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OEPA STACK TEST REVIEW SUMMARY FORM 

PREMISE NO. 0684010049 Dequssa 

SOURCE NO. PO01 1 primary baq filter 

SOURCE DESCRIPTION Carbon Black Process, Unit 1 reactors aqqlomerator 

and baq filter 

CONTROL EQUIPMENT baghouse 

MONITORING EQUIPMENT (CEM) opacity 

DATE(S) OF TEST Junel9, 1991 

FINAL TEST REPORT RECEIVED ON July 19, 1991 

POLLUTANT(S) TESTED particulate 

TEST FIRM Emission Testinq Sources 

EMISSION RATES*: OPERATING RATES*: 

ACTUAL** 1.57 lb/hr MAXIMUM** 10,000 lb/hr h&.p.k 

ALLOWABLE** 1 5 . 5  lb/hr DURING TEST PERIOD** &gg - [I-, 1 ,. r p&.j,< 
COMMENTS : 

I HEREBY VERIFY THAT THE INFORMATION CONTAINED WITHIN THE STACK TEST 
REPORT HAS BEEN REVIEWED AND IT HAS BEEN DETERMINED THAT THE TEST 
PROCEDURES, ANALYSES, AND CALCULATIONS ARE; 

[XI AN ACCEPTABLE DEMONSTRATION OF CONFORMANCE WITH THE APPROVED 
TESTING METHODOLOGY. 

[ ] AN UNACCEPTABLE DEMONSTRATION OF CONFORMANCE WITH THE 
APPROVED TEST METHODOLOGY. 

July 31, 1991 
Date of Review 

* Based on 3 run average 
* *  Specify applicable units 

Lisa McCandlish 
Reviewed By 



OEPA STACK TEST REVIEW SUMMARY FORM 

PREMISE NO. 0684010049 Degussa 

SOURCE NO. PO02 2 primary baq filter 

SOURCE DESCRIPTION Carbon Black Process, Unit 2, Unit 2 reaCOtrS 

agqlomerator and bag filter 

CONTROL EQUIPMENT baqhouse 

MONITORING EQUIPMENT (CEM) opacity 

DATE(S) OF TEST June 18, 1991 

FINAL TEST REPORT RECEIVED ON July 19, 1991 

POLLUTANT(S) TESTED particulate 

TEST FIRM Emission Testinq Sources 

EMISSION RATES*: OPERATING RATES*: 

ACTUAL** .3168 lb/hr MAXIMUM** 10,000 lb/hr 
.i 

ALLOWABLE** 15.5 lb/hr DURING TEST PERIOD** c2;L? ~ Gl l?l),r  

COMMENTS : 

I HEREBY VERIFY THAT THE INFORMATION CONTAINED WITHIN THE STACK TEST 
REPORT HAS BEEN REVIEWED AND IT HAS BEEN DETERMINED THAT THE TEST 
PROCEDURES, ANALYSES, AND CALCULATIONS ARE; 

[XI A N  ACCEPTABLE DEMONSTRATION OF CONFORMANCE WITH THE APPROVED 
TESTING METHODOLOGY. 

[ ] AN UNACCEPTABLE DEMONSTRATION OF CONFORMANCE WITH THE 
APPROVED TEST METHODOLOGY. 

J u l y  31, 1991 
Date of Review 

Lisa McCandlish 
Reviewed By 

* Based on 3 run average 
* *  Specify applicable units 



I. INTRODUCTION 

Emission Testing Services, Inc. was contracted by DegUSSa 

Corporation, Belpre, Ohio, to conduct stack emission testing on 

the # 1 and # 2 Primary Bag Filters. Particulate emissions were 

determined in order to demonstrate compliance within permit 

limits. 

1 

t 
I 

I 

EPA Method 5 was used for the determination of particulate 

emissions. EPA Methods 1-4 were used to determine the number and 

location of sample traverse points, and stack gas moisture, 

velocity, and dry molecular weight. 

I 
i 
I 
I 

The emission testing team consisted of Troy LeSage and Billy 

1 Magee. Sid Bowers represented Degussa and coordinated testing 

with plant operations. The State of Ohio, Environmental 

Protection Agency was represented by Dean Ponchak during testing. I 
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Emissions from the # 1 Primary Bag Filter were.determined 

during four test runs conducted on June 19, 1991. Test - _  Run - 2 was - 

discarded due to the collection of duct sediment in the sampling 

train. Sediment in the horizontal duct had built-up to a point 

that its near proximity to the sample point caused the sediment 

to become dislodged during sampling at the lower (outermost) 

sample traverse point. This traverse point was adjusted inward 

on all subsequent test runs. 

- - - 

On June 18, 1991 emissions from the # 2 Primary Bag Filter 

were determined. Three test runs were conducted. 



TABLE I 

EMISSION TESTING RESULTS SUMMARY 

DEGUSSA CORPORATION 
# 1 PRIMARY BAG FILTER 

PERMIT 
PARAMETER LIMIT RUN 1 RUN 3 RUN 4 AVG . 

DATE 
TIME 

PARTICULATE -* 
grainfdscf 
Ib f hr 

6-19-91 6-19-91 6-19-91 
1055-1218 1803-1915 1958-2110 

0.01065 0.00957 0.01208 0.01077 
1.515 1.375 1.790 1.560 

STACK GAS DATA 
Oxygen, % - orsat 5.7 5.7 5.a 5.7 
Temperature - deg F 413 415 4 15 4 14 
Moisture - % 39.96 40.28 40.11 40.12 
Velocity - ft/sec 40.49 41.21 42.39 41.36 
Flow rate - acfm 45735.5 46549.4 47884.2 46723.0 

- dry scfm 16592.9 16765.4 17289.4 16882.6 

* Percent of isokinetic sampling; 
Run 1 - 103.69, Run 3 - 104.64, Run 4 - 106.38 
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TABLE I1 
EMISSION TESTING RESULTS SUMMARY 

DEGUSSA CORPORATION 
# 2 PRIMARY BAG FILTER 

PERMIT 
PARAMETER LIMIT RUN 1 RUN 2 RUN 3 AVG . 

