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Abstract The adhesion properties of magnesium oxide

filled epoxidized natural rubber (ENR 25)/acrylonitrile-

butadiene rubber (NBR) blend adhesives were studied

using petro resin and gum rosin as tackifiers. Toluene was

used as the solvent throughout the experiment. Five dif-

ferent loadings, i.e. 10, 20, 30, 40 and 50 phr magnesium

oxide was used in the adhesive formulation. The SHEEN

hand coater was used to coat the adhesive on polyethylene

terephthalate at 30 and 120 lm coating thickness. The tack,

peel strength and shear strength were determined by a

Lloyd adhesion tester operating at 30 cm min-1. Results

shows that all the adhesion properties of the ENR 25/NBR

adhesives show a maximum value at 10 phr filler loading.

Loop tack and peel strength pass through a maximum, an

observation which is associated to the optimum wettability

of adhesive on the substrate. For the shear test, maximum

shear strength occurs due to the optimum cohesive strength

of the adhesive. Results also show that all petro resin based

adhesives have higher adhesion properties than gum rosin

based adhesive. In all cases, the adhesion properties of

adhesives also increase with increasing coating thickness.
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Introduction

The adhesion property of pressure sensitive adhesive (PSA)

depends on the filler content loading and type of tackifier.

To achieve viscoelastic behaviour, the rubber (elastic

component) have to be mixed with a tackifier (viscous

component). Tackifier is the raw material used in PSA

formulation. The addition of tackifier to the adhesive for-

mulation can improve the adhesion properties of the

adhesive system [1, 2]. From our previous study, we car-

ried out a systematic study of the addition of tackifier into a

single rubber component adhesive system. Poh et al. [3]

have studied viscosity and shear strength of natural rubber

based adhesives in the presence of gum rosin and petro

resin. Meanwhile, effect of molecular weight of rubber on

tack and peel strength of SMR-L based pressure adhesives

using gum rosin and petro resin as tackifiers were inves-

tigated by Poh and Yong [4]. Poh and Firdaus [5] have

studied the effect of hybrid tackifiers on adhesion proper-

ties of epoxidized natural rubber based PSAs. Besides that,

Poh and Firdaus [6] also investigated the viscosity, shear

strength, and peel strength of (natural rubber) based

adhesives containing hybrid tackifiers. On the other hand,

Poh and Yong [7] have studied the effect of molecular

weight of epoxidized natural rubber on viscosity and tack

of PSAs by using coumarone indene resin, gum rosin and

petro resin. In view of the scarcity of data reported on the

effect of different tackifiers on the adhesion properties with

filled PSAs, it is thus the aim of the present study to

investigate the effect of petro resin and gum rosin on

adhesion property of magnesium oxide filled epoxidized

natural rubber (ENR 25)/acrylonitrile-butadiene rubber

(NBR) blend adhesive. The work is novel as no author has

studied the effect of tackifier on the adhesion property of

filled rubber blend adhesive. Our previous study focuses on
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the dependence of adhesion property on tackifier in a single

rubber component adhesive system.

Experimental

Materials

Epoxidized Natural rubber (ENR 25, having 25 mol% of

epoxidation) and acrylonitrile-butadiene rubber (NBR,

acrylonitrile content of 33 %) were used as the elastomer

for the preparation of PSA, The rubbers were supplied by

Rubber Research Institute of Malaysia (Kuala Lumpur,

Malaysia) and Bayer Company (Penang, Malaysia)

respectively. Petro resin and gum rosin were used as the

tackifier. It was freshly supplied by Euro Chemo-Pharma

Company (Penang, Malaysia). Magnesium oxide and

toluene were used as the filler and solvent respectively.

Polyethylene terephthalate (PET) film was chosen as the

coating substrate throughout the experiment.

Characterization of Magnesium Oxide

Figure 1 shows a SEM micrograph of the magnesium oxide

filler used in this study. The photo indicates that agglom-

eration of magnesium oxide particles with sizes ranging

from 2 to 10 lm. Therefore, magnesium oxide needs to be

ground before the addition into the rubber adhesive. FTIR

spectrum of magnesium oxide is shown in Fig. 2. The

presence of small quantity of hydroxyl group is illustrated

by the weak absorption peak at 3299.20 cm-1 whereas

other oxygenated groups are indicated by absorption peaks

at 1028.74 and 1075.86 cm-1. Figure 3 shows the ther-

mogravimetric analysis (TGA) of magnesium oxide filler.

