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strength and shear strength of rubber-based adhesives was studied. Coumarone-indene resin, gum rosin and petro
resin were used as the tackifiers whereas toluene was chosen as the solvent. A polyethylene terephthalate (PET) film
substrate was coated with the adhesive using a SHEEN hand coater. Viscosity of adhesive was measured using a
HAAKE Rotary Viscometer. Loop tack, peel strength and shear strength were determined by a Llyod Adhesion Tester.
Results indicate that the viscosity increases with increasing molecular weight of rubber. Maximum values of adhesion
properties were obtained at a molecular weight of 8.5 x 10 4, an observation which is attributed to maximum wettability of
adhesive on the substrate. The effect of interaction between rubber and filler was investigated using magnesium oxide,
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Effect of Molecular Weight of Epoxidized Natural Rubber
on Shear Strength of Adhesives
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ABSTRACT: The dependence of shear strength of epoxi-
dized natural rubber (ENR)-based adhesives on molecular
weight of the rubber is studied using coumarone-indene
resin, gum rosin, and petro resin as tackifiers. The adhe-
sive was coated on polyethylene terephthalate (PET) film
substrate using a SHEEN hand coater at various coating
thickness. The shear strength of adhesives was determined
by a Texture Analyzer. Results show a maximum at 6.63
x 104 and 4.14 x 104 for ENR 25 and ENR 50, respectively,

after which the shear strength decreases with further
increases in molecular weight for all the coating thickness.
This observation is attributed to varying degree of cohe-
siveness which culminates at the respective optimum
molecular weight of ENR. © 2009 Wiley Periodicals, Inc.
J Appl Polym Sci 114: 3976-3979, 2009

Key words: shear strength; molecular weight; adhesive;
ENR

INTRODUCTION

In formulating a rubber-based pressure-sensitive
adhesive, an elastomer provides the elastic compo-
nent, whereas a low-molecular-weight tackifying
resin imparts the viscous component. Scientific
research on rubber-based adhesives—particularly
natural rubber—seems scarce. Kraus et a1. 1 '2 have
studied the adhesive behavior of the styrene-diene-
based pressure-sensitive adhesives. Leong et al.3
have investigated the viscoelastic properties of natu-
ral rubber pressure-sensitive adhesive using acrylic
resin as a tackifier. It was discovered that for a good
pressure-sensitive adhesive, the ratio of storage mod-
ulus at high frequencies to low frequencies should be
high. Fujita et al.,4 on the other hand, reported the
effects of miscibility and viscoelasticity on shear
creep resistance of natural-rubber-based pressure-
sensitive adhesives. They found that holding time of
miscible pressure-sensitive adhesive systems tended
to decrease as the tackifier content is increased,
whereas the holding time of an immiscible adhesive
system varies with the tackifier used. However, with
respect to epoxidized natural rubber (ENR)-based
pressure-sensitive adhesive, very few research works
has been published. Thongnuanchan et al. 5 have car-
ried out a study on epoxidized natural rubber-
bonded para rubber wood particleboard. The adhe-
sion of the epoxidized natural rubber adhesive with

Correspondence to: B. T. Poh (btpohteusm.my).
Contract grant sponsor: Universiti Sains Malaysia

(FRGS).

Journal of Applied Polymer Science, Vol. 114, 3976-3979 (2009)
2009 Wiley Periodicals, Inc.

parawood sawdust was observed to improve by
reducing the molecular weight of epoxidized natural
rubber molecules. It was suggested that lower molec-
ular weight exhibited greater ability to wet or cover
the wood particle surfaces. Recently, we have carried
out several studies on the adhesion behavior of ENR-
based pressure-sensitive adhesives. These include
the effect of zinc oxide, calcium carbonate, and rub-
ber blends on the viscosity, tack, and peel strength of
ENR-based pressure-sensitive adhesives. We have
also investigated the shear property of ENR-based
adhesives. 9 It is found that shear strength decreases
with increasing coumarone–indene resin for all the
coating thickness studied. The rate of decrease is
greatest for the thicker coating sample. ENR 25
shows higher shear strength than ENR 50 due to the
greater flexibility and compatibility with resin in the
former system. The previous study was carried out
using unmasticated ENR. No investigation was
reported so far on the dependence of shear strength
on the molecular weight of ENR. In view of the lack
of scientific research in this field of interest, we have
carried out a systematic research on the effect of mo-
lecular weight of ENR on the shear strength of the
adhesive in the presence of various tackifiying resins.

EXPERIMENT

Materials

ENR 25 and ENR 50 having 25 mol % and 50 mol %
of epoxidation, respectively, were used as the elasto-
mers, which were supplied by Rubber Research Insti-
tute of Malaysia (RRIM). The gel content of ENR is
estimated to be less than 5%. Coumarone–indene



Effect of Silica on Viscosity, Tack, and Shear Strength of
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ABSTRACT: The viscosity, loop tack, and shear strength
of silica-filled epoxidized natural rubber (ENR 25 and
ENR 50 grade) adhesive were investigated using couma-
rone-indene as the tackifying resin. Silica loading was var-
ied from 10-50 parts per hundred parts of rubber (phr),
whereas the coumarone-indene concentration was fixed at
40 phr. Toluene was used as the solvent throughout the
study. Polyethylene terephthalate substrate was coated at
various adhesive coating thicknesses, i.e., 30, 60, 90, and
120 um using a SHEEN Hand Coater. Viscosity of the ad-
hesive was determined by a HAAKE Rotary Viscometer
whereas loop tack and shear strength were measured by a

Llyod Adhesion Tester operating at 30 cm/min. Result
shows that viscosity of the adhesive increases gradually
with increase of silica loading due to the concentration
effect of the filler. Both loop tack and shear strength show
maximum value at 40 phr silica for ENR 25. However, the
respective values for ENR 50 are 20 and 40 phr of filler.
This observation is attributed to the maximum wettability
and compatibility of adhesive on the substrate at the re-
spective silica loadings.	 2010 Wiley Periodicals, Inc. J Appl
Polym Sci 118: 3439-3444, 2010

Key words: silica; viscosity; tack; shear strength; rubber

INTRODUCTION

The structure of filled rubber compounds on a molec-
ular scale, in particular when silica is used as filler, is
not very well known. Silica has a number of hydroxyl
groups on the surface, which results in strong filler-
filler interactions and adsorption of polar materials
by hydrogen bonds. 1-3 Mixing of silica with rubber is
a challenge, as these materials are not very compati-
ble in various aspects: surface energy, solubility,
structure of the filler and viscoeslastic properties.
Silica has been used as an important reinforcing agent
in a rubber compound together with carbon.1

Most pressure-sensitive adhesives (PSAs) are blends
of rubbery polymers and oligomeric tackifier resins.
PSA tapes can paste on various adherends under light
pressure in very short time without heating or heavy
pressure. The bonds formed are strong enough to use
temporarily. However, PSAs sometimes need durabil-
ity for a long time, especially the resistance to shear
force. For example, PSAs are used for bookbinding,
upholstery, and pasting papers on the wal1.4