DATE 
TIME 

PARTICULATE -* 
grainldscf 
1 b/ hr 

I 
3 STACK GAS DATA 

Oxygen, % - orsat 
Moisture - % 
Velocity - ftlsec 
Flow rate - acfm 

. Temperature - deg F 

1 

- dry scfm 

6-18-91 6-18-91 6-18-91 
1218-1349 1552-1710 1928-2044 

0.00151 0.00221 0.00375 0.00249 
0.177 0.273 0.334 0.261 

5.4 5.7 5.8 5.6 
494 488 491 491 

34.97 34.07 25.35 31.46 
139.47 143.27 135.73 139.49 
38385.4 39429.0 37353.7 38389.4 
13726.3 14395.3 15418.0 14513.2 

* Percent of isokinetic sampling; 
Run 1 - 102.74, Run 2 - 105.28, Run 3 - 94.31 

1 - 5 -  
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PROCESS DESCRIPTION 

Carbon black is produced through the incomplete combustion 

and thermal cracking of a highly aromatic hydrocarbon feedstock 

at temperatures of 1760 C. In the reactor, the combustion of 

fuel produces heat necessary to crack the hydrogen molecules from 

the carbon molecules. The essentially pure carbon produced is 

entrained in the combustion gases which exit the reactor through 

a water quench section which stops the cracking reaction. The 

combustion gases also contain the gaseous hydrogen produced in 

the cracking reaction. 

Carbon is separated from the combustion gas in the primary 

bag filter unit. Bag filters in the unit separate the product 

carbon from the combustion gases which pass through the filters. 

The carbon is collected at the bottom of the unit and is removed 

via a pneumatic conveyor for further processing. 

Periodically, the bag filters in the unit are cleaned by 

reversing the flow of combustion gases. Primary Bag Filter Unit 

# 1 has 10 compartments and Unit # 2 has 8 compartments. Each 

compartment in turn is cleaned by reversing the flow of 

combustion gases. The reverse flow gases dislodge carbon from 

the inside of the bag filters allowing the carbon to fall to the 

bottom of the unit. The reverse flow gases are refiltered and 

removed by the other in-service compartments. 

- 6 -  



Elevation diagrams of the # 1 and # 2 Primary Bag Filters 

are presented on the following pages. 

After passing through the bag filters on Units # 1 and # 2, 

the combustion gases are exhausted to atmosphere through a common 

central stack. 
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5.3 CARBON BLACK 

EMISSION FACTOR DOCUMENTATION 

The r e v i s i o n  of t h i s  s ec t ion  w a s  prepared i n  September 1981, by P a c i f i c  
Environmental Services ,  Inc . ,  under EPA Contract  No. 68-02-3511, Work Assignment 
No. 12 ,  f o r  EPA Pro jec t  Of f i ce r ,  M r .  Arch MacQueen 

The following r ev i s ions  were made: 

Figure 5.3-1, the  flow diagram f o r  t h e  oil furnace carbon black process,  
was cor rec ted .  The number assigned the  oil s t o r a g e  tank vent gas d id  not  
agree with Table 5.3-1. This was cor rec ted .  Also stream 37 was l abe l l ed  
"Combined Dryer  Vent Gas" t o  i n d i c a t e  i t  c o n s i s t s  of t h e  both bag f i l t e r  and 
dryer  exhaust. Stream 27 i n  Table 5.3-1 w a s  r e l a b e l l e d  "Dryer Heat Exhaust 
After Bag F i l t e r . "  

The "C" emission f a c t o r  r a t i n g  f o r  the  thermal process  was el iminated 
because emissions a r e  neg l ig ib l e .  
the sec t ion .  

Instead one r a t i n g  "B" w a s  used t o  desc r ibe  

Table 5.3-3 was revised t o  r epor t  methane and nonmethane VOC s epa ra t e ly .  
Data were taken from Reference No. 1. Table 5.3-2 was modified t o  r epor t  
the nonmethane VOC spec ie s  under the  headingnonmethane. 

A t ab le  f o r  t h e  VOC Species Manual was prepared f o r  carbon black manufacture. 
The da ta  f o r  t h i s  t ab l e  w a s  taken from Table 5.3-2 of t h e  sec t ion .  The VOC 
emission f a c t o r s  were found t o  be i n  agreement with t h e  information contained 
i n  the  references.  

References 6 and 7 (new add i t iona l  re ferences)  were added t o  the  s e c t i o n ' s  
re ference  list.  

The au tho r ' s  name w a s  de le ted  from the  f i r s t  page of the  sec t ion .  

A foo tnote  was added s t a t i n g  t h a t  the organic  s u l f u r  compounds which 
a r e  emit ted,  shown i n  Table 5.3-2, a r e  not  included i n  the  non-methane VOC 
emission f a c t o r  reported i n  Table 5.3-3. 

The f a c t  t h a t  the emission f a c t o r s  a r e  expressed a s  weight of emissions 
per  u n i t  weight of carbon black produced w a s  added t o  the  tab le .  See foo tno te  
a on both Table 5.3-2 and 5.3-3. 

Dryer vent emissions descr ibed i n  the t e x t  (Sect ion 5.3.2.1, t h i r d  
paragraph) were explained i n  terms of bag f i l t e r  exhaust,  main process vent  
gas and combustion of n a t u r a l  gas t o  hea t  the  dryer .  Also, the  emissions 



from the thermal process (Sec t ion  5 . 3 . 2 . 2 )  were descr ibed i n  terms of of fgas  
recylcing.  

The "C" emission f a c t o r  r a t i n g  f o r  the thermal process  w a s  e l iminated 
because emissions are neg l ig ib l e .  Ins tead  one r a t i n g  "B" was used  t o  desc r ibe  
t h e  sec t ion .  

A footnote  w a s  added to  t h e  thermal process  i n  Table 5 .3 -3  expla in ing  
t h a t  emissions from the  furnaces  a r e  n e g l i g i b l e ,  but the  emissions from a l l  
o the r  p a r t s  of the process  a r e  s i m i l a r  t o  the O i l  fu rnace  process.  

Footnote a (previously footnote  d )  was cor rec ted  t o  i n d i c a t e  t h a t  most 
p l a n t s  use  bag f i l t e r s  bu t  some may u s e  scrubbers  a t  l e a s t  on one process 
t r a i n .  

Footnote d (previously footnote  e )  was changed t o  agree with foo tno te  a. 
The work uncontrol led was d e l e t e d .  

In  footnote  e (previously footnote  f )  r e f e rence  t o  Monsanto Research 
Corporation was omitted. 

Footnote 1 was added t o  the tab le .  

"Emissions are mostly aromatic o i l s "  was added to  footnote  i. 

