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Kajian Mengenai Sifat-sifat Perekatan pada Perekat yang Berasaskan Getah Asli,
Getah Asli Terepoksida, dan Etilena-Propilena Diena Terpolimer

ABSTRAK

Kekuatan kupasan, ketahanan ricihan dan sifat-sifat lekitan pada perekat yang
berasaskan getah asli terepoksida (ENR), getah asli (SMR) dan getah sintetik, EPDM
telah dipelajari dan dikaji. ENR terbahagi kepada dua gred, iaitu ENR 25 and ENR 50,
di mana masing-masing mengandungi 25 dan 50 mol % kumpulan epoksi. Sebanyak
tiga gred SMR, iaitu SMR L, SMR 10 dan SMR 20, yang berbeza dari segi kandungan
kotoran khususnya, telah dipelopori dan dikaji. Sumber getah ini telah dikenakan
mastikasi dalam empat jangka masa yang berlainan bagi mempelbagaikan struktur
panjang rantai getah. Resin coumarone-indene (Cl) telah dipilih sebagai pelekit dalam
keseluruhan kajian. Selain itu, petroresin dan gum rosin telah juga digunakan secara
berasingan tetapi dalam keadaan terpilih. Kandungan pelekit berbeza dari 0 hingga 80
phr (bahagian per seratus bahagian getah). Pelarut toluena digunakan untuk
meleraikan getah kepada suatu larutan supaya dapat memudahkan lagi pengujian ke
atasnya. Perekat ini kemudian disapukan ke atas substrat dengan menggunakan
SHEEN hand-coater. Setiap sampel disapukan mengikut empat ketebalan permukaan,
iaitu 30, 60, 90, dan 120 um. Kekuatan kupasan sampel perekat getah ditentukan oleh
alat penguji perekatan Lloyd melalui tiga mod ujian (T-Peel Test, 90° Peel Test, 180°
Peel Test), dengan berpandukan piawaian daripada ASTM. Mesin ini juga dipakai
gunakan untuk Loop Tack Test manakala dua ujian lekitan lain adalah menerusi Ball
Rolling Tack Test dan penentuan likatan. Shear Resistance Test dilakukan dengan
menggunakan Texture Analyser. Daripada keputusan ujian, kekuatan kupasan
tertinggi telah ditunjukkan pada setiap perekat yang berasaskan getah pada ketebalan
120 ym, manakala terendah pada sampel yang berketebalan 30 ym. Dalam setiap

ketebalan ini, diperhatikan satu titik maksimum pada 40 phr resin Cl. Jelasnya,



perekat berasaskan ENR 25 telah menunjukkan kekuatan kupasan dan ketahanan
ricihan yang lebih tinggi berbanding perekat berasaskan ENR 50 dan getah lain.
Sebaliknya, perekat berasaskan EPDM, diikuti SMR L telah memberikan sifat-sifat
lekitan yang lebih baik berbanding SMR lain manakala getah berasaskan ENR 50 dan
ENR 25 adalah kurang memuaskan. Pengaruh masa mastikasi ke atas kekuatan
kupasan, ketahanan ricihan dan sifat-sifat lekitan pada perekat juga dikaji dan

dibincangkan.



Study of Adhesion Properties of Natural Rubber, Epoxidized Natural Rubber, and
Ethylene-Propylene Diene Terpolymer-Based Adhesives