From the thermograph, a slight decrease in weight at about

100 �C is attributed to the evaporation of moisture. There

is a drop in about 4 wt% in the temperature range of

250–350 �C, an observation which is associated to the loss

of organic volatile matter.

Preparation of Adhesive

ENR 25 and NBR were masticated on a two-roll mill for

10 min. 5 g of masticated rubber were shredded into small

pieces. Blends ratios in grams of ENR 25/NBR rubber

blend is fixed at 1/4, corresponding to 20 % ENR 25 was

prepared. The rubber blend was dissolved in 30 ml of

toluene and then left for 24 h to ensure complete dissolu-

tion. With constant stirring, 2 g of tackifier which corre-

sponded to 40 phr of resin was added slowly to the rubber

solution. This was followed by the addition of five different

weights of magnesium oxide, i.e., 0.5, 1, 1.5, 2, 2.5 g

corresponding to 10, 20, 30, 40 and 50 phr filler were

added separately to the rubber solution. For comparison

purpose, one control sample without magnesium oxide was

used to prepare the adhesive.

Testing

Loop Tack

A PET film with dimension of 4 cm 9 25 cm was coated

with adhesive by using a SHEEN Hand Coater. The coated

area was 4 cm 9 4 cm at the center of the PET film at a

coating thickness of 30 and 120 lm respectively. The

coated sample was conditioned at room temperature for

24 h before testing. The PET film strip was formed into a

loop and the outer surface with adhesive area was brought

into contact with a glass plate. A Lloyd Adhesion Tester

operating at 30 cm min-1 was used to measure the

debonding force to detach the loop from the glass plate.

The loop tack value is expressed as the average debonding

force per area of contact [N m-2].

Peel Strength

The peel adhesion test was carried out by using PET film as

the base stock and face stock. T-peel test, 90�-peel and
180�-peel tests were the three modes of peeling test that

was carried out. The dimensions of PET film for the T- peel

test were 20 cm 9 4 cm. For the 90� peel test, the

dimensions were 20 cm 9 4 cm and 15 cm 9 7 cm for

the base stock and face stock respectively. The respective

dimensions of the substrate were 25 cm 9 4 cm and

10 cm 9 10 cm for the 180� peel test. The adhesive was

coated from the end of the PET film at a coating area ofFig. 1 A SEM micrograph of magnesium oxide used in this study
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10 cm 9 4 cm film at a coating thickness of 30 and

120 lm respectively by using a SHEEN Hand Coater. The

face stock was then placed on the coated PET film (base

stock). The testing sample was conditioned for 24 h before

testing by a Lloyd Adhesion Tester operating at a testing

rate of 30 cm min-1. The average peeling force was

determined from the three highest peaks recorded from the

load-propagation graph. Peel strength is defined as the

average load per width of the bond line required to separate

progressively a flexible member from a rigid member or

another flexible member (ASTM D 907).

Shear Strength

The dimension of the PET film was 20 cm 9 4 cm.

A SHEEN hand coater was used to coat the adhesive from

the end of the film at a coated area of 10 cm 9 4 cm for a

coating thickness of 30 and 120 lm respectively. One end

of the face stock (10 cm 9 4 cm) was gently placed on the

coated area of the base stock. The sample was conditioned

for 24 h before testing by a Lloyd Adhesion Tester oper-

ating at a testing rate of 30 cm min-1. The testing distance

was 10 cm which corresponded to the length of the coated

area. Shear strength was defined as the shear force per unit

area of testing (N m-2).

