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ABSTRACT : Interfacial adhesive strength between the fully-crosslinked and partially-
crosslinked rubber layers were investigated at the temperature range of 30~120°C for four dif-
ferent rubbers(NR, SBR, EPDM, BIMS). The surfaces of interfacial failure were also investigat-
ed using a scanning electron microscopy (SEM). The physical interlinking played a major role in
the adhesive strength between the fully-crosslinked rubber layers. When a partially-crosslinked
rubber layer was bonded to the fully-crosslinked one, the chemical as well as the physical inter-
linking affected the adhesive strength. NR showed a “interfacial knotty tearing” pattern, while
EPDM showed a typical “cross-hatched” one when the adhesive strength approached to the co-
hesive tear strength of each material.
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Table 1. Basic Characteristics of Rubbers Investi-
gated

Rubber
Type
NR Grade : SMR CV60
Mooney viscosity, ML, ,@100°C : 60
,,,,,,,, Standard Malaysian Rubber
SBR Grade : SMR-1500
Styrene content : 23.5wt. %
Mooney viscosity, ML, , ;@100°C : 52
,,,,,,,, Kumho Petrochemical Co., Ltd.

EPDM Grade : KEP-350
Diene type . Ethylidene Norbornene

Characteristics

Propylene content ; 43wt.%
Mooney viscosity, ML, (@100C : 83
Kumbho Polychem Co., Litd.

' BIMS Brominated isobutylene- p-methyl styrene
copolymer
p-Methyl styrene content : 5wt.%
Bromine content : 0.8wt. %
Mooney viscosity, ML, , {@125°C : 45
Exxon Chemical Co., USA

Table 2¢] vfe}fgic}.

TRAE AL ZE g 2AES YT £
(internal mixer, model 82BR, Farrel Co., USA)
E AHake] oF 120°C oA F83] widtate] WEE
TE7F 1507 B d7bA) Edstrt. 7fEAE o
2% (two-roll mill, model 8422, Farrel Co.,
USA)$ o|43le] ASTM D31823} D3184¢] Az}
£ w2} YA Egstach

7 17 AsRer e AlHAzA 24e A9l ftas
e AERd F2uE(moving die rheometer,
MDR, Monsanto Instrument, USA)E o]4-5}e]
150CA 2489, of Adene 2 AR A
A VA 7E AARE Al sl H4stgr). B
E A9 shas 150°CeA ok 20 ton e sl
Z YA (cure press)E o}&3tod ¢k Imm FA9
T (rubber sheet) He)2 Az3}c}.

Table 2. Mix Formulations of Rubber Compounds
(Unit ; phr)

Ingredients NR SBR EPDM BIMS
SMR CV60 100 - - -
SBR-1500 - 100 - -
KEP-350 - - 100 -
BIMS! - - - 100
N330 50 50 50 50
ZnO 5 5 5 -
___Stearicacid 2 2 . Lo -
TBBS? 0.7 1.00 - -
Sulfur 225 1.75 150 0.75
TMTD? - - 1.00 -
MBT? - - 050 14
ZnO - - - 2.00
Stearic acid - - - 0.5
SP-1045% - - - 5.00

Cure condition®
at 150°C (min)

. Brominated isobutylene- p-methylstyrene copolymer.

18 50 40 24

N o=

. Cure accelerator : N- ¢{-butyl-2-benzothiazole sul-
fenamide.

. Cure accelerator : Tetramethylthiuram disulfide.

. Cure accelerator : Mercapto benzothiazole,

. Alkyl phenol curing resin.

D UL W

. Cure condition for fully cured rubber specimens.
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Az AAE7] g8 150x 5% 0.045mm(Ze] X F
XSA) 2)e] e e BERE A9 3= B
o o 5mm AR AAA7E el Ay
t}. dd£ = olAX 7] (Instron 6021, USA)E
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Fig. 1. A schematic diagram of (a) peel test,”® (b)
trouser test.!%1
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6

cure.

