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ABSTRACT: The adhesion properties, i.e. viscosity,
tack, and peel strength of pressure-sensitive adhesives
prepared from natural rubber/epoxidized natural rubber
blends were investigated using coumarone-indene resin
and toluene as the tackifier and solvent respectively. One
grade of natural rubber (SMR 10) and two grades of
epoxidized natural rubbers (ENR 25 and ENR 50) were
used to prepare the rubber blends with blend ratio rang-
ing from 0 to 100%. Coumarone-indene resin content was
fixed at 40 parts per hundred parts of rubber (phr) in the
adhesive formulation. The viscosity of adhesive was
measured by a HAAKE Rotary Viscometer whereas loop
tack and peel strength was determined using a Lloyd
Adhesion Tester operating at 30 cm/min. Results show

that the viscosity of the adhesive passes through a mini-
mum value at 20% blend ratio. For loop tack and peel
strength, it indicates a maximum at 60% blend ratio for
SMR 10/ENR 25 and SMR 10/ENR 50 systems. However,
for ENR 25/ENR 50 blend, maximum value is observed
at 80% blend ratio. SMR 10/ENR 25 blend consistently
exhibits the best adhesion property in this study, an ob-
servation which is attributed to the optimum compatibil-
ity between rubbers and wettability of adhesive on the
substrate. � 2008 Wiley Periodicals, Inc. J Appl Polym Sci 109:
115–119, 2008
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INTRODUCTION

Rubber-based pressure-sensitive adhesives (PSA)
have been studied by several researchers.1–3 How-
ever, systematic study of the adhesion property of
natural rubber seems scarce. Recently, we have
reported the viscosity, tack, peel, and shear strength
of PSA prepared from natural rubber (SMR L, SMR
10, and SMR 20 grades).4–6 From the study, it is
observed that viscosity, tack, and peel strength of
the adhesives shows an increasing trend with
coumarone-indene resin tackifier concentration. The
shear strength, on the contrary, indicates a down-
ward behavior with increase in the resin loading.
With respect to epoxidized natural rubber (ENR)—a
chemically modified natural rubber—results show
that peel strength passes through a maximum value
at 40 phr of coumarone-indene resin,7 an observation
which is associated to the maximum wettability of
adhesive on the substrate. On the other hand, the
shear strength of ENR-based PSA exhibits similar
behavior as the unmodified natural rubber, i.e. it
decreases gradually with increasing tackifier loading

due to the decrease in cohesive strength of adhesive.
Generally, peel and shear strength increases with
coating thickness. However, the effect of blend ratio
of natural rubber/ENR on the adhesion property of
PSA is so far not studied. Owing to the scarcity of
research in this field of interest, we have carried out
a systematic investigation of the effect of blend ratio
on the viscosity, tack, and peel strength of the rub-
ber blends.

EXPERIMENT

Materials

Standard Malaysian rubber (SMR 10 grade) and
ENR 25 and ENR 50 grades having 25 and 50 mol %
of epoxidation, respectively were used as the elasto-
mers in this study. The respective technical specifica-
tions8,9 of the rubbers are shown in Table I. The rub-
bers were supplied by Rubber Research Institute of
Malaysia (RRIM). The rubbers were masticated using
a two-roll mill for 10 min to facilitate easy dissolu-
tion of the rubbers in toluene. The viscosity-average
molecular weights of SMR 10, ENR 25, and ENR 50
were 3 3 105, 2 3 105, and 1.5 3 105, respectively.

Coumarone-indene resin supplied by EuroChemo-
Pharma Company (Malaysia) was chosen as the
tackifier. Commercial grade toluene was used as the
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solvent to prepare the PSA. All the chemicals were
used as supplied and no purification was carried out
in this experiment.

Adhesive preparation

Three rubber blends, i.e. SMR 10/ENR 25, SMR 10/
ENR 50, and ENR 25/ENR 50 were used with blend
ratios ranging from 0 to 100%. The total weight of
the rubber blend was 5 g. The rubber was then dis-
solved in 20 mL of toluene and the resulting rubber
solution was tightly closed. It was conditioned at
room temperature (308C) for 24 h prior to the addi-
tion of 2 g of pulverized coumarone-indene resin
which corresponded to 40 parts per hundred parts
of rubber (phr). The PSA thus prepared was con-
stantly stirred before testing.

Testing

Viscosity

Viscosity of the adhesive was determined by a
HAAKE Rotary Viscometer (Model PK 100) with
spindle head (PK1;18). The platform of the viscome-
ter were cleaned with acetone and then raised up to
touch the spindle head. The gap between spindle
head and platform was adjusted to zero. A few
drops of adhesive were placed at the middle of plat-
form which was then raised to squeeze the adhesive.
Acetone was used to wipe-off excessive adhesive
around the spindle head. Testing of viscosity was
ended after 1 min or 10 rounds of spinning. The av-
erage viscosity of adhesive was calculated from at
least five readings recorded.

