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2 9 : HAnd 7kmAQ] dicumyl peroxideE ET&ste] 7PHA 71zl QFE rubber sheet
7o) HAZEE 180° peel testE o] &3lo] ATt HAAH &HE A &ste] iy &4
of a &AY 7= HYristd e, £ dfo HELH LA = benzene, toluene,
n-decane, n-hexane, acetone, carbon tetrachloride, dichloromethane, cyclochexane, 18] 17 3¢
gAo1ict. Zhwa7t B (M,)e] 5.0x10° g/moleRt} 2he Aol HARE (G, )7} 5.0 J/
m? FE Fout, M, 7+ 1.0x10 ‘g/mole BT} 2 B el G, & FA3H A+HAT. HEAR
|AE ALY E w), YT -8A7 interaction parameter(x)7} 0.5H T ZHS 7 9ol = ygto]
R E YT e FAFHASY 05180 & Hele FAP ol 23|z Asisgich FAnT
EFEo] FAHEAAQ octyl phenolformaldehyde resin(OPFR) & 3718 7%, 7tusE9) 7t

€ Zadgon JAGELE OPFRE #/3k4 &8 7 $ol vidle A A5t 3 §
el AoiA E15-9) FEE FristaT. FEAEY 713 slFol F71EeE HA™e| Frledle
o FEAH A E FL3 Fole 315y JFo) Bt dAEHT TAEAE H L3 H 9ol
T 0g EFeA9 vag u 22 xatolM FA™ Al vlmy vlsgt £59] JqEE HY
FRct.

Abstract : The adhesive strength between thin sheets of natural rubber(NR), lightly
crosslinked with dicumy! peroxide, was measured using a 180° peel test. Effects of solvents
on adhesion were evaluated by applying the solvents at the interfacial contact. The solvents
included: benzene, toluene, n-decane, n-hexane, acetone, carbon tetrachloride,
dichloromethane, cyclohexane, and an industrial solvent. When the molecular weight between
crosslinks(M, ) was less than 5.0 X 10%g/mole, the work of separation(G, ) was approxi-
mately 5.0 J/m?. However, G, increased rapidly when M, was above 1.0x10* g/mole. Apply-
ing the solvent to the contact interface, the adhesive strength was improved when the NR-
solvent interaction parameter(x) was smaller than 0.5. On the other hand, adhesion was in-
hibited by the solvent when yx>0.5. Mixing NR compounds with octyl phenolformaldehyde
resin(OPFR), a tackifier, resulted in the decrease of both the cure rate and the degree of
crosslinking. The adhesive strength, as a result, was markedly increased compared with the
NR compounds without OPFR. Effects of a compressive stress applied during bonding on the
resulting adhesive strength were also evaluated. Adhesive strength increased as stress in-
creased. Furthermore, the effect of pressure was intensified by the application of solvents to
the contact interfacesThe industrial solvent contributed to the improvement of the adhesive
strength at a similar level for the same value of ¥ when compared with the contributions of
other pure solvents.
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1A #%7} =2 JA1uFe SMR-L(Standard
Malaysian Rubber, 8¢& 88 0.03wt% )=
AHEEIY o, 7tuwAlg£=  Aldrich Chemical
Company, Inc.9] dicumyl peroxide(DP, 98%
purity) & AHSEIH. FAHFLES 5l Hg
Holxl &ARZE  toluene(F¥aetEd 5418 A},
extra pure), carbon tetrachloride(& A 2FZA)
)AL, first grade), benzene(EAkA|oFE2135]A},
first grade), n-hexane(E%3lstadE=413)A},
extra pure), n-decane(Fluka AG, practical
grade, Switzerland), dichloromethane(E%}F3}s}
FLF43) AL, first grade), acetone( A 3toH| 23
28] A}, extra pure, &), cyclohexane(5:43}8}
T2 3)A}, extra pure, G ¥ )o|Yth. 281 T4
HEAA FAHY NAE 25t F2 A3}
Ue FHEA(ZHNHF st Y 9
Al BRI A EAL] RS BE &

8|2 paraffinef (low molecular weight, straxght

2

&‘«l—ﬂiﬂ

chain alkanes)”7} 57.3%, naphthene& (low mo-
lecular wieght, cycloalkanes)7} 39.3%, 18]
aromaticF7} 3.4%°0]0 C, ~Cy 71 ¢ 90% & A
AL PUoh DREGES  YRRA| (tacki-
fier)& &% ALol= SchenectadyAH(m]=) 9]
octyl phenolformaldehyde resin(OPF-R, A}&4 :
HRJ-2765)& A &35t

Alge) £xl. AT SMR-LE gL
3 28 EYY)(Farrel laboratory mill)& o) &3}
o] break-down3}$l 1 7}wAlQl DPE milling%
o] &Rt DP= FHA 0.5phrozEE] Ay
3.0phr74x] WHegslot. ey e ASTM D3-
1829} D3184¢ 71&d ¢=AE Fusict
EFdHHelA OPFRE H713 A Lee o2
0.5phreilA] 8.0phr7}x] Wekslds DPE %5t
7178 Frietink. Ef g9 FHE Table 19
UERASITS

5 b

0.5phrol 4| 8.0phr7kx] WaslwiA DPE &4
s713el A7ksich. T F5E Table 1

o YeRAAS.

w20 A18Y Al4E 19949 74

Table 1. List of Mixing Compounds

(Unit: phr)
Natural rubber 100 100 100 100 100 100
(NR)
Dicumyl 05 1.0 15 2.0 25 3.0
Peroxide(DP)
0
0.5
Tackifier 1.0
(OPFR)* 2.0
4.0
8.0

