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The Study on the Properties of EPDM/NR Blends

Jin-Hwan Go and Sung-Soo Park
Research Center of Kumho Co, ltd Kwong-ju 506-040, Korea

ABSTRACT

The physical properties of rubber blend between natural rubber(NR) and ethylene propylene diene terpoly-
mer(EPDM) were investigated as a study of EPDM composite materials. For EPDM/NR blends, the effects
of ethylene and diene contents in EPDM, blend ratio, dicumyl peroxide(DCP) curing system on the physical
properties, interfacial adhesion force and dynamic crack growth etc. were studied. EPDM/NR blends loaded
with carbon black were prepared by mechanical mixing and cured by plate heating cure press. Crosslinking

density was measured by swelling method with toluene. The physical properties of all blends were measured
with Instron, fatigue to failure(FTF), Demattia flex cracking tester(DMFC), scanning electron microscopy

(SEM), etc.

As the ethylene and diene contents in EPDM increased, the physical properties, such as dynamic crack

growth, adhesion to other component were increased too. Interfacial adhesion force of EPDM/NR blends

to dissimilar layer was improved by the use of optimum peroxide curing system.
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£ A7 o]4d ZE AHE ASTM D3184-8001
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Banbury mixer, Farrel Co.)& 9|43 40rpm%

Ago wE Hg & FAFLE dFsole IR T2 27|&E N0C, HFLE 155CE A5 5o
Table 1. Materials
Ingradients Description Source
NR cis 1,4-polyisoprene (98%) Malaysia Mardec
EPDM A Ethylene propylene diene terpolymer Kumho E. P
(Ethylene/diene =54.7/2.3)
B Ethylene propylene diéne terpolymer Kumho E. P
(Ethylene/diene = 49.7/7.3)
C Ethylene propylene diene terpolymer Polysar Co.
(Ethylene/diene =74.0/10.5)
C/B Carbon Black(N-660) Lucky Co.
S/A Stearic Acid(Acid number 200) Lucky Co.
OIL Paraffinic Oil(Aniline point 95C) Michang Co.
Tackifier Octyl phenol formaldehyde resin(S. P. 95C) ’ P. M. C.
Sulfur S(M. P. 120C) Miwon Co.
CZ N-cyclohexyl-2-benzothiazol sulfenamide Dongyang
DCP Dicumyl peroxide(Active content : 40%) Hercules
DPG Diphenyl guanidiene(M. P. 144T) Kumho Monsanto
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£ 3T Table 20 Jehiilch. HE g
AlH-& 4 27|E(rheometer, Monsanto ; ODR2000)
£ o] 43te] 160ColA Jlae s ARG oH, F
S - =A (Mooney viscometer, Monsanto ; R-100)
S o3t 125CoM FAMAALE zAbet)
of2] 4 FA4E AT 7 AlEL 160CA H57)
#A(end cure point)E 71FLE HAITAZS
ARG L sk g A7) (3£ & A8t
Azt oldf o gelH A 500psio] $ict.

Table 2. Recipes of EPDM/NR blends

Exp. Polymer ratio Cure system
(phr) (phr)
NR/EPDM A(60/40) S/CZ(1.8/0.7)
NR/EPDM B(60/40) S/CZ(1.8/0.7)
NR/EPDM C(60/40) S/CZ(1.8/0.7)
NR/EPDM C(90/10) S/CZ(1.8/0.7)
NR/EPDM C(80/20) S/CZ(1.8/0.7)
NR/EPDM C(50/50) S/CZ(1.8/0.7)
NR/EPDM C(60/40) S/CZ/DPG(1.6/0.5/0.2)

NR/EPDM C(60/40) S/CZ/DPG/DCP
(1.8/0.5/0.2/2)

i NR/EPDM C(60/40) S/CZ/DPG/DCP
(1.8/0.5/0.2/3)
j NR/EPDM C(60/40) S/CZ/DPG/DCP
(1.8/0.5/0.2/4)
Note : Other ingradients were carbon black(N660)
50phr, ZnO 5phr, stearic acid 2phr, paraffinic
oil 15phr, octyl phenol formaldehyde resin
4phr.
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Fig. 1. Rheometer of NR/EPDM blends with EPDM
compositions. (a) NR/EPDM A(60/40), (b)
NR/EPDM B(60/40), (c) NR/EPDM C(60/
40)
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Table 3. Mechanical properties of NR/EPDM ble-
nds with EPDM compositions

a b c
Unaged
Hardness{JIS] 54 56 59
100% modulus[kgf/cm?] 17 20 24
200% moduluslkgf/cm?] 38 44 51
300% modulus[kgf/cm?] 64 76 89
Tensile strength[kgf/cm?] 9% 145 179
Elongation at break[ %] 390 500 505
Aged™
Hardness[]JIS] 53 54 56
100% modulus(kgf/cm?] = 22 22 28
200% modulusCkgf/cm?] - 46 50
300% moduluslkgf/cm?] - 80 -
Tensile strength(kgf/cm?] 25 57 67
Elongation at break[%] 125 240 265

