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# 1. Compound Recipes Used

Formulation A B C
EPDM 100.0 - 100.0
EPM - 100.0 -
SRF N-762 Black 50.0 - 50.0
SRF N-761 Black - 50. -
Zinc Oxide 5.0 - 5.0
Agerite Resin 1.0 - 1.0
Dicup 40C 7.0 6.75 -
Stearic Acid - - 1.0
MBT - - 0.05
TMTD - - 1.5
Sulfur - - 1.5
Ricon 153 0,21/2,5,10 - 0,21/2,5,10
Ricon 152 - 0,10 -

¥ 2. Effect of Ricon 153 in an EPDM Compund
(Peroxide Cure)

Aged Physicals Concentration

Aged 72hrs. @100°C 0 21/2 5 10
Tensile MPa 14.3 13.9 14.1 12.5
Elongation % 440 370 310 250

100% Mojulus, Mpa 4 1.7 1.9 2.6
200% Mojulus, Mpa 3.4 5.0 6.4 8.8
300% Mojulus, Mpa 7.6 10.3 13.7 -
400% Mojulus, Mpa 124 - - -
Hardness, Shore A 60 63 63 65
Compression Set 22.0 145 18.6 12.8

E 3. Mooney Viscosity and Scorch
(Mooney Viscosity : ML1+4 at 121°C)

LBP 0 21/2 5 10
Initial Reading 743 739 738 645
4 Minute Reading 54.5 52.0 49.0  43.0
Mooney Scorch :
MS at 121C
Time to 5 Point 69.0 71.0 59.0 60.0
Rise, Min

¥ 4. Effect of Ricon 151 in an EPM Compund

(Peroxide Cure) Formulation B

Properties Concetration
Aged 72 hrs. @ 0% 10%
Modulus, MPa 1.2 5.9
Tensile Strength, MPa 8.3 12.6
Elongation at Break % 450 150
Shore A Hardness 55 67
Compression Set, % 35 9
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1,2-Polybutadiene 8] #5435} M

¥ 5. Effect of Ricon 153 1,2-LPB in an EPDM

Compund
Compound
Aged Physicals Concentration
Aged 72hrs. @100C 0 21/2 5 10
Tensile MPa 8.2 11.1 12.5 13.3
Elongation % 210 310 400 560

100% Mojulus, Mpa  33.3 2.9 25 2.2
200% Mojulus, Mpa. 7.7 6.6 5.2 4.2

300% Mojulus, Mpa - 10.5 8.9 6.9
400% Mojulus, Mpa - - 124 9.7
500% Mojulus, Mpa - - - 12.1

Hardness, Shore A 69 68 66 69
Compression Set 524 415 511 48.9
Effecet of 1,2-LPB Concentration on Mooney
Viscosity and Mooney Scorch
(Mooney Viscoity : ML1+4 at 121°C)

1.2-LBP 0 21/2 5 10
Initial Reading 78.0 76.0 67.5 65.0
4 Minute Reading 535 51.0 48.0 448
Mooney Scorch :

MS at 121C

Time to 5 Point 22.5 225 21.0 30.0
Rise, Min

20 40 60
pHR oil

O=25phr 1.2- polybutadlene(}u(.,o\!lSS)

X = without co-sgen

Master Batches were made with Nordel 1440, 100phr : SRF N762, 50phr
Circosel 4240 oil 0, 20, 40 and 60PHR : ZnO 5phr and Agerite Resin 0, 1phr
Catalyst for all batches was MBT, 0.5phr | TMTD 1.5phr and Sulfur 1.5phr

a8 2
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2.5 Comparision of 1,2-LPB with TMPTM

u
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¥ 6. Formulation for Co-Agent Comparisons

Peroxide Sulfur
Master Batch* 156 156 156 156 156 156
Stearic Acid - - 10 10 1.0
Ricon 153 - 25 - - 25 -
Sartomer 350 - - 25 - - 25
Dicup 40C 70 70 70 - - -
MBT - - - 05 05 05
TMTP - - - 15 15 15
Sulfur - - 15 15 15