ABSTRACT

The peel strength, shear resistance and tackiness properties of epoxidized natural
rubber (ENR), Standard Malaysian Rubber (SMR), and ethylene-propylene diene
terpolymer (EPDM)-based adhesives were studied. Two grades of ENRs, i.e. ENR 25
and ENR 50 having 25 and 50 mole % epoxidation were respectively used as the
elastomers. Whereas as many as three grades of SMRs, viz. SMR L, SMR 10 and
SMR 20 varying from their dirt content and other foreign substances were studied.
These rubbers were masticated at different mastication times in order to vary the rubber
chain lengths. Coumarone-indene (CI) resin had been chosen as tackifier throughout
the study. As comparison, there is presented two other resins in the selective
conditions, and they were petroresin and gum rosin. The concentration of tackifier
ranged from 0 to 80 phr (parts per hundred parts of rubber). Toluene was used as the
solvent to prepare the adhesives into solution for testing. Coating on substrates was
carried out using a standard SHEEN hand-coater. For each adhesive sample, four
levels of coating thicknesses were carried out, i.e. 30, 60, 90, and 120 ym. Peel
strength of the adhesives was determined by the Lloyd adhesion tester instrument using
three different testing modes (T-Peel Test, 90° Peel Test, 180° Peel Test) in accordance
with ASTM specifications. The machine was also used for Loop Tack Test whilst two
other tackiness tests were via Ball Rolling Tack Test and viscosity measurement.
Another test, named Shear Resistance Test was carried out by means of Texture
Analyser. Results indicated that for all rubber-based adhesives, 120 ym coated
sample showed the highest peel strength whereas the lowest peel strength was
exhibited by 30 yum coated sample. For a fixed thickness of coating, the maximum peel

strength occurred at 40 phr of coumarone-indene resin. Obviously, ENR 25-based



adhesive showed a better peel strength and shear resistance compared to that of ENR
50, and other rubber-based adhesives. Reversely, EPDM and SMR L-based
adhesives indicated higher tackiness than those from other SMRs-based adhesives
whilst ENR 50 and ENR 25-based adhesives were the lowest. The effect of
mastication time on peel strength, shear resistance and tackiness property of the

adhesives were also studied and discussed.



CHAPTER 1 — INTRODUCTION

General

The adhesion properties of natural rubber (NR) and epoxidized natural rubber (ENR)
were much discussed in this thesis. Discussion is ranged from the historical
background of these rubbers, followed by objective of the rubber research, etc., until the

future prospects in rubber technology.

NR here refers to Standard Malaysian Rubber (SMR). It is sticky, coloured,
produced in large size varying in kilograms (kg). Because of the nature of SMR, a
great potential for various applications may have derived since more than four decades
ago. Rubber Research Institute of Malaysia (RRIM) has very much concentrated on
the quality assurance of the production of rubbers in order to produce as lowest dirt
content as possible by means of manufacturer’s instruments and technologies. SMR
is well-known and recognized throughout the world, especially by developing
industrialized countries like United States of America, European Union (EU), Japan,
Korea, etc. because of its cost effectiveness, usable, harmless especially to one’s

health.

ENR is more or less popular due to two grades of ENRs, viz. ENR 25 and ENR 50.
These ENRs are chosen as their moderate cost, great adhesion properties, and easily
gained by means of the production line via a simple and quite rapid route using peroxy
acid onto NR. A slightly changes in chemical structure in the presence of oxiranes
making possible for ENR to possess other properties such as heat resistance, air

permeability resistance, and stability due to chain re-arrangement.



The only synthetic rubber, ethylene-propylene diene terpolymer (EPDM) was used
for comparison with those of ENRs and SMRs. EPDM is essentially a transparent,
non-tacky, difficult-to-masticate material. EPDM has been largely applied for roofing
and tyres production. Tyre for example, is highly resisted to abrasion at either very
high or low temperature on the road. Recompounding EPDM and reinforcing have
very much studied for improved tack and adhesion for both roofing and tyres use
(Morton, 1987a; Crowther and Melley, 1974). However, is that possible for EPDM to
shift to adhesive level in the future? Yes, it could be, by addition of certain resin, filler, or
accelerator, an EPDM-based adhesive could be prepared and it is possibly used in tape

or label.

All these rubbers made in rubber-based adhesives, separately. A series of testing
had been carried out, of which ranged from Peel Test, Shear Resistance Test to
Tackiness Test, to determine the tack and adhesion properties. Different test mode will
probably be varying the final average value of tackiness and adhesion strength owing to
different evaluation formula. In accordance with ASTM Standard, each adhesion test
should have its own preparation and operation ways. They differ from each other.
Tests are carried out carefully and separately for each sample, without rush. Data
collecting is an important task as there might be occurred data mixing and this should be

avoided.

