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4.12. I ,&Id 
&l- General Proms Description' 

Many of the rubber manufacturing facilities in the United States produce pneumatic tires for 
automobile, trucks, airplanes and farm machinery. However, the majority of rubber manufacturing 
facilities produce other engineered rubber products. The processes involved in these industries are very 
similar. Differences basically consist of the raw rubber material (natural or synthetic) used, the chemical 
additives, and the type of curing employed. The following is a description of a generic rubber 
manufacturing facility applicable to both tire and other manufactured rubber products, except where noted. 

Thecmanufacturing of rubber products involves several processing steps. Initially, the raw rubber 
(natural or synthetic) is mixed with several azitives which are chosen based upon the desired properties of 
the final product. The mixed rubber is e d  transferred to an extmder where it can be 
combined with other rubbers. Many rubber products contain synthetic fabric or fibers for strengthening 
purposes. These fibers are typically coated with mixed rubber using a calendering machine. The extruded 
rubber and rubber coated materials are then assembled into its final shape and cured. It is during the 
curing process that the rubber vulcanizes (crosslinks), producing the characteristic properties of finished 
rubber. Once the final product is cured, it is often ground to remove rough surfaces andlor to achieve 
symmetry. 

Mixing consists of taking the raw rubber and mixing it with several chemical additives. These 
additives consist of an accelerator (accelerates the vulcanization rate), zinc oxides (assists in accelerating 
vhlcanization), retarders (prevents premature vulcanization), antioxidants (prevents aging), softeners 
(facilitates processing of the rubber), carbon black or other fillers (reinforcinglstrengthening agents), and 
inorganic or organic sulfur compounds (vulcanizing agent). 

$ 
Mixing is typically performed in an internal batch mixer. The internal mixer c o n h i d o t o r s  

which shear the rubber mix against the wall of the vessel. Internal mixing is performed at elevated 
temperatures up to approximately 330°F. 

Non-productive compounds consist of the polymers, process oils, reinforcing materials such as 
carbon black andlor silicia and the antioxidant/antiozonant protection system. These materials are usually 
mixed together inE@more stages called non-productives which are mixed at temperatures around 330°F 
The last non-productive stage is then taken and the activators, accelerators and sulfur curing agents are 
mixed into it, making what is called the productive stage. This stage is mixed at a lower temperature 
(around 230°F) because the rubber compound will now scorch and cure at elevated temperatures. 

dnc 
The majority of rubber pr in the United States are composed of/y or more of 23 

ions factors were derived from the specific 
m manufacturing aids such as solvents, adhesives 

generic rubber compounds 
compound recipes shown i 
and mold release compounds included in these emission factors. 
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y./a - I  
Tablef i  

Index of Rubber Compounds 

Tire Inner Liner (BrIIR/NR) 
Tire Ply Coat (Natural RubberISynthetic Rubber) 
Tire Belt Coat (Natural Rubber) 
Tire BaselSidewall (Natural RubberIPolybutadiene Rubber) 
Tire Apex (Natural Rubber) 
Tire Tread (Styrene Butadiene RubberlPoIybutadiene Rubber) 
Tire Bladder (Butyl Rubber) 
EPDM 1 (EPDM Sulfur Cure) 
EPDM 2 (Peroxide Cure) 
EPDM 3 (Non-Black EPDM Sulfur Cure) 
CRW (Polychloroprene W Type) 
CRG (Polychloroprene G Type) 
Paracryl OZO (NBRIPVC) 
Paracryl BLT (NBR) 
Hypalon (CSM) 
Fluoroelastomer (FKM) 
AEM (Vamac) 
Hydrogenated Nitrile (HNBR) 
Silicone (VMQ) 
Acrylate Rubber (ACM) 
Chlorinated Polyethylene (CPE) 
Emulsion SBR (SBR 1502) 
Epichlorohydrin (ECO) 
Oil - Extended SBR (SBR 1712) 
Emulsion SBR (SBR 1500) 
Solution SBR (Duradene 707) 



Rubber Compound Recipes 

Compound #1: Tire Inner Liner (BrIIwNR) 
Recipe: 
Brominated IIR X-2 
SMR 20 Natural Rubber 
GPF Black 
Stearic Acid 
Paraffinic Medium Process Oil 
Unreactive Phenol Formaldehyde Type Resin (Arofene 8318, SP1068) 
Zinc Oxide 
Sulfur 
MBTS 

Number of Passes/Temperature: 
1 (NP Temperature: 320'F; Chlorobutyl or 290°F Bromobutyl) 
2 (P) Temperature: 220°F 

Compound #2: Tire Ply Coat (Natural Rubber/Synthetic Rubber) 
Recipe: 
50472 Nanrral Rubber 
SMR-GP Natural Rubber 
Duradene 707 
N330 
Sundex 790 
Flectol H 
Santoflex IP 
Sunproof Super Wax 
Zinc Oxide 
Stearic Acid 
Sulfur 
CBS 

Number of PasseslTemperature: 
1 (NP) Temperature: 330°F 
2 (P) Temperature: 220°F 

Emissions Factor Development Approach 

85.00 
15.00 
60.00 

I .OO 
15.00 
5.00 
3.00 

.50 
3 

186.00 

70.00 
30.00 
36.50 
20.00 

1.50 
2.30 
1.20 
5.00 
1.00 
2.30 
811 

170.60 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #3: Tire Belt Coat (Natural Rubber) 
Recipe: 
#1RSS Natural Rubber 
HAF Black (N330) 
Aromatic Oil 
N-( 1,3 dimethylbutyl)-N-phenyl-P-pnenylene diamine (Santoflex 13) 
Zinc Oxide 
Stearic Acid 
n-tertiary-butyl-2-benzothiazole disulfide (Vanax NS) 
Sulfur 
Cobalt Neodecanate (20.5% cobalt) 

Number of PasseslTemperatures: 
1 (NP) Temperature: 330°F; add 1/2 black, add 112 oil 
2 (NP) Temperature: 330"F, add remainder of black and oil 
3 (remill) Temperature: 300°F 
4 (P) Temperature: 220°F 

Compound #4: Tire BaselSidewall (Natural RubberlPolybutadiene Rubber) 
Non-Productive Recipe: 

Taktene 1220 
N330 Carbon Black 
Zinc Oxide 
Stearic Acid 
Agerite Resin D 
Vulkanox 4020 
Vanwax H Special 
Flexon 580 Oil 

Productive Recipe: 
Non Productive 
Zinc Oxide 
Rubber Maker Sulfur 
DPG 
CBS 

NR-SMR-5 CV 

Number of PasseslTemperatures: 
1 (NP) Temperature: 330°F 
2 (P) Temperature: 220'F 

100.00 
55.00 
5.00 
1 .OO 
10.00 
2.00 

.80 
4.00 
3 
180.30 

50.00 
50.00 
50.00 
1.50 
2.00 
2.00 
3.00 
3.00 

_uLM) 
171.50 

171.50 
1.50 
1.75 
0.10 

-lull 
175.45 



Table 2.2 (cont.) 

Rubber'Compound Recipes 

Compound # 5  Tire Apex (h'atural Rubber) 
Recipe: 
TSR 20 Natural Rubber 100.00 
HAF Black (N330) 80.00 
Aromatic Oil 8.00 
Stearic Acid 1.00 
Resorcinol 3.00 
Hexamethylenetetramine 3.00 
Zinc Oxide 3.00 
N-tertiary-butyl-2-benzothiazole disulfide (Vanax NS) 1.50 
n-cyclohexythiopthalimide (Santogard PVI) .30 
Sulfur 3.01) 

202.80 
1 (NP) Temperature: 330°F; add 60 parts black, add 6 parts oil 
2 (NP) Temperature: 330°F; add Resorcinol, add 20 parts black, add 2 parts oil 
3 (P) Temperature: 200°F; add Hexam 

Compound #6: Tire Tread (Styrene Butadiene Rubber/Polybutadiene Rubber) 
Non-Productive Recipe #I: 
SBR 1712C 
N299 Carbon Black 
Taktene 1220 
Zinc Oxide 
Stearic Acid 
Vulkanox 4020 
Wingstay 100 
Vanox H Special 
Sundex 8 125 Oil 

Non-Productive Recipe #2: 
Non-Productive #I: 
N299 Carbon Black 
Sundex 8125 Oil 

Productive Recipe: 
Non-Productive #2 
Zinc Oxide 
Rubber Maker Sulfur 
TMTD 
CBS 

Number of Passes/Temperatures: 
I(NP) Temperature: 330°F; add 60 parts black, add 20 parts oil 
2(NP) Temperature: 330°F; add 20 parts black, add 5 parts oil 
3 (P) Temperature: 220°F 

4 Emissions Factor Development Approach 

110.00 
60.00 
20.00 

1.50 
3.00 
2.00 
2.00 
2.50 

_2a_ao 
221 .OO 

221.00 
20.00 
Axil 
246.00 

246.00 
1.50 
1.60 
0.20 

_3-M) 
252.30 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #7: Tire Bladder 
Recipe: 
BUTYL268 100.00 
N330 55.00 
Castor Oil 5.00 
SP 1045 Resin 10.00 
Zinc Oxide 5.00 
Neoprene W 5.0 

180.00 
Number of PassedTemperatures: 
NP 1 All Butyl, Castor Oil, Zinc Oxide, 45 phr N330, discharge approx 33O0F/340"F 
+Resin, 10 phr N330, discharge approx 270/280"F DO NOT EXCEED 290°F 
PROD NP2 = neoprene, discharge approx 250F1260"F 

Compound # 8  EPDM 1 (EPDM Sulfur Cure) 
Non-Productive Recipe: 
Vistalon 7000 
Vistalon 3777 
N650 GPF-HS Black 
N762 SRF-LM Black 
Process Oil Type 104B (Sunpar 2280) 
Zinc Oxide 
Stearic Acid 

Productive Recipe: 
Non-Productive 
Sulfur 
TMTDS 
ZDBDC 
ZDh4DC 
DTDM 

Number of PassedTemperatures 
1 (NP) Temperature: 340°F; upside down mix, rubber then black and oil 
2 (P) Temperature: 220°F 

6 Emissions Factor Development Approach 

50.00 
87.50 

115.00 
115.00 
100.00 

5.00 
11k) 
473.50 

473.50 
0.50 
3.00 
3.00 
3.00 

_zM) 
485.00 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #!I: EPDM 2 (Peroxide Cure) 
Non-Productive Recipe: 
Royalene 502 
N 762 Carbon Black 
Sunpar 2280 Oil 
Zinc Oxide 
Stearic Acid 

Productive: 
Non-Productive 
DICUP 40C 
SARET 500 (on carried2 parts active) 

NP Temperature: 330°F 
P Temperature: 240°F 

Compound #lo: EPDM 3 (Non-black EPDM Sulfur Cure) 
Recipe: 
Vistalon 5600 
Vistalon 3777 
Hard Clay (Suprex) 
h4istron Vapor Talc 
Atomite Whiting 
Process Oil Type 104B (Sunpar 2280) 
Silane (A-1100) 
Paraffin Wax 
Zinc Oxide 
Stearic Acid 
Sulfur 
Cupsac 
TMTD 

Number of PasseslTemperatures: 
1 (NP) Temperature: 330°F 
2 (P) Temperature: 220"F, add Sulfur, Cupsac, and TMTDS 

Emissions Factor Development Approach 4 

100.00 
200.00 

85.00 
5.00 

Inn 
391.00 

391.00 
6.00 

-2.56 
399.56 

50.00 
87.50 

180.00 
100.00 
40.00 
60.00 

1.50 
5.00 
5.00 
1.00 
1 S O  
0.50 

7.00 
535.00 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #11: CRW (Polychloroprene W Type) 
Recipe: 
Non Productive: 
Neoprene WRT 
N 550 
N 762 
Agerite Staylite S 
Sunproof Super Wax 
Santoflex IP 
Magnesium Oxide 
Stearic Acid 
PlastHall Doz 

Productive Recipe: 
Non-Productive 
Zinc Oxide 
TMTD 
Dispersed Ethylene Thiourea 

Number of PasseslTemperatures: 
1 pass at 240°F; add accelerator package at 200°F 

Compound #12: CRG (Polychloroprene G Type) 
Non-Productive Recipe: 
Neoprene GN 
SRF 
Sundex 790 
Octamine 
Stearic Acid 
Maglite D 

Productive Recipe: 
Non-Productive 
TMTM 
Sulfur 
DOTG 
Zinc Oxide 

Number of PasseslTemperatures: 
1 (NP) Temperatures: 240°F; add zinc oxide and cureatives late at 200°F 
2 (P) Temperature: 200°F 

4 Emissions Factor Development Approach 

100.00 
13.20 
15.70 
2.00 
2.00 
1.00 
4.00 
0.50 

153.40 

153.40 
5.00 
0.50 

Inn 
159.90 

100.00 
50.00 
10.00 
2.00 
1 .00 
4.0 

167.00 

167.00 
0.50 
1 .OO 
0.50 

5nn 
174.00 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #13: Paracryl OZO (NBRRVC) 
Recipe: 
PARACRIL 020 100.00 
Zinc Oxide 5.00 
OCTAMINE 2.00 
Hard Clay 80.00 
FEF (N-550) Black 20.00 
Stearic Acid 1 .OO 
MBTS 2.50 
TUEX 1.50 
ETHYLTUEX 1 S O  
DOP 15.00 
KP-140 15.00 

243.70 
Spider Sulfur __L220 

Number of Passes: 
(NP) Temperature: 330°F 
(P) Temperature: 220°F; add MBTS, TUEX, ETHYLTUEX, Spider Sulfur 

Compound #14 Paracryl BLT (NBR) 
Recipe: 
PARACRIL BLT 
Zinc Oxide 
SFW (N-774) Black 
TP-95 
Paraplex G-25 
AMINOX 
Stearic Acid 
S E N  
MONEX 
Sulfur 

Number of PasseslTemperatures: 
(NP) Temperature: 280°F 
(P) Temperature: 220°F; add sulfur, MONEX, and possibly ESEN 

Emissions Factor Development Approach 

~ ~~~~~ 

100.00 
5.00 

100.00 
15.00 
5.00 
1 S O  
1 .OO 
0.50 
I S O  
3 
230.25 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #15: Hypalon (CSM) 
Recipe: 
Hypalon 40 
CLS 4 PBD 
Carbo wax 4000 
PE 617A 
Mag Lite D 
PE 200 
Whiting (Atomite) 
N650 
TOTM Oil 
MBTS 
Tetrone A 
NBC 
HVA-2 

Uses of FormulaslTemperatures: 
Number of Passes: 
1 (P) Temperahre: 280°F 

Compound #16: Fluoroelastomer 
Recipe: 
Viton E6OC 
N990 Black 
Calcium Hydroxide 
Maglite D 

Compound #17: AEM (Vamac) 
Recipe: 
VAMAC*B-124 Masterbatch 
ARMEEN 18D 
Stearic Acid 
SRF Carbon Black (N-774) 
DIAK #1 
DPG 

Emissions Factor Development Approach 

~~ ~~ 

100.00 
3.00 
3.00 
3.00 
5.00 
3.00 

100.00 
100.00 
70.00 

1 .OO 
1.50 
0.50 

_a50 
390.50 

100.00 
20.00 
6.00 
3 

129.00 

124.00 
.50 
.20 

10.00 
4.00 
4nn 

142.70 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #18 Hydrogenated Nitrile (HNBR) 
Non-Productive Recipe: 
HNBR Zetpol2020 
N650 Black 
Flexone 7P 
Agerite Resin D 
ZMTI 
Kadox 911 C 
Stearic Acid 
Trioctyl trimellitate (TOTM) 

Productive Recipe: 
Sulfur 
MBTS 
TMTD 
MTD Monex 

Number of PasseslTemperatures: 
I (NP) Temperahxe: 275°F 
2 (P) Temperature: 210°F 

Compound #19: Silicone (VMQ) 
Recipe: 
Silicone Rubber 
Silastic NPC-80 silicone rubber 
5 Micron Min - U - Si1 
Silastic HT - 1 modifier 
Vulcanizing agent: Varox DBPH 50 

Compound #20: Acrylate Rubber (ACM) 
Non-Productive Recipe: 
Hytemp AR7 1 
Stearic Acid 
N 550 

Productive Recipe: 
Non-Productive 
Sodium Stearate 
Potassium Stearate 
Sulfur 

Number of PasseslTemperatures: 
1 (NP) Temperature: 260°F 
2 (P) Temperature: 220°F 

Emissions Factor Development Approach 

~ ~~~~ 

100.00 
45.00 

1 .OO 
1 .OO 
1 .OO 
5.00 
1 .OO 
3 
161.00 

0.50 
1.50 
1.50 
3 
165.00 

70.00 
30.00 
68.00 
0.80 
1.00 

169.80 

100.00 
1 .OO 

_65-M1 
166.00 

166.00 
2.25 
0.75 
3 

169.30 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #21: Chlorinated Polyethylene (CPE) 
Recipe: 
CM 0136 
Maglite D 
N 774 Black 
Sterling VH 
DER 331 DLC 
Agerite Resin D 
TOTM Oil 
Triallyl Isocyanurate Cure 5223 (provided by Gates) 
Trigonox 17/40 

Number of PassedTemperatures: 
Single pass mixed to 240'F; add Triallyisocyanurate, 
Triganox 17/40 at 200°F 

Compound #22: Emulsion SBR (SBR 1502) 
Non-Productive Recipe: 
SBR 1502 
N330 Carbon Black 
Zinc Oxide 
Stearic Acid 
Agerite Resin D (Naugard Q) 
Flexone 7P 
Sunproof Super Wax 
Sundex 790 Oil 

Productive Recipe: 
Non-Productive 
Rubber Makers Sulfur 
TBBS 

Number of Passes/Temperatures: 
Non-productive pass mixed to 330"F, 
Second pass mixed to 220°F. 

100.00 
10.00 
30.00 
35.00 
7.00 
0.20 

35.00 
2.90 

m 
230. IO 

100.00 
58.50 
10.00 
2.00 
2.00 
1 .OO 
1 .so 

7.00 
182.00 

182.00 
2.00 
a 

185.80 

Emissions Factor Development Approach F2 



Table 2.2 (cont.) 

Rubber Compound Recipes 

Compound #23: Epichlorohydrin (ECO) 
Recipe: 
Hydrin 2000 
N330 Carbon Black 
Stearic Acid 
Vulkanox h4B-2IMGIC 
Calcium Carbonate 
Zisnet F-PT 
Diphenylguanadine 
Santogard PVI 

Number of PassesITemperatures: 
1 Pass at 240'F 

Compound # 2 4  Oil - Extended SBR (SBR 1712)* 
SBR 1712 

Compound #25: Emulsion SBR (SBR 1500)' 
SBR 1500 

Compound #26 Solution SBR (Duradene 707)* 
Duradene 708 

100.00 
50.00 

1.00 
1 .00 
5.00 
1 .00 
0.50 
3 

159.00 

1wD 
137.50 

lMLMl 
100.00 

lMLa0 
100.00 

* - Compounds 24, 25, and 26 were mixes of polymer only, with no fillers or cure system. 

Emissions Factor Development Approach @6 



,&ksions of volatile organic compounds (VOCs) due to use of ceme lvent tackifiers, and 
assuming a release agents in rubber manufacturing are generally determined by either 

100% loss to the atmosphere or, in some cases, by direct measurement. In cases where solvent emissions 
are determined by a mass balance calculation which assumes 100% loss at the time of application to the 
rubber substrate, there is a potential for doubloount ing a small percentage of the solvent emissions 
when using the emission factors to determine process volatile organic emissions. This situation is due to 
the partial absorbtion of some solvents into the rubber surface during manufacturing, and the subsequent 
volatilization during downstream processing or curing. 

t is not possible to determine to what extent typical hydrocarbon solvent constituents re 
the emission factors may have resulted from use of s o l v e n t s m r  adh 'ves upstream in the 
manufacturing process. Anecdotal evidence suggests that as much a&!%the solvent applied to the 
surface of the rubber may migrate into the rubber and show up later in the process as a volatile emission. 
Caution should therefore be exercised when compiling a f a c i l i e i d e  VOC emission inventory which 
combines the use of Drocess emission factors and mass balance calculations of solvent u sas .  This 

tement of the actual f a c i l i e d e  V O C e m i s s i o d  

Extrusion is often performed to combine 
several types of previously mixed rubber compounds. The extruder consists of a power driven screw 
within a stationary cylinder. A die is attached to the head of the screw to produce the desired shape or 
cross section of the extruded rubber. Extrusion can be performed with both warm or cold rubber feed. 
The extruder is jacketed to maintain the desired operating temperature. 

synthetic or steel fibers. These calenders employ eithe P%P or rolls and are hollow to allow for beating or 
cooling. The openings between the rolls can be adjusted to control the coating thickness. An example of 
calendering is in the manufacturing of radial tires where synthetic fibers are rubber coated and 

&s often used in the rubber manufa hy to apply a rubber coat onto 

forces the rubber to conform to the shape of the mold. Press mold curing is used in tire and e a e e r e d  - 
products manufacturing. Gr tal? 

- Autoclave curing utilizes saturated steam at an elevated pressure to cure the rubber mix. Unlike 
press mold curing, the product is formed into its final shape prior to the curing process. Autoclave curing 
is the predominant curing method in non-tire rubber manufacturing facilities. 

Hot air c-entails passing uncured, green engineered products through a chamber with a 
heated atmosphere. Temperature and residence times may vary, depending on the product type and 
formulation. As with the autoclave curing, these products have already been formed into their final shape 
prior to undergoing the curing process. 

yd Emissions Factor Development Approach 
/ 

02196 
I 



J 
-s often performed to remove rough edges and other blemishes from the final product or 

in some cases-to actually form and shape the product. The ground rubber is occasionally recycled and 
utilized as filler in some rubber manufacturing processes. In the tire manufacturing industry, grinding is 
performed to balance the tire and also to expose the white sidewall or lettering. Relative to the engineered 
products industry, grinding may actually be used to obtain the correct shape of the final product such as the 
final shaoing of drive belts. . -  

dud 
Equipment Scale Considerations *w- 

Emissions testing was performed on several sizes of similar process equipment. These size 
differences are the most profound on the sizes of internal mixers tested. Emissions tests were performed 
on internal mixers ranging from aflund laboratory mixer, to a 200 pound pilot scale system up to a 500 
pound production mixer. On a pound pollutant emitted per pound of rubber mixed basis, test data 
indicated that emissions were not dependent on mixer size. This is especially true for the volatiles and 
semivolatile emissions. There was some variability of metals emissions which is most likely the result of 
greater particulate losses into the ventilation system on the larger mixers during char 
experienced on smaller scale equipment. 

Since there were no direct correlation to process equipment size and emissions, no scaling factors 
were developed for equipment size. 

q3> Emission And Controls -p - .. , fix 
The mechanically created or externally added heat present during@&?common processes cause 

volatile organic c 6 c a l s  (VOCS) and hazardous air pollutants (HAPS) to be emitted. Particulate matter 
75 is 
53J. 1 

&-& is primarily emitted from the dry chemicals utilized in mixing and as a result of grinding. 

Dust collectors (baghouses, fabric filters) are commonly used to control particulate matter from 
Cyclone separators in combination with dust collectors or electrostatic precipitators are typically 
inding applications. 

-bdlQ 
EmissionFactors 4.’ 

following is common to each of the Emission Factors tables: 
I 

(1) Total VOCs were analyzed by EPA reference method 25A/FID. 

(2) Total speciated organics were analyzed by EPA reference methods TO-14/GC-MS (speciated 
volatiles), TO-14/GC-FID (volatile ozone precursors) and M8270 ( s e a l a t i l e s ) .  
Note: 

methods are not directly comparable due to the inherent differences in the method of 
Results from Method 25A and results from the total speciated organics reference 

analysis. 

(3) Total Organic HAPS are hazardous air pollutants as defined by the Clean Air Act of 1990, 
Section 301 and were anal zed by EPA reference method TO-14/GC-MS and M8240 
(Volatiles), M8270 ( s e d l a t i l e s ) ,  and TO-14IGCIFPD (Sulfur compounds). 

(4) Total Metal HAPS are hazardous air pollutants as defined by the Clean Air Act of 1990, 
Section 301 and were analyzed by EPA reference methods M6010 and M7000 (metals). 

02/96 Emissions Factor Development Approach 2.1-15 



(5)  Total HAPS are the sum of total organic HAPS and total metal HAPS. 

(6) Total Particulate Matter (ph4) was analyzed by reference method S/Gravimetric. ( 
rsd’c-@ ? 1 - 

r a particular process and 
if a target analyte went undetected in 

ability that even if it was present, the low non-detection limits . . . . .  . 
utlon is insigmficant 1 

&\ 
ith target analytes at less than 

tted during rubber mixing but 

Metals emitted proved to be 
ess. To confirm this 

the analytical procedure. 

7 

2.1-16 Emissions Factor Development Approach 02/96 
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Tahle 4.12-3 
Key to Emission Factor Tahles and Files 

Tahle # auld Name 

d l 2 4  $Xernal Mixing &kldJug - 
Cd”/ *JI( r) 

h 2 - 7  Calender’ 77 
J 

4 2 - 9  $wtocliive Curing- / /A 

4 2 - 1 0  Jot Air Cure- />& 

File Name 

MIXI .WPD 
MIX2.WPD 
MIX3.WPD 
MIX4.WPD 

MILLINGI.WPD 
MILLNG2.WPD 
MILLING3.WPD 
MILLING4.WPD 

EXTRUDI.WPD 
EXTRUD2.W PD 
EXTRUD3,WPD 
EXTRUDlWPD 

CALEND I .WPD 
CALEND2.W PD 
CALENDXWPD 
CALEND4.WPD 

PLATEN I.WPD 
PLATEN2.WPD 
PLATENXWPD 
PLATEN4.WPD 

AUTOCLV 1 .WPD 
AUTOCLV2.WPD 
AUTOCLV3.WPD 
AUT( )CLV4.WPD 

H(~)TAIRI.WPD 
HOTAIR2.WPD 
HOTAIR3.WPD 
HOTAIR4.W PD 

TIRECUR1.WPD 
TIRECUR2.WPD 

GRIND.WPD 

Ruhher 
Compounds Incl. 

1 - 6  
7 -  12 
13-  18 
19 - 23 

1 - 6  
7 - 1 3  
14- 19 
20 - 23 

1 - 6  
7 -  12 
13 - I X  
19 - 2 3  

1 - 7  
x - 1 3  
14 - 20 
21 - 2 3  

1 - 6  
7 -  12 
13 - 18 
1 9 - 2 3  

1 - 6  
7 -  I2 
13 - 18 
1 9 - 2 3  

1 - 6  
7- 12 
13 - 18 
19 - 2 3  

A - F  
G - I  

12/97 Evaporation Loss Sources 4.12-17 
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4.1 2-7. Calender Emission Factors 
(All EFs in Lbs/Lb Rubber Processed) 
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4.12-7. Calender Emission Factors 
(All EFs in LbdLb Rubber Processed) 

Draft 5/99 ca1-5-99.xls 4.1 2-79 



4.1 2-7. Calender Emission Factors 
(All EFs in LbslLb Rubber Processed) 

Draft 5/99 ca1_5_99 .XIS 4.12-80 



4.1 2-7. Calender Emission Factors 
(All EFs in LbslLb Rubber Processed) 
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4.1 2-7. Calender Emission Factors 
(All EFs in LbsILb Rubber Processed) 

m.xv1sna + pxv1sne I 3.45007; B 40E-071 7.29E-08i 2.44E-071 1.03E-071 3.OBE-07 8.54E-08 
I I I I I I I I 
1 NOTES: 1 Emission lectors for all compounds except 2 and 12 were enrapalatsd. I 

Warm-up mill lor the calender ie not included in this emission lacfor. 

I.<' indioatas that the malyta wall below the limit of detection for all 3 teat runs. 1 
I 

Draft 5/99 4.12-82 
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HAP Emission Factor Summary 
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Calender 
HAP Emission Factor Summary 

5/4/99 

..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . , . . 
1 . I  .Z.Z-Telrachloroefhnne 
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Calender 
HAP Emission Factor Summary 

5/4/99 

.......................................................................................................................... ...................... : .................... 
Pentachlorophenol 187-86-5 i O.OOE+OOi O.OoE+OOi 0 . 0 0 E i O O i  O.OOE+OO 

Phenol 1108-95-2 ' 8.74E.09; 6 .67E-09i  9.21 E-07' 4.08E-08 

Propnnnl i O.OOE+OOi O.OOE+OOi ~ O.OOE+OOi O.OOE+OO 

.................................................................................................... ~ ......................... .......................................... 
....................................................... > ..................................................................... ................................................. 
. ~ .  .... ......... ... ..... ................... ...................... 

Propylene Oxide i o .onE+on ;  n.ooE .................................................... ... : .................... : ............... 
S,V,*"S i 1.58E-07; 3.64E 

1-Butvl Methy l  Eth j O.OOE+OO; 0 . 0 0 E t 0 0 ;  i O.OOE+OO O.OOE+OO 

Tetrachloroethene 8.85E.08; 1.75E-08 '  O.OOECO0: 9.65E 07: 0.00E-100; 0.00E+00: 5.55E-08 

TOl"& '106-88.3 ~ 1.34E-OGi 2.84E-07; 5 .73E-08;  2.03E 

Trichloroethene ,79-01-6 : 0 . 0 0 E t O O i  O.OOE+OOi 0.00€+00 1.GlE 

....................................................... ......................................... 
......................... ~ ........................................................................................................................................................................... 

................................................................................................... 
.......................................................................................................................................................... 
....................................................... ...................... ; ..................... : ........................................... : ..................... : ...... .................... : .......................................... 

O.OOE+OW o . o o E + n o  O.OOE+OO. o.ooE+nni  n . n o E + n o j  o 
. o.nnE+oo n . o o E + o o i  o . n n E + o o  n .ooE+oo i  O.OOE+OO~ o 

............................... ~ ~~. ~ ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..................... I ..... Trifluralin 

........ .. .._.. ............................. .......... : ................ : ........ ..............................I.......I..._..... ._._I- ......................... : ................ vinyl ncatats 

Vinyl Chloride i O.OOE+OO: 0.OOEfOO: 0 . 0 0 E + 0 0  0 . 0 0 E t 0 0 :  O.OOE+OOi O.OOE+OO~ o.ooE+no: O.OOE+OO ......................................... ,...... ..............I ................... j .................... i. ..................I .................... I . . ~  ............ I ............ .................... ..................... l .................... 
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5/4/99 Calender 
HAP Emission Factor Summary 

................................................................... 
1.1.2.2~Tslrschloroefhane 
1 , l  .Z-T;ichlo;oeihsna . ' 

........................................... 
1.4-Dichlorobenzene ..................................................... 

4.Aminobiphsnyl 
4.M.lhvl:i:p.,r."~n~ 

~ . . ~ ~ . . ~  

.................... 
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4.1 2-7. Calender Emission Factors 
(All EFs in LbslLb Rubber Processed1 

................... ....................................................................................... 
c j  <; i: < c ;  .......................................................... ; ..................... : ..................... ~ ............................................. ............................................ ...................... 

i 87.72-1i < i  t i  c: <' < <: 

...................... ~ ..................... 
1.53E-07; 1.7BE-07 ........................................... <i < 

..................... : ................... <. 

.................... : .................. 
..................... : ...................... 1.05E-05; 3.15E-07 

C i  

8.28E-07i 3.49E-07 

...................... : ...................... 

Draft 5/99 Calender A s  4.12-78 
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' 7  f i f . ' a '  u 4.12-1 1 .  Tire Cure Emission Factors :u L' 'e I 

(All EFs in LbsILb Rubber Processed) 

NOTES: Tire A. D and F ais Odginal equipem, tins E. G and H are high p l f o m a n ~ e  and lirsa 8. C end I am replacemem tires. 
1.1,l -Triehloroethans for Tire F is average from the other tires testad due to suspected mold rsleese preeeno' not norn ib  used 

Draft 5199 4.12-152 



4.12-7. Calender Emission Factors 
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4.12-7. Calender Emission Factors 
(All EFs in Lbs/Lb Rubber Processed) 

4,CMethyiene bis(2ihlo 

Methylene chiwide 
4 4'-Meth lenedianiline 

Pengchlomnibobeniene 

.2,+Tnchlombemene 

2.2.4-Ttimet y pentane 

Vinylldew chloride 

m-Xylene + pXyiew 

DraR 5/99 CALENDER.XLS 4.12-78 



4.12-7. Calender Emission Factors 
(All E k  in Lbs/Lb Rubber Processed) 

DraR 5/99 CALENDER.XLS 4.12-79 
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4.12-7. Calender Emission Factors 
(All EFs in Lbs/Lb Rubber Processed) 

Draft 5/99 CALENDER.XLS 
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4.12-7. Calender Emission Factors 
(All EFs in Lbs/Lb Rubber Processed) 

Draft 5/99 CALENDER.XLS 4.12-81 
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4.12-7. Calender Emission Factors 
(All E B  in lbsllb Rubber Processed) 

Draft 5/99 CALENDER.XLS 4.12-82 
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4.12-11. Tire Cure Emission Factors 
(All EFs in LbslLb Rubber Processed) 

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

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

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

NOTES: Tlre A, 0 a d  Fare origiml equipment, tires E, G and Hare hlgh pelformance and tire5 8. C and I are replacement tires. 
1,l.l-Trichlomethane for Tlre F is average fmm the Other tires tested due to rurpened mold releare p r e w ~ e  not normalh used. 
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4.12-12. Grinding Operations 
\?/I'( U.2 pi M"LLd7' Emission Factors 
(EFs in-Lbs/Lb RubbeiR&oved. exceDt Retread Buffina in Lbs/Lb Rubber Processed) 

grd-9-99.xls 

- 

4.12-158 



4.12-12. Grinding Operations 
Emission Factors 

fEFs in LbslLb Rubber Removed. exceot Retread Buffina in Lbs/Lb Rubber Processed) - 
Retread 

CAS ,?f Grinding Grinding 
Belt Carcass Retread 

* Analyte Name 

Isophorone 78-59-1 < < 6.46E-09 
Methyl bromide 74-83-9 < < < 
Methyl chloride 74-87-3 < < 7.12E-09 
Methyl chloroform 71-55-6 < 3.58E-07 2.19E-08 

Methyl isobutyl ketone 108-10-1 < 1.92E-05 8.44E-07 
Methyl tert butyl ether 1634-W-4 < < < 
4,4-Methylene bis(2-chloroaniline) 101-144 < < < 

+,4'-MethylenedianiIine 101-77-9 < < < 

-- Methyl ethyl ketone 78-93-3 6.22E-06 5.13E-07 1.51E-08 

Methylene chloride 75-09-2 4.98E-05 2.50E-07 1.67E-07 

- Naphthalene 91-20-3 4.02E-06 5.81E-07 2.11E-08 

Sidewall1 
Whitewall  
Grinding 

< 
< 
< 
< 

2.97E-05 
< 
< 
< 

2.76E-05 

3.81E-06 
< 

Nitrobenzene 
4-Nitrobiphenyl 
4-Nitrophenol 
N-Nitrodimethylamine 
N-Nitrosomorpholine 

Pentachlorophenol 

p-Phenylenediamine 
Propylene dichloride 
Propylene oxide 

~,&&2-Tetrachloroethane 
Tetrachloroethylene 
Toluene 
o-Toluidine 
1A4-Trichlorobenzene 
1,1,2-Trichloroethane 
Trichloroethylene 
2,4,5-TrichlorophenoI 
_2,~,6-TnchlorophenoI 
Trifluralin 
2,2,4-Trimethylpentane 
Vhyl acetate 
VJyl chloride 
w l i d e n e  chloride 

Pentachloronitrobenzene 

Phenol 

-. 

