i  de l  irle , and thus, t h i s  camdi date l e v e l  was d l  sw i ssed  s ince  

i t ,  docs n o t  rcprcsent  appl l c a t i o n  o f  best  con t ro l  technology, consi d e r i  ng 

c o s t  . 



-0 . 5  l b l t o n  

The 0.5 1 b .  l eve l  of  cont ro l  can be aclhieved on sulfur burning a c i d  p l a n t s  

w i t h  v e r t i c a l  Dane1 and hor izonta l  nad mis t  e l imina to r s .  For t h e  ~ l a n t s  

considered i n  Table 6 .2 ,  t h e  l e a s t  c o s t  o ~ t i o n  of cont ro l  w i l l  range from 

$17.03 t o  $0.42 Der ton of a c i d ,  over  the  50 TPD t o  1500 TPD p l a n t  s i z e s ,  

w i t h  lower c o s t s  favor inq  t h e  l a r g e r  p l a n t s .  This l eve l  of cont ro l  

will qene ra l ly  r equ i r e  t he  use of  t h e  more expensive v e r t i c a l  tube mist 

e l imina to r  on oleum ol  an t s  ~ r o d u c i n q  t h e  h iqher  qrades of oleum, and 

on bound s u l f u r  feedstock ac id  ~ l a n t s .  The tube  mis t  e l i m i n a t o r  w i l l  

c o s t  from $0.49 t o  $1.69 per  ton f o r  t h e  50 TPD t o  1500 TPD p l a n t  f o r  

t he  a t -grade  r e t r o f i t  ( s e e  Table 6 . 2 ) .  

I t  should be noted t h a t  indus t ry  f e e l s  t h a t  t h e  pad tyue mis t  e l imina to r s  

will meet ac id  mis t  s tandards  of 0.5 1 b/ton i n  n l a n t s  burninq bound s u l f u r  

feeds tocks  and making s t rong  oleum. Data f o r  p l a n t s  A ,  H and I i n  

Table 6.7 i n d i c a t e  this  may be t r u e  i n  many cases ;  however, EPA doubts 

t h a t  i t  i s  un ive r sa l ly  t r u e  because vendors of t h e  two kinds of nad 

mist  e l imina to r s  will no t  quarantee t h e i r  products f o r  t h e  0 .5  Ib / ton  

leve l  f o r  oleum p l a n t s .  

In addi t i on ,  a c o m a r i  son of s u n e r f i  ci a1 qas v e l o c i t i e s  through t h e  

pad and the  t u b u l a r  mi s t  e l imina to r s  shows 400-600 ftlrninl f o r  

t h e  pads and onlv 20-40 f t /min  f o r  t h e  tubu la r .  Thus, t h e  oad removes 

mis t  articles by t h e  s i n g l e  mechanism of  i n e r t i a l  imoaction; t h e  

t u b u l a r  mist  e l  imina tor  removes mis t  by the t h r e e  mechanisms of i n e r t i a l  

i~rnpaction f o r  l a r q e  ~ a r t i c l e s ,  d i r e c t  i n t e r c e p t i o n  f o r  sma l l e r  p a r t i c l e s ,  

and Brownian movement f o r  sub-mi cron p a r t i c l e s .  



As i n d i c a t e d  i n  Table 4.2, oleum p roduc t i on  r e s u l t s  i n  a  f i n e r  p a r t i c l e  

s i z e  d i s t r i b u t i o n  than a c i d  p roduc t i on  and t h e  m i s t  becomes f i n e r  w i t h  

i n c r e a s i n g  oleum s t reng th .  Consequently, oleum m i s t  i s  b e s t  removed 

by the t u b u l a r  m i s t  e l i m i n a t o r  because i t s  performance i s  n o t  much 

a f f ec ted  by changes i n  p l a n t  p roduc t i on  r a t e  and has a  good turndown 

r a t i  o .  

I n  t h i s  case where t he  g u i d e l i n e  w i l l  l i k e l y  r e q u i r e  d i f f e r e n t  c o n t r o l  

equipment f o r  oleum p lan t s ,  EPA f e e l s  t h a t  t he  g u i d e l i n e  i s  j u s t i f i e d  

because: (1)  oleum i s  a  d i f f e r e n t  p roduc t  f rom ac id ;  ( 2 )  oleum 

p roduc t i on  i s  a d i f f e r e n t  process f rom a c i d  p roduc t i on  and r e q u i r e s  

more complex p l an t s ,  and- ( 3 )  oleum has d i f f e r e n t  markets and end uses 

than ac id .  Thus, oleum p l a n t s  may be considered a  subcategory o f  a c i d  

p roduc t i on  u n i t s  r e q u i r i n g  d i f f e r e n t  c o n t r o l s  than a c i d  p l a n t s  do and 

i t  i s  economica l ly  reasonable f o r  oleum p l a n t s  t o  spend more f o r  

c o n t r o l  s  . 

A S t a t e  s tandard o f  0.5 1b p e r  t on  would be expected t o  c rea te  no 

adverse impact  f o r  s u l f u r  burn ing  a c i d  p l a n t s  and min imal  adverse 

impact f o r  t he  oleum producers and spent  a c i d  processors.  Cont ro l  

cos ts  cou ld  be passed on o r  r e a d i l y  absorbed a t  t h e  p resen t  h i gh  

p r o f i t a b i l i t y  i n  the  i n d u s t r y .  Only t he  s ludge p l a n t  t h a t  operates 



extens ive ly  i n  open markets ma:y f i n d  d i f f i c u l t y  i n  absorbing the 

con t ro l  costs o r  passing them Ion t o  i t s  merchant ac id  customers. 

