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7.3 Appendices A-J—Appendices A-J gives all formulations for the selected SRE’s of this standard. Also included
in the appendices is a Summary Table for SRE properties. Part 1 contains delta or percent change in property
values for each SRE after immersion for 168 hr in ASTM Service Fluid 105 at temperatures as specified in
Table 1. Part 2 contains the original properties for each SRE prior to immersion. The summary table results
were obtained in an interlaboratory test program with all of the SREs as listed in the annex and table, using
data from eight typical industry laboratories. Prior to the final analysis as indicated in the Summary Table,
outlier values were deleted.

7.3.1 The interlaboratory test program did not contain a sufficiently large database to obtain interlaboratory
standard deV|at|ons based on 20 or more degrees of freedom DF Thus the vaIue equwalent to the classical
or standarg i 3 4SDev, where t is
the tabulajed 95% confidence or p=0.05 level t value at the DF appllcable to the standard.deyiation, SDey, as
evaluated jn the test program.

TABLE 1—SRE TEST TEMPERATURE

SRE Temperature (°C)
NBR-1, NBR-2, ECO-1 100
All others 150

7.4 Appendix K—Appendix K provides protocol for creations’maintenance and control of formulations for the
selected SRE’s of this standard.

PREPARED BY THE SAE ENGINE OIL COMPATABILITY WITH RUBBER GASKETS AND SEALS
SUBCOMMITTEE OF THE SAE COMMITTEE ON AUTOMOTIVE RUBBER STANDARDS
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APPENDIX A
A.1 Standard Reference Formulas and Procedures

A.1.1 Nitrile Rubber

A.1.1.1 Standard formulas for the following nitrile rubber compounds are given in Tables A2 and A3:

TABLE A1—NBR CURE TYPES

Number Type

NBR-1 sulfur-cured
NBR-2 peroxide-cured

A.1.1.2 Mixing prgcedure shall follow the guidelines in Section 5 of ASTM D 3187.

A.1.1.3 RECOMMEINDED STANDARD TENSILE SHEET CURES—Cure NBR-1 specimen’10 minutes at 168 °C [335 °F].
Cure NBR2 specimen 10 minutes at 182 °C [360 °F].

A.1.1.4 COMPOSIT|ON

TABLE A2—COMPOSITION-OF SRE NBR-1 (28/S)

Ingredient Parts by mass

NBR with 28 + 0.5% by mass of acrylonitrile(") 100.0
Zinc oxide®@ 28
Stearic acid, triple press(® 20
STANGARD 5004 70.0
Carbon black N774 5.0
PLASTHALL 7050) 0.5
SPIDER Sulfur(® 1.0
N-Cyclohexyl:2-behzothiazolesulphenamide (CBTS) 1.0
Tetramethylithidram disulfide (TMTD) 1.0
Tetraethylthiuram disulfide (TETD)

Total 187.5

1., "NIPOL DN2850, Zeon Chemicals, Inc. No equivalent known.
KADOX 920C, activator, Zinc Corp. of America. No equivalent.
C.P. Hall.

Blend from Harwick standard.

Monomeric plasticizer, C. P. Hall Co. No equivalent.

SPIDER S, C.P. Hall. No equivalent.

2B P
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TABLE A3—COMPOSITION SRE NBR-2 (28/P)

Ingredient Parts by mass
NBR with 28 + 0.5% by mass of acrylonitrile(") 100.0
Zinc oxide® 28
Stearic acid, triple press(® 50
STANGARD 500 700
Carbon black N774
PLASTHALL 7050

Dicumyl peroxide, 40% active MA carrier(®

187.0

NIPOL DN2850, Zeon Chemicals, Inc. No equivalent known.
KADOX 920C, activator, Zinc Corp. of America. No equivalent.
C.P. Hall.

Blend from Harwick standard.

Monomeric plasticizer, C. P. Hall Co. No equivalent.

DICUP 40 KE Hercules. Burgess clay carrier. No equivalent.

oo, N =
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APPENDIX B

B.1 Polyacrylate Rubber

B.1.1 Standard formulas for the following polyacrylate rubber compounds are given in Table B2:

TABLE B1—ACM CURE TYPE

Number Type

ACM-1 sodium stearate-cured

B.1.2 Mixing procedure shall follow the guidelines in Section 5 of ASTM D 3187.
B.1.3 Recommengded Standard Tensile Sheet Cures—Cure ACM-1 specimen 10 mjnutes at 168 {C [335 °F].