The emission f a c t o r  t a b l e  (previously Table 5.3-2)  was renumbered 
5.3-3.  

Emission f a c t o r s  f o r  dryer  vent ,  u n c m r o l l e d  were d e l e t e d  from the  
emission f a c t o r  t a b l e  because they were based on only a few test r e s u l t s .  
These r e s u l t s  do not make sense compared t o  t h e  r e s u l t s  f o r  dryer  vents  
cont ro l led  by a scrubber.  There a r e  more test r e s u l t s  f o r  t h e  later and 
the re fo re  t h e  f a c t o r s  a r e  considered t o  be more accura te .  It i s  a l s o  not  
reasonable t h a t  the con t ro l l ed  emissions should be g r e a t e r  than the  uncontrol led 
emissions. Also, most dryer  vents  a r e  c o n t r o l l e d ,  so an uncontrol led emission 
f a c t o r  has l imi ted  app l i ca t ion .  For these reasons,  the uncontrol led d rye r  
vent  f a c t o r s  were de le t ed .  
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5 . 3  CARBON BLACK 

5.3.1 Process D e s c r i p t i o n  

Carbon b l a c k  i s  p r o d u c e d ' b y  t h e  r e a c t i o n  o f  a hydrocarbon f u e l ,  

such as o i , l  o r  gas, w i t h  a l i m i t e d  s u p p l y  o f  combust ion  a i r  a t  tempera- 

t u r e s  o f  2,400 t o  2,800"F (1,320 t o  1,540OC). The unburned carbon i s  

c o l l e c t e d  as an e x t r e m e l y  f i n e  (10  t o  500 nm d i a m e t e r ) ,  b l a c k ,  f l u f f y  

p a r t i c l e .  

agent  i n  r u b b e r  compounds ( e s p e c i a l l y  t i r e s )  'and as a b l a c k  p igment  i n  

p r i n t i n g  i n k s ,  s u r f a c e  c o a t i n g s ,  paper,  and p l a s t i c s .  Two m a j o r  p r o -  

cesses a r e  p r e s e n t l y  used i n  t h e  U n i t e d  S t a t e s  t o  manufac ture  ca rbon  

b l a c k :  t h e  o i l  f u r n a c e  process  and t h e  thermal  p rocess .  The o i l  

f u r n a c e  process  accounts  f o r  a p p r o x i m a t e l y  90% o f  p r o d u c t i o n  and t h e  

thermal  p rocess  a p p r o x i m a t e l y  10%. 

The p r i n c i p a l  uses o f  ca rbon  b l a c k  a r e  as a r e i n f o r c i n g  

... . 

Two o t h e r  processes, t h e  lamp process  f o r  t h e  p r o d u c t i q n  o f  

lampblack and t h e  c r a c k i n g  o f  a c e t y l e n e  t o  p roduce a c e t y l e n e  b l a c k ,  

a r e  each used a t  one p l a n t  i n  t h e  U n i t e d  S t a t e s .  However, t hese  a r e  

sma l l  volume, s p e c i a l t y  b l a c k  o p e r a t i o n s  wh ich  c o n s t i t u t e  l e s s  t h a n  

l % . o f  t o t a l  U.S. ca rbon  b l a c k  p r o d u c t i o n .  

t h e  channel  p rocess  and t h e  gas f u r n a c e  p rocess ,  were f o r m e r l y  o p e r a t e d  

Two a d d i t i o n a l  processes, 

- { i n  t h e  c o u n t r y .  The gas f u r n a c e  process  was phased o u t  i n  t h e  1960 's  

and t h e  l a s t  channel  b l a c k  p l a n t  was c l o s e d  i n  1976. 

5.3.1.1 O i l  Furnace Process--  

I n  t h e  o i l  f u r n a c e  process  ( F i g u r e  5.3.1 and T a b l e  5.3.1) an 

a r o m a t i c  l i q u i d  hydrocarbon feeds tock  i s  p rehea ted  and i n j e c t e d  con- 

t i n u o u s l y  i n t o  t h e  combust ion  zone o f a  n a t u r a l  gas f i r e d  f u r n a c e  where 
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TABLE 5.3.1 S T R E A M  CODE FOR T H E  O I L  FURNACE 
P R O C E S S  I L L U S T R A T E D  IN F I G U R E  5 .3 .1 '  

S t r e a m  

1 
' 2  

3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

' 1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
24  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
34 
3 5  
36  
3 7  
3 8  
3 9  

I d e n t i f i c a t i o n  

O i l  f e e d  
N a t u r a l  g a s  f e e d  
A i r  t o  . reac tor  . 
Quench water  
Reactor e f f l u e n t  
G a s  t o  o i l  p r e h e a t e r  
Water  t o  q u e n c h  tower 
Quench  tower cf E l u e n t  
Bag f i l t e r  e f f l u e n t  
Ven t  g a s  p u r g e  f o r  d r y e r  fue.1 '  
Main p r o c e s s  v e n t  gas 
V e n t  g a s  t o  i n c i n e r a t o r  
I n c i n e r a t o r  s h a c k  g a s  
Recove red  carbon b l a c k  
C a r  b o  n b 1 a c k t o  m i  c r o p  u 1 v e r i  z e r 
P n e u m a t i c  c o n v e y o r  s y s t e m  
C y c l o n e  v e n t  gas  r e c y c l e  

P n e u m a t i c  s y s t e m  v e n t  g a s  
Carbon  b l a c k  f r o m  bag  f i . l tcr  
Carbon  b l a c k  f r o m  c y c l o n e  
S u r q e  b i n  v e n t  
C a r b o n  b l a c k  t o  p e l l e t i z e r  
Wate r  t o  p e l l e t i z e r  
P e l l e t i z e r  e f f l u e n t  
D r y e r  d i r e c t  h e a t  source v e n t  
D r y e r  b a g  f i l t e r  v e n t  
Ca rbon  b l a c k  f r o m  d r y e r  bag  f i l t e r  
D r y e r  i n d i r e c t  heat s o u r c e  v e n t  
llot g a s e s  t o  d r y e r  
D r i e d  c a r b o n  b l a c k  
S c r e e n e d  c a r b o n  b l a c k  
C a r b o n  b l a c k  r e c y c 1 . e  
S t o r a q e  b i n  v e n t  qns 
I3a~j j i .ng s y s  t e n 1  v e n t  g a s  
Vacuum c l e a n u p  sys tem v e n t  gas  
D r y e r  v e n t  g a s  
F u g i t i v e  e m i s s i o n s  
O i l  s t o r a g e  t a n k  v e n t  g a s  

C y c l o n e  v e n t  g a s  . .  . 