I n  comparison w i t h  s u l f u r  burn ing  a c i d  producers, t h i s  sludge 

processor w i  11 have re1 a t i v e l y  h igher  c o n t r o l  costs and 1 ower p r o f i t  

margins before imp1 ementation o f  m i s t  cont ro ls .  The on l y  o u t l e t  

f o r  shar ing the  cos t  burden o f  t he  sludge processor i s  t he  source 

o f  the sludge--the r e f i n e r y .  The r e f i n e r  wi 11 e i t h e r  have t o  bu i  1 d 

h i s  own a c i d  p l a n t  o r  a s s i s t  lln paying f o r  t he  p o r t i o n  o f  the  con t ro l  

costs t h a t  cannot be t r a n s f e r r e d  t o  the merchant a c i d  market o r  

absorbed by the  sludge processor. I n  the  sho r t  run,  the  r e f i n e r  

w I l 1  be expected t o  p r e f e r  paying the  m i s t  c o n t r o l  costs because, 

as s ta ted  i n  sec t i on  7.3, he would f i n d  t h a t  the  a1 t e r n a t i v e  o f  

bui  1 d i  ng an a c i d  p l  an t  would be an u n a t t r a c t i v e  p ropos i t i on .  

The producers o f  oleum would handle thei r con t ro l  costs i n  much 

the same way as would the sludge processing a c i d  n l a n t  engaged i n  

s i g n i f i c a n t  merchant a c i d  sales. The costs f o r  the c o n t r o l  device 

can be p a r t i a l l y  passed on t o  the  oleum consumer t o  the ex ten t  

al lowed b,y the  p r i c e  e l a s t i c i t y  of demand on the  p a r t  o f  oleum con- 

sumers. Whenever the  consumer needs the  SO3 content  o f  oleum as a 

c a r r i e r  f o r  reac t ions ,  d ry ing ,  etc. ,  he w i l l  be w i l l i n g  t o  pay a 

l i t t l e  more than the  cur ren t  s u l f u r i c  a c i d  p r i c e .  By cont ras t ,  the  

consumer buying oleum s t r i c t l l y  f o r  t he  f r e i g h t  savings w i l l  n o t  be 

w i  11ing t o  pay add1tional c o n t r o l  costs . 



The occasional oleum producer would probably be forced to absorb 

inore of 1 1  is control costs than his competitors who se l l  sulfur ic  

acid or oleum as their  only product. Since the s ize  and total  in-

vestment of  a mist eliminator are based upon the en t i re  plant 's  

oleum and acid production, the incremental costs for  the tube over 

the panel or pad are  too large to be borne by the oleum consumers 

alone. Attempts to  pass costs on to  the acid consumers will be 

1imi ted by competition from acid producers i ncurrinq both lower 

production and control costs. As a r e su l t ,  the occasional oleum pro- 

ducer will have t o  absorb those costs that cannot be passed on to h i s  

consumers. Since most oleum producers generally s e l l  both acid and 

oleum, there doesn't appear to  be any individual producers in an un-

favorable trade position who would suffer  an adverse impact from the 

recommended emission 1irni t a t i  on. Vendors refuse to guarantee the 

performance of panels and pads on oleum nlants,  and most State stan- 

dards are 0 . 5  1b/ton or lower. For these reasons, occasional oleum 

producers would have i nstal led vertical tubes and/or adjusted thei r 

market posi t i  on. 

0.15 lb/ton 

The 0.15 l b  level of control can be achieved only hv instal la t ion 

of the vertical tube m i ~ t  eliminator on a l l  acid plants. Such a 

level w o u l d  create adverse economic impact for smaller, older nlants 

that are faced with b o t h  acid mist a n d  SO2 abatement. On the 



-

other  hand, high costs  of achieving the 0.15 1 b .  1 imitat ion can k 

more eas i ly  absorbed by plants t ha t  do not require a s t r i c t  level 

of so2 abatement (such as t ha t  associated with dual absorption 

o r  t a i  1 gas scrubbing).  With the uncertainty i n  es tabl ishing SO2 

controls ,  the problem of quantifying the impact i s  d i f f i c u l t .  

An important element t ha t  would contr ibute  t o  the adverse economic impact 

on the industry i s  the resu l t an t  double r e t r o f i t t i n g  of controls  

t h a t  would be required by the 0.15 l eve l .  I t  i s  estlmated t h a t  

40 percent of a l l  s u l fu r l c  ac id  units f n  the  United Sta tes  have 

ver t ica l  tube o r  ve r t i ca l  panel mist el iminators and 15 ~ e r c e n t  

have horizontal dual pad mist el i~minators capable of meeting the 

0 .5  pound control l eve l .  If  one-half of the ver t ica l  mist elimina- 

t o r s  a re  panels, then i t  follows t ha t  35 percent of a l l  s u l fu r i c  

acid uni ts  (20 percent, ve r t i ca l  panels; 15 percent ,  pads) a r e  

exceedi ng the 0.15 pound level , b u t  meeti ng the 0.5 pound 1 eve1 . 
If  the above acid un i t  percentages a re  comparable on an acid plant  

ba s i s ,  and i f  a11 the ver t i ca l  panel and horizontal dual pad mist 

el iminators a r e  ins ta l l ed  on the 45 percent of the U.S. p lants  

t ha t  burn su l fu r  and do not produce oleum, then 78 percent (35 of 

45) of these would be forced t o  r e t r o f i t .  I f  only 10 percent of 

tloa l l  r c l d  plants can be assumed have ver t i ca l  panels,  then 56 

percent (25 of 45) of the su l fu r  burning, H2WCproduc i  p l w t s  

would s t i l l  be forced to. double r e t r o f i t .  