Epoxidized natural rubber (ENR) is prepared by
peroxyacetic acid epoxidation of natural rubber (NR)

latex. The epoxidation reaction is a random process.
The glass transition temperature of ENR 25 and
ENR 50 is -45 and -20°C, respectively. ENR under-
goes strain-induced crystallization. The curing char-
acteristics and mechanical properties of epoxidized
natural rubbers (ENR) have been widely studied.'14
Ishak and coworkers 15 has studied the curing char-
acteristics and mechanical properities of ENR with
filler silica and has reported that cure characteristics
could be related not only to the fillers characteristics,
i.e., particle size, structure, and aspect ratio, but also
to the filler-rubber interaction. All these studies
involve the bulk property of ENR. The solution
property of ENR, especially its use in PSA was not
widely reported. Recently, we have investigated the
shear property of ENR-based adhesives 16 and the
effect of zinc oxide, calcium carbonate, and rubber
blends on the adhesion properties of ENR-based
PSAs. 17-19 In view of the lack of scientific research in
this field of interest, we have carried out a system-
atic research on the effect of silica on ENR on the
viscosity, tack, and shear strength of the adhesive in
the presence of coumarone-indene resins.

EXPERIMENTAL
Correspondence to: B. T. Poh (btpoh@usm.nny).
Contract grant sponsor: Universiti Sains Malaysia (FRGS). 	 Materials

Epoxidized natural rubber, ENR-25 and ENR-50
2010 Wiley Periodicals, Inc.	 having 25 and 50 mol % of epoxidation, respectively

Journal of Applied Polymer Science, Vol. 118, 3439-3444 (2010)
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Effect of Molecular Weight and Testing Rate on Peel
and Shear Strength of Epoxidized Natural Rubber
(ENR 50)-based Adhesives
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ABSTRACT: The dependence of peel strength and shear
strength of epoxidized natural rubber (ENR-50)-based
pressure sensitive adhesive on molecular weight and rate
of testing was investigated using coumarone-indene as the
tackifying resin. Toluene and polyethylene terephthalate
were used as the solvent and substrate respectively,
throughout the study. A SHEEN hand coater was used to
coat the adhesive on the substrate at a coating thickness of
120 um. All the adhesion properties were determined by a
Llyod Adhesion Tester operating at different rates of test-
ing. Result shows that peel strength and shear strength
increases up to an optimum molecular weight of 4.2 x 104
of ENR 50. For peel strength, the observation is attributed

to the combined effects of wettahility and mechanical
strength of rubber at the optimum molecular weight,
whereas for the shear strength, it is ascribed to the opti-
mum cohesive and adhesive strength which enhances the
shear resistance of the adhesive. Peel strength and shear
strength also increases with increase in rate of testing, an
observation which is associated to the viscoeslastic
response of the adhesive. DSC and FTIR study confirms
the miscibility of tackifier and the ENR 50. 0 2010 Wiley
Periodicals, Inc. J Appl Polym Sci 000: 000-000, 2010

Key words: molecular weight; rate of testing; adhesion;
epoxidized natural rubber

INTRODUCTION

Epoxidized natural rubber (ENR) is a chemically
modified form of the cis-1,4-polyisoprene rubber,
whereby some of the unsaturation is converted into
epoxides groups, which are randomly distributed
along the polymer chain. 1 It is known as a compati-
bilizer for incompatible blends and a processing aid.
The incorporation of ENR-50 into the rubber blends
has improved process ability, stiffness, resilience
and oil resistance, reduced air permeability, good
damping, and wet grip performance.2 The concept
of physically blending two or more existing poly-
mers to obtain a new product has not been devel-
oped as fully as the chemical approach to blending,
but the physical approach is now attracting wide-
spread interest and is being used commercially. The
main aim of blending the rubber is to improve the
physical and mechanical properties as well as mod-
ify processing characteristics and reduce the cost of
the final product.

Correspondence to: I. Khan (imran.pchr@gmail.com).
Contract grant sponsor: Universiti Sains Malaysia

(FRGS).

Journal of Applied Polymer Science, Vol. 000,000-000 (2010)
© 2010 Wiley Periodicals, Inc.

The adhesion properties are characterized via
measurements of two basic applicative properties:
peel strength (the ability to resist removal by peeling),
and shear resistance (the ability to resist flow when
shear forces are applied). The adhesion properties are
primarily influenced by the inherent properties of the
polymer such as molecular weight. They have an
influence on the polymer properties directly and as
well as indirectly throuh their influence on the phys-
ical properties (e.g., Tg).J FTIR study has been used to
see differences in peaks with changes in molecular
weight of ENR 50 and variation of coumarone-indene
resin content. Our previous study focuses on the de-
pendence of adhesion property on molecular weight
at different coating thickness. 4' The aim of this study
is to investigate the effect of molecular weight and
testing rate on adhesion property of ENR. We have
also studied effects of zinc oxide,' calcium carbonate,9
silica, 10 magnesium oxide, 11 kaolin,12 and sodium sul-
fate13 on the adhesion properties of ENR-based pres-
sure-sensitive adhesives. This work is novel as no
author has studied adhesion property with molecular
weight and testing rate.

The end-use properties of the PSAs will depend
-upon balance of peel strength and shear resistance
and the balance between these properties must be
changed according to the specific end use of the
PSA." Commercial use of PSAs covers abroad range
of label, medical, and cosmetic products. 15 ' 16 Fujita

ID: subramaniank I Black Lining: [ON] I Time: 08:50 I Path: N:/3b2/APP#No1000001101668/APPFile/JW-APP#101668



Viscosity and Shear Strength of Natural-Rubber-Based
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ABSTRACT: The viscosity and shear strength of pres-
sure-sensitive adhesives based on natural rubber (standard
Malaysian rubber grade L) were studied with gum rosin
and petroresin as the tackifying resins. Effects of the con-
centration of the tackifying resin and the molecular weight
of rubber on the two properties were systematically inves-
tigated. Toluene was used as the solvent throughout the
study to prepare the adhesives. The viscosity and shear
strength of the adhesives were determined with a rotary
viscometer and a texture analyzer, respectively. For the
shear test, a hand coater was used to coat the adhesives
on the release paper substrate to provide coating thick-
nesses of 60 and 120 i.un. The results indicated that the vis-
cosity increased with the resin loading and molecular
weight of rubber increasing. The viscosity of the adhesive

prepared from petroresin had a higher value than that of
the gum-rosin-based adhesive. The shear strength of the
adhesives decreased gradually with increasing resin con-
tent for both tackifying resins and coating thicknesses, and
this observation was attributed to the decrease in the cohe-
sive strength due to the dilution effect of the resins. How-
ever, the shear strength passed through a maximum at a
molecular weight of rubber of 8.5 x 104 for both resins.
The gum-rosin-based adhesive consistently showed higher
shear strength than that of the petroresin/natural rubber
adhesive because of the better cohesiveness and compati-
bility of the former system. 0 2008 Wiley Periodicals, Inc.
J Appl Polym Sci 110: 4079-4083, 2008

