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Abstract

As a series of the studies of EPDM-Polymer blends, the experiment are concentrated to the investigation
of the physical properties of the EPDM-NR-SBR blends.

The results are shown as follows:

1. In blending, tensile strength decreased with increase in EPDM contents, especially the ratic of EPDM/
NR-SBR is 75/25.

2. Elongation and tear strength were much influenced by blending, especwlly the ratio of EPDM/NR-SBR
is 50/50.

3. Ozone resistance is much improved after blending. It was effective more than the ratio of EPDM/NR.
SBR is 25/75.

4, Aging resistance is much improved z{ter blending. It was effective more than the ratio of EPDM/
NR-SBR is 50/50.

5. Hardness increased with increase in EPDM contents and on the other hand, abrasion resistance decreased,
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EPDM: Ethylene Propylene terpolymer(Esprene
501)
NR: Natural rubber(RSS#3)
SBR: Butadiene-styrene rubber {Ameripol 1502)
2) Hifb E&HE
HAF: High abrasion furnace black(Continex HA
)]
SRF: Semi-reinforcing furnace black(Continex SR
1)
NOBS spec: N-oxydiethylene bgnzothiazyl—Z—su]f—
enamide(Cyanamide) ‘ '
D: Diphenyl guanidine(Soixinol D)
PBN: Phenyl-f-naphthyl amine(Monsanto)
ZnO: HEGR H%HS
Stearic acid: &g
Process oil: High aromatic oil(Esso H-1)
Sulfur: #9244
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Mooney viscosity and mooney scorch time

Mooney [Mooney scorch time

. . viscosity min. 120°C
Blending ratio MS 144 . - .
290°C 5 35 430

EPDM/NR/SBR ¢/50/50¢ 37
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%4 25/37.5/37.5 37 [1070077,12726"" 2720
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Table 1-6 Rubber formulation
Materials ‘ 1 ‘ 2 3 4 5

Esprene 501 — 25 50 75, 100
RSS#3 50 37.5 25| 12.5 —
Ameripol 1502 50| 37.5 25! 12.5 —
Zinc oxide 5 5 5 5 5
Stearic acid 1 1 1 1 1
HAF black 30 30 30 30 30
SRF black 20 20 20 20 20
Esso H-1 10 10 10 10 10
Sulfur 2 2 2 2 2
Acc. NOBS spec. 0.8 0.8 0.9 1.0/ 1.0

I D 0.3 0.3 0.3 0.3] 0.3
Ant. PBN 1.5 1.5 L5 1.5 1.5
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Fig. 1-6. Relation between rheograph of EPDM,
NR and SBR blend.
Table 3-6 Rheograph data
EPDM/NR/SBR
. 10|0/50/ 25/37.50/25/, '75/12. 100/
Data blf?‘&““j 505/37.5| 25 5/12 5/ 0/0
Ti 9.0 7.00 7. 3' 8.3 7.7
Tmin 4,3 5.7 5.0 5.2 4.5
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Table 4-6 Physical Properties
S~ Physical properties Hardness(Shore A) Tens(iliz/scigggxgth Elongation (%) 300(9£,g1/\;1;dzz)zlus
| After aging | After aging After aging After aging
Initia Initia _ Initial Initial
EPDM/NR/SBR o ] o o ° : o o o
blending ratio 100°C|120°C [100°C 120°C 100°C 1120°C 100°C|[126°C
0/50/50 57 57 58/ 226/ 191 113 500 370 260/ 101] 145 —
25/37.5/37.5 61 61 60/ 150/ 146, 85 400 320/ 22¢, o6 115 @ —
50/25/25 63 63 62 85 83 720 320| 240, 200 80! — -
75/12.5/12.5 64 64/ 65 82| 7el 81 430 380 3vei 85 o8| 100
100/0/0 64 65 66| 183 180 178 560 520/ 48¢C 70 gl 120
Tearing strength(kg/cm) Abrasion
Rebo- Cut index |Compression
A type { B type undigro- et
. wth After 5
After aging After aging | (%) . o
Initial Initial (%) |Initial algol{)l"g (%)
100°C(120°C 100°Cf120°c ( 5
03 68 20 98 74‘ 32/ 62.1) 200 130 92/ 43.7(30%)
37 32] 24/ 43 36, 30 b57.6/ 170 45 50| 40.4(25%)
34 200 28] 42| 34 27| 55.2| 400 200 24| 47.6( # )
44 42! 38l 48 44  41j 54.7] 220 18 18/ 50.3( # )
51 50[ 48| 68 65 60 540 20 39 43 62.8( # )
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Fig. 3-6. Comparison of the hardness
RETIEN —e—initial