To undergo double r e t r o f i t  expend i tu res  a t  a t ime  when f e r t i -

1i zer p roduc t i on  capactty i s  t i g h t l y  cons t ra i ned  (over  f i f t y  

pe rcen t  o f  t he  s u l f u r i c  a c i d  produced goes i n t o  f e r t i  1  ize rs )  

would f u r t h e r  aggravate contemporary w o r l d  f ood  shor tage  problems. 

In a d d i t i o n ,  many o f  t he  f e r t i l i z e r  i n d u s t r y ' s  s u l f u r i c  a c i d  p l a n t s  

have been compel l e d  t o  undergo ma jo r  expend i tu res  t o  l i m i t  SO2 

emissions t o  a  l e v e l  e q u i v a l e n t  w i t h  performance of dua l  a b s o r p t i o n  

a c i d  p l a n t s .  

0.3 I b / t o n  

Since f o r  most a c i d  p l a n t s  0.3 l b / t o n  can be ach ieved o n l v  w i t h  a  

v e r t i c a l  tube  m i s t  e l i m i n a t o r ,  t h e  problems of double r e t r o f i t t i n a  

d iscussed f o r  t he  0.15 l b / t o n  l e v e l  a l s o  applv .  Y h i l e  t h e  data i n  

Tables 6.5, 6.6, and 6.7 a re  a lmost  a l l  below 0.3 I b / t o n ,  t h e  da ta  

base i s  l i m i t e d ,  s i nce  two o f  t h e  p l a n t s  i n  Table  6.5 operated 

s u b s t a n t i a l l y  below capac i t y ,  p l a n t s  i n  Table  6.6 ~ r o d u c e d  no oleum, 

and t h e  da ta  i n  Table  6.7 a r e  f rom sources o t h e r  than  EPA t e s t s .  

Another c o n s i d e r a t i o n  i s  t h e  vendor auarantees o f  2.0 ma/scf f o r  a 

v e r t i c a l  panel o r  h o r i z o n t a l  dual  pad m i s t  e l i m i n a t o r .  P l a n t  E 

(Tab le  6.6) has a conve r t e r  i n l e t  c o n c e n t r a t i o n  of seven percen t  SO2 

From F igu re  4.1, 2.0 mq/scf  i s  e q u i v a l e n t  t o  0.45 l b l t n n  o f  a c i d  m i s t .  

Thus, t h e  vendor guarantee miqh t  p r o h i b i t  i n s t a l l a t i o n  o f  a  v e r t i c a l  

panel  o r  h o r i z o n t a l  pad m i s t  e l i m i n a t o r  t o  comnlv w i t h  a 0.3 I b / t o n  

emiss ion standard.  

F i n a l l y ,  t h e  emission g u i d e l i n e  r e q u i r e s  more than  c o n t r o l  o f  

p a r t i c u l a t e  a c i d  m i s t ;  i t  a l s o  r e q u i r e s  c o n t r o l  o f  H2Sn4 vaoor and 



50 throuqh proper a b s o r h ~ r  operat ion and desiqn. Even i n  p roner lv  3 

operated p lan ts  the t h e o r e t i c a l  amount o f  H 2 W 4  and SO3 vapor, measurpd 

as H2S04, can amount t o  over 1 l b / t o n  a c i d  produced. To f u r t h e r  

reduce the vapor emissions would r e q u i r e  increased absorber he iqh t  and 

power costs.  Since EPA Method 8 measures a small f r a c t i o n  o f  the  

vapor emissions, the m i s t  e l im ina to r ,  which con t ro l s  on ly  the  

p a r t i c u l a t e  a c i d  rnist,must be capable o f  reducino m i s t  emissions t o  

a l e v e l  o f  the EPA gu ide l i ne  minus the f r a c t i o n  o f  H2SOq and SO3 

vapors measured by Method 8. Thus because o f  the unce r ta in t v  of the 

amount o f  vapor measured, a p l a n t  owner miqht be compelled t o  i n s t a l l  

a v e r t i c a l  tube m i s t  e l im ina to r  t o  i nsu re  compliance w i t h  a standard 

o f  0.3 l b / t o n .  

Because Reference Method 8 does measure an unknown f r a c t i o n  o f  

the  SO3 and H2S04 vapor, there  has been some quest ion regarding the  

p rec i s ion  and accuracy o f  the  method. Results o f  a c o l l a b o r a t i v e  t e s t  

performed i n  1974 showed poor p r e c i s i o n  f o r  the  method (5 ) .  Recent 

review o f  t h i s  study i nd i ca tes  t h a t  the problem may be due t o  the 

c o l l a b o r a t i v e  t e s t  procedure and n o t  due t o  Method 8. S p e c i f i c a l l y ,  

because the  h igh  val ues o f  ac id  m i s t  c o l l e c t e d  on any run  were 

accmpanied by comparat ively low r e s u l t s  fo r  SO2, i t  i s  l i k e l y  t h a t  

contaminat ion o f  the  isopropanol s o l u t i o n  occurred p r i o r  t o  the  t e s t ,  

e i t h e r  through poor p repara t ion  o r  by back f l u s h i n g  hydrogen 

peroxide s o l u t i o n  du r ing  the  leak  check. This  contaminat ion would 

cause some o f  the  SO2 t o  be counted as ac id  mis t .  As a r e s u l t  o f  

the  apparent problems w i t h  t h i s  study, EPA i s  commencing a study t o  

f u r t h e r  i nves t i ga te  the  isopropanol contaminat ion problem and t o  



-- 

es tab l i sh  the  prec s ion  o f  the  method. I f  these studies i n d i c a t e  

a problem, EPA w i l  make appropr iate rev is i  ons t o  Reference Method 

a dnd t l ~ e  emission gu ide l ine .  As pointed out  i n  sec t i on  6.3.2, f o r  

s u l f u r  burning ac i  p lan ts  the  EPA and Monsanto methods have shown 

a good co r re la t i on ,  and thus major problems w i t h  t h e  method are no t  

expected. 