Sttyrene 

odylene 
m-Xylene + pll(ylene 
Cadmium Compounds 
Chromium Compounds 

Lead Compounds 
Nickel ComDounds 

-~ 

Cobalt Compounds 

BeltbycycloneandESP-99.97% YLO = , 0 0 0 3  =Jr&-y rJ. 2.2c.r.Y 
and baghouse - 97.9% = - 

98-95-3 < < < < 
92-93-3 3.80E-07 < < < 

100-02-7 < < < < 
62-75-9 < < < < 
59-89-2 < < < < 
82-68-8 < < < < 
87-86-5 < < < < 

108-95-2 8.88E-06 1.66E-06 3.04E-07 1.57E-05 
106-50-3 < < < < 
78-87-5 < < < < 
75-56-9 3.06E-05 < < < 

10042-5 < < 9.86E-08 1.69E-05 
79-34-5 < < < < 

127-18-4 1.39E-04 < 7.58E-09 < 
108-88-3 1.35E-03 6.30E-06 3.82E-07 1.86E-04 
95-534 < 2.55E-06 < < 

120-82-1 < < < < 
79-00-5 < < < < 
79-01-6 < 1.95E-06 < < 
95-954 < < < < 
88-06-2 < < < < 

1582-09-8 < < < < 
540-84-1 < 1.09E-05 < 1.15E-04 
108-054 < < < < 
75-014 < < < < 
75-354 < < < < 
9547-6 5.40E-06 < 4.17E-08 1.86E-05 

8.51E-06 2.23E-06 5.36E-08 3.18E-05 
1.40E-07 8.58E-07 < 7.38E-07 
2.58E-06 1.44E-06 3.79E-08 1.34E-05 

< < 8.74E-09 < 
1.59E-06 2.02E-06 < 1.55E-05 
9.13E-06 2.03E-06 1.78E-08 7.51E-06 

For u-d PM emissions sidewall, cams o r B u s e  a factor of 1.0 Ib emitted per 
pound of rubber removed. 

Draft 9/99 grd-9-99.xls 4.12-159 
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4.1 2-1 2. Grinding Operations 
Emission Factors 

IEFs in Lbs/Lb Rubber Removed. except Retread Buffing in Lbs/Lb Rubber Processed) 

Z Y  

c- 

NOTES: 
* Sidewall, carcass, and belt grinding are reported in pounds emitted per pound of rubber 
removed or ground-off. Retread 
processed. .f: i.,C...l> &.e? 

Particulate Matter Control: 
Carcass by cyclone - 97.8% 
Belt by cyclone and ESP - 99.97% 
Retread by cyclone and baghouse - 97.9% 

Far uncontrolled PM emissions sidewall, carcass or belt use a factor of 1.0 Ib emitted per 
pound of rubber removed. 

Draft 9/99 grd-9-99.xls 4.12-1 59 



4.12-12. Grinding Operations 
Emission Factors 

IEFs in LbdLb Rubber Removed. excem Retread Buffino in LbdLb Rubber Processed) 

Retread 
carcass 
Grlndlng 

Retread 
Buffing I 

Hexachloroethane I 67-72-11 < < < 
4.18E-05 1 .6OE-05 < I I . - = "  -I 

, , .- 

Sidewall/ 
W h k e w a I I 
Qrinding 

< 
1.24E-04 

.- ., . . . 
< 1.55E-05 

< < 6.46E-091 < 

ILead Compounds . 1 I 1.59E-061 2.02E-061 

4,4'-Methylenedianiline 
Naphthalene 
Nickel Compounds 
Nitrobenzene 
4-Nitrobiphenyl 

- I I I Y a c a  

Hydroquinone I 123-31-9 
lsophorone I 78-59-11- 

101-77-9 
91-20-3 4 . u ~ ~ - U D  

9.13E-06 L.VJC-YOI 

98-95-3 < < 
92-93-3 3.80E-07 < < 

'I , Methyl bromide 74-83-9 < < < 
7 3 I )=  n o  74-87-3 < < 

71-55-6 < 3.58E-07 2.19E-08 
Methyl e tb-  b-*--n 5.22E-06 5.,1'3E-07 
Methyl iso 
Methyl tert butyl ether 
4.4-Methylene bisl2-chloroanilinel I I "  I- I f - f l  . 
Methylene 7 K - n o ~ l l  1.98E-05~/"~..!8&03~ 1.67E-071 2.76E-05 

< I  < 

1.51E-08 2.97E-05 'I .I ^^r ̂ r 

\I .'" A-fi 

. .. .. . 

4-Nitrophenol 
N-Nitrasodimethylamine 
N-Nitrosomorpholine 
Pentachloronitrobenzene 
Pentachlorophenol 
Phenol 
p-Phenylenediamine 

100-02-7 < < < < 
62-75-9 < < < < 
59-89-2 < < < < 
82-68-8 < < < < 
87-86-5 < < < < 

108-95-2 8.88E-06 1.66E-06 3.04E-07 1.57E-OE 
106-50-3 < < < < 

. 
.'I 

Vinyl chloride 75-01-4 < < < < 
Vinylidene chloride 75-35-4 < < < < 
m-Xylene + p-xylene 8.51E-06 2.23E-06 5.36E-08 3.18E-05 
0-Xylene 95-47-6 5.4OE-06 < 4.17E-08 1.86E-05 

NOTES: 
Sidewall, carcass. and belt grinding are reported in pounds emitted per pound of rubber 

removed or ground-off. Retread buffing is reported in pounds emitted per pound of rubber 
. .  processed. . 

Particulate Matter Control: LSidewal l  by cyclone - 91.9% 
0' Carcass by cyclone - 97.8% 

.aP'' --- 
.O1' 1' , - Belt by cyclone and ESP - 99.97% -0003  

? .$# - yLfr=  7-/ '..''''. 
a i. ~ :. - ,.. _ .  . -.,_ . . 

q-dp - Retread by cyclone and baghouse - 97.9% 
1- 

For uncontrolled PM emissions sidewall, carcass or beltluse a factor of .1 .O'lFemitted per Q 
. .  

- 
pound of rubber removed. 

Draft 9 /99 grd-9-99.xls 4.12-1 59 
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4.12-12. Grinding Operations 

Emission Factors 
(EFs in Lbs/Lb Rubber Removed. except Retread Buffing in LbdLb Rubber Processed] 

Ethylene dibromide 
Ethylene dichloride 

Draft 9/99 grd-9-99.xls 4.12- 





1 ,. . 
TRC vs. FWA Averaging Comparison 

From Table H. 1-2 Calender 1 Speciated Semivolatiles Table, TRC Vol. #4 (1/95): 

Hydroquinone 

Compound # 12 
Run 1 Run 2 Run 3 Average 

1bAb rubber 1bAb rubber lbAb rubber lb/lb rubber 
< 5.16E- 1 1 < 7.01E-11 < 7.24E-11 < 6.47E-11 

From Table H.2-2 Calender 2 Speciated Semivolatiles Table, TRC Vol. #4 (1/95): 

Hydroquinone 

I Comvound #2 
Run 1 Run 2 Run 3 Average 

1bAb rubber lbAb rubber IbAb rubber lb/lb rubber 
< 7.75E-09 < 5.14E-09 1.06E-07 < 3.95E-08 

The revised Rh4.A emission factor values found in Table 4.12-7. Calender found in the 
current draft version of AP-42 were calculated as follows: 

{ For Compound # 12 - Hydroquinone: . -  

The RMA value would be 0 (zero) or simply "<" because all replicate values were below 
detection limit.' 

For Compound #2 - Hydroquinone: 

The RMA value would be calculated as follows, since not all results were below 
detection: 

(7.75E-0922 + 5.14E-0922 + 1.06E-07)/3 = 3.748E-08 lb/lb rubber 

The current value in AP-42 is 3.73E-08. The slight variation is due to rounding. The AP- 
42 factor was generated kom the RMA database. The RMA database values for 
Compound#2 are as follows: 

(7.75E-922 + 5.137E-922 + 1.0556E-07)/3 = 3.733E-08 lb/lb rubber. 

Which is the value found in AP-42. 



dl ..; 

Cmpd #2 Cmpd #3 Cmpd #4 
VOC (Ib/lb rubber) - Milling l.lOE-04 1.13E-04 8.37E-05 
VOC (Ibflb rubber) -Mixing 3.91E-05 1.36E-04 3.88E-05 
Ratio (milling/miXing) 2.813 0.83 1 2.157 

W A P 4 2  Emission Factor - Interpolation of Unknowns 

Because not all-chemical compounds could be analyzed for during the initial testing 
program it was necessary to derive a methodology to interpolate emission factors for 
~~&~owns .  The method involves the ratioing know compounds and using this ratio to 
estimate unknowns. 

Ratios were setup in the following manner, using mixing as the key point of comparison. 
Mixing is the only process for which all rubber compounds and all chemical analytes 
were tested. To calculate an unknown the following methodologies were used: 

VOC InterpoIation - Milling Example: 

Step 1 - Calculate ratio of (Known Process/MiUingValue) for tested compounds 

Compounds #2, #3, #4 and #I2 were tested for during Milling Trials with the following 
results. These values were then divided by the comparable mixing factors for the same 
compounds. 

Cmpd #I2 
4.97E-07 
1.54E-05 

Step 2 - Calculate average ratio when multiple compounds are compared the final @io is 
calculated by averaging. 

' 'I 

(2.813 + 0.831 + 2.157 + 0.032)/4 = 1.458 

Step 3 -Use ratio from Step 2 to calculate interpolated values by multiplying known 
compound from mixing by ratio to determine unknown. 

To Calculate VOC emission factor for Milling, the following calculation is used 

Mifig/Mixing Ratio for VOC = 1.458 kom Step 2. 

Mixing VOC value for Compound #1 = 6.17E-05 from Table 4.12-4. Internal Mixing & 
Milling. 

6.17E-05 x 1.458 = 8.99E-05 lbflb rubber 

This is the value found in AP-42 Table 4.12-5 Milling for VOC for Compound #I. 

The same procedure would be used for interpolating other Milling VOC factors for 
untested rubber compounds. To develop factors for other untested processes and rubber 



compounds one woulddevelop a new ratio for the given process (Le., exhuding/mixing, 
calendering/mixing, platen presslmiuing, etc.) as noted in Steps 1-3. 

Interpolation - Speciated Organics: 

The same method as noted in the VOC example is used with the following adjustments. 

f ’  
L 

Cmpd #2 Cmpd #3 
Total Speciated Organics 3.48E-05 4.31E-04 

Total Speciated Organics 5.53E-05 8.92E-04 
(Ibflb rubber) -Milling 

(lbflb rubber) - Mixing 
Ratio (milling/mixing) 0.6293 0.483 

.. 

-. - i 

Cmpd #4 Cmpd #12 
5.04E-05 9.31507 

5.3 1E-05 6.69E-05 

0.949 0.014 

To calculate a speciated (i.e., 1.3-Butadiene) emission factor for Milling, the following 
calculation is used 

MilIiigMxmg Ratio for Speciated Organics = 0.519 from Step 2. 

Mixing 1,3-Butadiene value for Compound #1 = 9.78E-08 h m  Table 4.12-4. Internal 
Mixing & Milling. 

9.78E-08 x 0.519 = 5.07323-08 lbflb rubber 

This is the value found in -42 Table 4.12-5 Milling for Compound #1 1,3- Butadiene. 

Interpolation for particulate matter is done in the same way as noted in the previous two 
examples. 
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Table 2-3. Sampling and Analytical Methods Summary 

. Sampling Analytical 
Parameters Method Methods 

11 1 Total Volatile Organic Compounds I M25A I M25AiFID II 
2 Speciated Volatiles 

3 Volatile Ozone Precursors 

TO-14 (a) TO-14/GC-MS 
Grab Sample M 8240 

TO-14 TO- I4/GC-FID 

11 4 Sulfur Compounds I TO-I4 I GC/FPD II 
5 Speciated Semivolatiles 

6 Particulate Matter 
- 

M 0010 M 8270 
Grab Sample (b) M 8270 

M5 Gravimemc 

I MOO12 I M 6010; 7000 11 

9 Total Speciated Volatiles by FTIR Extractive 

11 8 Amines 

m 

Midget Impinger GC 
Samuline Train 

L9.5-035.1 

i 
* \  

2-9 



Table 4-1. Generic Rubber Formulationsfioducts 

Compound 

1 
2 
3 
4 
5 

6 

7 
8 
9 
10 

1 1  
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 

24 
25 
26 

Category - 
Tire Inner Liner 
Tire Ply Coat 
Tire Belt Coat 
Tire Base/Sidewall 
Tire Apex 

Tire Tread 

Tire Bladder 

EPDM 3 

CRW 
CRG 
Paracryl OZO 
Paracryl BLT 
Hypalon 

Fluoroelastomer 
AEM 
Hydrogenated Nimle 
Silicone 
Acrylate Rubber 

Chlorinated Polyethylene 
Emulsion SBR 
Epichlorohydrin 

Oil-Extended SBR* 
Emulsion SBR* 
Solution SBR* 

Description 

Brominated IIR/Natural Rubber 
Natural Rubbedsynthetic Rubbc; 
Natural Rubber 
Natural RubberPolybutadiene Rubber 
Natural Rubber 

Styrene Butadiene RubberPolybutadiene 
Rubber 
Butyl Rubberrneoprene Rubber 
EPDM Sulfur Cure 
Peroxide Cure 
Non-black EPDM Sulfur Cure 

Polychloroprene W Type 
Polychloroprene G Type 
Niaile RubberPVC 
Nimle Rubber 
CSM 

FKM 
Vamac 
" B R  
VMQ 
ACM 

CPE 
SBR 1502 , .  

ECO 

SBR 1712 
SBR 1500 
Duradene 707 

L9S-03s. I 

f, , 

4-2 



Emission Factor Calc 

Calculation of Emission Factors for 
Methylene Chloride and Toluene 

Based on Air Testing Results (1/28/99) 

J+ yoch*)I&% 
2.37E-05 I b h  Emijsions methylene chloride (test data) 

/ 96.2 Ibs&%=b6er ground from tire @recess test data) 
2.53-07 Wlb methylene chloride per pound of rubber ground 

2.3E-7 * 1.8g-7j 2.3 E-7 

/ ground from tire @rocess test scenario) 
6.33-06 W b  toluene emission Der nound of rubber ground 

Page 1 

~ 



Test Process Info i! 
AP42 Re-Test for Tire Carcasses Grinding (28 Jan 99) 

For Pollutants Methylene Chloride and Toluene 

Truck Tire 
Brandname 

Test Process Information: 

Tire Weight Tire Weight Tire Weight 
Before Grinding After Grinding Ground Off 

(Ibsltire) 
Test #I 

(Ibsltire) I (Ibsltire) 

Bcrwcrn Test Goodyear I 112.451 102.21 10.25 
Kelly 107.31 94.51 12.8 

, 
Average Rubber Removed per Test 96.2/ 
Average Rubber Removed per Tire 1z.oa.J 

Page 1 



Scale Info 

Test Tire Scale Information 

Manufacturer: 
Model #: 
Digital Readout: 

Measurement Systems International 
Challenger2, Model 3360 
in 0.1 Ibs increments 

Calibration Company: IGrcenville Scale Co.. Inc. 
Technician: (Anders 
Last Calibration Date: I 11/2/98 
Next Calibration Due: I 2/2/99 

Page 1 
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11-12-99 POLL-NAMES in RMA order. From Grinding, plus where noted 
all tire cure (table 4.12-11) and Calender (table 4.12-7) checked and listed. 
original RMA name . 



ICarbon Tetrachloride I 56-23-51 

Pentachloronitrobenzene 
Pentachlorophenol 
Phenol 
Propanal 
Propylene Oxide 
Styrene 
t-Butyl Methyl Ether 
Tetrachloroethene 
Toluene 
Trichloroethene 
Trifluralin 
Vinyl Acetate 
Vinyl Chloride 

463-58-1 

Chloroform 67-66-3 

82-68-8 
87-86-5 

108-95-2 
123-38-6 
75-56-9 

100-42-5 
1634-04-4 

127-1 8-4 
108-88-3 

79-01 -6 
1582-09-8 

108-05-4 
75-01-4 

60-1 1-7 

86 
87 
88 
89 
90 
91 
92 
93 
94 

Ethyl Acrylate I 140-88-5 
Ethylbenzene 1 100-41-4 I 

Pentachloronitrobenzene 
Pentachlorophenol 
Phenol 

N Propionaldehyde 
n Propylene oxide 

Styrene 
N Methyl tert butyl ether 
N Tetrachloroethylene 

Toluene 
~~ 

Hexachlorobenzene 1 18-74-1 

Hexachloroethane 

Hydroquinone 1 123-31-9 
Isooctane I 540-84-1 I 

78-59-1 

Methylene bis-chloroaniline 

N-Nitrosodimethylamine 

INitrobenzene I 98-95.: 

lo-Xylene I 95-474 

Naphthalene I Nickel INi) ComC--..-- 

o-Anisidine 
o-Toluidine 

Jenzene 

.... .I._." 

ofuranf3 
uimetnyl amiroazobenzene 

@. tiuw.-.:--.L _.I_ L.L ..,...- 
-I . -. . , -. . . . 

OJ n t tny i  acrylate @"Hc.L..., L. ̂ ^_^^^ 

00 HexacnioroDutadiene 
67 Hexachlorocyclopentadiene 
68 Hexachloroethane 
69 Hexane 
70 Hydroquinone 
71 N 2.2.4-Trimethylpentane 
72 lsophorone 
73 n Lead Compounds ., . ., . 

82 
83 
a4 o-Toluidine 





AP-42 AP-42 Vol. 4 
Equipt Pollutant voll! Cmpd # match? EF value table# EF value 

1 I autoclave 1.3E-005 4.12-9 ******'****** toluene 4 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

calendar 
grinding 
extruder 
extruder 
hot air cure 
hot air cure 
hot air cure 
calendar 
calendar 
calendar 
platen press 
platen press 
Dlaten Dress 

carbonyl sulfide 
carbon disulfide 
acetophenone 
4-methyl-2-pentanone 
2-butanone 
carbon disulfide 
acetophenone 
hydroquinone 
hydroquinone 
4-nitrobiphenyl 
dibenzofuran 
hexane 
cumene 

internal mixing t m+p-xylene 
internal mixing t toluene 
milling benzene 
milling ethylbenzene 
milling naphthalene 
tire cure 2-methyl phenol 
tire cure tetrachloroethane 
autoclave 4-methyl-2-pentanone 
extruder nickel cmpds 
grinding propylene oxide 
tire cureltire pre dimethylphthalate 
internal mixing t 1,3-butadiene 

12 
retread 

9 
22 
5 

22 
8 
2 
12 
2 
1 
2 
14 
17 
23 
4 
12 
3 

tire A 
tire H 

6 
mtl 6 

belt 
tire F 

7 

Y 

Y 
Y 
Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y 

Y 

4.1 2-7 
**,*++******* 4.12-12 .*********+** 

4.1 2-6 

+****.******* 

********..*** 
*,*********** 4.1 2-6 tt**+lt*+t++* 

********++*+* 4.1 2-1 0 
*****+++***** 4.12-10 ******.**.+*" 
************* 4.12-10 ************* 
*+t*++**.***t 4.12-7 *******+.**** 
,***++*+***** 4.12-7 .***.**e***** 

******.**+*+* 4.12-7 ************* 

4.1 2-8 
4.12-8 

*****+*,**.+* 4.1 2-8 ***********.* 

? 
? 

4.12-5 
4.12-5 
4.12-5 

************. 4.12-11 ************* 
****+******** 4,12-5 ************* 
t*tt++**ttt+* 4.12-g t*++*+t+*++** 

4.12-6 
4.12-1 2 ? 

? 
4.12-4 

++*********** 
*,*,++******* 

.**,++**+*.+* 
********.**+* 
********.***+ 
************* 
**..+******.* 

************+ 
************" 
********t**++ 

****++**,**++ 
tt****t+tt**t 



Vol. 4 Vol. 2 VOl. 2 VOl. 2 NON-MATCH 
table# EF value table# Notes SOURCE 

D.l-5 thru D.l-8 sum of 4 Dieces AP42 3-6A ***********e* 

3-9 ******.****.* 

***+**+**++++ 

3-7 ************* 

+*,,,*+*+**** 
3-5A t*****tt+**t* 

F.1-4 

J.l-4 
J.l-2 
H.2-2 
H.l-2 
H.l-2 

E.l-3 

c.1-2 
c.1-2 

mean of 3 runs 
mean of 3 runs 
mean of 3 runs 
mean of 3 runs 

1 value? 
1 value? 
1 value? 

mean of 3 runs 
mean of 3 runs 
mean of 3 runs 

1 value? 
1 value? 
1 value? 
1 value? 
1 value? 
1 value? 
1 value? 
1 value? 
1 value? 
1 value? 

ALL 3 

VOL 2 
VOL 2 
AP42 
AP42 
AP42 

VOL 2 

AP42 
ALL 3 

D.l-5 thru D.l-8 sum of 4 pieces ALL 3 
mean of 3 runs 
mean of 3 runs ALL 3 

1 value? VOL 4 
1 value? 

3-6 *********,*"., 

3-9 +**+*++*+*+** 
3-5 tt**t*t*t***t 



&we as 
P 



. .~ 
79 - N-Nitmsomorpholine Nibosomorpholine 
E O - -  Naphthaiene Naphthalene 
81 n Nickel Compounds Zickel Compounds 
82 - Nitrobenzene Nibobenzene 
83 - 0-Anisidine Anisidine 
84- 0-Toluidine Toluidine 
85 zylenel - EXylene 
86 - Pentachloronitrobenzene Pentachlomnltrobenrene 
87 Pentachlorophenol Pentachlorophenol 
88 Phenol Phenol 
89 N Propionaldehyde Propionaldehyde fmm Calendering table 4.12-7 
90 n Pm leneoxlde Propylene oxide 

Styrene 91 - %?ne 
~ 

92 L Methyl tert butyl ether Methyl tert butyl ether 
93 L Tebachloroethylene Tebachiomethylene 
94- Toluene Toluene 
95 L TrichiorOethylene Trichlorcethylene 
96- Trifluralin Trifluralin 
97 n &yI acetate Wnyl acetate 
98 n Vinyl chloride Vinvl chloride 

‘ C p y L ,  ic A d & C M  

*)vhplQ~d& -b. PWP .<&a a.t& 



ori inal RMA name rrl;\ i,l, 1,1.2.2-Tebachloroethane 1-Trichloroethane 3 \ Methyl 1.1.2.2-Tebachloroethane chloroform 
L 1.2-TnchlOrCethane lJ.2-TrichloMane 
Ll-Dichlorcethane 75-M-3 4 N Ethylidene dichlon'de 
Ll-Dichlomethene 75-354 5 N Vinylidene chloride 
~,~,4-Trlchlombenrene 120-82-1 6 ~ ~2,4-Trichlorobenzene 

1,2-Dlbromc-3-Chloropropane 96-12-8 ~ n 1.2-Dlbromo-3-chlompmpane 

RMA same? Analvte Name (CAA exact) errors CAA sort name CAA 

Tetrachloroethane m y 1  chloroform 
Trichloroethane 
Ethylidene dichloride 
Eylldene chloride 
Trichlombenzene 

Dibrom0-3-chloropropane 

poll from grinding unless noted 



Print File List 
12/15/97 1:58pm 

C : \ M  

I 

Total Files: 38 ’ d 
Total Bytes: 5,820,434 

02/26/97 4:09pm 

152,033 11/ 
141,074 11/ 
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RUBBER M A N U F A C T U R E R S  A S S O C I A T I O N  

March 31,1998 

Ron Ryan 
U.S. Environmental Protection Agency 
(MD-14) 
RTP, NC 2771 1 

Dear Ron: 

The Rubber Manufacturers Association appreciates the opportunity to provide comments 
and conduct additional quality assurance on AP-42 Section 4-12, the emission factors for the 
rubber industry. As you know, this AP-42 section represents the culmination of many years’ 
work to determine appropriate emission factors for the rubber industry. 

The Rubber Manufacturers Association is the national trade association for the rubber 
products industry, and represents a $50 billion domestic manufacturing sector. RMA represents 
more than 100 companies that manufacture various rubber products, including tires, hoses, belts, 
seals, molded goods, and other finished rubber products. RMA member companies and their 
suppliers and customers operate in all 50 States. The industry employs nearly 650,000 workers. 

RMA members have a direct interest in the development of this AP-42 section. These 
data will assist RMA member companies and other rubber manufacturing companies in Title V 
permit applications and other requirements. In addition, the emission factors will be of great use 
in EPA’s development of MACT standards for various industrial processes common in the 
rubber industry. 

The enclosed comments include three documents: (1) comments on the data tables from 
AP-42 Section 4.12; (2) a redlinehike through version of t h p  ent for Section 
4.12; and (3) a redlinektrike through version of Section 4.12 the narrative portion of the AP-42. 
The comments on the data tables were compiled by RMA through a quality assurance review of 
the data, compared to the final RMA information. The redlindstrike through versions of both 
the background document and the 4.12 narrative include language refinements and additional 
explanation in response to questions raised as the factors have been used by industry 
representatives and state agencies. 

RMA appreciates the Agency’s attention to this important project, and asks for expedited 
finalization of the AP-42 section for the rubber industry. Finalization of the AP-42 is critical for 
RMA member companies as they use the emission factors in Title V permit applications and 

1 4 0 0  K STREET, N.W.,  W A S H I N G T O N ,  D.C.  20005  TELEPHONE ( 2 0 2 )  6 8 2 - 4 8 0 0  FAX 1202) 6 8 2 - 4 8 5 4  

- yYJ? 



March 31, 1998 
Page 2 

other state and federal requirements. As you work to finalize this AP-42 section, I encourage 
you to contact me at 202-682-4839 with any additional questions. , 

Sincerely, 

Enclosures 



Rubber Manufacturers Association 
Comments on AP-42 Section 4.12 Data Tables 

March 31,1998 

Mllllng (Table 4.12-5) 

1. On page 4.12-41, the AP-42 document indicates that the emission factor for Naphthalene 
for Interpolated Cmpd 5 is 1.31E-07. The value should read 1.30E-07. The AP-42 

VJ document should be revised. 

-42 document should be revised. 

0, the AP-42 document shows v remission factors from 

08, respectively. The 

744-43-9) were omitted. The emission 
factors for cadium sho 
(Cmpd 3);"<"(Cmpd 
should be revised. 

On page 4.12-61, the AP- 
(Ni) Compounds are: 3. 

(Cmpd 1); 1.28E-09 (Cmpd 2); 3.76E-09 

indicates that the emissions factors f o r m  
5.88E-09 (Cmpd 3); and 1.53E-09 (Cmpd 5). 

e AP-42 document, the on factor for -1 for Cmpd 1 

f o r m P b )  Compounds 

(Cmpd 5); and "<" 

4.12-62 of the AP-42 document, the emission factors 
read: 7.57E-09 (Cmpd 7); 2.35E-09 (Cmpd 8); 2.45E-09 
(Cmpd 12). The emission factors for Total Metal HAPs 



-1 * t Rubber Manufacturers Association 
Comments on AP-42 Section 4.12 Data Tables 
March 31, 1998 
Page 2 

7); 2.09E-08 (Cmpd 8); 2.78E-08 (Cmpd IO); and 1.54E-08 (Cmpd 12). The AP-42 
factors should be revised. 

/ \ 
On page 4.12-64 of the AP-42 document, the emissions 
Compounds read: 7.57E-09 (Cmpd 7); 

.97E-10 (Cmpd 12). The emission factors for 
(Cmpd 7); 2.36E-09 (Cmpd 8); 
AP-42 document should be revised. 

2-64, values for -(CAS# 744-43 mitted. The emission 

-42 document ind. at the emissions factors for Nickel 
-09 (Cmpd 10); and 1.32E-09 (Cmpd 

revised to read: 1.81E-08; 1.29E-08; and 

d 10); 2.95E-10 (Cmpd 11); and ‘‘e‘ (Cmpd 
12). The AP-42 document 

read: 2.52E-09 (Cm ; 1.45E-09 (Cmpd 15); 5.llE-I1 (Cmpd 
The emission factors for Total 

E-09 (Cmpd 14); 1.36E-08 (Cmpd 
2.16E-08 (Cmpd 18). The AP-42 16); 4.1 1E-08 (Cmpd 1 

15); 3.27E-10 (Cmpd 16); 1.42E-09 (Cmpd 17); and 7 
document should be revised. 

On page 4.12-69 of the AP-42 document, the emissions factors for 
Compounds read: 4.06E-10 (Cmpd 13); 2.50E-10 (Cmpd 
5.1 1E-11 (Cmpd 16); and 2.59E-09 (Cmpd 17). The 
Compounds should read: 3.53E-09 (Cmpd 13); 



* . I ' Rubber Manufacturers Association 
Commenls on AP-42 Section 4.12 Data Tables 
March 31, I998 
Page 3 

15); 4.44E-10 (Cmpd 16); and 2.25E-08 (Cmpd 17). The AP-42 document should be 
revised. 

On page 4.12-70, the AP-42 document indicates that the 
i) Compounds are: 2.11E-09 (Cmpd 13); 1.33E-09 (Cmpd 15); 

should be 

d. The emission factors for lead should read: 

AP-42 document, the emissi tors for-Total Metal HAPS 
read: 1.63E-09 

1.55E-08 (Cmpd 19); 5. 
and 2.76E-08 (Cmpd 23 

On page 4.12-74, values for 
factors for cadium should re 
(Cmpd 21); "<" (Cmpd 22); 

# 744-43-9) were omitted. The emission 
Cmpd 19); 7.25E-10 (Cmpd 20); 3.36E-IO 
(Cmpd 23). The AP-42 document should be 

/ \  revised. 

(Cr) 

On page 4.12-75 of the AP-42 document, the emission factors for Le (Pb) Compounds 
have been omitted. The emission factors for lead should read: 9.95E-1 (Cmpd 19); "<" 
(Cmpd 20); "<" (Cmpd 21); "<" (Cmpd 22); and 1.46E-10 (Cmpd \AP-42 23). 
document should be revised. 

h 

Platen Press Cun 'ng (Table 4.12-8) 

1. On page 4.12-93, the AP-42 document indicates that the emission factors for Cmpd 4 
and Cmpd 6 for 1,4 Dichlorobenzene are ",". The RMA data has factors of 1.43E-08 and 
2.38E-08, respectively for these compounds. The AP-42 factors should be revised. 



Rubber Manufacturers Association 
Comments on AP-42 Section 4.12 Data Tables 
March 31, 1998 
Page 4 

On page 4.12-94 the AP-42 document indicates that the emission factor for Cmpd 3 for 
bis(2-Ethylhexy1)phthalate is 2.14E-06. The RMA data has a factor of 2.13E-06 for this 
compound. The AP-42 factor should be revised. 

On page 4.12-95 the AP-42 document indicates that the emission factor for Cmpd 5 for 
Di-n-butylphthatate is 1.39E-07. The RMA data has a factor of 1.38E-07 for this 
compound. The AP-42 factor should be revised. 

On page 4.12-97 the AP-42 document indicates that the emission factor of Cmpd 8 for 
1,4 Dichlorobenzene is “,”. The RMA data has a factor of 8.76E-08 for this compound. 
The AP-42 factor should be revised. 

On page 4.12-98 the AP-42 document indicates that the emission factor for Cmpd 9 for 
Acetophenone is 4.4OE-04. The RMA data has a factor of 4.39E-04 for this compound. 
The AP-42 factor should be revised. 

On page 4.12-105 the AP-42 document indicates that the emission factor for Cmpd 15 
for N-Nitrosodimethylamine is “e‘. The RMA data has a factor of 4.57E-08 for this 
compound. The AP-42 factor should be revised. 

On page 4.12-108 the AP-42 document indicates that the emission factor for Cmpd 22 
for bis(2-Ethylhexy1)phthalate is 2.67E-06. The RMA data shows a factor of 2.66E-06 
for this compound. The AP-42 factor should be revised. 

Hot Air Cu- (Table 4.12-10) 

P+*~ 1. Revise the heading of the table to read “Hot Air Curing.” 

Tire Curing (Table 4.12-1 1) 

1. On page 4.12-152 the AP-42 document has an emission factor of Tire E for 2-Butanone 
of 0.96E-07. The RMA document has a factor of 0.95E-07. The AP-42 factor should be 
revised. 

. ;‘ e‘ 

2. On page 4.12-157 the AP-42 document has the following note: “i.l.1-Trichloroethane 
for Tire F ispot included in the Total HAPS or in the statistical summary due its 
suspected presence from mold release agents.” This language should be changed to read; 
“ l , l , l  Trichloroethane for Tire F is averaged from other tires tested due to suspected 
mold release presence not normally used.” 

Pages 4.12-156 and 157 of the AP-42 document do not identify the table in the same 
way as pages 4.12-152 - 155. The former identifies the table as “TIRE CURE HAPS 
EMISSION FACTOR SUMMARY” while the latter identifies the table as “Table 4.12- 

<Y+ 

b-1 w 4 3 ,  



7 ‘ . i  Rubber Manufacturers Association 
Comments on AP-42 Section 4.12 Data Tables 
March 31, 1998 
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11.” The table identification on pages 4.12-156 and 157 should be revised to be 
consistent with pages 4.12-152 - 155. 



RUBBER MANUFACTURERS ASSOCIATION 
REDLINElSTRIKEOUT VERSION 

MARCH 31, 1998 

4.12 Manufacture of Rubber Products 

4.12.1 General Process Description 

Many of the rubber manufacturing facilities in the United States produce pneumatic tires for 

manufacturing facilities produce other engineered rubber products. The processes involved in these 
industries are very similar. Differences basically consist of the raw rubber material (natural or 
synthetic) used, the chemical additives, and the type of curing employed. The following is a 
description of a generic rubber manufacturing facility applicable to both tire and other manufactured 
rubber products, except where noted. 

. .  I automobile, trucks, airplanes and farm machinery. However, many rubber 

I 
1 

The manufacturing of rubber products involves &six principal processing steps (mixing, 
milling, extrusion, calendering, curing, and grinding), with ancillary steps in between. Initially, the 
raw rubber (natural or synthetic) is mixed with several additives which are chosen based upon the 
desired properties of the final product. The mixed rubber is often milled and transferred to an extruder 
where it can be combined with other rubbers. Many rubber products contain synthetic fabric or fibers 
for strengthening purposes. These fibers are typically coated with mixed rubber using a eakwh+g 

1 -  . alender. The extruded rubber and rubber coated materials are then assembled into ifs a final 
I shape and cured. Among the steps in the tire assembly process, described in more detail below, are 
I bead building; cementing and marking; cutting and cooling; tire building; and green tire spraying. It is 

during the curing process that the rubber vulcanizes (crosslinks), producing the characteristic properties 
of finished rubber. Once the final product is cured, it is often ground to remove rough surfaces and/or 
to achieve symmetry. 

