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FOR 

MALEIC ANHYDRIDE 

Sec t ion  5.26 

The p r i n c i p a l  document used t o  der ive  t h e  emission f a c t o r s  w a s  t h e  
Maleic Anhydride - Product Report by J. F. Lawson.' 
emissions are product recovery absorber  and r e f i n i n g  vacuum system 
combined ven t ,  s to rage  and handl ing,  f u g i t i v e ,  and secondary. 

The four  sources  of 

It i s  unce r t a in  exac t ly  how t h e  uncontrol led emission f a c t o r s  f o r  
t h e  product recovery absorber  and r e f i n i n g  vacuum system combined vent  
were a r r i v e d  a t  i n  t h e  Hydroscience r epor t .  J. F. Lawson, t h e  o r i g i n a l  
au thor  of t h e  r e p o r t ,  i s  no longer  wi th  Hydroscience. The man c u r r e n t l y  
i n  charge of t h i s  r e p o r t  i s  Ralph White. 
t h a t  a weighted average of s i t e  vis i ts  and f a c t o r s  from Survey Reports on 
Atmospheric Emissions from t h e  Petrochemical Indus t ry ,  Volume IIIL were 
used t o  de r ive  f a c t o r s  which were then  ad jus ted  f o r  t h e  model p l a n t .  
M r .  White could not  g ive  m e  any d e t a i l s  on how t h e  emission f a c t o r s  were 
der ived because t h e  information was not  r e a d i l y  ava i l ab le .  I f  t h e  EPA 
des i red  t h e  d e t a i l s  they would need t o  s ign  a voucher because M r .  White 
bel ieved it would take  a couple of  hours  t o  de r ive  t h a t  number and t h e  
EPA has no con t r ac t  wi th  Hydroscience a t  t h e  present .  
p l an t  has  a capac i ty  of 22,700 MT of MA/year. 
8000 hours.  
such t h a t  one year  w i l l  be equiva len t  t o :  

The explana t ion  he gave w a s  

The model MA 
One year  is equiva len t  t o  

Mr. White s a i d  t h a t  they a r e  c u r r e n t l y  r e v i s i n g  t h i s  r e p o r t  

8760 hours (1 year  x 365 days x 24 hours  = 8760 hours) 
1 year  1 day 

H e  s a i d  a change i n  t h e  e f f i c i e n c y  of t h e  thermal ox id i ze r  from 99.5 
percent  t o  99 percent  f o r  secondary emission a r e  a l s o  i n  o rde r  f o r  t h e  
r ev i s ion .  The change i n  t h e  number of  hours p e r  year  would n o t  change 
t h e  emission per  me t r i c  ton of maleic anhydride produced. 
i n  regard t o  these  emissions f a c t o r s  are r e f e r r e d  t o  Ralph White of 
Hydroscience, Inc . ,  Knoxville,  TN a t  (615) 690-3211. 

Any ques t ions  

I n  t h e  s e c t i o n  I say  t h a t  t h e  conversion o f  benzene t o  MA is 94.5 
percent .  No mention of t h e  conversion r a t e  i s  given i n  the Hydroscience 
product r e p o r t .  I got  t h e  number from t h e  B I D  r e p o r t  on benzene emissions 
from t h e  MA indus t ry3  developed by ESED. The Hydroscience product 
r epor t  was w r i t t e n  f o r  ESED i n  p repa ra t ion  f o r  t h e  B I D .  
use  t h e  same uncontrol led emissions as t h e  Hydroscience product r e p o r t  
bu t  they  a l s o  g ive  a 94.5 percent  conversion r a t e .  
they .used  t h a t  number o r  how wi th  t h a t  number one can a r r i v e  a t  t h e  
given emission f a c t o r s .  

I n  t h e  B I D  they 

I don ' t  know why 



..I . L 

A poss ib l e  approach on how t h e  uncont ro l led  benzene emissions were 
der ived is as follow: 

1. Three t o  t e n  percent  of t o t a l  benzene feed  w i l l  be  ~ n r e a c t e d . ~  
O r ,  an average of 6.5 percent  w i l l  be  unreacted. 

2. 93.5 percent  of t h e  benzene feed w i l l  be  converted i n t o  MA and 
o the r  organic  materials t h a t  occur from s i d e  r eac t ions .  