Results and Discussion

Tack

Tack may be defined as the property of a material that

enables it to form a bond with low applied pressure [8, 9]

Fig. 4 shows the dependence of tack on magnesium oxide

loading at 30 and 120 lm coating thickness of petro resin

based ENR 25/NBR blend adhesive. The plot shows that

loop tack of adhesive increased steadily with increase in

magnesium oxide loading up to 10 phr for both coating

thicknesses. The increasing tack value with increasing

magnesium oxide loading is attributed to the adhesive

attains optimum wettability and compatibility on the sub-

strate. At this maximum tack value, the adhesive conforms

Fig. 2 A FTIR spectrum of magnesium oxide used in this study

Fig. 3 Thermogravimetric analysis of magnesium oxide used in this

study
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to the irregularities of the substrate, i.e., low surface energy

condition is observed [10]. Further increase in the mag-

nesium oxide loading will cause a dilution effect which

lowers the tack value after 10 phr magnesium oxide load-

ing. This phenomenon is attributed to the decreasing wet-

tability and miscibility of adhesive. A similar behavior is

also exhibited by the gum rosin based adhesive as shown in

Fig. 5. The graph shows that tack value also passes through

a maximum value at 10 phr magnesium oxide for both

coating thickness. For both tackifiers used, 120 lm coated

sample consistently exhibits the higher tack value than that

of 30 lm coated sample at the fixed filler loading. This

phenomenon is attributed to the higher amount of adhesive

Fig. 4 Variation of tack of petro resin based ENR 25/NBR blend

adhesive with magnesium oxide concentration at 30 and 120 lm
coating thickness

Fig. 5 Variation of tack of gum rosin based ENR 25/NBR blend

adhesive with magnesium oxide concentration at 30 and 120 lm
coating thickness

Fig. 6 Variation of peel strength of petro resin based ENR 25/NBR

blend adhesive with magnesium oxide concentration at 30 and

120 lm coating thicknesses. a T-peel, b 90� peel and c 180� peel

Fig. 7 A SEM micrograph of petro resin based ENR 25/NBR blend

adhesive containing 10 phr magnesium oxide after 90� peel test

J Polym Environ (2016) 24:334–342 337

123



in the 120 lm coated sample. This means that more

adhesive is available to effect wettability on the substrate,

thus shows the higher tack value in the system [11].

Peel Strength

The effect of magnesium oxide on peel strength of petro

resin based ENR 25/NBR blend adhesive at 30 and 120 lm
coating thickness is shown in Fig. 6a–c for the T-, 90� and
180� peel test respectively. For all the three modes of peel

tests, peel strength increases with increasing magnesium

oxide loading up to 10 phr filler content for both coating

thickness. This observation is ascribed to the reducing of

surface tension by magnesium oxide and hence improve

wettability of adhesive on the substrate. At this optimum

filler loading content, maximum wettability of the adhesive

on the substrate which enhances mechanical interlocking

and anchorage of the adhesive in pores and irregularities in

the adherent [12, 13]. Also, at this optimum filler loading

content, enhancement of peel strength of adhesive is due to

the maximum compatibility between magnesium oxide and

the adhesive system. After the optimum loading, peel

strength decrease with further addition of filler because of

the dilution effect of magnesium oxide as a filler loading

increased. The drop in peel strength is associated to the

reducing miscibility and wettability of adhesive. Figure 7

shows a SEM micrograph of adhesive containing 10 phr

magnesium oxide after 90� peel test. The SEM micrograph

indicates that magnesium oxide is well dispersed in the

petro resin based ENR 25/NBR blend adhesive. Besides, it

clearly demonstrates the occurrence of cohesive and

adhesion failure modes of the filled rubber adhesive. The

cohesive failure mode is indicated by the partial adhesive

remains on the substrate whereas the clean PET surface

detached by the adhesive is attributed to the adhesion

failure mode after the peel test. Figure 8 displays the FTIR

spectrum of the magnesium oxide filled adhesive. The

absorption band at 3696 cm-1 indicates the presence of

magnesium oxide as confirmed by the FTIR spectrum for

the filler in Fig. 2. The absorptions at 2915 and 1028 cm-1

are attributed to the C–H and C–O stretching vibration

respectively [14, 15] due to the presence of NBR and ENR.

The TGA of petro resin based ENR 25/NBR adhesive

Fig. 8 A FTIR spectrum of petro resin based ENR 25/NBR blend adhesive containing 10 phr magnesium oxide

Fig. 9 Thermogravimetric analysis of petro resin based ENR

25/NBR blend adhesive containing various loadings of magnesium

oxide
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containing various loadings of magnesium oxide is shown

in Fig. 9. From the thermograph, it is observed that the

onset temperature of degradation of the adhesive system

increases with the increase of magnesium oxide loading,

suggesting that magnesium oxide enhances the thermal

stability of the adhesive. This observation is similar to that

reported by Ghanbari et al. [14] and Gholamian et al. [15]

on the effect of magnesium hydroxide on the thermal sta-

bility of polymers. Figure 9 also shows that ash content

increases with magnesium oxide loading, an observation

which is attributed to the increasing amount of inorganic

matter. In the case of gum rosin study, the peel strength of

ENR 25/NBR blend adhesive at 30 and 120 lm coating

thickness show similar behavior as petro resin based

adhesive as shown in Fig. 10a–c for the T-, 90� and 180�

peel test respectively. For both tackifiers used, the higher

peel strength is exhibited by 120 lm coating thickness.