Key words: adhesives; resins; rubber; shear; viscosity

INTRODUCTION

We have recently carried out several studies on the
viscosity and adhesion properties of natural-rubber-
based pressure-sensitive adhesives with coumarone-
indene resin as the tackifying resin. 1-8 The results
have shown that the viscosity and tack of the adhe-
sives increase with the resin content because of the
concentration effect of the tackifying resin. The peel
strength increases with the resin content up to a
maximum value of 40 phr resin, at which optimum
wettability of the substrate is achieved. However,
the shear strength decreases gradually with increas-
ing resin content, and this observation has been
attributed to the decreasing cohesive strength of the
adhesives as the resin loading is increased. 3'4 We
have also extended our study to rubber blend sys-
tems using coumarone—indene resin as the tacki-
fier.8'7 There have been very few studies on the
adhesion properties of natural-rubber-based pres-
sure-sensitive adhesives prepared from tackifiers
other than coumarone—indene resin. To understand
better the effects of other tackifiers, here we report
our findings on the effects of the tackifier concentra-

Correspondence to: B. T. Poh (btpoh@usm.my).

Journal of Applied Polymer Science, Vol. 110, 4079-4083 (2008)
2008 Wiley Periodicals, Inc.

tion and molecular weight of rubber on the viscosity
and shear strength of natural-rubber-based adhe-
sives using two other tackifier types, that is, gum
rosin and petroresin.

EXPERIMENTAL

Materials

Standard Malaysian rubber grade L (SMR L) was
used as the natural rubber to prepare the pressure-
sensitive adhesives in this study. The technical speci-
fications of SMR L8 are given in Table I. Gum rosin
and petroresin were freshly supplied by Euro-
Chemo-Pharma Co. (Prai, Penang, Malaysia). Tolu-
ene was used as the solvent to prepare the
adhesives throughout the experiments.

Determination of the molecular weight of rubber

Five rubber samples were obtained by mastication
with a two-roll mill. A viscometric method was used
to determine the molecular weight of each masti-
cated sample. The intrinsic viscosity (N) was mea-
sured according to the method described by
Billmeyer.9 The viscosity-average molecular weight
(M1,) of the rubber was computed with the Mark-
Houwink equation:11)
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ABSTRACT: The effect of molecular weight of rubber
on viscosity and loop tack of rubber-adhesives were stud-
ied using two grades of epoxidized-natural rubber, i.e.,
ENR 25 and ENR 50. Coumarone-indene resin, gum
rosin, and petro resin were used as tackifiers. Toluene
was used as the solvent throughout the experiment. The
adhesive was coated on polyethylene terephthalate (PET)
substrate using a SHEEN hand coater. Viscosity was
determined by a HAAKE Rotary Viscometer, whereas
loop tack was measured by a Llyod Adhesion Tester oper-
ating at 10 cm/min. Results show that viscosity increases

gradually upto a critical molecular weight of 6.8 x 104
and 3.9 x 104 for ENR 25 and ENR 50, respectively, before
a rapid increase in viscosity is observed. Loop tack indi-
cates maximum value at the respective critical molecular
weights for the three tackifiers investigated suggesting the
culmination of wettability. For both rubbers, loop tack
increases with coating thickness due to the concentration
effect of adhesive. CJ 2009 Wiley Periodicals, Inc. I Appl Polym
Sci 115: 1120-1124, 2010

Key words: viscosity; tack; rubber; molecular weight

INTRODUCTION

Recently, we have reported the effect of molecular
weight of rubber on the viscosity and shear strength
of SMR L-based adhesives in the presence of gum-
rosin and petro-resin tackifiers. 1 For both tackifying
resins, viscosity increases gradually with molecular
weight upto 9.7 x 104 after which it increases rap-
idly with further increase in molecular weight of
rubber due to the effect of entanglement of rubber
chains. On the other hand, shear strength of the
SMR L-based adhesive increases with molecular
weight upto 8.5 x 10 4, after which it drops with fur-
ther increase in molecular weight of rubber for the
two coating thickness investigated.

The effect of molecular weight of rubber on tack
and peel strength of SMR L-based pressure-sensitive
adhesives using gum rosin and petro resin as tacki-
fiers were also investigated. 2 Maximum loop tack
and peel strength were observed at a molecular
weight of 8.5 x 104 of SMR L. Several studies on the
adhesion properties of epoxidized-natural rubber
(ENR) were studied, including the effect of couma-
rone-indene resin, zinc oxide, and calcium carbonate
on adhesion property of ENR-based pressure-sensi-
tive adhesives. 3' However, the effect of molecular

Correspondence to: B. T. Poh (btpoh@usm.my).
Contract grant sponsor: Universiti Sains Malaysia

(FRGS).

Journal of Applied Polymer Science, Vol. 115, 1120-1124 (2010)
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weight of ENR on the adhesion behavior of ENR-
based adhesives is unknown. In view of the absence
of research in this field of interest, we have carried
out a systematic study on the dependence of viscos-
ity and loop tack of adhesives on molecular weight
of epoxidized-natural rubber using two grades of
ENR, i.e., ENR 25 and ENR 50.

EXPERIMENTAL

Materials

Two grades of epoxidized-natural rubber, i.e., ENR
25 and ENR 50 having 25 mol % and 50 mol % of
epoxidation, respectively, were used as the elasto-
mers. The technical specifications of ENR 6 are
shown in Table I. The rubbers were supplied by
Rubber Research Institute of Malaysia (RRIM). Cou-
marone-indene resin, gum rosin, and petro resin
were freshly supplied by EuroChemo-Pharma Com-
pany (Malaysia). Commercial grade toluene was
used as the solvent throughout the experiment.

Molecular weight determination

ENR 25 and ENR 50 were masticated on a two-roll
mill for 5, 10, 15, and 20 min to obtain different mo-
lecular weights of rubber. Viscometric method was

—adopted to determine the molecular weights of mas-
ticated- and unmasticated-rubber. For each rubber
sample, five different concentrations (C) of dilute
rubber solutions were prepared in toluene and the
respective flow times (t) were determined using an
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Dependence of Peel Adhesion on Molecular Weight
of Epoxidized Natural Rubber

B. T. Poh and A. T. Yong
School of Industrial Technology, Universiti Sains Malaysia, Penang,
Malaysia

The effect of molecular weight of two grades of epoxidized natural rubber
(ENR)—i.e., ENR 25 and ENR 50—on the peel strength of an adhesive is studied

N	 using coumarone-indene resin, gum rosin, and petro resin as tackifiers. Toluene
and polyethylene terephthalate (PET) film acted as the solvent and substrate,
respectively. A SHEEN hand coater was used to coat the adhesive on the substrate
to give coating thicknesses of 30, 60, 90, and 12011m. The peel strength of adhesive
was determined using a Lloyd Adhesion Tester operating at 30 cm I min. Results
show that peel strength has a maximum value at a molecular weight of 6.8 x 104
and 3.9 x 104 for ENR 25 and ENR 50, respectively, an observation which is attrib-
uted to the combined effects of wettability and mechanical strength of the rubber at
the respective optimum molecular weight of ENR. Peel strength increases with

pi	 coating thickness for all the tackifiers investigated, with a gum rosin-based adhe-

o	 sive exhibiting the highest peel strength.
a,
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INTRODUCTION