*Master Batch contains 100phr EPDM, 50phr SRF n- 762 Car-
bon Black. 5.0phr Zn0 and 1.0phr Agerite

& 7. Comparativ Co-Agent Compound Properties
Aged Physicals

Aged 72hrs. @100°C  Peroxide Sulfur

LPB 00 21/2 - 00 21/2 -
T™MPTM - - 2172 - - 21/2

Tensile MPa 143 139 134 82 111 82
Elongation % 4400 370.0 410.0 210.0 3100 240.0

100% Molulus, MPa 14 17 18 33 29 31l
200% Molulus, MPa 34 50 48 77 66 70
300% Molulus, MPa 76 103 91 - 105 -
400% Molulus, MPa 124 - 130 - - -
Hardness, Shore A 60.0 63.0 63.0 690 680 69.0
Compression Set 220 145 144 524 415 521
Mooney Viscosity 743 739 757 780 760 723
@121 °C-Initial Read

Four min Reading 545 520 618 535 510 505
Mooney Scorch @121C- 69.0 71.0 265 225 225 280
Time to 5point Rise
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2.6 Heat, Hydrogen and Chemical
Resistance EPDM Formulation

AFA e Foht oA Fof RFL w2 W
44, W4, dgety, deAEdE 2783 gl
48 59 A9 28, 4& 14, ¥ AE, gFiA
bladder, & % o}F 7158 2ANME A 5 e
3TE 973k 9ok

2599 AL Ad vl G o o
7oA 2gdslol gk, of A ol $4 T
of AHEEE defrEre Aol & 259 gt
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1. Butyl(IIR)-softens, undergoes reversion
2. Nitrile(NBR)-hardens and becomes nonelastic.
Embrittles on aging in presence of H2S.

3. Epichlorohdrin(CQO)-softens, hydrolyzes,
extrudes.

4. EPDM-softens. swells, resists chemical attack.

5. Fluoroelastics(FKM )-embrittles on aging,
looses HF.

6. Polyacrylics( ACM)-not resistant to hot water
and steam at 260°C

7. Chloroprene(CR)-hydrolyzed.

8. Silicone(VMQ)-has good physicals, but swells
in bydrocarbons and is destroyed in 260°C brine

9. Fluorosilicone(FVMQ)-destroyed by 260C
brine, has excellent physicals at 260C and is
resistant to hydrocarbons Possibly has selected
downwell uses.

F8oA B} 2& FAA AL £ 9le da
Evje EPDM3} £4 179 7k A 2t}
3 99 ot derEne FL fAA 260TY
43, o4&, 7153 AEse AEHE A A7l
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.
1,2-polybutadiene& EPDM 9] WdAl& 3447
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4 A4EHE= AdE EPDMd 1,2-poly-
butadiene© 2 F712A|7) AF-E AHgsled o] A
AL 7o) A1 gubdq EPDMAANCE F&
Wa4E 24

EPDM& WstgtAo] $<3tet. sfustd EPDM
Fago] 23} ARETEE FAS V) A& 38
AFo gt ksl B} ofjc) = ARk,
2F, 28, ¥R A}, 7] 400 sl 2
E4& 7HA 3 9he)

EPDM<¢ aliphatic chlorinated hydrocarbon=} H]
24 wgE4A 9 toluened & ofsjr}. 2d 34

H 9. Chemical resistance of 1,2-polybutadiene
mineral filled moded specimens at elevated
temperature : 20% resin . 80% filler

Tested one week at refluxing temperture.