B.1.4 Compositign

TABLE B2—COMPOSITION OF SRE'ACM-1

Ingredient Parts by mass

Acrylic rubber(" 100.0
Stearic acid 1.0
NAUGARD 445() 2.0
Carbon black N550 84050
Sodium stearate 2'0

conc. fatty acid ester®) 40
NPC-25(4)

Total 191.0

1. HYTEMP 4052, Zeon Chemicals, Inc. No equivalent known.

2. Substituted diphenyl amine, antioxidant, Uniroyal Chemical
Co{ Inc: No equivalent.

3. Rrogess aid, Strukol WB222. No equivalent.

4. \Wulcanizing agent, Zeon Chemicals, Inc. No equivalent.
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APPENDIX C

C.1 Epichlorohydrin Rubber

C.1.1 Standard formulas for the following epichlorohydrin rubber compounds are given in Table C2:

TABLE C1—ECO CURE TYPE

Number Type

ECO-1 ETU-cured

C.1.2 Mixing procgdure shall follow the guidelines in Section 5 of ASTM D 3187.

C.1.3 Recommengded Standard Tensile Sheet Cures—Cure ECO-1 specimen 25 minutes at 191 9C [375 °F]. Post

cured 4 h at|177 °C [350 °F].

C.1.4 Compositign

TABLE C2—COMPOSITION SRE ECO-1

Parts by mass

Ingredient

Hydrin c2000L(") 100.0
Carbon black N550 70.0
TP95() 10.0
Stearic acid g)g
4- and 5-methylmercaptobenzimidazole(s) 1:0
NAUGARD 445(4) 30
MAGLITE D 1.0
GND-75 (ETU) ®

Total 186.5

1. HYDRIN/C2000L, Zeon Chemicals, Inc. No equivalent known.

2. Plasticizer, Rohm & Haas. No equivalent.

3. «VULKANOX MB-2/MG antioxidant, Bayer AG. No equivalent.

4. /~Substituted diphenyl amine, antioxidant, Uniroyal Chemical Co., Inc.
No equivalent.

5. Ethylene thiourea, accelerator, 75% active.
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APPENDIX D
D.1  Ethylene Acrylic Rubber

D.1.1 Standard formulas for the following ethylene acrylic rubber compounds are given in Table D2:

TABLE D1—AEM CURE TYPE

Number Type

AEM-1 DOTG- diamine cured

D.1.2 Mixing procedure shall follow the guidelines in Section 5 of ASTM D 3187.

D.1.3 Recommengded Standard Tensile Sheet Cures—Cure AEM-1 specimen 10 minutes at 177 {C [350 °F] Post
cure: 4h at 177 °C [350 °F].

D.1.4 Compositign

TABLE D2—COMPOSITION SRE AEM-1

Ingredient Parts by mass
VAMAC® g 100.0
NAUGARD 445(2) fg
Stearic acid )
ARMEEN 18D ?'g
VANFRE VAM® 600
FEF Carbon black N550 15
DIAK #1(4) 4.0
di-o-tolylguanidine (BOTG)
Total 170.5

1. VAMAC® a registered tradename for ethylene/acrylic rubber
frem DuPont. No equivalent known.

2.\ Substituted diphenyl amine, antioxidant, Uniroyal Chemical Co.,
Inc. No equivalent.

3. Organic phosphate ester free acid, processing aid, R. T.
Vanderbilt Co., Inc. No equivalent.

4. Accelerator, DuPont. No equivalent.
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APPENDIX E
E.1 Hydrogenated Nitrile Rubber

E.1.1 Standard formulas for the following hydrogenated nitrile rubber compounds are given in Table E2:

TABLE E1—HNBR CURE TYPE

Number Type

HNBR-1 peroxide-cured

E.1.2 Mixing procedure shall follow the guidelines in Section 5 of ASTM D 3187.

E.1.3 Recommengded Standard Tensile Sheet Cures—Cure HNBR-1 specimen 10-minutes at 177 °C [350 °F].
Post-cure ngne.

E.1.4 Compositign

TABLE E2—COMPOSITION OF'SRE HNBR-1

Ingredient Parts by mass

HNBR with 36 + 0.5% by mass of nitrile groups and £5% 6t yesidual double bonds(")
Zind oxide®@ 100.0
Stedric acid 5.0
NAYGARD 4450) ?jg
Zind 2-mercapto-toluimidazole(®) 1.0
Carbon black N774 50.0
PLASTHALL TOTM® 5.0
40% a,a’-bis-(t-butyl peroxy) diisopropylbenzene on Burgess KE Clay(6) 8.0
Totdl 171.0

1.| ZETPOL 2010, Zeorn Chemicals, Inc. No equivalent known.

