
United States Office of Air Quality EPA-450/2-78-030 
Environmental Protection Planning and Standards OAQPS No. 1.2-1 0 6  

 Agency Research Triangle Park NC 2771 1 December 1978 

OAQPS Guideline 
Series 

Control of Volatile 
Organic Emissions 
from Manufacture of 
Pneumatic Rubber 
Tires AA

 Air 



EPA-450/2-78-030 
OAQPS NO. 1.2-106 

Control of Volatile 

Organic Emissions 

from 

Manufacture of 

Pneumatic Rubber Tires 

Emission Standards and Engineering Division 
Chemical and Petroleum Branch 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolina 27711

December 1978 



OAQPS GUIDELINE SERIES 

The guideline series of reports is being issued by the Office of Air Quality Planning and Standards (OAQPS) to 
provide information to state and local air pollution control agencies; for example, to provide guidance on the 
acquisition and processing of air quality data and on the planning and analysis requisite forthe maintenance of air 
quality. Reports published in  this series wi l l  be available - as supplies permit - from the Library Services Office I 

(MD-35), U.S. Environmental Protection Agency, Research Triangle Park, North Carolina 2771 1, or, for a nominal 
fee, from the National Technical Information Service, 5285 Port Royal Road, Springfield, Virginia 221 61. 

Publication No. EPA-450/2-78-030 
(OAQPS Guideline No. 1.2-1 06) 



ABBREVIATIONS AND CONVERSION FACTORS 

EPA policy is to express all measurements in agency documents in metric 

units. Listed below are abbreviations and conversion factors for British 

equivalents of metric units for the use of engineers and scientists accustomed 

to using the British system. 

Abbreviations 

Mg - Megagrams 
kg - kilograms 
m3 - cubic meters 

Conversion Factors 

liters X .264 = gallons 

gallon X 3.785 = liters 

gram X 1 X lo6 = 1 ~ e ~ a ~ r i m  = 1 metric ton 

1 pound = 0.454 kilograms 

OC = .5555 (OF - 32) 
Mg/yr X 0.907 = tons/yr 

1 psi = 6,895 pascals (Pa) 
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1.0 INTRODUCTION 

This document i s  concerned w i t h  emissions o f  v o l a t i l e  organic compounds 

(VOC) from rubber ti r e  manufactur ing p l a n t s  and app l icab le  a i r  p o l l u t i o n  c o n t r o l  

technology. T i r e  manufacture inc ludes passenger car, l i g h t  and medium du ty  

t ruck  t i r e s ,  and t i r e s  manufactured on assembly 1 ines  us ing automated equipment 

and processes fundamentally t h e  same as those described i n  t h i s  document. 

Methodology described i n  t h i s  document represents the  presumptive norm 

o r  reasonably ava i l ab le  con t ro l  technology (RACT) t h a t  can be app l ied  t o  

e x i s t i n g  t i r e  manufacturing p lan ts .  RACT i s  def ined as the  lowest emission 

l i m i t  t h a t  a p a r t i c u l a r  source i s  capable o f  meeting by t h e  a p p l i c a t i o n  o f  

con t ro l  technology t h a t  i s reasonably avai 1 able consider ing techno log ica l  

and economic f e a s i b i l i t y .  It may r e q u i r e  technology t h a t  has been app l ied  

t o  s im i l a r ,  bu t  no t  necessar i l y  i d e n t i c a l ,  source categories. It i s  no t  

intended t h a t  extensive research and development be conducted before a given 

con t ro l  technology can be app l ied  t o  the  source. This  does not, however, 

preclude r e q u i r i n g  a short- term eva lua t ion  program t o  permi t  the  a p p l i c a t i o n  

of a given technology t o  a p a r t i c u l a r  source. The l a t t e r  e f f o r t  i s  an 

appropr iate technology fo rc ing  aspect o f  RACT. 

The VOC's emi t ted are predominately wh i te  gas01 i n e  and per t ro leum naphtha 

solvent  used i n  rubber t i r e  manufacturing. Toluene, xylene, ketones, and es te rs  

are used f o r  many purposes, bu t  genera l l y  i n  l esse r  amounts. Other hydrocarbons 

o f  importance i nc lude  p l a s t i c i z e r s  and sof teners t h a t  have low vo l  a t i  1 i t y  a t  

ambient temperatures bu t  evaporate du r ing  cu r ing  and o ther  h igh  temperature 

processing steps. 



1.1 NEED TO REGULATE 

T i r e  manufactur ing tends t o  be concentrated i n  areas where the  ox idant  

Nat ional  Ambient A i r  Q u a l i t y  Standard (NAAQS) i s  l i k e l y  t o  be exceeded. 

I n  1976, VOC emissions r e s u l t i n g  from product ion a c t i v i t i e s  c a r r i e d  ou t  

8 by the  rubber i n d u s t r y  were est imated t o  be 1.4 x 10 ki lograms. The t i r e  

i n d u s t r y  represented 63 percent o f  t h a t  t o t a l  o r  about 0.6 percent o f  t he  

na t i ona l  o rgan ic  emissions from s ta t i ona ry  sources. The average t i r e  p l a n t  

i s  est imated t o  re lease 4,000 kg per day emissions o r  1,000 m e t r i c  tons per  

year VOC. 

1.2 REGULATORY APPROACH 

VOC emission reduct ions  from t i r e  manufactur ing can be a t ta ined  through 

t i g h t  c o n t r o l  o f  so lvent  operat ions and the use o f  e f f e c t i v e  capture systems 

and exhaust gas t reatment  devices. Sources and the  f a c t o r s  a f f e c t i n g  emissions 

are described i n  Chapter 2. Contro l  systems f o r  s p e c i f i c  processes are  

described i n  Chapter 3. Costs are presented i n  Chapter 4. 

1.3 SUMMARY 

The purpose o f  t h i s  document i s  t o  in fo rm Sta te  and l o c a l  a i r  p o l l u t i o n  

c o n t r o l  agencies o f  techniques a v a i l a b l e  f o r  reducing emissions o f  v o l a t i l e  

o rgan ic  compounds (VOC) from rubber t i r e  manufacturing. V o l a t i l e  organic 

compounds are added t o  rubber components t o  a i d  i n  mixing, promote e l a s t i c i t y ,  

produce tack ( s t i c k i n e s s ) ,  o r  extend ( rep lace)  a p o r t i o n  o f  t he  rubber . 

hydrocarbons. T i  r e  p roduct ion  inc ludes the  operat ions of component manufacture, 

assembly, and cure. E s s e n t i a l l y  a1 1 solvents used i n  t i r e  manufactur ing evaporate 

i n  t h e  process. 

Recommendations t o  reduce solvent  emissions from t i r e  manufacture are based 

upon exhaust gas treatment and process changes ( p r i n c i p a l  l y  lower ing  the  so l ven t  

content o f  raw m a t e r i a l s ) .  



Tires are manufactured in a se r ies  of operations and processes using 

large quant i t ies  of solvents. These r e su l t  in the emission of large 

quant i t ies  of vapors and mists in to  work room a i r .  To meet OSHA workplace 

standards, increased venti 1 ation and di lu t ion a i r  i s generally used. We1 1 

designed hooding and venti lat ion systems are  necessary both to  meet OSHA 

requirements and to f a c i l i t a t e  the  application of a i r  pollution control 

equipment. Two manuals are suggested as references on the  design and 

192 operation of industr ia l  venti lat ion systems. 

I t  i s  estimated tha t  97 percent of VOC emissions from t i r e  manufacturing 

are organic solvents; the r e s t  are reaction products generated d u r i n g  curing. 

Green t i  r e  spraying, undertread cementing, tread end cementing, and bead 

dipping represent 75-85 percent of emissions and t i r e  building 12-20 percent. 

Green t i r e  spraying and undertread cementing are  the dominant VOC emitters 

as shown in Table 1-1. Control of t i r e  building i s  not presently recommended 

because of the very large areas over which these emissions occur ( i  .e . ,  50 t i r e  

building machines per average plant ,  occupying about 25 percent of the plant 

f loor  space). Retrof i t  control would have t o  be applied t o  very large a i r  volumes 

with low VOC concentrations. 

Other emission points not considered in  t h i s  document are  la tex dipping, 

compounding, calendering, extrusion, m i  l l i ng ,  and curing. Latex dipping i s  

moving from t i r e  plants t o  the  t e x t i l e  mill operations. Research and development 

has been i n i t i a t ed  by EPA with industry par t ic ipat ion t o  determine hood design 

c r i t e r i a ,  emission levels,  and f e a s i b i l i t y  of control technologies, of emissions 

from the  passenger t i r e  curing process. I t  i s  estimated t ha t  the emissions from 

these s i x  sources represent 3-6 percent of t i r e  plants t o t a l  emissions. 



The f o l l o w i n g  t a b l e  summarizes the  f o u r  major sources o f  VOC emissions 

from t i r e  manufactur ing and the  c o n t r o l  technology f o r  each t h a t  i s  considered 

reasonably avai 1 able. 

TABLE 1-1 

Contro l  Systems f o r  T i r e  Manufacture 
( t y p i  ca l  16,000 t i r e s  da i  l y  product ion r a t e )  

Uncontro l led Capture E f f i c i e n c y  Across Overa l l  
Cont ro l  Emissions Ef f i c iency  Contro l  Device E f f i c i e n c y  

A f fec ted  F a c i l i t y  Technology kg/day percent percent percent 

Undertread 
Cementing 

Tread-End 
Cementing 

Bead 
Dipping 

Green T i r e  
Spraying 

Carbon 
Adsorpt ion 

o r  
I n c i n e r a t i o n  

Carbon 
Adsorpt ion 

o r  
I n c i n e r a t i o n  

Carbon 
Adsorpt ion 

o r  
I n c i n e r a t i o n  

Water Based 
Coating 

Carbon 
Adsorpt ion 

o r  
I n c i n e r a t i o n  

' ~ a s e d  on an average t i r e  weight o f  11.4 kg. 

'percent capture e f f i c i e n c y  f o r  a r e t r o f i t  w i l l  vary depending on the  design and l ayou t  
o f  t h e  i n d i v i d u a l  a f f e c t e d  f a c i l i t y ;  minimum acceptable percent  capture should be 
determined on an i n d i v i d u a l  p l a n t  basis.  

3 ~ h i  s number depends upon t h e  formul a t i  on. 



Water based coat ings are avai 1  able t o  rep1 ace organic  so l  vent based 

coat ings commonly used i n  green t i r e  spraying. Use of water based coat ings 

w i l l  reduce VOC emissions by n e a r l y  100 percent.  These are a l ready i n  

use a t  t i r e  p lan ts .  

The o the r  t h ree  p r i n c i p a l  VOC sources can be c o n t r o l l e d  by app ly ing  

stack gas treatment--adsorpt ion o r  i nc ine ra t i on - - t oge the r  w i t h  an e f f e c t i v e  

capture system. I n  many e x i s t i n g  f a c i l i t i e s ,  t h e  l a y o u t  and method o f  

opera t ion  f o r  undertread cementins bead dipping, and t read  end cementing 

systems make i t  d i f f i c u l t  t o  achieve a  h igh  capture e f f i c i e n c y .  For t h e  l a t t e r  

two sources i n  p a r t i c u l a r ,  t h i s  means t h a t  VOC l e v e l s  may o f t e n  be low ( l e s s  

than 75 ppm) w i t h  r e s u l t a n t  a i r  p o l l u t i o n  c o n t r o l  cos ts  ranging from 

1140 t o  3880 $/Mg o f  VOC con t ro l l ed .  Undertread cementing operat ions can 
- - - - - - - - 

u s u a l l y  be hooded more e f f e c t i v e l y ,  such t h a t  VOC l e v e l s  w i l l  be more c o n c e n t r a G a  

and c o n t r o l  costs  more reasonable, i .e., f rom 166 t o  505 $/Mg. App l i ca t i on  

o f  adsorpt ion o r  i n c i n e r a t i o n  t o  those i n s t a l l a t i o n s  where e f f e c t i v e  capture 

systems can no t  be i n s t a l l e d  could have severe economic impact and r e q u i r e  

subs tan t i  a1 energy penal t i e s .  



2.0 SOURCES AND TYPES OF EMISSIONS 

The purpose of t h i s  chapter i s  t o  describe the  cur ren t  industry ,  p rov ide  

a b r i e f  process descr ip t ion ,  i n d i c a t e  emission po in t s  and i d e n t i f y  t he  

VOC species t h a t  are emitted. 

Pneumatic t i r e s  are constructed from st rong f i b e r s  (rayon, nylon, polyester ,  

glass o r  s t e e l )  impregnated w i t h  polymers ( s y n t h e t i c  and n a t u ~ a l  rubber)  and 

overlayed w i t h  a t read  o f  wear-res is tant  polymer such as styrene-butadiene 

rubber (SBR).  These are b u i l t  up i n d i v i d u a l l y  by .a s k i l l e d  t i r e  bu i l de r ,  

and cured i n t o  the  f a m i l i a r  t o r o i d a l  shape under pressure i n  a heated mold. 