—x—after aging! W00°C)

00 _a—after aging(120°C)

x

Tensile strength!kg/em?,
o
L]

»
b SN X
\\’/‘
A7
0 25 50 75 100 EPDM
50 37.5 25 2.5 0 NR
50 37.5 23 25 0 SBH
Blending ratio{phr)
Fig. 4-6. Comparison of the tensile Strength

BELSE MEstEe ALIE A ¢ 5 9ok
5. EPDM I} NR % SBR2| #80| ME Z{La
#2| 300% modulus 0| OiXl= BE
Modulus & Fig. 6-6514 1% %k 22o] EPDM |
NR : SBR=50 : 5021 # ieh %F %2 3%% blend
sto] EPDM o} g%l @+ modulus & 234 {5
Teh

—a—1mitial

x--after aging 100°C)

S ! —a—ufter asing 120°0)
g Dy *
s \\x\ -
R e— g T e
= TT—0 he
S T = —
Z
= . . . . —
” ] 95 = i~ 1 has)
25 30 75 100 EPDM
- 30 s 25 12,5 0 NI
50 37.5 e 2.5 G spp
Blend:ng ratio phr,
Fig. 6-6. Comparison of the modulus at 300%

5T Bk



A topz

a1 8

&
&

— o initial

1 —x—after aging{l0G

x —a~—after aging/12°
k //:’<
e

[7a)
<
T

Tearing strength(kg/cm)

L B type
r »
2
/‘/'4
B SN /{ )
. R — /’
L N A
— e .
0 25 50 75 100 HEpnsM
A " 25 1.0 ¢ it
i 75 o o 0 spi

Blending ratioiphr:

Y 25 50 - 160
50 37.5 25 45 {0
50 37,5 25 e 0
Fig. 7-6.
E 106°C ol A ERBS FT S modulus
7} &8 kRS Qo) initial 3 7{ Bl S8k (g vk

Bz glor 120°Cell A EiLas
o PiEel TERES Aol wgkrh

72 3F 71 & modulus

6. EPDM I} NR 5! SBR2| #E0 L2 #{ta
#%o] slzEE nixl= B4
3|28k = EPDM o] NR : SBR=50 : 50 ¢]

Lesl A

2L =
STpA

whe} ol Ae] wl &Y L4

e wWelA}, L
blend §]-& = EPDM o

= Fig. 7-66]4] H:&=

ool ARIsL BHES 3

s N{u i
e

e P
25phr vt ETS A E FIAEEE BEA I*Tv}“
El5:4 131} =] EPDM o] 50 phr d = AR e 5
ST 9ol Zo. 948 EPDM S blend $254 i
TALES EESA mEEE AS & 5 Ak

7. EPDM It NR % SBRo| #g0 0= RigHE

HO| Ol%= B

Mg EPDM o] NR : SBR==50 : 50 ¢}
s 9elAe. $HE 35E blend P
8-6A L ve} o] EPDM o] o
BEe A9 KMo EFHE AL

e A
vl = Fig.

viek |
¥ 4 9rh

. ®,
Ny \
z .
§ 5} . S -9
2 )
C -
Ok
TS a0 T L b
50 v 1.5 Nt
2 oLt 1o san
Blending ratiof phx !
Fig. 8-6. Comparison of the rebound