Moreover, one should be able to carry out a test systematically, for instance one
sample followed by one sample but not mixing the samples from different formulations.
Smart time management is as important as other parts in experimental as a little
mistake may cause serious implication at the end. One may have to repeat again
overall experiment from the beginning. For example, one supposes to measure
viscosity for all adhesive samples on Friday, but he forgets or careless not to do so.

The related adhesive in the beaker is left for another two days before measuring on next



Monday. The viscosity of the sample could possibly be different within two days. A
repetition needs time and energy as well as cost but nothing one could do unless he or

she can manage time wisely.

Furthermore, lab work could be divided into preparation of material and testing of
sample, two major tasks. It is a stringent work of all. One should exactly follow the
Standard Operation Procedure (SOP) of an instrument. The awareness of certain
safety is, as important as learning how to tolerate with each of other students who are

doing the same or another experiment in the same laboratory.

The main idea for the thesis is the adhesion properties of raw rubber-based
adhesive as described in the main title above. The peel strength of rubber-based
adhesive is discussed throughout NRs, ENRs and synthetic rubber, EPDM in addition of
different resin concentration. The influence of mastication time on rubber and
rubber-based adhesive as well as the effects of varying thickness of adhesive which is

applied onto the substrates, are investigated.

Apart from Peel Test, there are two other tests, viz. Tackiness Test and Shear
Resistance Test, of which using the same or other instruments depending on the needs.
The involved parameters are quite the same as described above but giving significantly
different results after having testing for each test. Comparison of adhesion strength
was made for rubber-based adhesives, in accordance with different mastication time,

resin concentration and surface thickness of adhesive on sample.



The experimental’s objectives are to:

Develop ENRs, SMRs and EPDM-based adhesives, by blending different resin
content to raw rubber solution and the effects of resin on the adhesion properties
were studied;

Masticate raw rubber using two-roll mill and to coat rubber-based adhesive on the
substrate (PET);

Test each rubber-based adhesive sample or specimen by means of different
testing modes in accordance with Standard Operation Procedure (SOP) and
American Standard for Testing and Materials (ASTM);

Determine or measure viscosity, tackiness, shear resistance, and peel strength of
rubber-based pressure sensitive adhesive (PSA) from a variety formulations; and
to

Make comparison between results of testing.



CHAPTER 2 — LITERATURE SURVEY

2.1 Historical Background on Rubber

A rubber tree has a long and rough trunk, with dark-green leaves on the top.
Rubber seed, all in three, hiding in a rubber shell when cracks, it drops on the ground, a
new life begins. The latex is found in trunk and in the leaves as well. Latex (white
fluid) shows its nature of tacky. This milky white fluid is a colloidal suspension of
rubber in a liquid consisting mostly of water. This fluid tends to harden upon air
exposure, within a couple hours. Therefore, the rubber estate worker will go to collect

it as fast as possible few moments after tapping in the early morning.

Rubber divides into two, natural rubber (NR) and synthetic rubber. Standard
Malaysian Rubber (SMR) and epoxidized natural rubber (ENR) are belonged to NR
whilst EPDM is one type of the latter. Rubber ball from weeping wood of Haiti origin,
was first brought back by Christopher Columbus to Europe (Spain) as early as 1496 ago.
Though comprising waterproofing usefulness for cloth and footwear, this gum or rubber
ball remained suffering from stickiness in hot weather and brittleness in cold. Until
1770, the English chemist, Priestley, gave a name ‘rubber’ to the raw material as it
conferred rub off characteristics towards pencil marks. He may have unawaredly

became the first one to add carbon black to rubber (Morton, 1987a; Treloar, 1975).