E P A ' s  p o s i t i o n  regarding the  accuracy o f  the method i s  t h a t  

as long as the corilpl iance t e s t  met.hod i s  cons is ten t  w i t h  the method 

used t o  develop the emission gu ide l i ne  (Method 8) ,  i t  i s  n o t  

necessary t o  know the  absolute co rcen t ra t i on  o f  ac id  m i s t  i n  the 

stack. Thus i n  cornpl iance tes t i ng ,  t he  repeatabi 1it y  (p rec i s ion )  

i s  more c r i  t i c a l  than t h e  accuracy. 

Dual Guidel ine 

During t l ic  course o f  t l ~ edevelopment of the g u i d ~ l i i ~ e  sn le  con-

s i d e r a t f o ~ lbias given t o  sc t t i r : g  a 0.15 I t  gu ide l i ne  f o r  p lan ts  

producing oleum and/or burning bound s u l f u r  feedstocks, and a 

0.50 1b. gu ide l i ne  f o r  s u l f u r  burn ing , H2S04-producing p lan ts .  

The approach was r e j e c t e d  due t o  a lack  o f  support ive emission 

data over a wide enough range o f  operat ing cond i t ions  for. p lan ts  

producing oleum and/or burn i  ng bound su l  f u r  feedstocks . Furthermore, 

many p lan ts  make oleurn on a pa r t - t ime  b a s i s ,  based on market dmnrrnl. 

Thus, these p lan ts  could be requ i red  t o  i n s t a l l  t he  most expensive 

con t ro l  f o r  a few runs per vear i f  EPA promulqated a dual qu i del ine 

( re1  i e f  under 560.24( f )  could poss i b l v  m i t j q a t e  t h  i s  prob lem) . 



Summary 

I n  sumnary , 1 ndustry-wi de adverse Impacts are n o t  expected 

f o r  the recommended emissions gu ide l i ne  o f  0.5 l b / t o n .  

However, there  may be a  few i s o l a t e d  cases where a  sludge 

processing p l a n t  may have d i f f i c u l t y  ifthe p l a n t  i s  n o t  

capt ive t o  a petroleum r e f i n e r y .  Depending on t h e i r  product  

mix o r  s u l f u r i c  a c i d  and oleum, oleum producers w i l l  pass 

on t o  a g rea ter  o r  l esse r  ex ten t  t h e i r  c o n t r o l  costs. No 

problems are foreseen f o r  any i n d i v i d u a l  oleum producer t h a t  

may s e l l  oleum only i r ~snall  q u a n t i t y .  

The cos t  ana lys is  which resu l ted  i n  a  gu ide l i ne  o f  0.5 I b / t o n  

was inf luenced by t h e d o u b l e  r e t r o f i t t i n g  invo lved w i t h  a  

gu ide l i ne  l ess  than 0.5 l b / t on .  However, where double r e t r o f i t t i n g  

i s  n o t  a  problem ( i  .e., i n  States w i t h  p lan ts  i n  compliance 

w i t h  e x i s t i n g  standards more s t r i n g e n t  than the  guide1 ine ,  o r  

f o r  p resen t l y  uncont ro l led  p l a n t s ) ,  S ta te  standards as low as 

t i l e  standard o f  performance f o r  new sources (0.15 I b / t o n )  may be 

j u s t i f i e d .  
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8. ENVIRONMENTAL IMPACT 


8.1 EIIVIRONMENTAL IMPACT OF THE EVISSION GUIDELINE 

The assessment o f  t h e  environmental  impact o f  the  emiss ion 

q u i d e l i n e  i s  based on t h e  incrementa l  impact above t h a t  no rma l l y  

imposed on t he  environment hy t he  a f f ec ted  sources o r  process 

c o n t r o l  1 ed t o  meet o t h e r  po l  1u t i o n  r e g u l a t i o n s  s ~ ~ h  as S ta te  

Implementat ion Plans ( S I P )  o r  l o c a l  r e g u l a t i o n s .  The environmental  

impact i s  there fo re  a f unc t i on  of incrementa l  e f f e c t s ,  o r  a 

comparison of  two deqrees of (con t ro l ,  and i s  n o t  the  t o t a l  e f f e c t  

o f  t h e  ~ o l l u t i o n  c o n t r o l  i t s e l f .  

8.1 . I  A i  r Impacts 

8.1.1.1 Changes i n  mass emission r a t e s  

I n  Sec t i on  6.3.4, i t  was es t imated  t h a t  95 percen t  o f  t he  s u l f u r i c  

a c i d  u n i t s  i n  t he  Un i t ed  S ta tes  have a c i d  m i s t  c o n t r o l s .  Stack 

gas c o n t r o l  equipment capable of  meet ing t h e  emiss ion gu ide l i ne  of 

0.5 1b a c i d  m i s t / t o n  HpS04 produced ( I  b / t on )  i nc l udes  v e r t i c a l  tube, 

v e r t i c a l  panel and h o r i z o n t a l  dual  pad f i b e r  m i  s t  e l  im ina to r s ;  and 

e l e c t r o s t a t i  c p r e c i p i  t a t o r s .  According t o  Sec t ion  6.3.4, a t  l e a s t  