I .. 



i t  i s  decomposed t o  form carbon black. The exhaust gases from the 

furnace which contain the entrained carbon par t ic les  a re  cooled t o  

a b o u t  45OOF (230°C) by passage through heat exchangers and  d i r ec t  

water sprays. 

usually by. a fabr ic  f i l t e r .  

par t ic le  agglomeration may precede t h e  f i l t e r .  

system often serves a number of furnaces t h a t  a re  manifolded together. 

The  carbon black i s  then separated from the gas stream, 

A cyclone fo r  primary collection and 

A single  col lect ion 

The recovered carbon black i s  f inished t o  a marketable product 

Water by pulverizing and wet pel le t iz ing t o  increase b u l k  density. 

from the wet pe l l e t i ze r  i s  driven o f f - i n  a gas-fired rotary dryer. 

From 35% t o  70% of the dryer combustion gas i s  charged d i r ec t ly  t o  

the in t e r io r  of the dryer; the  remainder acts  as a n  ind i rec t  heat source 

for  the dryer.  The dried pe l l e t s  a re  then  conveyed t o  bulk storage. 

Process yields  range from 35% t o  65%, depending on the feed composi- 

tion and grade of black produced. 

conditions determine t h e  p a r t i c l e  s i z e  t h e  o t h e r  physical and chemical 

properties of the carbon black. 

large pa r t i c l e  s i z e  blacks and lowest f o r  small pa r t i c l e  s i ze  blacks. 

Furnace designs and  operating 

Generally, yields  a re  highest for  

5.3.1.2 Thermal Process-- 

The thermal process i s  a cycl ic  operation in  which n a t u r a l  gas 

i s  thermally decomposed t o  carbon pa r t i c l e s ,  hydrogen, methane, and  

a mixture of other organics. 

mixture of a i r  and fuel gas i s  burned t o  heat a brick checkerwork 

in the process furnace t o  about 2,4OO0F (1,300'C). 

supply i s  then cut o f f ,  the furnace stack i s  closed, and natural 

gas i s  introduced in to  the furnace. The natural gas i s  decomposed 

To s t a r t  the cycle,  a stoichiometric 

The a i r  and fuel 

4 



by the heat from the .hot  bricks. When the bricks become cool, the 

n a t u r a l  gas flow i s  shut o f f .  

thermal black par t ic les  are flushed o u t  of t h e  furnace and cooled by 

water sprays t o  about 2 5 O O F  (125°C) before passing through cyclonic 

col lectors  a n d  fabr ic  f i l t e r s  which recover the thermal black. 

T h e  e f f luent  gases containing the  

The ef f luent  gases, consisting of about 90 percent hydrogen, 

6 percent methane, and 4 percent higher hydrocarbons, a re  cooled,  

compressed, and used as a fuel t o  reheat the furnaces. Normally, 

more than.enough hydrogen i s  produced t o  make the thermal-black process 

self-sustaining,  and  the surplus hydrogen i s  used t o  f i r e  boilers 

t h a t  supply process steam and e l e c t r i c  power. 

The collected thermal black i s  pulverized and pelletized t o  a 

f inal  product i n  much the same manner as furnace black. Thermal 

process yields  a re  generally high (35% t o  60%), b u t  the  re la t ive ly  

coarse par t ic les  produced (180 t o  470 nm diameter) do  n o t  have the 

strong reinforcing properties required for  rubber products. 

5.3.2 Emissions and Controls 

5.3.2.1 Oil Furnace Process-- 

Emissions from carbon black manufa ture  include particul 

carbon monoxide, organics, nitrogen oxides, su l fur  compounds, 

cycl ic  organic matter (POM),  and  t race elements. 

t e  matter, 

Poly- 

The principal source of emissions in the o i l  furnace process i s  

the main process vent. The vent stream consis ts  of the reactor e f f luent  

quench water vapor vented from the carbon black recovery system. 

emissions may vary considerably according t o  the grade of carbon b1,ack 

tieing produced. 

.. 
Gaseous 

Organic emissions tend t o  be higher fo r  small pa r t i c l e  

5 



b l a c k  p r o d u c t i o n ,  co r respond ing  t o  the  l o w e r  y i e l d s  o b t a i n e d  f o r  t h e s e  

b l a c k s .  

s u l f u r  c o n t e n t .  Tab les  5.3.2 and 5.3.3 show t h e  normal e m i s s i o n  ranges 

t o  be expec ted  i n  a d d i t i o n  t o  t y p i c a l  ave rage  va lues .  

S u l f u r  compound emiss ions  a r e  a c t u a l l y  a f u n c t i o n  o f  t h e  f e e d  

P a r t i c u l a t e  m a t t e r ,  s u l f u r  ox ides ,  and n i t r o g e n  o x i d e s  a r e . a l s o  

e m i t t e d  f r o m  t h e  d r y e r  ven t .  

source  o f  o r g a n i c  emiss ions .  Carbon b l a c k  emiss ions  a l s o  o c c u r  from 

t h e  pneumatic t r a n s p o r t  system ven t ,  t h e  p l a n t - w i d e  vacuum c leanup  

system ven t ,  and f r o m  c l e a n i n g ,  s p i l l s ,  and l e a k s  ( f u g i t i v e  e m i s s i o n s ) .  