In the early 1800’s, a Scotsman, Maclintosh, had created the first raincoat, by
inserting a layer of rubber in between two separate cloths. Also, the first rubber band
had also been invented by cutting rubber into long strips, through Thomas Hancock in
1823.  Until 1839, Hancock and Charles Goodyear from America had not coincidently

found that rubber may be improved by addition of sulphur in the presence of heat. The



new product of so called vulcanized rubber, was not temperature dependant. Thomas
Hancock again made solid tyres for the carriage of Queen Victoria seven years later.

Perhaps that was the starting moment for our recent vast tyre industry.

Rubber tree, Hevea brasiliensis (Kawahara et al., 2000), was first came to
Singapore and Malay Peninsula (now Malaysia Peninsula), in 1877 and 1888
respectively, an effort by Sir Henry Wickham. After taking over the duty of Sir Henry
Wickham, Ridley, H.N. had intended to plant slow-growing rubber trees replacing coffee
crops in Malaya. Hectares and hectares of land and forest had been cultivated for
rubber tree crops since then. He also anticipated that an unprecedented demand on
rubber throughout the world will possibly due to the development of newly invented
pneumatic tyre (by Thomson, R.W., in 1845), credited to John Dunlop in England. He
was right as increasing market value had made possible for rubber to expand rapidly
throughout the world for a great variety of uses until these days. The demand of

rubber increased sharply during the World War .

Germany had produced methyl rubber during the period of World War | but
production of which ceased after recovery of supplies of NR. Era of synthetic rubber
since then, Buna S and Buna N (modern form called as SBR and NBR),
polychloroprene (Neoprene), polysulphide rubber (Thiokol), butyl rubber, and silicone
rubber lastly had been commercially produced in 1944. World War Il broke out in 1939
and it was not until mid-1941 and early of 1942, United States of America had produced

a synthetic rubber of the Buna S type in a slow starting (Craig, 1969).

Rubber is mostly used for tyre making (Kim et al., 2000), parts in automotive, shoe,
etc. Synthetic rubber has gradually developed but not to take over the role of NR,
where to some extent, this rubber possesses the suitability for some other special uses.

Synthetic rubber could be produced massively, and hence reduces production cost.



Besides, the required properties may also be controlled. It is, however, NR has higher
gel content (Li et al., 2000), higher cohesive strength and tack in the unvulcanized state,
high tensile strength and crack growth resistance in vulcanized state (Kawahara et al.,
2000), and higher molecular weight (M,,), than synthetic rubber. All these imply that
better adhesion properties, and rubbery behaviour making possible for NR to withstand

steadily until today.

2.2 Standard Malaysian Rubber (SMR)

Despite humerous local socio-economic and global recession problems, and the
fact that the country’s cultivated land has been reduced to 40 % of its original acreage,
Malaysia remained the world’s largest producer of raw rubber, in the last decade, not
only in quantity but also in quality (Buist, 1987). Malaysian government, through its
Rubber Research Institute of Malaysia (RRIM) agency, has produced better and high
yields of planting materials or rubber clone by Ong (2000), new tapping and exploitation
methods like mechanical tapping knives, polybag collection, new and improved grades
such as Standard Malaysian Rubber General Purpose (SMR GP), new and more
systematic and efficient mini-estates management, and other advantages (Gullen,
1987). Recently, the Malaysian Rubber Board (MRB) official physical price for NR in
sen per kilo for tyre grade SMR 20 has increased to 690.00 compared to only 459.00
nine months ago, by a pleased rise of sharply 231.00 sen, for rubber estate owner.

Details could be referred to The Star daily newsprints dated 22™ March, 2006.