Mixing consists of taking the raw rubber and mixing it with several chemical additives. These 
I additives consist of m-mAeWeaccelerators (m to initiate the vulcanization process W), 

zinc oxides (assists in accelerating vulcanization), retarders (prevents premature vulcanization), 
antioxidants (prevents aging), softeners (facilitates processing of the rubber), carbon black or other 
fillers (reinforcing/strengthening agents), and inorganic or organic sulfur compounds (vulcanizing 
agent). 

Mixing &typically is performed in an internal batch mixer. The internal mixer contains two 
rotors which shear the rubber mix against the wall of the vessel. Internal mixing is performed at 
elevated temperatures up to approximately 338F330"F. 

I 

I 

I 
1 
I 
I 
1 

Once mixed, the rubber is discharged from the mixer and processed into slab rubber or pellets. 
Rubber mixing typically occurs in two or more stages wherein the rubber is returned to the mixer and 
re-mixed with additional chemicals. The initial stage results in non-productive compounds, and the 
final stage results in productive compounds. It should also be noted that various rubber compounds 
produced at a particular facility can be exported to other facilities for use there. 
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I 
I 

I 
I 

I 

Non-productive compounds consist of -raw rubber, process oils, reinforcing 
materials such as carbon black andlor+&&i-silica and the antioxidant/antiozonant protection system. 
These materials are 
mixed at temperatures around W 3 3 0 ” F .  The final, “productive,” stage involves mixing the rubber 
from the last non-productive stage istkefttakeftaft$ with the activators, accelerators and sulfur curing 
agents- . This stage is mixed at a lower 
temperature (around 23BF 230°F) because the rubber compound will now scorch and cure at elevated 
temperatures. 

. .  

The majority of rubber products produced in the United States are composed of one or more of 
23 generic rubber compounds shown in Table 4.12-1. Emission8 factors were derived from the specific 
compound recipes shown in Table 4.12-2. Emissions from manufacturing aids such as solvents; 

I 

1 -  ’ and -adhesives ARE NOT included in these emission factors. 

Compound #I:  
Compound #2: 
Compound #3: 
Compound #4: 
Compound #5: 
Compound #6: 
Compound #7: 
Compound #8: 
Compound #9: 
Compound #IO: 
Compound # 1 1 : 
Compound #12: 
Compound #13: 
Compound #14: 
Compound #15: 
Compound ,476: 
Compound #17: 
Compound #18: 
Compound #19: 
Compound #20: 
Compound #21: 
Compound #22: 
Compound #23: 

Table 4.12-1 

Index of Rubber Compounds 

Tire Inner Liner (BrIIR/NR) 
Tire Ply Coat (Natural Rubber/Synthetic Rubber) 
Tire Belt Coat (Natural Rubber) 
Tire Base/Sidewall (Natural Rubber/Polybutadiene Rubber) 
Tire Apex (Natural Rubber) 
Tire Tread (Styrene Butadiene RuhberlPolybutadiene Rubber) 
Tire Bladder (Butyl Rubber) 
EPDM 1 (EPDM Sulfur Cure) 
EPDM 2 (Peroxide Cure) 
EPDM 3 (Non-Black EPDM Sulfur Cure) 
CRW (Polychloroprene W Type) 
CRG (Polychloroprene G Type) 
Paracryl 020 (NBR/PVC) 
Paracryl BLT (NBR) 
Hypalon (CSM) 
Fluoroelastomer (FKM) 
AEM (Vamac) 
Hydrogenated Nitrile (HNBR) 
Silicone (VMQ) 
Acrylate Rubber (ACM) 
Chlorinated Polyethylene (CPE) 
Emulsion SBR (SBR 1502) 
Epichlorohydrin (ECO) 
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Table 4.12-2 

Rubber Compound Recipes 

Compound #1: Tire Inner Liner (BrIIRlNR) 
Recipe: 
Brominated IIR X-2 
SMR 20 Natural Rubber 
GPF Black 
Stearic Acid 
Paraffinic Medium Process Oil 
Unreactive Phenol Formaldehyde Type Resin (Arofene 8318, SP1068) 
Zinc Oxide 
Sulfur 
MBTS 

Number of PasseslTemperature: 
1 (NP Temperature: 320°F; Chlorobutyl or 290°F Bromobutyl) 
2 (P) Temperature: 220°F 

Compound #2: Tire Ply Coat (Natural RubberlSynthetic Rubber) 
Recipe: 
50472 Natural Rubber 
SMR-GP Natural Rubber 
Duradene 707 
N330 
Sundex 790 
Flectol H 

85.00 
15.00 
60.00 

1 .oo 
15.00 
5.00 
3.00 

S O  
1.50 

186.00 

70.00 
30.00 
36.50 
20.00 

Santoflex IP 
Sunproof Super Wax 
Zinc Oxide 
Stearic Acid 
Sulfur 
CBS 

i 

Number of PasseslTemperature: 
1 (NP) Temperature: 330°F 
2 (P) Temperature: 220°F 

1 S O  
2.30 
1.20 
5.00 
1 .oo 
2.30 
80 

170.60 
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Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #3: Tire Belt Coat (Natural Rubber) 
Recipe: 
#1RSS Natural Rubber 
HAF Black (N330) 
Aromatic Oil 

100.00 
55.00 
5.00 

N-( 1,3 dimethylbutyl)--N-phenyl-P-phenylene diamine (Santoflex 

Zinc Oxide 10.00 
Stearic Acid 2.00 
n-tertiary-butyl-2-benzothiazole disulfide (Vanax NS) .80 
Sulfur 4.00 
Cobalt Neodecanate (20.5 46 cobalt) 2.50 

180.30 
Number of PasseslTemperatures: 
1 (NP) Temperature: 330°F; add 1/2 black, add 1/2 oil 
2 (NP) Temperature: 330"F, add remainder of black and oil 
3 (remill) Temperature: 300°F 
4 (P) Temperature: 220°F 

Compound #4: Tire BaselSidewaU (Natural Rubber/Polybutadiene Rubber) 
Non-Productive Recipe: 

Taktene 1220 
N330 Carbon Black 
Zinc Oxide 
Stearic Acid 
Agerite Resin D 
Vulkanox 4020 
Vanwax H Special 
Flexon 580 Oil 

NR-SMR-5 CV 

Productive Recipe: 

50.00 
50.00 
50.00 

1 S O  
2.00 
2.00 
3.00 
3.00 

-U!Q 
171.50 
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Zinc Oxide 
Rubber Maker Sulfur 
DPG 
CBS 

Number of Passes/Temperatures: 
1 (NP) Temperature: 330°F 
2 (P) Temperature: 220°F 
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171.50 
1 S O  
1.75 
0.10 

-Q& 
175.45 

Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #5: Tire Apex (Natural Rubber) 
Recipe: 
TSR 20 Natural Rubber 100.00 
HAF Black (N330) 80.00 
Aromatic Oil 8.00 
Stearic Acid 1 .oo 
Resorcinol 3.00 
Hexamethylenetetramine 3.00 
Zinc Oxide 3.00 
N-tertiary-butyl-Z-benzothiazole disulfide (Vanax NS) 1 S O  
n-cyclohexythiophthalimide (Santogard PVI) .30 
Sulfur 3.00 

202.80 
1 (NP) Temperature: 330°F; add 60 parts black, add 6 parts oil 
2 (NP) Temperature: 330°F; add Resorcinol, add 20 parts black, add 2 parts oil 
3 (P) Temperature: 200°F; add Hexam 

Compound #6: Tire Tread (Styrene Butadiene Rubber/Polybutadiene Rubber) 
Non-Productive Recipe # I :  
SBR 1712C 110.00 
N299 Carbon Black 60.00 
Taktene 1220 20.00 
Zinc Oxide 1 S O  
Stearic Acid 3.00 
Vulkanox 4020 2.00 
Wingstay 100 2.00 
Vanox H Special 2.50 
Sundex 8125 Oil 20.00 

221.00 
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N299 Carbon Black 
Sundex 8125 Oil 
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Productive Recipe: 
Non-Productive #2 
Zinc Oxide 
Rubber M&k=Makers Sulfur 
TMTD 
CBS 

Number of PassedTemperatures: 
1(NP) Temperature: 330°F; add 60 parts black, add 20 parts oil 
2(NP) Temperature: 330°F; add 20 parts black, add 5 parts oil 
3 (P) Temperature: 220°F 

Table 4.12-2 (cont.) 

Rubber Compound Recipes 

221.00 
20.00 
500 
246.00 

246.00 
1.50 
1.60 
0.20 
3.00 
252.30 

Compound #7: Tire Bladder 
Recipe: 
BUTYL268 100.00 
N330 55.00 
Castor Oil 5.00 
SP 1045 Resin 10.00 
Zinc Oxide 5.00 
Neoprene W 5.00 

180.00 
Number of Passes/Temperatures: 
NP 1 All Butyl, Castor Oil, Zinc Oxide, 45 phr N330, discharge approx 330"F/34OoF 
+Resin, 10 phr N330, discharge approx 270/280"F DO NOT EXCEED 290°F 
PROD NP2 = neoprene, discharge approx 250F1260"F 

Compound #8: EPDM 1 (EPDM Sulfur Cure) 
Non-Productive Recipe: 
Vistalon 7000 
Vistalon 3777 
N650 GPF-HS Black 
N762 SRF-LM Black 
Process Oil Type 104B (Sunpar 2280) 
Zinc Oxide 
Stearic Acid 

r. 50.00 
87.50 

115.00 
115.00 
100.00 

5.00 
1 .oo 

473.50 
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Productive Recipe: 
Non-Productive 473 .SO 
Sulfur 0.50 
TMTDS 3.00 
ZDBDC 3.00 
ZDMDC 3.00 
DTDM 2.00 

485.00 
Number of PassedTemperatures 
1 (NP) Temperature: 340°F; upside down mix, rubber then black and oil 
2 (P) Temperature: 220°F 

Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #9: EPDM 2 (Peroxide Cure) 
Non-Productive Recipe: 
Royalene 502 
N 762 Carbon Black 
Sunpar 2280 Oil 
Zinc Oxide 
Stearic Acid 

Productive: 
Non-Productive 
DICUP 40C 
SARET 500 (on carried2 parts active) 

NP Temperature: 330°F 
P Temperature: 240°F 

Compound #lo: EPDM 3 won-black EPDM Sulfur Cure) 
Recipe: 
Vistalon 5600 

EMISSION FACTORS 

100.00 
200.00 

85.00 
5.00 
1.00 

391.00 

391.00 
6.00 
2.56 

399.56 

50.00 

12/97 



Vistalon 3777 
Hard Clay (Suprex) 
Mistron Vapor Talc 
Atomite Whiting 
Process Oil Type 104B (Sunpar 2280) 
Silane (A-1 100) 
Paraffin Wax 
Zinc Oxide 
Stearic Acid 
Sulfur 
Cupsac 
TMTD 
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87.50 
180.00 
100.00 
40.00 
60.00 

1 S O  
5.00 
5.00 
1 .oo 
1.50 
0.50 

Number of Passes/Temperatures: 
1 (NP) Temperature: 330°F 
2 (P) Temperature: 220°F. add Sulfur, Cupsac, and TMTDS 

Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #11: CRW (Polychloroprene W Type) 
Recipe: 
Non Productive: 
Neoprene WRT 
N 550 
N 762 
Agerite Staylite S 
Sunproof Super Wax 
Santoflex IP 
Magnesium Oxide 
Stearic Acid 
PlastHall Doz 

Productive Recipe: 
Non-Productive 
Zinc Oxide 

3.00 
535.00 

100.00 
13.20 
15.70 
2.00 
2.00 
1 .oo 
4.00 
0.50 

15.00 
153.40 

153.40 
5.00 
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TMTD 
Dispersed Ethylene Thiourea 

Number of Passes/Temperatures: 
1 pass at 240°F; add accelerator package at 200°F 

Compound #12: CRG (Polychloroprene G Type) 
Non-Productive Recipe: 
Neoprene GN 
SRF 
Sundex 790 
Octamine 

0.50 
1 .oo 

159.90 

100.00 
50.00 
10.00 

2.00 
Stearic Acid 1.00 
Maglite D 4.00 

167.00 
Productive Recipe: 
Non-Productive 167.00 
TMTM 0.50 
Sulfur 1 .oo 
DOTG 0.50 
Zinc Oxide 5.00 

174.00 
Number of PassedTemperatures: 
1 (NP) Temperatures: 240°F; add zinc oxide and ewmfkscuratives late at 200°F 
2 (P) Temperature: 200°F 

I 

Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #13: Paracryl OZO (NBIUPVC) 
Recipe: 
PARACRIL 020 
Zinc Oxide 
OCTAMINE 
Hard Clay 
FEF (N-550) Black 
Stearic Acid 
MBTS 

100.00 
5.00 
2.00 

80.00 
20.00 

1 .oo 
2.50 
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TUEX 1.50 
ETHYLTUEX 1.50 
DOP 15.00 
KP-140 15.00 

243.70 
Spider Sulfur 0.20 

Number of Passes: 
(NP) Temperature: 330°F 
(P) Temperature: 220°F; add MBTS, TUEX, ETHYLTUEX, Spider Sulfur 

Compound #14: Paracryl BLT (NBR) 
Recipe: 
PARACRIL BLT 
Zinc Oxide 
SRF (N-774) Black 

Paraplex G-25 
AMINOX 
Stearic Acid 
ESEN 
MONEX 
Sulfur 

Number of PassedTemperatures: 
(NP) Temperature: 280°F 
(P) Temperature: 220°F; add sulfur, MONEX, and possibly ESEN 

TP-95 

Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #E: Hypalon (CSM) 
Recipe: 
Hypalon 40 
CLS 4 PBD 
Carbo wax 4000 

Evaporation Loss Sources 

100.00 
5.00 

100.00 
15.00 
5.00 
1 S O  
1 .oo 
0.50 
1 S O  
x 
230.25 

100.00 
3.00 
3.00 
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PE 617A 
Mag Lite D 
PE 200 
Whiting (Atomite) 
N650 
TOTM Oil 
MBTS 
Tetrone A 
NBC 
HVA-2 

Uses of Formulas/Temperatures: 
Number of Passes: 
1 (P) Temperature: 280°F 

Compound #16: Fluoroelastomer (FKM) 
Recipe: 
Viton E60C 
N990 Black 
Calcium Hydroxide 
Maglite D 

Compound #17: AEM (Vamac) 
Recipe: 
VAMAC*B-124. Masterbatch 
ARMEEN 18D 
Stearic Acid 
SRF Carbon Black (N-774) 
DIAK #1 
DPG 
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3.00 
5.00 
3.00 

100.00 
100.00 
70.00 

1 .oo 
1 S O  
0.50 
0.50 

390.50 

100.00 
20.00 
6.00 
3.00 

129.00 

124.00 
.50 
.20 

10.00 
4.00 

4.00 
142.70 
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Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #IS: Hydrogenated Nitrile (HNBR) 
Non-Productive Recipe: 
HNBR Zetpol2020 
N650 Black 
Flexone 7P 
Agerite Resin D 
ZMTI 
Kadox 91 1 C 
Stearic Acid 
Trioctyl trimellitate (TOTM) 

Productive Recipe: 
Sulfur 
MBTS 
TMTD 
MTD Monex 

Number of Passes/Temperatures: 
1 (NP) Temperature: 275°F 
2 (P) Temperature: 210°F 

Compound #19: Silicone (VMQ) 
Recipe: 
Silicone Rubber 
Silastic NPC-80 silicone rubber 
5 Micron Min - U - Si1 
Silastic HT - 1 modifier 
Vulcanizing agent: Varox DBPH 50 

Compound #20: Acrylate Rubber (ACM) 
Non-Productive Recipe: 
Hytemp AR71 
Stearic Acid 
N 550 

Productive Recipe: 
Non-Productive 
Sodium Stearate 
Potassium Stearate 
Sulfur 

Evaporation Loss Sources 

100.00 
45.00 

1 .oo 
1.00 
1 .oo 
5.00 
1 .oo 

7.00 
161.00 

0.50 
1.50 
1.50 

.50 
165.00 

70.00 
30.00 
68.00 
0.80 
1.00 

169.80 

100.00 
1 .oo 

65.00 
166.00 

166.00 
2.25 
0.75 
0.30 

169.30 
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Number of Passes/Temperatures: 
1 (NP) Temperature: 260°F 
2 (P) Temperature: 220°F 

Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #21: Chlorinated Polyethylene (CPE) 
Recipe: 
CM 0136 

100.00 

N 774 Black 30.00 
Sterling VH 35.00 
DER 331 DLC 7.00 

TOTM Oil 35.00 
Triallyl Isocyanurate Cure 5223 (provided by Gates) 2.90 

230.10 

I 
I 

Maglite D 10.00 

Agerite Resin D 0.20 

Trigonox 17/40 --IQL?Q 

Number of Passes/Temperatures: 
Single pass mixed to 240°F; add Triallylisocyanurate, 
Triganox 17/40 at 200°F 

I 

Compound #22: Emulsion SBR (SBR 1502) 
Non-Productive Recipe: 
SBR 1502 
N330 Carbon Black 
Zinc Oxide 
Stearic Acid 
Agerite Resin D (Naugard Q) 
Flexone 7P 
Sunproof Super Wax 
Sundex 790 Oil 

Productive Recipe: 
Non-Productive 
Rubber Makers Sulfur 
TBBS 

Number of PassedTemperatures: 
Non-productive pass mixed to 330"F, 
Second pass mixed to 220°F. 

100.00 
58.50 
10.00 
2.00 
2.00 
1 .oo 
1 S O  
7.00 

182.00 

182.00 
2.00 
1.80 

185.80 
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Table 4.12-2 (cont.) 

Rubber Compound Recipes 

Compound #23: Epichlorohydrin (ECO) 
Recipe: 
Hydrin 2000 
N330 Carbon Black 
Stearic Acid 
Vulkanox MB-2/MG/C 
Calcium Carbonate 
Zisnet F-FT 
Diphenylguanadine 
Santogard PVI 

Number of Passes/Temperatures: 
1 Pass at 240°F 

100.00 
50.00 

1 .oo 
1.00 
5.00 
1.00 
0.50 
0.50 

159.00 
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I 
I 
I 
I 
I 

Emissions of volatile organic compounds (VOCs) due to use of cements, solvent tackifiers, and 
release agents in rubber manufacturing are generally determined by either material balance, assuming a 
100% loss to the atmosphere or, in some cases, by direct measurement. In cases where solvent 
emissions are determined by a mass balance calculation which assumes 100% loss at the time of 
application to the rubber substrate, there is a potential for double-counting a small percentage of the 
solvent emissions when using the emission factors to determine process volatile organic emissions. 
This situation is due to the partial absorbption of some solvents into the rubber surface during 
manufacturing, and &e subsequent volatilization during downstream processing or curing. 

It is not possible to determine to what extent typical hydrocarbon solvent constituents reported 
in the emission factors may have resulted from use of solvents or adhesives upstream in the 
manufacturing process. Anecdotal evidence suggests that as much asfrP.e 5% of the solvent applied to 
the surface of the rubber may migrate into the rubber and dmwp appear later in the process as a 
volatile emission. Caution should therefore be exercised when compiling a facility-wide VOC emission 
inventory which combines the use of process emission factors and mass balance calculations of solvent 
usage. %&Otherwise, this methodology will generally result in an-wlighf overstatement of the actual 
facility-wide VOC emissions. 

-Milling operations are conducted to form the rubber 
compounds into sheets or strips for introduction into calenders or extruders, 
warming up rubber for ease of handling and processing and to homogenize recycled rubber compounds 
for reuse in the process.- 

for 

In the mixing area rubber compound is discharged from the Banbury mixer into a drop mill, 
extruder or pelletizer which forms it into a long sheet of rubber compound. Additional mills may be 
located directly downstream from the Banbury drop mill to provide additional mixing or handling 
capability. From the mill(s) the hot, tacky rubber sheet is then passed through a water-based "anti-tack'' 
solution which prevents the rubber sheets from sticking together as they cool to ambient temperature. 
The rubber sheets are placed directly onto a long conveyor belt (festoon) which, through the application 
of cool air or water, lowers their temperature. After cooling the rubber sheets are piled onto a storage 
pallet for transfer to the component preparation area. 

Mills are also used to prepare rubber for introduction to calendering and extruding processes. 
In these cases the mills are used to heat the rubber compound in order to make the rubber stock more 
flexible for further handling and processing. 

Mills are also used to homogenize recycled rubber compounds for reintroduction into the 
process. 
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Extrusion is often performed to combine several types of previously mixed rubber compounds 
The extruder consists of a power-driven screw within a stationary cylinder. A die is attached to the 
head of the screw to produce the desired shape or cross section of the extruded rubber. % e w k - ~ ~  

Extruders may have multiple heads providing laminations of extruded shapes. Extruding heats 
the rubber and the rubber remains hot until it is cooled via air cooling or use of a water bath or spray 
conveyor where cooling takes place. 

Extrusion can be performed with both warm or cold rubber feed. The extruder is jacketed to 
maintain the desired operating temperature.- 

dewExtruders may be utilized in the mixing area, along with mills to shape mixed rubber compound 
for further processing. 

Calendering is often used in the rubber manufacturing industry to apply a rubber coat onto 
continuous textile or -metal mest web. The 

$slender is 

efeete-a -eavy-duty machine equipped with multiple rolls revolving in opposite 
directions. Calenders receive hot strips of rubber from mills and squeeze the rubber into reinforcing 
fibers of cloth or steel or cloth-like fiber matrices, thus forming thin sheets of rubber coated materials. 
Calenders are also used to produce non-reinforced, thickness controlled sheets of rubber called 
innerliner or gum strip. After calendering, the calendered stock is wound into a liner to prevent 
sticking on itself. The calendered material is next cut to desired width and/or length for use in tire 
building. 

The function of the bead is to provide a proper seal between the tire and the wheel rim when a 
tire is mounted on the rim. Bead compounds produced in mixing are used to coat bead wires. Brass- 
plated bead wire is received on large spools. Bundles of wires are passed through an extrusion die and 
given a coating of rubber. The rubber coated wire is then wound into a hoop of specific diameter and 
thickness and sent to the tire-building machine. In some cases, a cement may be applied to the finished 
bead. 

Cementing operations are used at various stages in the tire building process. For example, 
cements (adhesives) may be used to improve the adhesion of different components to each other during 
the tire building process. Traditionally cements have been used in the bead building process, applied to 
extruded tread stock (end cementing for cut treads and undertread cementing for retreads and certain 
other tread stocks) and at tire building machines. It is important to note that cement usage can vary 
significantly from facility to facility depending on the type of tire being manufactured and the process 
being utilized. 
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I 
I 
I 
I 
I 
I 

Marking inks are used at various stages of the process to aid in the identification of the 
components being managed. Typically marking inks are applied to extruded tread stocks to aid in the 
identification and handling of cured tires. Again, it is important to note that marking practices can vary 
significantly from facility to facility. 

The various components manufactured in component preparation must be cut and cooled prior 
I 
I 
I 

to introduction into tire building. Typically, the processing of the rubber compounds generates heat 
which causes an increase in rubber temperature. If this temperature is not controlled properly the 
compound may begin to cure prematurely, thus rendering it unusable. 

Tire components from bead making, extrusion and calendering are moved to the component 
assembly area. The assembly of various tire components is referred to as tire building. The main 
mechanical component of the tire-building operation is the drum, which is a collapsible cylinder that 
can be turned and controlled by the tire builder. 

I 
I 
I 
I 
I 

The typical tire building process begins with the application of a thin layer of special 
calendered rubber compound, called the innerliner, to the drum. Next, plies are placed on the drum, 
one at a time. The cords (calendered stock - rayon, nylon, polyester and related fabrics coated with 
rubber) are laid in alternate direction in each successive ply. This step is followed by a process of 
setting the beads in place. The plies are turned up around the beads and incorporate the beads into the 
tire. Chafer (extruder) stock from extruding or calendering is added if needed. Belts (metal or fabric 
calendered stock), if any are then applied. Finally, the tread and sidewalls are added to complete the 
tire. The tire may be “stitched” under pressure to remove air from between the components and bind 
them together. Radial tire production involves limited use of cements and solvents. Cement usage 
during tire building will vary significantly from facility to facility. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The drum is then collapsed and the uncured (green) tire is transferred to the green tire spraying 
I 
I 
I 
I 
I 

operation. In preparation for curing, the uncured green tire may be coated with a lubricant (green tire 
spray). The lubricating spray is either a solvent-based or a water-based silicone. The function of the 
green tire spray is to ensure the cured tire does not stick to the curing mold when being removed. 

The final step in manufacturing of rubber products is vulcanizing (curing). There are three 
predominant vulcanizing processes: press mold curing, autoclave curing, and hot air curing. Press 
mold curing uses high temperature and pressure to cure the final product. The high pressure (600- 
10,000 psi) forces the rubber to conform to the shape of the mold. Press mold curing is used in tire 
and engineered products manufacturing. 

Autoclave curing utilizes saturated steam at an elevated pressure to cure the rubber mix. 
Unlike press mold curing, the product is formed into its final shape prior to the curing process. 

a common method in non-tire rubber manufacturing 
facilities. 

I Autoclave curing is 

Hot air curing entails passing uncured, engineered products through a chamber with a 
heated atmosphere. Temperature and residence times may vary, depending on the product type and 
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formulation. As with the autoclave curing, these products have already been formed into their final 
shape prior to undergoing the curing process. 

Grinding is often performed to remove rough edges and other blemishes from the final product 
or in some cases to actually form and shape the product. The ground rubber is occasionally recycled 
and utilized as filler in some rubber manufacturing processes. In the tire manufacturing industry, 
grinding is performed to balance the tire and also to expose the white sidewall or lettering. Relative to 
the engineered products industry, grinding may actually be used to obtain the correct shape of the final 
product such as the final shaping of drive belts. 

4.12.2 Equipment Scale Considerations 

Emission3 testing was performed on several sizes of similar process equipment. These size 
differences are the most profound on the sizes of internal mixers tested. Emissions tests were 
performed on internal mixers ranging from a two-pound laboratory mixer, to a 200-pound pilot scale 
system up to a 500-pound production mixer. On a pound ofpollutant emitted per pound of rubber 
mixed basis, test data indicated that emissions were not dependent on mixer size. This is especially 
true for the volatiles and semivolatile emissions. There was some variability of metals emissions which 
is most likely the result of greater particulate losses into the ventilation system on the larger mixers 
during charging than 

I 

I 
I 

n smaller scale equipment. 

Since there were was no direct correlation to process equipment size and emissions, no scaling 
factors were developed for equipment size. 

I 

I 4.12.3 Emissions And Controls 

I 
I 

The mechanically-created or externally-added heat present during the six emmmprincipal 
processes (mixing, milling, extrusion, calendering, curing, and grinding) cause volatile organic 

primarily emitted from the dry chemicals utilized in mixing and as a result of grinding. 

' ompounds (VOCS) and hazardous air pollutants (HAPS) to be emitted. Particulate matter is 1 -  

Dust collectors (baghouses, fabric filters) are commonly used to control particulate matter 
I emissions from mixing. Cyclone separators in combination with dust collectors or electrostatic 

precipitators are typically used in grinding applications. 

4.12.4 Emission Factors 

The following is common to each of the Emission Factors tables: 

(1) Total VOCs were analyzed by EPA Reference Method 25A/FID. 

(2) Total speciated organics were analyzed by EPA Reference Methods TO-14/GC-MS 
(speciated volatiles), TO-14/GC-FID (volatile ozone precursors) and M8270 (semi- 
volatiles). 
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Note: Results from Method 25A and results from the total speciated organics reference 
methods are not directly comparable due to the inherent differences in the method 
of analysis. 

(3) Total Organic HAP8 are hazardous air pollutants as defined by the Clean Air Act 
Amendments of 1990, Section 301 and were analyzed by EPA Reference Method TO- 
14/GC-MS and M8240 (volatiles), M8270 (semi-volatiles), and TO-l4/GC/FPD (sulfur 
compounds). 

(4) Total Metal HAPS are hazardous air pollutants as defined by the Clean Air Act 
Amendments of 1990, Section 301 and were analyzed by EPA Reference Methods M6010 
and M7000 (metals). 

(5) Total HAPS are the sum of total organic HAPS and total metal HAPS 

(6) Total Particulate Matter (PM) was analyzed by EPA Reference Method 546mvhMe. 

(7) Target analytes which were not detected in any runs for a particular process and compound 
were not included in the tables. The assumption is that if a target analyte went undetected 
in any runs, there is a high probability that even if it was present, the low nwr-detection 
limits indicate that its overall contribution is insignificant. 

(8) Target analytes detected in one or more runs were averaged together. Target analytes 
that were not detected in a test run were assumed to have been present al a concentration 
of one-halfthe test detection limit for averaging puvoses. 

(9) Metals were expected to be detected in the particulate matter emitted during rubber mixing 
but were not expected to be a significant emission in any other process. To confirm this 
assumption, the extruder emissions were analyzed for metals. Metals emitted proved to be 
so insignificant that they could be within the margin of error of the analytical procedure. 
Metal emissions were therefore considered to be insignificant in other processes. 

A total of 31 files containing nine separate tables of emission factors comprise the remainder of 
this section. The nine tables have been broken up into multiple files in order to keep the file sizes 
workable. The tables were split so that all emission factors for a given rubber formulation are in one 
file. The contents of the remaining 31 files are shown in Table 4.12-3. 
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File Name Rubber 

MIX 1 .WPD 1 - 6  
Compounds Incl. 

Table 4.12-3 
Key to Emission Factor Tables and Files 

MIX2.WPD 
MIX3.WPD 
MIX4. WPD 

MILLINGl.WPD 
MILLING2. WPD 
MILLING3.WPD 
MILLING4. WPD 

EXTRUD1.WPD 
EXTRUD2.WPD 
EXTRUD3. WPD 
EXTRUD4. WPD 

CALEND1.WPD 
CALEND2. WPD 
CALEND3.WPD 
CALEND4. WPD 

PLATEN1 . WPD 
PLATEN2. W PD 
PLATEN3.WPD 
PLATEN4. WPD 

AUTOCLVl .WPD 
AUTOCLV2.WPD 
AUTOCLV3.WPD 
AUTOCLV4. WPD 

HOTAIRl . WPD 
HOTAIR2. WPD 
HOTAIR3.WPD 
HOTAIR4.WPD 

TIRECUR1.WPD 
TIRECUR2.WPD 

GRIND.WPD 

7 -  12 
13 - 18 
19 - 23 

1 - 6  
7 -  13 
14 - 19 
20 - 23 

1 - 6  
7 -  12 
1 3 -  18 
19 - 23 

1 - 7  
8 -  13 
14 - 20 
21 - 23 

1 - 6  
7 -  12 
13 - 18 
19 - 23 

1 - 6  
I -  12 
13 - 18 
19 - 23 

1 - 6  
7 -  12 
13 - 18 
19 - 23 

A - F  
G - I  
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EMISSION FACTOR BACKGROUND REPORT FOR AP-42 Section 4.12 
Manufacture of Rubber Products 

1. Introduction 

1.1 Program Overview And Objectives 

The Clean Air Act Amendments (CAAA) of 1990 contain a variety of new programs and 
approaches designed to reduce emissions of hazardous air pollutants (HAPs), improve urban air quality 
and to control the precursors of acid rain. The Environmental Protection Agency (EPA) and the 
state/local air agencies now have at their disposal an expanded authority base to meet the CAAA 
objectives including an expanded array of enforcement tools. As the CAAA implementation moves 
forward, industry will be faced with numerous complex and burdensome air compliance issues. 

On July 21, 1992, EPA promulgated the Operating Permit Rule, which represents an expanded 
and very different approach to permitting air emission sources. The operating permit program 
commonly referred to as Title Vis a national program which is now being implemented on a state by 
state (and in the case of California, county by county) basis. In other words, each state has been 
charged with developing and implementing its own federally enforceable operating permit program 
which meets or exceeds the CAAA requirements. 

Title V now requires each facility which exceeds a major source threshold to secure a facility 
wide permit. The Title V program defines major source applicability on the basis of potential to emit. 
All facilities which have the potential to emit more than any of the following must secure a facility 
operating permit: 

- 100 tons/year of a criteria pollutant except in &&e&ertain urban areas (non attainment 
areas) where the threshold can be as low as 10 tondyear 

- 10 tonslyear of a single HAP or 25 tondyear in aggregate of any listed HAPs 

Title V requirements represent a significant departure from past state permitting programs 
which addressed some but not all sources at a facility on a process by process basis. Before the federal 
1990 CAAA, fewer than 20 pollutants were federally regulated. Now there are in excess of 200 
regulated pollutants -without taking into account additional *air toxics requirements that may 
exist in some states. 

To prepare a facility Title V permit, there are several tasks which must he completed. One 
such activity is the development of the plant emissions inventory which is the largest part of the 
permitting effort and also one of the areas where accuracy is critical. An inaccurate inventory can 
result in future compliance problems. 

1-1 



.' t 

RUBBER MANUFACTURERS ASSOCIATION 
REDLINE/STRIKEOUT VERSION 

MARCH 31, 1998 

Producing an accurate inventory is contingent upon the availability of sound emissions data or 
emission factors for each process in a facility. These factors coupled with commonly archived process 
and production data are used to calculate emissions and produce the inventory. 

Unfortunately, emission factors have not been established by EPA or the states for many 
industrial processes, including the rubber manufacturing industry. In the absence of established 
emissions factors or readily available emissions data, EPA and the states have typically adopted the 
fallback position of requiring emissions testing for each significant process within a facility, an 
endeavor which is expensive in addition to being very complex. 

As a result of the lack of documented emissions factors for the industry, the Rubber 
Manufacturers Association (RMA), on behalf of its membership, embarked on a large project to 
address the emission factor issue. Specifically, the objectives of the project were as follows: 

- Develop emission factors for the commonly used rubber manufacturing processes; 

- Develop a consistent applications approach for developing plant-wide emissions inventories; 

- Develop a standard protocol for estimating emissions related to future process changes; 

- Provide background information for addressing Title V record keeping and compliance 
demonstration requirements; 

- Provide support for addressing future enhanced monitoring requirements; and 

- Provide information sufficient to address equipment scale differences. 

An intense testing-based project was conducted which resulted in emission factors for the 
commonly used rubber compounds and processes. The results of the project and the emission factors 
now available are discussed .below: 

1.2 Emission Factor Project Definitions 

The following is a brief list of key definitions which define pollutant categories measured in the 
test program, as well as terminologies which will assist the reader in interpreting the emission factor 
data provided in this volume. 

(1) Total Speciated Volatiles: The sum of the target volatile organic compounds as well as 
those compounds tentatively identified during a mass spectral library search. 

(2) Total Speciated Sernivolatiles: The sum of the target semivolatile organic compounds as 
well as those compounds tentatively identified during a mass spectral library search. 
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(3) TVOC: Total volatile organic compounds measured as total hydrocarbons (THC) calibrated 
to a methane standard. Measurements were made on a continuous basis using a THC 
analyzer in accordance with EPA Reference Method 25A. 

(4) Total Metals: The sum of the target analytes detected. The target analytes we were 
cadmium, chromium, copper, lead, magnesium, nickel and zinc. 

( 5 )  Toral Sulfur: The sum of the target sulfur compounds detected during sample analysis 
using gas chromatography/flame photometric detection (GC/FPD). 