* Octy! phenolformaldehyde resin

oF ImmSE7A9] ¢k rubber sheetE A7) )3
140mm x 140mm=7]2] mold& ©]&3to] cure
press& 7}wAFTH. 7R sl 160°C oA oscil-
lating disk type2] rheometer(Monsanto ODR
2000E)2XE] €92 cure curve2EE] AAH 7}
WAIZFe 30E0]2ith.  Rubber compounddl
OPFR9| gy Roll BAIGlo) o] 7taAHL F3)
HgstHom o o9 7huk(degree of
crosslinking) £ Bl ZESS

7} rubber sheetZ%-E] razor bladed o] &
stod Zo] 156mmel F71e) 543 AlHE Fulst
Atk AW A (Aced01, Japan)E
o) &dte] F&abo AR AL, T St ThE AlE
2 M2 BA A 5o} §2)3 Ao ol 731 7260N/m?
9 DR FAS FUMA D ¥ 24ADE
ol 51?48}@’3} HEAT gAE 283 3

2

!

R e 17540}71011 43 L~£’_— APYAE ¥R
Astsict. A@dgAe o SHogs v
go kg &% (peeling rate)7} SREEE oS
g FALT 1/20 rpm® A. C. motor

¢ Corporation, Cramer Division, USA)$}
wo ) 7} & (peeling strength) 2] Z*o] 71538}

= 100gfo] AASE=SE z2r1U = load cell
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Fig. 1. 180° peel test for adhesion. A bottom rubber
sheet is glued onto a melal plate.

(Orientec Coporation, Force Transducer, Model
T1, Japan)& 77 AMgstgint. @3 s 715
Al (TOA Electronic [.td.,, Flatbed Recorder,
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Fig. 2. Schematic diagram of autoadhesion of poly-
meric material showing the interfacial conditions:
(a) pure contact and (b) solvent contact.
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Fig. 3. Experimental relations between work of sep-
aration(G,) and molecular weight of network
strands(M_) for two contact conditions. Here, the
solvent-contact experiment employs carbon tetra-
chloride
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Table 2. Work of Separation as a Function of the Solvent Present at the Contact Interface

Solvents Present at

Natural Rubber-Solvent

Work of Separation**

Contact Interface Interaction Parameter* x G, (J/m?)
Carbon tetrachloride 0.307 23.0
Cyclohexane 0.392 20.8
Toluene 0.393 19.2
Benzene 0.421 158
n-Decane 0.444 17.2
n-Hexane 0.483 15.0
Dichloromethane 0.494 19.8
Acetone 1.360 10.0

* References : 13 and 14

** Works of separation(G, ) were determined by interpolating at M, =1.0x 104g/mole from the plots between G, and M, .

- Average G, for the pure contact was 14.2 J/mzA

50

404

304

(J/m%)
201

101

1.6

Fig. 4. Plot of work of separation(G,) vs. NR-sol-
vent interaction parameter (x} for adhesion of light-
ly crosslinked NR sheets(M, =1.0x 10%g/mole) ;
(..) 1 G, for pure contact, (O) : G, for pure solvent
contact, (@) : G, for industrial solvent contact.

247y gAol tisfA sl HA, carbon
tetrachloride, cyclohexane, 221 toluenesg]
SA= HRAEY g A 713t ace
toned 283 AHPe ¢ FFHFE 23
$e 3E EAF o FARE AsieE 29le
2 g, A HE3 gdzte] &40
sl G, & M, o) ABFIAE 18 T"elA M,
7} 1.0x10%/mole ©1 7.9-21 G, g Wisio
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AAEF I o]E Table 29] Asl¥T}. Figure
4o = o] (G, )& interaction parameter %,
23 disiA Esletgict. AEAWEA 8AE
Hg5a] FL & FAnRY G, g(FA)L H
# 14.2)/m* Qld) Hisle] HEA R A€ HE
g Afol= G, grEel vlud FAEHUAT. 1 F
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Fig. 5. Experimental relations between molecular
weight of network strands(M, ) and the amount of
tackifier contained in NR compound (NR :100phr,
DP : 2.0phr).
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Fig. 6. Plot of maximum torque(My ) and the cure
rate index(CRI) as a function of the amount of
tackifier contained in NR compound (NR : 100phr,
DP : 2.0phr).

W M, 9 ¥3E Jehit. a8 B A
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(My-M )= AxEY. T, & B% scorch time
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9] allylic hydrogenz} wh&3te] polymeric free
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v DPel grs|z HAE peroxy radical2
OPFR 9JallA] 2 957} quenching® 12 OPFR
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AR} A8 9% : OPFRS &35 com-
pound®} 38R %L compound®] FAPTE
Fig. 74 vlaste] JepITt. o714 7taz7}

40

301

G,
(J/m?) 204

- 104

o T T
0.5 1.0 15 2,0

1/M (mole/gx10*)
Fig. 7. Experimental relations between work of sep-

aration(G, ) and molecular weight of network
strands(M,, ) for NR compounds mixed with a fixed
amount of DP(2.0phr) and various amounts of
tackifier(O) and NR compounds mixed with vari-
ous amounts of DP, however, not including tackifier

(@).

60
O pure contact
o solvent contact

40 9

Ga
(J/m?)
201 [
(@]
V] T
o] 5 10

Amounts of Tackifier (phr)

Fig. 8. Experimental relations between work of sep-
aration(G, ) and amount of tackifier added to NR
compounds for two contact conditions, with and
without benzene applied to the contact interface.
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O pure contact
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Fig. 9. Experimental relations between work of sep-
aration(G,) and pressure(P,) applied to the test
specimen of lighly crosslinked NR sheet (M, = 2.2
% 10* g/mole) for two contact conditions, with and
without toluene applied to the contact interface.
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