Tack

Loop tack test was used to determine the tack prop-
erty of the PSA. A polyethylene terephthalate (PET)
film with dimension of 4 cm 3 25 cm was coated at
the centre (4 cm 3 4 cm) using a SHEEN Hand
Coater at a coating thickness of 60 lm. The film was
then formed into a loop and the adhesive area was
gently brought into contact with a glass panel. The
debonding force of the adhesive from the glass panel

was measured by a Lloyd Adhesion Tester (Model
LRXPlus with NEXYGEN software) operating at a
testing rate of 30 cm/min. The three highest peaks
detected were used to compute the average debond-
ing force. The loop tack value was expressed as the
average debonding force per area of contact (N/m2).

Peel strength

The substrates used for peel tests were PET film
(base stock) and release paper (face stock). Three
testing modes of peel tests, i.e. T-peel, 90-8 and 1808-
peel tests were employed in this study. The dimen-
sions of the substrates were 20 cm 3 4 cm for the T-
and 908-peel tests. However, for the 1808-peel test,
the dimensions of PET film and paper substrates
were 25 cm 3 4 cm and 12 cm 3 6 cm, respectively.
A SHEEN Hand Coater was used to coat the PET
film at 60 lm coating thickness and at a coating area
of 10 cm 3 4 cm from the end of the film. The face
stock (release paper) was then placed on the coated
PET film to form the testing sample which was con-
ditioned at room temperature for 24 h. A Lloyd
adhesion tester operating at 30 cm/min was used to
measure the peeling force of the adhesive. The aver-
age peeling force was determined from the three
highest peaks of a load-propagation graph. Peel
strength is defined as the average load per width of
the bondline required to separate progressively a
flexible member from a rigid member or another
flexible member (ASTM D 907).

RESULTS AND DISCUSSION

The results of this study is discussed with respect to
the effect of blend ratio of rubbers on the viscosity,
tack, and peel strength of the adhesives prepared
from various rubber blends.

Viscosity of adhesive

The dependence of viscosity of adhesive on blend ra-
tio for SMR 10/ENR 25-, SMR 10/ENR 50-, and
ENR 25/ENR 50-based PSA is shown in Figure 1.
From the plot, it indicates that viscosity of adhesives
prepared from the blended rubbers decreases with
blend ratio until a minimum value is obtained at
20% blend ratio for all the systems studied. This
lowering of viscosity is attributed to the initial ‘‘plas-
ticizing’’ effect of the first rubber component. The
introduction of less than 20% of the new rubber into
the blend may disrupt the morphology of the exist-
ing rubber. This means that additional ‘‘free vol-
ume’’ is created which enhances the flow behavior,
i.e. lower viscosity of blend is observed initially.
However, after 20% blend ratio, the ‘‘plasticizing’’
effect decreases gradually with increasing content of

TABLE I
Technical Specification of SMR 10 and ENR

SMR 10 ENR 25 ENR 50

Glass transition
temperature (8C) 272 245 220

Specific gravity 0.92 0.97 1.03
Mooney viscosity,
ML, 114 (1008C) 78 110 140
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the first rubber component as reflected by the gentle
increase of viscosity from 20 to 80% blend ratio. A
marked increase in viscosity is observed after 80%
blend ratio suggesting that the viscosity is primarily
dominated by the first rubber component. Figure 1
also shows that for single component rubber, the vis-
cosity of SMR 10-based adhesive is higher than that
of ENR 25 and followed by ENR 50. This observa-
tion is ascribed to the higher molecular weight of
SMR 10, followed by ENR 25 and ENR 50. As shown
by our previous study,4 viscosity of natural rubber-
based adhesive increases with molecular weight of
the rubber.

Loop tack

Figure 2 shows the dependence of loop tack on the
blend ratio for the three rubber blend systems. For
the SMR 10/ENR 25 and SMR 10/ENR 50 systems,
tack increases with blend ratio up to 60% SMR 10
component and drops with further increment of
SMR 10. This observation is attributed to the increas-
ing compatibility and wettability of blending system
where maximum compatibility and wettability is
achieved at 60% blend ratio, after which compatibil-
ity between the rubbers decreases with further addi-
tion of SMR 10. At 60% SMR 10, the adhesive con-
forms to the irregularities of the substrate, i.e. low
surface energy condition is observed10 to give the
maximum tack as shown in Figure 2. At this compo-
sition, the rubber blend and resin components
achieves optimum elastic and viscous property that
is necessary for the maximum tack in a PSA. Further
increase of blend ratio will lower the compatibility
between the rubbers as the viscosity of SMR 10-
dominated adhesives increases as discussed earlier.
However, for the ENR 25/ENR 50 system, the peak
value occurs at 80% blend ratio suggesting that the
blend system is more compatible than SMR 10/ENR
systems. Also, the peak tack value for the ENR 25/
ENR 50 system is lower than that of SMR 10/ENR

25 and SMR 10/ENR 50 systems. In fact, the highest
peak value is exhibited by SMR 10/ENR 25 system
followed by SMR 10/ENR 50 and ENR 25/ENR 50
systems. For the SMR 10/ENR 25 blend, the maxi-
mum tack value is 1.6 3 104 N/m2 which is slightly
lower than the commercially acceptable adhesive
tack value of 2 3 104 N/m2. Peak value increases
with decreasing Tg of rubber. SMR 10 which has the
lowest Tg—as shown in Table I exhibits the highest
peak value followed by ENR 25 and ENR 50. The
higher the Tg, the less flexible is the rubber which
affects the rheological property of the adhesive and
hence lower the wettability of the adhesive on the
substrate.