(6) Total Speciated Organics, as used in the summary and speciation tables: The total 
speciated organic compounds measured in the test program, is the sum of the semivolatile 
and volatile emissions for a given rubber compound minus any duplicate compounds. 
Where 1 ' , the same compound 
may have been measured by two direrent test methods, the higher value was used to present 
a conservative emissions total. The other value was ignored and not included in the total. 

. .  

(7) Speciation Factors: These are the fraction by weight, of a particular compound to the total 
for a specific pollutant category. For example, a speciation factor for benzene is 
determined by dividing the measured benzene emissions by the Total Speciated Organic 
compound emissions (Total Speciated Organics is defined above). 

(8) Volatile Organic Compounds (VOCs) as defined for permitting requirements is based on the 
EPA definition cited in 40 CFR 52.21: 

Volatile Organic Compounds (VOC) means any compound of carbon, excluding carbon 
monoxide, carbon dioxide, carbonic acid, metallic carbides or carbonates, and ammonium 
carbonate which participates in atmospheric photochemical reactions. This includes any 
organic compound other than the following which have been determined to have negligible 
photochemical reactivity: 

(a) Methane (CAS 74-82-8); 
(b) Ethane (CAS 74-84-0); 
(c) 1,1,1-Trichloroethane (CAS 71-55-6); 
(d) Methylene Chloride (CAS 75-09-2); 
(e) Trichlorofluoromethane (CAS 75-69-4); 
(f) Dichlorodifluoromethane (CAS 75-71-8); 
(g) Chlorodifluoromethane (CAS 75-45-6); 
(h) Trifluoromethane (CAS 75-46-7); 
(i) Trichlorotrifluoroethane (CAS 76-13-1); 
(i) Dichlorotetrafluoroethane (CAS 76-14-2); 
(k) Chloropentafluoroethane (CAS 76-15-3); 
(I) Dichlorotrifluoroethane (CAS 306-83-2); 
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(m) Tetrafluoroethane (CAS 81 1-97-2); 
(n) Dichlorofluoroethane (CAS 1717-00-6); 
(0) Chlorodifluoroethane (CAS 75-68-3); 
(p) Chlorotetrafluoroethane (CAS 2837-89-0); 
(4) Pentafluoroethane (CAS 354-33-6); 
(r) Tetrafluoroethane (CAS 359-35-3); 
(s) Trifluoroethane (CAS 420-46-2); 
(t) Difluoroethane (CAS 75-37-6); 
(u) Perchloroethylene (CAS 127-18-4); and, 
(v) the following 4 four classes of perfluorocarbon compounds: 

(1) 
(2) 
(3) 

(4) 

Cyclic, branched, or linear, completely fluorinated alkanes; 
Cyclic, branched, or linear, completely fluorinated ethers with no unsaturation; 
Cyclic, branched, or linear, completely fluorinated tertiary amines with no 
unsaturation; and 
Sulfur-containing perfluorocarbons with no unsaturations and with sulfur bonds 
only to carbon and fluorine. 

1.3 Emission Factor Summary 

Standardized rubber formulations based on published industry references such as The 
Vanderbilt Rubber Handbook. 13th Edition were used as the test compounds for the internal 
mixing/milling, platen press curing, extruder, autoclave, hot air curing,and w a m q - r d  milling tests. 
Data for the calendering, grinding, and tire curing processes were generated in actual manufacturing 
settings. For tire curing, actual tires from several of the participating companies were used to collect 
test data. 
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2. Emissions Factor Development Approach 

2.1 Selection of Compounds and Target Pollutants 

The initial step necessary in developing emission factors is to identify which pollutants are 
emitted to the atmosphere from the process. Previous investigations into the emissions from ruhher 
manufacturing showed that the predominant emissions are low molecular weight organic compounds 
(C&). However, the potential for heavier, less volatile organic compound emissions also exists due 
to the chemistry and the elevated temperatures of many of the processes. Particulate matter emissions 
can also be significant, especially during the mixing process when carbon black is added to the mix. 

Title I11 of the 1990 CAAA lists 189 HAPs (Since the original publication of the HAP list, 
caprolactam has been dropped.). Many of these are applicable to the rubber manufacturing industry. 
In addition, many states where rubber manufacturing facilities operate have developed their own 
HAPair toxic lists, Since the Title V operating program will be administered by the individual states, 
there exists the possibility that facilities will need to conduct emission inventories for all of the HAPs in 
Title I11 as well as on the state h&ompounds. A comprehensive target test list was developed using 
all the chemicals from Title 111, selected s i t e  ‘air toxics h&omounds, as well as the SARA 313 toxic 
ekm&H&chemicaIs. Information presented in the tables includes only HAPs data. 

The emissions from each process may - 
vary fhie-tdepending upon the &%ea4 

j r  synthetic),’ the specific additives (metal 
oxides, accelerators, retardants, antioxidants, softeners, fillers, and vulcanizing agents) in the mix, the 
physical characteristics of the processes, 
processes. 

. .  . .  

. .  , and the reaction chemistry of the 

The tire manufacturing industry principally uses natural rubber, styrene-butadiene (SBR) 
rubber, and polybutadiene rubber. Polybutadiene is often mixed with SBR to improve the abrasion and 
cracking resistance of the tire. For nontire rubber goods where oil resistance is a priority, rubbers such 
as polyacrylates, nitrile, neoprene, polyurethanes, epichlorohydrins, chlorosulfonated polyethylene, 
chlorinated polyethylene, and fluoroelastomers are used. Potential emissions from f h e - & k ~  
eeR4i4tiuhber consists of breakdown compounds such as the monomers used to create the rubber. 

initiate the vulcanization process me. Typical . .  . Accelerators 
accelerators are metal oxides (zinc oxide, lead oxide, and magnesium oxide) and a large variety of 
organic accelerators. These organic accelerators are typically from the following classes of organic 
compounds: benzothiazoles, benzothiazolesulfonamides, dithiocarbamates, dithiophosphates, 
guanidines, thioureas, and thiurams. 
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Antioxidants help to prevent oxidation (aging) of the vulcanized product. Antioxidants are 
usually high molecular weight amine compounds such as dioctylated diphenylamine. 

Retarders are used to prevent the premature vulcanization (scorching) of the rubber during 
processing. Retarders currently in use consist mainly of organic acids (salicyelic and benzoic acids), 
phthalic anhydride, and N-(cyclohexy1thio)phthalimide. -The potential emissions consist of 
the retarders themselves along with their thermal breakdown components. 

Softeners are used to increase the workability of the mix for lubrication during extrusion and 
molding, and; to aid in the dispersion of fillers. The predominant softener used in the rubber industry 
is petroleum oil. The potential emission compounds from petroleum oil are extensive. The majority of 
the compounds would most likely be aromatic hydrocarbons of various sizes and types. 

Fillers are added to the rubber mix for several reasons. I+" They provide color but are 
mainly used to reinforce the final product. Fillers are fine particles which increase the abrasion 
resistance and tensile strength of the product. Carbon black is used as the primary filler in tire 
manufacturing. Rubber goods requiring a color other than black use numerous types of inorganic 
fillers. Due to the ex&mely fine particle size of fillers, *rubber mixers are 7 
-typically equipped with particulate emission control equipment.. 

Sulfur compounds comprise the vast majority of vulcanizing agents currently used. Sulfur can 

. .  

be added as elemental sulfur or within inorganic or organic sulfur compounds. The presence of sulfur 
and the high temperatures involved in the processes 
emission of that &sulfur compounds such as c a r b o n w m i t t e d ,  

. . .  results in the possible 

T w e n t y 4  three rubber compoundslmixtures were studied in this program. 7 
v=fie- 

2.2 Description of Sampling I Analytical Regimes 

(NOTE: "Tables 2-2 and 2-3 are missing. It appears these table numbers need to be changed to 2-1 
and 2-2") 

The ten processes tested are summarized in Table.2-1 (formerly called Talile 2-2) and the test 
methods employed are shown in Table 2-2 (fornierly called Table 2i3): tire press, oven eWe curing of 
tire cuts, autoclave, extruder, internal mixers, grinding, platen press, calender, warmup mill, and oven 
ewe curing of engineered products. Nine of the processes were tested for total volatile organic 
compounds; speciated volatiles; volatile ozone precursors; sulfur compounds; and semivolatile organic 
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compounds. Two processes (tire press and autoclave) were tested for amines. Four processes (tire 
press, oven eWe curing of tire cuts, extruder, and some grinding processes) were tested by Fourier 
transform infrared spectroscopy (FTIR). Three processes (extruder, internal mixers, and grinding) 
were tested for particulate matter and metals. 

quantify the emissions from each process accurately, the emissions tests were 
conducted=sure methodologies to ensure that all emissions were captured. The design of 
each enclosure was based upon the criteria in EPA Method 204 for a total enclosure. The objective in 
using the enclosure approach was to collect and "concentrate" non-point source emissions from the 
individual process in a way that enclosure exhaust could be sampled. 

T 

A highly ventilated enclosure with rapid air turnover would not allow for adequate detection 
limits of the target parameters. EPA's criteria for enclosures k w e b e e ~  were followed, as guidance. 
However, air velocities h w e - k e ~  were varied to allow for optimal sampling conditions within the 
exhaust duct. Specific enclosure construction and exhaust details vary with the process, fugitive release 
rate, and target sampling parameters. 

During each test run for all processes, all pertinent operating parameters were recorded. These 
parameters consisted of the quantity and types of materials being processed, processing and/or 
production rate, process temperature, and process pressure. Tkki These data w f t ~ (  were recorded at the 
start of~each test run and at 15-minute intervals thereafter until the completion of the test run. 

The emissions test data, process data, and laboratory data acquired from the sampling program 
m were compiled and evaluated for each test run. Mass emission rates from each rubber type and 
each pollutant were calculated from the laboratory results and field test data. The mass emission rates 
were calculated utilizing the measured exhaust air flow rate and concentration of each target pollutant 
in the sample vent for each individual test run. All emission calculations were performed in 
accordance with the specific sampling methodologies utilized for this program. 

In addition to the sampling conducted at each process emission vent, numerous sampling runs 
were conducted to quantify background concentrations of target pollutants present in the atmosphere 
where the sampling was conducted. These background tests were conducted since most of the 
emissions testing was performed in process areas containing several air pollutant emitting processes. 
The necessity of background emissions testing was determined by the team leader for each test program 
based upon field observations. These field observations included assessing the presence of visible 
emissions, odors, and plant activities which could bias the test data, such as maintenance painting. 
Quantifiable background concentrations were subtracted from the sample concentrations for that day to 
provide more accurate emission results from the processes. 

Laboratory and field blank samples were also collected for each sampling method to recognize 
and quantify contamination of any sampling media. The results of these blank sample runs were 
compared with the process sample runs to identify emission results which maybe might have been 
biased. If quantifiable pollutant concentrations were found in the sample blanks, these concentrations 
were subtracted from the specific test results associated with the blank sample. Sample results which 
were found to have values less than or equal to background or blank sample concentrations were 
assumed to be equal to 8 zero. 
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The emission sampling results and the process data were then correlated to quantify emissions 
on a basis of pounds of pollutant emitted per pound of rubber processed. For3 three of the grinding 
operations (sidewall grinding, carcass grinding, and belt grinding), emissions were quantified on a 
pound of pollutant emitted per pound of rubber removed basis. For batch operations such as fhe 
internal Rtixermixing and autoclave curing, this was done by determining the total pounds of pollutant 
emitted and dividing by the total pounds of rubber processed. For continuous operations such as the 
extruder and calendering, this was performed by dividing the average hourly mass emission rate by the 
average hourly rubber processing rate. Results for &e+kqmx tire curing were developed on both a 
Ib/lb tire and Ib/lb rubber basis fluefe to account for the non-rubber components of the tires such as 
fabric and steel cords, wire beads, and belts. 

In addition to the results of the compound specific sampling methods data, total organic 
compound emissions were determined using the data collected during the Method 25A continuous 
process monitoring. Average total organic concentrations were recorded for each4 one-minute interval 
for each test run. An average value was then determined from the average of all of the * one-minute \ 
data points collected over the duration of each test. Background concentrations were quantified at the 
beginning of each test run to correct the final result. Mass emissions of total organics were then 
quantified for each run. 

Concentration data e w e r e  provided for every target analyte and every tentarively-identified 
compound. In each case where a particular compound was not detected, the deiection limit iswas 
provided. 

For sampling methods having more than + one target pollutant, the pollutant emissions were 
aggregated to provide total emissions by pollutant category. Total emissions were developed in this 
manner for metals, organics (including volatiles, ozone precursors, and semivolatiles), sulfur 
compounds, and in some cases, amines. Many of the target pollutants in these sampling methods were 
not present in the sample exkttttrrtat quantifiable concentrations. Mass emission rates of these 
pollutants were calculated based upon their detection limit, as stated in the laboratory results, and their 
values were denoted with a " < " symbol prior to their stated emission value in the results tables. 
Emissions totals for detected compounds include emissions of all compounds which were detected in 
the sample by tke; chemical analysis. 

2.3 Development of Final Factors 

The results of the data analysis were assembled to develop pollutant and rubber type-specific 
emission factors for each process. This effort involved collecting and collating the results of several 
emission tests performed on similar processes at different facilities. Emission factors are reported as 
point estimates. The emission factors were developed based upon the aggregate emission totals in the 
data analysis discussed above. 

For calculation of emission factors, emissions of all organic compounds were computed as the 
sum of ozone precursors, volatile organic compounds, and semivolatile organic compounds. For 
organic compounds which were detected by more than * one method, the higher concentration value 
was used. 
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Target analytes which were not detected in any runs for a particular process or compound were 
not included m in the tables. The assumption is that if a target analyte went was n o t d e t e c t e d  in any 
runs, there is a high probability that even if it was present, the low M e t e c t i o n  limits indicate its 
overall contribution is insignificant. 

(Ed. NOTE: The above paragraph must be combined with the next paragraph, or edited 
or  deleted) 

Target analytes detected in one or more runs were averaged together 

f If . . .  
an analyte was not detected in aII runs, then those runs hi which it was not detected were counted 
at one-half of the analytical detection level for averaging purposes. If an  analyte was not detected 
in any run, then the average was designated in Tables 4.12-4 through 4.12-12 as “ND”. 

3. Description of Test Facilities 

3.1 Processes Employing Generic Rubber Compounds 
The following descriptions provide detail of the specific operations that were tested at  
specific locations. 

3.1.1 Internal ‘ King and Milling 

Emissions during rubber mixing were evaluated from4four internal mixers a t 3  three facilities 
during tki4 the test program. For this report series, the mixers are designated as: 

Large Banbury Mixer (F-80) 
Small Banbury Mixer (BR-1600) 
Small Banbury Mixer (BR-1600) 
Large Banbury Wxe+Fmt ’ Mixer/ Control Device 

Large Mixer No. 1 
Small Mixer No. 1 
Small Mixer No. 2 

Mixer Control Device 

Emissions from Large Mixer No. 1 occurred at 3 hvo points in the process, during charging 
and mixing, and during drop milling. Batch sizes of 125 to 140 pounds per drop were mixed during 
the testing. Temperatures of the nonproductive runs were approximately 335°F W. The 
productive run temperatures were typically 22WF 220°F (W 240°F for the EPDM 2). The 
configuration of the unit tested allowed for sampling of the fume collector and duct system. The 
charginghixing zone i4 was serviced by an 18-inch exhaust duct leading to a baghouse for control of 
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emissions. Sampling was conducted in the round duct in an area with a suitable length of straight run. 
Emissions from the drop milling zone were handled similarly, being routed to a collector duct via a 
long rectangular duct. 

The small internal mixers were similar in design and capacity. Emissions were sampled from a 
section of duct installed in a flexible exhaust hose. Sampling took place during charging and mixing. 
Batch sizes were typically 2 to 3 pounds for each drop with a fill of approximately 65 percent. Mixing 
temperatures were the same as with the larger units, and consistent with the recipes (335% 335°F for 
the non-productive and 22WF 220°F for the productive drops). At the completion of fbe mixing, the 
rubber dropped into a tray drawer for transfer to the adjacent milling unit. 

The milling units used with the small internal mixers were enclosed to contain pollutants 
released during operation. The enclosures were equipped with an outlet exhaust duct to facilitate 
sampling. Monitoringlsampling continued once the mixed rubber was placed inside the enclosures and 
continued throughout the milling process. 

Control efficiencies of emissions from the control device 'serving the large &em&"Banbury" 
mixer were determined through the simultaneous sampling of inlet and outlet ducts of a Twit-fabric 
filter control device. The sampling was conducted during 2 two modes of operation: charginghixing 
and drop milling. Batch sizes of approximately 465 pounds per drop were mixed during the testing. 
Temperatures of these master batch nonproductive runs ranged from 315" to 330°F 33#F. 

3.1.2 Extrusion 

Evaluation of emissions during the rubber extrusion process was conducted on a 3.5-inch 
extruder. 

=pound No. 4), emulsion SBR (Compound No. 22), and peroxide-cure EPDM 
(Compound No. 9) rubber were provided. Optimum target melt temperatures were provided for each 
compound. These were as follows: 

tread (Compound No. 6). 

Tread - 255' - 275°F 

SBR 1502 - 
EPDM 2 - 

Sidewall - 230" - 260°F 
255" - 275°F 
250" - 280°F 

The extruder eeR4i4t4consisted of a power-driven screw within a stationary cylinder. A die 
with a 1/8 x 3-inch extrusion slot was attached to the head of the screw to produce the desired cross 
section of the extruded rubber. During the testing, it became necessary to install additional screens 
behind the die plate to increase rubber back pressure and temperature. The rubber strips were fed 
manually into the hopper rollers. 

Two zones were sampled during operation of the extruder process. The 
extruder outlet, or head, was enclosed to permit capture of emissions throughout operation. The 
sfflrtHenclosure was equipped with an outlet exhaust duct from which sampling was conducted. Tkis 
-After extrusion, the product entered the cool-down zone, 
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Leentk+which was also enclosed to allow for sampling of pollutant emissions. Rubber 
temperatures were measured at the die head and at 2 two points of the cooldown zone. 

3.1.3 Autoclave Curing 

Autoclave curing utilizes saturated steam at an elevated pressure to cure the rubber mix and is 
the predominant curing method in nontire (commonly referred to as "engineered products") rubber 
manufacturing facilities:: 

. . .  The 11 rubber compounds selected for testing included compounds used 
primarily for engineered products, but also included compounds used in tire manufacturing. These 
compounds were provided by several manufacturers. The compounds selected and their designated 
compound numbers were as follows: 

- Tire Base/Sidewall (#4) - CRW Neoprene (#11) 
- Tire Apex (#5) - Hypalon (#15) 
- Tire Tread (#6) - HNBR Hydrogenated Nitrile (#18) 
- EPDM 1 (sulfur-cured) (#8) - CPE Chlorinated Polyethylene (#21) 
- EPDM 2 (unextruded peroxide-cured) (#9) 
- EPDM 2 (extruded peroxide-cured) (#9) 

The curing tests were conducted using a steam-contact autoclave setup. A rack loaded with the 

- Emulsion SBR (SBR 1502) (#22) 

desired quantity of rubber strips was loaded by electric winch into the autoclave chamber. Three 
batches of approximately 50 pounds each were loaded and cured for each rubber type. The autoclave 
was operated at 34WF 340°F and approximately 1 IO psig during each curing run. 

Sampling of the autoclave emissions was conducted throughout the 3 three basic me&phases 
of operation. Sampling was initiated during the curing phase with sampling of the water trap effluent, 
conducted during the blowdown phase, and continued through the cool-down phase. 

The approach was to set up a total capture method whereby all steam and pollutant releases 
were sampled. The autoclave curing entailed sampling of the water trap condensate (during curing), 
the blowdown steam, and cooldown air emissions. All steam releases were vented through the 1-inch 
water trap or blowdown pipe into a series of condensing impingers and sorbent tubes kept under 
negative pressure by a metering pump. During curing, the water trap condensate was directed into 
sample containers and large impingers for volume determination. The blowdown pipe was connected 
to the condensing coils and the first of a series of large impingers. Steam and entrained pollutants were 
directed into the impingers for condensing and gfes$ pollutant scrubbing through impingement. 
Remaining gaseous or entrained pollutants then passed through the sorbent traps for the collection of 
organic species. W-mfded A coiitrol valve was installed on the blowdown system to control the rate 
of steam release during the blowdown cycle. 

._ 
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Following completion of each autoclave run, the rack containing the cured rubber products was 
removed from the autoclave but kept within the temporary enclosure for sampling during the cool- 
down period. 

3.1.4 Platen Press Curing 

The platen press curing process is a general approach to pressure curing engineered weeef 
products in molds. Specific molds are used to form the desired engineered product at set pressures and 
curing t e m p e r a t u r e s . ~  
Most emissions occur during mold release, at the end of the curing cycle. 

. .  

During this program, 17 rubber compounds were cured at temperatures between 340" and 
35OoF and pressures of 30 tons for the first 3 three minutes and 20 tons for the second3 three minutes, 
The rubber compounds were from hatches mixed during testing of Small ktefmtl Mixer No. 2. The 
compounds cured and their designated numbers were as follows: 

- Tire Inner Liner (#1) 
- Tire Ply Coat (#2) 
- Tire Belt Coat (#3) 
- Tire Apex (#5)  
- Tire Curing Bladder (#7) 
- 
- 
- CRW Neoprene (#I 1) 
- CRG Neoprene (#12) 

EPDM 2 (unextruded peroxide-cured) (#9) 
EPDM 3 (non-black sulfur-cured) (#lo) 

Paracryl OZO (#13) 
Paracryl BLT (#14) 
Fluoroelastomer (#16) 
AEM (#17) 
Silicone (#19) 
Acrylate Rubber (#20) 
Emulsion SBR (SBR 1502) (#22) 
Epichlorohydrin (#23) 

Nine samples of approximately 50 grams each were cured for each rubber type. Each 50-gram 
tab of rubber was placed directly onto the lower plate and pressed into a "pancake" of approximately 
185-mm diameter and I-nun thickness. The cool-down period lasted for 6 minutes when the cured 
samples were removed from the press and left inside the enclosure. Emissions were contained by an 
exhaust hood and flexible Tyvek sheeting, and exhausted by a single 5-inch duct and blower. 

3.1.5 Hot Air &.eltCuring 

Hot air m u r i n g  of engineered rubber products is used for fmal curing of te$mkwe 
preformed products. Three rubber compounds were evaluated. One compound used in tire 
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manufacturing (Tire Apex, Compound #5) and4 two compounds typical of engineered mkki-products 
manufacturing (sulfur-cured EPDM 1, Compound #8; and Emulsion SBR 1502, Compound #22) were 
xkefedtested. To simulate the process for this program, a lab-scale system with enclosure was 
designed and set up to evaluate the emissions during curing and cool-down. The rubber compound 
samples were placed in the oven and allowed to reach the curing temperature of 400°F 488Ffor a 
period of Sto 8 minutes. Each sample weighed approximately 100 grams. After completion of curing, 
each rubber sample was removed and allowed to cool down in the enclosure and another sample of the 
same compound was placed in the oven and brought up to temperature. 

The oven was set up with a preheated sweep gas inlet and an exhaust gas outlet. A temporary 
enclosure was erected around the oven to contain emissions during the curing and cool-down and when 
the door was opened. An exhaust duct similar to that used for the platen press was constructed to vent 
the enclosure and to provide the sampling locations. 

3.2 Tire Curing 

3.2.1 Full-scale Tire Curing 

Evaluation of tire curing press emissions was conducted on a full-scale tire press equipped with 
a single mold set and an integral cool-down rack. A total of 9 nine tire typedbrands were press-cured, 
representing 2 two tire sizes from 3 seved-manufacturers. The tires were received uncured and varied 
in size, weight, and type. Multiple tires for each type were 
allow for adequate sampling times. The 2 two sizes tested w s a n d  205/70. A generic 
ekmiete mold for each tire size was used for the pfessuring. The different types received were: 
original equipment (OEM), replacement, and hig/i-perfonnunce. 

ured during each test run to 

Mold temperatures ranged from 338 330°F to 355F 3 W F  and steam pressures ranged from 200 
to 300 psig. Each tire was cured for a period of 10 to' 15 minutes. There were4 . . .  Zwo emission zones 
sampled on the tire press: the press itself and the tire cool-down zone. An enclosure was set up on the 
tire press to collect fugitive emissions during the press curing of green tires. The enclosure was 
equipped with an outlet exhaust duct in which sampling was conducted for the target parameters. A 
similar enclosure was erected around the integral cool-down rack where the tire cools after completion 
of tke press curing. 

3.3 Other Rubber Processing 

3.3.1 WmmpMilling 

_ _ _ ~ f e  Milling is utilized by the industry as a preparation/warmup step for feeding rubber to 
calenders and extruders , or to warm the rubber to prepare it 
for subsequent processing. A warmup mill is similar or identical to a drop mill in that it has a series of 
rollers, some toothed, to increase the shearing of the compound. The mill can be batch or continuously 
fed, depending &on the production need. 
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Evaluations of wamtp&I milingl emissions were conducted at 2 two facilities during this 
program. Emissions from both were captured using a temporary enclosure and exhaust duct system 
Emissions from a lab-scale warmup mill were tested during the milling of the following 3 three 
compounds: 

Tire Ply Coat (#2) 
Tire Belt Coat (#3) 
Tire BaselSidewall (#4) 

Multiple dmpbatches were made for each test run. One test run was conducted per 
compound. Each drop was approximately 2.5 pounds of rubber, which represents a fill of 
approximately 65 percent. 

A second warmup Mmil l ing test was conducted at an engineered *products 
manufacturing facility. This was a production facility that operated h a  warmup mill in a batch mode 
for the test. The facility ran a Neoprene compound in the warmup mill for the 3 three test runs & 

rubber was milled to a thickness of 0.3 inches and a temperature of approximately 

3.3.2 Calendering 

-. The mill roll temperature was approximately 98F 90°F. The 
175°F. 

The calendering process is used to bond a continuous textile or metal mesh web t c 4  one or 2 
two layers of rubber for use in building tires and other engineered rubber products. The kfe&qqA 
-web passes through a series of rollers through which I one o r 4  two rubber strips also passes. 
Under pressure and elevated temperatures induced by the rollers, the rubber is bonded to the web. The 
nip of the rollers can be adjusted to vary the thickness of the calendered product. The m&m=ked 
€ah=kcalendered material is then cooled and cut to the proper dimensions. 

During this program, emissions from the calendering process were tested at 2 two facilities. 
The first was a continuous production process where the rubber was continuously fed from a warmup 
mill. A tire ply coat rubber compound was being run on the test days. Three test runs were conducted 
from an exhaust collector system outlet stack. 

The second process tested involved a batch- or 'pig- "fed calender during calendering of a 
neoprene compound at an engineered rubber products manufacturing facility. The calender itself had 
54-inch wide rolls and ran approximately 1100 linear yards of a neoprene compound during each of the 
3 three test runs. The emissions from this system were measured using a temporary enclosure and 
exhaust duct configuration. 

3.4 Tire Grinding Processes 

The grinding processes used in tire manufacturing are specific to each application. Four types 
were identified for this program: retread buffing, carcass grinding, whitewall (sidewall) grinding, and 
truing (force)or uniformity grinding. The grinding processes, in general, generate quantities of rubber 
dust and particles, and may generate HAP emissions, depending on the rubber formulation and the 
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amount of heat generated during grinding. To control these emissions, cyclones, baghouses, and 
electrostatic precipitators (ESPs) are used either alone or in combination. 

Grinding operations are typically conducted in a collector hood with an exhaust duct leading to 
-the control device@). Emissions sampling was conducted in the 
hood's exhaust duct (control device i n l e t ) t ,  
Simultaneous sampling was also conducted at the outlet duct of each downstream control device to 
determine control efficiency and the final pollutant emissions rate. 

. .  f i  The processes described below, 
although typical of industry operations, represent the specific machinery tested, and may not represent 
the description of all such units in the industry. 

3.4.1 Force/Balance Grinding 

A screening evaluation of emissions from a force or uniformity grinder was conducted at a p l l -  
scale tire manufacturing facility using FTIR and total hydrocarbon analyzers. The force grinder is used 
to buff areas of a tire that are out of specification when the tire is put under load. Observations of the 
force grinder showed that only a smallpercentage of tires are force ground, 
&tdybfW, and the quantity of rubber removed is very &ghtlow, resulting in insignificant or no 
emissions. See Section 4.1.6 for details. 

3.4.2 SidewaWWhitewaU Grinding 

Another surface grinding process, sidewall/whitewall grinding, was also evaluated. The 
grinder &tested consisted of 2 tivd stones set in a wheel which mbferotafed at high q%m speed 
over the whitewall area of the tire, f&wkigto remove a thin coat of black rubber which 
evefkymverlaid the whitewall section. The grinder kwas set into a frame equipped with 4 four 
powered exhaust ducts. Emissions from the grinding operation afewere carried viaflexible hose to 
overhead ductwork. Emissions f+&Wmh@ . ' ' afewere ducted to a cyclone for removal of rubber dust 
and pieces ground from the tires. The exhaust air pssespassed through the cyclone and iswas 
exhausted to the atmosphere. Approximate grinding time per tire iswas 20 seconds. Testing was 
conducted during normal operations, and e m k h w m e m i s s i o n  factors' were based on pounds emitted 
Per - pound of rubber removed, as measured by the quantity of rubber dust 
and particles collected in the cyclone hopper. 

3.4.3 Retread Buffing 

Retread buffing was also studied as a surface grinding operation in this program. h-tbk 
-At the testing facility, the surface of the back of the tread kwas buffed to prepare it to receive 
adhesive before application to a tire carcass. h. The retread buffer consists of an 
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edger and 4 four inline buffing wheels with hasps around the circumference of each wheel. Each 
wheel iswas covered by a hood exhausted through a flexible duct. The 4 four exhaust ducts 
efttefentered a common header duct. 1 
424% 

. .  . .  . .  

A tread section approximately 37 feet long iswas fed to the edger where the edge iswas 
squared. The tread %was then fed to the first wheel of the inline buffer which -aught and 
fhwwdrew the tread into the line. As the tread -passed each succeeding wheel, the wheel 
eeRle4came down onto the surface. A gi=& predetermined pressure is applied to the buffing wheels 
to remove the required layer of rubber. As the hasps dull, 8 greater pressure on the surface is required 
to remove the same amount of material. The emissions we eettsi4teonsisted of solid rubber particles 
and volatile and semivolatile organic compounds. It t a h t o o k  approximately 40 seconds to buff a tread 
with approximately Sfive seconds between tread sections. Sampling was conducted in the 20-inch inlet 
duct to the cyclone, in the 20-inch baghouse outlet duct prior to the I.D. fan, and in the 22-inch stack 
after the I.D. fan. Emission 
-factors were edeukbkpresented as pounds emitted per 
pound of rubber processed. 

3.4.4 Tire Carcass Grinding 

Tire carcass grinding is used for gross rubber removal (tread section) and for preparation of the 
resulting tire carcass for retreading. This operation consists of ? two phases, a coarse grind module 
and a fine grind module. The tire is first ground to a predetermined depth with a coarse grind hasp to 
prepare it for the fine grind operation. The fine grind operation completely removes the old tread and 
prepares the carcass surface to receive the new tread. The tire carcass to be ground is placed on a shaft 
and rotated at a predetermined speed . The carcass is then placed against a 
rotatingfine-toothed hasp at a desired gkewpressure. The hasp moves across the surface of the 
carcass in a predetermined pattern. 

. .  

The fine grinding operation was selected for the study &e&-&&@ because+& the grinding 
period is longer, the pressure of the hasp on the wheel is greater than the coarse grind, and the 
temperature of the carcass surface is higher than for the coarse grinding operation. The grinding time 
for the coarse grind operation is 4-2 one to two minutes, while the grinding time for the fine grind 
operation is 4 four minutes. Approximately IO to 12 tires are ground per hour. 

The fine grind module consists of the rotating shaft on which the carcass is placed and a 
rotatingfine-tooth hasp which is covered by a hood. At the facility tested, a flexible exhaust duct 
connects the hood to an elevated horizontal duct which leads to a cyclone w- I . The exhaust from the cyclone passes through a~horizontal 
centrifugal fan to an outlet stack on the roof. The entire module was enclosed with Tedlar sheeting to 
enhance the capture of volatiles, semivolatiles, and particulate matter by the hasp hood. Sampling was 
conducted in the IO-inch horizontal cyclone inlet duct and in the 16-inch outlet stack. Emissions are 
presented as pounds f m i t t e d  per pound of rubber removed, measured by the 
quantity of rubber dust and rubber particles collected in the cyclone hopper. 
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3.5 Engineered Products Grinding - Drive Belts 

The belt grinding operation selected for this study was &located at an engineered rubber 
products manufacturing facility. The selected process line was deemed to be representative of surface 
grinding operations. This particular line was used for V-belt grinding and consists of 8 eight grinders. 
Each grinder is enclosed within a closefirring hood. An exhaust duct exited from each hood and 
entered an overhead exhaust manifold. The combined exhaust streams entered the 16-inch diameter 
central cyclone inlet duct which leati8 led to a 
exited from the top of the cyclone and enters a dual 3 three-stage electrostatic precipitator (ESP). The 
effluent streams exiting the ESP we were combined into a single 14-inch duct which exited the roof 
through an I.D. fan. During the grinding operation the belts rwe were cooled with a localized water 
spray located within each grinder hood. Sampling was conducted in the cyclone inlet duct, cyclone exit 
duct, and ESP exit duct. Emissions are presented as pounds per hour and as pounds emitted per pound 
of rubber removed, as measured by initial and final weights of the belt batches for each test run. 

cyclone. An 18-inch duct 
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4. Data Analysis, rwti Discussion of Results, and Use of the Emission Factors 

This section provides pakkstimates;Rtewt4;twfkttttmRttt ' of emission factors for the following 
individual compounds and elements: 

- -  speciated organic compounds (including volatile compounds, volatile ozone precursors, 
and semivolatile compounds) 

- -  sulfur compounds 
amines 

- -  metals 
- -  particulate matter 

Process and rubber mix/formulation specific emission factors are provided in the following 

- -  

sections.% 

4.1 Processes Employing Generic Materials 

A-%xks& ?3 Twenly-three rubber formulationslproducts- were tested to 
determine emission factors for internal mixing and milling, extrusion, autoclave curing, and platen 
press curing. 
2-pound laboratory mixers, a 200-pound pilot scale system, and a 500-pound production mixer. 
Emissions & did not appear to be dependent on mixer size, based on the emission factors of pounds of 
pollutant emitted per pound of rubber mixed. 

4.1.1 Internal Mixing / Drop Mill 

Emission8 tests for the mixers were performed on 3 three different size systems: 2 two 

All 23 formulations m & + @ p e ~  were tested once on SfftrtHiRtefRal Small Mixer No. 2 

During the earlier stages of the project, data collected on Small Mixer No. 1 and Large Mixer 
No. 1 were compared for scale differences. Emission factors were calculated for Compounds #4, #6, 
#9, and #22. Results for these 2 two mixers were found to be xmewtmf consistent based on emission 
rate categories. Emissions for the large and+ small mixers M i d  not appear to be dependent on 
mixer size. Mixers did show variability for total metals. This &was likely the result of greater losses 
into the ventilation system when charging the larger equipment versus smaller 
scale equipment. 