*1: aged at 105T, 6days

a ' NR/EPDM A(60/40) S/CZ(1.8/0.7)
b : NR/EPDM B(60/40) S/CZ(1.8/0.7)
¢ . NR/EPDM C(60/40) S/CZ(1.8/0.7)
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Fig. 2. Wear loss, hardness and tear strength of 0 . . ,
NR/EPDM blends with EPDM composition. 100 200 300
(@) wear loss, (A) hardness, () tear CyclesX10 3

strength. (a) NR/EPDM A(60/40), (b)
NR/EPDM B(60/40), (c¢) NR/EPDM C(60/
40)
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Fig. 3. Fatigue life and heat build up of NR/EPDM
blends with EPDM composition. (@) fatigue
life, (A) heat build-up. (a) NR/EPDM A(60
/40), (b) NR/EPDM B(60/40), (c) NR/
EPDM C(60/40)
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Fig. 4. Crack growth against flexing cycle of NR/
EPDM blends with EPDM compositions. (a)
NR/EPDM A(60/40), (b) NR/EPDM B(60/
40), (c) NR/EPDM (C(60/40)
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Fig. 5. Adhesion force of NR/EPDM blends with
EPDM compositions. CNTL : NR(100). (a)
NR/EPDM A(60/40), (b) NR/EPDM B(60/
40), (c) NR/EPDM C(60/40)
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Fig. 6. Scanning electron micrography of surface of
carcass after peel test. (a) NR/EPDM A(60/
40), (b) NR/EPDM B(60/40), (c) NR/
EPDM C(60/40)

Fig. 8, 9& NR/EPDM Zdze zAu]d w&
utods) s24make] @4, precutdtl e 25
AR B4 Jehhgleh, BFP¢ w=d 23
wio od 7siAle Z|AA oA dR7t 5
Ao YA 2 Agsle] Aar}t 22 Fo| st 7]
AR U e 47} s E Agste A
a4 0F F4d 9ald 2TFAE Y 39
. 2 598 e AgeAe 1FE AFE )
¢ Az ", FAd Ao g £x3
EE 7IAE NRY o] F7HEE Aa, 22
F5ol I3 FFFdo] 44 AR F2To)

2

it



EPDM/NR Z2az 2] B #3 A

Tahle 4, Mechanical properties of NR/EPDM ble-

nds with blend ratio 50t 1%

c d e f
—119

Unaged g _
Hardness[JIS] 59 54 56 60 A <
100% moduluslkgf/em®] 24 19 20 24 2T 1" 2
200% modulusTkgf/em’] 51 46 48 53 B A 2
300% modulus(kgf/cm?] 89 86 87 94 =1 3
Tensile strengthlkgf/em?] 182 184 184 182 = oL 1y
Elongation at break[%] 505 510 505 490
Aged” 0 | 1 1 1 1
Hardness[ JIS] 56 47 48 62 d e ¢ f
100% modulus[kgf/cm’] 26 18 20 33 NR/EPDM C
200% modulus[kgf/cm?] 50 — 32 67

Fig. 8. Fatigue life and heat build up of NR/EPDM
blends with EPDM composition. (@) fatigue
life, (A) heat build-up. (d) NR/EPDM C(90
/10) S/CZ(1.8/0.7), (e) NR/EPDM C(80/
20) S/CZ(1.8/0.7), (c) NR/EPDM C(60/40)

300% modulus[kgf/cm?] - - - =
Tensile strengthlkgf/cm?] 67 32 36 75
Elongation at break[%] 215 180 190 230
*1 . aged at 105C, 6days

¢ - NR/EPDM C(60/40) S/CZ(1.8/0.7) S/CZ(18/0.7), () NR/EPDM C(50/50) S/
d : NR/EPDM C(90/10) S/CZ(1.8/0.7) C7(18/07)

e : NR/EPDM C(80/20) S/CZ(1.8/0.7)

f : NR/EPDM C(50/50) S/CZ(1.8/0.7)
Bolxglel Bojzlh, 2@ Fig. 94% precutdt
0“/11«] 22 749 Hxl_. NR"’] ugg:'l:i o o
651 H60 40 AR 2x 2 Jephgldh, o] NRY F2 cis 1,4-
LT 2 isoprene®] SPATFAROZ 8 ok AL
g 3 o ARE} folaA YA FAL ARE oAl
£ WEEE AR 2 299 AdAE A4 ddAst 2
2 sof 7 A% AskFducks 744 T 93 st ¢
i & ARoz odojuyy| witelzt A=, EPDMe]
% 10~40phrd e} FARGEEE Sl oM, 50
0*’* L t 1 | 45 25 phr°é EH-/] ﬂ-oé/\gzo]'é;‘}—\_ 21 -]'71] HHE]—E}Z‘:!_% i‘ﬁ

d e c f \4
NR/EPDM C

Fig. 10> NR/EPDM H31ZojA EPDM ¥l
w2 NRA AEse AdAREE Jehisidh

Fig. 7. Wear loss, hardness and tear strength of
NR/EPDM biends with EPDM composition.