Recently, we have carried out several studies on the adhesion behavior
of epoxidized natural rubber (ENR)-based pressure-sensitive adhesives
using unmasticated rubber. Results show that the maximum peel
strength of ENR 25 and ENR 50-based adhesives occurs at 40 parts
per hundred parts of rubber (phr) of coumarone-indene resin [1]. The
shear strength shows a gradual decrease with increasing tackifier load-
ing due to the decrease in cohesive strength of adhesive. On the other
hand, viscosity and loop tack of ENR 25-based adhesive increases with
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Effect of Kaolin on Adhesion Property
of Epoxidized Natural Rubber-based
Pressure-sensitive Adhesive Using
Gum Rosin as the Tackifier

B. T. PON* AND C. E. CHEW

School of Industrial Technology, Universiti Sains Malaysia
11800 Penang, Malaysia

ABSTRACT: The viscosity, loop tack, and peel strength of kaolin-filled
epoxidized natural rubber (ENR 25 grade) adhesive was investigated using
gum rosin as the tackifying resin. Kaolin loading was varied from 10-50 parts
per hundred parts of rubber (phr), whereas the gum rosin concentration was
fixed at 40 phr. Toluene was used as the solvent throughout the study.
Polyethylene terephthalate substrate was coated at various adhesive coating
thicknesses, i.e., 30, 60, 90, and 1201im using a SHEEN hand coater. A HAAKE
Rotary Viscometer Viscosity was used to measure the viscosity of the adhesive.
Loop tack and peel strength were determined by a Llyod Adhesion Tester
operating at 30 cm/min. Results show that viscosity of the adhesive increases
gradually with increase of kaolin loading due to the concentration effect of the
filler. Loop tack and peel strength, however, show maximum value at 20 phr and
30 phr kaolin, respectively, an observation which is attributed to the maximum
wettability and compatibility of adhesive on the substrate.

KEY WORDS: adhesion, kaolin, rubber, adhesive.

INTRODUCTION

IN FORMULATING A rubber-based pressure-sensitive adhesive, an
I elastomer provides the elastic component, while a low molecular
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Dependence of Adhesion Property
of SMR L-based Adhesives on
Antioxidants

B. T. POH,* S. F. CHIN AND P. L. TAN

School of Industrial Technology, Universiti Sains Malaysia
11800 Penang, Malaysia

ABSTRACT: The viscosity, tack, peel, and shear strength of Standard Malay-
sian Rubber (SMR L grade)-based pressure-sensitive adhesives was studied in the
presence of two types of antioxidants, that is, 2,6-di-tert-butyl-p-cresol (BHT) and
2,2,4-trimethyl-1,2-dihydroquinoline (TMQ) using coumarone-indene resin and
toluene as the tackifier and solvent, respectively. The concentration of antioxidant
was varied from 1 to 4 parts per hundred parts of rubber (phr). A SHEEN hand
coater was used to coat the adhesive on polyethylene terephthalate substrate to
give a coating thickness of 901AM. Viscosity was determined by a HAAKE Rotary
Viscometer. Tack, peel, and shear strength were measured using a Lloyd Adhesion
Tester operating at 30 cm/min. Results indicate that the viscosity and shear strength
decreases with increasing antioxidant concentration, an observation that is attri-
buted to the plasticizing effect of the antioxidants. However, tack and peel strength
shows the reverse behavior, a phenomenon that is associated to the increasing
wettability and compatibility of adhesive on the substrate as antioxidant concentra-
tion is increased. Except for the shear strength, BHT antioxidant consistently
exhibits a higher viscosity, tack, and peel strength compared to TMQ antioxidant.

KEY WORDS: antioxidant, rubber, adhesive, adhesion.

INTRODUCTION

"r HE VISCOSITY, TACK, peel, and shear strength of natural rubber-based
I pressure-sensitive adhesives have been investigated recently [1-3]
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Effect of Sodium Sulfate on the
Viscosity, Tack, and Adhesion
Properties of SMR 10-based Pressure-
sensitive Adhesive

IMRAN KHAN,* B. T. POH AND C. M. BADRIAH
Division of Bio-Resource, Paper and Coatings Technology, School of
Industrial Technology, Universiti Sains Malaysia 11800, Penang,
Malaysia

ABSTRACT: The effect of sodium sulfate as filler on viscosity, tack, and
adhesion properties of Standard Malaysian Rubber (SMR 10)-based pressure-
sensitive adhesive were studied. Coumarone-indene resin and toluene were used
as the tackifier and solvent respectively throughout the experiment. The results
show that viscosity of adhesive increases with addition of sodium sulfate. For
rolling ball tack test, the distance traveled by rolling ball decreases with
increasing sodium sulfate concentration indicating the increase of tack value
with sodium sulfate. The distance traveled by the rolling ball decreases with
coating thickness of adhesive. For cross-hatch adhesion test, result shows that
maximum adhesion occurs between 30 and 40 parts per hundred parts of rubber
(phr) of sodium sulfate content, an observation which is attributed to the
maximum of wettability of adhesive. The 60 pm of adhesive coating thickness
shows good performance of adhesion property of SMR 10-based pressure-
sensitive adhesive.

KEY WORDS: viscosity, tack, adhesion properties, sodium sulfate, natural
rubber.
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Effect of Molecular Weight of Rubber on Tack and Peel
Strength of SMR L-Based Pressure-Sensitive Adhesives
using Gum Rosin and Petroresin as Tackifiers

B.T. POH* and A.T. YONG

School of Industrial Technology, Universiti Sains Malaysia, 11800 Penang, Malaysia

Received July 2008 and Accepted August 2008

Loop tack and peel strength of natural rubber (SMR L)-based pressure-sensitive adhesive were studied using five different molecular
weights of SMR L. Gum rosin and petroresin were used as tackifiers, whereas toluene was chosen as the solvent throughout
the experiment. A SHEEN hand coater was used to coat the adhesive on a polyethylene terephthalate (PET) substrate at a coating
thickness of 30, 60, 90 and 120 Am. Loop tack and peel strength were determined by a Llyod Adhesion Tester operating at 30 cm/min.
Results show that maximum values of loop tack and peel strength were obtained at a molecular weight of 8.5 x 10 4 , an observation
which is attributed to maximum wettability of adhesive on the substrate. Loop tack and peel strength increases with coating thickness
for all molecular weight of rubber and tackifiers studied.

