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Mooney Viscosity, Maximum Torque Value, Scorch Time and Mechanical
Properties of EPDM Rubber and CR Rubber Blend

Ye-Jin Park

Department of Polvmer Engineering. Graduate School.

Pukvong National University

ABSTRACT

In the blends of chloroprene rubber(CR) with ethtylene propylene diene
terpolvmer(EPDM), tensile strength increased with increasing in CR contents.
As CR addition ratio is increased physical properties such as elongation
decreased. on the other hand, hardness increased. Aging resistance is less
influenced by EPDM blends with CR. Ozone resistance showed much better
improvement by adding ahove 25wt% EPDM while the aging resistance of

blends was observed to be undependent on the blend composition.

Key words @ Mooney viscosity, optimum cure time
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EPDM2 F324%4388(F) A% KEP 2504 gradeE AM&31%
on CR& 9E9 Denka Co.olAd #FHsE S-40 gradeE AF&3)
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Scheme 2. Typical cure characteristics measured
from Rheometer

ML : minimum torque

MH : maximum torque at reversion cure

Ts2 . scorch time, time for 2lb-in rise above ML
T.10) : time to 10% of maximum torque

T(90) : optimum cure time, time to 90% of

maximum torque



Table 1. Basic Formulation of EPDM/CR Blends

Eﬁ;p—l Exp-2 Exp-3 Exp-4 Exp-5

KEPZ504 100 70 o0 25 0
CR 5-40 0 25 50 75 100
C/B HAF 24 24 24 24 24
DOP 10 10 10 10 10
St/acid 1.2 1.2 12 1.2 12
MgO 4.0 4.0 4.0 4.0 4.0
RD 2.0 2.0 2.0 2.0 2.0
> 1.2 1.2 1.2 1.2 12

Na-22 1 1 1 1 1
TT 04 0.4 0.4 0.4 0.4

ZnQO™ 5 5 5 o 5

TOTAL 148.8 143.3 148.8 148.8 1488
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Table 2. Cure Characteristics of the EPDM/CR Blends

Moaoney
Viscosity”| T’ Toas” | to to
Exp-1 27.4 6.2 17.4 2:35 11:40
Exp-2 305 ;7 08 18.6 2129 949
Exp-3 32.8 5.8 20.4 2:29 3:41
Exp-4 32.2 0.8 24.3 2:33 8:32
Exp-5 [ 378 5.0 285 | 208 g1z

. Minimum torque value(lb - in)

: Maximum torque value(lb - in)

: Scorch time (mim @ sec)

: Optimum cure time(min : sec)

' ML1+4(100°C)dn - m)

(large rotor preheating time @ lmin, operating time : Amin,

temperature)

r2]-



Torque (1b-in)

Time (min)

Fig. 1. Cure characteristics of EPDM/CR rubber

blends at 160T.
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Maximum Torque Value(ib-in)

12 F

0 25 50 75 100
CR(wt%)
Fig. 2. Maximum torque values of EPDM/CR blends.
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Mooney Viscosities ML,,,(100°C)

40

26 1 1 1

0 25 50 75 100
CR(Wt%)

. 3. Mooney viscosities of EPDM/CR blends.



14 —@— Scorch time
-3+ Optimum cure time
12+
10
E -
E 8+ - O
@
E
= 6
4+
2 2 2 L 2 ﬂ\’
0 ! 1 1 1
0 25 50 75 T-5

CR(wt%)

Fig. 4. Scorch times and optimum cure times of

EPDM/CR blends.
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Table 3. Experimental Results of Unaged EPDM/CR Blends

Exp-1 Exp-2 Exp-3 Exp-4 Exp—o

Hardness(Shore A) oD 56 o8 61 66
Tensile Strength(kgi/em” 160 165 179 202 230
Elongation at break(®s) 650 512 431 371 360

100% Modulus(kgd/em® 1955 2012 2100 2305 2508




Table 4. Experimental Results of Air-aged EPDM/CR Blends

measured at 70C

Measurement Condition @ 70C X 8hr

Exp-1 Exp-2 Exp-3 Exp-4 Exp-2

Hardness(Shore A) 56 57 59 62 63
Tensile Strength(kgy/em™ 155 160 168 192 220
Elongation at break(%) 647 500 410 360 348
100% Modulus(kgy/cm”) 1986 2064 21.98 2412 261
Compression Set(?%6) 1263 11.26 954 812 7.21