65 percent (40-tube and panel ; 15-dual pad; 10-ESP) of a l l  a c i d  



u n i t s  have such con t ro l s .  The most common State a c i d  m i s t  regu la-  

t i o n  i s  0.5 l b / t on ,  a  l e v e l  adopted by 10 o f  the  18 s ta tes  w i t h  

enforceable regu la t ions ,  1  i s t e d  i n  Table 6.9. Four s ta tes  have 

h igher  standards; f o u r  have lower ones. Hence, the  qreates t  impact 

w i l l  be around the  35 percent of a c i d  p lan ts  which p resen t l v  do n o t  

have adequate m i s t  e l im ina tors .  I n  add i t i on ,  State standards w i l l  

r e q u i r e  those p lan ts  which h a w  m i s t  e l im ina to rs  t o  main ta in  and 

operate the  c o n t r o l  systems praper lv ,  which w i l l  v i e l d  a bene f i c i a l ,  

b u t  unquant i f iab le  air impact. 

An average-sized s u l f u r i c  a c i d  p l a n t  has a  capac i ty  o f  about 500 

TPD. For a  500 TPD a c i d  (vs. oleum) p l a n t  opera t ing  350 days per  

year,  an uncont ro l led  emission r a t e  o f  4.0 I b l t o n  (see Sect ion 4.3) 

i s  equ iva len t  '0 an emission of 350 tons lyear .  For a  500 TPD oleum 

p l a n t ,  an uncont ro l led  emission r a t e  o f  10.0 I b / t o n  i s  equ iva len t  

t o  an emission of 875 tonsjyear .  I f  e i t h e r  the  ac id  o r  t he  oleum 

p l a n t  i s  c o n t r o l l e d  t o  the  l e v e l  o f  t he  emission guide1 i n e  and most 

State regu la t i ons  (0.5 l b l t o n ) ,  the  emission f o r  t he  p l a n t  i s  

reduced t o  44 tons/yr .  For a 500 TPD p lan t ,  each emission i n c r e -  

ment o f  0.1 I b / t o n  i s  equ iva len t  t o  a  d i f f e r e n c e  i n  emission o f  

8.75 tons /y r .  

About one t h i r d  o f  the  U.S. s u l f u r i c  a c i d  p l a n t s  produce oleum w h i l e  

two- th i rds  do no t  (see Table 2 .3) .  Hence, on a  na t i ona l  bas is ,  an 

average uncont ro l led  emission r a t e  i s  about 6.0 Ib l t on - - [2  ( 4 )  + 1 



( 1 0  / 3. This r a t e  i s  equ iva len t  t o  an emission of 95,000 tons/ 

year a t  the 1973 s u l f u r i c  a c i d  p roduc t ion  l e v e l  o f  31.7 m i l l  i o n  

tons per  year.  Contro l  a t  the  0.5 l b l t o n  l e v e l  reduces t h i s  

emission t o  7925 tons lyear .  Each emission increment of 0.1 l b / t o n  

i s  equ iva len t  t o  a d i f f e r e n c e  of 1585 ton/year.  

8.1.1.2 Atmospheri c  d i spe rs ion  

A d ispers ion  ana lys is  was made f o r  severa l  p l a n t  s izes,  types, and 

averaging times. Ground 1  eve1 concentrat ions were ca l cu la ted  fo r  

both c o n t r o l l e d  and uncon t ro l l ed  p lan ts .  The methodology and assump- 

t i o n s  used are summarized i n  Appendix A. Results of t h i s  ana lys is  

a re  presented i n  Table 8.1. As can be seen from the  r e s u l t s ,  

c o n t r o l l i n g  p lan ts  t o  a l e v e l  o f  0.5 I bs  per ton  o f  a c i d  has a 

tremendous irnpact on ground-1 eve1 concent ra t i  ons compared t o  t he  

uncontro l  1  ed p l  ants.  

Estimates presented i n  Sect ion 6.3.4 i n d i c a t e  t h a t  5  percent  o f  t he  

s u l f u r i c  a c i d  p l a n t s  i n  the  U.S. do n o t  have a c i d  m i s t  c o n t r o l  systems. 

Since 27 s ta tes  e i t h e r  have no regu la t i ons  o r  regu la t i ons  l e s s  

s t r i n g e n t  than the emission gu ide l ine ,  i t  may be assumed t h a t  t h e  

ground-level concentrat ions i n  T'able 8.1 from the  u n c o n t r o l l  ed p l a n t s  

are an upper bound t o  the  concentrat ions a c t u a l l y  observed i n  those 

s ta tes .  App l i ca t i on  o f  s t a t e  standards a t  l e a s t  as s t r i n g e n t  as the  

emission gui del  i n e  w i  11 r e s u l t  i n  s i g n i f i c a n t  reduct ions i n  ground- 

l e v e l  concentrat ions.  
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1 . 3 E f f e c t s  on o t h e r  a i r  p o l l u t a n t s  

S u l f u r  d i u x i d r  (SO2) i s  t h r  a i r  p o l l u t a n L  e m i t t e d  i n  p r c a t e s t  

q u a n t i t y  from s u l f u r i c  a c i d  p l a n t s .  L i k e  a c l d  m i ~ t ,  i t s  p r i n c i p a l  

emission p o i n t  i s  the  s tack gas f r o v  the  f i n a l  absorber.  I n s t a l -

la t i o n  o f  s tack  gas a c i d  mi s t  c o n t r o l  devices w i  ll n o t  change 

t h e  q u a n t i t y  o f  SO2 emi t ted.  Furthermore, t h e i r  i n s t a l  l a t i o n  

w i  11 n o t  generate any a d d i t i o n a l  secondary a i r  p o l  1u t a n t s . 