Means, maxima, and standard deviations were determined for tire compounds (1-7) and 
engineered product compounds (-€ 8-23) a. Pollutant emission factors include 
organic compounds, metals, sulfur compounds, and particulate matter. 

4- 1 



RUBBER MANUFACTURERS ASSOCIATION 
REDLINElSTRIKEOUT VERSION 

MARCH 31,1998 

In using these factors to estimate emissions from sources, the following guidelines should be 
used: 

Internal mixing in rubber production facilities are referred to as “non-productive” and 
“productive”. The former encompasses mixing of rubber from its main components - oils, carbon 
black, sulfur, and a variety of other additives. “Productive” rubber is frequently made from 
“non-productive” rubber plus additional materials. In some facilities, a mixer may be dedicated to 
mixing either non-productive or productive batches. In other facilities, however, a single mixer 
may be used for both non-productive and productive batches. It is conceivable that a batch of 
mixed rubher that is ready for use in succeeding manufacturing steps could have passed through a 
mixing operation more than once. The mixing factors, however, are based on the weight of 
“productive” rubber. 

If in a specific application it is necessary to separate the fractions of emissions between “non- 
productive” and “productive” mixers, 90% of the emissions factors (in terms of unit weight of 
emissions per unit weight of rubber mixed) should be assigned to “non-productive” mixers and 
10% of the factor should be applied to “productive” mixers. 

The emission3 factors consider the number of passes through the mixer necessary for a compound 
to be mixed. Therefore, it is not necessary to multiply by the number of passes. 

The emissions factors encomDass emissions from certain rubher processing equipment that may be 
directly associated with the mixer itself, such as “drop mills” or roller die extruders. However, if 
mills or extruders in a specific facility are clearly distinct and separate from a mixer, then it may 
he appropriate to calculate emissions q%w&-km separately for those mills or extruders, using 
emissions factors developed for those units of equipment. 

Emissions capture and control device efficiencies should be applied as appropriate to the factors. 
For example, particulate matter emission3 reductions should be based on the efficiency of the 
specific control devices being used in specific facilities, as compared to the efficiency of a generic 
fabric filter control device. 

No VOC or gaseous pollutant reductions were assumed through fabric filter control devices. 

Since metallic compounds . .  in . .  rubher mixing are in the form .. . of particulate matter, reductions .~~ in 
emissions of metallic compounds through air pollution control devices can Lie assumed to be 
similar to reductions in particulate matter emissions. 

4.1.2 Milling 
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Warmup mills are utilized by the industry for further mixing of rubber compounds following each 
drop from an internal mixer, or to warm the rubber to prepare it for subsequent processing (a, 
calendering). A warmup mill is similar or identical to a drop mill in that it has a series of rollers, some 
toothed, to increase the shearing of the compound. The mill can be batch or continuously fed, 
depending on the production need. 

In using these factors to estimate emissions from sources, the following guideline should be 
observed: 

. The emission factor assumes rubber arrives at the mill after having received one pass through a 
“warmup mill”. Beyond this, where multiple mills are used, emissions from each mill should be 
counted separately. 

4.1.3 E#m&gExtruder 

In using these factors to estimate emissions from sources, the following should be observed: 

. The emission factor encompasses all emissions from a cold-feed extruder, including the die 
head and cooling conveyor. 

. For a hot-feed extruder, it is necessary to calculate and add separately the emissions from the 
mill(s) that may precede the extruder. 

4.1.4 €&n&mgC ‘ alender 

The calendering process is used to bond a continuous textile or metal mesh web to one or two 
layers of rubber for use in building tires or engineered products. The kxGle passes through a series of 
rollers through which one or two rubber strips also passes. Under pressure and elevated temperatures 
induced by the rollers, the rubber is bonded to the web. The nip of the rollers can be adjusted to vary 
the thickness of the calendered product. The calendered materical is then cooled and cut to the proper 
dimensions. 

In using these factors to estimate emissions from sources, the following should be observed: 

. The emission factor does not include emissions from mill($ that may precede the calender. 
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4.1.5 Attteefave Curing 

4.1.5.1 General Information 

In using these factors to estimate emissions from sources, the following should be observed: 

. The emission factor includes emissions from vulcanizing, opening of the curing device, and 
cooling of the cured product. 

4.1.5.2 Autoclave Curing 

Autoclave curing is a process which can utilize either a steam contact or non-contact system. 
During this program, air emissions and water discharges were evaluated from a steam contact system. 
Emission factors were calculated using H ten of the generic rubber mixtures tested in tke Small Mixer 
No. 2. One rubber compound, EPDM 2 (Compound M 9 ) ,  was also tested using extruded and 
unextruded rubber to determine what, if any, differences result in curing emissions if the rubber was 
previously extruded. Based on the limited amount of data available, there were no substantial 
differences between ttii, . .  extruded and unextruded EPDM. 

In this steam contact autoclave system, uncured rubber loaded into the pressurization chamber is 
in full contact with the steam, resulting in both waterborne arld airbonie pollutants. The steam 
condensate from this type of system is discharged during blowdown at the end of the curing cycle and, 
often*, from the water trap during the curing cycle. 

In the non-contact system, the uncured rubber is enclosed in a bladder within the pressurization 
chamber and does not come into contact with the steam. Therefore, pollutants are not discharged with 
the steam condensate as occurs with the steam contact system, hut are emitted as airborne pollutants 
upon opening of the autoclave chamber. 

In evaluating pollutant discharges from the steam contact type of system, samples were collected 
and analyzed from 2 iwo aqueous (water trap and blowdown condensate) and I one gaseous (cooldown 
air) matrices. The total emissions for the autoclave system were obtained by combining the emission 
and discharge rates (Ibs/hr and lbs/lb rubber) for volatiles, semivolatiles, and sulfur compounds. This 
total is most representative of a non-contact system where all pollutants are discharged as air 
contaminants and should be considered in an emissions inventory. To enable a comparison of a steam 
contact system with a non-contact system, the waterborne pollutants from a steam contact system could 
be considered separately, possibly as a discharge under a NPDES permit, and not as an air emission. 
Please see the related discussion below. However, there is a possibility of downstream fugitive 
emissions from this aqueous discharge. 

In using these factors . .  to estimate emissions from sources, . .  the following . .  should .~ be observed: . .  
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. The emission factor is based on the use of "non-contact" steam. In other curing applications 
where steam contacts the product being cured, the test program determined that 17% of each 
component condenses out with the steam rather than being emitted into air. 

. The emission factor does not encompass emissions of mold release agents that may be used in 
specific facilities. 

Certain classes of pollutants exhibit higher condensibility or solubility properties and a higher 
percentage of removal in the aqueous discharge streams. As much as 100 percent of sulfur emissions 
are removed in the aqueous streams, and P ' need not be included in air 
emissions inventories when steam contact autoclaves are in use. Similarly, up to 95 percent of 
semivolatile organic emissions are removed in aqueous streams. Predictably, volatile organics 
exhibited a much lower removal rate, with a maximum of 36 percent removal in the aqueous streams. 

As the Table 4.12-9 indicates, the removal percentages vary nor only by pollutant class, but also by 
rubber compound. It should be noted that the table presents only a comparison of the totals of the 
pollutant categories, and not the individual chemical species. This information & can be 
determined through further detailed review of the speciated data. 

4.1.5.3 Platen Press Curing 

The platen press curing process is a general approach to pressure curing engineered rubber 
products in molds. Specific molds are used to form the desired engineered product at set pressures and 
curing temperatures. 

In using these factors to estimate emissions from sources, the following should be observed: 

. The emission factor includes emissions from curing and cooling of the cured rubber article 

. The emission factor does not encompass emissions of mold release agents that may be used in 
specific facilities. 

Emissions of methylene chloride were found in the test program, but are suspected of being 
laboratory anomalies. Therefore, methylene chloride, if reported at all, should be calculated 
using the detection level of the test. 

. .  . 

4.1.5.4 Hot Air Curing 

In using these factors to estimate emissions from sources, the following should be observed: 

4-5 



RUBBER MANUFACTURERS ASSOCIATION 
REDLINElSTRlKEOUT VERSION 

MARCH 31, 1998 

. Emissions of methylene chloride wer found in the test program, but are suspected of being 
laboratory anomalies. Therefore, methylene chloride; if reported at all, should be calculated 
using the detection level of the test. 

. The emission factor does not encompass emissions of mold release agents that may be used in 
specific facilities. 

4.1.6 Grinding Operations 

EmswmIn using these factors 
sources, the following should be o b s e r v e d : s  

. .  . .  to estimate emissions from . .  . .  

. For the specific application of “force grinding” in tire manufacture, the emission factor for 
white sidewall grinding may be used.- 

. .  . .  However, the weight of rubber ground from each 
tire can vary from manufacturer . .  to manufacturer. 

. For white sidewall grinding, it may be assumed that 0.061 pound of rubber is removed on 
average from every tire that is ground. 

. For V-belt . grinding, the compound tested was approximated closely by Compound #12 (see 
Table 4.12-2). 

4.2 Effects of Temperature 
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Specific tests were not conducted to determine the effects of elevated temperatures in on kgivtxi 
any compound. However, several compounds were subjected to temperatures varying from 2 W F  to 
4 W F ,  as a result of the tests conducted for each process. No compounds were tested at multiple 
temperatures on any given process. 

These data should be used as a guide for making decisions in plant-specific situations. The 
test program was conducted using analytical methods and rubber compounds that were common 
in 1994 and 1995. In specific situations, significantly different compounds or processing 
temperatures may require specific emission factors to he developed. 
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1.1 Program Overview And Objectives 

The Clean Air Act Amendments (CAAA) of 1990 contain a variety of new programs and 
approaches designed to reduce emissions of hazardous air pollutants (HAPs),-implove urban air quality 
and to control the precursors of acid rain. The Environmental Protection Agency @PA) and the 
statellocal air agencies now have at their disposal an expanded authority base to meet the CAAA objectives 
including an expanded array of enforcement tools. As the CAAA implementation moves forward, indusuy 
will be faced wiih numerous complex and burdensome air compliance issues. 

On July 21, 1992, EF'A promulgated the Operating Permit Rule,~which represents an expanded 
and very different approach to permitting air emission sources. The operating permit program commonly 
referred to as Tirle Vis a national program which is now being implemented on a state by state (and in the 
case of California, county by county) basis. In other words. each state has been charged with developing 
and implementhg its own federally enforceable operating permit program which meets or exceeds the 
CAAA requirements. 

> -  - , .  

Title V now requires each facility which exceeds a major source threshold to s e m e  a facility wide 
permit. The Title V program defines major source applicability on the basis of potential to emit. Al.. 
facilities which have the potential to en& more than any of the following must seare a facility operating 
permit: .. 

. .  
- 100 tons/year of a Criteria pollutaut except in selected urban areas (non atraiment areas) where 

the threshold can a i  low as 10 W y e a r  

- 10 tonslyear of a single HAP or 25 tons/year in aggregate of any listed HAPS 

Title V requirements represent a significant departure from past state permitting programs which 
addressed some but not all sources at a facility on a process by process basis. Before the federal 1990 
CAAA, fewer than.20 pollutants were federally regulated. Now there are in excess of 200 regulated 
pollutants when taking into account additional state air toxics requirements. 

To prepare a facility Title V permit, there are several rash which must be completed. One such 
activity is the development of the plant emissions inventory which is the largest part of the permitting effort 
and also one of the areas where accuracy is critical. An inaccurate inventory can result in future 
compliance problems. 

Producing an accurate inventory is contingent upon the availability of sound emissions data or 
emission factors for each process in a facility. These factors coupled with commonly archived process and 
production data are used to calculate emissions and produce the inventory. 
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Unfortunately, emission factors have not been established by EPA or the states for many industrial 
processes, including the rubber manufacturing indusuy. In the absence of established emissions factors or 
readily available emissions data, EPA and the states have typically adopted the fallback position of 
requiring emissions testing for each sigoificant process within a facility, an endeavor which is expensive in 
addition to being very complex. 

As a result of the lack of documented emissions factors for the indusuy, the Rubber Manufacturers 
Association (RMA), on behalf of its membership. embarked on a large project to address the emission 
factor issue. Specifically, the objectives of the project were as follows: 

- Develop emission factors for the commonly used rubber manufacturing processes; 

- Develop a consistent applications approach for developing plant-wide emissions inventories; 

- Develop a standard protocol for estimating emissions related to future process changes; 

- Provide background information for addressing Title V record keeping and compliance 
demomation requirements; 

- Provide support for addressing future enhanced monitoring requirements; and 

- Provide information sufficient to address equipment scale differences. 

An intense testing-based project was conducted which resulted in emission factors for the 
commonly used rubber compounds and processes. The results of the project and the emission factors now 
available are discussed in the remainder of this report. 

1.2 Emision Factor Project Detinmolls 

. 

.. 
The following is a brief list of key def~t ions  which defme pollutant categories measured in the 

&IC?& "{,?"'\ ,uG - ;e?$?& 
test program, as well as terminologies which will assist the reader in interpreting the emission factor data 
provided in this volume. 

' -3 ir ,  t d  I C s .  
(1) To& Spedmed .Vo@les: The sum of the targgt xolatile or@c.comp-unds as well as those 

compounds renta!ively idenrified during a spectral library search. 

(2) X O ~  SpeciareaSemivoMks: The sum of the target semivolatile organic compounds as well 
as those compounds tentatively identifed during a mass spectral library search. 
-7 

I (3) WQC:/Total volatile organic compounds measured as total hydrocartans (THC) calibrated to 
Lamethane standard. Measurements were made on a continuous basis using a THC analyzer in 

accordance with EPA Reference Method 25A. 

(4) Tofd Mefalr: The sum of the target analytes detected. The target analytes are cadmium, 
chromium, copper, lead, magnesium, nickel and zinc. 

(5) Total SUlfr: The sum of the target sulfur compounds detected during sample analysis using 
gas chromatography flame photometric detection (GC/FPD). 
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(6) Total Speciated Organics, as used in the summary and speciation tables: The total speciated 
organic compounds measured in the test program, is the sum of the s e e a t i l e  and v e e  
emissions for a given rubber compound minus any duplicate compounds. Where there 1s 
duplication of a chemical compound in the analyte list, the higher value was used to present a 
conservative emissions total. The other value was ignored and not included in the total. 

(7) Speciafion Faaors: These are the fraction by weight, of a particular compound to the total for 
a specitic pollutant category. For example, a sp~c$tion factor. for benzene..isdeermined by 
dividing the measured benzene emissions by the~otal spec ted organic compound'emissions 
(total speciated organics is defined above). LAy- n&F.&k? 

I 

(8)  Volarile Orgmu'c Compounds (VOCs) as defined for permitting requirements is based on the 
EPA definition cited in 52.21: 

volarile organic  compound^ (VOC) mans any coipo-i of carbon. erclclding carbon 
monoxide. carbon aYoxide, carbonic acid, metallic carbides or carbonates, and MyMniIun 
carbonate which participates in amtospheric photochemical reactions. n2ir inc[udes any 
organic compound other than the following which have been a2tennined to have negligible 
phrochemical reaaiviry: 

Methane (CAS 74-82-8); 
Ethane (CAS 74-84-0); 
1,l.l-Trichloroethane (CAS 71-55-6); 
Methylene Chloride (CAS 75-09-2); 
Trichlorofluoromethane (CAS 75494); 
Dichlorodifluoromethane (CAS 75-71-8); 
Chlorodifluoromethant (CAS 7-54); 
Trifluoromethane (CAS 75-46-7); 
Tnchlorotrifluoroethane (CAS 76-13-1); 
Dichloroteuafhmroetbme (CAS 76-14-2); 
Chloropentaflwroethane (CAS 76-15-3); 
Dichlorouifluoroethane (CAS 3W83-2); 
Tetraflwroethane (CAS 811-97-2); 
Dichlorofluoroethane (CAS 1717-00-6); 
Chlorodifiuoroethane (CAS 75-68-3); 
Chlorotetrafluoroethane (CAS 2837-89-0); 
Pentafluoroethane (CAS 354-336); 
Teuafluoroethane (CAS 359-35-3); 
Trifluoroethane (CAS 420-46-2); 
Difluoroethane (CAS 75-37-6); 
Perchloroethylene (CAS 127-18-4); and, 
the following 4 classes of perfluorocarbon compounds: 

Cyclic, branched, or linear. completely fluorinated alkanes; 
Cyclic, branched, or linear, completely fluorinated ethers with no unsaluration; 
Cyclic, branched, or linear, completely fluorinated tertiary amines with no unsaluration; 
and 
Sulfurcontaining perfluorocarbons with no unsaturations and with sulfur bonds only to 
carbon and fluorine. 
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1.3 Emission Factor S- 

-, were used as th P test compounds for the mixing/milling, platen press, 
exauder, autoclave, and warmup mill tests. Da for the calendering, grinding, and tire cure processes 

For tire curing, actual tires from several of the 
participating companies were used to collect test data. 

Standardized rubber formulations based o published industry references such as 

were generated in actual manufacmhE settings. f 
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Many of the rubber manufacturing facilities in the Uniied States produce pneumati 
airplanes and farm machinery. However, the majority of rubber 

ther engineered rubber products. The processes involved in these 

type of curing employed. The following is a description o 

with several additives which are 
rubber is ofren milled and transfe 

the desired properties of 
where it can be 

ndering machine. The extruded 
combined with 

curing process that the rubber 

symmeny. 

characteristic properties of f d h e d  

Mixing consists of takiug the 
additives consist of an accelerator (ac 

(facilitates processing of the 

it with several chemical additives. These 
on rate), zinc oxides (assists in accelerating 

fillers (reinforciuglstrengthepthening agents), and 

which shear the al l  of the vessel. miXing is performed at elevated 

reinforcing materials such as 
em. These materials are usually 

temperatures around 330F. mixed together in 2 stages called non-productives which are 

s called the productive stage. This stage is m wer temperature 

1 or more of 23 

7 
4 5 ,  
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OCs) due to use of cements, solvent tackifiers, and 

, and the subsequent 
situation is due to 

to the rubber surface during manu 

t extent typical hydroc 

manufacturing proc 

Caution should therefore be exercised whe 

5% of the solvent applied to the 

VOC emission inventory which 
ations of solvent usage. This 

several types of previously mixed rubber compo 

cross section of the extruded rubber. Extrusion 

Calendering is often used in the rubber 
synthetic or steel fibers. These calender 

(curing). There are 3 
and hot air curing. Press mold 

curing uses hi@ temperature 
forces the rubber to conform 
products manufacturing. 

process. Autoclave curing 
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rformed to remove rough edges and 

anufacturing processes. 

mishes from the final product or 
er is occasionally recycled and 

utilized as fder in s 
performed to balan 

final shaping of drive belts. 

e manufacturing industry, grinding is 
. Relative to the engineered 
the final product such as the 

sts were performed 
e system up to a 500 

is especially m e  for the volatiles and 
issions which is most Wrely the result of 

ers during charging than is 

emissions, no scaling factors 
r eauiument sue. 

The initial step necessary in developing emission factors is to identify which pollutants are emitted 
to the atmosphere from the process. Previous mvestigahom into the emissions from rubber manufacturing 
show that the predominant emissions are low molecular weight organic compounds (C&& However, the 
potential for heavier, less volatile organic compound emissions also exists due to the chemisuy and the 
elevated temperatures of many of the processes. Particulate matter emissions can also be significant, 
especially during the mixing process when carbon black is added to the mix. 

Title III of 1990 CAAA lists.189 HAPS. Many of these are applicable to the rubber 
manufacturing indushy. In addition, many-states where rubber manufacturing facilities operate have 
developed their own HAP lists. Since the Title V operating program will be admininered by the individual 
states, there exists the possibiliry that facilities will need to conduct emission inventories for all of the 
HAPS in Title III.as well as on the state lists. A comprehensive target test list was developed using all the 
chemicals from Title III, selected state air toxic lists. as well as the SARA 313 toxic chemical list. 

-mcludes only HAPS data. - 
The emissions from each process change depending upon the type of rubber used (natural or 

synthetic) and the specific additives (metal oxides, accelerators, retardants, antioxidants, softeners, fders, 
and vulcanizing agents) in the mix. The emissions vary due to the physical properties of the raw rubber, 
the physical characteristics of the processes, chemical additives, and the reaction chemistry of the 
processes. 
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The tire manufacturing industry principally uses natural rubber, styrene-butadiene (SBR) rubber, 
and plybutadme rubber. Polybutadiene is often mixed with SBR to unprove the abrasion and cracking 
resistance of the tire. For non-tire rubber goods where oil resistance is a priority, rubbers such as 
polyacrylates, niaile, neoprene, polyurethanes, epichlorohydrins, chlorosulfonated polyethylene, 
chlorinated polyethylene, and fluoroelastomers are used. Potential emissions from these rubbers consist of 
breakdown compounds such as the monomers used to create the rubber. 

Accelerators are added to the mix to speed up the vulcanization rate. Typical accelerators are 
metal oxides (zinc oxide, lead oxide, and magnesium oxide) and a large variety of organic accelerators. 
These organic accelerators are typically from the following classes of organic compounds benzothiazoles, 
benzothiazolesulfonides, dithiocarbamates, dithiophospbates, guanidines, thioureas, and thiurams. 

Antioxidants help to prevent oxidation (aging) of the vulcanized product. Antioxidants are usually 
high molecular weight amine compounds such as dioctylated diphenylamine. 

Retarders are used to prevent the premature vulcanization (scorching) of the rubber during 
processing. Retarders currently in use mainly consist of organic acids (salicyclic and benzoic acids), 
phthalic anhydride, and N-(cyclohexylthiofe. Again, the potential emissions consist of the 
retarders themselves along with their thermal breakdown components. 

Softeners are used to increase the workability of the mix for lubrication during e m i o n  and 
molding and, to aid in the dispersion of fillers. The predominant softener used in the rubber indusay is 
petroleum oil. The potential emission compounds from pepoleurn oil are extensive. The majority of the 
compounds would most likely be aromatic hydrocarbons of various sizes and types. 

Fillers are added to the rubber mix for several reasons. Fillers provide color but are mainly used 
to reinforce the final product. Fillers are fine particles which increase the abrasion resistance and tensile 
strength of the product. Carbon black is used as the primary filler in tire manufacturing. Rubber goods 
requirii a color other than black use numerous types of inorganic fillers. Due to the ememely fine 
particle size of fillers, they are easily emitted to the atmosphere during mixing. 

Sulfur compounds comprise the vast majority of vulcanizing agents currently used. Sulfur can be 
added as elemental sulfur or wirhin inorganic or organic sulfur compounds. The presenceof sulfur and the 
high temperatures involved in the processes creates the possibiity of sulfur compounds such as carbon 
W i d e  to be emiaed. 

Twemy six rubber ~ompolmds/mixtures were studied in this program. These include 4 specific 
tire-related mixtures: 1 tread mixnue, 5 "sidewall mixtures", 4 styrene-butadiene rubbers (SBR), and 3 
ethylene-propylene-ne-mixture (EPDM) terpolymers. m e n  other compounds/mixnues were also 
studied. 

The target compounds for the emission factor development program are the list of 189 HAPS, in 
addition to total VOCs and other pollutants prevalent in typical rubber manufacturing processes. 



of Sampling / Analytical Regimes 

e ten processes tested are summarized in 

total volatile organic compounds, speciated volatiles, volatile ozone precursors, sulfur compounds. and 
semivolatile organic compounds. Two processes (tire press and autoclave) were tested for amines. Four 
processes (tire press, oven cure of tire cuts, extruder, and some grinding processes) were tested by Fourier 
transform infrared spectroscopy (FTIR). Three processes (exauder, internal mixers, and grinding) were 
tested for particulate matter and metals. 

To accurately quantify the emissions from each process, the emissions tests were conducted using 
enclosure methodologies to ensure that all emissions were captured. The design of each enclosure was 
based upon the criteria in EPA Method 2W for a total enclosure. The objective in using the enclosure 
approach was to collect and "concentrate" non-point source emissions from the individual process in a way 
that enclosure exhaust could be sampled. 

A highly ventilated enclosure with rapid air turnover would Mt allow for adequate detection 
of the target parameters. EPAs criteria for enclosures have been followed, as guidance. However, air 
velocities have been varied to allow for optimal sampling conditions within the exhaust duct. Specific 
enclosure construction and exhaust details vary with the process, fugitive release rate, and target sampling 
parameters. 

During each test run for all processes, all pertinent operathg parameters were recorded. These 
parameters consisted of the quantity and type of materiats b e i i  processed, processing and/or production 
rate, process temperature, and process pressure. This data was recorded at the start of each test run and at 
15 minute intervals thereafter until the completion of the test run. 

The emissions test data, process data, and laboratory data acquired from the sampling program 
was compiled and evaluated for each test nm. Mass emission rates from each rubber type and each 
pollutant were calculated from the laboratov results and field test data. The mass emission rates were 
calculated urilizii the measured exhaust air flow rate and concentration of each target pollutant in the 
sample vent for each individual test nm. All emission calculations were performed in accordance with the 
specific sampling methodologies u t i l i  for this program. 

In addition to the saprpling conducted at each process emission vent, numerous sampling NI~S were 
b a w  concentrations of meet wllutan ts uresent in the armomhere vrhere the 

was conducted. These background tests were conducted since most of the emissions testing was 
conducted to 
sam . 

background emissions testing was determined by the team leader for each test program based upon field 
observations. These field observations included assessing the presence of visible emissions, odors, and 
plant activities which could bias the test data such as maintenance painting.- ti€-0 und - 

acted from the sample concentrations for that day to provide more accurate concentratiowxmc-&u 
m i s s m e  processes. 

. 

in process areas conaining several air pollutant emitting processes. The necessity of 
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.. 
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Laboratory and field blank samples were also collected for each sampling method to recognize and 
guantify contamination of any sampliig media. The results of these blank sample runs were compared 
with the process sample runs to identify emission results which may be biased. If quantifiable pollutant 
concentrations were found in the sample blanks, these concentrations were subtracted from the specific test 

rresults associated with the blank sample. Sample results which were found to have values less than or 
equal to background or blank sample concentrations were assumed to be epual to 0. 

The emission sampling results and the process data were then correlated to guantify emissions on a 
basis of pounds of pollutant emitted per pound of rubber processed. For 3 of the grinding operations 
(sidewall grinding. carcass grinding, and belt grinding), emissions were quantified on a pound of pollutant 
emitted per pnund of rubber removed bas& ' For batch operations such as the internal mixer and 
autoclave, this was done by determining the total pounds of pollutant emitted and dividing by the total 
pounds of rubber processed. For continuous operations such as the exnuder and calendering, this was 
performed by dividing the average hourly mass emission rate by the average hourly rubber processing 
rate. Results for the are press were &eloped on both a lbllb tire and IbAb rubber basis due to the non- - 
rubber components of the tires such as fabric and steel cords, wue beads , and belts. 

In addition to the results of the compound specific sampling methods data, total organic compound 
emissions were determined using the data collected during the Method 25A continuous process monitoring. 
Average total organic concentrations were recorded for each 1 mimde interval for each test run. An 
average value was then determined from the average of all the 1 minnte data points collected over the 
duration of each test. Background concentrations were guantified at the beginning of each test run to 
correct the final result. Mass emissions of total organics\were then guamifed for each run. 

Concentration data are provided for every target analp and every tenratively identified 
compound. In each case where a particular compmd was not detected, the detection limit is D rovided, 

For sampling methods having more than 1 target pollutant, the pollutant emissions were 
aggregated to provide total emissions bypollutant category. Total emissions were developed in this 
manner for metals, organics (including volatiIes, ozone precursors, and semivolatiles), sulfur compounds, 
and in some cases, amines. Many of the target pollutants in these sampling methods were not present in 
the sample exhaust at quamifLable concentrations. $ass emission rates of these pollutants were calculated 

u p y  their detection lnnit, as stated in the laboratory results, and their values were denoted with a e prior to their stated emission value in the results tables. Emissions totals for detected 
ds include emissions of all compounds which were detected in the sample by the chemical 

analysis. 

2. Development of Final Factors 

The results of the data analysis were assembled to develop pollutant and rubber type specific 
emission factors for each process. This effort involved collecting and collating the results of several 

a 
rocesses at different facilities. 

emission factors were de 

/ '5 
For calculation of emission factors, emissions of all orgmc coqmunds were comD uted asthe sum . 

s o z o n e  precursors. volatile organic compounds, and semivolatile organic compounds For organic 
compounds which were detected by more than 1 method, the higher concentration value was used. 
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Target analytes which were not detected in any runs for a parricular process or compound 

/ -.- not included on the.&-Theassumption IS fiiat-if-a-target analyte went undetected in any m, there k a -  
high probability that even if it was present, the low non-detecuon lrmits-indicate-its-overall-co~~uti~ 
insiflynt. ~ . _ _  

/Target h y t e s  detected in one or more runs were averaged with target analytes at less than detect 
at the detection h i t  divided by two. 
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7 - Description of Test Facilities 

. .A 
, .  

3.1 Processes Employing Generic Rubber Compounds 

3.1.1 Internal Mixer/Drop Mill 

Emissions during mixing were evaluated from 4 internal mixers at 3 facilities during this program. 
For this report series, the mixers are designated as: 

Large Banbury Mixer (F-80) 
Small Banbuiy Mixer (BR-1600) 
Small Banbury Mixer (BR-1600) 
Large Banbury MixerfTorit Control Device 

Large Mixer No. 1 
Small Mixer No. 1 

, SmallMixer No. 2 
'Mixer Control Device 

. .  

Emissiois from Large Mixer No. 1 occurred $ 2  points in the process, during charging and 
mixing, and during drop milling. Batch sizes of425 to 140 pounds per drop were mixed during the 
testing. Temperatures of the nonproductive.nms-were approximately 335F. The productive IUU 
temperatures were typically 22OF (24OF for.* EPDM 2). The configuration of the unit tested allowed for 
sampling of the fume collector and duct system. The charging/mixing zone is serviced by an l & i h  
exhaust duct leading to a baghouse for c ~ n a o l  of emissions. Sampling:was conducted in the round duct in 
an area with a suitable length of straight run. Emissions from the drop milling zone. were handled 
similarly, being routed to a collector dudaa-a.long rectangular duct. 

The small internal mixers wcre similar in design and capacity. Emissions were sampled from a 
section of duct insralled in a flexible exhaust.hose. Sampl i  took place during charging and mixing. 
Batch sizes were.lypicaLly 2 to 3 pounds for each drop with a fdl of approximately 65 percent. Ma 
temperatures were the~same as with the larger units, and consistent with the recipes (335F. for the non- 
productive and 220F. for the productive drops). At the completion of the mixing, the rubber dropped into 
a tray drawer ftir transfer to.the adjacent milling unit. 

The milling units used with the small internal mixers were enclosed to contain pollutants released 
during aperation. The enclosures were equipped with an outlet exhaust duct to facilirate sampling. 
Monitoring/sampling continued once the mixed rubber was placed inside the enclosures and continued 
throughout the millii process. 

Control efficiencies of emissions from the large internal mixer were determined through the 
simultaneous sampling of inlet and outlet ducts of a Torit fabric fdter control device. The sampling was 
conducted during 2 modes of operation, charging/mixing and drop milling. Batch sizes of approximately 
465 pounds per drop were mixed during the testing. Temperatures of these master batch nonproductive 
runs ranged from 315" to 330F. 
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3.1.2 Extrusion 

Evaluation of emissions during the extrusion process was conducted on a 3.5-inch extruder. The 
compounds exuuded were mixed and provided by the Goodyear Tire and Rubber Company's St. Mary's, 
OH facility. Two pallets each of wigwagged tread (Compound No. 6), sidewall (Compound No. 4). 
emulsion SBR (Compound No. 22), and peroxide-cure EPDM (Compound No. 9) were provided. 
@timum target melt temperatures were provided for each compound. These were as follows: 

Tread - 255 - 215F 
Sidewall - 230 - 260F 
SBR 1502 - 255 - 275F 
EPDM 2 - 250 - 280F 

The extruder consists of a power driven screw within a stationary cylinder. A die with a 118 x 3- 
inch extrusion slot was attached to the head of the screw to produce the desired cross section of the 
exhuded rubber. During the testing, it became necessary to install additional screens behind the die plate 
to increase rubber back pressure and temperature. The rubber ships were fed manually into the hopper 
rollers. 

There were 2 zones sampled during operation.of the e d e r p r o c e s s .  The extruder outlet, or 
head, was enclosed to permit capture of emissions throughout operation. The small enclosure was 
equipped with an outlet exhaust duct from which sampling was conducted. This was designated as 
Location A. After exuusion, the product entered the cooldown zone, designated as Location B, which 
was also enclosed to allow for sampling of pollutam emissions. Rubber temperanares were measured at the 
die head and at 2 points of the cooldown zone. 

3.1.3 Autodave Curing 

, 

Autoclave curing utilizes saturated~steam atan elevated pressure to cure the rubber mix and is the 
rubber mauufacturing facilities. The 11 rubber compounds selected predominant curing method in 

in tire manufacturing. These compounds wqe.provided by several manufacturers. The compounds 
selected and the& designated compound numbers were as follows: 

for testing included compounds %!? Primarity for engineered products, but also included compounds used 

- Tire BaselSidewall(#4) - TireApex(#5) 

- EPDM 2 ( u n e d e d  peroxidecured) (#9) 
- .WDM 2 (extruded peroxide-cured) (#9) 
- HNBR Hydrogenated Nitrile (#18) - CPE Chlorinated Polyethylene (#21) 

The curing tests were conducted using a steam-contact autoclave setup. A rack loaded with the 

- Tire Tread (#6) - EPDM 1 (sulfur-~ured) (#8) 
- CRW Neoprene (#11) 
- Hypalon(#15) 
- Emulsion SBR (SBR 1502) (#22) 

desired quantity of rubber strips was loaded by electric winch into the autoclave chamber. Three batches 
of approximately 50 pounds each were loaded and cured for each rubber type. The autoclave was 
operated at 34OF and approximately 110 psig during each curing run. 

Sampling of the autoclave emissions was conducted throughout the 3 basic modes of operation. 
Sampling was initiated during the curing phase with sampling of the water trap effluent, conducted during 
the blowdown phase, and continued through the cooldown phase. 
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The approach was to set up a total capture method whereby all steam and pollutant releases were 
sampled. The autoclave curing entailed sampling of the water trap condensate (during curing). the 
blowdown steam, and cooldown air emissions. AU steam releases were vented through the I-inch water 
trap or blowdown pipe into a series of condensing impiagers and sorbent tubes kept under negative 
pressure by a metering pump. During curing, the water trap condensate was directed into sample 
containers and large impingers for volume determination. The blowdown pipe was connected to the 
condensing coils and the f is t  of a series of large impingers. Steam and enuained pollutants were directed 
hto the impingers for condensing and gross pollutant scrubbing through impingement. Remaining gaseous 
or en@ained pollutam then passed through the sorbent traps for the collection of organic species. We 
installed a controllii valve on the blowdown system to control the rate of steam release during the 
blowdown cycle. 

Following completion of each autoclave run, the rack containing the cured rubber products was 
removed from the autoclave but kept within the temporary enclosure for sampling during the cooldown 
period. 

3.1.4 Platen Presscuring 

products in molds. Specific molds are used to form the desiied engineered product at set pr&ures and 
curing temperatures. Emissions from platen presses can be controlled using an exhaust hood and duct. 
Most emissions occur durixg mold release, at the end of the wing cycle. 