Many k inds o f  t i r e s  are made. These inc lude t ruck ,  t r a i l e r ,  t r a c t o r ,  

cons t ruc t ion  equipment, b icyc le ,  plane, and passenger car.  The passenger 

car  t i r e  i s  the  most produced t i r e  represent ing about 70 percent o f  t he  

t i r e s  produced i n  the  U. S. 
. . . 

Table 2:1 provides a l i s t i n g  o f  the  Uni ted States t i r e  company's product ion 

f a c i l i t i e s ,  and est imated 1977 t i r e  production.1 s 2  Since 1975, f o u r  p lan ts  

have been closed. 3,4,5 Construct ion o f  th ree  new plants,  one by Goodyear and 

two by Michel in ,  has been announced.6 F i res tone a lso  plans t o  double the  product ion 

cdpacity o f  i t s  heavy-duty r a d i a l  t r uck  t i r e  p l a n t  i n  Nashvi l le ,  Tennessee, 

Table 2-2 shows the  number o f  passenger car  and t ruck  t i r e s  produced f o r  

t h e  o r i g i n a l  equipment and the replacement t i r e  markets f o r  the years 1974 

through 1977. 8 s 9 y  10yll ~ u r i n ~  the  pe r iod  1974 through 1977, t o t a l  p roduct ion  

o f  t ruck  t i r e s  has shown a growth r a t e  o f  approximately s i x  percent per  year; 

however, the  growth r a t e  f o r  passenqer car  t i r e s  dur ing  the  same pe r iod  was 

l ess  than th ree  percent per  year. 



1-4 ,  d 
TABLE '2-1. ESTIMATED T I R E  PRODUCTIOIl  BY PLANT A S  OF JA!IUGRY 1, 1978 

A m s t r o n ~  Rubber Co Des Hoines. 1A 
Hanford. CA 
Natchez. HS 
Yest Haven. CT 
) ( a s h r i l l e .  TN 
C l in ton .  TN 

C a r l i s l c  T i r e  and Rubber Co. 

C o o ~ r  T i r e  and Rubber Co. 

C s r l i s l e .  PA 

F ind lay .  OH 
Texarkana. AR 

&wzr ~ u b b e r  Hfg.  Co. 

JG?:J) T i r e  and Rubbet Co. 

barren. OH 

F-:cs:sno T i r e  and 
i ; : :e: Co. 

Pkrzn, OH 
k loany,  Gh 
Slooaington, 1L 
Deca:ur. IL 
- 2 s  M i n e s .  IA 
Lcs A n ~ e l e s ,  CA 
hiemchis. Tti 
k a s h v i l i e ,  TN 
?o::s:own. PA 
Salir;as, i A  
d i i s 3 n ,  HC 

F ~ ~ c s ' o E ?  Subs id ia r ies  

3a,t3? T i r e  and 
.4u:ber Co. 

Cay:::. CH 
S i l a W ? a  Ci:y, OK 

j e i 3 s ? ! i y  T i r e  and Sar>er:on, OH 
R u i x - r  CO. 

1 T i r e  and Rubber Cs. A i ron.  OH 
3ryan. OH 
Char lo t te .  NC 
H a y f i e i d ,  KY 
Yaco, TX 
H t .  Vernon, I L  

6 .  F .  Gccdr ich Co. Akron. OH 
Ft. Yayne, I N  
H i a n i ,  OK 
Oaks. PA 
T U S C ~ ~ O O S ~ ,  AL 

a - 
?Id j>?S i n d i c d 2  plan: docs n o t  prod-ce t ype  o f  t i r e  l i s t e d ;  b l a n k r  i n d i c a t e  i r f s - .? r :~ -  ng: d v . l . i ? ? ! e .  



TABLE 2-1. (con t inued)  

Pldn: loca t ion  

Akron. OH 
D a n v i l l e .  VA 
Gddsden. AL 
Jackson, MI 
Los Angeles , CA 
Topeka. K S  
Union C i t y .  Tn 
R d i s o n v i l l e .  KY 

I;occye?r Subs id ia r i es  

n ? : l y - S z r i n g f i e l d  T i r e  
i , m ~ a n g  

Cumber l and ,  ti0 
Faye : tev i l l e ,  NC 
Freepor t ,  I L  
T y l ~ r ,  TX 
Consnohoc ken, PA 

'i2ash.s i n d i c a t e  plan! l o 2 5  no: produce type of t i r e  1is:ed; blanks i n t i c a r e  i ~ f o ~ a t i o ?  no: a v a i l a b l e .  



TABLE 2-2. ANNUAL DOMESTIC PRODUCTION OF PASSENGER CAR 
AND TRUCK TIRES FOR OR1 I AL EQUIPMENT AN3 
REPLACEMENT M A R K E T S ~  ~ 5 .  4 ,! 

Number o f  tires, mi 1 1  ions 
Pa ssenqer tar Truck 

Yasr original equipment Replacement Total nriginaI equipment Replacement Total 

1 9 i a  44 127 
40 

171 9.6 
157 5 

21.3 30.9 
123 163 

50 
8 . 3  

1476  
20.0 

125 
28.3 

175 
58 

9.2 
1977 

20.6 
126.5 

29.8 
184.5 11.2 25.2 36.4 

ANNUAL CONSUMPTION OF RAW MATERIAL 
TABLE 2 - 3 e  FOR USE I N  TIRE CORDS AND ~ ~ ~ ~ s 9 - 1 1  

Consumption, 1\05 kg 
S y n t h e t i c  f a b r i c s  GI as-s 

Year ttvlsn P o l y e s t e r  Rayon f i b e r  S t e e l  



A s i g n i f i c a n t  t r e n d  i n  raw m a t e r i a l  consumption i s  develop ing w i t h i n  

t h e  t i r e  manufactur ing i ndus t r y .  As noted i n  Table 2-3, 12913 t h e  use o f  

woven s y n t h e t i c  f a b r i c s  (nylon, po lyes te r ,  rayon)  f o r  t i r e  cords and b e l t s  i s  

g radua l l y  d e c l i n i n g  and g i v i n g  way t o  s t e e l .  Th i s  i s  p r i m a r i l y  due t o  t h e  

growing p o p u l a r i t y  o f  r a d i a l  passenger c a r  t i r e s ,  84 percen t  of which 

conta ined s t e e l  b e l t s  i n  1977. 
14 

2.1 PROCESSES AND EMISSIONS 

The general  process f o r  t i r e  manufactur ing c o n s i s t s  o f :  ( 1  ) p repa ra t i on  

o r  compounding o f  raw ma te r i  a1 s, ( 2 )  t rans fo rmat  i o n  of these compound m a t e r i  a1 s 

i n t o  t i r e  components, ( 3 )  t i r e  assembly, and ( 4 )  mold ing o f  t h e  f i n a l  product .  

Each s tep  i s  a source o f  VOC emissions. 

The average annual mass o f  VOC emissions, f rom Table 2-4, f o r  t i r e  

manufactur ing was est imated t o  be between 56,300 and 72,500 m e t r i c  tons  p e r  year .  
IS 

Table A-1 l i s t s  t o t a l  annual VOC emissions f o r  each o f  42 t i r e  p l an t s .  Ca l cu la t i ons  

and assumptions a re  presented i n  A-2. 

Table 2-4 presents  a summary range o f  ope ra t i ng  parameters f o r  e x i s t i n g  t i r e  

manufactur ing p l a n t s  f o r  under t read cementing, t r e a d  end cementing, bead d ipp ing ,  

t i r e  b u i l d i n g  and green t i r e  spraying. 

Table 2-5 presents  a summary o f  t h e  same parameters 

pe r  day manufactur ing p l a n t .  

The f o l l o w i n g  d e t a i l e d  d e s c r i p t i o n s  may be more eas 

t o  t h e  f l o w  diagram presented i n  F igu re  2-1. 
-. - 

2.1.1 Rubber Stock Process ing 

2.1 .l. 1 Compounding - I n  t h e  compounding operat ion,  raw 

f o r  an average 16,000 t j r e  

i l y  f o l l owed  by r e f e r r i n g  

crumb rubber  i s  combi ned 

w i t h  a v a r i e t y  o f  f i l  

us ing  Banbury i n t e r n a  

l e r s ,  extenders, acce le ra to rs ,  a n t i o x i d a n t s  and pigments 

1 m ix i ng  devices. Carbon b lack  and o i l  a re  a l s o  added d u r i n g  

2-5 



Natura l  S y n t h e t i c  Rubber 
Carbon B ack, Sulphur 
Accelera b r, O i l  

Tread e x t r u d i n g  

Tread t ake  away 

Drop m i  mi xed 

F i g u r e  2-1. T i r e  Manufactur ing Flow Diagram 



TABLE 2-4. 
RANGES,OF OPERATING PARAMETERS FOR EXISTING TIRE MANUFACTURING PLANTS * 

a 
Range n o t  a v a i l a b l e .  

I 

Emission Po in t  

Undertread Cementing 

Tread End 
Cementing 

Bead Dipping 

T i r e  B u i l d i n g  

Green T i r e  
Spraying 

* Plan t  s ize  100-40,000 t i r e s / d a y ,  the low o r  h i g h  range value may n o t  necessarily correspond t o  product/day. 

Number of  
Process ing  

Uni t s  

1 - 13 

1 -  7 

1 -  4 

33 - 67 

1 - 13 

Production r a t e ,  
t i r e s /day /un i t  

880 - 24,400 

1,170 - 16,000 

4,830 - 28,500 

180 - 630 

l o o  - 24,400- 

VOC Emission Rate, 
kg/day/unit 

62 - 1,930 

5 - 420 

5 - 420 

- 
6 - 2ob 

44 - 1 , ~ n  
- 

Exhaust Gas 
flow r a t e ,  
m3/s/unit 

0.6 - 4.4 

0.8 - 9.4 

0.1 - 4.7 

- 
3.3 - 10.6 

0.6 - 29.3 

VOC Concentration 
of  exhaust  ga s ,  

d m  

0.72 - 5.0 

0.02 - 5.2 

0.21 - 3.7 

/ 

0.01 - 0.32 

1 
0.34 - 4.7 

Exhaust Gas 
Temperature, 

O C  

20 - 30 

20 - 25 

- -- a 

20 - 25 

20 - 40 



TABLE 2-5. OPERATING PARAMETERS FOR AN AVERAGE TIRE MANUFACTURING PLANT 

(P l an t  s i z e  = 16,000 tires/day) 

Emission Po in t  

Undertread Cementing 

Bead Dipping 

T i r e  Building I I 

Tread End 
Cementing 

~ - 

Green T i r e  
Spraying 

Number of 
Processing 

Units  

4 

OC Emission 
Production r a t e ,  Rate 

t i r e s /day /un i t  

Exhaust  Gas 
Temperature, 

20 

2 0 



compounding, and baghouse p a r t i c u l a t e  c o l l e c t o r s  a re  norma l l y  used t o  c o n t r o l  

a i r bo rne  dus t  generated by t h i s  opera t ion .  l5 A f t e r  mix ing,  t h e  rubber  i s  

t r a n s f e r r e d  t o  r o l l  m i l l s  which form t h e  m a t e r i a l  i n t o  sheets. The t a c k y  

sheets o f  rubber  stock a re  then coated w i t h  a  m a t e r i a l  such as soapstone 

t o  prevent  them from s t i c k i n g  t oge the r  du r i ng  storage. 

No da ta  on emissions o f  v o l a t i l e  o rgan ic  compounds from m ix i ng  a re  a v a i l a b l e  

a t  t h i s  t ime. Using a mod i f i ed  temperature l o s s  c o r r e l a t i o n  proposed by 

~ a ~ ~ a ~ o r t l ~ ,  and an a;erage t i r e  mass, an emission f a c t o r  f o r  compounding i s  es t imated  

t o  be 1 gram pe r  t i r e .  Ca l cu la t i ons  a re  presented i n  Appendix B. 

2.1.1.2 M i l l i n g  - A f t e r  compounding, sheeted rubber  i s  f e d  manual ly  t o  a  warmup 

r o l l e r  m i l l  t o  make t h e  stock more f l e x i b l e  f o r  f u r t h e r  ~ r o c e s s i n g .  

From t h e  warmup m i l l ,  t he  heated rubber  passes t o  a  s t r i p - f e e d  m i l l  f o r  f i n a l  

mix ing.  The temperature o f  t h e  rubber  m i x t u r e  l e a v i n g  t h e  m i l l  i s  t y p i c a l l y  

. - 70°c 

o n l y  

t o  90'~. 