2| KADOX 911C, agtivator, Zinc Corp. of America. No equivalent.

3.| Substituted diphenyl amine, antioxidant, Uniroyal Chemical Co., Inc. No equivalent.

4.| VANOX ZMTI antioxidant, R. T. Vanderbilt Co. No equivalent.

5. PLASTHALL, monomeric plasticizer, C. P. Hall Co. No equivalent.

6.] VULCGUR 40KE from Hercules. No equivalent.

-10-
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APPENDIX F

F.1 Silicone Rubber

F.1.1 Standard formulas for the following silicone rubber compounds are given in Table F2:

TABLE F1—VMQ CURE TYPE

Number Type

VMQ-1 peroxide-cured

F.1.2 Mixing procedure shall follow the guidelines in Section 5 of ASTM D 3187.

F.1.3 Recommengded Standard Tensile Sheet Cures—Cure VMQ-1 specimen 10 mjnutes at 177 9C [350 °F]. Post

cure: none.

F.1.4 Compositign

TABLE F2—COMPOSITION VMQ SRE-1

Parts by mass

Ingredient
vinyl methyl silicone base polymer(” 40.0
vinyl methyl silicone base polymer(z) 61060
1) ’

HEA™ 3.0
Magnesium oxide 1.0
2,5-dimethyl-2,5-di (tertbutylperoxy)-hexane(®

105

Total
1. Dow Corning Q4-4758. Base. No equivalent known.
2. Dow Corning Q4-4768. Base. No equivalent known.
3. Thermal stabilizing additive, Dow Corning. No equivalent.
4. Vulcanizing agent, VAROX DBPH-50, R. T. Vanderbilt Co., Inc. or equivalent.

-11-
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APPENDIX G

G.1 Fluorosilicone Rubber

G.1.1 Standard formulas for the following fluorosilicone rubber compounds are given in Table G2:

TABLE G1—FVMQ CURE TYPE

Number Type

G.1.2 Mixing procq

G.1.3 Recommen
Post cure: 4

G.1.4 Composition

FVMQ-1 peroxide-cured

dure shall follow the guidelines in Section 5 of ASTM D 3187.

ded Standard Tensile Sheet Cures—Cure FVMQ-1 specimen 10-minutes at 1
n at 200 °C [392 °F].

TABLE G2—COMPOSITION FYMQ SRE-1

Ingredient Parts by mass
Fluoro-vinyl methyl silicone base polymer(") 100.0
HT-1@ 1.0
1.0
2,5-dimethyl-2,5-di (tertbutylperoxy) hexaire(®
Total 102

1. Dow Corning Silicones L'S-2860. No equivalent known.
2. Thermal stabilizing additive, Dow Corning. No equivalent.
3. Vulcanizing agent, VAROX DBPH-50, R. T. Vanderbilt Co., Inc. or equivalent.

77 °C [350 °F].

-12-
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APPENDIX H
H.1 Fluorocarbon Rubber

H.1.1 Standard formulas for the following fluorocarbon rubber compounds are given in Table H2:

TABLE H1—FKM CURE TYPE

Number Type
FKM-1 bisphenol-cured

H.1.2 Mixing procgdure shall follow the guidelines in Section 5 of ASTM D 3187.

H.1.3 Recommengded Standard Tensile Sheet Cures—Cure FKM-1 specimen 10 minutes.at 177 9C [350 °F]. Post
cure: 24h at|200 °C [392 °F].

H.1.4 Compositign

TABLE H2—COMPOSITION OF SRE’'FKM-1

Ingredient Parts by mas$
Fludrocarbon base polymer(") 97.5
Calgium hydroxide 3.0
Magnesium Oxide® 23
N99P MT Carbon Black(®) 08
VC o
vC §0®) 1
VPA-1 ©)
Totg 135.0

1.| Viton B600 from DuPont Dow Elastomers. No equivalent.
Elastomag 170 from Akrochem. No equivalent.

Thermax Flowform from.Cancarb, Ltd. No equivalent.
Curative from DuPont‘Dow Elastomers. No equivalent
Curative from BuPRont Dow Elastomers. No equivalent.
Processing aid-from DuPont Dow Elastomers. No equivalent.