The o i l  f e e d s t o c k  s t o r a g e  tanks  a r e  a 

Gaseous emiss ions  f rom t h e  main process  v e n t  may be c o n t r o l l e d  

w i t h  CO b o i l e r s ,  i n c i n e r a t o r s ,  o r  f l a r e s .  The p e l l e t  d r y e r  combust ion  

fu rnace ,  wh ich  i s  i n  essence a thermal  i n c i n e r a t o r ,  may a l s o  be employed 

i n  a c o n t r o l  system. CO b o i l e r s ,  thermal  i n c i n e r a t o r s ,  o r  comb ina t ions  

o f  t hese  dev i ces  can ach ieve  e s s e n t i a l l y  comp le te  o x i d a t i o n  o f  o r g a n i c s  

and can reduce s u l f u r  compounds i n  t h e  process  f l u e  gas. Combustion 

e f f i c i e n c i e s  o f  99 .6  p e r c e n t  f o r  hydrogen s u l f i d e  and 99.8 p e r c e n t  f o r  

carbon monoxide have been measured f o r  a CO b o i l e r  i n  a carbon b l a c k  

p l a n t .  A combust ion  e f f i c i e n c y  i n  excess o f  99.9 p e r c e n t  f o r  ca rbon  

monoxide has been measured f o r  a f l a r e  on a carbon b l a c k  p l a n t ,  b u t  

emiss ions  a r e  g e n e r a l l y  g r e a t e r  when t h i s  c o n t r o l  o p t i o n  i s  used. 

c u l a t e  emiss ions  may a l s o  be reduced by  combust ion  o f  some o f  t h e  carbon 

b l a c k  p a r t i c l e s ;  however, em iss ions  o f  s u l f u r  d i o x i d e  and n i t r o g e n  o x i d e s  

a r e  i n c r e a s e d  b y  combust ion  d e v i c e s .  

. .  . 

P a r t i -  

5.3.'2.2 Thermal Process-- 

A comparison o f  t h e  thermal  and o i l  f u r n a c e  processes  i n d i c a t e s  t h a t  

emiss ions  f r o m  t h e  f o r m e r  a r e  g e n e r a l l y  less severe .  N i t r o g e n  o x i d e s ,  

6 
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carbon monoxide, and p a r t i c u l a t e  m a t t e r  . a r e  e m i t t e d  from t h e  f u r n a c e  

d u r i n g  t h e  h e a t i n g  p a r t  o f  t h e  process when f u r n a c e  s t a c k s  a r e  open. 

D u r i n g  t h e  p r o d u c t i o n  p o r t i o n  o f  t h e  c y c l e ,  t h e  process opera tes  as a 

c l o s e d  system and no emiss ions o c c u r  e x c e p t  p o s s i b l y  th rough  l e a k s .  

N i t r o g e n  ox ides may be formed s i n c e  h i g h  temperatures a r e  reached i n  

t h e  fu rnaces .  Carbon monoxide emiss ions r e s u l t  f r o m  o x i d a t i o n .  

P a r t i c u l a t e  m a t t e r  i s  e m i t t e d  when l o o s e  ca rbon  b l a c k  d e p o s i t e d  on t h e  

c h e c k e r b r i c k  i s  r e l e a s e d  t o  t h e  atmosphere i n  t h e  f o r m  o f  p u f f s  which 

occu r  a t  f i v e  m i n u t e  i n t e r v a l s  as t h e  f u r n a c e  i s  s w i t c h e d  f r o m  carbon 

b l a c k  p r o d u c t i o n  t o  h e a t i n g .  

Emissions f r o m  t h e  d r y e r  ven t ,  t h e  pneumatic t r a n s p o r t  system ven t ,  

t h e  vacuum c leanup system vent ,  and f u g i t i v e  sources a r e ' s i m i l a r  t o  

those f o r  t h e  o i l  f u r n a c e  process s i 'nce t h e  o p e r a t i o n s  w h i c h . g i v e  r i s e  

t o  these  emiss ions a r e  s i m i l a r  i n  t h e  two procesSA There i s  no emiss ion  

p o i n t  i n  t h e  thermal  process which corresponds t o  t h e  o i l  s t o r a g e  tank  

vents  i n  t h e  o i l  f u r n a c e  process.  S u l f u r  compounds, POM, t r a c e  element,  

and o r g a n i c  compound emiss ions a r e  m in ima l  f o r  t h e  thermal  process i n  

comparison t o  t h e  o i l  f u r n a c e  process because low  s u l f u r  c o n t e n t  n a t u r a l  

gas feeds tock  i s  used and t h e  process o f f - g a s  i s  burned as f u e l .  

es . 



... ._ "_  
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5.3 CAllBON BLACK 
.. ,. .. 

Carbon black is produced by t l i c  reaction of hydrocarbon fuel such as oil or gas, or both,  with a limited supply 
of  air  at temperatures of 2500 to 3000'F (I370 to 1hSO"C). Part  of the fuel is burned lo CO2, CO, and water, 
tlius generating heat for the combustion <if fresh feed. The iinb!irned carbon is collected as a blac_k fluffy particle. 
The three basic processes for producing this compound are tlie furnace process, accounting for ahout 83 percent 
of production; the older channel process, which accounts for about 6 percent of  production; and the thermal 
procrss. 

~- ~ 

5.3. I Channel Black Process' 

I n  t l i c  cliannel black process, natural gas is burned with a limited a i r  supply in long, low buildings. The flame 
frolit this burning impinges on long steel charmel sections that swing continuously over the flame. Carbon black is 
deposited on the channels, is scraped off, a n d  falls into collecting hoppers. The combustion gases containing the 
solid carbon that is not collected on t h e  channels, in addition to carbon monoxide and other combustion 
products, are then vented directly from the building. Approximately I to 1.5 pounds of  carbon black is produced 
froni tlie 32 pounds of carbon available i n  I000 cubic feet of natural gas (16 to 24 kilograms carbon black from 
t he  513 kilograms in 1000 cubic m ~ t r r s ) . ~ . ~  The balance is lost as CO,CO,, hydrocarbons, and particulates. 

5.3.2 Furnace Process' 

The furnace process is subdivided into either the gas or oil process depending on the primary fuel used to 
produce tlie carbon black. I n  either case, the fuel-gas in the gas process or  gas and oil in the oil process-is 
injected into a reactor with a limited supply of combustion air. The combustion gases containing the hot carbon 
are tlicn rapidly cooled to  a teniperature of about 500°F (260'C) by water sprays and by radiant cooling. 

The largest and most important portion of the furnace process consists of the particulate or carbon black 
removal equipment. While many combinations of  control equipment exist, an electrostatic precipitator, a 
cyclone. and a fabric filter system in series are most commonly used to  collect the carbon black. Caseous 
emissions of carbon monoxide and hydrocarbons are not controlled in the United States. 

-. 

/ 

5.3.3 Thermal Black Process' 

I n  thermal black plants, natural gas is decomposed by heat in the absence of  air or  flame. I n  this cyclic 
operation, mctliane is pyrolyzed or  decomposed by passing it over a heated brick checkerwork at  a temperature 
of  about 3000'F (1650°C). The decomposed gas is then cooled and the carbon black removed by a series of 
cyclones and fabric filters. The exit gas, consisting largely of hydrogen (85 percent), methane (5 percent), and 
nitrogen, is then either recycled to tlie process burners or used to generate steam in a boiler. Because of the 
recycling of the effluent gases, there are essentially no atmospheric emissions from this process, other than froni 
product handling. 