N i t r o g e n  ox ides may be present  i n  t h e  conve r te r  e x i t  gas stream, 

e s p e c i a l l y  i n  spent a c i d  p l a n t s .  As discussed i n  Sec t ion  4.2.3, 

they r e a c t  w i t h  SO2 and s u l f u r  t r i o x i d e  (SO3) t o  form very  f i n e  

m i s t s .  These m i s t s  w i l l  pass ,through t h e  f i n a l  absorber and through 

impac t ion  m i s t  c o n t r o l  devices 1  i k e  v e r t i c a l  panel and h o r i z o n t a l  

dual  pad m i s t  e l i m i n a t o r s .  I i i 'gh e f f i c i e n c y  v e r t i c a l  tube mi s t  

e l i m i n a t o r s  w i l l  remove most o f  t h i s  w i s t  from the  s tack  gas. 

8.1.2 Water P o l l u t i o n  Impact 

The s u l f u r i c  a c i d  c o l l e c t e d  b,y a c i d  m i s t  c o n t r o l s  i s  r e t u r n e d  t o  

t h e  process. Hence t h e r e  i s  no e f f l u e n t  d ischarge a t  any a c i d  

m i s t  a i r  p o l l u t f o n  c o n t r o l  l e v e l .  However, some o f  the a c i d  m i s t  

d isc l larged Tr0n-i tl,e s tack  wi 11 f a 1  1  o u t  fn  ~!Icv f c f n y t ~ '07 the p l a n t  

by ra i n fa1  1. h w n t l  rllnnff ran Cause S O W  of t h i sand may be washed o ~ t  

a c i d  f a 1  1o u t  t o  e v e n t u a l l y  reach 1  ocal  watercourses: however, i t  

i s  more l i k e l y  t o  r e a c t  w i t h  the  ca lc ium carbonate o r  o t h e r  ac i d -  

consuming c o n s t i t u e n t s  of t h e  s o i l  and so l o s e  i t s  a c i d  charac te r .  



8.1.3 Sol i d  Waste Disposal  1rnpac:t 

Because a c i d  m i s t  c o n t r o l s  do not qenerate  o r  recover  s o l i d  waste 

t h e r e  i s  no s o l i d  waste d i sposa l  impact. 

8.1.4 Energy Impact 

The g u i d e l i n e  has l i t t l e  enerqy impact because t h e  e l e c t r i c a l  

enerqy requi rements  assoc ia ted  w i t h  f i b e r  m i s t  e l i m i n a t o r s  a r e  

smal l  and most p l a n t s  a l r eady  have some t ype  o f  f i b e r  m i s t  

e l  i m i  na to r .  For  example, an enerqy p e n a l t y  o f  3.6 k i l o w a t t - h o u r s  (KWH) 

p e r  t o n  o f  a c i d  produced can be c a l c u l a t e d  based upon a  f i b e r  m i s t  

e l i m i n a t o r  pressure drop o f  10 inches o f  H20, a f a n  e f f i c i e n c y  o f  

55 percen t  and an a c i d  p l a n t  process a i r  r equ i  rcrnent o f  71 acfm 

pe r  t on  o f  a c i d  produced. 

The r e d u c t i o n  i n  emiss ions from i n s t a l l a t i o n  o f  f i b e r  m i s t  

e l i m i n a t o r s  f a r  outweighs t h e  adcli t i o n a l  p o l l u t i o n  e m i t t e d  by a 

power p l a n t  i n  gene ra t i ng  t h e  m i s t  e l i m i n a t o r ' s  a t t endan t  e l e c t r i c a l  

r equ i  rewent.  For  example, such an i n s t a l  l a t i o n  wi 11 reduce t h e  

a c i d  m i s t  emiss ion r a t e  f rom a t y p i c a l  a c i d  ( v s .  oleum) p l a n t  f rom 

4.0 t o  0.5 l b / t o n ,  a  r e d u t t i o n  o f  3.5 I b / t o n .  From t h e  p reced ing  



paragraph, a t y p l c a l  a t tendant  energy pena l ty  i s  3.6 KW/ton.  This  

i s  equ iva len t  t o  37,800 BTU heat i n p u ~ t  per  t on  o f  ac id  produced, 

assuming a power p l a n t  heat i n p u t  reqluirement o f  10,500 BTU/KWH. 

I f  the e l e c t r i c i t y  i s  generated i n  a c o a l - f i r e d  p l a n t  complying w i t h  

the EPA standards o f  performance f o r  new s t a t i o n a r y  sources, then 

p a r t i  cu l  a te ,  SO2, and n i  t rogen ox ide  (NO,) emi ss i  ons are r e s t r i  c ted  

t o  0.2, 1.2 and 0.7 l b  per  m i l l i o n  BTU heat i npu t ,  respective1.y. 

For a heat i n p u t  of 37,800 BTU, corresponding emissions o f  p a r t i -  

cu la te ,  SO2 and NOx a re  0.008, 0.045 and 0.027 1b per  ton of ac id ,  

respec t i ve l y ,  o r  a t o t a l  o f  0.08 I b / t o n .  Thhs i n  t h i s  example, 

the  e l e c t r i c a l  energy associated w i t h  one pound o f  a i r  p o l l u t i o n  

a t  the  power p l a n t  w i l l  he lp e l im ina te  44 pounds (3.5/0.08) o f  

a i r  p o l l u t i o n  when de l i ve red  t o  a fan  supply ing an a c i d  p lant .  m i s t  

e l i m i n a t o r  pressure drop requirement o f  10 inches o f  H20. 