Data on m i l l i n g  emissions a re  a l s o  l i m i t e d .  A t  an ope ra t i ng  temperature o f  

80°c, 50 percent  of t h e  v o l a t i l e  o rgan i c  compounds em i t t ed  d u r i n g  m i l l i n g  

a re  assumed t o  condense t o  an aerosol  soon a f t e r  fo rmat ion .  Aaain, u s i n g  t h e  

mod i f i ed  Rappaport equation, an est imated f a c t o r  f o r  m i l l i n c l  i s  0.6 gram oer  t i r e .  
----- - ---- - 

2.1.1.3 Tread and Sidewal l  P repara t ion  - t h e  two types of rubber  s tock t o  be used 

f o r  t r e a d  and s i dewa l l  a re  peeled f rom two separate s t r i p  m i l l s  and con t i nuous l y  

f e d  t o  an ext ruder .  The two s t r i p s  a re  j o i n e d  together ,  one on t o p  of  t h e  o ther ,  

by  mechanica l ly  generated heat  and pressure, t o  form t h e  t i r e  t r e a d  and two b lack  

s i dewa l l s .  A f t e r  ex t rus ion ,  a  cushion ing l a y e r  i s  added t o  t h e  unders ide o f  

t h e  t read-s idewa l l  combinat ion which i s  then c u t  t o  t h e  des i red  width,  cooled 

i n  a  water t rough and labeled. 



Q u a n t i t a t i v e  in fo rmat ion  on emissions from ex t rus ion  operat ions i n  t i r e  

manufactur ing p l a n t s  i s  n o t  avai 1 able. However, temperatures of 7 0 ' ~  t o  90°c, 

depending on t h e  mass o f  t he  extruded product, are reached dur ing  ex t rus ion .  

Assuming t h a t  50 percent o f  t he  VOC emissions condense t o  an aerosol soon a f t e r  

emi t ted  and us inq  the  mod i f ied  Ra~papor t  eauation, an emission f a c t o r  f o r  

ex t rus ion  i s  0.6 gram per  t i r e .  

2.1.1.4 Undertread Cementing - Before being t rans fe r red  t o  the  t i r e  b u i l d i n g  

area, the  t read  i s  t a c k i f i e d  by the  a p p l i c a t i o n  o f  a solvent-based cement. 

Data on emissions from undertread cementing have been repor ted  by t h e  

17'18'19'20'21~able 2-4 presents summary emission d a t a a n d  t i r e  indus t ry .  

opera t ing  parameters f o r  e x i s t i n g  t i r e  p lants.  Table 2-5 presents emission data and 

opera t ing  parameters f o r  an average 16,000 t i r e s  per  day manufactur ing p lan t .  

Table A-3 presents operat ing parameters f o r  those p lan ts  having capture 

systems. Sol vents t y p i c a l  l y  used f o r  t h i s  purpose i nc1,ude heptane, hexane, 

isopropanol,  naphtha, and toluene. The average number o f  undertread cementing l i n e s  

Per 

2.8 

t h e  

p l a n t  i s  four ,  each l i n e  having an average e x i t  gas f l o w  r a t e  o f  approximately 

cubic meters per  second. Using the  methodology described i n  Appendix A-2, 

emission f a c t o r  f o r  undertread cementing i s  94 grams per  t i r e .  

2.1.2 Fabr ic  Treatment 

2.1.2.1 Latex Dipping - T i r e  cords and b e l t s  a re  constructed from woven s y n t h e t i c  

f a b r i c s  such as nylon, polyester ,  and rayon as w e l l  as s tee l  and glass f i b e r .  Upon 

a r r i v a l  a t  a t i r e  manufacturing p lan t ,  a  r o l l  o f  f a b r i c  i s  f i r s t  sp l iced,  e i t h e r  by 

adhesive o r  by a high-speed sewing machine, onto the  t a i l  o f  t he  p rev ious l y  

processed r o l l .  This  continuous sheet o f  f a b r i c  i s  then fed  under c o n t r o l l e d  

tens ion  t o  a l a t e x  d i p  tank. A f t e r  l a t e x  dipping, the  f a b r i c  t r a v e l s  pas t  e i t h e r  

r o t a t i n g  

a d ry ing  

beater bars o r  

oven t o  remove 

vacuum suc t i on  l i n e s  t o  remove excess d i p  and then through 
I' 

excess solvent .  



A t  t h e  present  t ime, more and more f a b r i c  which has undergone l a t e x  

d i p p i n g  a t  t h e  t e x t i l e  m i l l s  i s  be ing  purchased by  t i r e  manufacturers.  Some 

o f  t h e  reasons are:?? ( 1  ) a  smal l  d i p p i n g  o p e r a t i o n  r e q u i r e s  d i  s p r o p o r t i o n a t e l y  

l a r g e  c a p i t a l  expendi tures;  ( 2 )  l a t e x  d i p p i n g  i s  a  high-speed process which 

can r e a d i l y  over-supply  a  t i r e  p l a n t  w 

sh i pp ing  cos ts  f o r  d ipped and undipped 

t i r e  p l a n t  r epo r t ed  t o  EPA consumption 

Only  one o t h e r  p l a n t  i s  be1 ieved  t o  be 

t h  f a b r i c ;  and (3 )  on a  weight  bas is ,  

f a b r i c  a re  n e a r l y  t h e  same. Only  one 

o f  so l ven t  f o r  o n - s i t e  l a t e x  d i pp ing .  2 3 

per fo rming  t h e i r  own l a t e x  d ipp ing .  

2.1.2.2 Calender ing - A f t e r  t h e  f a b r i c  has been la tex-d ipped,  i t  i s  passed 

th rough  a  ca lender ing  machine which impregnates t h e  f a b r i c  w i t h  rubber .  

Both s ides  o f  t h e  f a b r i c  a re  coated s imu l taneous ly  on t h e  f o u r - r o l l  ca lenders  

most commonly used. Before be ing-  sent  t o  t h e  t i r e  b u i l d i n g  opera t ion ,  t h e  

rubber i zed  f a b r i c  i s  coo led and c u t  t o  t h e  p roper  ang le  and l e n g t h  f o r  t h e  

t i r e s  i n  which i t  w i l l  be used. 
. . 

The p l a s t i c i t y  o f  t h e  rubber  s tock  as i t  i s  bonded t o  t h e  f a b r i c ,  s t e e l  

mesh, o r  g lass  f i b e r  i s  ma in ta ined  by hea t i ng  t h e  ca lender  r o l l s  w i t h  steam, 

t y p i c a l l y  t o  temperatures o f  7 0 ' ~  t o  80 '~ .  Therefore, VOC emissions from 

ca lender ing  should be very  s i m i l a r  i n  charac te r  and magnitude t o  those f rom 

m i l l i n g  o r  e x t r u s i o n  and t h e  es t imated  emiss ion f a c t o r  i s  0.6 gram p e r  t i r e .  

2.1.2.3 Bead D i p p i n g  - T i r e  beads a re  rubber-covered w i res  which i n s u r e  

a  sea l  between a  t i r e  and t h e  s t e e l  r i m  of t h e  wheel on which i t  i s  mounted. 24 

Rubber i s  s imu l taneous ly  ext ruded on to  severa l  s t rands  o f  b rass -p l a ted  s t e e l  

w i r e .  Several  l a y e r s  o f  c o n t r o l  w i r e  a re  fash ioned  i n t o  a  r i n g .  

A l a y e r  o f  rubber  coated f a b r i c  i s  u s u a l l y  wrapped around t h e  bead. The assembly 

i s  dipped i n t o  a  solvent-based cement t o  t a c k i f y  t h e  rubber  t o  i n s u r e  p roper  

adhesion when t h e  bead i s  anchored i n t o  t h e  s i dewa l l  when t h e  t i r e  i s  b u i l t .  

Table A-4 presents  emiss ion and ope ra t i ng  da ta  f o r  ac tua l  p l a n t  bead 

d i p p i n g  operat ions.  Table 2-4 p resen ts  summary emiss ion da ta  and o p e r a t i n g  

parameters f o r  e x i s t i n g  t i r e  p l a n t s .  Table  2-5 p resen ts  emiss ion da ta  and 



operating parameters f o r  an average 16,000 t i r e  per day manufacturing plant .  

Solvents consumed fo r  bead d i p p i n g  a c t i v i t i e s  were reported t o  be gasoline, 

hexane, isopropanol, naphtha, and toluene. No t i r e  plant has more than four 

separate bead dipping operations. Some uni ts  have individualized vent i la t ion 

systems. For these, the average e x i t  gas flow r a t e  per uni t  i s  approximately 

2.7 cubic meters per second. The average VOC emission fac to r  f o r  bead dipping 

i s  8.2 grams per t i r e .  

2.1.3 Tire Building 

Bias-ply passenger 

ro ta t ing drum. (Radial 

ca r  and truck t i r e s  a r e  bu i l t  as  cylinders on a col laps ible  

t i r e s  and large off-the-road t i r e s  require d i f fe ren t  

building equipment o r  techniques.) First, the inner l i ne r ,  which makes the 

f inished t i r e  a i r t i g h t ,  i s  wrapped around the drum, followed by the layers of 

cord. Next, the edges of the  cord fabr ic  a re  folded over the beads t o  secure 

them t o  the t i r e .  Then, the  fabr ic ,  s t e e l ,  o r  g lass  f i b e r  be l t s  a re  l a i d  onto the  

cord. Finally,  the  t read is  placed over the cords and be l t s  and wrapped around 

the  beads. 

Rubber cement containing organic solvents such as gasoline, heptane, 
25,26,.27,28,29 

hexane, isopropanol, methanol, naphtha, o r  toluene . f i s  used during t h i s  

building process t o  tackify  the  rubberized t i r e  components. An average VOC 

emission f ac to r  f o r  t i r e  assembly i s  33 grams per t i r e .  Table A-5 presents emission 

and operating data f o r  actual t i r e  building. Table 2-4 presents summary emission 

data and operating parameters f o r  exis t ing t i r e  plants.  Table 2-5 presents 

emission data and operating parameters f o r  an average 16,000 t i r e  per day 

manufacturing plant .  

The discussion so f a r  has described a typical  bias t i r e  manufacturing process 

and as i t  applies t o  the production of passenger t i r e s .  There are,  however, 

several var ia t ions .  



Truck and i n d u s t r i a l  t i r e s  gene ra l l y  have a h i ghe r  r a t i o  of n a t u r a l  t o  

s y n t h e t i c  rubber than passenger t i r e s .  Na tu ra l  rubber  i s  much harder  than 

s y n t h e t i c  and u s u a l l y  r e q u i r e s  more so l ven t  t o  render  i t  tacky.  There a re  

a l so  major d i f f e r e n c e s  i n  t h e  b u i l d i n g  and mold ing o f  l a r g e r  t i r e s .  For 

example, assembly o f  "o f f - the- road"  t i r e s  may r e q u i r e  t h e  e f f o r t s  o f  a two man 

team, two o r  t h r e e  s h i f t s ,  where as a passenger t i r e  can be assembled i n  

5 minutes o r  l ess .  Larger  t i r e s  a re  a l s o  cured i n  molds so l a r g e  t h a t  t hey  a r e  

n o t  usual  l y  a u t o m a t i c a l l y  operated. Rad ia l  t i r e s ,  l i k e  t r u c k  t i r e s ,  con ta in  more 

n a t u r a l  rubber .  However, emiss ion sources f o r  r a d i a l  t i r e  manufacture a r e  

s i m i l a r  t o  those f o r  t h e  b i a s  passenger t i r e ,  i.e., emissions p r i n c i p a l l y  come 

f rom t h e  evapora t ion  o f  s o l v e n t  conta ined i n  t h e  rubber  cement and mold r e l e a s e  

sprays. 

2.1.4 Tread End Cementing 

Tread end cementing i s  t h e  ope ra t i on  o f  app l y i ng  cement t o  t r e a d  ends. Th i s  

may be performed i n  two ways. I n  t h e  f i r s t ,  t h e  ends a re  a u t o m a t i c a l l y  sprayed 

w i t h  cement a f t e r  under t read cementing and p r i o r  t o  s tack ing  i n  t r a y s  and 

t r a n s p o r t  t o  t i r e  b u i l d i n g .  I n  t h e  second, cement i s  manual ly app l i ed  t o  t h e  

ends o f  t h e  rubber  t o  s p l i c e  them toge ther  a f t e r  t h e  t r e a d  i s  wrapped around t h e  

t i r e  b u i l d i n g  drum. The drum i s  then co l lapsed  and t h e  green t i r e  i s  removed. 