Table 5.3-1 presents the emission factors from the various carbon black processes. Nitrogen oxide emissions 
are not included but are believed to be low because of the lack of available oxygen in the reaction. 

2/72 Chemical Process Industry 5.3-1 



Table 5.3-1. EMISSION FACTORS FOR CARBON BLACK MANUFACTURINGa 
EMISSION FACTOR RATING: C 

Carbon 
Type of Particulate 1 monoxide 
process Iblton I kg/MT I lblton I kg/MT 

Channel 
Thermal 
Furnace 

Gas 
Oil 
Gas or oil 

2,300 
Neg 

C 

C 

220e 
60‘ 
109 

1,150 33.500 
Neg Neg 

C 5,300 
l“4.500 

16,750 
Neg 

2,650 
2.250 

absed on data in References 2. 3. 5. and 6. 
bAr methane. 

Hvdroqen I 
sulfide 1 Hydrocarbonsb 

Iblton I kglMT 1 lblton I kglMT 

Neg Neg Neg Neg 

.. 
CPartiCulate ernislions cannot be separated by type of furnace and are listed for either gap or oil 

dS is  theweight percent sulfur in feed. 
eOvera l l  col le~t ion efficiency was 90 percent with no collection alter cyclone. 
’Overall collection efficiency w a r 9 7  percent with cycloner followed by scrubber. 
%vera11 colleaion efficiency war99.5 percent with fabric filter ryrtern. 

furnace$. 

References for Section 5.3 

a I. Air Pollutant Emission Factors. Finill Report. Resources Research, Inoiirporated. Reston, Virginia. Prepared 
for National Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69-1 19. 
April 1970. 

’ 2. Drogin, I. Carbon Black. J. Air Pol. Control Assoc. 18:216-228, April 1968. I. 

3. Cox, J.T. High Quality, High Yield Carbon Black. Chem. Eng,57: 116-1 I T ,  JunefiSO. ?i’ - -  

e 4. Slireve, R.N. Chemical Process Industries, 3rd Ed. New York, McCraw-Hill Book Company. 1967. p. 
124130. 

,.‘ p .’; 
* 5 .  Keinke, R.A. 2nd T.A. Ruble. Oil Black. LndndYEna. Chem. 44:685-694, April 1952. 

h 

* 6. All:in, I). L. The I’rcvention of Alniiispheric Pollution in 1hc.Carbon Black Industry. Chem 
1320-1324,Ocliibcr 15, 1955 
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Observed values are: 
c] Test Data 

0 Engineering Analysis 

0 Material Balance 

Emission Factor 2 3  0 0  CB/rcw 
Process (SCC) 

<RA@dA, 4 C t  

Observed V a l u e ,  

Observation AP-42 Observed 
Ref. No. Value 

Z h  msvte 
3 i -44 
5 PuJ-WL 

& 

a) This reference is not available from 0 PEDCo 
0 Public Library 0 EPA 



E m i s s i o n  F a c t o r  & ~ 6  C / G L R L €  

O b s e r v e d  v a l u e s  a re :  
0 T e s t  D a t a  

0 E n g i n e e r i n g  A n a l y s i s  

0 Material  B a l a n c e  

Po  1 1 u t a n t PmwcubR r c S 4 urn rh &IC rv4 L 
+-roc& I 

A P - 4 2  Pg .  No. s. 3-7 

O b s e r v e d  V a l u e ,  

O b s e r v a t i o n  AP-4 2 
R e f .  No. 

Zb 
3 
5 
6 

O b s e r v e d  
V a l u e  -- - 

w e  

A 

a )  T h i s  r e f e r e n c e  i s  n o t  a v a i l a b l e  from 0 PEDCo 
P u b l i c  L i b r a r y  0 EPA 



Observed v a l u e s  a r e :  

0 T e s t  Data  

0 E n g i n e e r i n g  A n a l y s i s  

M a t e r i a l  Ba lance  

Emiss ion  F a c t o r  2000 C & / D U  - 
P r o c e s s  ( S C C )  

CARQON 6 L 9 C k  

O b s e r v a t i o n  

Observed V a l u e ,  

A P - 4  2 Observed 
Ref .  :do. 

2 
3 
5 
6 

a )  T h i s  r e f e r e n c e  i s  n o t  a v a i l a b l e  f rom PEDCo 
0 P u b l i c  L i b r a r y  0 EPA 



: e  
Observed values are: 
0 Test Data 

0 Engineering Analysis 

0 Material Balance 

Observed Value, 

Observation AP-42 
R e f .  ;do. 

2 
3 

6 

Observed 
Value 

a )  This reference is not available from c] PEDCo 
Public Library 0 EPA 



Observed values are: 
0 Test Data 

0 Engineering Analysis 

0 Material Balance 

Emission Factor I\,500 lb/to\, 
Process (Scc) 

Me%- 

Observed Value, 

Observation AP-42 
Ref. NO. 

2 
3- 

5- 
6 

Observed 
Value 

I- & - -  

T - U  A!%=- 

a) This reference is not available from 0 PEDCo 
0 Public Library 0 EPA 



Observed v a l u e s  a r e :  
0 T e s t  Data 

0 E n g i n e e r i n g  A n a l y s i s  

c] M a t e r i a l  Ba lance  

Emiss ion  F a c t o r  &/flu 

P r o c e s s  (SCC)  
C A R B O l v  ClL.9 C K  

AP-42  Pg. N O .  

Observed V a l u e ,  

O b s e r v a t i o n  A P - 4  2 
Re f .  140. 

t 
3 
5 
6 

5.3 -1 

,[[I- 
- 
- 

L 

Observed 
Value  

4 
d 

a )  T h i s  reference i s  n o t  a v a i l a b l e  f r o m  0 PEDCo 
0 P u b l i c  L i b r a r y  0 EPA 



..I 

Emission Factor /e  00 t B / r  OIL, 

Observed values are: 
0 Test Data 

0 Engineering Analysis 
b,, 

Material Balance 

Observed Value, 
IUt.-l 

Observation A P - 4 2  Ob s e r ved 
Ref. :,!o. Value 

z b, 

6 rl&u*hd_i? 