In between 1950’s and 1960’s, the work of Prof. Karl Ziegler and Prof. Giulio Natta
in the field of stereospecific polymerization has opened up a vast area in polymer
synthesis and there are now available cis-, and frans-polyisoprene, EPDM,

trans-polybutadiene and polybutadienes with low and high cis-content (Ciesielski, 1999;



Morton, 1987a). Polyisoprene, a type of diene polymer builds up NR. There are
several thousand units of CsHgin NR. The single unit, isoprene has 2 carbon-carbon

double bonds.

o
H,C= (ll—HC=CH2 e ww CH,— C=CH— CH, ww
CH;
Isoprene (CsHs) Polyisoprene

H,C
N
C
/
HsC H

CH,
/
=C
AN

Scheme 2.1: Ziegler-Natta Reaction (Upper); SMR from Cis-1, 4-Polyisoprene
Structure (Lower)

Rubber from trans-1, 4-polyisoprene is not preferably for further enhancing as it is a
tough, horny substance at room temperature (T,), and will become soft and tacky only
when warmed to about 100°C. Most of these rubbers obtained from the sap of trees of
the Sapotaceae family, which can be found abundantly in Southeast Asia. The raw
rubber of commerce (sheet, crepe, or block rubber) comprises a M,, mainly in the range
of 500,000 to 1,000,000, with extensions into both lower and higher regions (Allen and

Bloomfield, 1963; Nair and Sekhar, 1967; Ng and Schulz, 1969).

SMR is Malaysian-made, and is named so by 1965. For nearly a half century,
SMR is continuously, observed under the RRIM. SMR, a type of natural rubber has

been examined for its usability and quality in packing, grading, tape and labelling,



electricity, oil and air resistance, etc. There are existed in many grades, such as SMR
5, SMR 5L, SMR 10, SMR 20, SMR 50, SMR EQ (light colour; < 0.02 % dirt content),
SMR GP, SMR CV, SMR LV, etc., among the most easiest gained in the market,

covering a wide range of applications.

The grade of SMR is basically determined by its cleanliness or maximum dirt
content and the extent of some other foreign contaminants, such as copper, manganese,
nitrogen, and volatile constituents. They came in very small percentage and seemed
nearly the same for each grade of SMR. Reversely in the case of SMR 10, 20, and
SMR 50, they contain even higher percentage of ash and dirt than others, of which 0.1,
0.2, and 0.5 %, respectively. The bigger the number of SMR, the lower quality and

lower rubbery behaviour performed in rubber.

Most of SMRs are produced in a crumb form by one of several mechanical or
chemical processes. After washing and drying either by air or under sunlight or
assisted heat, the crumb rubber is compressed hydraulically into 60 — 75 pound (Ib)
bales (not exceeding 112 Ib). It is then wrapped in polyethylene bag and ready for
shipment in big mass. Advantages of recently new SMR products as recognized by
customers outside of Malaysia, are including higher uniformity, greatly improved
cleanliness, and better appearance, as well as ease of handling from the producing

workplace.

2.3 Epoxidized Natural Rubber (ENR)

Technology of ENR developed since as long ago as 1922, while NR was reacted
with a peroxy acid. But as a result, there was a weakness encountered on structure

where it supposed to be.



Until early of mid-1970’s, epoxidation was carried out in the latex phase, and the
relatively low cost of reagents involved. Between this, secondary ring-opening reaction

involved in the presence of epoxide group.

ENR is a cis-1, 4-polyisoprene with epoxide groups randomly allocated along the
polymer backbone. The epoxide group in ENR plays a main role in rubber-based
adhesive. ENR possesses high strength that can be increased by increasing epoxide
contents, mostly in between 25 and 50 mole %. This is because of its ability to
undergo strain crystallization, comprising higher glass transition temperatures (Tg4) (Poh
et al., 2001) and solubility parameter. Besides, ENR is tested to have increased oil
resistance, enhanced adhesive properties, high degree of damping and reduced gas
permeation (Gelling et al., 1991). It means ENR could not be oxidized easily in the

presence of air and thus prolongs its shelf life.