White gasol ine, hexane, isopropanol,  naphtha, and to luene  a re  t y p i c a l l y  used 

f o r  t r e a d  end cementing. 30931,32,33,34 An average VOC emission f a c t o r  f o r  t r e a d  

end cementing i s  15 grams p e r  t i r e .  Table A-6 presents  emission da ta  f o r  a c t u a l  

t i r e  p l a n t  t r e a d  end cementing opera t ions .  Table 2-4 presents  summary emiss ion 

data and ope ra t i ng  parameters f o r  e x i s t i n g  t i r e  p l an t s .  Table 2-5 presents  emission 

data and ope ra t i ng  parameters f o r  an average 16,000 per  day manufactur ing p l a n t .  
. - -  

2.1.5 Green T i  r e  Spray ing  

Before mold ing and cur ing ,  "green" t i r e s  a re  sprayed, i n s i d e  and out ,  w i t h  

r e l ease  agents which he lp  t o  remove a i r  from t h e  t i r e  du r i ng  mold ing and p reven t  

t h e  t i r e  from s t i c k i n g  t o  t h e  mold a f t e r  cu r ing .  E i t h e r  organic-based o r  

water-based sprays can be used. 35 Water-based sprays y i e l d  a s i g n i f i c a n t  r e d u c t i o n  

i n  v o l a t i l e  o rgan ic  compound emissions f rom green t i r e  spraying; t h i s  a l t e r n a t i v e  

i s  discussed f u r t h e r  i n  Sect ions 3.1 and 3.2. 



Table A-7 summarizes emission da ta  and ope ra t i ng  parameters f o r  green t i r e  

spray ing.  The average VOC emission f a c t o r  f rom these da ta  i s  100 grams p e r  t i r e .  

Table 2-9 presents  emission da ta  and ope ra t i ng  parameters f o r  an average p l a n t .  

2.1.6 Mold ing and C u r i n g  

Passenger ca r  t i r e s  a re  molded and cured i n  automat ic  presses. A rubber  

b ladder  i s  i n f l a t e d  i n s i d e  t h e  t i r e ,  causing i t  t o  assume t h e  c h a r a c t e r i s t i c  

t o r o i d a l  shape. As t h e  b ladder  i n f l a t e s ,  t h e  mold i s  c losed. Steam hea t  i s  

app l i ed  t o  t h e  o u t s i d e  o f  t h e  t i r e  through t he  mold and t o  t h e  i n s i d e  through 

t h e  b ladder .  A f t e r  a  t imed, tempera tu re -con t ro l led  cure, t h e  b ladder  i s  

d e f l a t e d  and t h e  t i r e  i s  removed f rom t h e  mold. Cur ing u s u a l l y  takes 

20 t o  60 minutes a t  a  temperature o f  1 0 0 ~ ~  t o  2 0 0 0 c . ~ ~  A f t e r  removal from 

t h e  mold, cured t i r e s  a re  i n f l a t e d  and a l lowed t o  coo l .  

Four t i r e  p l a n t s  37938provided s u f f i c i e n t  da ta  t o  es t imate  t h e  emissions 

o f  v o l a t i l e  o rgan i c  compounds f rom cu r i ng .  The emission f a c t o r  i s  2.0 grams 

pe r  t i r e  f rom these data.  Th i s  compares f a v o r a b l y  t o  t h e  va lue  of  2.2 grams 

pe r  t i r e  us ing  t h e  m o d i f i e d  Rappaport e q u i a t i o n  when a temperature o f  1 5 0 ' ~  

and a t i r e  mass o f  11.4 k i log rams i s  assumed (see Appendix B)  . 
2.1.7 F i n i s h i n g  

A f t e r  t h e  t i r e s  have cooled, any excess rubber  which escaped th rough 

"weepholesl' i n  t h e  mold i s  ground o f f .  F i n a l  b u f f i n g  and g r i n d i n g  o f  t h e  t i r e  

i s  performed t o  i n s u r e  balance. White s i d e  w a l l  t i r e s  have t h e  b lack  rubber  

p r o t e c t i v e  s t r i p  ground away. The w h i t e  w a l l  r ece i ves  a p r o t e c t i v e  b l u e  o r  green 

water  base p r o t e c t i v e  coa t i ng  t o  min imize s c r u f f  i n g  d u r i n g  sh ipp ing  and mount ing 

on r ims. Some t i r e s  may rece i ve  decals,  o r  o t h e r  manufacturer  markings p r i o r  t o  

i n s p e c t i o n  and sh ipp ing.  These opera t ions  may . invo lve  solvent-based inks ,  pa in t s ,  

o r  sprays. 

V o l a t i l e  o rgan i c  compound emissions f rom f i n i s h i n g  were c a l c u l a t e d  
39,40,41,42,43 

and t h e  r e s u l t i n g  values a re  g iven i n  Table 2-6. The average VOC emiss ion i 

f a c t o r  f o r  t i r e  f i n i s h i n g  was c a l c u l a t e d  t o  be 5.7 grams pe r  t i r e .  



TABLE 2-6. EMISSIONS DATA FOR FINISHItiG 17,18,19,20,21 

Calculated Calculated 
Plant VOC emissions, Plant VOC emissions, 
code metric tonslyear code metric tonslyear 

L L 
N N 
00 
PP 
Q Q 
RR 
SS 
TT 
U U 
k'w 
X X  
Y Y 
zz 

MA 
93B 
CCC 

a Blanks indicate that annual mass of VOC 
emissions could not be calculated. 
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3.0 APPLICABLE SYSTEMS OF EMISSION CONTROL 

Th ic  chapter  rev iews a i r  p o l l u t i o n  c o n t r o l  technology a p p l i c a b l e  t o  f o u r  

major  VOC emission sources w i t h i n  t he  t i r e  manufactur ing i ndus t r y .  

The emission sources addressed are:  ( 1  ) under t read cementing, ( 2 )  t r e a d  

end cementing, ( 3 )  bead preparat ion,  and ( 4 )  green t i r e  spray ing.  These a re  

l a r g e  VOC emission sources and t h e  emissions a r e  t h e  d i r e c t  r e s u l t  o f  s o l v e n t  

evaporat ion. Emissions f rom t i r e  b u i l d i n g ,  compounding, m i l l i n g ,  and c u r i n g  a r e  

n o t  addressed a t  p resen t .  

3.1 UNDERTREAD CEMENTING 

3.1.1 Summary of Cont ro l  Technology . . .  . 

Con t ro l  System o r  Expected 
A f f e c t e d  F a c i l i t y  S t ra teqy  Percent  Capture '  

Undertread Cementer Carbon Adsorpt ion 85 

I n c i n e r a t i o n  8 5 

3.1.2 General D e s c r i p t i o n  

Percent  Cont ro l  o f  
Captured Emissions 

I n  t h i s  operat ion,  rubber  cement i s  a p p l i e d  t o  t a c k i f y  t h e  unders ide o f  

t i r e  t r e a d  be fo re  i t  i s  sent  t o  t h e  t i r e  b u i l d i n g  opera t ion .  The VOC emissions 

may be reduced by two techniques: adsorp t ion  and i n c i n e r a t i o n .  Adsorp t ion  i s  

t h e  o n l y  method c u r r e n t l y  be ing  used and i t  i s  o n l y  used a t  one t i r e  p l a n t .  

Th i s  c o n t r o l  system, a r e t r o f i t ,  c o n s i s t s  of a  cap tu re  hood and a s tandard 

dual  bed carbon adsorber. The hood i s  designed t o  cap tu re  evapora t ing  so l ven t  

from cement h o l d i n g  tanks, ca rpe t  r o l l s ,  and t h e  t r e a d  stock as i t  moves a long  



t h e  conveyor. Armstrong es t imated  t h a t  t h e  hood system r e s u l t e d  i n  an es t imated  

80 percen t  cap tu re  e f f i c iency , '  even though i t  was r e t r o f i t t e d  t o  a  t i r e  l i n ?  

cons t ruc ted  i n  1968. The cap tu re  e f f i c i e n c y  i s  l i m i t e d  t o  r e l a t i v e l y  low va lue  

i n  t h e  r e t r o f i t  i n s t a l l a t i o n  by  t h e  l e n g t h  o f  conveyor a v a i l a b l e  f o r  hooding. 

The hood i s  s h o r t  and res idence  t ime  o f  t h e  t r e a d  i n  t h e  hood l i k e w i s e  s h o r t .  

The o v e r a l l  e f f i c i e n c y  o f  t h i s  i n s t a l l a t i o n  i s  es t imated  t o  be about 80 perce*?; 

(95 percen t  carbon adsorp t ion  and 85 percen t  cap tu re  e f f i c i e n c y ) .  Because of 

down t ime and c o n t r o l  equipment and o t h e r  system inadequacies,  t h e  e f f i c i e n c y  

over  t h e  p a s t  3  years  ranged f rom 30-75 percent .  
l b  

- - ---- 

The hood system i s  designed t o  p rov ide :  ( 1 )  adequate d i l u t i o n ,  t o  

25 percent  LEL, of v o l a t i l e  o rgan i c  compound vapors; ( 2 )  maximum res idence  t i m e  

o f  cement sprayed t r e a d  i n  t h e  hood; and (3 )  ope ra to r  a c c e s s a b i l i t y  t o  areas 

w i t h i n  t h e  hood f o r  t r e a d  changes ( s t a r t u p )  and scheduled maintenance. For  t h e  

reasons d iscussed above, o l d e r  p l a n t s  may n o t  be ab le  t o  i n s t a l l  a  100 pe rcen t  

e f f i c i e n t  cap tu re  hood. 

The p l a n t  w i t h  t h e  carbon adsorber a l s o  i n v e s t i g a t e d  t h e  f e a s i b i l i t y  o f  

i n c i n e r a t i o n .  On a  comparat ive c o s t  bas is ,  adso rp t i on  and i n c i n e r a t i o n  

r e s u l t  i n  e s s e n t i a l l y  t h e  same annual costs ,  assuming cont inuous o p e r a t i o n  

o f  t h e  under t read cementer. However t h e  c o s t  o f  i n c i n e r a t i o n  inc reases  because 

o f  an e i g h t  hour  p e r i o d  d a i l y  when t h e  under t read  cementer i s  n o t  opera t ing ,  

r e s u l t i n g  i n  reduced s o l v e n t  evaporat ion.  A d d i t i o n a l  f u e l  would be needed 

t o  i n c i n e r a t e  t h e  lower  VOC gas stream d u r i n g  t h e  p e r i o d  o f  low s o l v e n t  evapora t ion .  

Dur ing  pe r i ods  o f  reduced s o l v e n t  evaporat ion,  l onge r  pe r i ods  o f  adso rp t i on  would 

r e s u l t  w i t h  l e s s  f r equen t  s t r i p p i n g  o f  t h e  carbon. Th i s  would r e s u l t  i n  a  decrease 

i n  steam and water  cos ts  t o  opera te  t h e  adso rp t i on  system. Fo r  these reasons, 

adsorp t ion  c o n t r o l  has a d e f i n i t e  c o s t  edge over  i n c i n e r a t i o n ,  even w i t h o u t  a  c r e d i t  

f o r  recovered so lven t .  i 



Both thermal  and c a t a l y t i c  i n c i n e r a t i o n  have been used i n  t h e  rubber  

i n d u s t r y  t o  c o n t r o l  VOC emissions. 2,3 Both techno log ies  should be t rans ;? r rch le  

t o  emission sources hav ing s i m i l a r  VOC concen t ra t i ons  and exhaust f low r a t e s .  
- -- 

Thermal i n c i n e r a t i o n  i s  used a t  a  p l a n t  produc ing b r a i d e d  rubber  

hose.2 A s o l v e n t  ( t o l uene )  based cement i s  a p p l i e d  t o  t h e  outermost t e x t i l e  

cover t o  improve bondage and o b t a i n  d e s i r a b l e  sur face p r o p e r t i e s .  The hose i s  

then  passed through a d r y i n g  oven where s o l v e n t  i s  evaporated. The exhaust gas 

i s  vented t o  t h e  thermal i n c i n e r a t o r .  A d e s t r u c t i o n  e f f i c i e n c y  o f  91 percen t  i s  

repor ted .  
- -. 

I n  another hose p l a n t ,  a  b ra i ded  p o l y e s t e r  co rd  i s  passed through a cement 

d i p  tank.  The cord  i s  then  passed th rough  a d r y i n g  oven p r i o r  t o  be ing  woven 

around unvulcan ized rubber  hose. The oven exhaust gases a re  then heated t o  

2 6 0 ' ~  (500 '~ )  and c a t a l y t i  c a l  l y  i nc i ne ra ted .  The removal e f f i c i e n c y  ranges 

between 90 and 94 percent ,  which i s  s i m i l a r  t o  t h a t  ob ta ined  i n  t h e  thermal 

i n c i n e r a t o r  desc r i  bed above. 

I n c i n e r a t i o n  has a l so  been used t o  c o n t r o l  VOC emissions of s i m i l a r  

concen t ra t ions  i n  o t h e r  i n d u s t r i e s .  