Reflux % Weight % Flex Hardness
Tempera-  Change Strength Change

Solvent  ture C Chan -2.0
Tap Water 100 +025 —10 -15
Toluene 115 + 25 =170 ~2.0
Kerosene 145 +40 =35 4120
DMSO 189 + 15  +15 +5.0
Glacial Acetic Acd 118 +20 30 -9.0
96% H2504 200 + 50 =50 +1.0
20% H2504 100 +20 +5 +1.0
10% NaOH(1) 100 +20 -2

(1) Coke filled specimen ; silica filled sample was attacked se-
verely when tested.
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2.7 Silicone Elastomer
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2.8 Silicone Modification

Ag)Exn %9 1,2-polybutadiened Hr}slo] A8
& 4 se AgEzte VMQHTV)E DCPe} 7
& FsEe] 150~190C Axel slad 4 Sl
EFoldh

o]2{g 454582 = dibenzoyl peroxide, dicumyl
peroxide, 2,5-dimethyl-2,5-bis(t-butyl peroxy)hex-
ane, Di-t-butyl peroxidego| ¢lc}. A|8E ¢34
A3 carbon black& N550 fumed cabosil, Red
ironoxide(Fe,0,), Mimusil2 Agstgct. 1,2-
polybutadiene& Alg|Za o] A7l whyo g2
37k whe] et

%10, 112 12-polybutadienee] &4 9 wfst
ojc}.

E 10. Composition and Typical Properties of
Ricaon Resins

Ricon-150 Ricon-152
Polybutadiene | Polybutadiene

Chemical Composition

Microstructure 70% 1,2 Vinyl | 80% 1,2 Vinyl
Molecular Weight 2000 2800
(Approx.)

Physical State Clear Viscous Lig | Clear Viscous Lig

Viscosity (Frookfield) poise| 400 @25 600 @25C
Specific Gravity @25C 0.89 0.89
Pounds per Gallon 74 74

Flash point 1300 1300
(Tag Closed Cup)'F

Monvolatile Matter, Wt% 98.5 min 98.5 min
MW Distribution Broad Broad

x 1.

Formulation D E F
Silastic GP-30 100.00 100.00 100.00
Cabosil(Fumed) 15.00 15.00 15.00
Red Iron Oxide, Fe203 2.00 2.00 2.00
Carbon N 550 - - 0,10,20,40
Dicup 40KE 5.00 5.00 5.00
Ricon-152 0,21/2,5 1 0,10,20,40| 0,10,20,40
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2.9 Compounds Using Low Concentration
of LPB Resin.

1,2-polybutadiene & 3}A13}E7lw el AelE%-9]
M Y 2EE ot ofed AR ARELE A3
52 moduluse $718}1 Axe A5dtT 474E
55 WolA L YEAAE St

Ftade 1-5phr A% AWk e dehet 3
e FIN24E o e w3} dehdeh. ol
g dA 1,2-polybutadiened] ojdjA sladxs} &
A EH07) dEolet. w3 R} wolAA Al
T 17 wAo] wi¢ gt 1718 23 FHe &
A= wsiEd,

A3 wigEs 2129 7).

¥ 12. Effect of Ricon-152 at low concentration
Formulation D(Peroxide cure)

Property . Concentration
Unaged-Cured 10min @166°-- 0 2 1/2phr 5phr 10phr
Tensile, Mpa 5.0 47 48 49
Ultimate Elongation % 220.0 2400 180 1600
100% Modulus, Mpa 20 18 25 30
Hardness, Shore A 650 680 730 780
Compresston Set 264 237 236 233

24hrs @ 150°C 25% Deflection
Rheometer Data . Model ;
MPV Range : 100 Clock :
30min Speed ; 900rpm Die ; Micro
Arc ; 1 Temperature ; 166° -

Minimum Viscosity, dNm 212 202 176 127
Scorch Time, Minimum 08 07 L1 14
Maximim Torque, dNm 59.1 638 745 793
Optimum Cure Torque, dNm 553 595 688 726
Optimum Cure Time 525 53 625 7

Cure Rate 6.78 747 879 948

H 13. Effect of Ricon-152 at high concentration
Formulation E(Peroxide Cure)

Properties ; Unaged-Cured Concentration

10min @166°C Ophr 10phr 20phr 40phr 60phr
Tensile, Mpa 79 72 60 53 51
Ultimate Elongation % 30 220 210 50 20
100% Modulus, Mpa 1.9 32 41 - -
200% Modulus, Mpa 40 64 79 - -
300% Modulus, Mpa 66 - - - -
Hardness, Shore A 65 72 79 8 91
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2.10 Compound With Higher
Concentrations of LPB Resin
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2.11 Solvent, Oil Fuel and Chemical
Resistonce
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2.12 Heat Resistance

