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B 1. World's Market for Thermoplastic Elastomers
(unit : millions of Ib)

Average
anuual-growth
1595 2000  1995-2000

Motor vehicles 798 1,133 7.3%
Footwear 503 593 3.3
Industrial machinery & equipment 463 653 7.1
Consumer products 236 346 8.0
Wire & cable 130 165 4.9
Medical products 99 174 11.9
Construction 62 90 77
Other 44 64 7.8
Total 2,335 3,218 6.6%

Source : Freedonia Group(Chemical & Engineering News, p- 10,
August 5, 1996).
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¥ 2. Effect of Crosslinking on Properties of Rubber/Thermo-
plastic Compositions

Composition A Composition B

Property Uncross-  Cross-  Uncross- Cross-

linked linked  linked linked
Percent gel - 96.6 - -
Crosslink density(mol/cm?) 0 51x10% - -
Hardness(Shore A) - - 81 84
Ultimate tensile strength(MPa) 5.8 17.7 4.0 13.1
Ultimate elongation(% ) 300 260 630 430
Stress at 100% strain(MPa) 4.3 9.9 2.8 5.0
Young’s modulus(MPa) 10.5 56.9 - -
Tension set(%) — - 52 14
Compression set(% ) — - 78 31
Swell in ASTM No. 3 oil(%) - - 162 52

Composition A : NR, 60 ; PP, 40.
Composition B : EPDM, 91.2 ; PP, 54.4 ; extender oil, 36.4 ;
carbon black, 36.4.
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Without With

Dynamic Vuleanization Dynamic Vulcanization

2%l 1. Effect of dynamic vulcanization on phase morphology.
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% 2. Variation of ultimate stress and ultimate elongation
with crosslinked rubber-particle size. X indicates failure of speci-
men.
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H 3. Effect of Crosslinking Agent on Properties of EPDM/PP
(60/40) Compositions

Crosslinking agent

Property N Dimethyl-
one Sulphur  ppenglic Peroxide

Hardness(Shore D) 36 43 4 39
Ultimate tensile strength(pst) 720 3530 3710 2300
Stress at 100% strain(psi) 700 1160 1410 1170
Ultimate elongation( %) 190 530 350 420
ASTM No. 3 oil swell(%) disintegrated 194 109 225
Compression set(%) 22h/100 C 91 43 24 32
¥ 4. Effects of Curatives on Processibility

Barrel temp., Barrel temp., Barrel temp.,

Extrusion 193T 216 C 232°C

Phenolic Sulfur Phenolic Sulfur Phenolic Sulfur
curative curative curative curative curative curative
Extrudate temperature 197 203 218 218 232 234

Output rate, g/min 1995 2018 1860 189.0 1825 1712
Surface appearance at
normal take-off rate

Surf_ace appearance at smooth v.rough
maximum drawdown fractured
Area drawdown ratio 3.0 1.9 >6.8 4.1 6.8 3.7

Odor mld mild mid HySodor mild offensive
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smooth rough smooth v.rough
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&l 3. Influence of crosslink density on tensile strength and
tension set.
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& 4. Variation of properties with parameters of elastomer
and thermoplastic. Symbols : g5, tensile strength of composi-
tion ; 0y, thermoplastic tensile strength ; &g, ultimate elonga-
tion | &g, tension set ; Ay, difference between elastomer and
thermoplastic wetting surface tensions ; Ng, minimum number
of elastomer chain atoms for entanglement ; W, thermoplastic
weight fraction of crystallinity.
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H 5. Rubber/Plastic TPVs

Rubber Plastic

PP PE PS ABS SANPMMAPTMT PA PC
IIR P P P S S P P P P
EPDM SPO S MO S MO P M-0 M-O M-O
PTPR P S P P P S M M P
NR P M-M M-M M-M M-M M-M M-M M-M M-M
BR M M M M M M M M M
SBR P MM M MMMM-M M M M M
EVA 0 M-O0 M-O M-O M-O M-O O (0] [0}

ACM SO-S SO-S SO-S SO-S SO-S SO-S SO-S SO-S SO-S
CPE M-0 O o} o (o) ] 0 0] (0]
CR S S MM\MM-MM-M § M M-M -
NBR M-O M-M O 0 0O M - M M-M
Curative  symbols are : Methylolphenolic(P) ; Bismaleimide
(M) ; Bismaleimide-MBTS(M-M) ; Bismaleimide-peroxide(M-
0) ; Organic peroxide(QO) ; Organic peroxide-coagent(0O-C) ;
Accelerate sulfur(S) ; Soap-sulfur or sulfur donor(SO-S).