274 2 ' \ 4 l  J l L / w  
3 - 
!T rn.o--L 

+ 



.. 
Emission Factor 900 c & / f O N  

Observed values are: Process (SCC) 
( ~ A @ O @  8 L 3 c k  0 Test Data 

0 Engineering Analysis 

0 Material Balance 

Pollutantec p ~ o n  0 1  C /UAWACtf  

AP-42 P g .  N O .  9 . 3  -1 

Observed Value, 

Observation AP-42 Observed 
R e f .  Xo. Value 

z 
3 
5 
6 

a) This reference is not available from 0 PEDCo 
0 Public Library EPA 



Emission Fac tor  33SQO L6/ro,d 

I 

. _  

r 

P 
Observed va lues  are:  Process (SCC) 

6 
T e s t  Data 

Engineering Analys is  

M a t e r i a l  Balance 

Observed Value,  

Observat ion AP-42 Observed 
R e f .  NO. Value 

2 .r,d-q,.-L ddL 

3 
.-r 
bL 

a )  Th i s  reference i s  not  a v a i l a b l e  from 0 PEDCo 
0 P u b l i c  L i b r a r y  0 EPA 



Observed v a l u e s  a r e :  

T e s t  Data  
- 

0 E n g i n e e r i n g  A n a l y s i s  

Emiss ion  F a c t o r  , v r & ~ / u  L K  

0 M a t e r i a l  Ba lance  

Observed V a l u e ,  

O b s e r v a t i o n  AP-42 Observed 
Ref .  ii’o. Value 

2 
3 

a )  T h i s  r e f e r e n c e  i s  n o t  a v a i l a b l e  from PEDCo 
P u b l i c  L i b r a r y  EPA 



. PRroArry 
Emiss ion  F a c t o r  c300 cd/70N 

Observed v a l u e s  a r e :  

0 T e s t  Data 

P r o c e s s  (SCC) 

Po 11 u t  a n t  c 0 (I 4 3 
e4flnobO A L R C l C  - C U R  #e c c 

0 E n g i n e e r i n g  A n a l y s i s  

0 M a t e r i a l  Ba lance  
AP-42 Pg. NO. c. b - r  

Observed V a l u e ,  
k+--- 

O b s e r v a t i o n  AP-42 O b  s e r v e  d 
Ref. KO.  Value  

3 A z - 9 7 L t % *  3 
3 ’pOlc,*h Q& 

s mw3-b 
rz 4 3  









Observed values are: 
0 Test Data 

0 Engineering Analysis 

0 Material Balance 

Emission Factor s/soo L&" 

PollutantcaCflum OJC C ua UA C F  

AP-42 Pg. NO. S, 3 -> 

Observation 



* 



L 



.. 



TKE ENVIRONBIENTAL HEALTEI ASSOCIATION 
OF THE CARBON BLACK INDUSTRY. INC. 

J. M. Huber Corporation 
P. 0. Box 2831 

Borger, Texas 79008-2831 

Airborne Express Mail 

May 15, 1992 

Mr. Dennis Beauregard 
United States Environmental Protection Agency 
Office of Air Quality Planning and Standards 

Research Triangle Park, NC 27711 

Dear Mr. Beauregard: 

You recently requested information from all U.S. carbon black 
manufacturers regarding emissions and controls for the furnace 
black process. The information will be used to update and revise 
the publication Compilation of Air Pollutant Emission Factors, 
Volume I: Stationary Point and Area Sources, otherwise known as 
AP-42. In accordance with our telephone conversation of April 1, 
1992, this updated information would be provided by the 
Environmental Health Association of the Carbon Black Industry, a 
group composed of all U . S .  carbon black manufacturers. 

Attached is the subject information. It is a compilation of 
available data from all companies and is supplied in the same 
format as the existing AP-42 tables. The footnotes on the tables 
should provide all required information needed to understand the 
basis and derivation of the emission factors. 

It should be noted that factors are supplied for three general 
categories of product grades. These are tread, carcass, and other 
(which includes all specialty grades) . These categories cover 
essentially all the different types of furnace blacks manufactured. 
This approach provides a much better representation of actual 
emissions than combining all of these into a single table as they 
are currently portrayed. 

As will be noted in Table 5.3-2, small quantities of benzene and 
cyanide (HCN) have been detected in the emissions of some of the 
manufacturers. These substances have never been listed before in 
the AP-42 tables. It should  be noted, however, that these 
compounds have not been detected by all companies and the 
information supplied is based upon very limited data. 

- Emission Inventory Branch 



Additionally, the following corrections and modifications are 
offered for Section 5.3 of AP-42. 

-7 1) There is currently a typographical error on Figure 5.3-1 
of AP-42. The oil storage tank vent gas stream is I 
incorrectly labelled 8s  stream 29. It should be 
corrected to read as stream 39, coincident with the - 
description of this stream in Table 5.3-1. 

2) Currently, Figures 5.3-1 illustrates a combined dryer 
vent gas, stream 37. However, in general, the industry 
does not combine their dryer vent gases. Rather, two 
separate emission points are typically used. These two 
emission points correspond to stream 27, dryer heat 'L. 
exhaust after bag filter, and stream 29, dryer indirect 
heat source vent. We suggest that Figure 5.3-1 be ,. 
modified to more accurately reflect current industry 
practice by eliminating stream 37, and extending streams 
27 and 29 independently as two emission points. A l s o ,  
the third paragraph of text under Section 5.3.2.1, Oil 
Furnace Process, should be modified to read similar to 
the following: 

.L  
'd 

"The dryer heat exhaust after the bag filter (stream 
27 in Figure 5.3-1) emits carbon black and other 
contaminants from the combustion of gases in the 
dryer. These contaminants include nitrogen oxides, 
sulfur oxides, and carbon monoxide. The dryer 
indirect heat source vent (stream 29 in Figure 
5.3-1) emits contaminants from the combustion of the 
main process vent gas if the gas is used as 
supplementary fuel for the dryer, as well as 
contaminants from the combustion of impurities in 
the natural gas fuel. These confaminants include 
particulates, carbon monoxide, sulfur and nitrogen 
oxides, unburned organic compounds, and hydrogen 
sulfide.. . " 

If you have any questions regarding this information, please 
contact me. 