1,2-polybutadiene e $A3 7fxEdew Wods
€ o =uh BF 415 204 ALzAA 9
B} HAHT g7)Fe) e 230°Col A 600047
A% Yo YA FA49 85% ol 4

E 14. Volume swell data for various slovents
and aqueous sloutions (166hrs at 23 +2C)

Reagent 0 10 20 40
Aqueous

Water 05 05 06 08
Water(95C) 27 18 03 0.2
50% Ethylene Glycol-

50% Water(104°C) 05 1.0 04 -
Acid Solutions

10% Hydrochloric -2,0 -1.2 -0.7 -0.9
Conc. Hydrochloric 5 9 16 15
10% sulfuric 09 08 0.8 056
5% Acetic 0.1 07 09 0.2
Glacial Acetic 1.3 4 30 1.2
Alkali Solutions

10% Ammonijum Hydroxide 2 3 4 2
10% Sldium Carbonate 1.9 1.1 01 o1
Solvents and Fluids

Acetone 21 20 20 23
MEK 159 58 54 35
Methylene Chloride 128 110 85 97
Ethanol 5 8 6 5
Methanol 04 03 04 06
Toluene 159 124 120 97
Isooctane(Fuel A) 163 125 110 66
Ref. Fuel B 202 185 151 111
Ref. Fuel C 222 188 156 106

90% Fuel C-10% Ethanol 198 167 152 116
90% Fuel C-10% Ethanol 218 179 152 115

Ethyl Acetate 88 62 60 44
Tetrahydrofuran 157 124 104 107
Ethylene Glycol 09 07 06 1.2
140 Solvent 122 109 91 88
Oils

Mineral o1l 11 12 10 20
ASTM #1(1) 26 19 4 6
ASTM #3(1) 34 37 32 27
Silicone Oil SF 96(2) 18 15 13 6
Hydraulic Fluid(2) 1.1 14 16 1.7
Skydrol 500(2) 14 20 13 20

(1) 70hrs at 150°C
(1) 70hrs at 100°C

b, Ae)Es 1,2-polybutadienes Wk A2
% A7e) A-E, 1,2-polybutadiened] Wdx
ue} e,

1,2-polybutadiened #H7}3}A) ¢ AlzjZe] A}
& A Euck B WAl AT EA A
BE 175 F3Ao|},

2.13 Reinforcing Fillerz} High Concentra-
tion of LPB Resin

AgjE3%F 1,2-polybutadiene 7} )¢
Tl carbon blackel N550& A7}sHA =wd a7}
2 AEHE e 4 5w w3 e Yo dig
Huishgo] Aoz WAAx FAHHc) iy o
i A 2R A5E Fo|dA thAtS 3o 4
7} Siet.

3 34 AgEZate WHAY WiAs e ¥
2ol g3 Frk. 254, A5} Wik, A8l o
aof 743 EAJo] ek AL A AE ARl
o o2 Y2 ddso] gloke AL ¢

3. 2 &

1,2-polybutadiene& EPDM.EPMel| ojsjA] Z7}
TAS EFe AT FEA, 49 A2 B4
Aol &t} SRS AME o) 1,2-polybutadiene
< 2 PheE 23} a9, $534) g a
Az 715AE A8t AEauE F4FT} 20—
30phr A= H7hste] 7h8A7)H ARs} Aot W)
4, Aol Far}. 1,2-polybutadiened %3}
Ao A9 w fAd AHshe FEo R AM8E
I AFeR glow 315CHA LR E MR AY
o] 7} & Aolt}. 1,2-polybutadiened EPDMoj|
A7k W, W, WEAE a7ske H-El o
N & BHE 9¢ 5