ENR is synthesized by epoxidation reaction on the polyisoprene backbone of NR
(Hevea brasiliensis type) at the latex stage in a suspension containing a significant
amount of gel particles, with peracetic acid (Gelling, 1991). Glacial acetic acid and
hydrogen peroxide added in epoxidation process is by Mounir El Sayed et al. (2002).
Those particles will tend to cause heterogeneity in sealant and adhesive formulation.
Thus, ENR has to be degraded chemically using peptizers or physically through
mastication. Degraded ENR could be soluble in most common solvents like toluene
and methylenechloride indicating a tacky surface and a transparent appearance.
These are depending on mastication time, set temperature, and the model and type of

two-roll mill used.

Li et al. (1998), in their published paper, mentioned that the ways in producing such
an epoxidized natural rubber latex (ENR L) or more precisely ENR. The raw rubber,

NR latex is first added stabilizer and followed by solution of formaldehyde in stirring.
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After 10 min, the latex solution is put in hydrogen peroxide and formic acid. A
continuous stirring and heating up to 50°C is necessary. The reaction is kept in
attention for another 24 h, to prepare required ENR L. Purification is applied for 24 h
afterwards through a dialysis process in deionized water, which should be changed
every 2 h in a pH value of 7 at the end of dialysis. ENR L is coated on a clean glass
and is put in the vacuum chamber at T, until a transparency looking latex film is gained.
The test sample of ENR L is prepared after removing of water, and is tested to comprise

50 mole % of epoxide group within it.

ENRs that furnished by Guthrie Company, Malaysia, are brought in Universiti Sains
Malaysia (USM) together with  SMRs, EPDM and some other laboratory grade
chemicals. ENR is a new, commercialized polymer in Malaysia since the end of 1987.
Such ENR is a potentially useful material, which exhibits unique properties such as
good oil resistance, low gas permeability hence giving excellent ageing resistance,
increased glass transition temperature, and improved wet grip and friction resistance
(Nakason et al., 2004; Hirthammer et al., 1987). At temperature of 20°C, the relative
air permeability is ranged from the highest NR, ENR 25, ENR 50, ENR 70, until the

lowest synthetic rubber.

70 % of overall rubber (natural and synthetic) consumption is emphasized on the
manufacture of the tyres (Kim et al., 2000), belts, cellular products, latex dipped goods,
hose and tubing, and footwear, of which assisted by carbon black, rubber chemicals,
canvas and textiles, leather and poly(vinyl chloride) (PVC) industries (Sarkar et al., 1990;
Parra et al., 2000; Mousa et al., 1998). Technology development will be directed
towards new products, but more importantly is new production method that giving good

results in higher quality, greater efficiency, and cost effectiveness (Buist, 1987).
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Among ENR 10, 25, 50, and 70 mole %, the carbon atom of which is epoxidized by
epoxide content, through breaking over the double bond in the backbone of chain
system. More epoxide group content means more expensive ENR costs. For the
commercial purposes, ENR 70 is seldom use as a sealant or an adhesive compared to
those of ENR 25 and ENR 50 (Dynaprene as trade name) (Hirthammer et al., 1987).
Some researchers from India, and Japan as well as Europe Countries imported

Epoxyprene 25 (ENR 25) and Epoxyprene 50 (ENR 50) from Malaysia.

Apart from SMRs and synthetic rubber, ENRs are also belonged to the group of
elastomers or thermoplastic elastomers (TPEs) but not for synthetic ones. TPE here
refers to a group of materials, based on a dynamically vulcanized elastomer and a

thermoplastic, commonly polypropylene.

TPE based on ENR, has covered a wide range of hardness for related product.
Tensile and tear properties are typical of dynamically vulcanized blends of elastomers
and polypropylene, while exhibiting excellent oil resistance and air aging properties as

mentioned repeatedly above.

TPE has also been produced by blending ENR and a styrene-acrylonitrile (SAN)
copolymer. Observing that tensile, tear strength as well as abrasion resistance
increased with increasing SAN content. However, there is decrease in elongation at
break and lower impact resistance. This is partly owing to the ability of ENR to
undergo strain crystallization, and thus suggests a wid