The platen press curing process is a general approach to pressure curmf: ' engineered rubber 

The platen press used in this program was manufactured by Pasadena Hydraulics, Inc. of 
Pasadena, CA and provided for the test program by Goodyear Tire and Rubber Company. 

Testing was conducted at TRC's Lowell, MA facility. Emission rates were developed based on: 
pounds of pollutant emitted per hour (lbs/lu) and pounds emiaed per pound of rubber (lbdlb rubber) 
Cured. , 

During this program, 17 rubber'wmpounds were cured at temperatures between 340" and 3500 F 
and pressures of 30 tons for the fmt 3 mhnnes and 20 tons for the second 3 minutes. The rubber 
compounds were from batches mixed during testing of small internal mixer No. 2. The compounds cured 
and their designated numbers were as follows: 

- #1 Tire Inner Liner 
- #3 Tire Belt Coaf 
- #l Tire Curing Bladder 
- #!3 EPDM 2 (unexhuded peroxide-cured) 

- #13 Paracryl OZO 
- #I4 Paracryl BLT 
- #20 Acrylate Rubber 
- #23 Epichlorohydrin 

- #10 EF'DM 3 (non-black Sulfur-~ured) 

- #2 Tire Ply Coat 
- #5 Tire Apex 
- #11 CRW Neoprene 
- #12 CRG Neoprene 
- #16 Fluoroelastomer 

- #I9 Silicone 
- #22 Emulsion SBR (SBR 1502) 

- #17AEM 
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Nine samples of approximately 50 grams each were cured for each rubber type. Each %gram 
tab of rubber was placed directly onto the lower plate and pressed into a "pancake" approximately 185mm 
diameter and lmm thickness. The cooldown period lasted for 6 minutes when the cured samples were 
removed from the press and left inside the enclosure. Emissions were contained by an exhaust hood and 
flexible Tyvek sheeting, and exhausted by a single 5-inch duct and blower. 

3.1.5 Hot Air Oven Curing 

Hot air oven curing of engineered rubber products is used to fml cure preformed products. 
Three rubber compounds were evaluated. One compound used in tire manufacturing (Tire Apex, 
Compound #5) and 2 compounds typical of engineered rubber products manufacturing (sulfur-cured 
EPDM 1, Compound #8; and Emulsion SBR 1502, Compound #22) were selected. To simulate the 
process for this program, a lab scale system with enclosure was designed and set up to evaluate the 
emissions during curing and cooldown. The rubber compound samples were placed in the oven and 
allowed to reach the curing temperature of 4OOF for a period of 5-8 minutes. Each sample weighed 
approximately 100 gams. After completion of curing, each rubber sample was removed and allowed to 
cool down in the enclosure and another sample of the same compound placed in the oven and brought up to 
temperature. 

The oven was set up with a preheated sweep gas inlet and an exhaust gas outlet. A temporary 
enclosure was erected around the oven to contain emissions during the curing and cooldown and when the 
door was opened. An exhaust duct similar to that used for the platen press was consaucted to vent the 
enclosure and to provide the sampling locations. 

3.2 Tire Curing 

3.2.1 Fullscale Tire Curing 

Evaluation of tirepress emissions was conducted on a full-scale tire press equipped with a single 
moId set and an integral cooldown rack. A total of 9 tire typeshrands were press-cured, representing 2 
tire sizes from 7 manufacturers. The tires were received uncured and varied in size, weight, aruj type. 
Multiple tires for each type were press-cured during each test run to allow for adequate sampling times. 
The 2 sizes tested were 195/75 and 205/70. A generic, obsolete mold for each tire size was used for the 
press curing. The different types received were: original equipment (OEM), replacement, and high 
performance. 

Mold temperatures'ranged from 330 to 355F and steam pressures ranged from 200 to 300 psig. 
Each tire was cured for a period of 10 to 15 minutes. There were 2 emission zones sampled on the tire 
press: the press itself and the tire cooldown zone. An enclosure was set up on the tire press to collect 
fugitive emissions during the press curing of green tires. The enclosure was equipped with an outlet 
exhaust duct in which sampling was conducted for the target parameters. A similar enclosure was erected 
around the &gal cooldown rack where the tire cools after completion of the press curing. 
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. . .  

3.3 Other Rubber Processing 

3.3.1 Warmup Milling 

Warmup mills are utilized by the industry as a preparatiodwarnup step for feeding calenders and 
extruders following each drop from a internal mixer or, to warm the rubber to prepare it for subsequent 
processing. A warmup mill is s i m i i  or identical to a drop mill in that it has a series of rollers, some 
toothed, to increase the shearing of the compound. The mill can be batch or continuously fed, depending 
of the production need. 

Evaluations of warmup mill emissions were conducted at 2 facilities during this program. 
Emissions from both were captured using a temporary enclosure and exhaust duct system. Emissions from 
a lab scale warmup mill were tested during the milling of the following 3 componnds: 

- Tire Ply Coat (#2) 
- Tire Belt Coat (#3) 
- Tire BaselSidewall(#4) 

Multiple drops were made for each test run. One test w was conducted per compound. Each 
drop was approximately 2.5 pounds of rubber which represents a fill of approximately 65 percent. 

A second warmup mill test was conducted at au engineered rubber products manufacturing 
facility. This was a production facility that operated its warmup mill in a batch mode for the test. The 
facility ran a neoprene compound in the warmup miU for the 3 test runs and collected the milled rubber on 
pigs for running through the calender. The mill roll temperaarre was approximately 90F. The rubber was 
milled to a thickness of 0.3 inches and a temperature of approximately 175F. 

3.3.2 Calendering 

The calendering process is used to bond a comirmous textile or metal mesh web to 1 or 2 layers of 
rubber for use in building tires and o k  eogiueered rubber products. The latex-dipped textile passes 
through a series of rollers through which 1 or 2 rubber strips also passes. Under pressure and elevated 
remperatures A c e d  by the rollers, the rubber is bonded to the web. The nip of the rollers can be 
adjusted to vary the thickness ofthe calendered product. The rubberized fabric is then cooled and cut to 
the proper dimensions. 

During this prograni, emissions from the calendering process were tested at 2 facilities. The fist 
was a continuous production process where the rubber was continuouSly fed from a warmup mill. A tire 
ply coat rubber compound was being run on the test days. Three test 
collector system outlet stack. 

were codwted from an exhaust 

The second process tested involved a batch or "pig" fed calender during calendering of a neoprene 
compound at an engineered rubber products manufacturing facility. The calender itself had W i c h  wide 
rolls and ran approximately 1100 liear yards of a neoprene compound during each of the 3 test runs. The 
emissions from this system were measured using a temporary enclosure and exhaust duct configuration. 
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The / .  grw ' processes 
were i d e 9  led for , , ttus ' program: 
(force). The grlndig processes, 
generate HAP emissions, depending on the rubber formulation and the amount of heat generated during 
grindig. To control these emissions, cyclones, baghouses, and electrostatic precipitators (ESPs) are used 
either alone, or in combination. 

C r i i n g  operations are typically conducted in a collector hood with an exhaust duct leading to a 
primary and possibly secondary control device. Emissions sampling was conducted in the hood's exhaust 
duct (control device inlet) to determine the process' potential to emit. Simultaneous sampling was also 
conducted at the outlet duct of each downstream control device to determine corm01 efficiency and the 
fmal pollutant emissions rate. ~ .t*t?* \J\cj'{ 

3.4.1 ForcdBaIauce Grinding - flw h 

A screening evaluation of emissions from a force grinder was conducted at a full scale tire 
manufacturing facility using FTIR and total hydrocarbon analyzers. The force grinder is used to buff 
areas of a tire that are out of specification when the tire is put under load. Observations of the force 
grinder showed that only a few tires per hour are a c d y  buffed, and the quantity of rubber removed is 
very slight, @suiting in insignificant or no emissions> 

3.4.2 SidewaU/WWeWan GMding 

7 

Another surface grinding process, sidewalL/white.wall grinding, was also evaluated. The grinder 
consisu of 2 stones set in a wheel which rotate at high rpms over the whitewall area of the tire, removing a 
thin coat of black rubber which overlays the whitewall section. The grinder is set into a frame equipped 
with 4 powered exhaw ducts. Emissions from the grinding operation are carried via flex hose to 
overhead ductwork. Emissions at this facility are ducted to a cyclone for removal of rubber dust and 
pieces ground from the tires. The. exhaust air passes'through the- is exhauited to the 
atmosphere. Approximate grihding time.per tire ish)-seconds. Te- was conducted during ~ r m a l  
operations, and emissions-are based on pounds emitted per hour and pounds emitted per pound of rubber 

.. 

.---- 
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remov&>as measured by the 
L- 
3.4.3 RetreadBufkg 

tread bufF@-.lso.studiea as a surface grinding operation in this program. In this process, 
ck.of_the tr&@buffed to prepare it to receive adhesive further down the l i e .  The 

retread buffer consists of an edger and 4 inline bufting wheels with hasps around the circumference of 
each wheel. Each wheel is covered by a hood exhausted by an flexible duct. The 4 exhaust ducts enter a 
common header duct. At the facility tested, the header duct conveys the emissions to an American Air 
Filter cyclonelfabric filter control system. The fabric filter is Model Number 12-84-1347. 
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A tread section approximately 37 feet long is fed to the edger where the edge is squared. The 
tread is then fed to the fust wheel of the i n l i e  buffer which catches and draws the tread into the line. As 
the tread passes each succeeding wheel, the wheel comes down onto the surface. A given pressure is 
applied to the buffig wheels to remove the required layer of rubber. As the hasps dull, a greaIer pressurc 
on the surface is required to remove the same amount of material. The emissions are solid rubber 
particles and volatile and semivolatile organic compounds. It takes approximately 40 seconds to buff a 
tread with approximately 5 seconds between tread sections. Sampling was conducted in the 20-inch inlet 
duct to the cyclone, in the 2O-iich fan, and in the 22-inch stack after 

'- EmissiSn p3Y@xmd-ofriW 
~-. ~ _J> - Grinding ()* ssc; &//!I ,= 

i 
Tire carcass grinding is used for gross rubber removal (tread section) and for preparation of the 

resulting tire c&cass for retreading. This operation consists 
grind module. The tire is first ground to a predetermined de 
the iine grind operation. The fie grind operation completely rem 
carcass surface to receive the new usad. The tire carcass 
predetermined revolutions per minute. The circass is then 
given pressure. The hasp moves across the surface of the carcass m apredetermined pattern. 

i 

-,. ..___-* - _ _  -i7 ~.. . -~  .-- - .- 
&e t iL .g jgd-qxxmsAeg-@ - .  for the-m-e - to the fact that the grinding period is 

longer, thcpkmre of the hasp on the wheel is greater than the ccarsegrind, and the temperame'of the 
carcass surface is higher than for the coarse grind operation. .The grinding time for the coarse grind - 
operation is 1-2 minutes, while the grindiug time for the fme grind operation is 4 minutes. Approximately 

, 

' q q e 7 .  ground per hour. 

The fine grind module consists of the rotating shaft on which the carcass is placed and a rotating 
fine moth hasp which is covered by a hood. At the facility tested, a flexible exhaust duct connects the 
hood to an elevated horizontal duct which leads to a~cyclonehauufacuued by Retread Equipment Corp. of 
Charlotte, NC. .The exhaust fr- the cyclone passes through a horizontal centrifugal fan to an outlet stack 
on the roof. The entire module was enclosed with Tedlar sheeting to enhance 
semivolatiles, and particulate matterby the hasp hood. Sampling was cond 
I -cyclone g e t d u d  and &,@%l$k-h&et stack+ErCons are presented 

.pounds e m i t f e y  of r u b b e r . r e m m ~ e d  by the quantity of 
collected in the Cy%iIe- opper: 
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3.5 Engineered Roducts Grinding - Drive Belts 

The belt grinding operation selected for this study is located at an engineered rubber products 
manufacturing facility. The selected process line was deemed to be representative of surface grinding 
operations. This particular line was used for V-belt grinding and consists of 8 grinders. Each grinder is 
enclosed within a close fitting hood. An exhaust duct exits from each hood and enters an overhead exhaust 
manifold. The combined exhaust meams enter the 16-inch diameter central cyclone inlet duct which leads 
to a Fisher Kloster XQ-12C-20 cyclone. An %inch duct exits from the top of the cyclone and enters a 
dual 3-stage electrostatic precipitator (ESP). The effluent streams exiting the ESP are combined into a 
single 14-inch duct which exits the roof through an I.D. fan. During the grinding operation the belts are 
cooled with a localized water 
cyclone inlet duct, cyclone exit duct, 
as' pounds emitted per p o d o f  
batches for each test run. 

was conducted in the 
presented as pounds per hour and 
and f d  weights of the belt 

-- - 
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. . 6 .  

Data Analysis and Discussion of Results 

This section provides point estimates, means, and maxima of emission factors for individual 
compounds and elements: 

- speciated organic compounds (including volatile compounds, volatile ozone precursors, and 

- sulfurcompounds 
- amines 
- metals - particulatematter 

Process and rubber mix/formulation specific emission factors are provided in the following 

semivolatile compounds) 

sections. When applicable, rubber formulations are go+ into categories for calculation of means a d  
maxima.. Standard deviations are also included for all processes. 

4.1 Processes Employing Generic Materials 

A series of 23 rubber formulationslproducrs and 3 polymers were tested to deteTrmne ' emission 
factors for: mixing, e m i o n ,  autwlave curing, and platen press curing. Emissions tests for the mixers 
were performed on 3 different size systems: 2 2-polmd laboratory mixers, a 200-pound pilot scale system, 
and a 5Wpound production mixer. Emissim do not appear to be dependent on mixer size, based on the 
emission factors of pounds of pollutant emitted per pound of rubber mixed. 

4.1.1 Internal Mixing I Drop Mill 

All 23 formulations and 3 polymers were tested once on small internal Mixer No. 2. 

During the earlier stages of the project, data collected on Small Mixer No. 1 and Large Mixer No. 
1 were compared for scale diEferences. Emission factors were calculated for Compounds 4, 6 , 9 ,  and 22. 
Results for these 2 mixers were found to be somewhat consistent based on emission rate categories. 
Emissions for the large and the small mixers do not appear to be dependent on mixer size. Mixers did 
show variability for total metals. This is likely the result of greater losses into the ventilation system when 
charging the larger equipment versus what is experienced on smaller scale equipment. 

Means, maxima, and standard deviations were determined for tire compounds (1-7). engineered 
product compounds (1-23) and polymers (SBRs 24-26). Pollutant emission factors include organic 
compouuds, metals, sulfur compounds, and particulate matter. 
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4.1.2 Autoclave Curing 

Autoclave curing is a process which can utilize either a steam contact or non-contact system. 
During this program, air emissions and water discharge were evaluated from a stearn contact system. 
Emission factors were calculated using 10 of the generic rubber mixtures tested in the small Mixer No. 2. 
One rubber compound, EPDM 2 (Compound No. 9) was also tested using extruded and unextruded rubber 
to determine what, if any, differences result in curing emissions if previously extruded. Based on the 
limited amount of data available, there were no substantial differences between the extruded and 
unexuuded EPDM. 

In this steam contact autoclave system, unwed rubber loaded into the pressurization chamber is in 
full contact with the steam, resulting in both water-borne and air-borne pollutants. The steam condensate 
from this type of system is discharged during blowdown at the end of the curing cycle and, oftentimes, 
from the water trap during the curing cycle. 

In the non-contact system, the uncured rubber is enclosed in a bladder within the pressurization 
chamber and does not come into contact with the steam. Therefore, pollutants are not discharged with the 
steam condensate as occurs with the steam contact system, but are emiaed as air-borne pollutants upon 
opening of the autoclave chamber. 

In evaluating pollutant discharges from the steam comact type of system, samples were collected 
and analyzed from 2 aqueous (water trap and blowdown eondensate) and 1 gaseous (cooldown air) 
matrices. The total emissions for the autoclave system were obtained by comb- the emission and 
discharge rates (Ibshr and lbsllb rubber) for volatiles, semivolatiles. and sulfur compounds. This total is 
most representative of a non-contact system where all  polhaana are discharged as air contamiDants and 
should be considered in an emissions inventory. To enable a comparison of a steam contact system with a 
non-contact system, the water-borne polhuams from a sfcam contact system could be considered 
separately, possibly as a discharge under a NPDES permit, and not as an air emission. However, there is 
a possibility of downst~eam fugitive emissions from this aqueous discharge. . 

Certain classes of pollutants exhiii higher condensibii or solubility properties and a higher 
percentage removal in the aqueous discharge streams. As much as 100 percent of sulfur emissions are 
removed in the aqueous streams, and could be discounted from inclusion in air emissions inventories when 
steam contact autoclaves are m use. Similarly, up to 95 percent of semivolatile organic emissions are 
removed in aqueous streams. Prediitably, volatile organics exhibited a much lower removal rate with a 
maximum of 36 percent removal in the aqueous streams. 

As the table indicates, the removal percentages vary by not only pollutant class, but also by rubber 
compound. It should be noted that the table presents only a comparison of the totals of the pollutant 
categories, and not the individual chemical species. This information could be determined through funher 
detailed review of the speciated data. 

Data Analysis AnCFBkwam ’ Of Results 



4.1.3 Grinding 

Emission factors were developed for 4 grinding operations: sidewall/wbitewall ginding, reuead 
carcass grinding, reaead buffing, and belt grinding. Inlet and outlet concernations were measured in 
order to determine conaol efficiencies. Force grinding was also evaluated but was found to have 
insignificant VOC emissions at the facility tested. Specifications of the grindins test series are summarized 
as follows: 

4.2 Effects of Temperature 

Specific tests were not conducted to determine the effects of elevated temperatures in a given 
compound. However, several compounds were subjected to temperatures varying from 200F to W F ,  as a 
result of the tests conducted for each process. No compounds were tested at multiple temperatures on a 
given process. 

These data, while not conclusive, can be used as a guide for making decisions when applying data 
from this study to plant-specific siruations. 
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D H E C  
Department 01 Health and Environmental ConVoi 

2600 Bull Street. Columbia, SC 29201 

September 22, 1995 

Dale Louda, Manager 
Regulatory AfYairs 
Rubber Manufacturers Association 
1400 K Street, NW 
Washington, DC 200055 

Re: Draft AP-42 Section Comments 

Dear Mr. Louda: 

This office has completed review of t h t 6 4 3 b b e r  Manufacturing Chapter received August 
21, 1995. Several staff within the South CKGIina air permitting program have experience in the 
field and were asked to review the document. Upon review they had no recommendations for 
change to the chapter. 

Thank you for the opportunity to comment 

Sincerely, 

Bob Betterton, Manager 
Emission Inventory Section 
Bureau of A i r  Quality 

cc. Steve Hawkins, BAQ 
Ron Ryan, US EPA, OAQPS ” 



Mr. Dale Louda 
Manager, Public Affairs 
Rubber Manufacturers Association 
1400 K Street, NW 
Washington, D.C. 20005 

Dear Dale: 

Outlined below are my general comments on the draft AP-42 
Section prepared by RMA. Many of these comments were touched 
upon at our meeting here in RTP. Submittal of a revised draft 
in electronic form should be enough for us to proceed with the 
public review portion of our task. I have some other items to 
discuss with you about the handling of all of the project 
documentation. I will be on vacation from July 17 to July 31, 
and will contact you in early August. 

1. Using a revision of the old section or material from 
Sections 2.1 and 2.2 of Volume I of the Final Report as 
an introduction to the industry and a process 
description would be helpful. 

After the existing three paragraphs of Process 
Description, add a short paragraph for each of the six 
major processes tested to describe the type of equipment 
used in the industry. Volume I of the Final Report by 
TRC should serve as a good Background Report to provide 
more details. Can this volume be made available to EPA 
in electronic form for distribution and review and 
documentmentation via our bulletin board system? Any 
discussion in the section that may help the reader 
determine if the factors are likely to be representative 
of their operations would be helpful. 

draft submitted should continue with some discussion of 
how emissions for the solvents, adhesives, and mold 
release agents are calculated. Mention the potential 
for a small amount of overlap, or double-counting of 
emissions from the downstream processes, where solvents 
are present. 

2. The third paragraph of the Process Description in the 
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3 .  Can you report the emission factors in lbs/1000 lbs or 
lbs/million lbs of rubber, rather than lbs/lb rubber? 
It would probably be best to choose units that will 
still keep all of the exponents as negative numbers, 
to avoid typos or misreads. 

4. All tables and text will need to be in electronic 
format, to allow for both the distribution and storage 
of the AP-42 section as well as incorporating the 
multitude of factors into our FIRE electronic database. 
Wordperfect 5.1 or 6 . 0  should be used. The tables will 
need to be formatted somehow to be more readable in 
hardcopy, including FAXes. This will make some of the 
tables several pages long, but I don't see any way 
around after our agreement that showing the < values 
was important. I note that the tables in Final Report 
Volume I are much more readable, so getting access to 
those electronic files may solve part of this problem. 

5. The handwritten pages for autoclaves would be useful in 
the section, under Emissions and Controls. If the 
resulting emissions tables are not already in the 
section, they should be added, at whatever level of 
detail you feel is warranted. Any derivation details 
should be shown in the Background Report (Volume l?). 

' 

6 .  Are all of the bottom line results from the handwritten 
pages on Interpolation Factors already reflected in the 
footnotes to the tables? If so, then the handwritten 
pages should be part of the Background Report, to show 
the derivation of the interpolation factors. If readers 
may need to generate additional interpolation factors 
not already shown in the footnotes, the procedure should 
be given in the section, probably in a new subsection at 
the end. 

7. Does the handwritten discussion on Non-productive/ 
Productive mixing need to be shown somewhere in the 
section, along with a short description of what those 
terms mean? 

8 .  Item 7 under 6.X.3  should be clarified to stress that 
the non-detect individual HAPS were assumed to be 
present at the detection levels FOR PURPOSES OF CREATING 
THE HAP SUMS. This item is also a little confusing 
about when HAPS are shown with the < symbol versus when 
they are left out entirely. 



-3- 

To help orient readers to the main areas of concern 
and away from some of the insignificant sources, can 
you incorporate a couple of John Finn's overheads from 
his presentation here at RTP or maybe Table 1-1 from 
Volume I of the Final Report? Any other significant 
information learned from your study could also be 
mentioned in the text, such as what was found about the 
effects of temperature. 

9. 

Please direct any questions on general format to Whit Joyner 
at (919) 541-5493, or any procedural questions to Jim Southerland 
at (919) 541-5523 during my absence. 

Sincerely, 

Ronald B. Ryan 
Environmental Engineer 

Emission Factor and Inventory Group 
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Mr. Dale Louda 
Manager of Public Affairs 
Rubber Manufacturer's Association 
1400 K Street, Northwest 
Washington, D.C. 20005 

Dear Mr. Louda: 

Enclosed per your request at our June 22 meeting is a,copy 

We will be happy to work 

of the draft AP-42 section and associated Background Document for 
Rubber Tire Manufacturing. This draft was prepared in early 1978 
but was never finalized or published. 
with the tire manufacturers and other rubber processors to 
develop one or more updated AP-42 sections describing the pre- 
ferred methods for estimating emissions from your industry. 
These sections can cover hazardous air pollutant (HAP) as well as 
criteria pollutants, from solvent evaporation, grinding, rubber 
compounding and warming operations, and any other emitting 
processes identified. Please call me at (919) 541-4330 if you 
have any questions. 

Sincerely, 

Ron Ryan 
Environmental Engineer 

Emission Factor and Methodologies Section 

Enclosure 

. 



5.23 RUBBER TIRES MANUFACTURING 

5.23.1 Process Description' y 2  

The tire and inner tube industry manufactures 
solid tires, inner tubes, and tire repair and retreading materials; 
it uses 62 to 66 percent of all new rubber each year. 
facturing of inner tubes involves compounding, extrusion, and curing 
(discussed below), but represents only three percent of the value 
of product shipments in the industry and so will not be separately 
described. Both synthetic and natural rubber are used, the latter 
mainly for steel belted and large size tires, which are not dis- 
cussed here. Tires consist of five basic parts: the tread, side- 
wall, cord, bead, and inner liner. 
facturing are enumerated in Figure 5.23-1. 

pneumatic and 

The manu- 

The major steps of tire manu- 

Compounding i s  carried out in Banbury mixers (1); after mixing, 
the nonreactive compound is discharged to a battery of roll mills, 
where curing agents are added to form the reactive stock (2). 
Compounded rubber is either sheeted out for immediate use or 
pelletized and stored. 

In tread and sidewall formation, rubber stock from the compound- 
ing section is fed manually to warmup mills, where it is heated and 
further mixed (3). 
final mixing; the rubber is then peeled off the front roller and 
fed continuously to a single head dual extruder (4). 
of rubber stocks from two different strip mills are joined to form 
the tread and the two sidewalls. A cushioning layer is attached to 
the underside of the tread, which is cemented ("undertread and tread 
end cementing") once the tread-sidewall combination has been cooled 
and cut to the proper length (5). 

The heated stock goes to a stripfeed mill for 

Here two types 
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Tire cords and belts are made from woven synthetic fabric that 
has been cemented or latex-dipped and dried (6,  7 ) .  
i s  often performed a t  a large central fac i l i ty  prior t o  shipping 
fabric t o  the t i r e  p l a n t .  
t h rough  a four-roll fr iction calendering machine, where bo th  sides 
of the cord plies are simultaneously impregnated with rubber (8) ; 
the fabric i s  then cooled and cut. The rubber stock used i n  the 
frictioning operation i s  worked u p  on a series of warmup and strip- 
feed mills i n  the same manner as the tread and sidewall stocks. 

This operation 

After pretreatment, the fabric i s  passed 

Tire bead i s  made by extruding rubber onto a series of copper- 
plated steel wires, several of which are then passed simultaneously 
through the die of an extruder and rolled together t o  make a bead (9)  
The bead i s  wrapped and then rewrapped w i t h  rubberized square woven 
fabric, and cut t o  the specified length. 
u p  i n  the manner described above. 

The rubber stock i s  worked 

The inner l iner is  formed by calendering or extruding the appro- 
priate rubber stock i n  a manner similar t o  the tread forming o r  
fabric frictioning operations (10). 

I n  tire building, each t i r e  i s  assembled on a rotat ing drum 
s l i g h t l y  larger t h a n  the t i r e  i t s e l f .  The inner l iner i s  applied t o  
the drum, followed by four t o  e,ight cord plies, which are tied under 
and over the bead i n  a manner that securely locks the bead. 
fabric ("impact plies") may be l a i d  onto the cord for extra impact 
resistance. 
and belt and wrapped around the bead. 
cylindrical in shape (11) .  The drum i s  then collapsed and the green 
t i r e  removed and sprayed w i t h  release agents ( 7 2 ) .  

Belt 

The tread and sidewall are then placed over the cord 
A t  this point, the t i r e  i s  

-3- 



, 

Passenger tires are molded and cured in an automatic press. 
A curing bag is inflated inside the tire, causing it to assume its 
characteristic shape, while the mold closes over the outside. Various 
combinations of steam, air, and water supply heat and pressure through 
the mold and the inflated bag; this vulcanization process usually 
takes 20 to 60 minutes at 100 to 200°C (13). 
operations, such as grinding, buffing, sidewall painting, and inspection, 
follow. 

Final quality control 

The retreading process consists of buffing to remove the old 
tread (11, cleaning, measuring, rubber cement spraying (2), tread 
winding, curing (3), and finish painting (4). 

5.23.2 Emissions and Controls 

(Refer to Figure 5.23-2.) 

1,2,3 

Emission sources in tire manufactur ng include, in descending order 
of magnitude: green tire spraying (12), fabric cementing (6', 7), tire 
building (ll), undertread cementing (5) curing (13), compounding (l), 
milling (2, 3), calendering (8, l o ) ,  and extrusion (4, 9). 

* 

Green tire spraying utilizes two distinct solvent-based sprays 
(one internally and one externally) which evaporate both inside and 
outside of the spray booth, thus accounting for m r e  emissions than 
any other process In tire manufacturing. 
eliminated by use of water-based solvents; it would be greatly reduced 
through either carbon adsorption of incineration. 

This source could be virtually 

* 
Any process Involving a temperature higher than 72°C is considered 
a potential hydrocarbon emission point because the potential for 
release of hydrocarbons from the rubber material itself is assumed 
to exist. 

-4- 
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Figure 5..23-2. Tire Retreading Emission Points 
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Fabric cementing i s  often perfomed a t  a large capacity f a c i l i t y  
ra ther  t h a n  a t  the individual t i r e  plant .  In e i the r  case, large 
quant i t ies  o f  solvent hydrocarbons a re  emitted, par t icular ly  during 
drying. 
minimize emissions from t h i s  source. 

Ventilation and incineration or carbon adsorption can 

I n  some t i r e  building operations, the solvent t ha t  i s  used t o  
tackify the various rubber components before fabricat ion produces 
hydrocarbon emissions fo r  which there i s  a t  present no control 
technology. 
naptha-based solvents;  present control systems combine vent i la t ion 
and carbon adsorption, b u t  incineration is also a poss ib i l i ty .  
Curing temperatures cause hydrocarbon emisslons both  from the 
rubber i t s e l f  and from any residual organic addi t ives .  A ventila- 
t ion enclosure fo r  the e n t i r e  press area combined w i t h  incinera- 
t ion could reduce these emissions. 

Undertrmdand tread end cementing generally use 

Emissions from compounding cons is t  of par t iculates  and hydro- 
carbons. The par t iculates  a re  sol ids  (carbon black, zinc oxide, 
soapstone, etc.)  and l iquid aerosols (organic addi t ives) ,  and occur 
when additives a re  introduced t o  the batch. The hydrocarbon 
vapors or iginate  from Impurities i n  the rubber and from organic 
additives,  and occur a s  a result of heat generated during mechanical 
mixing of the ba tch .  
hoods t o  remove both heat and par t icu la te  and hydrocarbon emissions 
from the working area.  
the sol id  par t iculates  f o r  recycling within the plant ;  scrubbers 
may a l so  be used t o  scrub out o i l  vapors and mists present i n  
some blends. Incineration or  carbon adsorption are feas ib le  fo r  
reducing the presently uncontrolled hydrocarbon emissions. 

Compounding uni t s  a re  equipped with exhaust 

Bag f i l t e r s  are often ins ta l led  t o  recover 

-6- 



Heat and thus hydrocarbon emissions are also generated during 
milling, calendering, and extrusion; these vapors are usually 
emitted to the general work .area and vented through the plant 
ventilation system. Incineration is the only technically viable 
control for milling and calendering, while vented extruders com- 
bined with condensers could control extrusion emissions. Fugitive 
emissions from pump seals and valves used to transport solvent 
in the plant and solvent storage loss may also occur. 

Retreading produces particulate emissions from the buffing 
process (1). and hydrocarbons from the rubber cementing (2), cur- 
ing (3), and painting and trimning operations (4). (Refer to 
Figure 5.23-2.) 
those i n  new tire manufacturing because the old tread is already 
vulcanized. 

Emissions from curing are substantially less than 

Emission factor estimates for new tires and retreads are given 
in Table 5.23-1. 
able, these estimates are engineering judgments based on plant 
visits and information from the literature. Material balance 
tests may be a viable alternative, but require sufficient knowledge 
of the organic content of all incoming and outgoing process 
streams. The effectiveness of various control devices and pro- 
cedures can be estimated from the efficiency factors given in the 
table. 

Because there is little quantitative data avail- 

- I -  
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BACKGROUND DOCUMENT 

RUBBER TIRES MANUFACTURING 

1 .O INTRODUCTION 

The miss ion  factors  l i s t e d  i n  Table 5.23-1 of AP-42 section 
5.23 a r e  derived primarily from Reference 1.  
Reference 1 exp la ins  the derivation of these factors ,  this document 
a lso explains them. Those factors  t h a t  a r e  n o t  explained were 
probably derived by the authors of Reference 1 by applying the i r  best 
engineering judgment t o  a collection of data obtained i n  plant 
surveys. The de ta i l s  of t h e i r  reasoning a r e  not given herein. 

To the extent t ha t  

2.0 EMISSIONS OF RUBBER VOLATILES 

All emissions labeled "rubber vola t i les"  or  "rubber vola t i les .  
par t ic les"  i n  Table 5.23-1 were derived from a ser ies  o f  laboratory 
experiments conducted by Rappaport (Reference 2) i n  which he heated 
rubber stock a t  various temperatures, determined the loss i n  weight, 
performed a regression analysis on the data,  and derived tne following 
equation: 

C D.00212T - 0.15328 

Where C = amount of hydrocarbon l o s t ,  percent weight f ract ion of 

T = curing temperature, OC 

rubber 

When this equation i s  solved for  zero weight l o s s ,  the temperature 
is  72OC. Therefore any plant operation i n  which rubber i s  heated 
to  more t h a n  72OC will produce hydrocarbon emissions. C u r i n g  temp- 
eratures were estimated to  average around 180°C, which. using the 
above equation, gives a weight loss  o f  0.223 percent. Unpublished 
research 
culated weight loss  can be at t r ibuted t o  water loss  (Reference l ) .  
The hydrocarbon loss  during curing was, therefore,  assumed t o  be 
0.0223 percent. . 

by one t i r e  company indicates  t h a t  90 percent o f  the ca l -  

-1 - 



The temperature f o r  compounding was assumed t o  be 100°C and 
fo r  m i l l i n g ,  ca lender ing and ex t rus ion ,  80°C. 
authors of Reference 1 d i d  n o t  use t h e  regress ion  equat ion t o  c a l -  
c u l a t e  these emissions b u t  i ns tead  m u l t i p l i e d  t h e  c u r i n g  emissions 
by 100/180 o r  80/180--a method which c e r t a i n l y  w i l l  n o t  show zero 
emissions a t  72OC. For Table 5.23-1, these emissions have been r e -  
ca l cu la ted  us ing  t h e  regress ion  equat ion and app ly ing  t h e  f a c t o r  o f  
90 percent  f o r  water loss .  

and performed GC-MS analyses t o  i d e n t i f y  i n d i v i d u a l  chemical species 
t h a t  were produced by heat ing  rubber  stock.  
footnote c o f  Table 5.23-1 i s  taken f rom Rappaport’s work. He e s t i -  
mated concentrat ions o f  these species w i t h i n  t h e  c u r i n g  room b u t  d i d  
n o t  r e l a t e  these concentrat ions t o  t h e  amounts o f  rubber  v o l a t i l i z e d .  
Concentrat ions ranged from 1.1 ppm f o r  to luene t o  0.006 ppm f o r  1.5 

cyclooctadiene. The authors o f  Reference 1 showed t h a t  these concen- 
t r a t i o n s  were cons is ten t  w i t h  reasonable assumptions about t h e  t o t a l  
d a i l y  t i r e  p roduc t ion  and t h e  a i r  f l o w  r a t e  i n  t h e  c u r i n g  room. 