Measurement Condition @ 70C x30hr

Exp-1 Exp-2 Exp-3 Exp-4 Exp-o

Hardness(Shore A) 58 59 61 64 70
Tensile Strength(kgs/cm®) 147 152 156 180 215
Elongation at break(%) 638 487 391 352 341
10096 Modulus(kgy/cm®) 2052 2165 2286 2456 26.88
Compression Set(%) 17.85 1562 1298 1098 923

Measurement Condition @ 70°C X 70hr

Exp-1 Exp-2 Exp-3 Exp-4 Exp-3

Hardness(Shore A) 59 60 62 67 4
Tensile Strength(kgy/em® 140 141 146 168 212
Elongation at break(%s 632 472 377 339 331
100% Modulus(kgy/cm®) 2067 2188 2326 2522 2712
Compression Set(%s) 2426 1896 1462 12.86 11.48

_3()‘



Measurement Condition : 70T x96hr

Exp-1 Exp-2 Exp-3 Exp-4 Exp—5

Hardness(Shore A) 6 61 64 69 78
Tensile Strength(kgg/em®) 133 135 141 158 210
Elongation at break(%) 621 464 364 328 318
100% Modulus(kgy/eny) 2126 2212 2345 2543 27.56
Compression Set(26) 2865 2221 1745 1486 1322
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Hardness(Shore A)

0 25 50 75 100
CR(wt%)

Fig. 5. Hardness of unaged and air-aged EPDM/CR
blends with different times at 100T.
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200

Tensile Strength (kgflcmz)

——-—¥-—— 30hrs
— R 70hrs
— - — 96hrs
100 L 1 1
0 25 50 75 100

CR(Wt%)

Fig. 6. Tensile strengths of unaged and air—aged
EPDM/CR blends with different times at 100T.
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0 25 50 75 100
CR(Wt%)

Fig. 7. Elongations at break of unaged and air-aged
EPDM/CR blends with different times at 100T.
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———v—— 30hrs Py

100%Modulus(kgflcm?)

1 1

18 :
0 25 50 75 100

CR({wt%)

Fig. 8. 100% Modulus of unaged and air-aged
EPDM/CR blends with different times at 100T.



o

V-4 GTU4EE

o

AelA CR 1

EPDM/CR £l =H o

9l =

e

= ASTM D 3954

| WaE eyl

. 92 0
o=

=
=

o

el

N

i
o

14 THd AT @

7|7FE =B A gl

Ho

o

—

o}

o0

N
2

o

o

e

use]

Lol

o}
B

Rk
Bl

N

ol

B

b
b

A

H

o

—~—
1o

ol

A

—
fifs)

—_
o

)A
2|

th B FollAle] 7t =3hA ko] Zof

o

o

gsloldn. 283

B

e

ol

_36..



45

40

30hrs
35

70hrs
96hrs

—&— 8hrs
—————
— ey —

Compression Set(%)

0 25 50 75 100
CRwi%)

Fig. 9. Compression sets of air aged EPDM/CR blends
with different times at 100T.
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Table 5. Ozone Resistance Test of EPDM/CR for Various

measuring times

Test
. €S Exp-1 Exp—2 Exp-3 Exp-4 Exp—5
time(hrs)
After 6h:
8 NC NC NC NC W DS
e fine crack
After 6h
30 NC NC NC NC MLer DR
fine crack
h
70 NC NC NC Ne  Mter Bhrs
fine crack
% NC NC NC Ne  AMdter Bhs
fine crack

NC : NO Crack

-39,



8hrs 30hrs

96hrs

Fig. 10. Photographs of ozone resistance test of

Exp-1 at 100T for various reaction times.
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8hrs 30hrs

96hrs

Fig. 11. Photographs of ozone resistance test of

Exp—2 at 100T for various reaction times.
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30hrs

Fig. 12. Photographs of ozone resistance test of

Exp-3 at 100T for various reaction times.



8hrs

70hrs

Fig. 13. Photographs of ozone resistance test of

Exp-4 at 100 for various reaction times.
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8hrs

96hrs

Fig. 14. Photographs of ozone resistance test of

Exp-5 at 100T for various reaction times.
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