8.1.5 Noise Effects 

The emission guide1 i n e  has no noise Impact because f f  ber  m i s t  e l im ina to rs  

and f i n a l  absorbers operate w i t h  no de tec tab le  nolse. When r e t r o f i t t i n a  

f i b e r  m i s t  e l im$nators ,  an a d d i t i o n a l  f an  may be needed t o  handle the  

increased pressure drop (See Sect ion 6.2.2.1). This f an  may s l i q h t l y  

increase t h e  p l a n t ' s  no ise  l e v e l .  

8.1. € Other Envi ronmental Concerns 

Tlicrc arc no o ther  cnvi ronn~enta l  concerns - such as an increasr: i n  

r a d i a t i v e  heat o r  i n  d i ss ipa ted  s t a t i c  e l e c t r i c a l  energy - r e l a t e d  

t o  the l e v e l  of the emission gu ide l lne .  



8.2 ENVIRONMENTAL IMPACT UNDER ALTERNATIVE EMISSION CONTROL SYSTEMS 

The emi s s i  on gu ide l i ne  is based upon the capabi 1 ities of f i b e r  

m i s t  e l im ina to rs  . No a l t e r n a t i v e  emission con t ro l  system meets 

the  requirements o f  bes t  demonstrated c o n t r o l  technology consider ing 

cos t .  A1 though m i  1 d s t e e l  e l e c t r o s t a t i c  p r e c i p i t a t o r s  e f f e c t i v e l y  

con t ro l  a c i d  m i  s t ,  t h e i r  l a r g e  s i z e  makes r e t r o f i t  i n s t a l  l a t i o n  

costs high, and they are  expensive t o  maintaln i n  a co r ros i ve  acid 

envi rorment. 

8.3 SOCIO-ECONOMIC IMPACTS 

Minimal adverse socio-economic impact should r e s u l t  from the  

emission gu ide l ine .  The o n l y  adverse economic impact foreseen 

may occur f o r  the  sludge processing p lan ts  competing on the open 

market (See Sect ion 7 ) .  I n  19167, the  s u l f u r i c  ac id  i n d u s t r y  employed 

4,500 persons.1 Hence c losure o f  an average-sized p l a n t  would mean 

employment l oss  f o r  about 20 people. However, no p l a n t  

closures o r  l oss  of employment a re  an t i c i pa ted .  

8.4 O fHER CONCERNS OF THE EFIISSION GUIDEL INE  

The emission gu lde l ineshou I d  n o t  have any o the r  adverse o r  b e n e f i c i a l  

environmental e f f e c t s .  It w i l l  n o t  c rea te  shor t - term environmental 

gains a t  the expense o f  long-term environmental losses o r  v i c e  

versa, and w i  11 n o t  r e s u l t  i n  i r r e v e r s i b l e  and i r r e t r i e v a b l e  

comnitment of resources. I t  w i l l  n o t  forec lose fu tu re  c o n t r o l  

opt ions or c u r t a i l  the d i v e r s l  ty and range o f  b e n e f i c i a l  uses o f  

the envi roment. 
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APPENDIX A - DISPERSION ANALYSIS 
METHODOLOGY AND ASSUMPTIONS 

The d i f f u s i o n  ana lys is  r e s u l t s  o f  Table 8.1 were generated by t h e  

Source Receptor Analys is  Branch, EPA u!;i ny t he  S i  nql e Source Model 

developed by t he  Meteorology Laboratory, EPA. The model i s  designed' t o  

est imate concentrat ions due t o  sources a t  a s i n g l e  l o c a t i o n  f o r  

averaging times from one hour t o  one year. 

This model i s  a Gaussian plume model using d i f f u s i o n  c o e f f i c i e n t s  

1suggested by Turner (1 970). Concentrations a re  ca l cu la ted  f o r  each 

hour o f  the  year, from observat ions o f  wind d i r e c t i o n  ( i n  increments 

o f  ? O  degrees), wind speed, mix ing height ,  and atmospheric s t a b i l i t y .  

The atmospheric s t a b i l i t y  i s  der ived b:y t h e  Pasqu i l l  c l a s s i f i c a t i o n  

method as described by Turner (1970). I n  the  a p p l i c a t i o n  o f  t h i s  model, 

a l l  p o l l u t a n t s  are  considered t o  d i s p l a y  the  d ispers ion  behavior o f  

non-reac tive gases. 

The 10-second concentrat ions i n  Table 8.1 were ca l cu la ted  manually 

from t h e  one-hour concentrat ions, us ing Eq 5.12 (p. 38) o f  Turner 's  

"Workbook o f  Atmospheric Dispersions Estimates." Based on t h e  advice 

o f  M r .  Turner, a st rong dependence on s t a b i l i t y  c lass  was incorporated 

i n t o  the  equation. Spec i f i ca l  ly, t h e  (exponent "p" var ies  from about 

0.67 t o  about 0.17 as s t a b i l i t y  c lass  var ies  from A t o  F. The p lan ts  i n  

t h i s  study exe r t  t h e i r  g reates t  impact under very unstabled ( " A " )  

condi t ions,  and the re fo re  an exponent lof 0.67 was used. 

A -1 



Meteorological  data f o r  1964 a re  used as i n p u t  t o  t he  model. The 

reasons f o r  t h i s  choice are: (1) data from e a r l i e r  years d i d  n o t  have 

s u f f i c i e n t  r e s o l u t i o n  i n  t he  wind d i r e c t i o n ;  and ( 2 )  data from subsequent 

years are r e a d i l y  a v a i l a b l e  on magnetic tape o n l y  f o r  every t h i r d  hour. 