3.2 TREAD END CEMENTING 

3.2.1 Summary of Con t ro l  Technology 

Cont ro l  System o r  
A f f ec ted  F a c i l i t y  S t ra tegy  

Tread End Cementer Carbon Adsorp t ion  

I n c i n e r a t i o n  

Expected 
Percent  C a ~ t u r e  

Percent  Con t ro l  o f  
Captured Emissions 

3.2.2 General D e s c r i p t i o n  

Emissions f rom t r e a d  end cementing a re  s i m i l a r  t o  under t read  cementii;!;. However, 

o n l y  about 10 percen t  of t h e  cement i s  used and exhaust f l o w  r a t e s  a re  g e n e r a l l y  

about 50 percen t  h i ghe r  than under t read cementing. Therefore, t h e  concent ra- t ion o f  

VOC i n  t r e a d  end cementing exhausts i s  approx imate ly  10 percen t  of t h a t  i n  u ~ l d e r t r e a d  

cementing. I n  t h i s  ope ra t i on  rubber  cement i s  a p p l i e d  t o  t h e  ends o f  tire: i;i3ead 

before t i r e  b u i l d i n g .  VOC emissions may again  be reduced by  two techniques, 

adsorp t ion  and i n c i n e r a t i o n ,  a1 though n e i t h e r  has been employed by  t h e  i n d u s t r y .  

3- 3 



An emission cap tu re  system i s  again used t o  p rov i de :  ( 1 )  adequate d i l u t i o n  to  

VOC vapors, ( 2 )  maximum res idence t i m e  o f  cement sprayed t r e a d  i n  t h e  hood, 

( 3 )  ope ra to r  a c c e s s a b i l i t y  t o  areas w i t h i n  t h e  hood f o r  t r e a d  change and 

scheduled maintenance, and (4 )  maximum c o l  l e c t i o n  e f f i c i e n c y .  

For  t h i s  process step, ope ra t i ng  procedures and equipment arrangement va ry  

cons iderab ly  f rom p l a n t  t o  p l a n t .  Because of t h i s  t h e r e  i s  a  g rea t  d i f f e r e n c e  

between p l a n t s  i n  t h e  volume and concen t ra t i on  o f  t h e  V O C  vapors c o l l e c t e d ,  eve7 

by w e l l  designed cap tu re  systems. I n  some p l a n t s  a  combinat ion o f  l a r g e  a i r  

volume and low VOC concen t ra t i on  may make r e t r o f i t  emission c o n t r o l  e x p e n s i ~ e  i n  

r e l a t i o n  t o  b e n e f i t .  

3.3 BEAD DIPPING 

3.3.1 Summary o f  Con t ro l .Techno logy  

Con t ro l  System o r  Expected Percent  Con t ro l  o f  
A f f e c t e d  F a c i l i t y  S t ra tegy  Percent  Capture - Captured E~; i ss ions  

i 

Bead D ip  Tank Carbon Adsorp t ion  8 5  9  5 

I n c i n e r a t i o n  8 5 90 

3.3.2 General D e s c r i p t i o n  

Ne i t he r  adso rp t i on  nor  i n c i n e r a t i o n  has been used b y  t h e  i n d u s t r y  t o  

c o n t r o l  VOC emissions f rom bead d ipp ing .  However, thermal  and c a t a l y t i c  

i n c i n e r a t i o n  have been repo r t ed  as methods of c o n t r o l l i n g  VOC emissions from 

f a b r i c  cementing i n  t h e  rubber  hose manufacture i n d u s t r y . 5 9 6  Both should be 

t r a n s f e r r a b l e  t o  bead cementing i n  t h e  t i r e  i n d u s t r y .  The gas stream and concen t ra t i ons  

a r e  s i m i l a r  and should  p r o v i d e  conf idence i n  a p p l i c a b i l i t y  o f  c o n t r o l ,  Both 

thermal  and c a t a l y t i c  i n c i n e r a t i o n  as used i n  t h e  rubber  hose i n d u s t r y  t o  c o n t r o l  

VOC emissions a re  d iscussed i n  Sec t ion  3.2.2. 

As i n  t r e a d  end cementing above, o p e r a t i n g  procedures and equipment v a r i a t i o n s  

between p l a n t s  cause a  d i f f e rence  i n  t h e  volume and concen t ra t i on  o f  t h e  VOC vapor 
! 

c o l l e c t e d ,  even by  w e l l  designed cap tu re  systems. I n  some p l a n t s  a  combinat ion of 



l a r g e  a i r  volume and low VOC concen t ra t i on  may make r e t r o f i t  emission c o n t r o l  

expensive i n  r e l a t i o n  t o  b e n e f i t .  

3.4 GREEN TIRE SPRAYING 

3.4.1 Summary o f  Con t ro l  Technology 

Con t ro l  System o r  Expected Percent Con t ro l  ?f 
A f f e c t e d  F a c i l i t y  S t r a t e g y  Percent  Capture Captured Einissions 

Green T i r e  Spray Water Based Sprays N A 
Booth 

Carbon Adsorp t ion  9 0  

I n c i n e r a t i o n  9 0  9 0  

3.4.2 General D e s c r i p t i o n  

I n  t h i s  ope ra t i on  a  solvent-based mold r e l e a s e  compound i s  app l i ed  t o  

bo th  t h e  i n s i d e  and o u t s i d e  o f  a  green t i r e  be fo re  t h e  t i r e  i s  cured. VOC 

emissions may be reduced by t h r e e  techniques: change t o  water-based sprays, 

adsorpt ion,  and i n c i n e r a t i o n .  Ne i t he r  adso rp t i on  nor  i n c i n e r a t i o n  has been 

employed b y  t h e  i n d u s t r y  t o  c o n t r o l  VOC emissions f rom green t i r e  sp ray ing .  

I n c i n e r a t i o n  would be a p p l i c a b l e  t o  t h i s  source by  app l y i ng  t h e  technology 

as used t o  c o n t r o l  s i m i l a r  sources as d iscussed i n  Sec t ion  3.2.2. A t  l e a s t  

s i x  p l a n t s  manufactur ing passenger t i r e s  have switched t o  water-based sprays.  

One manufacturer es t imated  a  cos t  p e n a l t y  of t h r e e  cents  per  t i r e  when us i ng  n a t e r -  

base sprays. 7 
- 

Organic so lven ts  such as heptane, hexane, and t o l uene  a re  conta ined i n  

t h e  mold r e l ease  sprays t h a t  a re  used w i t h i n  t h e  i n d u s t r y .  Such solvent-based 

f o rmu la t i ons  can be rep laced  by  water-based sprays, ava i  1  ab le  f rom commerci a1 

sources. These water based m ix tu res  e l i m i n a t e  VOC emissions f rom t h e  spray ing  

of bo th  t h e  i n s i d e  and o u t s i d e  o f  green t i r e s .  

Water-based i n s i d e  sprays a re  avai  1 ab le  f rom Dow Curni r ~ r ~  C o q ~ o r L i l .  i o t ~ ,  

General E l e c t r i c  Company, and SWS S i l i c o n e s  Corporat ion.  I hcse  sprays, 

c o n t a i n i n g  no o rgan ic  so lven ts ,  a re  aqueous d i spe rs i ons  o f  s i l i c o n e  s o l i d s .  



- - - .- . - -- - - .- - 
Typical compositions are: solids, 30-60 percent by weight; water, 35 to  60 

percent; nonionic emulsifiers, 3 to  4 percent; bactericides, less than 1 percent; 

and corrosion inhibitors,  less  than 1 percent. Individual commercial supplier 

specifications for  inside t i r e  sprays are summarized i n  Table 3.1. In 

addition, mica i s  added sometimes to  further promote mold release. 

Water-based outside sprays contain approximately 35 weight percent sol ids, 

most of which i s  carbon black, and are available from SWS Silicones Corporation. 



---- - - - .  

I 
. . TABLE 3-1. Composition of Water-Based 

1n;ide Tire ~pra~s''~ - 

Amount. - . 

Suppl i er Component weight &cent 

Dow Corning Corporation Sol ids 
Water 
Emulsifiers b 

\ General Electric Company sol  idsC 50 

Water 4 5  
d Emulsifiers 3-4 . 

I ,. 
~actericide~ < 1 
Corrosion inhibitor f * 1 

SWS Si 1 icones Corporation sol idsg 35-60 

Water - a . 
Emuliifiers b -. a 

a~mount not specified. 
b~ornposi tion not specified. 
C~olydimethyl si loxane. 
d~thoxyl ated a1 kyl phenols. 
e6-acetoxy-2,2-dimethyl-rn-dioxane. 

f~odi uh benzoate. 
g~olydimethyl si 1 oxane, other si 1 i cone compounds, and/or mica. 
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4.0 COST ANALYSIS 

4.1 INTRODUCTION 

4.1.1 Purpose 

The purpose o f  t h i s  chapter  i s  t o  p resen t  c a p i t a l  and annual ized cos t s  

assoc ia ted  w i t h  c o n t r o l  o f  v o l a t i l e  o rgan ic  compound (VOC) emissions f rom 

se lec ted  processes and opera t ions  i n  t he  t i r e  manufactur ing i n d u s t r y .  An 

a n a l y s i s  o f  cos t -e f fec t i veness  i s  inc luded  t o  p rov ide  a  comparison o f ,  t h e  

var ious  c o n t r o l  a1 t e r n a t i v e s .  

4.1.2 Scope 

Est imates of c a p i t a l  and annual ized cos ts  a r e  developed f o r  c o n t r o l  o f  

end cementing, and green t i r e  spray ing.  I n d u s t r y  sources n o t  addressed i n -  

c l  ude compounding, mi 11 ing, ca lender ing,  ex t rus ion ,  and cur ing .  Est imates a r e  

l i m i t e d  t o  the  sources and c o n t r o l  systems shown i n  Table 4-1. 

4.1.3 Model P lan t s  Parameters 

Costs were developed f o r  a  model t i r e  p l a n t  produc ing 16,000 t i r e s  p e r  

day. The p l a n t  parameters a r e  est imates f rom techn i ca l  i n f o rma t i on  gathered 

by o the rs  du r i ng  t h e  development o f  t h i s  document. Al though p r o j e c t i n g  cos t s  

o f  p o l l u t i o n  c o n t r o l  f o r  a model p l a n t  y i e l d  r e s u l t s  t h a t  may d i f f e r  from 

ac tua l  costs ,  t h i s  procedure o f f e r s  t he  bes t  means o f  comparing r e l a t i v e  c o s t s  

and cos t -e f f ec t i veness  o f  va r i ous  c o n t r o l  measures. 

4.1.4 Bases f o r  C a p i t a l  Cost Est imates 

Cap i t a l  cos ts  represen t  t h e  investment  r equ i red  t o  r e t r o f i t  a  c o n t r o l  



TABLE 4-1. VOC EMISSIONS SOURCES AND CONTROL SYSTEMS 

Undertread cementing 

Bead d ipp ing  

Ti-re bu i  1 d i  ng 

Tread end cementing 

Green t i r e  spray ing 

Emission sources 

I n c i n e r a t i o n  
Carbon adsorp t ion  

Contro l  systems 

I n c i n e r a t i o n  
Carbon adsorp t ioc  

I n c i n e r a t i o n  
Carbon adsorp t ion  

I n c i n e r a t i o n  
Carbon adsorp t ion  

I n c i n e r a t i o n  
Carbon adsorp t ion  
Water-based spray 



system, i n c l u d i n g  bas i c  c o l l e c t i o n  dev ices and a u x i l i a r y  equipment, i n s t a l l a -  

t i o n ,  cont ingencies,  and taxes. Est imates o f  c a p i t a l  cos t s  a r e  based on data 

repo r ted  i n  Sec t ion  12 o f  Reference 1, except  t h a t  t he  c o s t  o f  water-based 

sprays used i n  green t i r e  spray ing  was ob ta ined  f rom a r e p r e s e n t a t i v e  o f  the 

Armstrong T i r e  Co. 2 y 3  The data f rom Reference 1 concern the  cos t s  o f  con- 

t r o l l i n g  VOC emissions f rom t i r e  b u i l d i n g ,  green t i r e  spray ing,  and under t read 

and t r ead  end cementing. A l l  c a p i t a l  c o s t s  a r e  expressed i n  January 1978 

d o l l a r s .  Table 4-2 l i s t s  t he  i tems inc luded  i n  t he  c a p i t a l  cos t s  o f  r e t r o -  

f i t t e d  c o n t r o l  systems. 

4.1.5 Bases f o r  Annual ized Cost Est imates 

Annual ized c o s t s  a r e  those assoc ia ted  w i t h  ope ra t i on  and maintenance o f  

t h e  c o n t r o l  systems and w i t h  recovery  of c a p i t a l  investment.  Operat ing cos t s  

i n c l u d e  the  c o s t  o f  m a t e r i a l s  consumed o r  used i n  ope ra t i ng  t he  c o n t r o l  

system, u t i l i t i e s ,  and normal maintenance. As i n  t h e  case o f  c a p i t a l  cos t ,  

t h e  data u t i l i z e d  come f rom References 1, 2, and 3 and a r e  ad jus ted  t o  January 

1978 d o l l a r s .  Table 4-3 l i s t s  t h e  i tems i nc l uded  i n  annual ized cos ts .  