[l il el

-13-
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APPENDIX |
1.1 Copolymer of Tetrafluoroethylene and Propylene Rubber

1.1.1 Standard formulas for the following fluorocarbon rubber compounds are given in Table 12:

TABLE H—FEPM CURE TYPE

Number Type
FEPM-1 peroxide-cured

.1.2 Mixing procgdure shall follow the guidelines in Section 5 of ASTM D 3187.

1.1.3 Recommengded Standard Tensile Sheet Cures—Cure FEPM-1 specimen 10 minutes at 177 °C [350 °F].
Post cure: 34 hrs at 232 °C [450 °F].

1.1.4 Compositign

TABLE 12—COMPOSITION SRE FEPM-1

Ingredient Parts by mass

Tétrafluoroethylene-propylene copolymer(!) 100.0
NB90 MT Carbon Black(® 1(5)'8
Chlcium metasilicate®) 1.0
Spdium Stearate 4.0
Tiiallyl isocyanurate (TAIC)(4) 4.0

4D% a,a’-bis-(t-butyl peroxy) diisopropylbenzene on Burgess KE Clay(®)

Total 134.0

AFLAS 100S Polymer from Asahi Glass, Japan, distributed by 3M/dyneon. No equivalent.
Thermax Flowform from,Cancarb, Ltd. No equivalent.

Nyad 400 from Nyco Iney "No equivalent.

DIAK #7 from DuPont Dow Elastomers. No equivalent.

VULCUP 40KE from Hercules. No equivalent.

arOND =

-14-
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J.1

Min =
Max =

Min =
Max =

Min=
Max =

Min=
May =

Min =
Max =

FIGURE J

Summary Table

APPENDIX J

Delta Elongation, % for Lab Averages: ; Outliers Deleted

ACM AEM  FKM FEPM NBR1 NBR:Z HNBR
Avg £9 ~18.3 508 48 541 353 49
Avg - PSDey 139 228 -59.2 9.0 -59.8 488 -21.8
Avg + #S8Dev “0.04 <1473 -41.87 054 4838 -21.77 -8.01
Range 138 8.1 73 185 114 270 13.7
Dell:a 50% Moduius, % 4. for Lab Averageas Cmmers demsed
Avg 4! 8 -15 7 25 5 ~19 6 7.5 6 4 4.9
Avg - 1*8Dev 397 -230 1.5 =377 137 ~7.1 9.8
Avg + 1*SDev 22.1 8.4 394 ~1.5 287 19.9 0.2
Range 618 14.8 280 36.1 42.4 210 83
Delta Tensile Strength, % , for Lab Averages - Outliers Deleted
ACM AEM EKM FEPM NBR- -2 HNBR
Avg -2.78 188 564 A7 331 ~33.2 4.00
Avg - *SDev. -42.5 287 632 -251 500 465 158
Avg + 1"8Dev 6.9 151 -49.8 1.8 7.1 -19.9 7.9
Range 19.4 9.8 135 2.9 52.0 287 238
Avg ~2.8 “18.9. ~56.4 A7 ~33.1 -33:2 4.0
Dalta Hardness; % for Lab Averages - Outliers Deleted
ACM.  AEM FKM FEPM NBR-1“ NBR-2 HNBR
Avg 7.8 -486.1 3.2 -7.8 B 1.8 5.0
Avg - *SDev <16 -21 1 -9 -12 -7 -7
Avg + *SDev 1 -11 6 -5 3 4 -3
Range 17 11 5 4 2 " 3
Percent Volume Swell ; Lab Averages - Outliers deleted
ACM AEM  EKM\ - FEPM NBR1 NBR-2 HNBR
Avg 2.00 245 0.60 8.73 4.42 5.51 4.07
Avg - r'SDev 04 220 %00 8.0 23 37 3s
Avg + *SDev 3.4 26.8 1.1 94 64 7.2 4.6
Range 28 46 1.2 1.4 4.1 35 11

VMQ
31,6

«28

307
26.5
34.0
7.5

-7.7
257

-20.8
EvNG
11.0

19
16

.18
1.3

23

76.8
-81.3
72,57
87

ECO

-44.1
«53.4
«34.8
186

~44.1

10.3

14

£.0
-2.0
2.0
4.9

1A—SUMMARY TABLE PART 1: CHANGE (DELTA) IN PROPERTIES AFTER IMMERSION

-15-
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