Mix ing he igh t  data are  obtained from the  twice-a-day upper a i r  

observat ions made a t  t h e  most rep resen ta t i ve  upper a i r  s t a t i o n .  Hourly 

mix ing he igh ts  a re  est imated by the  mddel us ing  an o b j e c t i v e  i n t e r p o l a -  

t i o n  scheme. 

A f ea tu re  o f  t h i s  model i s  t he  m o d i f i c a t i o n  o f  plume behavior t o  

account f o r  aerodynamic e f f e c t s  f o r  p lan ts  i n  which the design i s  n o t  

opt imal,  These e f f e c t s  r e s u l t  from t h e  i n t e r a c t i o n  o f  t he  wind w i t h  the  

physical  s t r u c t u r e  o f  t he  p lan t .  The extreme case I s  commonly r e f e r r e d  

t o  as "downwash. " With downwas h, t he  e f  f 1  uent i s  brought downward in to  

the  wake o f  the  p l i tn t ,  from which p o i n t  i t  d i f f u s e s  as though emi t ted  

very c lose  t o  the  ground. I n  t h e  r e t a r d a t i o n  case, some o f  t h e  

d i spe rs i ve  b e n e f i t s  o f  plume r i s e  a r e  l o s t ;  w h i l e  i n  t h e  downwash case, 

a l l  of t h e  b e n e f i t s  o f  plume r i s e  a r e  l o s t ,  along w i t h  most o f  t h e  

benef i ts  o f  s tack e levat ion .  Both phenomena - b u t  e s p e c i a l l y  downwash -
can s e r i o u s l y  increase t h e  r e s u l t i n g  ambient a i r  impact. 

The aerodynamic-effects m o d i f i c a t i o n  then, i s  an attempt t o  i nc lude  

these ef fects i n  a p r e d i c t i v e  model. I t was developed w i t h i n  EPA, and 

w h i l e  n o t  y e t  va l  idated, i s  t he  bes t  known opera t iona l  approach. Basi 

a1 l y ,  i t  enables the  model t o  make an hour-by-hour, stack-by-stack 

assessment o f  t h e  ex ten t  ( i f  any) of aerodynamic complicat ions. The 

parameters used i n  making the  assessment a re  wind speed, stack-gas e x i  

v e l o c i t y ,  s tack height ,  s tack diameter, and b u i l d i n g  he igh t .  I f  a 

p a r t i c u l a r  assessment i nd i ca tes  no aerodynamic e f f e c t ,  then f o r  t h a t  



s tack  ( f o r  t h a t  hour)  t h e  model behaves j u s t  as t h e  unmodi f ied vers ion .  

I f  t h e r e  a r e  aerodynamic e f f e c t s ,  t h e  modified v e r s i o n  con ta ins  equat ions 

by which t h e  impact o f  these e f f e c t s  on ground- leve l  concen t ra t ions  i s  

est imatea. Aerodynamic e f f e c t s  were n o t  a f a c t o r  i n  t h i s  s tudy due t o  

f avo rab le  s tack  he igh t s  assumed. 

Ca l cu la t i ons  a r e  made f o r  180 recep to rs  ( a t  36 azimuths and f i v e  

s e l e c t a b l e  d i s tances  f rom t h e  source) .  The model used can cons ider  

b o t h  d i u r n a l  and seasonal va r - i a t i ons  i n  t h e  source. Separate v a r i a t i o n  

f ac to r s  can be a p p l i e d  on a month ly  bas i s  t o  account f o r  seasonal 

f l u c t u a t i o n s  and on an h o u r l y  bas i s  t o  account f o r  d i u r n a l  v a r i a t i o n s .  

Another f e a t u r e  o f  t h e  model i s  t h e  a b i l i t y  t o  compute frequency 

d i s t r i b u t i o n s  f o r  concen t ra t i ons  o f  any averaging p e r i o d  over  t h e  course 

of a year .  Percentages o f  va r i ous  ranges i n  p o l l u t a n t  concen t ra t i ons  

a r e  ca l cu la ted .  

The f o l  l o w i  ng assumptions were aplpl i e d  i n  t h e  a n a l y t i c  approach: 

1. M i s t  was cons idered t o  behave as a non - r cac t i v c  gas. 

2. The p l a n t  i s  l o c a t e d  i n  f l a t  o r  g e n t l y  r o l l i n g  t e r r a i n  w i t h  a 

meteor01 i g i c a l  regime which i s  unfavorable t o  t h e  d i s p e r s i o n  

o f  p o l l u t a n t s .  The e f f e c t  o f  t h e  l a t t e r  i s  t o  i n t r oduce  an 

element o f  conservat ism i n t o  t h e  ana l ys i s .  I n  a r e s t r i c t i v e  

t e r r a i n ,  t h e  d i s p e r s i o n  o f  p o l l u t a n t s  cou ld  be even more 

impai red r e s u l t i n g  i n  h i g h e r  ambient conceh t ra t i on  l e v e l s .  

3. There a re  no s i g n i f i c a n t  seasonal o r  h o u r l y  v a r i a t i o n s  i n  

emiss ion r a t e s  f o r  t h i s  p l a n t .  

4. Source c h a r a c t e r i s t i c s  assumed a r e  i n  Tab le  A-1 . 



Table A-1  

P l a n t  s i ze  (TPo )  

Stack h t  (m) 46 (150 f t )  1 61 (200 ft) 

Stack diam. (m) 

Stack Temp. ( K )  

Exhaust gas  volume 
m31sec 

txhaust  a s  ve loc i ty  
(m/secl 

Control led t o  0.5 0.13 0.66 1.97 
I b/ ton 

uncontrol led 1.0 ac id  5.3 ac id  15.8 a c i d  31.5 acid 

2.6 oleum 13..2 oleum 39.4 oleum 78.3 oleurn 
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