Keywords: Adhesive, rubber, tackifier, molecular weight

1 Introduction

Pressure-sensitive adhesives are commonly prepared from
natural rubber. In order to achieve the desired tack, peel ad-
hesion and shear properties, tackifiers are added to the rub-
ber (1). The rubber provides the elastic component whereas
the tackifier imparts the viscous component. Systematic
studies on the adhesion properties of rubber-based adhe-
sives were scarcely reported. Kraus et al. (2) have reported
the effect of entanglement plateau on the adhesive behav-
ior of the styrene-diene-based pressure-sensitive adhesives.
They (3) have also studied the structural changes in melts
of butadiene-styrene and isoprene-styrene block polymer-
based adhesives. Leong et al. (4) have studied the viscoelas-
tic properties of natural rubber pressure-sensitive adhesive
using acrylic resin as a tackifier. Fujita et al. (5), on the
other hand, reported the effects of miscibility and viscoelas-
ticity on shear creep resistance of natural rubber-based
pressure-sensitive adhesives. Besides the rubber-based ad-
hesives, other adhesive systems have also been investigated
(6-7). Recently, we have reported several studies on the ad-
hesion properties of Standard Malaysian Rubber (SMR L,
SMR 10 and SMR 20 grades)-based pressure-sensitive

*Address correspondence to: B.T. Poh, School of Industrial Tech-
nology, Universiti Sains Malaysia, 11800 Penang, Malaysia. Tel:
+604-6532202; Fax: +604-6573678; E-mail: btpoh@usm.my

adhesives (8-10). Results have shown that viscosity, peel
strength and tack of SMR-based adhesives generally in-
creases with an increase of tackifier loading, an observation
which is attributed to the increased wettability and forma-
tion of mechanical interlocking, and anchorage of adhesive
in pores and irregularities in the substrate. However, shear
strength decreases gradually with increasing tackifier con-
centration due to the decreasing cohesive strength of adhe-
sive as resin loading is increased. We have also carried out
a systematic study on the adhesion properties of adhesives
prepared from styrene-butadiene rubber (SBR)/Standard
Malaysian Rubber (SMR L) blends (11-12). It is observed
that the viscosity of the SBR/SMR L-based adhesive de-
creases with increasing % SBR. Loop tack of the rubber
blend-based adhesive passes through a maximum value at
20% SBR composition for all resin loadings investigated.
For the coumarone-indene resin adhesive, peel strength ex-
hibits maximum value at 40% SBR whereas for the phenol-
formaldehyde resin system, maximum peel strength occurs
at 60% SBR composition. With regard to the effect of
molecular weight of rubber on the adhesion property of
pressure-sensitive adhesives prepared from SMR rubber,
there is virtually no study published so far in this field of
interest. Owing to the scarcity of data in  this  area of re-
search, we have conducted a systematic investigation on
the dependence of the loop tack and peel strength of SMR
L-based adhesive on molecular weight of rubber using gum
rosin and petroresin as the tackifying resins.
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Effect of Hybrid Tackifiers on Adhesion Properties of Epoxidized
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Abstract Viscosity, peel and shear strength of epoxi-
dized natural rubber (ENR)-based pressure-sensitive adhe-
sive was studied by using hybrid tackifiers consisting of a
mixture of coumarone-indene resin and petro resin. The
coumarone-indene resin concentration was fixed at 40 parts
per hundred parts of rubber (phr). The concentration of
petro resin, however, was varied from 20 to 80 phr.
Toluene and polyethylene terephthalate (PET) film were
used as the solvent and coating substrate respectively
throughout the experiment. Viscosity of adhesive was
determined by a HAAKE Rotary Viscometer whereas peel
and shear strength was measured by a Lloyd Adhesion
Tester. Results show that viscosity and shear strength
decreases with increasing petro resin concentration. How-
ever, peel strength exhibits a maximum value at 40 phr
petro resin, an observation which is attributed to maximum
wettability and compatibility of adhesive on the substrate.
ENR 25-based adhesive exhibits higher viscosity and peel
strength but lower shear strength compared to the ENR 50
adhesive system.

Keywords Adhesive • Adhesion • Rubber • Tackifier

Introduction

In formulating a rubber-based pressure-sensitive adhesive,
an elastomer provides the elastic component while a low
molecular weight tackifying resin imparts the viscous
component. Natural rubber alone has a very low tack and

B. T. Poh (2) • S. Z. Firdaus
School of Industrial Technology, Universiti Sains Malaysia,
11800 Penang, Malaysia
e-mail: btpoh@usm.my

adhesion to surfaces [1]. Therefore, it is necessary to add
tackifying resins to the elastomer to produce the required
balance of tack, peel adhesion and resistance to shear
forces. Recently, we have carried out several studies on
the adhesion behavior of rubber-based pressure-sensitive
adhesives using a single tackifier system. These investi-
gations include effect of coumarone-indene resin on the
viscosity, tack, peel and shear strength of natural rubber
[2-5] and epoxidized natural rubber (ENR) [6-8]. The
effect of phenol formaldehyde resin on the adhesion
properties of styrene-butadiene rubber (SBR)/Standard
Malaysian Rubber (SMR L)-based adhesives was also
studied [9]. On the other hand, Leong et al. [10] have
reported the viscoelastic properties of natural rubber pres-
sure-sensitive adhesive using acrylic resin as a tackifier.
However, the effect of mixture of tackifiers (i.e. hybrid
tackifier) on the adhesion properties of rubber-based
adhesives is not published so far. Owing to the importance
of tackifiers in rubber-based adhesives, we have carried out
a systematic study on the effect of hybrid tackifier
involving coumarone-indene resin and petro resin on the
viscosity and adhesion behavior of ENR-based pressure-
sensitive adhesives.

Experimental

Materials

ENR 25 and ENR 50 having 25 and 50 mol% of epoxi-
dation respectively were used as the elastomers. Two ENRs
were used in order to study the effect of hybrid tackifiers on
ENRs of different degree of epoxidation. The respective
technical specifications of ENR are shown in Table 1. The
rubbers were supplied by Rubber Research Institute of
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Effect of Barium Chloride Filler on the Adhesion Properties
of Epoxidized Natural Rubber (FNR 25) - Based Adhesives

B. T. Poh and C. M. Lai
School of Industrial Technology, Universiti Sains Malaysia, Penang, Malaysia

The adhesion properties of epoxidized natural rubber (ENR
25)-based adhesive were studied using barium chloride,
coumarone-indene resin and toluene as the filler, tackifier and
solvent respectively. Viscosity was determined by a Brookfield
Viscometer whereas tack, shear and peel strength was measured
by a Llyod Adhesion Tester. Results show that viscosity of adhesive
increases gradually with increasing barium chloride loading. Loop
tack, shear and peel strength indicates a maximum value at 10 parts
per hundred parts of rubber (phr) of barium chloride, an observation
that is attributed to the maximum wettability and compatibility of
adhesive on the substrate.

