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ABSTRACT: The ethylene propylene diene terpolymer (EPDM) blends with acrylonitrile bu-
tadiene rubber (NBR) were prepared by mechanical mixing method. Mooney viscosity, cure
behaviors, compression set and dynamic mechpnical properties were subsequently examined.
Dynamic characteristics of the entire blends détermined from a Rheovibron generally showed
two glass transitions (T’ s), -43°C and -4 C for NBR and EPDM, respectively. The tan &
peak monotonically shifted toward the higher temperature with increasing NBR content. It
was also found that the optimum cure time was significantly decreased with loading of NBR.

Keywords:. Mooney viscosity, dynamic mechanical properties, Rheovibron, tan 8, optimum cure

time.
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41%<) JSR (Japanese Synthetic Rubber) #]¥¢]
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n  =31MA|A 2=  N-phenyl-2-naphthylamine
(PBN)& AMg-3t¢lal, =RA 2= high abrasion
furnace (HAF'), semi reinforcing furnace (SRF)
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Table 1. Basic Formulation of EPDM/NBR
Blends
T-1 T-2 T-3 T-4 T-5
EPDM501 100 75 50 25 -
N220S 25 50 75 100
Zn0O ] 5
ST/ACID 1 1 1 1 1
HAF 30 30 30 30 30
SRF 20 20 20 20 20
DOP 10 10 10 10 10
S 1 1 2 Z 2
CczZ 15 15 15 15 15
TT 15 15 15 15 15
PBN 1 1 1 1 1
TOTAL 171 171 171 171 171

EPDM-501 : ethylene propylene diene monorner (U-Gong,
Korea), NBR N220S:acrylonitrile butadiene rubber (JSR,
Japan), HAF:high abrasion furance (carbon black), SRF:semi
reinforcing  furnace {carbon black), DOP:dioctylphthalate,
ZnO:zinc oxide, ST/ACID:stearic acid, S:sulfur, CZ:N-
cyclohexyl-2-benzothiazyl  sulfenamide (accelerator), TT:
tetramethylthiuram disulfide (accelerator), PBN: N-phenyl-2-
naphthylamine (antioxidant).
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Figure 1. Cure characteristics of EPDM/NBR blends
at 160 C.
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Table 2. Cure Characteristicc of EDPM/NBR

Blends
item/code T-1 T-2 T-3 T4 T5
T i 004 830 533 762 545
Toa’ 2444 2681 3006 31.28 37.23
ty© 2:20 2:07 2:01 1:52 1:50
too” 6:01 5:07 4:43 4:25 4:06

312 308 302 290 273

¢ Minimum torque value (Ib-in).

Mooney viscosity®

b Maximum torque value (ib-
in). ¢Scorch time (min:sec). ¢ Optimum cure time (min:sec).
¢ML, 4(100 'C) (dn-m) (large rotor, preheating time:1 min,
operating time: 4 min, temperature: 100 °C).

Table 3. Experimental Results of Unaged EPDM/
NBR Blends

T-1 T-2 T-3 T-4 T-5

100% modulus (kgf/cm?) 28 25 375 425 439
compression set (%) - - - -
Table 4. Experimental Results ~f Air Aged

EPDM/NBR Blends at 100°C

run T2
278
12.5
311
18.0
326
23.6

T-3

452
191
4738
25.1
50.6
29.3

T-4 T-5

. T-1

item
100% modulus (kgf/cm?) 33.1
compression set (%) 10.2
100% modulus (kgf/cm?) 34.6
compression set (%) 176
100% modulus (kgf/cm?) 36.4
compression set (%) 20.8

time

51.0
378
52.1
45.6
53.8
61.9

50.3
39.2
53.3
46.6
62.7
64.6

48 hrs

72 hrs

96 hrs
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Figure 3. Mooney viscosities of EPDM/NBR blends.
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Figure 4. Scorch time and optimum cure time of
EPDM/NBR blends; (@) scorch time, (C) optimum
cure time.
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Figure 5. Compression set of air aged EPDM/NBR
blends for different measuring time at 100 C; (©0)
48 hrs, (¥) 72 hrs, (V) 96 hrs.
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Figure 6. 100% modulus of unaged and air aged
EPDM/NBR blends for different measuring time at
100 °C; (®) unaged, (0) 48 hrs, (¥) 72 hrs, (V) 96 hrs.

EPDM/NBR &3 =49 Aeix E= 24209
w2t F7] FellAe =3t HEAEE AR ¥ Al
8ot w3t 7HEAIEE AR BU= Algd oA
100% modulus®] W3}E Figure 69 vehlSic
EPDM/NBRe| ZAduld] gleiA] NBR mie] 7}
o] 25 wt% 7kAl+= 100% modulus gke] 7t4 8}
7} EPDM/NBR(75/25)lA4 A& B 3 1
olFE AN Zrlshe AwE Holmd, ol
Botros 591 AsAx}el 2 ¢x 3}, NBR-rich
F99Ae 100% modulus gt F7h= F471, &
YEH7] o3 fAde] Azt R 7tudxe] F7t
o} #do] g Aoz mudr). a8la 7159
7t =3pa|7he] Foleld| wek 100% ©EE kol
F7ksla Qi

Figures 7~9¢]= EPDM/NBR Edl=o] o]A
exsl dsll UE AYUNE B, £UDHE B
2 tan 5 5 £4 /AT 42e) WS denisl

t}. & Rheovibrong& A}g-3}] &43 Ealco
B4E BAFa ok ol e Hed 4 A
EAdE Sz T8 5 o, g e JE
Yo d=e2e ogd 22 wi7idser) Fejdnt &
E'=E° cos §, E"=E° sin ¢, tan §=E"/E’ &

2 A7IA tan o AT B9 vig vEhlH,

237



10!

10\0_

10°
1

E’ (dyne/cm?)

105_

107 . L )
-100 -50 0 50 100

Temperature (C)

Figure 7. Storage modulus(E’) of EPDM/NBR
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Figure 8. Loss modulus (E”) of EPDM/NBR blends.
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Figure 9. Tan & of EPDM/NBR blends. (e) EPDM/
NBR (100/0), (0) EPDM/NBR(75/25), (¥) EPDM/
NBR (50/50), (v) EPDM/NBR (25/75), (w) EPDM/
NBR (0/100).
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