4.2 CONTROL OF VOC EMISSIONS FROM SELECTED FACILITIES 

4.2.1 Parameters o'f Model P lan t s  

Table 4-4 p resen ts  t h e  t e c h n i c a l  parameters o f  f a c i l i t  

t i r e  manufactur ing p l a n t .  The l i s t e d  p roduc t i on  ra tes ,  VOC 

exhaust r a tes ,  and VOC concen t ra t ions  i n  t h e  exhaust gas a r  

n o t  those o f  a  s p e c i f i c  f a c i l i t y .  

i e s  i n  a  t y p i c a l  

emiss ion ra tes ,  

e  average values, 

Three main systems t o  c o n t r o l  VOC emissions from t h e  l i s t e d  f a c i l i t i e s  

a r e  discussed f o r  a l l  purposes w i t h i n  t h e  scope of t h i s  chapter .  These sys- 

tems a re  thermal i n c i n e r a t i o n ,  c a t a l y t i c  i n c i n e r a t i o n ,  and carbon adsorp t ion .  

I n  add i t i on ,  a  change f rom so l ven t  t o  water-based sprays i s  cons idered as a 



T A B L E  4-2. ITEMS I N C L U D E D  IN CAPITAL COSTS OF 
RETROFITTED CONTROL SYSTEMS 

Basic collection equipment 

Auxiliary equipment 

- Air movement equipment 

Fans and blowers 
Hoods, ducts 
Electrical motors, s t a r t e r s ,  wire conduits, switches, e t c .  

Liquid movement equipment 

Pumps 
Electrical motors, s t a r t e r s ,  wire conduits, switches, e tc .  
Pipes and valves 
Set t l  ing tanks 

Instrumentation t o  measure and control: 

Air and/or liquid flow 
Natural gas and/or fuel oi l  flow 
Temperature and/or pressure 
Operation and capacity 
Power 

Research and development, including stream measurement, p i lo t  plant operations, 
and personnel costs 

Instal la t ion 

Labor 
Cleaning the s i t e  
Yard and underground work 
Building modifications 
Inspection 
Support construction 
Protection of existing f a c i l i t i e s  
Supervision and engineering 
Startup 

Storage and disposal equipment 

Contingencies 

Sales t a x  



T A B L E  4-3. ITEMS INCLUDED IN ANNUALIZED COSTS OF 
RETROFITTED CONTROL SYSTEMS 

Capital charges 

Operating costs  

U t i l i t i e s  needed t o  operate control equipment 
Materials consumed, such as  f ue l ,  in operating the control system 
Waste disposal operations 

Overhead 

Property taxes 
Insurance 

Maintenance costs  

Replacement of pa r t s  and equipment 
Supervision and engineering 
Repairs 
Lubrication 
Surface protection,  such a s  cleaning and painting 

Offset t ing cos t  benefi ts  from operating control system 
(such as  recovery of valuable byproduct) 



TABLE 4-4. PARAMETERS 

Number o f  

Undertread 
cementing 

Bead I I 
d ipp ing  2 8050 

P - 
I 
o, T i r e  

b u i l d i n g  50 320 

Tread cementing1 end 4 1 
4020 

Green t i  r e  
spray ing 1 5  1 3220 

FOR A TYPICAL PLANT MANUFACTURING 16,000 t i r e s /day  
-- - - - - -- - -- - - .- -- - - - - - .  

Exhaust gas VOC concen- 
voc emission F:I, 1 f l o w  r a t e ,  t r a c t i o n  o f  Exhaust gas 

r a t e ,  m3/s per  ( f t3 /min per  exhaust gas, temperature, 
kglday per  u n i t  kglday fac i  1 i t y  fac i  li t v \  g/m3 ( ppma 

a C a l c u l a t i o n  based on an average molecular weight o f  100. 



method o f  p o l l u t i o n  c o n t r o l  f o r  green t i r e  sp ray ing .  Depending on t he  f a c i l i t y ,  

t h e  e f f i c i e n c y  o f  these c o n t r o l  o p t i o n s  ranges f rom 59 t o  9Z percen t .  

Tables 4 -5  and 4-6 l i s t  t h e  assumptions behind t h e  c o s t  es t imates  i n  

Reference 1  f o r  c a t a l y t i c  and thermal i n c i n e r a t o r s  and carbon adso rp t i on  

systems. The c o s t  a n a l y s i s  i s  

da ta  f rom Reference 1, and t h e  

4.2.2 Costs o f  Con t ro l  

based s o l e l y  on t h e  model p l a n t  parameters, t h e  

assumptions l i s t e d .  

Data concer ing each o f  t h e  t h r e e  main c o n t r o l  systems were a b s t r a c t e d  

from Reference 1, p l o t t e d  on l o g - l o g  paper, and sub jec ted  t o  a  leas t -squares  

f it; and curves were cons t ruc ted  f o r  b o t h  annua l i zed  and c a p i t a l  c o s t s  versus 

t h e  exhaust f l o w  r a t e  f o r  each system. The exhaust volumes s p e c i f i e d  i n  Table  

4-4 were used t o  es t imate  c a p i t a l  and annua l i zed  cos t s  f o r  a l l  t h e  combina- 

t i o n s  o f  main c o n t r o l  systems and f a c i l i t i e s .  Tables 4-7 th rough  4-11 p resen t  

t h e  est imates.  Table  4-9 a l s o  l i s t s  c o s t s  of u s i n g  water-based sprays i n  

green t i r e  sp ray ing .  

Because t h e  es t imated  c o s t s  o f  gas c l ean ing  p e r t a i n  t o  s p e c i f i c  exhaust 

stream cond i t i ons ,  c o s t  f a c t o r  assumptions, and f a c i l i t y  s i zes ,  c o s t s  cou ld  

i nc rease  o r  decrease w i t h  a  change i n  parameters. For example, 90 percen t  

r e d u c t i o n  o f  VOC emiss ions f rom an under t read  o r  t r e a d  end cementer m igh t  

r e q u i r e  a d d i t i o n a l  expend i tu res  f o r  enc los i ng  and/or ex tend ing  t h e  conveyor, 

i n c r e a s i n g  t h e  duc t  work, and us ing  a  l a r g e r  f a n  motor  t o  ensure adequate 

s o l v e n t  cap tu re  d u r i n g  d r y i n g .  

Each c o s t  g i ven  i n  Tables 4-7 th rough  4-11 represen ts  t h e  t o t a l  c o s t s  f o r  

man i f o l d i ng  a l l  ope ra t i ng  u n i t s  i n  each f a c i l i t y .  Thus, t he  c o n t r o l  o p t i o n  

c o s t s  i n  Table 4-7 r ep resen t  t h e  c o s t  o f  t r e a t i n g  exhaust gases f rom f o u r  

under t read  cementers w i t h  one p i ece  of c o n t r o l  equipment. Th i s  t rea tment  



TABLE 4-5. ASSUMPTIONS USED I N  DEVELOPING CCST ESTIMATES FOR CATALYTIC 
AND THERMAL INC I NERATORS~  

C a t a l y t i c  i n c i n e r a t o r  assumptions: 

" Designed f o r  n a t u r a l  gas and propane ope ra t i on  

" Capable o f  ope ra t i on  a t  425°C (800°F) below 6% lower  exp los i ve  1  i m i  t (.LEL) 
a t  6 5 0 " ~  (1200°F) f rom 6% t o  25% LEL 

" C a t a l y s t  l i f e ,  3 years  

The c a t a l y t i c  a f t e r b u r n e r  was cos ted  on two des ign bases: 425°C (800°F) 
and 650°C (1200°F). The h ighe r  temperature des ign i s  r e q u i r e d  f o r  LEL 
l e v e l s  exceeding 6%. A t  a  6% LEL c o n d i t i o n  and a  minimum i n i t i a t i o n  
temperature o f  315°C (600°F), t h e  o u t l e t  temperature o f  t h e  c a t a l y s t  
i s  approx imate ly  425°C (800°F). A t  a  25% LEL c o n d i t i o n  and a  minimum 
i n i t i a t i o n  temp2rature o f  260°C (500°F), the  o u t l e t  temperature o f  t h e  
c a t a l y s t  i s around 650°C (1 200°F). 

Thermal i n c i n e r a t o r  assumptions: 

" Designed f o r  o i l  and n a t u r a l  gas ope ra t i on  

" Capable o f  ope ra t i on  a t  815°C (1500°F) 

" Res idence t ime,  0 . 5 s  

" Nozzle mix burner  capable o f  f i r i n g  No. 2  through No. 6 o i l  

" Forced m ix i ng  o f  t h e  burner  combustion p roduc ts  by a  s l o t t e d - c y l i n d e r  
m i x i n g  arrangement (The c y l  i n d e r  a1 lows t he  burner  f lame t o  e s t a b l  i s h  
i t s e l f  be fo re  r a d i a l  e n t r y  o f  t h e  e f f l u e n t  through s l o t s  i n  t h e  f a r  
end o f  t h e  c y l  i nder. ) 

V u c t i n g  a  p o r t i o n  o f  t h e  e f f l u e n t  t o  the  burner  t o  be i n c i n e r a t e d  
and serve as combustion a i r  (Such d u c t i n g  a l l ows  t he  burner  t o  a c t  
as a  raw gas burner  and saves f u e l ,  compared w i t h  conven t iona l  
nozz le  mix  burners.  Th i s  design, however, can o n l y  be used when 
t h e  oxygen con ten t  o f  t h e  oven exhaust i s  17% o r  more by volume.) 

Common assumptions: 

" Outdoor l o c a t i o n  

" Roof top i n s t a l l a t i o n  r e q u i r i n g  s t r u c t u r a l  s t e e l  

" Fuel c o s t  o f  $1 .45/GJ ($1.5O/mi 11 i o n  B tu )  gross 

(Co r rec t i on  f a c t o r s  a r e  p rov ided  t o  determine ope ra t i ng  cos t s  a t  
h i ghe r  f u e l  p r i c e s .  ) 

( con t inued)  



TABLE 4-5 ( c o n t i  nued) 

O E l e c t r i c i t y  c o s t  o f  $0.03/kWh 

D e p r e c i a t i o n  and i n t e r e s t ,  16% o f  c a p i t a l  c o s t s ;  annual  maintenance,  
5% o f  c a p i t a l  c o s t s ;  t a x e s  and i n s u r ~ n c e ,  2% o f  c a p i t a l  c o s t s ;  
b u i l d i n g  overhead, 2% o f  c a p i t a l  c o s t s .  

" D i r e c t l a b o r c o s t :  0 . 5 h / s h i f t x 7 3 0 s h i f t s / y r x $ 8 = $ 2 9 2 0 / y r  

" O p e r a t i n g  t i m e :  2  s h i f t s l d a y  x 8  h / s h i f t s  x 365 d a y s l y r  = 5840 h l y r  



TABLE 4-6. ASSUMPTIONS USED I N  DEVELOPING COST ESTIMATES 
FOR CARBON ADSORBERS~ 

Fuel  c o s t  o f  $1.42 GJ ($1 .50 /m i l l i on  B tu )  

E l e c t r i c i t y  c o s t  o f  $0.03/kWh 

A c t i v a t e d  carbon c o s t  o f  $1 . 50/kg ($0.6811 b )  

Water c o s t  o f  $10.57/m3 ($0.04/103 gal  ) 

Steam c o s t  o f  $4.40/Mcj ($2110~ 1 b )  

L i f e  o f  a c t i v a t e d  carbon, 5 y r  

Adsorber ope ra t i ng  temperature o f  38°C (1  00°F) 

Market va lue  (December 1975) o f  benzene = $0.2311 i t e r  

Market va lue  (December 1975) o f  hexane = $0.1211 i t e r  ($0.47/ga l )  

Normal r e t r o f i t  s i t u a t i o n  

D i r e c t  l a b o r  cos t :  0.5 h l s h i f t  x 730 s h i f t s l y e a r  x $8/h = $2920/yr 

Annual maintenance, taxes, insurance, b u i l d i n g  overhead, dep rec ia t i on ,  
and i n t e r e s t  on borrowed money: 25% o f  cap i t a1  cos t s  investment  

Operat ing t ime  o f  5840 h l y r  



TABLE 4-7. ESTIMATED CAPITAL  COSTS, ANNUALIZED COSTS, AND COST-EFFECTIVENESS OF CONTROL SYSTEMS 
FOR UNDERTREAD CEMENTINGa 

(thousands of  J a n u a r y  1978 dollars, except  a s  noted) 

Control systems b 
-. - -- - -- - 

Capital c o s t s ,  AI -- 
Total 

160 
11 5 
92 

280 
255 
11 5 

175 

155 

100 

ua l ized  c o s t s ,  Cost-effect iveness  ,L 

3 Per m / s  [Per  scfm) 

(0.007) 
(0.005)  
(0.004) 

(0.012) 
(0.011)  
(0.005)  

(0.007) 

(0.007) 

(0.004) 

rota1 Per m /s -K- Per scfm) 

C a t a l y t i c  inc inera t ion  
No heat recovery 
Primary heat  recovery 
Primary and secondary heat  recovery 

Thermal inc inera t ion  
No heat  recovery 

P 
Primary heat  recovery 
Primary and secondary heat recovery 

-I 

-I 

Carbon adsorpt ion 
No c r e d i t  f o r  recovered so lven t  
Recovered solvent  c r e d i t e d  a t  

fue l  value 
Recovered solvent  c r e d i t e d  a t  

market value 

a 3 Based on an exhaust gas  flow r a t e  of 11.2 rn / s  (23.600 cfm) f o r  four  u n i t s  and a VOC emission r a t e  of 1520 kg/day f o r  four  u n i t s .  