Peel strength

Figure 3 shows the peel strength of the adhesive
using paper/PET film as the substrates for the T-
peel test experiment. Maximum value is observed at
60% blend ratio for the SMR 10/ENR 25 and SMR
10/ENR 50 systems whereas for the ENR 25/ENR
50 system, peak value occurs at 80% blend ratio. The

Figure 2 Variation of loop tack with blend ratio of rub-
bers.

Figure 3 Peel strength versus blend ratio of rubbers for
T-peel test.

Figure 1 Variation of viscosity with blend ratios of rubbers.
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increase of peel strength up to the maximum value
is attributed to the increasing wettability of the adhe-
sive which enhances the peel adhesion property of
the adhesive. Further increase in the blend ratio will
decrease the compatibility of rubbers as reflected by
the lower peel strength as shown in Figure 3. As in
the case of tack, the absolute value of peak peel
strength decreases from SMR 10/ENR 25, followed
by SMR 10/ENR 50 and ENR 25/ENR 50 blends.
Again, this observation is associated with the great-
est flexibility of SMR 10, followed by ENR 25 and
ENR 50 due to the effect of Tg as discussed earlier.
The low Tg value of SMR 10 means greater flexibility
of the rubber which enhances the rheological prop-
erty of the adhesive. This is manifested by the
improved wettability in the SMR 10/ENR 25 system
as indicated by the highest peak value in the peel
adhesion study. Similar observation is also obtained
for the 908 and 1808 peel tests as shown in Figures 4
and 5 respectively, thus confirming the dependence
of peel strength on blend ratio for the three rubber
blend systems investigated in this study. Figure 6
compares the peak values of peel strength between
the three blend systems for each mode of peel test. It
is obvious that for each peel test, SMR 10/ENR
25 blend exhibits the highest peel value, followed by
SMR 10/ENR 25 and ENR 25/ENR 50. Figure 6 also
shows that for the three blending systems, 908 peel
test consistently gives the highest peel strength, fol-
lowed by 1808 peel test and T-peel test. This obser-
vation may be ascribed to the angle of testing which
suggests that 908 test requires higher peeling force to
separate the mechanical interlocking and anchorage
of the adhesive in pores and irregularities in the sub-
strate.11,12 The maximum peel strength obtained
from the SMR 10/ENR 25 system using 908 peel test
is 88 N/m compared with 200 N/m from the com-
mercially acceptable adhesive. This difference
between the two peel values is attributed to the test-
ing substrates. Commercial adhesive is tested using
plastic films—base stock and face stock—as the sub-

strates whereas PET film/release paper are used as
substrates in our study.

CONCLUSIONS

The following conclusions can be drawn from this
study.

1. Viscosity of adhesives prepared from the
blended rubbers decreases with blend ratio
until a minimum value is reached at 20% blend
ratio for all the systems studied, an observation
which is attributed to the initial ‘‘plasticizing’’
effect of the first rubber component. The viscos-
ity of SMR 10-based adhesive is higher than
that of ENR due to the higher molecular weight
of the former.

2. For the SMR 10/ENR 25 and SMR 10/ENR
50 systems, loop tack passes through a maxi-
mum at 60% blend ratio after which it decreases
with further increase in SMR 10 component.
The observation is attributed to the varying
degree of wettability and compatibility with
blend ratio. However, for the ENR 25/ENR 50

Figure 4 Peel strength versus blend ratio of rubbers for
908-peel test.

Figure 5 Peel strength versus blend ratio of rubbers for
1808-peel test.

Figure 6 Comparison of peak values of peel strength
between various blend systems at three modes of peel
tests.
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system, the peak value occurs at 80% blend
ratio.

3. Maximum value of peel strength is also ob-
served at 60% blend ratio for the SMR 10/ENR
25 and SMR 10/ENR 50 systems whereas for
the ENR 25/ENR 50 system, the peak value is
obtained at 80% blend ratio. Increasing wettabil-
ity of the adhesive and compatibility between
rubbers with blend ratio enhances the peel ad-
hesion property of the adhesive up to a certain
value. The 908 peel test consistently shows the
highest peel strength, followed by 1808 peel test
and T-peel test, an observation indicating that
908 test requires higher peeling force than the
others.
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