Sincerely, 

Jimmy W. Boyd, P.E. 
President of EHACBI 



Company: All 
13-May-92 

Carcass (b) 
kg/Mg lblton 

4.85 9.70 

1Q58 AM 

Tread (c) Other (d) 
kg/Mg lblton kg/Mg lblton 

7.65 15.30 9.65 1 9 2  

Table 5.3-2. EMISSION FACTORS FOR CHEMICAL 
SUBSTANCES FROM OIL FURNACE CARBON 

BLACK MANUFACTURE (a) 

(0.13-15) (0.25-50) 

:hemica1 Substance 
:arbon disulfide 

(1.2-21.64) (2.4-43.28) (4.88-18.39) (9.75-36.77 

:arbmy1 sulfide 1.45 2.91 

lethane 

lonmethane VOC 
Acetylene 

Ethane 
Ethylene 

2.39 4.79 2.56 5.1: 

Propylene 
Propane 

(0.039-3.35) (0.078-6.69) 

30.13 60.26 
(24.38-36.26) (48.75-72.52) 

lsobutane 
n-Butane 
n-Pentane 

(0.55-5.24) (1.1-10.48) (0.91 -4.92) (1.82-9.84 

21.75 43.50 18.94 37.a 
(3.01 -40) (6.02-79) (0.00-42.87) (0.00-85.74 

Benzene 

17.89 35.78 
(0.62-59) (1.23-117) 

3.39 6.77 
(2.62-4.15) (5.24-8.29) 

:yanide (HCN) 

24.16 48.33 9.45 18.9( 
(0.20-109.92) (0.39-219.94) (0.00-104.37) (0.00-208.73 

1.97 3.94 
(0.19-3.11) (0.37-6.22) 

'OM 
'race Elements 

(0.003-0.043) (0.005-0.Oas) (0.025-0.038) (0.049-0.076) 

(0.02-3.7) (0.04-7.3) (0.03-3.7) (0.06-7.4) 

I 
0.019 0.038 I 0.032 0.063 I 

I 
ootnotes: 
I Expressed in terms of weight of emissions per unil weight of carbon black produced. Shaded areas indicate no new 

information. 
1 Average values based on a survey of a total of 22 sampling runs at 11 process trains throughout the carbon black 

industry from February. 1983 through January. 1991. Ranges Incorporate the minimum through maximum values 
obtained during the sampling runs. All runs did not necessarily analyze for all species indicated. 

I Average values based on a survey of a total of 29 samplng runs at 13 process trains throughout the carbon black 
industry from March. 1984 through July. 1991. Ranges incorporate the minimum through maximum values 
obtained during the sampling runs. All runs did not necessarily analyze for all species indicated. 

industry from April. 1984 through August. 1991. Ranges Incorporate the minimum through maximum values 
oMained during the sampling runs. All runs did not necessarily analyze for all specisr, indicated. 

I Average values based on a survey of a total of 16 sampling runs at 8 process trains throughout the carbon black 



COMPANY NUMBER: All 
13-May-92 

1l:Ol AM 

Table 5.3-3. EMISSION FACTORS FOR CARBON BLACK MANUFACTURE (a) 

EMISSION FACTOR RATING: C 

I CarbonMonoxide 1 Nitrogen Olddes Sulfur Olddes Methane Nonmethane VOC (c) Hydroaen Suffide (d) I I Partici'late (b) 

Dit Furnace Process - I I I 
Process kdMa Iblton 1 kdMa lblton I kdMa Iblton I kdMa Iblton I kdMa lblton kdMa Iblton kdMa Iblton 

Main Process Vent (e) (0.13-38) (0.25-76 

Dryer Heat Exhaust After 

(27) 
Bag Filter (0 0.17 

Dryer Indirect Heat 
Source Vent (9) 0.27 

(29) (0.16-0.431 
Scrubber 

Pneumatic System Vent 
Bag Filter 

(19) 

(391 
. .  

Oil Storage Tank Vent 
Uncontrolled . .  . 

Vacuum Cleanup 
System Vent 

Baa Filter 
I I I I I . .  . . . .  . .. . .  

. .  . . .  Fugitive Emissions 



COMPANY NUMBER: All 
13-May-92 

1l:Ol AM 

Table 5.3-3. EMISSION FACTORS FOR CARBON BLACK MANUFACTURE (a) 

EMISSION FACTOR RATING: C 

Main Process Vent (h) 

L a  
Scrubber 

Uncontrolled 

Vacuum Cleanup 

I System Vent 
Bag Filter I I 

(3611 I I I I I I 
Fugitive Emissions 



COMPANY NUMBER: All 
13-May-92 

11:Ol AM 

Table 5.3-3. EMISSION FACTORS FOR CARBON BLACK MANUFACTURE (a) 

EMISSION FACTOR RATING: C 

Parfculate (b) 1 Carbon Monoxide Nitrogen Oxides Sulfur Oxides 
Process k d M a  Ib/ton 1 k d M a  Iblton k d M a  Iblton k d M a  Ib/ton 

3il Furnace Process - I 
Main Process Vent (1) 0.24 0.47 I 2083 4165 I 1.91 3.83 1 8.56 17.12 .. 

(11) (239-19953) (477-39906) (0.015-33.04) (0.03-66.08) (0.18-127.32) (0.35-254.64) 

Flare 

CO Boiler and Incinerator 

Dryer Heat Exhaust After 
Bag Filter 

Dryerlndirect Heat 
Source Vent (m) 0.37 0.74 10.74 21.48 1.22 2.43 23.43 46.86 

.73-2.82) (19.60-27.27) (39.19-54.53) 

Scrubber 
@ (0.31-0.43) (0.61-0.86) (8.98-12.50) (17.96-24.99) (1.m-1.41) (2 

Pneumatic System Vent 
Bag Filter 

(19) 

(39) 

Oil Storage Tank Vent 
Uncontrolled 

Vacuum Cleanup 
System Vent 

Bag Filter .. w 
(38) 

Fugitive Emissions 

Solid Waste Incinerator I I I I 

-- - 

A U M a . . W m -  

37.2f 
18.94 37.88 13.13-2: (0.26-M.64 

( 9.4,' ~ 1 0  0-42.8q (0.0--€.74 0.0-1043 0 0-208.73 0045S-212S) ( 0 . e a  

NA NA 0.05 0.10 0.08 0.11 
(0.04-0.06) (0.0s-0.11) (0.047-0.09) (0.13-0.17: 

. . . .  ..... 

. .  
. . .  . . . .  . . .  ..... . . . .  . .  

I I 