Keywords Adhesion property; Adhesive; Barium chloride;
Viscosity

INTRODUCTION
In formulating a rubber-based pressure-sensitive

adhesive, an elastomer provides the elastic component,
while a low molecular weight tackifying resin imparts the
viscous component. Several studies on the adhesion
properties of rubber-based adhesives have been reported.
These include the investigation of entanglement plateau
and structural changes of pressure-sensitive adhesives of
styrene-diene block polymer-based pressure-sensitive
adhesivest1-21 , the viscoelastic properties of natural rubber
pressure-sensitive adhesive using acrylic resin as a tacki-
fier131 . Recently, we have reported several studies on the
adhesion properties of natural rubber (NR) and epoxidized
natural rubber (ENR)-based pressure-sensitive adhesives
using coumarone-indene resin as the tackifying resin(4-61.

Results indicate that the adhesion properties, except
shear strength, of the adhesive generally increase with an
increase in tackifier concentration. Shear strength, on the
other hand, decreases gradually with increasing resin
content. We have also extended our study on the effect
of filler on the adhesion properties of epoxidized natural
rubber-based adhesives. Viscosity and loop tack increases
with increasing zinc oxide concentration whereas peel

Address correspondence to B. T. Poh, School of Industrial
Technology, Universiti Sains Malaysia, Georgetown, 11800
Penang, Malaysia. E-mail: btpoh@usm.my

strength exhibits maximum value at 30-40 phr of zinc oxide
depending on the tackifier loading used 171 . Similar behavior
was observed in the case of calcium carbonate-filled ENR
adhesives181.

Our recent study indicates that loop tack and peel
strength show maximum value at 20 phr and 30 phr kaolin,
respectively, an observation that is attributed to the
maximum wettability and compatibility of adhesive on
the substrate19I . The growing interest of filler on the
adhesion property of rubber-based adhesive has prompted
us to extend our investigation on the effect of barium
chloride on the adhesion properties of adhesives prepared
from ENR 25. Results obtained are discussed with respect
to the dependence of viscosity, tack, shear and peel
strength on the concentration of barium chloride in the
adhesive system.

EXPERIMENTAL
Materials

Epoxidized natural rubber (ENR 25 grade), having
25 mol% of epoxidation was used as the elastomer. It
was supplied by Rubber Research Institute of Malaysia
(RRIM). Coumarone-indene resin which has a molecular
weight of 1000-3000 and specific gravity of 1.07 was
obtained from Mukmin Enviro Company (Malaysia).
Barium chloride and toluene were used as the filler and
solvent respectively in this study.

Preparation of Adhesive
ENR 25 was masticated on a 2-roll mill for 10 minutes.

For each adhesive formulation, 5 g of the shredded rubber
was dissolved in 30 ml of toluene and the rubber solution
was tightly closed. It was kept for 24 hours to ensure com-
plete dissolution of the rubber. A fixed amount of 2 g of
pulverized coumarone-indene resin was then slowly added
to the rubber solution. After the complete dissolution of
the resin, 5 different weights of barium chloride, i.e., 0.5,
1, 1.5, 2 and 2.5 g corresponding to 10, 20, 30, 40 and
50 phr of filler were then added to the rubber adhesive
with constant stirring. For comparison purposes, 1 control
sample without barium chloride was also prepared.
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The Effect of Silica on the Peel Adhesion of Epoxidized
Natural Rubber-Based Adhesive Containing
Coumarone-lndene Resin

Imran Khan and B. T. Poh
School of Industrial Technology, Universiti Sains Malaysia, Penang, Malaysia

The peel strength of silica filled on two grades of epoxidized
natural rubber (ENR), i.e., ENR 25 and ENR 50 adhesive were
investigated using coumarone-indene as the tackifying resin.
Toluene was used as the solvent throughout the study. Result shows
that peel strength increases with increase in silica loading due to the
concentration effect of the filler. Peel strength, however, shows
maximum value at 40 phr silica for both ENR 25 and ENR 50 an
observation that is attributed to the maximum wettability and
compatibility of adhesive on the substrate.

Keywords Adhesion; Adhesive; Epoxidized natural rubber; Peel
strength; Silica

INTRODUCTION
Epoxidized natural rubber (ENR) is a chemically modi-

fied natural rubber. Adhesion is the bond strength
measurement of a coating to a substrate. Adhesion testing
is often associated with adhesives, sealants, laminates,
electronics, cosmetics, medical device packaging, general
packaging seal strength and applications where bond
strength measurement is critical for research and quality
control applications. Peel strength is generally used to
measure the adhesive bond strength of a material, typically
and adhesive. The demand for pressure sensitive adhesives
(PSA) has been increasing over the last several years.
PSAs are almost indispensable in everyday life as they
are used for labels, tapes, films and other special adhesive
applications such as bookbinding, upholstery, and pasting
papers on the wal1113.

When silica is used as filler, the structure of filled rubber
compounds on a molecular scale, in particular, is not very
well known. Silica has a number of hydroxyl groups on the
surface, which results in strong filler—filler interactions
and adsorption of polar materials by hydrogen bondsI2-41.
Mixing of silica with rubber is a challenge, as these materi-
als are not very compatible in various aspects: surface

Address correspondence to Imran Khan, School of Industrial
Technology, Universiti Sains Malaysia, 11800 Penang, Malaysia.
E-mail: imran.pchr@gmail.com

energy, solubility, structure of the filler and viscoeslastic
properties. Silica has been used as an important reinforcing
agent in a rubber compound together with carbon[21.

The curing characteristics and mechanical properties
of epoxidized natural rubbers (ENR) have been widely
studied [5-141 . Sung-Seen Choi et al. 1151 studied the effect of
filler—filler interaction on rheological behavior of natural
rubber compounds filled with silica and found abnormal
rheological behavior is due to the strong filler—filler interac-
tions of silica since silica has a strong density of silanol
groups on the surface and aggregates tightly by strong
hydrogen bond. Ishak et al. 1 161 has studied the curing char-
acteristics and mechanical properties of ENR with filler sil-
ica and has reported that cure characteristics could be
related not only to the fillers characteristics, i.e., particle
size, structure, and aspect ratio, but also to the filler—
rubber interaction. All these studies involve the bulk
property of ENR. The solution property of ENR,
especially its use in pressure-sensitive adhesive (PSA) was
not widely reported.

Recently, we have investigated the effect of zinc oxide131
and kaolin t21 on the peel property of ENR-25-based press-
ure sensitive adhesive. To alleviate the dependency of silica
on the dependence of peel adhesion of epoxidized natural
rubber and the lack of scientific research in this field of
interest, we have carried out a systematic research on the
effect of silica on ENR on the peel strength of the adhesive
in the presence of coumarone-indene resins.