All control  systems a r e  a s r m e d  t o  reduce VOC emissions by 90 percent.  
-- 

The amount of so lven t  con t ro l led  per year  i s  554 Mg l(611'-ton]: --. 
-' '. A p t (  1 ' P 

I ' 
- - 



TABLE 4-8. ESTIMATED CAPITAL COSTS, ANNUALIZED C9STS AND COST-EFFECTIVENESS 
OF CONTROL SYSTEMS FOR BEAD DIPPINGa 

(in thousands o f  January 1978 dollars, except as noted) 

Control systems b 

Catalytic incineration 
No heat recovery 
Primary heat recovery 
Primary and secondary heat recovery 

Thermal incineration 
No heat recovery 
Primary heat recovery 
Primary and secondary heat recovery 

Carbon adsorption 
No c red i t  f o r  recovered solvent 
Recovered solvent credited a t  

fuel value 
Recovered solvent credited a t  

market value 

Total 

11 5 
145 
165 

120 
145 
160 

250 

250 

250 

- -  -- 

Capital costs,  

3 Per m / s  Per scfm) 

- -- -. -. -- - . - - . - 
Annualized costs.  

Total Per m / s  1 (Per scfm 

(0.01 0)  
(0.007) 
(0.006) 

(0.014) 
(0.012) 
(0.010) 

(0.087) 

(0.076) 

(0.055) 

ost-effectiveness,  c 

3 a ~ a s e d  on an exhaust gas flow ra t e  of 5.4 m / s  (11,372 cfm) for  two uni ts  and a VOC emission ra te  of 130 kglday fo r  two units .  

All control systems a r e  assumed to  reduce VOC emissions by 90 percent. 

The amount of solvent controlled per year i s  47.4 Mg (52.5 ton) .  



TABLE 4-9. ESTIMATED CAPITAL COSTS, ANNUALIZED COSTS, AND COST-EFFECTIVENESS 
OF CONTROL SYSTEMS FOR TIRE  BUILDING^,^ 

( i n  thousands o f  January  1978 d o l l a r s ,  e x c e p t  a s  n o t e d )  

Contro l  systemsc 

To ta l  

C a t a l y t i c  i n c i n e r a t i o n  
No heat recovery 
Primary heat recovery 
Primary and secondary heat recovery 

Thermal i n c i n e r a t i o n  
No heat  recovery 
Primary heat  recovery 
Primary and secondary heat  recovery 

Carbon adsorp t ion  
No c r e d i t  f o r  recovered so lven t  
Recovered so lven t  c r e d i t e d  a t  

f u e l  va lue 
Recovered so lven t  c r e d i t e d  a t  

market va lue 

Cap i ta l  costs, 

3 Per m / s  (Per scfm) 

-- 

Annual i r e d  c z o s t - e f f e c t i  veness. d 

To ta l  P e r m / s  1 

a 3 Based on an exhaust gas f low r a t e  of 285 in /s  (600,000 cfm) f o r  50 u n i t s  and a VOC emission r a t e  o f  500 kg/day f o r  50 u n i t s .  

The 50 u n i t s  f o r  t i r e  b u i l d i n g  a r e  d i v i d e d  i n t o  10 groups o f  5 u n i t s ,  

A l l  c o n t r o l  systems a r e  assumed t o  reduce VOC emissions by 80 percent.  

The amount of so lvent  c o n t r o l l e d  per  year  i s  18.25 Mg (201 ton) .  
'U 



TABLE 4-10. ESTIMATED CAPITAL COSTS, ANNUALIZED COSTS, AND COST-EFFECTIVENESS 
OF CONTROL SYSTEMS FOR TREAD END CEMENTINGa 

(in thousands of January 1978 dollars, except as noted) 

Contro l  systems b 

C a t a l y t i c  i n c i n e r a t i o n  
No heat  recovery 
Pr imary heat recovery 
Pr imary and secondary heat  recovery 

Thermal i n c i n e r a t i o n  
No heat  recovery 

P 
Pr imary heat  recovery 
Primary and secondary heat  recovery 

-I 

P Carbon adsorp t ion  
No c r e d i t  f o r  recovered so lven t  
Recovered so lven t  c r e d i t e d  a t  

f u e l  va lue 
Recovered so lven t  c r e d i t e d  a t  

market va lue 

To ta l  

Cap i ta l  costs. I Annualized costs, 

3 Per m / s  (Per scfm) 

- 

( $1 ton  

a 3 Based on an exhaust gas f low r a t e  of 15.6 m / s  (32,853 cfm) f o r  f o u r  u n i t s  and a VOC emission r a t e  o f  240 kglday f o r  fou r  u n i t s .  

A l l  c o n t r o l  systems a r e  assumed t o  reduce 



TABLE 4-1 1 .  ESTIMATED .CAPITAL COSTS, ANNUALIZED COSTS, AND COST-EFFECTIVENESS 
OF CONTROL SYSTEMS FOR GREEN T IRE SPRAYINGa 

( i n  t h o u s a n d s  o f  J a n u a r y  1978 d o l l a r s ,  e x c e p t  a s  n o t e d )  

Contro l  systems b I Cap i ta l  costs. 

Thermal i n c i n e r a t i o n  
No heat  recovery 150 
Primary heat  recovery 175 
Primary and secondary heat  recovery 200 

C a t a l y t i c  i n c i n e r a t i o n  
No heat  recovery 
Primary heat recovery 
Primary and secondary heat  recovery 

Carbon adsorp t ion  
No c r e d i t  f o r  recovered so lven t  
Recovered so lven t  c r e d i t e d  a t  

fue l  va lue 
Recovered so lven t  c r e d i t e d  a t  

market va lue 

145 
220 
260 

Water-based spray I 1 5 ~  

Per m3/s J ( ~ e r  scfm) 

Annualized costs, 

To ta l  Per m /s  (Per scfm 4- 
o s t - e f  f e c t i v e n e ~ s , ~  

a 3 Based on an exhaust gas f l o w  r a t e  o f  23 m /s  (48,400 cfm) f o r  f i v e  u n i t s  and a VOC emission r a t e  of  1600 kg lday f o r  f i v e  u n i t s  

A1 1 c o n t r o l  sjstems a r e  assumed t o  reduce VOC emission by 80 percent.  

The amount of so lven t  c o n t r o l l e d  per  year  i s  584 Mg (642 ton) .  

Th is  investment of c a p i t a l  money i s  requ i red  i n  o n l y  some cases. 

NA - Not app l i cab le .  



would require manifolding of the f o u r . u n i t s  t o  the control system. The t i r e  

building f a c i l i t y  contains 50 un i t s  producing a t o t a l  exhaust gas flow r a t e  of 
3 600,000 f t  / m i n ,  which i s  much larger  than can be handled by a s ingle  control 

device. Therefore, the 50 t i r e  builders were manifolded i n to  groups of 5 and 

exhausted t o  10 control devices. This design y ie lds  a flow r a t e  of 60,000 
3 f t  / m i n  t o  each control device. In Table 4-9, therefore ,  each control system 

3 was costed a t  60,000 f t  / m i n ;  and t h i s  cos t  was mult ipl ied by 10 t o  y ie ld  the 

t o t a l  cos t  f o r  t i r e  building. 

The use of water-based mold re lease  agents i n  green t i r e  spraying repre- 

sen t s  a process change. This change normally does not involve any addit ional  

capi ta l  expenditures over t ha t  required f o r  spraying solvent-based agents. In 

some instances,  however, expenditures of approximately $15,000 may be required 

f o r  equipment m o d i f i c a t i ~ n . ~ ' ~  There a r e  no addit ional  operating o r  main- 

tenance costs ,  except f o r  the higher co s t  of the water-based spray. T h i s  

amounts t o  approximately $0.03 per t i r e  f o r  d i r ec t  annualized costs .  The 

ind i rec t  annualized costs  f o r  this control option a r e  based on a cap i ta l  

recovery fac to r  of 13.1 percent and an addit ional  4 percent f o r  taxes and 

insurance. i' 
/ : .9$j$~36(r , , : '31 )76~7h'>i  c 

3 Uk' 
4.3 COST-EFFECTIVENESS 

The most cos t -effect ive  control system f o r  a l l  f a c i l i t i e s  i s  c a t a l y t i c  

incinerat ion w i t h  primary and secondary heat recovery. For green t i r e  spray- 

ing, a change t o  water-based spraying appears t o  be about a s  cos t -effect ive  a s  

solvent-based spraying. Because no large  capi ta l  investment i s  required and 

because there a r e  more tax benef i ts  f o r  an'expense item than a cap i ta l  item, 

water-based sprays appear more economically a t t r a c t i ve .  In a l l  cases,  the  



most expensive op t i on  i s  thermal i n c i n e r a t i o n  because o f  the h igh  cos ts  o f  

f u e l  . 

4.4 SUMMARY 

- The cos t  analyses presented represent  the costs associated w i t h  a l l  u n i t s  

i n  a f a c i l i t y  and a re  based on data contained i n  Reference 1, except f o r  green 

t i r e  sprayi  ng . 
C a t a l y t i c  i n c i n e r a t i o n  w i t h  pr imary and secondary heat recovery proved t o  

be the most c o s t - e f f e c t i v e  c o n t r o l  op t i on  f o r  bead dipping, t i r e  bu i l d ing ,  

green t i r e  spraying, and undertread and t read  end cementing. The l a r g e  ex- 

pense requirements o f  changing t o  water-based sprays, however, cou ld  make t h i s  

op t i on  more a t t r a c t i v e  than exhaust gas i n c i n e r a t i o n  f o r  green t i r e  spraying.  

The costs o f  c o n t r o l l i n g  VOC emissions are much h igher  f o r  the t i r e  

b u i l d i n g  operat ions than f o r  any o the r  f a c i l i t i e s ;  however, cos t -e f fec t iveness  

a t  such operat ions would be enhanced by modi fy ing v e n t i l a t i o n  and capture 

systems t o  reduce volume and increase concentrat ions o f  VOC emissions. 
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5.0 ADVERSE EFFECTS OF APPLYING TECHNOLOGY 

5.1 A I R  IMPACTS 

No s i g n i f i c a n t  adverse impacts should r e s u l t  from these regulat ions.  

al though negligence i n  maintenance and operat ion o f  con t ro l  devices 

could increase emissions i n  i n d i v i d u a l  cases. Examples are carbon adsorpt ion 

systems opera t ing  w i t h  spent o r  saturated adsorbent, and excessive v e n t i l a t i o n  

ra tes .  

B o i l e r  emissions w i l l  increase due t o  steam requ i red  t o  regenerate carbon, 

bu t  these increases w i l l  be i n s i g n i f i c a n t  compared t o  reduc t ion  i n  VOC emissions 

by con t ro l  equipment. There are few cu r ren t  measurements o f  oxides of 

n i t rogen  (NO,) l eve l s  i n  gas streams from inc ine ra to rs .  I n  most instances these 

emissions w i l l  be i n s i g n i f i c a n t  compared t o  reduc t ion  i n  VOC emission by c o n t r o l  

equipment. 

5.2 CARBON ADSORPTION CONTROL SYSTEMS 

The increased energy requ i red  t o  operate carbon adsorpt ion systems i s  a  

p o t e n t i a l  disadvantage. The q u a n t i t y  o f  energy w i l l  depend on the s i z e  o f  

adsorbers and the  concentrat ions o f  t he  solvent  en te r i ng  the  bed. Any 

reduct ion  which can be made i n  a i r  f l o w  from the  capture system w i  11 permi t  

smal ler  adsorbers w i t h  at tendant  reduct ions i n  energy. 

Proper maintenance and opera t ion  of carbon adsorpt ion systems are 

necessary t o  ensure e f f e c t i v e  s i g n i f i c a n t  reduct ions i n  VOC emissions. 