(@) wear loss, (A) hardness, () tear EPDMS] o] 7kl met A&He) Astg<
strength. (d) NR/EPDM C(90/10) S/CZ(18 HolFly ol wiA7te 48 = sebr]E (solubi-
/0.7), (e) NR/EPDM C(80/20) S/CZ(1.8/0. lity parameter) A7} 27485 A aFH,
7), (¢) NR/EPDM ((60/40) S/CZ(1.8/0.7), 9.2 ko] glo]a] 13 AdHo] NujHoR s

f) NR/EPDM C(50/50) S/CZ(1.8/0.7) .
( sfog Azt BEs7)7h §ol EAshe NRE%o]
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Fig. 9. Crack growth against flexing cycle of NR/
EPDM-blends with EPDM composition.
(d) NR/EPDM C(90/10) S/CZ(1.8/0.7),
(e) NR/EPDM C(80/20) S/CZ(1.8/0.7),
{c) NR/EPDM C(60/40) S/CZ(1.8/0.7),
() NR/EPDM C(50/50) S/CZ(1.8/0.7)

nl

21

15+~

- Adhesion force(kg/cm?)

L. 1 1 ] 1

CNTL d e c f

NR/EPDM C
Fig. 10. Adhesion force of NR/EPDM blends with
EPDM composition. CNTL : NR(100).
(@) NR/EPDM C(90/10) S/CZ(1.8/0.7),
(e) NR/EPDM C(80/20) S/CZ(1.8/0.7),
(c) NR/EPDM C(60/40) S/CZ(1.8/0.7),
(f) NR/EPDM C(50/50) S/CZ(1.8/0.7)
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Table 5. Curing characteristics of NR/EPDM blends
with curing system

c g h i i

Rheometer(160C)
Min. torque[lb-in] 603 581 612 574 595
Max. torque[lb'in] 35.08 29.00 33.16 36.36 36.36

Tslmin] 534 238 2'27 2'27 2'32
To[min] 829 621 6'19 7'04 8'13
Mooney viscometer

(125%)

Mooney viscosity
[ML,+,125¢C] 352 252 352 324 324

TsLmin] 310 108 87 85 78
Total crosslinking

densityl X10°] 107 79 104 114 119
¢ - NR/EPDM (C(60/40) S/CZ(18/0.7)
g - NR/EPDM C(60/40) S/CZ/DPG(1.6/0.5/0.2)
h : NR/EPDM C(60/40) S/CZ/DPG/DCP(1.8/0.5/0.2/2)
i: NR/EPDM C(60/40) S/CZ/DPG/DCP(1.8/0.5/0.2/3)
j ' NR/EPDM C(60/40) S/CZ/DPG/DCP(1.8/0.5/0.2/4)

Table 6. Mechanical properties of NR/EPDM ble-
nds with curing system

c g h i j

Unaged
Hardness[JIS] 59 56 58 57 57
100% modulus[kgf/cm?] 24 17 22 23 24
200% modulus[kgf/cm®] 51 38 50 55 59
300% modulus(kgf/cm?] 89 67 92 102 112
Tensile strength(kgf/cm?] 179 172 175 174 183
Elongation at break[%] 505 580 480 440 435
Aged™
Hardness[ JIS] 5 49 49 51 53
100% moduluslkgf/cm®] 26 13 17 18 19
200% moduluslkgf/cm?] 50 25 3% 37 41
300% modulus[kgf/em®’] — 40 51 52 ~—
Tensile strength(kgf/cm®] 57 53 62 59 83
Elongation at break[%] 215 400 320 295 260
*1 Daged at 105C, 6days

¢ NR/EPDM C(60/40) S/CZ(1.8/0.7)

g NR/EPDM C(60/40) S/CZ/DPG(1.6/05/0.2)

h : NR/EPDM C(60/40) S/CZ/DPG/DCP(1.8/0.5/0.2/2)
i NR/EPDM C(60/40) S/CZ/DPG/DCP(1.8/0.5/0.2/3)
j - NR/EPDM C(60/40) S/CZ/DPG/DCP(1.8/0.5/0.2/4)
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/ Fig. 12. Scanning electron micrography of surface
of carcass after peel test. (h) NR/EPDM
e C(60/40)  S/CZ/DPG/DCP(1.8/0.5/0.2/2),
(i) NR/EPDM C(60/40) S/CZ/DPG/DCP
(1.8/0.5/0.2/3), (j) NR/EPDM C(60/40)
S/CZ/DPG/DCP(1.8/0.5/0.2/4)
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