1 Hogk

Comparison of the tearing strength

8. EPDM I} NR % SBR2| #&0 wz
REN Olxl= B#

Y5 R%-& EPDM 3k NR : SBR=50 : 50 343 [
—3t3la 3#HE blend 9 & W& MF A KT %rﬂ
##3] EPDM o] 50 phr ol = 714 oAl vrebde,
B HER AWl glelA e iel dl r”r‘”cnl% o
vk

9. EPDM I} NR % SBR2| #&0
®e| WERNN O(X= g8
fFEfEYES EPDM o] NR :SBR=50:50¢] HalA
Mgt delxlch, o) 3%%F blend §1 & He =
RifEFEPE & FSEaAl dolA A #s] EPDM ] 75 phr
9 b A ETEE e o 4 ol

Gf Fig. 96014 R vs} o] EPDM ¢ blend

SEEA EmMELde mhdE AL & 5 ek

R

o2 E{tur

150+
?
“ \
= \
T . L
= . —2— initial
g X . —x—after agingi 16740
. N\, ‘\
g N
19 \,
E \
-l N
) \>:
»\\\\ ;
Y S
g“\——«)“
L. 2. s 1
25 50 73 B A
g WO 25 ) S (GO
T 300 20 12,0 (BN
Blending ratio!phr)
Fig. 9-6. Comparison of the abrasion index

187



Statie test i .
suamic

< O6hes, O8shrs, 28 thes. : test
EPDM/NR/SBR

0 /3050

25/37.5/37.5

0/25/25 |

75/12,5,/12.5

100, 0, ¢

Photo. 1 ~6., Resuits of ozone  {est

188 TF LB



)

t L4

80t

e

B

g 50 . 4

;::_ .\.p//,

g 40}p

S 4
0 25 75 100 EPDM
50 375 ol IR 0 NR
50 305 1200 g SBR

Blending ratio(phr)

Fig. 10-6. Comparison cf the compression set

10. EPDM 1f NR & SBR 9| #E(| (}Z BHK
AZEN DR = BE
BiExAES EPDM o] NR ! SBR=50:50¢) I3
A HHSHA =Y 3:%%E blend % ®l&® Fig. 10-6
oA RE wbs} zto] EPDM o] Mol wheba] Di
FAEE ERSE A& H £ doh
11. EPDM I} NR % SBRO| #80 W2 fHozene
ol 0|X= BE
fifozonet: & EPDM o] NRo|1} SBRo} [rate] i
%84 £ A 224 3432 blend 3224 [ifozone
ol HiHstA EE = 1% ¢ £ U+l Photo 1-6
2 Table 5-6 o} A 23 ¢} z+o] NR : SBR=50:50

Q4 WE B RBAA G EHANE T crac
Table 5-6.
Ozone resistance of EPDM, NR and SBR blend
Ozone test Static test Dynq-
EPDM/NR/SBR e
blend ratio 96hrs ;192hr5288hrs384hrs test
£/50/50 E—4i E—& E—5 E—5 C—3
25/37.5/37.5 A—1 A—1 A—1| A—1] A—1
50/25/25 A—1l A—1} A—1} A—1 A—1
75/12.5/12.5 A—1 A—1] A—1 A—1| A1
106/0/0 A—1 A—1 A—1 A—1, A—1

i

*Criterion of judgment
Number of cracks

A ! No crack

B : Less than a few cracks

C : Several cracks here and there

D : Many cracks

E : Countless crack(all over the surface)

Size of cracks

: No crack

: Barely seen by naked eyes

: Small(~1 mm)

: Medium(1~3 mm)

: Large(3 mm~v)
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Photo. 2 — 1. IP'hotograph of phase contrast m zrozcope.
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Photo. 2 — 2. Photograph of phase contrast micr-oscope.
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