Carbon adsorpt ion systems should be equipped w i t h  ins t rumenta t ion  t o  t ime 

regenerat ion cycles. The cyc le  should be adjusted t o  s t a r t  before break- 



through occurs. w i t h  age, a heel o f  heavier organics can accumulate i n  

the carbon, thus reducing i t s  working capaci ty .  Breakthrough can go 

undetected unless a sensing device i s  i n s t a l l e d  a t  t he  o u t l e t .  An 

i n d i c a t o r  f o r  most app l ica t ions ,  s e n s i t i v e  t o  25-75 ppm o f  vapor, should 

s u f f i c e .  The breakthrough sensing device should be requ i red  t o  be connected 

t o  (1 )  a d i r e c t  readout meter, (2 )  an alarm, b e l l  o r  l i g h t ,  o r  ( 3 )  a  device 

t h a t  i n i t i a t e s  the  regenerat ion cyc le.  

A b e n e f i c i a l  impact of carbon adsorpt ion c o n t r o l  i s  t h a t  so lvent  can 

normal ly  be recovered fo r  reuse. Thus, a valuable and i nc reas ing l y  

scarce ma te r ia l  can be conserved. However, recovery i s  genera l l y  l i m i t e d  t o  

water ( f rom steam regenerat ion)  immisc ib le solvents.  

5.3 INCINERATION 

The major disadvantage of i n c i n e r a t i o n  i s  t he  auxi l i a r y  

general l y  requi red.  This  can be p a r t i a l l y  o f f s e t  when heat 

t o  preheat i n l e t  gas streams o r  t o  use i n  o the r  processes. 

f u e l  t h a t  i s  

i s  recovered 

A t  t he  t ime  o f  i n s t a l l a t i o n  thermal and c a t a l y t i c  i n c i n e r a t o r s  should be 

requ i red  t o  be equipped w i t h  temperature i n d i c a t o r s .  Temperature sensors 

should a lso be requ i red  on both i n l e t  and o u t l e t  streams o f  c a t a l y t i c  u n i t s  

t o  p rov ide  a continuous i n d i c a t i o n  of c a t a l y t i c  a c t i v i t y .  

5.4 WATER AND SOLID WASTE IMPACT 

The l a r g e s t  impact on water q u a l i t y  would r e s u l t  from use o f  carbon 

adsorpt ion. Steam used t o  desorb t h e  so lvent  i s  condensed w i t h  the  so lvent  

and separated by g rav i t y .  Some solvent  w i l l  remain i n  the  water and even tua l l y  

enter  the  sewer system. 

There appears t o  be no s i g n i f i c a n t  s o l i d  waste impact r e s u l t i n g  from the  

con t ro l  o f  VOC from t i r e  manufacturing. The o n l y  problem could a r i s e  from 

carbon. Carbon used i n  carbon adsorpt ion beds i s  d i  scarded p e r i o d i  ca1 l y .  

Vendors and users have est imated the  l i f e  of carbon a t  up t o  30 years bu t  

replacement i s  genera l l y  recommended every 10 t o  15 years. 

5-2 
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Table A-1. T O T A L  V O L A T I L E  O R G A N I C  C O M P O t i . 0  EM1  I NS 
FROM T H E  W N U F A C T U R I d G  P L A N T S  y,3,4 3 - 9 1  

Plant Calculated VOC emissions, Plant Calculated VOC emissions, 
code metric tonslyear code metric tonslyear 

E E 
F F 
GG 
H H 
J 3 
L L 
N N 
00 
P P 
QQ 
RR 
SS 
TT 
UU 
WW 
X X 
Y Y 
Z Z 

AAA 
BBB 
CCC 

In order to calculate the masses of VOC emissions given in Table A-1, 

densities of specific organic were used to convert reported solvent 

consumption in gallons to mass. The following assumptions were made: (1) the 

density of naphtha and any "rubber solvents" of unspecified composition is 

645 kg/m3, 23, and (2) the density of gasoline is equal to that of octane, 

' 702.5 kg/m3.22 No solvent was assumed to remain in the final tire product. 



APPENDIX A - 2  CALCULATIONS FOR ANNUAL MASS VOC EMISSIONS 
- - - . . . . 

where 

Confidence Limit = 2 t ~ / 2 ,  . 
{?, sx (2) 

Student's t value for  100 (I-a)  percent confidence 
l imits  and Y degrees o f  freedom 

standard deviation 

number of samples 

s i ze  of total  population 

The number of  degrees of freedom f o r  t h i s  case is 41, which i s  

equal t o  the number of samples, n ( i .  e. , 42 from Table 3-4), minus one. 

The s i ze  of the total  population of t i r e  manufacturing plants is 62 

(from the number of plants 1 isted i n  Table 3-1). For 95 percent con- 

f idences t0.05/2, 41 can be approximated by 
9 0,' 

which equals 
24 7.960. Therefore, the 95% confidsnce l imits  f o r  the mean annual 

mass o f  YOC s m i s i m s  p2r t i r e  manufacturing plant are: 

( I .  900) (755) metric tons 

To obtain tn? mean VOC emission fac tor  on a mass-per-tire basisa 

w i t h  the appropriate confidence limits, the above values a r e  divided 

by the average t i r e  prbduction per plant ,  which is  16,100 t i r e s  per 

operating day, or 3,563,000 t i r e s  per year, using data from Tables 3-1 

and 3-2. The mean VOC emission f ac to r  and i t s  95 percent confidence 

l imi t s  a re  thus 291 t 37 grams per t i r e .    here fore, total  emissions of 

v o l a t i l e  organic compounds due to solvent consumption by the t i r e  i n -  

dustry i n  the United States  can be estimated to  be between 56,300 and 

7 2 , 5 0 0  metric tons per year. 

a ~ n i s s i o n  factors  were calculated on th i s  basis because the najori ty  
of plants responding to  the Section 114 survey provided production 
data in terns of the number, not the mass, of t i r e s  produced. A l -  
though VOC emissions per t i r e  will be greater for larger ,  more 
massive t i r e s  such a s  those used f o r  trucks and buses, the  calculated 
confidence l imi ts  will  encompass 95 percent of t h e  possible values.  

A-2  



TABLE A-3. EM1 SSIONS DATA FOR UNDERTREAD CEMENT I NG 2,3,4,12-21 

Number o f  t 

undertread Exit gas propert ~ e r  CalculeteC 
Plant cementing euge presprce, VOC em:sslons. 
code lines Average Range 'C Pa metric ton;/year 

A 

B 

C 
D 
E 

I 
K 

L 

1 

0 
P 

P 
R 

T 

v 
!A 

X 

Y 

2 

BE 

DO 

E E 

FF 

GG 

HH 

J J  

LL 

11% 

00 
PP 

PO 
R R  

S S 

TT 

l iu 
nu 
X X 

Y Y  

ZZ 
AAP 

800 

CCC 

d ~ l ~  u n i t s  hdve sane exit gar flow rate .  

one value reported. 



TABLE A-4. EMISSIONS DATA FOR BEAD DIPPING 2,3,4,12-21 

1 

B 
C 

0 

E 
I 

I: 

L 

n 
0 

P 

P 
R 

T 

v 
Y 

X 

Y 

Z 
83 

DD 

E E 
F F 

GG 
Hti 

JJ 

L L 

NN 

00 

PP 

QQ 
RR 

SS 

TT 

UU 

MY 

X X 

Y Y  

ZZ 
AM 

BBB 

CCC 

I , 
Number of  Ex i t  gar p ropcr t lcs  C ~ l c u l a t e d  Plan1 bead dlpplng Flow r r t e ,  m J / s  per o w r r t l o n  Tenperature. h u g e  pressure. Y O (  m ~ r r i o n s .  

code oper r t  ions Averaqe Range 'C P1 metr ic tonr/year 

'only one va:uc reported. 

' h b i e n t .  

'hot ava i i db l e .  

d ~ O t  ca l cu l a t r d .  

e ~ o  i nd i v i dud l i zed  v e n t i l a t i o n  rystem(s).  

f ~ o t  app l icab le .  

9 ~ 1 1  un i t s  have same e i i t  gar f low r a t e .  



- 2,3,4,12-21, a 
TABLE -A-5.  EMISSIONS DATA FOR TIRE BUILDING 

Number of Calculated hunber of Calculated 
Pldnt tire-bui!c:ng VOC emissions, Plant tire-building VOC emissions, 
cod? machiges metric tons/year code machines metric tons/year 

E E 
F F 
GG 
Ht! 
JJ 
LL 
N h 
00 
P P 

BBB 
CCC 

a ~ l a n i s  indicate tha: the number of  machines was not avai:able o r  tha: VOC 
e ~ i s s i l m  couid  not be calculated. 



- . 

a . -- 

Twf A - 6 i  EHISSIONS DATA FOR TREAD END CEMENTING, 2,3,4,12-21, 

Calculated Ca 1 cul a ted 
Plant VOC emissions, Plant VOC emissions, 
code metric tonslyear code m e t r i c  tons/year 

A 7 E E 31 
B F F 2 1 
C 22 GG 2 8 
L; 7 5 HH 
E 12 J J 135 
I 3 0 L L 22 
K 4 0 NN 5 7 
L (30 36 
M PP 
0 
P 120 RR 33 

QQ 

Q 158 S S 21 0 
R 18 TT 8 9 
T U U 167 
V 10 WW 18 
W 18 X X  4 6 
X 2 9 Y Y 22 
Y 5 2 zz 
Z AAA 4 
6 B BBB 3 1 
D D CCC 9 

a ~ l a n k  indicates t h a t  annual mass of VOC 
emissions could not be calculated. 



TABLE A-7. EMISSIONS DATA FOR GREEN T I R E  SPFAYING 2,3,4,12-21 

Number o f  E a i t  gas p r o p e r t l e 5  C d l c u l  bt.6 
p l a n t  spray Type o f  Flow r a t e ,  mJ/s per  boo th  ~ n p e r a t u r e .  Gauge p ressure .  VM o n ~ > r ~ o n s .  
code booths spray Average Range 'C Pa m c t r i c  ton r /year  

a ~ a :  a v a i l a b l e .  

c a l c u l a t e d .  

C ~ 3 i e n t .  

Yaler-based 

Organic-bared 

Organic-based 

Organic-based 
a 

Organic-based 

Organic-based 

Organic-based 

Organic-based 

Organlc-based 

O r ~ a n i c - b a s e d  

Organic-based 

Organic-based 
a 

Organic-based 
a 

Crganlc-based 

Orcanic-based 

;raanic-based 

Yarer-based 

O r g e r i c - h s e d  

C r ~ 2 n i r - b a s e d  

Ya :?--based 

3r;ani:-basea 

5:;anic-base4 

0r:an:c-based 

Organic-bas& 

Orgap,ic-bas& 

Grganic-based 
a 

Organic-based 

Ma ter-hased 

Water-based 

Organic-based 

Water-based 

Organic-based 
a 

Orsanic-based 

Organic-based 

Organic-base< 

Organic-based 

Organic-based 

d ~ l l  u n i t s  have rave  e x i t  gas f l o w  r a t e .  

e ~ a a i r n u m  v a l u e .  

f ~ n l y  3ne va lue  r e p o r t e d .  
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APPENDIX B. CALCULATIONS TO ESTIMATE VOC EMISSIONS FROM HEAT PROCESSING 
OF R U B B E R  

. . -- A temperature-weight loss correlation 

proposed by 5 .  M. ~ a ~ ~ a ~ o r t ~ ~  has been used t o  estimate emissions 

from curing. Emissions from other processes can be approximated 

using the rat io of the operating temperature t o  180°C (the temperature 

a t  which curing emissions were measured) a s  a correction factor. In 

addition, Rappaport's numerical constants must be reduced by a factor 

of tsn when estimating volatile organic compound emissions, because 

90 percent of the weight losses t h a t  he observed could be attributed 

t o  evaporation of ~ a t a - . ' ~  The modified Rappaport equation i s  thus: 

where C = weight loss,  grams per kilogram 

T = operating temperature, "C 

In compounding, the mechanical release o f  heat  normally raises the  

temperature of the rubber stock to 100°C. Twenty percent of the  vola- 

t i l e  species mit ted  can be assumed to be adsorbed on carbon black 

particulate t h a t  are simultaneously generated. The emission factor 

for compounding i s  therefore: 

(0.8) (1.27 x 10-3) (100) = 0 . 1  g/kg ( 4 )  

A representative t i r e  mass i s  required to convert the above 

mission 

for th is  

G? t i r e s  

in Table 

factor t o  grams per. t i r e .  A passenger car t i r e  was chosen 

purpose bxause i t  represents 80 percent of the total number 

producod by t h e  industry according t o  the information shown 

2-1. D z t a  supplied by two Armstrong Rubber Company plants 2 

t h a t  produce only passenger czr t i r es  were used to calculate a n  average 

t i r e  mass of 11.4 kilograms. Using this  value, the estimated emission 

i x t o r  for conpounding i s  one gram per t i r e .  

B-1 
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