EPDM-EA 55A 7.90-+
EPDM-EA 64A

EPDM-EA 73A

R o L L . '
00 10 20 30 40 50 60 7.0 8.0
Flex Life (megacycles)

%] 5. Direct comparison of tensile flex fatigue of TPVs to
that of thermoset rubbers, 100% extension, 100 cycles/min.
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%8| 6. Retention of ultimate elongation as a function of time.

E 6. Comparison of Resistance of EPDM/PP and NBR/PP to
Fluid Media“®

(EPDM/PP)/(NBR/PP)
% Retention

Weight % Retention % Retention

Fluid/conditions® change  ultimale u]tlméte 100%
(%)  elongation tensile modulus
strength
ASTMno. 1 ail, 100 T 17.3/-132  87/103 82/120 94/113
ASTM no. 2 oil, 100 ' 334/-42 817104 78/118 95/108
ASTM no. 3 oil, 100 C 484/-03  70/85 71/90 93/94

Isooctane, 23 °C 18.9/-106  83/104 77/99 84/88
Isooctane/tolune(70/30), 23 ¢ 33.6/17.1  77/67 74/67 78/81
Isooctane/tolune(50/50), 23 'C 18.3/17.7  75/67 76/67 79/81
Turpentine, 23 C 50.5/6.2 77/85 70/77 82/893
¢ Both EPDM/PP and NBR/PP have 80 Shore A hardness.

® One week, total immersion, ASTM D471.

1 o]E olfl& UWr|2 zh= NBR3} Edidlogs &
A% in-situg ES FEEA9) YA S 23 wET
PPE #Alz+A2 HMA4AIA o] NBRe Alohwr|e}
W8l JEZE FEZEAE FAIEE = e
£3} 7ol AAATHE2 ololzre, AW a3
W FH7laE e 238l Az¥ NBR/PPA TPV
£ 198413 Monsantoo| A} Geolast®% o]2o 2 ArZ3)
o 4&stdon, EPDM/PP TPVe} vl A%, 13
BY, 97U9FEE 54 52 JehaA, gsksead
Al g HalEAdel EX Holuel. NBR/PP TPV
o] W&4& EPDM/PP TPVl vlmsted E 69 e}
it x5, EPDMA TPV el vlmdle] NBRe =
2 frEdolexe) EXIVIZ 3y LB R I
31540 A3t

4.3 NRA| TPV

HADRE PPo} e 294 Zei2"a Ad5a
o E3ME 71A, 483 E ARREIR gas FH7tR
ol &3 1 ©)3} 7)Y vld RE2X)E 2= TPVE
e U, dFH A& NR/PP Ed=2RE A
Z % TPNR(thermoplastic natural rubber) o]t} 232

734 Polymer Science and Technology Vol. 8, No. 6, December 1997



® 7. Gas Permeability of TPVs

. Oxygen
Description I;‘;bbe,r/ Al;.“ o transmis- WVTR®
astic permeabllity sion rate?
EPDM-based TPV(shore A 65) EPDM/PP 7.0 2227 244
Butyl-based TPV (shore A 60) Butyl/PP 2.0 436 1.23
Butyl-based TPV (shore A 65) Butyl/PP 0.3 123 0.57

Reference thermoset butyl rubber Butyl/ 03 7Tt 037t
bladder compounds (shore A 55) V" - 127 062

“ASTM D 1434 ; unit=10°m®xm (at STP)/m?x day x KPa
at 23 C.

® ASTM D 3985 ; unit=cm3x mm/m?x day at 23 C(50 to 75%
relative humidity).

“ASTM F 1249 ; unit=g xmm/m?x day at 23 C(90% relative
humidity).
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E 8. Injection Molding Conditions for EPDM/PP TPV

Rear-Zone Barrel Temperature, C 180-220
Center —Zone Barrel Temperature, C 205-220
Nozzle Temperature, C 205-220
Mold Temperature, C 20-65
Injection Pressure, MPa 35-140
Hold Pressure, MPa 30-110
Back Pressure, MPa 0.7-3.5
Screw Speed, rpm 25-75
Injection Speed Moderate to Fast
Injection Time, s 5-25
Hold Time, s 15-75
Total Cycle Time, s 20-100
H 9. Extrusion Conditions for EPDM/PP TPV
Rear-Zone Barrel Temperature, 175-210
Center-Zone Barrel Temperature, C 175-210
Front-Zone Temperature, C 190-220
Adapter Temperature, ‘C 205-225
Die Temperature, C 205-225
Melt Temperature, C 205-225
Screw Speed, rpm 10-150
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