AglZ23%9) 1,2-polybutadienes #7}ste AR,
ARE, modulus 22 E49 Wil Qlor $HE
Ao A A3g W} ok B ok A7k o)
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¥ 15. Heat Resistance of Silicone-LPB Blends(No Antioxidants Used)

Temp. Time Phr % Wt. % Linear Hardness Tensile Ultimate
1,2-PBD Loss Shrinkage Durometer %  Loss(Gain) Elongation
200¢C 166hrs. 0 2.5 1.2 + 5 14 +13
10 3.6 2.9 +11 (6) -37
20 34 3.8 + 9 0.2) -42
40 2.3 4.2 +13 (16) -68
250°C 166hrs. 0 3.7 2.5 + 6 17 -22
10 7.8 5.2 + 9 (22) -48
20 10.6 6.1 +12 6 -61
40 11.1 5.8 +13 0 =75
300C 166hrs. 0 7.7 4.1 +19 71 -94(weak)
10 12.6 6.6 +21 78 -97(briitle)
20 16.7 9.3 +18 57 -95(briitle)
40 22.6 10.2 +16 10 -88(brittel)

¥ 16. Effect of Ricon-152 and 550 Carbon Formulation F(Peroxide Cure)

Compound #1, #2, #3 cured 5min @166°C
Compound #4, #5 cured 6min @166°C
Compound #6, #7 cured 10min @166°C

Properties : Concentration

Compound #1 #2 #3 #4 #5 #6 #7

Unaged 0 phr 10 phr 0 phr 0 phr 0 phr 0 phr 0 phr

Ricon 152 152 152 152 152 .52

10 phr 20 phr 40phr
Carbon Carbon carbon

Tensile. Mpa 5.5 5.1 6.6 6.7 5.9 54 6

Ultimate Elongation % 290 180 220 160 110 120 40

100% Modulus, Mpa 1.93 2.9 3.38 3.86 5.38 4.96-

Hardness. Shore A 62 80 76 80 85 85 92

Compression Set 39.6 28.2 325 33 31.6 325 33.9

Rheometer Data

Model : MPV Range : 100

Die : Micro Arc : 1

Temperature : 166°C

Minimum Viscosity, dNm 22.4 134 18.4 9 145 3.4 10

Scorch Time 0.7 0.9 0.85 1.2 1.3 2.35 1.75

Maximum Torque, dNm 53.4 66.9 81 78.3 101.3* 99.8

Optimum cure Torque, dNm 50.3 61.5 74.7 714 92.6* 90.8

Optimum cure dNm 3 4.25 4.9 5.5 6.9*% 6.7

Cure Rata 10.76 12.71 12.31 12.83 12.36 17.37 144

*Invalid Cure-Compound Split in Rheometer

AL FANA F 9len) 2AA9 WS Y Coagents in Ethylene Propylene Rubber, Ind.
ARAHE 744 & 5 9} Eng. Chem Prod. Res. Dvelop. 2(3), 202(1963).
2. L. Spenadel. Heat Aging Performance of Ethyl-

2 1 2 # ene Propylene Elastomers on Electrical Insula-
tion Compound, ACS Rubber Division, Philadel-
1. Lenas, L.P., Evaluation of Cross-Linking phia, PA, May, 1982
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3. Drake, R.E., Liquid 1,2-Polybutadiene Resins as Elastomerics, January, 1982.
Coagents for EPDM, ACS Rubber Division, De- 6. Wargin R.V., Materials Approach to the Devel-
troit, Michigan, October, 1980 opment of Oil Well Cables SPEJ, December,

4. Drake, R.E., 1,2-Polybutadiene as Additives to 1980, 591-597
Silicone Elastomers, ACS Rubber Division, Min- 7. Martin, J.W and Bell J.L., Composition of
neapolis, Minnesota, June, 1981 Polyolefin Rubber, 1,2-Polybutadiene and a

5. Drake, R.E., Property Modification of EPDM Fluorinated Polymer, U.S. Patent No. 3, 769,
Rubber with Liquid 1,2-Polybutadiene Resins, 370
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