2
GCZZASF (1)
w

1Y w=ABSA, 4=A18e) 4 Ba,
P4

G, = (2)

474 o=A185, =218 49 B,
F=34
AN 09 2R 3403 o434,

BEHA b 27057 dEel Ae 1£ ddsisd

<
T oXx
o
(22
o

3t7] Y8 55 307, 60, 90C, 120¢
A71EA 2R w3 255 Adel 949 2
¢ 8} AAE 2447] 93 E59(toluene) &
il o 199 AE AeA7)z 227 ae B3
s,



237 AEARE AR 9 s eel vAE 2% 35

3. 2% TiEiele] HejEA}

RAso] i uk AAE H42 oo & A9

A4 AH4R BE Azl el AR F vhebd 3}
wRg 339 A2 F A48 (JXA-840, Jeol,
Japan)$ clgde] A £T oo
shepa AR § 9% 3 Bt

1. HEZZ(G,) ¥ ABHT(G.)

AL 27 (FC)3 Frka 1757k 4474

55 *}3}71 H?SH ¥ ey Aag 459 2F
oA dfa 30~120C L=T7ZA HelAFE Al
dct. Fig. 3ol A7k 2753 60% 7k 1F
29 FC-60C 17 ol dhsf utelx ol A& A
P9l wzg)-dg] FAE sl vHA 1F
B5 7R e 2nal 30T M 2 wEldls
Hehfiglo, wejde Az 548 FARY o9
o, 537} meh )3 e FAle F
AFYE o sjmef g o 5 e

Fig 39 wejgle] gt ot H AAYE

£ A4 () A3 At gFAA e} ¢ Fig. 4
~7°ﬂ L5 PR BARN 2 AfdA 9
AAAE A7VE 7] A8 U g o
IR & 3 Vel AAA o2 Aste s 7}
IR BEyly AR 27} = 2F27) Adrst
i (interfacial 1nter11nk1ng Az 7tad] we} 7}
2892, 7 73] EF 44 stud FC-FC 2
T4 A 7 ¢ AAAEE degly, 25
Z7hell w2} Azt e} gt Fa] hadte] dut
Aol 2F-EEA7} E°\'“ e8] %3 9Ach

NRe 7$-(Fig. 4) 35712 Axe #A ] =
© At At skt dAdEs FC-
FC 2% 4] A% <k 100~500J/m® 42 NR2|

G.9 ¢k 1/100 $F 02 714 Yota, Awrta Ax

50
0.8
(b)
0.6
04
= 0.2
SR -
£ 0 To 20 30 ) 50
',‘é 0.8 ©
c
& 06
04
0.2
0.04 >
0 10 20 30 40 50
8
61.
4
2
0 ¥
0 10 20 30 40 50
Displacement(mm)
Temperature
—_30C — 60C 1 90C —— 120C

Fig. 3. Peel force-displacement curves of the inter-
faces between the fully-crosslinked and 60
%-crosslinked rubber layers; (a) NR, (b)
SBR, (c) EPDM, and (d) BIMS.
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Fig. 4. Adhesive strength, G, and cohesive frac-
ture energy, G, versus test temperature for
NR.
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Fig. 5. Adhesive strength, G, and cohesive frac-
ture energy, G, versus test temperature for
SBR.
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Fig. 9. Adhesive strength, G, versus increment
AE in Young’s modulus during interlinking
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Fig. 10. Adhesive strength, G, versus increment
AE in Young’s modulus during interlink-
ing for EPDM.
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Fig. 11. Adhesive strength, G, versus increment A
E in Young’s modulus during interlinking
for BIMS.
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Fig. 12. Morphology of a typical peeled surface at 30°C for the fully-crosslinked(FC) and no-crosslinked(NC)

pair of NR; (a) over-view, (b) side-view.
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(NC) pair of NR; (a) over-view, (b) side-view.
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Fig. 13. Morphology of a typical peeled surface at 120°C for the fully-crosslinked(FC) and no-crosslinked
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Fig. 14. A sketch of a proposed failure mode,
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Fig. 15. Morphology of a typical peeled surface at
90°C for the fully-crosslinked (FC) and
20%-crosslinked (20C) pair of EPDM.
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Fig. 16. Morphology of a typical peeled surface
after swelling for one week in toluene for
the fully-crosslinked(FC) and no-
crosslinked (NC) pair of NR.
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Fig. 17. Morphology of a typical peeled surface
after swelling for one week in toluene
for the fully-crosslinked(FC) and no-
crosslinked(NC) pair of SBR.
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Fig. 18. Morphology of a typical peeled surface
after swelling for one week in toluene for
the fully-crosslinked(FC) and no-
crosslinked(NC) pair of BIMS.
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