EXPERIMENTAL.
Materials

Epoxidized natural rubber, ENR-25 and ENR-50
having 25 mol% and 50% of epoxidation respectively were
used as the elastomer for the preparation of the pressure
sensitive adhesive. The rubbers were supplied by Rubber
Research Institute of Malaysia. Silica was used as the filler,
whereas toluene and polyethylene terephthalate (PET) film
were chosen as the solvent and substrate respectively. Silica
loading was varied from 10-50 parts per hundred parts of
rubber (phr), whereas the coumarone-indene concentration
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Viscosity and Peel Strength of Magnesium Oxide-Filled
Adhesive Prepared from Epoxidized Natural Rubber (ENR 25)

B. T. Poh and C. F. Gan
School of Industrial Technology, Universiti Sains Malaysia, Penang, Malaysia

Viscosity and peel strength of epoxidized natural rubber (ENR
25)-based adhesive was investigated in the presence of magnesium
oxide. Petro resin and toluene were used as the tackifier and solvent,
respectively. Viscosity was determined by a HAAKE Rotary
Viscometer whereas peel strength was measured by a Lloyd Adhe-
sion Tester. Results show that viscosity of adhesive increases with
increasing magnesium oxide loading. However, for the peel strength,
a maximum is obtained at 20 phr of magnesium oxide where
maximum wettability and compatibility occurs. For a fixed filler
concentration, peel strength increases with coating thickness for
the three modes of peel tests.

Keywords Adhesive; Magnesium oxide; Peel strength; Viscosity

INTRODUCTION
Natural rubber has been widely used to prepare

pressure-sensitive adhesives 111 . In formulating a rubber-
based pressure-sensitive adhesive, an elastomer provides
the elastic component while a low molecular weight tacki-
fying resin imparts the viscous component. Kraus et a1.t2-31
have studied the entanglement plateau and structural
changes of pressure-sensitive adhesives prepared from
styrene-diene block polymer-based pressure-sensitive
adhesives. Leong et a1. 141 has investigated the viscoelastic
properties of natural rubber pressure-sensitive adhesive
using acrylic resin as a tackifier. It is found that blends with
good pressure-sensitive adhesives have higher loss tangent
at higher frequencies.

Recently, we carried out several studies on the adhesion
properties of natural rubber (NR) and epoxidized natural
rubber (ENR)-based pressure-sensitive adhesives using
coumarone-indene resin as the tackifying resin t5-81 . Results
indicate that viscosity, tack and peel strength of the
adhesive generally increases with an increase in tackifier
concentration, an observation which is attributed to the
better wettability of adhesive on the substrate with increas-
ing tackifier loading. However, shear strength decreases
gradually with increasing resin content. Addition of zinc

Address correspondence to B. T. Poh, School of industrial
Technology, Universiti Sains Malaysia, 11800 Penang, Malaysia.
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oxide in the ENR-shows that peel strength passes through
a maximum value at 30-40 phr of zinc oxide depending on
the tackifier loading used 191 . Research involving the use of
filler in rubber-based adhesives is not widely reported.
Due to this scarcity of research data in this field of interest,
it is thus the aim of this article to report some of our study
on the viscosity and peel strength of ENR 25-based
pressure-sensitive adhesives in the presence of magnesium
oxide which acts as a filler in the adhesive system.

EXPERIMENTAL
Materials

Epoxidized natural rubber, ENR 25, having 25 mol% of
epoxidation was used as the elastomer for the preparation
of the pressure-sensitive adhesive. The rubber was supplied
by Rubber Research Institute of Malaysia (RRIM). Petro
resin, Nisseki Neopolymer grade 120 with softening point
of 120°C and molecular weight of 1500 was chosen as
the tackifying resin. Magnesium oxide and toluene were
used as the filler and solvent respectively throughout the
experiment.

Preparation of Adhesive
ENR 25 was masticated on a two-roll mill for 10 min-

utes to facilitate dissolution in the solvent. 5 g of the
masticated rubber was then dissolved in 20 ml of toluene
and the rubber solution was closed and kept for 24 hours
to ensure complete dissolution of ENR 25. A fixed amount
of 2 g of petro resin—corresponding to 40 phr of resin—
was slowly added to the rubber solution. This was followed
by the addition of five different weights, i.e., 0.5, 1, 1.5, 2,
and 2.5 g - corresponding to 10, 20, 30, 40, and 50 phr - of
magnesium oxide. One control sample without magnesium
oxide was also prepared. The adhesive was left for 2 hours
at room temperature (30°C) prior to testing.

Measurement
Viscosity. The viscosity of the adhesives was measured

using a HAAKE Rotary Viscometer (Model PK 100) at
room temperature (30°C). The spindle head (PK1;1°) was
cleaned with acetone to prevent any impurities from affect-
ing the viscosity results. It was then fixed to the viscometer.

191



Dependence of adhesion properties of SMR L
based adhesive on molecular weight of rubber
B. T. Poh* and A. M. Issam

The viscosity, loop tack, peel and shear strength of five different molecular weights of standard
Malaysian rubber based pressure sensitive adhesive were studied. Coumarone-indene resin and
toluene were used as the tackifier and solvent respectively throughout the experiment. The
adhesive was coated on polyethylene terephthalate substrate at a coating thickness of 30, 60, 90
and 120 Jim using a Sheen hand coater. Viscosity of the adhesive was determined by a Haake
rotary viscometer whereas loop tack, shear and peel strength was measured by a Llyod adhesion
tester. Results show that viscosity of adhesive increases with increasing molecular weight of
rubber. However, loop tack, shear and peel strength exhibit maximum value at a molecular weight
of 8 . 5 x 104 where maximum wettability of adhesive on the substrate occurs. The adhesion
property increases with coating thickness at this optimum molecular weight of rubber.

Keywords: Adhesive, Rubber, Coatings, Molecular weight

Introduction
Natural rubber has been widely used to prepare pressure
sensitive adhesives. In order to produce the required
balance of tack, peel adhesion and resistance to shear
forces, the addition of tackifying resins to the rubber
solution is required because natural rubber alone has a
very low tack and adhesion to the surface of substrate.)
The tackifying resin enhances the adhesion of non-polar
elastomers by improving the wettability, increasing
polarity, and altering the viscoelastic properties of the
adhesive mass. However, systematic studies on the
adhesion properties of rubber based adhesives were
not extensively carried out. Kraus et a1. 2•3 have studied
the adhesive behaviour of the styrene-diene based
pressure sensitive adhesives and the structural changes
in melts of butadiene-styrene and isoprene-styrene
block polymer based adhesives. Fujita et al. 4 have
investigated the effects of miscibility and viscoelasticity
on shear creep resistance of natural rubber based
pressure sensitive adhesives. On the other hand, Leong
et al. 5 have reported on the viscoelastic properties of
natural rubber pressure sensitive adhesive using acrylic
resin as a tackifier. Recently, the authors have reported
the viscosity, tack, peel and shear strength of standard
Malaysian rubber (SMR) based pressure sensitive
adhesives. 6-8 Results have shown that viscosity, peel
strength and tack of SMR based adhesives generally
increases with an increase in coumarone-indene resin
loading which acts as a tackifying resin. On the other
hand, shear strength decreases gradually with increasing
tackifier content. However, with respect to the effect of

School of Industrial Technology, Universiti Sains Malaysia, Penang 11800,
Malaysia
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molecular weight of SMR L on the adhesion property of
pressure sensitive adhesives using coumarone-indene
resin as the tackifier, no study has been reported so far in
this field. It is thus the aim of this paper to report the
authors' findings on the effect of molecular weight of
rubber on the viscosity, tack, shear and peel strength of
SMR L based pressure sensitive adhesive.