For some reason, t h e  

Rappaport (Reference 2) c o l l e c t e d  a i r  samples i n s i d e  a t i r e  p l a n t  

The l i s t  o f  compounds i n  

3.0 EMISSIONS OF SOLVENTS 

No exp lanat ion  i s  g iven i n  Reference 1 f o r  t h e  d e r i v a t i o n  o f  the  
emiss lon f a c t o r s  l i s t e d  f o r  “so lvent  emissions,” nor  i s  t h e r e  any 
d e t a i l e d  in format ion on t h e  average composi t ion o f  t h e  so lvents  used. 
A l i s t i n g  o f  about 50 so l ven t  types i s  g iven (apparent ly  taken d i r e c t l y  
f rom responses t o  quest ionnai res) ,  but the re  i s  ,no i n fo rma t ion  about 
t h e  r e l a t i v e  usage of each. 
5.23-1 i s  taken from an emissions survey i n  Los Angeles which i n -  
c luded hydrocarbon analyses by GC-MS on fclur s tacks a t  a t i r e  company 
(Reference 3). The t i r e  company i s  n o t  i d e n t i f i e d  and t h e  stacks 
a r e  l abe led  as fo l l ows :  

The in fo rma t ion  i n  foo tno te  b t o  Table 

* 
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Composition (percent)  . 
Flow Rate Emissions S t r a i g h t  and Cyclo- Aromatics 

Process Name (SCFM) ( t o n s l y r )  I s o p a r a f f i n s  p a r a f f i n s  

#4 Tuber Solvents,  
Adhes. 

#5 Tuber Cement 

Rubber T i r e  Mfg. 3654 30 58 34 8 
#€I White Sidewal l  
Tubers 

#69 Bead Dip Tank 

Rubber T i r e  Mfg. 5066 160 31 65 4 

Rubber T i r e  Mfg. 5471 60 14 83 3 

Rubber T i r e  Mfg. 3739 30 3 96 1 

A weighted (by t o t a l  emissions) average o f  these t e s t  r e s u l t s  g ives 
t h e  composi t ional  data presented i n  f o o t n o t e  b o f  Table 5.23-1. 

-3- 



Draft Rubbm and Misrellaneor*, Plastics Roduas 

@ O p :  w C A L M  
mdicated that the rubber product manufacturing facilities have "'q minimal storm water pollution concerns. n e  draft ~ E S  permits 
published in the Federal Register on November 19,1993 for the rubber 
industry reflect this "minimal concern" by proposing the following 
provisions: 

No specific numerical effluent limitations are needed. 

Best management practices (BMP) are effective at reducing 
pollutants. 

Quarterly visual observation of storm water d i s c h a r p  will help 
minimize pollution. 

6 
-6, 

Many States are not waiting for EPA to finalize the permitting 
requirements and have requested that plan% obtain local permits with 
reporting and chemical analysis prov&iom. 

6, 

5 

4 
QJ 

testing has never been done on such a scale for the tire and rubber 

y*w meetings with =As air program in Research Triangle Park. 
dustry. RMA and members of its Environment Committee have /? 

5 5% 1 
&C.- 

The RMA is also looking into air emissions. Accurate emissions 
factors for hazardous air pollutants (HAPS) are required by CAA Title V 
for preparation of emissions inventories in rubber manufacturing 

which up-to-date emissions factors are not available. 
plants. The rubber manufacturing industry i s  one of the industries for 

general rubber products industries were the subject of this project. The 

this program. For each test, emissions rates were developed as pounds 

The RMA has 
initiated an emissions sampling program, on behalf of its members, to 
develop HAP emissions factors for processes with little available air 
pollutant emissions data. Six processes common to both the tire and 

processes were: mixing, milling, extruding, calendering, vulcanizig, 
and grinding. 'Jbmty-six rubber compounds/mixtures were studied in 

of pollutant emitted per pound of rubber (or product) processed. 
i. 

May 1995 99 SIC 30 



@RMA 
RUBBER MANUFACTURERS ASSOCIATION 

V I A U P S  OVERNIGHT 
June 6,1995 

Ron Ryan, Environmental Engineer 
Emission Factors and Inventory Group 
Emissions Monitoring and Analysis Division (EMAD) 
office of Air Quality Planning and Standards 
United States Environmental Protection Agency 
79 T. W. Alexander Drive 
Building 4201,4th Floor 
Research Triangle Park, North Carolina 27709 

Dear Mr. Ryan: 

Several RMA member company representatives and I look forward to our June 12, 1995, 
meeting with you concerning our desire to have the recently developed emission factors for 
rubber products manufacturing incorporated into the EPA AP 42 publication. Since we are 
extremely interested in moving the process of incorporation along as quickly as possible, our 
proposed addition to AP 42 and substantiating analytical and engineering data is arriving under 
separate cover. 

We will judge the June 12 meeting a success if it provides us with a clear understanding of 
what we need to do to keep the process moving in as prompt a manner as possible. 

Questions that come to mind are: 

1) Ifthe format and content of our proposal is not acceptable, what revisions are necessary? 

2) Ifthe substantiating data is not adequate, what additional data is necessary? 

3) What other information is required? 

4) What is the reasonable schedule, Le., when would you anticipate the factors to be 
incorporated into AP 42? 

5) What impediments to a prompt and smooth incorporation of our proposal do you anticipate? 

6) What additional assistance can we provide to ensure the process goes smoothly? 

x .9?=Vale 

1 4 0 0  K STREET, N.W., WASHINGTON, D.C. 20005  TELEPHONE ( 2 0 2 )  6 8 2 - 4 8 0 0  F A X  ( 2 0 2 )  6 8 2 - 4 8 5 4  



We feel strongly that the Title V permitting activity and understanding of air emissions 
from rubber manufacturing facilities will be greatly enhanced by having this emission data in the 
h d s  of state air pollution control agencies. We therefore anticipate making the proposal we have 
presented to you available to them after our June 12 meeting. 

We are committed to this AP 42 activity and want to be your partner in bringing it to a 
prompt resolution. 

c: RMA Environment Committee 

Enclosure: Suggested Agenda 

Separately: ProDosed Section 6.X Rubber Products (clear copy) 6/95 

Proposed Section 6.X Rubber Products (annotated copy with reverences to the 
source ofthe data) 6/95. 

Developmeni of Emission Faciors for ihe Rubber Manufacturing Indushy: TRC 
Environmental Corporation; Volume 1, May, 1995; Volume 2, January, 1995; 
Volume 3, January, 1995; Volume 4, May, 1995. 

Emissionsfrom Autoclaves calculations: E. W. Karger, 2/28/95. 

Inieplation Factors for Toial VOC, Total Spciaied Organics, Toial Organic 
HAPS, Toial Mehl HAPS, Toial HAPS, and Toial Particulate Matter: E. W. Karger, 
6/2/95, 

Emissionsfrom non-prcduciive/produciive mixing: E .  W. Karger, 5130195. 



SUGGESTED AGENDA 

Meeting to discuss rubber manufacturing industry proposal to AF' 42 

Monday, June 12,1995 
Research Triangle Park, North Carolina 

Introductions ' 

Project Overview 
Summary of Results 
Submittal Completeness and ApplicabiMy 
Open Discussion 

RMA ATTENDEES 

NAME 
John Finn 
Nancy Ray Jandrokovic 
Ernie Karger 
Dale Louda 
Dan Pyanowski . 

COMPANY 
Continental General Tire Incorporated 
The GoodyearTim and Rubber Company 
The Gates Rubber Company 
Rubber Manufacturers Association 
Dunlop Tire Corporation 



6.X RUBBER PRODUCTS 

6.X.1 Process Description 

six common processes, i.e.! rubber mixing, milling, extruding 
calendering, curing and grinding as shown in Figure 6.X-1. 
Emission factors have been developed for volatiles that are 
released during these common processes. 

platen presses, autoclaves (steam pressure vessels) and hot air 
ovens. 

The majority of rubber products produced in the United 
States are composed of one or more of twenty-three basic rubber 
compounds shown in Table 6.X-1. Emissions factors were derived 
from the specific compound recipes shown in Table 6.X-2. 
Emissions from manufacturing aids such as solvents, adhesives and 
mold release compounds ARE NOT included in these emission 
factors. 

6.X.2 Emissions and Controls 

during the six common processes cause volatile organic chemicals 
(VOCs) and hazardous air pollutants ( H A P S )  to be emitted. 
Particulate matter is primarily emitted from the dry chemicals 
utilized in mixing and as a result of grinding. 

used to control particulate matter from mixing. 
separators in combination with dust collectors or electrostatic 
precipitators are used in grinding applications. 

6.X.3 Emission Factors 

The manufacture of a rubber product involves all or some of 

Curing is accomplished in a variety of equipment such as 

The mechanically created or externally added heat utilized 

Dust collectors (baghouses, fabric filters) are commonly 
Cyclone 

The following is common to each of the Emission Factors 
tables: 

1) Total VOCs were analyzed by EPA reference method 

2) Total speciated organics were analyzed by EPA reference 
methods TO-14jGC-MS (speciated volatiles), TO-14jGC-FID 
(volatile ozone precursors) and M8270 (semi volatiles). 
Note : Results from Method 25A and results from the 

25A/FID. 

total speciated organics reference methods 
are not directly comparable due to the 
inherent differences in the method of 
analysis. 

6/95 Organic Chemical Process Industry 6.X-1 



3) Total Organic HAPs are hazardous air pollutants as defined 
by the Clean Air Act of 1990, Section 301 and were analyzed 
by EPA reference methods TO-lI/GC-MS and M8240 (Volatiles), 
M8270 (semi volatiles), and TO-l4/GC/FPD (Sulfur compounds). 

4) Total Metal HAPs are hazardous air pollutants as defined by 
the Clean Air Act of 1990, Section 301 and were analyzed by 
EPA reference methods M6010 and M7000 (metals) 

5. Total HAPs are the sum of total organic HAPs and total metal 

6. Total Particlulate Matter (PM) was analyzed by reference 

7. HAPs known to be present, but not detected in actual testing 

H A P S .  

method 5/Gravimetric. 

of a particular process, are assumed to be present at the 
detection level in all processes where not detected. The 
'1<11 notation in the table indicates that the compound was 
not observed in all measurements for a given process or was 
below the detection limit. The method detection limit was 
therefore used as a conservative default value. 

a.  

6. X-2 

It should also be noted that, if a HAP was not found during 
any testing of the individual rubber products tested even 
though it was suspected to be present, and that HAP is not 
known to exist in the manufacture of that rubber product, 
then it is noc included in the reported data, even as a 11<11 

value. 

Metals were expected to be detected in the particulate 
matter emitted during rubber mixing but were-not expected to 
be a significant emission in any other process. To confirm 
this assumption, metals were analyzed in the extruder 
emission. Metals emitted proved to be so small that they 
could be within the margin of error of the analytical 
procedure. Metal emissions were therefore considered to be 
insignificant in other processes. 

EMISSION FACTORS 6/95 
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TABLE 6.X-1. RUBBER COMPOUNDS 

6.X-4 

Compound #1: Tic h e r  Liner (BrIIWNR) 
Compound #2. Tic Ply Coat (Natural Rubk/Synthetic Rubber) 
Compound #3 TKC Belt Coat (Natural Rubber) 
Compound #4 TIC W S i d d  (Natural RubberrPolybutadiene Rubber) 
Compound # 5  TKC Apex (Natural Rubbcr) 
Compound #6: Tie Tread (Styrene Butadiene RubberiPolybutadiene Rubber) 
Compound #7: Tie Bkdder ( B u g  Rubber) 
Compound #8 EPDM 1 (EPDM Sulfur Cure) 
Compound #% EF'DM 2 ( P e d d e  Cure) 
Compound #IO: EPDM 3 (Non-blackEPDM Sulfur Cure) 
Compound #11: CRW (Polychloroprene W T ~ e j  
Compound # I 2  CRG (Polychloroprene G Type) 
Compound #13 P a n c r y l o 2 0  (NBWVC) 
Compound #14 Pvacryl BLT (NBR) 
Compound #15: Hypalon (CSM) 

Compound #16: Fluoroelvtomer 0 
Compound #I7 AEM (Vamac) 
Compound # 1 8  Hydrogenated Nitrile (HNBR) 
Compound #1% Sicone (VMQ) 
Compound #2& ACryiate Rubber (ACM) 

Compound #21: Chlorinated Polyefhjene (CF'E) 
Compound #22: Emulsion SBR (SBR U02) 
Compound #P: Epichlorohydrin (Em) 

EMISSION.FACTORS 6/95  



RUBBER MANUFACTURERS A S S O C I A T I O N  

VIAUPS OVERNIGHT 
June 6, 1995 

Ron Ryan, Environmental Engineer 
Emission Factors and Inventory Group 
Emissions Monitoring and Analysis Division (EMAD) 
Office of Air Quality Planning and Standards 
United States Environmental Protection Agency 
79 T. W. Alexander Drive 
Building 4201,4th Floor 
Research Triangle Park, North Carolina 27709 

Dear Mr. Ryan: 

Several RMA member company representatives and I look forward to our June 12, 1995, 
meeting with you concerning our desire to have the recently developed emission factors for 
rubber products manufacturing incorporated into the EPA AP 42 publication. Since we are 
extremely interested in moving the process of incorporation along as quickly as possible, our 
proposed addition to AP 42 and substantiating analytical and engineering data is arriving under 
separate cover. 

We will judge the June 12 meeting a success ifit provides us with a clear understanding of 
what we need to do to keep the process moving in as prompt a manner as possible. 

Questions that come to mind are: 

1) Ifthe format and content of our proposal is not acceptable, what revisions are n e e c e s e  

2) Ifthe substantiating data is not adequate, what additional data is necessary? 

3) What other information is required? 

4) What is the reasonable schedule, i.e , when would you anticipate the factors to be 
incorporated into AP 42? 

5) What impediments to a prompt and smooth incorporation of our proposal do you anticipate? 

6) What additional assistance can we provide to ensure the process goes smoothly? 

1400 K STREET, N.W.,  W A S H I N G T O N ,  D.C. 20005 TELEPHONE (2021 6 8 2 - 4 8 0 0  FAX ( 2 0 2 )  6 8 2 - 4 8 5 4  



We feel strongly that the Title V permitting activity and understandhg of air emissions 
from rubber mufacturing facilities will be greatly enhanced by having this emission data in the 
hands of state air pollution control agencies. We therefore anticipate making the proposal we have 
presented to you available to them after our June 12 meeting. 

We are committed to this AF’ 42 activity and want to be your partner in bringing it to a 
prompt resolution. 

c: RMA Environment Committee 

Enclosure: Suggested Agenda 

Separately: Prooosed Section 6.X Rubber Products (clear copy) 6/95. 

Prooosed Section 6.X Rubber Products (annotated copy with reverences to the 
source of the data) 6/95. 

Development of Emission Factors for the Rubber Manufacturing Indushy: TRC 
Environmental Corporation; Volume 1, May, 1995; Volume 2, January, 1995; 
Volume 3, January, 1995; Volume 4, May, 1995. 

Emissionsjkom Autoclaves calculations: E. W. Karger, 2/28/95. 

Interpolation Factors for Total VOC, Total Speciated Organics, Total Organic 
HAPS, Total Metal HAPS, Total HAPS, and Total Particulate Matter: E. W. Karger, 
6IU95. 

Emissions from non-pr&ctive/productive mixing: E. W. Karger, 513 0195 



SUGGESTED AGENDA 

Meeting to discuss rubber manufacturing industry proposal to Ap 42 

Monday, June 12,1995 
Research Triangle Park, North Carolina 

Introductions ' 

Project Overview 
Summary of Results 
Submittal Completeness and Applicability 
Open Discussion 

NAME 
John Finn 
Nancy Ray Jandrokovic 
Ernie Karger 
Dale Louda 
Dan Pyanowski 

COMPANY 
Continental General Tire Incornorated 
The Goodyearlre and R u b k  Company 
The Gates Rubber Company 
Rubber Manufacturers Association 
Dunlop Tire Corporation 



6.X RUBBER PRODUCTS 

6.X.1 Process Description 

six common processes, i.e.! rubber mixing, milling, extruding 
calendering, curing and grinding as shown in Figure 6.X-1. 
Emission factors have been developed for volatiles that are 
released during these common processes. 

The manufacture of a rubber product involves all or some of 

Curing is accomplished in a variety of equipment such as 
platen presses, autoclaves (steam pressure vessels) and hot air 
ovens. 

The majority of rubber products produced in the United 
States are composed of one or more of twenty-three basic rubber 
compounds shown in Table 6.X-1. Emissions factors were derived 
from the specific compound recipes shown in Table 6.X-2. 
Emissions from manufacturing aids such as solvents, adhesives and 
mold release compounds ARE NOT included in these emission 
factors. 

6.X.2 Emissions and Controls 

during the six common processes cause volatile organic chemicals 
(VOCs) and hazardous air pollutants ( H A P S )  to be emitted. 
Particulate matter is primarily emitted from the dry chemicals 
utilized in mixing and as a result of grinding. 

used to control particulate matter from mixing. 
separators in combination with dust collectors or electrostatic 
precipitators are used in grinding applications. 

The mechanically created or externally added heat utilized 

Dust .collectors (baghouses, fabric filters) are commonly 
Cyclone 

6.X.3 Emission Factors 

The following is common to each of the Emiss 
tables: 

on Factors 

1) Total VOCs were analyzed by EPA reference method 
25A/FID. 

2 )  Total speciated organics were analyzed by EPA reference 
methods TO-14jGC-MS (speciated volatiles), TO-14/GC-FID 
(volatile ozone precursors) and M8270 (semi volatiles). 
Note: Results from Method 25A and results from the 

total speciated organics reference methods 
are not directly comparable due to the 
inherent differences in the method of 
analysis. 

Organic Chemical Process Industry 6.X-1 6/95 



3) Total Organic HAPs are hazardous air pollutants as defined 
by the Clean Air Act of 1990, Section 301 and were analyzed 
by EPA reference methods TO-lQ/GC-MS and M8240 (Volatiles), 
M8270 (semi volatiles), and TO-l4/GC/FPD (Sulfur compounds). 

4) Total Metal HAPS are hazardous air pollutants as defined by 
the Clean Air Act of 1990, Section 301 and were analyzed by 
EPA reference methods M6010 and M7000 (metals) 

5. Total HAPS are the sum of total organic HAPs and total metal 

6. Total Particlulate Matter (PM) was analyzed by reference 

7 .  HAPs known to be present, but not detected in actual testing 

H A P S .  

method S/Gravimetric. 

of a particular process, are assumed to be present at the 
detection level in all processes where not detected. The 
18<8'  notation in the table indicates that the compound was 
not observed in all measurements for a given process or was 
below the detection limit. The method detection limit was 
therefore used as a conservative default value. 

It should also be noted that, if a HAP was not found during 
any testing of the individual rubber products tested even 
though it was suspected to be present, and that HAP is not 
known to exist in the manufacture of that rubber product, 
then it is nor included in the reported data, even as a 8 1 < 8 8  

value. 

8 .  Metals were expected to be detected in the particulate 
matter emitted during rubber mixing but were-not expected to 
be a significant emission in any other process. To confirm 
this assumption, metals were analyzed in the extruder 
emission. Metals emitted proved to be so small that they 
could be within the margin of error of the analytical 
procedure. Metal emissions were therefore considered to be 
insignificant in other processes. 

6. X-2 EMISSION FACTORS 6/95 
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TABLE 6.X-1. RUBBER COMPOUNDS 

6.X-4 

Compound #k Tie Inner Liner (BrIImR) 
Compound #2. Tie Ply Coat (Natural Rubber/Synthetic Rubbcr) 
Compound # 3  Tic &It Coat (Natural Rubber) 
Compound # 4  Tic WSidearsll  (Natural Rubber/Polybutadiene Rubber) 
Compound # 5  Tie Apex (Natural Rubber) 
Compound #6 %e Tread (Styrene Buudicnc Rubber/Polykutadicnc Rubber) 
Compound #7: Tie Bladder (Butyl Rubber) 
Compound # 8  EPDM 1 (EPDM Sulfur Cure) 
Compound #9. EPDM 2 (Peroxide Cure) 
Compound #IO: EPDM 3 (Nan- black EPDM Sulfur Cure) 
Compound #ll: CRW (PolFhloroprcne W Tpe) 
Compound #12: CRG (Pol~hloroprcnc G Tpe) 
Compound #I3 Paraflyt 020 (NBWVC) 
Compound #I4 Paraayl BLT (NBR) 
Compound #15: Hypdon (CSM) 
Compound #16 Fluoroelvtomer 0 
Compound #17 AEM (Vamac) 

Compound # 18: Hvdrogenated Nitrile (HNBR) 
Compound #19. Siliumc (VMQ) 

Compound #20: Acrylate Rubber ( A m  
Compound #21: Chlorinated Polyethjenc ( B E )  
Compound #22: Emulsion SBR (SBR 1502) 
Compound #P: Epichlorohydrin (Em) 

EMISSION.FACTORS 6/95 



TABLE 6 .  X-2. RUBBER COMPOUND RECIPES 

Cornpound bl: Tie Inner Liner (BrIIWNR) 
R*: 
BmiDnred W X-2 
SMR ZONorrml Rubber 
GPF Black 
SIcaricAdd 
Pam5niiMuiiumpmferrOil 
UnNerivc Pheml formaldehyde nlpc resin (Arofenc 8318. SP1068) 
zinc oxide 
Sulfur 
MgIs 

Number of P M a n p e r a r u r c :  
1 (NPTempmrc: 3 m .  5lhloroburyl or 2WFBmmoburj 
2(P) Tcmpc~arurc: Z X T  

85.00 
15m 
a00 

1.00 
l5.00 
5.00 
3.00 
5 0  

l&00 
3 

Compound # 2  Tie Ply Coat (Natural Rubb4Spthetic Rubber) 
R+: 
5WRNanml Rubbv 
SMR-GP Natural Rubber 
Duradule 707 
N330 
sunda 790 

. F l W l H  
santoacx IP 
Sunprmf Super War 
zinc oxide 
StCaricAdd 
Sulfur 
CBS 

Number of PzscvTanpcraturc: 
1 (NP) T~~~penrurc: 3 3 0 1  
2(P) T~mpemrc: 22OT 

Compound +3: Tie Belt Coat (Natural Rubber) 
Reap: 
#lRSS Natural Rubbx 
HAF Black (N330) 
Ammanc Oil 
N-(13 duncthjburyl) -N-phenyl-P-phcnylenc diammc (Santofla 13) 
Ziuc ondc 
S - A d  
n-ternary -buryl-2-benmthlamle drmlfide (Vanax NS) 
Sulfur 
cobplt Nccdaanatc (205% Cobdt) 

N u m k  ofPauecTmpa Wnzz 
1 (NP) Tcmpcroturc: 3JoT: add 1R blafk. add 1R oil 
2 (NP) Tempnnue: 3301: add mamdcr  of black and oil 
3 (mill) Tcmpaarurc 3WF 
4 (P) Tempenrurc: ZUrF 

- 
6/95  Organic Chemical Process Industry 

70.00 
30.00 
3650 

150 
230 
1.20 
5.00 
1.00 
uo 

m m  

so 
170.60 

100.00 
55.00 
5.00 
1.00 

1om 
200 
so 

4.00 
250 

18030 
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TABLE 6.X-2. RUBBER COMPOUND RECIPES 

Compound 14: Tic Basc/Sidewall (Natural RubberlPolybutadicnc Rubber) 
N ~ o - R d U c t m  R w  
NR-SMR-5 cv 50.00 
Taktcae 1220 50.00 

;3 N33OCuhnBlack saw 
zinc on& 150 
StCaIlCAad 200 
Agcnte Rerm D 200 
vUlLancn4020 3.00 
V a n w a x H k d  3.00 

6.X-6 

- 

I nucm 580 &I 
1 
1 PmducukReapC: 

NonRoduslive 
zinc oxide 
Rubber Maker Sulfur 
DPG 
CBS 

Number of ParsslIcmpcramrcr: 
1 (NP) Tanperamre: 33GT 
2 (P)Tanpnmrc: ZWF 

Compound #S: Tic Apex (Natural Rubber) 
. Reajx: 
TSR 20 Natunl Rubbcr 

Aromatic oil 
Slcaric Acid 
Rsordnol 
Haamethylmetctramme 
zinc oxide 
N-tertiary -buryl-2-bmthiamIc M e  (VmaNS) 
n-cysloharylthiopthdimide (Santogard PVI)  
Sulfur 

4 HAFBlark(N330) 

101x) 
17150 

17150 
150 
1.75 
0.10 

175.45 
0.w 

100.00 
8aoo 
8.00 
1.00 
3.00 
3.00 
3.00 
150 
30 
3.00 

zO2.80 
1 (NP) Tempcramre: 3MT, add 60 pam black. add 6 pKLI oil 
2 (NP) Twpcramrr: m. add Rerorcmol. add 20 pam blaQ add 2 par0 oil 
3 (P) Tanperamre 2CQ? add Huam. 

EMISSION FACTORS 6/95 
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TABLE 6.X-2. RUBBER COMPOUND RECIPES 

Compound # 6  Tie Tread (Styrene Botldienc RubbcrPolybutrdicne Rubber) 

SBR 1712C 110.00 
N299 carban Bllck moo 
Taktme 1220 moo 
zinc oxide 150 
Stear isk id  3.00 
Vdkanm40U) m 
Wrn- 100 m 
Vanox H Special 250 
Sunda 8125 Oil m.00 

221.00 

Non-RoducriVe X1: 221.00 
N299 Cabon Black m.00 
Sundu 8125 Oil 2 

246.00 
Aodua+eRu+: 
Non ProducriVc #l 246.00 
zinc oxide 150 
Rubber Maker Sulfur 160 
TMTD 0.20 

Nw-Pmdu& RcCipe #1: 

N~n-Aoducllis R+ #2 

(gs 

Number of P d m p c n m m :  
1 (”) Tcmpenmrc: 3MT; add 60 
pamblackadd20pansoil 
2 (”) Tmpcnmrc: 33UE add 20 
pam bla& add 5 pam oil 
3 (P) Tmpenrurc: 22OT 

Compound # 7  Tic Bladder 
R+: 
B U M 2 6 8  
N3M 
CanorOi 
SP 1045 Rain 
zinc oxide 
Nmprrac W 

3.00 
252M 

100.00 
55.00 
5.00 

5.00 
10.00 

5.00 
180.00 

Number of P d e m p e r a r u m :  
NP 1 AU Butyl, Castor Oil. Zinc oxide, 45 phr N3M. dbcharge ~pprox 3 3 a F m  
+Rain. 10 phr N3M. dbchargc approx 270R8oF W NOT =(ZED 2901: 
PROD NF2 = nmprene. dLcharge appro% 25OFR601 

Organic Chemical ‘Process Industry 6.X-7 



TABLE 6.X-2. RUBBER COMPOUND RECIPES 

Compoond # 8  EPDM 1 (EPDM Sulfur h e )  
Nm-Ruluane Rapt 
vmaloa m 
v i m  m 
N650 GPF-HS Blxk 
N762 SRF-LFd Blvk 
Prooerr Oil Tpc 104B (Sunpar pso) 
ZincoJidc 
S t u n s A d  

RuiumRcrmc: 
NOn-Rodustrvc 
Sulfur 
TMIDS 
ZDBDC 
ZDMDC 
DTDM 

Compoood Y9: EPDM 2 (Peroxide Core) 
Non-Aoduam?Rcqn. 
R@mc 502 
N 762 cybon Black 

Z i n C O n d c  
StuVtcArid 

S U n p V p 8 0 ~  

Compoond # I O  EPDM 3 ( N o o - b l d  EPDM Solfor h e )  
R q  
VbUlOn 5600 
vstalm 3777 
~ a r d  a a y  (suprcri 
Mrrmm vopor Talc 
Atom10 Whim3 
Proarr Oil Tpe 104B (Sunpar 2280) 
Silane (A-1103) 
P m  wax 
zinconde 
SreuisAdd 
Sl\lfur 
cupsc 
TMrD 

m 
8730 
mm 
mm 
sm 
2 

10m0 

47350 

4xu0 
050 

3.00 
3m 

455m 

3m 

391.00 
6.W 

39956 
* 

50x0 

18q00 
1ar00 
40m 
601)0 
150 

500 
1m 
150 
050 

m o  

sm 

31x) 
sum 

6.X-8 EMISSION FACTORS 6/95 



TABLE 6.X-2. RUBBER COMPOUND RECIPES 

6/95 

Compound #ll: CRW (Polychloroprcnc W Type) 
R* 
Nm RoduniVe: 
NcoprrneWRT 
N 550 
N 762 
Agerite Stlylitc S 
Srmproof super wpx 
Santaflu Ip 
Magnesium Oxide 
StcaricALid 
PIanHallDoz 

MuccivcR+: 
Non-Roduaive 
Zinc oxidc 
TMIT) 
Dispersed Ethylene Thioum 

Number of P d c m ~ e r a ~ r r s :  
1 parr at 24CPF add accelerator package at ZDJT 

Compound 112: CRG (Polychloroprcnc G Type) 
NrnAoduaiveRsipe: 

. NcoprrncGN 
sw 
Sun& 790 
OCtaminS 
SrcaricAdd 
Maglite D 

PmdumieRsipc: 
Nm-Roduaive 
TMIM 
Sulfur 
DOTG 
Zinc Oxide 

1mOCr 
1320 
15.70 
200 
200 
1.00 
4.00 
050 
15.00 
153.40 

153.40 
5.00 
050 
1.00 

u990 

ioom 
50.00 
10.00 
200 
1.00 
4.00 

167.00 

167.00 
050 
1.00 
050 
2 
174.00 

Organic  Chemical Process I n d u s t r y  6.X-9 



TABLE 6.X-2. RUBBER COMPOUND RECIPES 

Gmponnd #13: Pancryi 020 (NBRPVC) 
R* 
PARACRIL ozo 

TUM 
EIHYLTUM 
DOP 
W-140 
Spider Sulfur 

Number of Paws: 

imoo 
5.00 
200 
80.00 
2n.00 
1.00 
750 
150 
150 
15.00 
15.00 
020 

243.70 

Compound # I 4  Parasryl BLT (NBR) 
R e :  
PARACRIL ELI 
Z i n C O X i &  

SRF 011-774) Black 

Pampla G-25 
"OX 
Stearic Acid 
ESEN 
MONM 
Sulfur 

Number of PasesK'empcntura: 

' TP-95 

100.00 
5.00 

100.00 
15.00 
5.00 
150 
1.00 
050 
150 
0.75 

23025 

(NF') Tempemturn: 28o;F 
(P) Tempenturc: UITR add sulfur. MONEX. and pad$' ESEN 

Compound XIS: Hypalon (CSM) 
Rerjpc. 
Hypalon40 
U S  4 PED 
carbowax4am 
PE 617A 
Mag litc D 
PEm 
whiting (Atomitc) 
N65O 

6.X-10 EMISSION FACTORS 

100.00 
3130 
3.00 
3.00 
5.00 
3 m  

1W.W 
100.00 

la0 
150 
050 

70.00 
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TABLE 6.X-2. RUBBER COMPOUND RECIPES 

6/95 . 

Compound #16 Flooroelvtomcr (FKM) 
Rseipr- 
V i m  EMX: 
N99oBlack 
Calaum Hydrcmdc 
Maglite D 

Compound #12 AEM (Vamac) 
Rerjper 
VAMACB-124 Mvt~rbarch 
ARMEEN 18D 
SrearicAsid 
SRF carbon Black (N-774) 
DIAK #1 
DPG 

Compound #18 Hydrogenated Nitrile (HNBR) 
N ~ o - R v ~ u G ~ ~  Rccipc 
HNBRZcrpoluM 
N6S0 Black 
name lP 
AgCIitCRCSiUD 
ZMn 

Compound #19 Silicone (VMQ) 
R+: 
Silimnc Rubber 
SilasticNPC-8Osilimnc xubbcr 
S Miaun Mm-U-Sil 
Siliutic "-1 modi6cr 
Vulcanizing agac Varm DBF" SO 

Organic Chemical Process  Industry 

iwm 
moo 
6.00 

3.00 
129.00 

124.00 
5 0  
30 

iaoo 
4m 
4.00 

14270 

100.00 
45.00 
1.00 
1.00 
200 
sm 
im 
3 

161.00 

050 
150 
150 

165.00 
50 

mm 
a m  
3(200 

O s 0  
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TABLE 6.X-2. RUBBER COMPOUND RECIPES 

Compoond #m Acrylate Robber (ACM) 
Nm-AOdu& Re+c: 
HytanpAR71 
SlearkAdd 
N 550 

ProductinRecipe: 
NOU-RoduCh 
sodiumstcanrc 
P O ~ S t e a r a t c  
Sulfur 

Number of P d c m p c r a m r s  
1 (NP)Tcmpcramn: BOT 
2 (l') Tcmperamm: WTF 

Componnd X21: Chtorinatcd Polyethylene (CPE) 
R+: 
CM 0136 
Maglitc D 
N 774 B I ~  
Sterling VH 
DER 331 DLC 
Ageritc Resin D 

TriaUyl rsoCyanuralc Oln 5ZZ3 (provided by Gam) 
Triganox 17/40 

Number of PasscsKcmpcramrs 
Single pap mixed to 2- add TiaUyisxyanurate, 
Trigaaox 17/40 at 'ZOO'F. 

. T(31MOil 

Componnd #22: Emdsion SBR (SBR 1502) 
N~i~-Aoduerive Reclps 
SBR 1502 
N330 carboa Black 
zinc oddc 
StcaricAcid 
Agerite Resitl D (Naugard Q) 
name 7P 
Sunpmof Supcr Wax 
S u n k  790 oil 

produsrive R-: 
NOU-RoductiV; 
Rubber Maken Sulhtr 
TBBS 

Number of PasscsKcmpcratura: 
Nm-pvducrivc pas mixed to 3wF. 
Sccond p a s  mixed to WIT. 

100.00 
1.00 

166.00 

166m 
22s 
0.75 

65M) 

OJO 
16930 

100.00 
10.00 
301)o 
35.00 
7.00 
020 

35.00 
290 

m.10 

100.00 
5850 
10.00 
200 
Za, 
1.00 
150 

7.00 
18200 

18200 
Za, 
1.80 

185.80 
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TABLE 6.X-2. RUBBER COMPOUND RECIPES 

Compound t 2 3 :  Epichlorohydrin (ECO) 
Rcrjp' 
Hydrin2OOO 
N330 carbon Black 
SteaIiCAdd 
VulLan~ahlB-2/MGIC 
Cdaum carbonau 
ZimctF-PT 
Diphmylguanadinc 
santogardm 

Numbcr of Parrer/Tempnnrrer: 
1Passat245T 

loOD0 
S O R I  
1.00 
1.00 
5.00 
1.00 
050 

159.w 
3 

6/95  O r g a n i c  Chemical P r o c e s s  Industry 6.X-13 
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a Particulate matter collection efficiency of 9 9 . 3 %  was observed 
on a baghouse control device used on this process. 

b Compounds detected only as tentatively identified compounds 
(TICS) in emissions from indicated rubber compounds. No 
applicable data f o r  non-detects. 

c Blank correction caused a negative value. A "0" is reported 
for these cases, but $not included in the statistics 

d Emission factor is a combination of emissions from productive 
and nonproductive passes. Emissions from nonproductive mixing 
are approximately 90% of the total. 

s .nary. 5 

6.X-18 
6 / 9 5  EMISSION FACTORS 



a 
TABLE 6 . X - 4 .  UNCONTROLLED EMISSION FACTORS FOR A MILL 

lOlEO(I 413E47 OME47 < O W E 4 9  c 5 u E 4 7  
1obyliy1o(u2-3 811E47 350EQO - 1.~4EQO ZznE47 

1 0 1 E a  

H . D ~ l l ~ ~  I 91.20.3 I ly1E-071 373E-0 7 1 WE47 2.07E -10 fs7E.m 
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I 

I 

C:071.556 

5612-8 

:2C-a2-1 

19E99-0 
IC6467 

C0078.93.3 
j5.48-7 

3?567-9 
' 2 1.1 d.2 
55.9j-4 

3546-2 
"?.OW 

: 1 9.92-7 

'CE-33410644.5  

92.67.1 

::108.l0-1 

12-933 

'2342.7 
:31-7.9 

?~7;z-094 

$846-2 

'27-02-8 
- i I 07.13-1 

C3107-05-1 

52.534 
: ! . e 2  

32-87-5 
:zou.7 

92.52-1 
':7.81.7 

i3075.25.2 
COO75.15-0 

CCC56-23-5 

d63-58-1 

50108-90.7 

joo674.53 
98-824 

! Y u . 9  

131.11.3 

8474-2 
C01 M 9 . 8  

l O ( y 1 4  

l l8 -7CI  
87-58-3 
7 . 4 7 4  
67.72.1 

!23-31-9 

78-59-1 

,-". 