3. 22700 MT of MA produced x 1 year  X 
1 year  8000 hours  

1000 kg = 2837.5 kg of MA produced 
1 MT 1 hr 

4 .  I f  T = t o t a l  kg of benzene fed per  hour 

and T (0.935) = 2837.5 kg of MA produced 

then  

T = 3034.759. .. 
Therefore 

(3034.76) (0.065) = 197.26 kg of benzene unreacted/hr  

The equat ion T(0.935) = 2837.5 i s  not  e x a c t l y  t rue .  Because T(0.935) 
equals  t h e  amount of MA and o t h e r  organic  m a t e r i a l s  formed i n  t h e  r e a c t o r ,  
not  j u s t  MA, and 2837.5 i s  t h e  amount t h a t  is f i n a l l y  p r e e d .  
knew exac t ly  how much MA was produced i n  the r e a c t o r  we would not  
necessa r i ly  g e t  t h a t  same q u a n t i t y  i n  t h e  end product .  Some MA may 
change i n t o  another  chemical form o r  escape i n t o  t h e  atmosphere f u r t h e r  
on i n  t h e  process .  Taking t h e  average of t h e  percent  of the t o t a l  
benzene feed  may not  be an accura te  procedure.  I f  we  were t o  use 3 
percent  i n s t ead  of 6 .5  percent  w e  would have 87.76 kg of benzene unreacted/hr .  
I f  were t o  use 10 percent  w e  would have 315.28 kg of benzene unreacted/hr .  

I f  we 

It is not  known how Monsanto a r r ived  a t  t h e  f a c t  t h a t  t h r e e  t o  t e n  
percent  of t h e  t o t a l  benzene feed  w i l l  be unreacted.  Now assuming t h e  
uncontrol led emissions i n  t h e  Hydroscience r e p o r t  are c o r r e c t  t h e  con- 
t r o l l e d  emission can be ca l cu la t ed .  

c9 6? 

Both t h e  carbon adsorb t ion  and t h e  i n c i n e r a t i o n  con t ro l  systed'have < 
a n  e f f i c i e n c y  of 99.5 percent  according t o  Lawson's r epor t .  So f o r  
benzene, 67 kg/MT x 0.005 = 0.335 kg/MT. For t o t a l  VOC i t  i s  0.335 
kg/MT a l s o  because i n  order  t o  use  t h e  carbon adsorp t ion ,  t h e  exhaust 
gas  s t ream must be  scrubbed wi th  c a u s t i c  t o  remove organic  a c i d s  and 
water-soluble organics .  Benzene i s  l i k e l y  t h e  only  VOC remaining. For 
i n c i n e r a t i o n ,  t h e  emissions are 67 kg/MT 0.005 = 0.335 kg/MT and 86 
kg/MT 0.005 = 0.43 kg/MT. 



Emissions can r e s u l t  from t h e  s to rage  and handl ing of benzene, 
xylene,  and maleic  anhydride.  It w a s  decided n o t  t o  use  t h e  s to rage  and 
handling emissions as given i n  t h e  Hydroscience product r e p o r t  f o r  two 
reasons.  F i r s t ,  I could not  reproduce t h e  emission f a c t o r s  they had and 
second, i t  w a s  f e l t  t h a t  t h e  reader  could f i g u r e  o u t  more accu ra t e ly  t h e  
emission f a c t o r s  from t h e  o t h e r  s e c t i o n  s i n c e  he  would know t h e  s t o r a g e  
and handling parameters of t h e  MA p l a n t  i n  ques t ion .  

Fug i t ive  emissions can r e s u l t  from process  pumps and va lves .  For 
t h e  same two reasons I gave f o r  s t o r a g e  and handl ing emissions,  I decided 
not  t o  use  t h e  emission f a c t o r s  f o r  f u g i t i v e  emissions as given i n  the 
Hydroscience product r e p o r t .  

The fou r  p o t e n t i a l  sources  of secondary emissions are spent  r e a c t o r  
c a t a l y s t ,  aqueous e f f l u e n t  from t h e  dehydrat ion column, aqueous e f f l u e n t  
from t h e  r e f i n i n g  vacuum system, and r e s idue  stream from t h e  f r a c t i o n a t i o n  
column. I d i d n ' t  use  t h e  emission f a c t o r s  from the Hydroscience product 
r epor t  because I was informed by Bob Weber on A p r i l  22, 1980 t h a t  t h e s e  
emission f a c t o r s  are engineer ing e s t ima tes  and n o t  from real tests. Bob 
Weber recommended t h a t  I not  use  those  numbers. 

People who reviewed my work and would be of he lp  i f  t h e r e  are any 
ques t ions  i n  regard t o  MA are: 

John Warren - Research Tr iangle  I n s t i t u t e ,  919 541-6478 

Rick Coyler and David P a t r i c k  - EPA, ESED, (m) 541-5477 
Bob Weber - EPA, (FTS) 684-4481 C # - c ; n k * f f :  i 
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