Experimental
Materials
Standard Malaysian rubber L grade natural rubber was
used as the elastomer for the preparation of pressure
sensitive adhesive. The technical specification of SMR L
is given in Table 1. Coumarone-indene resin, freshly
supplied by EuroChemo-Pharma Company (Malaysia),
and commercial grade toluene was used as the tackifier
and solvent respectively throughout the study.

Molecular weight determination
The molecular weight of the five masticated rubber
samples was determined by viscometry. The method of
determining the intrinsic viscosity [q] as described by
Billmeyer9 was adopted in this study. The viscosity
average molecular weight M, of the rubber was
calculated from the Mark-Houwink equation l ° as below

[q] =1c/1//,

where k=5 . 00 x 10 -4 dL g- I and a=0 . 67 in toluene.

Adhesive preparation
Five grams of each masticated rubber sample was
dissolved in 30 mL of toluene. The rubber solution
was left in_a conditioned room for 24 h before adding
2 g of coumarone-indene resin which corresponds to 40
parts per hundred parts of rubber. The rubber solution

0 Institute of Materials, Minerals and Mining 2004
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Abstract. The adhesion property (i.e. viscosity, loop tack and peel strength) of epoxidized natural rubber (ENR 25 and
ENR 50 grade)-based pressure-sensitive adhesive was studied in the presence of calcium carbonate. The range of calcium
carbonate loaded was from 10 to 50 parts per hundred parts of rubber (phr). Coumarone-indene resin was used as the tack-
ifier and its concentration was fixed at 80 phr. Toluene was chosen as the solvent throughout the investigation. The sub-
strates (PET film/paper) were coated with the adhesive using a SHEEN hand coater at a coating thickness of 60 gm.
Viscosity of the adhesive was measured by a HAAKE Rotary Viscometer whereas loop tack and peel strength were deter-
mined by a Llyod Adhesion Tester operating at 30 cm/min. Results show that viscosity of ENR-based adhesives increases
gradually with increase in calcium carbonate loading due to the concentration effect of the filler. However, for loop tack
and peel strength, it passes through a maximum at 30 phr calcium carbonate, an observation which is attributed to the opti-
mum wettability of adhesive on the substrate at this adhesive composition. ENR 25-based adhesive consistently exhibits
higher adhesion property than ENR 50 for all calcium carbonate loadings studied.

Keywords: adhesion, calcium carbonate, coatings, rubber

1. Introduction
Recently, we have carried out a systematic study of
the viscosity, tack, peel and shear strength of natu-
ral rubber (SMR L, SMR 10 and SMR 20)-based
pressure-sensitive adhesives [1-3]. The study
shows that viscosity and tack of the adhesive
increases with an increase in coumarone-indene
resin loading. For the peel strength, it generally
indicates an increasing trend with resin loading, an
observation which is associated to the increasing
wettability of adhesive on the substrate as tackifier
is increased. However, shear strength decreases
gradually with increasing resin content. Our recent
study on the adhesion properties of SBR/SMR
L-based adhesives indicates that the viscosity of
adhesive decreases with increasing % SBR whereas
loop tack passes through a maximum value at 20%

'Corresponding author, e-mail: btpoh@usm.my
BME-PT and GTE

SBR composition [4]. Leong et al. [5] on the other
hand have reported the viscoelastic properties of
natural rubber pressure-sensitive adhesive using
acrylic resin as a tackifier. Higher loss tangent at
higher frequencies is obtained for good pressure-
sensitive adhesives. With respect to the adhesive
prepared from epoxidized natural rubber, system-
atic investigation on its adhesion property is scarce.
We have reported that peel strength of ENR-based
adhesive passes through a maximum value at
40 phr coumarone-indene resin [6]. Also, a gradual
drop of shear strength with increasing tackifier
loading is also observed. Recently, we have carried
out a study on the effect of zinc oxide on the viscos-
ity, tack and peel strength of ENR 25-based pres-
sure-sensitive adhesives [7]. It is shown that viscos-
ity and loop tack of adhesive increases with
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Effect of Molecular Weight and Testing Rate on Adhesion Property of Pressure-Sensitive

Adhesives Prepared from Epoxidized Natural Rubber (ENR 25) 

Imran Khan*, B.T. Poh

School of Industrial Technology, Universiti Sains Malaysia, 11800 Penang, Malaysia

The dependence of peel strength and shear strength of epoxidized natural rubber (ENR-25)-based

pressure sensitive adhesive on molecular weight and rate of testing was investigated using petro

resin as the tackifying resin. Toluene and polyethylene terephthalate (PET) were chosen as the

solvent and substrate respectively throughout the study. A SHEEN hand coater was used to coat

the adhesive on the substrate at the coating thickness of 120 Jim. All the adhesion properties

were determined by a Llyod Adhesion Tester operating at different rates of testing. Result shows

that peel strength and shear strength increases up to an optimum molecular weight of 6.5 x 104 of

ENR 25. For peel strength, the observation is attributed to the combined effects of wettability

and mechanical strength of rubber at the optimum molecular weight, whereas for the shear

strength, it is ascribed to the increasing amount of adhesive present in the coating layer which

enhances the shear resistance of the adhesive. Peel strength and shear strength also increases

with increase in rate of testing, an observation which is associated to the viscoeslastic response

of the adhesive.

Keywords: Molecular Weight, Rate of Testing, Adhesion, Epoxidized Natural Rubber
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ADHESION PROPERTIES OF SMR L-BASED PRESSURE-SENSITIVE ADHESIVE IN THE
PRESENCE OF PETRO RESIN

Sved Thaler Firdaus bin Sved Putra and B. T. Poh

School of Industrial Technolosrv, Universiti Sains .Nfalaysia, 11800 Minden, Penang
E-mail: btpolifiiiusm.my

Viscosity, peel and shear strength of natural rubber (SMR-L grade)-based pressure-sensitive adhesive was
studied by using petro resin as the tackifier. The resin concentration was varied from 0-80 parts per hundred of
rubber (phr). Toluene was used as the solvent throughout the experiment. A SHEEN hand coater was used to
coat the adhesive on substrate to give a coating thickness of 30. 60, 90 and 120p.m. The viscosity of adhesive
was determined by a HAAKE Rotary Viscometer whereas the peel and shear stren gth were measured by a Lloyd
Adhesion Tester. Results show that the viscosity of the adhesive decreases with increasing petro resin
concentration. For the peel strength, it increases up to 40 phr of resin concentration and drops with further
tackifier loading. This observation is attributed to the wettability of the adhesive on the substrate. However, the
shear strength shows a gradual decrease with increasing resin concentration and this observation is attributed to
the decrease amount of rubber content which weakens the cohesive strength. In general, peel strength increases

kii.with increasing coating thic 'eSs while shear strength decreases with increasing coatin g thickness.

Keywords: Adhesion, adhesive. petro resin, rubber, coating
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