1 wO75Qe2 

I I I I I ! 1.1OEQ4I 1.12EO4i 8.40E-05 1.71EO(II( 719E-051 1.12EQ4, 
3.47E-051 < 4.39E-051 < S.OEE-051 9.6lE47( 32OE45i < 5.ME45) 

< 9.04E-061 231E45l ' 1.75E451 1.4OE47I < 124E45l < 2331E451 

3.3ZECBI < 7.34E-081 = 6.6JE081 3.46E-091 4.JJEQOI < 7.MEQO1 

< 9.3ZE.091 < 2.69E-081 < 8.EZE-S 7.68E-ll i  1.1EEOdl < 2.BOEQBi 

< 5.25E491 1.39E.08l < 4.33E-091 e 4.lOE.11: < 5.89EQoI c l .SEQO!  
2.OEEO8I < 9.9OE-091 < 9.UE49i < 9.74E.111 < 1.WEQOI < Z.CdE49i 

< 4.07E.091 < 1.26E08I < 3.84E491 < 3.40E-11? 5.13E-091 < 125E.08~ 
3.12E-07i 7.61EQEI 406E-071 < 6.93E-091< 325E-071 8.42E-07I 
1.99E-081 < 1.87E.081 < 5.73E-09! 2.31E.llll < 1.11E.081 l.BsE-381 

< 3.06E.081 < 5.81E.081 < 2.01EMll < 2.E4E.10? < 2.73E-081 5.81EQOI 

< 7.74E491 < 1 r7E-081 < 5.OEEd9i < 6.55E.11Y < 6.89E-091 1.17E-081 
< 9.76E-09: < :.66EdEi < 5.73E-091 6.26E.114 < 7.79E-091 < 1.68E.081 

3.07E.09, < :.EBE46I < f.33E-091 6.58E.1111 < 7.88E-091 c 1.68E.081 
< I .79E49I < !.C6E48i < 3;9E.O¶l < 7.37E.113 < 4.4UE-09I < 1.OEEQOI 

< 1.fEE.C9l < 419E-09, < I .SE49I  < 2.43E-111 < 1.86E-09I 4.19E-091 
i.58E-081 < ;.EOEOEI i .13EOI < 3.40E-11!! < 2.13E-081 5.58EQEI 

< 2.49E.091 d.YE-091 < 1.51E-091 7.77E.IlI 2.11E-091 < 4.WE-091 
:.C7E-57! i . 1 4 E 4 8 1  3.12E43t < 3.48E-091 < 2.61EO(Il 9.12EQoI 

< r.69E-091 < 8.OEE.091 < Z.(YE491 4.32E.lII c 3.91E-091 ' E.OEE-09; 
< 2.CSEOBi c 3.89E-081 c i .UE-20 < Z.WE.101 < 1.83E-08l < 3.89E-081 
< 3.YE.09' < 3.13E-091 < 2.74E-09I < 5.31E-11? < 3.79E-091 < 9.13E-091 
< 2.95E-'7: < 1.41E-071 < 1.33E-07I < 6.93E-091 < I.UE-071 < 2.95E-071 
< 5.OBE-.31 2.80E-071 Z.WE-081 3.OBE-101 < 7.83EQO! 2.M1E-071 
< i.95E-07: l.llE.071 < 1.33EQ7! < 6.93E-091 1.UE-071 < 2.95E-071 

'.29E-C7I < 141E.07; !.33E47I < 6.93E-0911 < 1.02E-071 1.41E-071 
< 2.95E-07i < i JlE.07! < 1.33E.071 c 6.93E-09U 1.44E-071 2.951471 

;.SOEOE! 5.3ZE-061 3.uIE-081 < 2.37E.10: < Z W O ( I 1  5.YE-061 

f.99E.081 1.76EdEI 5.39EQBI 3.47E-101 329EQOI 5.99E.081 
< i.32E-09I < 6.58E-091 < 1.99E-09i < 3.19E-11/ 2.73E-091 < 658E-091 
< 1.22E-091 < 9.88E-091 < 3.ME-091 6.93E-09i <- 5.77E-091 9.WE-091 

?.55E-081 3.65E-081 4 16E-081 9.50E-111! 2.WE.081 4.1EEQBI 
?.25E48 I 3.63E-37 I ! .%E47 I 1.41 E490 2.51 E47  I 8.WE-07 I 

7.24E-08i < 6.63E-081 < 3.45E-091 < 7.19E-081 < 1.46E-07j 
5.90E.071 9.67E-08i 2.49E-071 !.76E471! 2.78E-0_7! , 5.90E-071 

I 
l.48E-37: < 7.04EQ81 < 6.WEQBI < 3.48E-091 < 7.19E48i < 1.48E-07l 

3.38E-071 < 4.31E-071 < 2.4OE-071 < 8.49E-lOl < 3.77E-071 8.3BE47) 

1.4EE-071 < 7~04E-081 6.62.€olll < 3.46E-091 c 7.19€4(1/ s 1.48E471 
< 2.37E-091 1.47E-08i 1.UE491 2.48E-111 < 4.63E-091 1.47EQOj 

1.73E-081 < 4.19E-i I.O(iEQB1 ,.%?E-11) < E.GZE-091 1.73EQOI 
e 2.66E-091 7.21EQ8i 1.74E-i < 2.08E-11? 1.91EOB/ 721E-1 

2.49E-091 1.37E-071 1.70E-071 2ZZE.lOl 7.74E48( 1.70E-071 
< 2.95E-071 < 1.41E-07i 1.UE47/ 6.93E-09: c 1.UE-071 < 29SE47 

1.1ZE.O71 < 9.71E-i 7.78EQBl Z.5lE.10, 5.WEQ(I/ 1.1ZEQI 

< 6.36E-091 < 210E-381 < &ME-1 < 7.14E-11 9 S - i  e - E a  

< 8.93E-091 2.TIE-081 8.42E-09, < 8.03E-11, 1.13EQO 2m.a 
< 1.34E-081-r 2.54E.081 

I .I I 

< !.48E-07; 

I < 1.48E471 < ~ . O ~ E - Q S I  < 6.w~ol)i < 3 . 4 6 ~ 9 9 i  7 . 1 9 ~ 0 ( 1 i  1.48~4'1 
l 

< 7 . 4 ~ ~ - 0 9 1  < I ~ E Q O ~  4 . 5 a ~ 4 9 i  - 5.71~-11' o 9 e a . i  1zo~oll 

! '  
E.BzEQ9 < 8.55E-11 < l.l9EQO/ 

i . a o w i  
I 

7.51EQ9I 
6.SOE-09I 1.12E-051 3.0=47/ < ZUE-11[ ~~~~1 1.1aE.osl 

1.98E-08! < 0.18E49/ G 82UE41J 



TABLE 6.X-4. UNCONTROLLED EMISSION FACTORS FOR A MILL a 

a To determine emission factors for compounds no+ listed in this table, multiply 
table 6.X-3 VOC data by 0.73, speciated organics by 0.33, and HAPS by 0.26. 
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TABLE 6 .X-5 .  UNCONTROLLED EMISSION FACTORS FOR AN EXTRUDER AND ITS 
COOLING CONVEYOR a 

TOTAL VOC 

TOTAL SPECIATED ORGANICS 

TOTAL METAL H A P .  

TOTAL ORGANC HAPS 

TOTAL PARTKUUTE M A H E R  lPMY 

I 
i 
i 

< 

' <  

' <  

I . <  

! 
I.76E.(H I 
5 . r n 4 5 !  * 
1.05EQ7 1 
3.7CE-X I < 

iznE-mi 
3.71LQ5 I < 

3.31~-3ni 

2.WE-371 

6.7QE.09 I < 

5.06E-97 i < 

5.96E.091 * 
Ll7E-371 

3.YE091 < 

:28EOOI 

2.?:E48 I < 

a .n5~ .?31  - 
3.6ZE-39 I < 

?.73E-39, < 

3.XEQU 

8.25EQ9 I < 

8.85E-991 ' 
..UEQ9I < 

2.56146 I 

3.2SE4Q I L 

2.mEQU < 

l .WE4a I G 

I.:OE-97 I < 

3.ME06 U) 

3.1CEU7l 

:.WE471 c 

2.WE-971 ' 
: 8 7 ~ 4 7 '  

:.59E.07 I 

Q.87Ed9 k . 
r.LUE-37 I < 

1 .&2EQ8 I 

!.WEQ7' 

l.WE-37 I < 

2.66E-97 I 

1.WE.07 I 

2.46E-37 I 
l.WE-371 c 

6.61E-M ! 
1 . I  lEQ7 I 

1 I < 

2 . 1 1 1 ~ ~ )  i < 

3,LDE-m I - 
l.%EQ7 I 

i.mm i < 

8.lOE-X! 

9.35E-ml < 

I.DIEQ8 I 
I.ME-MI * 
122E-Mi < 

I 
I.lJEQ5 I 
2.nE-X I . 
1.95E-07 I 

1.n9EQsI ' 
5.75EQ3 I 

I . B t l d 5 I  < 

1 .08EQ7 I 

1.66147 I < 

1.66E-MI 

6.OIEG I . 
1.36E-M I 

1.l8EQ7I 

5.55E-m I 

5 U E C 9  I 

9 . 5 1 ~ 4 8  I 

t.nzE-3n t < 

2 . 7 2 ~ 0 8  I 

2.42E-M ' < 

4.69E-M I < 

I .74E-M I < 

1.S7E-X 1 

!.mat 
2.85E-37 : 
2 . 6 l E a  I < 

722E-M I * 
3.85E-M I * 
1.6SEQ7 I s 

B.IBEQ61 

I .75E-37 I < 

1.66E-37 I 

420E-37 i < 

n.nE.09 I 

TSIE-M! 

2,MEQB I < 

1.6SE-37 : 
327E.09 I 

6.70E-38 I 

9.02E-M I < 

9.soE-MI 

9 . a E - M  I c 

l.llE-371 < 

9.azf-M I 
n.ma I - 
6.11E-M! 

I.UIEQn ! 
522E-m I 
6.YIE.09! . 
3.65f.071 < 

1.66EQIi 

3 . m ~ a  i < 

2mcd. 
7.I7EQI 

I 
3.caeQ(II. 
ZIREQ(II. 

l.76E-X 1 
5 . m -  
7S7E-071 

3 . 7 0 ~ ~ s  i 
2.e4E-X ! 
I 7 1 C 4 3  I 

1 .MEQ7 ! 
2.MEQ7 i 
Zl IEQBl  

5.C6EQ71 

1.HE-M I 

I.YE-07 I 

124E-M I 

1T)E-m 

1 .UIE.07 I 

3.65E-M I 

4 37E-M I 

4.l5E-08 

5.49E-M I 

2.YE-Ml 

224E-M I 
I .76E-M I 
5.YE-I 

3.61E-M I 
l.llE-071 
L.BIE-M I 

n . i a E a i  
3.lOEQ7! 

3.PEQ71 

2.mE-37 I 

420E-37 I 
4.66EQ7 I 

2.69E-071 

Z.n€-Ml 

2.HEQ7 

I.42E-M I 
I.UIE.07 I 

I 
l.lnEQ7I 

2.E6E-07 I 
I 

I.lS€Q7! 

2.4bEQ7 

l.lSE-07 I 
1.1oE-07 

1 mQI 
l.4oE.381 

i 
::E:\ 
2atEQII 
31uE.07 

3.57E-07 I 
3.UE4E? 
7.17e4d 

4.71E- 

4.1.e- 
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UNCONTROLLED EMISSION FACTORS FOR AN EXTRUDER AND 
COOLING CONVEYOR a 

TABLE 6.X-5. ITS 
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TABLE 6.X-6. UNCONTROLLED EMISSION FACTORS FOR A CALENDER a'b 

I CAS 1 Cmpd.2 1 Cmpd. 12 i 
I 

Number lbflb rubber 1Mb rubber 1 
! Pollutant Caleaow 

~ 

Mam M u  

IMb rubbar I M b  N b h r  

[TOTAL vocs 
.TOTAL SPECIATED ORGANICS 

TOTAL HAP8 

InOlvldud HAPS: 

1 ,l,l-Tnchlomelhane 

1.2-Dibmmo3-Chlomempane 

1.2-Dichloroslhane 

1.2.4-T1ichlomDenzene 

i .3.Butaaiene 

1.4-DichIomDenzene 

?-Butanone 

2-Melhylpbenol 

2.4-DiniImvnenol 

2.4-Dinilm101uene 

2.4.5-Tn'ch10mphenoI 

2.4.6-Trich10monen01 

3.3-Dimetnoxyoenmme 

3.3.DimelhylDenz10ine 

V&MeIh)lphenol 

a-hulooiohenyl 

4-MethyI-2-wnlanone 

1-Nitrooionenyl 

2-NilroDnenol 

1.4'-Melhylenealandine 

Aceionnnle 

Aceloenenone 

Acrolein 

Acrylonnnle 

Allyl Chlonoe 

Aniline 

Benzene 

: 3ennaine 

:; B e r n  Chloride 

I 3iphenyl , bis(2-Elh~hexyl)phlhalale 

Bmmdon 

Cattun Oisunide 

C a h n  Telradtonde 

Ca- Sulfide 

I : Chlomoenzene 

I: Chlom(am ! 
Chlomahane 

71-556 

ooo96-12.8 

10705-2 

120-82.1 

106-99-0 

106-46-7 

i8-93.3 

9548-7 

51-28-5 

121.144 

95-95-4 

8806.2 

119-9c-4 

1 19-93-7 

74-87-3 

I s.31~-0si 4.61~-06/ 2 . ~ ~ 4 1  5.31E4 
I I 

< 7.34E-05i c 4.49E-064 < 3.89E.051 < 7.34E-X 

c 1.34EQ51 3.49E-061 8.UE-061 c l . Y M 5 I  
, , 

~ 

I 
5.27E-081 c 

i .56~-07i < 

2.52~-09i < 

1.22E-071 c 

i . l O E a l  c 

5.54E-081 c 

2.51E-071 c 

1.91E-09 I 

l.OlEC8i c 

3.19E-091 c 

3.41E.f)41 c 

3.60E-091 c 

6.WE-091 

2.18E-091 < 

I :I 
z.izE-08ii < 

4.24E-081; c 

2.12E-08ll < 

3.47E-11 I/ c 

1.19E-101 
1 

z.izEua!i < 

4.24E-08U 

1.eSE-lOi c 

1.87E-lOIj c 

4.%E-11 I1 < 

4.19E-11 !I < 
4.32E-11 N c 

3.54511 I! < 

1.15E-llii < 

I 
3.70E481 < 

I 

7.18E-081 

1.33E431 c 

5.56E-091 < 

3.83E-081 c 

1.52E-07 

1.05E-091 < 

5.16E-091 < 

I.6ZE49! 

1.73E.09 I < 

9.94E-081 < 

I 

1 . =Ea  i c 
3.OZE-091 < 

1.09EQ9 ~ 

I 

i 

1 ZE-07 1 

SZ'E-08 I 

1.56E-07 I 

2.62E-09 I 
l.lOE-08 I 

I 

S.SE-~E i 
2.61E-07! 

1.91E-091 

1.01 E48 I 

3 . 1 9 ~ ~ 9  i 

3.~~-09)91 

3.41 € 4 9  1 

6.WE-09 I 

2.18EQ9; 

:08-394/10644-5 < 1.i6E-091 1.26E-lOIi 9.41E-101 c 1.76E-09i 

9267-1 

1CS-10-1 

92-93-3 

loo-02.7 

101-77.3 

01722-094 

98-86-2 

107-02-8 

W107-13-1 

M107-05-1 

62-53-3 

71 43-2 

92-87.5 

M 1 W 7  

92-524 

117-81.7 

00075-252 

75-15-0 

wO56-23-5 

463-58-1 

M108-W-7 

0006166-3 

< 

c 

< 

< 

c 

< 

c 

< 
! 
I <  

< 

1.ME-09I 

6.42E-071 c 

3.19E-091 < 

5.10E-091 < 

3.77E-09i c 

1.56E-071 c 

4.94E-071 

1.29E-071 c 

1.56E-071 c 

1.56E-071 c 

J.44E-08 I 

l.Z'E-09i < 

2.12E-0811 c 
I 

2.86~-1 i ti < 

1.40E-lOil 
.I 

2.44E-11 II c 

4.24E-0811 < 

1.17E.09Il 

4.24E-08i < 

4.24E-08i c 
:I 

4.24E-0811 

i 

6.42E-07 I 

3.19E-091 

5.10E-091 

3.TIE-09 I 
I 

1 .94E-09 I 

s6E-07 I 
4.44E.07 I 
129E-07 I 
1 .%E47 1 
9.44E-08 
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_ -  

YUn 
I I 

CAS 1 cmpd.2 j Cmpd.12 
Pollutant Catmqow ' Number IbflbNbbar i IbnbNbbOr , IMbNbbW 

Cwnena i 98-82-8 ' ! 6.31E-081 7.05E-10/1 3.19E-08 

Oibsnwuran I 132-64-9 ' < 9.aE-ioi < 1.97~-ion < 5.m-10 
I1 ! 

TABLE 6.X-6. UNCONTROLLED EMISSION FACTORS FOR A CALENDER a*b 

Llu. 
IMbnibbmr 

~ ~ E J J E  i 
< g.sE-101 
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n I/ 

0 0  
Ltu 

6 / 9 5  6.X-26 EMISSION FACTORS 



TABLE 6.X-8. UNCONTROLLED EMISSION FASTORS FOR AN AUTOCLAVE 
(STEAM PRESSURE VESSEL) '' 

1.74EUI 1.9oE47 

1.12EQ)I. 1.DsEQI 

!TOT& v o u  
,TOTAL SPECIATED ORWNICS 

7.UIEG 

< 1.oOE47 

6/95  

75.34-3 
75-354 
71-556 
74905 
79-3L5 

cccS5-12-8 
00106-93-4 

107462 
7847-5 

'ZC-82.1 
106.994 

:01C€-467 
jO123-91-1 

106-503 
79-933 
532.27-4 
3540.7 
31.28.5 
:21.1a-2 
559% 

:s6-8a7 

88.062 
91-94-1 
119.w-4 

:14937 
:ca3w~o6"~5 

92-67.1 
la&' --1 

32-si3 
:cW2-7 
:01.n.9 
534-52-1 

'rn7M7.0 
75458 

iao9k86.2 
M107-02-8 

!07-131 
107-051 
$2-533 
5847.7 
7 1 4 2  
9247-5 

x11CO44-7 
92-524 
111-444 
117.81-7 
75-262 
74.839 
7 5 1 M  
56235 

-581  
1-7 
7 5 6 0 3  
67663 
7-74 
1- 

1.61EOli 1.78E0.1 l .PEo( /  5.UE-051 

I 269E441 1.98EO.l < 1.71E-! . 5 3 W I  

. 1.49E-071 Z.OlE.07I l.BE-071 * 5.YE-071 . i.51E-0771 2.04E-071 l . l l E 4 7 l  5.59E-071 - 
r 1.49E-071 - 2.01E-071 a 1.BE.071 * 55JE.071 - . 1.51E-071 . Z.ME-071 r 1.12E-071 5.57E47l . . 1.51E-071 2.03E-071 l.lZE-071 < 5.56E.071 - 
< 2.95E-071 2.14E-071 <. l.lOE-061 

s l.liiE-071 < 2.32E-071 e 1.13E.071 < 5.55E-071 

. 5.6ZE.041. S.YEO.!. ameli. 8.mOti. 

I I I 

. i.lcE-071 Z.oZE-07( l.llE-07I e 5.55E.071 - . I.I:E~I. 1.ffiE-081 1.11E-08i 1.78~-08i 
r l.55E.081 . 1.52E.081 . 1.ZlEQBI < 3.61E-081 

, ..i.Ed61 -3 2.13E-061 7.SZE-071 e 3.59E-081 * . ,.-,c-,71 < 1.99E-071 < 7.07E-071 5.50E-071 - . 5.69E-071 ' 7.96E-071 s 4.28E-071 < 220E-061 . . ZZE.081 r 2.61E-081 2Z)EQBI 5.59E-081 = 

i.ME-091 2.46E-071 6.WE-001 - 1.98E-081. 

. .-- - 

. ,... _L cd61 2.12E-061 4.55E-071 3.43E-C6)6( 

< i.:55481 1.39E-081 ' i.ME-081 2.IHE-081 
c d . Z 5 C 8  e 6.EE-081 6.72E-081 * 1.21E-071 r 

< 2.CJE-B s 1.58E-081 e l.28E-081 3.36E-081 . 
2.28843 - 2.12E-081 c 1.56EQBI * 4.445081 

* 2.42E.081 227E-081 1.64E-08! 4.93E-081 
s 1.C2EOI - l.37E-081 2.B-I . 2.74E-08! - 
r l.BOE-081 s 2.4OE-081 - 1.51E-08! . 4.OOE-081 * 
* 5.94E-091 - 8.42E-001 I &%E=! 1.75E-081 - 

'.YJEd8I r Z.lZE-081 1.98E-061 s 2.35E-081 < 

' SI7E-COI r 6.59E09 - 4 Z E J S l  1.42E-08! 
!.61E-Ml r 6.61E-071 727E-051 5.55E-071 

I 8.85E-091 c 1.16E-061 c 7r)EQoI - 2.53E-08I 
< A.YE-081 < 3.11E-081 r 3.01EQBI 6.88E-08I * 
* l.lIE-081 1.7ZE-081 - 9.69EJSl r 3.16E-081 a 
< 4.CBE-381 L 3.56E-081 e 2.99E-08)(ll . 7.35E-061- 

. 2.95E-0771 l.WE-061 * 2.14E-071 l.lOE-061 a 

s 2.95E-071 c 2.5E-07! < 2.14E.071. l.lOE-06I. 
< 3.1CE-071 4.598471 2.3E-071 - 1.17E-061 . 

3.01E-071 s 4ME-071 e 221E-071 . 1.llE-W 
l.MEd5I 8.98EOBl 2.58Eo51 8.45E-071 

* l.ME481 ' 1.27E-08! 9.ffiEQBI 3.OOE-081 
?.:6E451 5.39E.081 223E-051 
5.7SE-091 - 3.RE-071 - 5.ffiE-081 = 

* 2.95E-071 * 3.98E-07: - ZllEQll 1.lOE-061 e 

- Z.Z?ZEOBI ' Z.UE-081. 2 Z Z - 0 8 !  * 5.31E-081. 

l.LUE-061 ~ 2.74E-071 

j 9.12E-061 I 4.8(IE-061 

6 . ~ ~ - 0 8 1  2 . 7 0 ~ ~ 7 1  3 . ~ 4 7 i  422~-08 !  

: < 1.51E-071 < 2.03E-07 
. < l.UE-07! < 2.OBE-07 

I A.4ZE-071 3309-07 

~ 4.77EU7 2.17E.081 A::;! 3.84€.04! 
1.49E.071. 2.01E-07!< 1.- . S U E -  . 

j 4.YIE.071 4.68E-071 5.48E-071. 1 k . O /  
l.SE-071 * 2.WE-07! c I.cBEQ7 5.5ZE.07 . - 1.53E-07I s 2.ffiE-07 ' 1.13EQI . 5.63~47 . 

~ . 1.49E-071 . z.oIE-~~/ - i.ooEo7 . s.%ix?/. 
I l.YE471. 2.05E-07 1.59E41 S.8oE.07 . 



TABLE 6.X-8. UNCONTROLLED EMISSION FASTORS FOR AN AUTOCLAVE 
(STEAM PRESSURE VESSEL) '* 

CAS 8 
6011-7 
131.11-3 
W 7 C 2  

Wlc8-89-3 
14&88-5 
lo(yl.4 

1- 

M o ( n e - 3  
7747.4 
67-72-1 
122-31-9 
7- 
-1 

8ob2.6 
: 0 1 - 1 u  
7509.2 

91.203 
l l D Y 3  
98Bc3 
62.759 

121.69-7 
3wu) 

95-534 
9 5 4 7 4  
8248-8 
67-86-5 
1 ms2 
wo7s.w 

10042.5 
1- 
127-1e4 
:ogss3 
7901.6 

1582496 
1- 

595402 
7541-4 

1 1 8 7 ~ 1  

7 a s w  

: ~ a 3 8 - ~ 1 0 ~ 2 - 3  

5sae2 

6.X-28 EMISSION FACTORS 
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TABLE 6.X-8. UNCONTROLLED EMISSION FASTORS C, FOR AN AUTOCLAVE 
(STEAM PRESSURE VESSEL) 

7 E - w  
75-354 
71-556 
7 9 0 0 5  
79-345 

wo9kl2-8 
MllX42-4 

10743-2 
78-87-5 
10688-7 
12082-1 
1 c6.m 

w1ce467 
W1w-01-1 

1 s - 3  
:e-953 
u2.n-4 
9-7 
51-2&5 
121 .1 c 2  
95.95-4 
esce-2 
91-4c1 
1lo.om 
11902-7 

l O e - 3 O Y l W 5  
9267-1 
lw-101 
92-W3 
1 cQ.cz.7 

uCU.1 
cca7M7-0 

75054 
0009e-ES2 
W101.02-8 

107-12-1 
107451 
62.53.3 
9807-7 
71-42-2 
92-87-5 

02.Y.4 
11144.4 

75252 
7-0 
75150 
5 2 3 . 5  
-581 
1C&-7 
75003 
67685 
7 M - 3  
1- 
ObQd 
1 9 6 1 9  

1oi.n.e 

micc-n.7 

117.ai.7 

Organic Chemical Process Industry 6. X-29 



TABLE 6.X-8. UNCONTROLLED EMISSION FAPORS FOR AN AUTOCLAVE 
(STEAM PRESSURE VESSEL) 

I I I I 1 

a Extruded EPDM (Peroxide-cure) . 
b Tentatively identified compound (TIC)- no data is given if not 

detected. 
c Includes pollutants in steam blow-off (when depressurizing the 

vessel) and in the condensate produced during curing. For 
noncontact steam applications, the total.values shall be used. 
For direct contact, steam curing, 17% of the emission factor 
is discharged in the condensate produced during curing and is 
not therefore released as an air emission. 
To determine emission factors for compounds not listed in this 
table, multiply table 6.X-3 VOC data by 1.42, speciated 
organics by 9.09, and HAPS by 7.21. 

d 

6.X-30 EMISSION FACTORS 6/95 
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TABLE 6.X-9. UNCONTROLLED EMISSION FACTORS FOR A PLATEN PRESS 

. .  

i 

i 
j 
i 
! 

i ! 

I 

1 
I 
! 

j 
I 

I 

6.X-32 EMISSION FACTORS 6/95 
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a TABLE 6.X-9 UNCONTROLLED EMISSION FACTORS FOR A PLATEN PRESS 

a To determine emission factors for compounds not listed in this 

b Formaldehyde 1.88~10~~ lbflb rubber 
c Formaldehyde 1.23~10 lb/lb rubber 
d compound judged to be one of the most prodigious emitters of 

formaldehyde. 
Analysis was conducted using EPA method TO-11fHPLC. 
Due to the high reactivity and propensity of formaldehyde to 
become quickly bound up with other available chemicals, 
formaldehyde emissions from other compounds and processes are 

A blank space indicates that the compound was a Tentatively 
identified Compound (TIC) and was not detected in that sample. 
A "0" indicates a blank correction that resulted in a v*O*l or a 
negative value. 

table, multiply table 6.X-3 VOC data by 5.80, speciated 
organics by 27.14, a3d HAPS by 43.40. 

Sampling was conducted using EPA method TO-11. 

' judged to be insignificant. 

6/95 Organic Chemical Process Industry 6.X-33 



5 
TABLE 6.X-10. UNCONTROLLED EMISSION FACTORS FOR A HOT A I R  OVEN 

c v  

6 .  X-34 

32.67.1 
:010bl01 

32.934 

'32-02.7 
:31-779 

i3b.U-I 
75-058 

:a09bBB2 
~YlO7-02-8 
10107.151 
C0107-051 

52.53-3 
5847.7 

3MnI452  
9247-5 

301-7 
92-52-4 

1 1 1 4 4 4  

1 t7.81-7 
m 5 . 2 5 2  
U m ~ O  
m C I E - 0  
m r u b P 5  

465-561 
00loB007 
001175003 
cox7463 
m 4 4 7 . 3  
9e-sz.8 
13244.9 

6011.7 

131.11.3 

84-762 
mi- 
0 0 1 W l - 4  

92sEQ8I 
5.84E-M 
I .71EG8 
6.21E471 
l.eaE.071 
4.99E.071 
l.17EQ5I 
2.13E.MI 
O.YE-061 
1.17E451 
1.17E45I 
6.BSE-J7l 
I .71 E47  i 
4.B8MSI 

6.97EQ8I 
1 .l7EQ5 I 
3.96E.WI 
1 . 0 t W I  
1.05E.ml 
5.M-l 
SmwI 
I mEQI I 

EMISSION FACTORS 6/95  



TABLE 6.X-10. UNCONTROLLED EMISSION FACTORS FOR A HOT A I R  OVEN 

1.17E45, 1 
1 .W47 I  
2.9lE-371 

311E47i 

3.4tEQ7( 

226E-071 

3ZSE-071 

1.bYEQ71 

O.WE-( 

321E.341 
3.17E-07! 
2.3ZE461 
6.MEQOI 
1.65E-071 
I.MEQI( 
4.l8E-071 
: X E Q S I  
i.UE-071 
: 3 3 7 1  
2.:7E471 
5.47E-071 
2.99E-071 
2.16E46l  
1.17E-051 
2.SEQSI 
451E471 

I 
IZ1E.341 
i.17E-051 
5.ME461 
525E461 
5.84EQ61 
3.57E-07l 
5.84EQBI 
S.84EQBI 

a Corn-und 5 was green unextruded rubber. Compounds 8 and 22 
were preexrruaed general proaucts. 

5 A blank space means that the compound was a Tentatively 
Identifiea Compound (TIC) and was not detected in that sample. 

c To determine emiseion factors for compounds not listed in thls 
=able, muit-ply t a l e  6.X-3 VOC data by 7.39, speciated 
organics oy 21.43 and HAPS by 22.64. 

6/95 organic C h e m i c a l  Process Industry 6 .  X-35 



TABLE 6.X-11. UNCCNTROUZD EnISSION FACTORS FOR GRImING 

- -~ 
ground off (lb/lb. rubber removed). 

b Retread Buffina-wunds emitted per pound of rubber processed (lb/lb rubber processed). - ~ 

c particulate mait& control: 
. . 

sidewall by cyclone 91.90 
carcass by cyclone 97.80 
belt bv cvclone and ESP 99.970 _ ~ _ ~  
retrez b; cyclone and baghouse 97.90 
For uncontrolled PM emissions Sidewall, Carcass or Belt Grinding us a factor of 1.0 lb 
emitted per pound of rubber removed. 
Value exceeds that of total VOC. This discrepancy is being investigated. e 

6.X-36 EMISSION FACTORS 6 / 9 5  
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E " w r e w  association 
- 

1400 K Street, NW - Washington, DC 20005 * tel (202) 682-4800 * fax (202) 682-4@ . w . r m a . o r g  t 
December 14, 1998 

William F. Hunt, Jr. 
Director 
Emissions, Moni lohg  and Analysis Division 
Office of A u  Quality Planning and Staudards 
US. Environmental Protection Agcncy 
Research Triangle Park, NC 2771 1 

Dear Mr. Hunt: 

As you may know, over the last several years, the rubber manufacturing industry has 
been working with your office to develop and finalize an AP-42 section to address air emissions 
from rubber processing operations. I would like to request a meeting with you and your staff to 
discuss the*, developmerlt and current scalus of this project and the &xt steui required to 
finalize the draft A p - 4 2  scction. 

The Rubber Manufacturers Association (RMA) is the national trade association of the 
rubber products industry, and represents the industry on a variety o f  technical, legislative and 
regulatory issues. RMA represents more than 120 companies that manufacture various rubber 
products, including tires, hoses, belts, seals, molded goods, and other finished rubber products. 

The R M A  developed emission factors in 1994 and 1995 for use in calculating air 
eiiiissions corn rubbcr proccssing operalions. RMA kicked off its coinniunications with EPA 
on the development of the factors with a meeting on June 8. 1934. Since that time, RMA has 
been working with Ron Ryan ofthe Emission Inventory and Factors Group to submit and 
finalize the emission factors for inclusion in the AP-42. The RhL4 was pleased when the factors 
were published on the Internet in draft form in- 97, and noted that EPA Eceived ng 
substantive 

Intemct, thc factors still have not been Cialized. 

Since the- of the factors in e tember 199 

ents on the draft AP-42 section for rubber manufacturing operations. We 
-were lherefore surprised that now, oiie year after the publication ofthe draft factors on the 

RMA members and other rubber 
emission factors to cornplcte a wealth of 

-_. manufacturing companies have relied on the 

control technslagyl 
state and federd permitting requirements. In addition, rubber processing emissions data 
submitted to EPb as uart of the develou men- x i m u m e l e  
(MACT) standards for rubber tire manufacturing were calculated using the emission factors 

9 

Tire Products Croup Gtneral  Producrr Croup Scrap Tire Management Council Tire lndurrry Safery Council 
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developed by RMA. In short, the emission factors developed by RMA are crucial to the ability 
of the rubber manufacturing industry to calculate air emissions. 

RMA members are concerned that the draft AP-42 section has not yet been published in 
final form, particularly now that thc MACT standard development process is moving foxward 
quickly and RMA members are discussing the issuancr o f  Title V permits with state agencies. 
We realize that questions have arisen within EPA about the W A  e m ission facto r development 
project. Wc would like this opportunity to provide you and your staff with-mprehcnsive- 

-overview ofthe uroiect to date. diacuss any concerns YOU may have, and develop a timeline for 
finalization of the AP-42 section. To that end, we propose a meeting with you during the 
afternoon of January 12.lY9g This time is convenient for RMA members, since we will be 
meeting with other OAQPS staff in Durham on January 13, 1999 to discuss the development of  
the tire manufacturing MACT. I will contact your office in the next few days to discuss 
scheduling such a meeting. 

Thank you for your attention to this important project. If you have any questions about 
this request, please call me at 202-682-4839. We look forward Eo meeting with you. 

Sincerely, 

Tracey J. MoKerg 
Director, Environmental Affairs 

Cc: RonRyan 
Tony Wayne 
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