Again, this observation is similar to that obtained for tack

as discussed previously. A SEM micrograph on the peeling

surface of magnesium oxide filled adhesive using gum

rosin as the tackifier is shown in Fig. 11. It shows that

magnesium oxide is well dispersed in the gum rosin based

ENR 25/NBR blend adhesive. The diagram also indicates

that the occurrence of cohesive and adhesion failure mode

similar to that observed in the case of petro resin based

adhesive. The undetached adhesive on the substrate is

associated with cohesive failure. On the contrary, the

detached portion of adhesive on the PET film is ascribed to

adhesion failure. Figure 12 illustrates the FTIR spectrum of

gum rosin based ENR 25/NBR adhesive containing 10 phr

of magnesium oxide. The occurrence of 3695 cm-1

absorption band indicates the presence of magnesium oxide

[14]. Meanwhile, the absorptions at 2918 and 1031 cm-1

are associated to the C–H and C–O stretching vibration

[15] in NBR and ENR. Figure 13 shows the TGA of gum

rosin based ENR 25/NBR adhesive containing various

loadings of magnesium oxide. The thermograph demon-

strates similar thermal behavior as that of petro resin based

adhesive. Again, the curve shifts towards higher degrada-

tion temperature as magnesium loading is increased,

implying that the filler enhances the thermal stability of

gum rosin based adhesive. The ash content also increases

with magnesium oxide loading due to the increased pres-

ence of the inorganic matter. Figure 14 compares the peel

strength between petro resin based adhesive with that of

gum rosin. From the graph, all three modes of peel tests of

petro resin adhesives show higher peel strength than gum

rosin based adhesives suggesting that better compatibility

exists between petro resin and rubber. Our previous results

show that gum rosin, which is naturally occurring

Fig. 10 Variation of peel strength of gum rosin based ENR 25/NBR

blend adhesive with magnesium oxide concentration at 30 and

120 lm coating thicknesses. a T-peel, b 90� peel and c 180� peel

Fig. 11 A SEM micrograph of gum rosin based ENR 25/NBR blend

adhesive containing 10 phr magnesium oxide after 90� peel test
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tackifying resin, gives better peel strength compared to

petro resin in a single rubber component adhesive system,

an observation which is attributed to better compatibility

and cohesiveness between the gum rosin and natural rub-

ber, both of which are naturally occurring materials [4].

The present study suggests that the dependence of peel

strength on type of tackifying resin is different in rubber

blend adhesive system compared to single rubber compo-

nent adhesive system. Figure 14 also shows that 90� peel

test exhibits the highest peel strength than T- and 180� peel
tests. This observation is attributed to the angle of testing,

where higher strain–induced crystallization of rubber

chains occurs at 908 peel test followed by 180� and T- peel

tests. In all cases, the failure mode is essentially adhesive in

nature [13, 16, 17].

Shear Strength

Figure 15 shows the dependence of shear strength on

magnesium oxide loading at 30 and 120 lm coating

thickness for petro resin based ENR 25/NBR blend

Fig. 12 A FTIR spectrum of gum rosin based ENR 25/NBR blend adhesive containing 10 phr magnesium oxide

Fig. 13 Thermogravimetric analysis of gum rosin based ENR

25/NBR blend adhesive containing various loadings of magnesium

oxide

Fig. 14 Comparison of peel strength between petro resin and gum

rosin based adhesives for various modes of peel tests at 120 lm
coating thickness
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adhesive. As in the case of tack and peel strength, shear

strength indicates a maximum value at 10 phr magnesium

oxide for both coating thicknesses. This observation is

attributed to the occurrence of maximum cohesive strength

due to the excellent intermolecular interaction between

rubber adhesive system and magnesium oxide at 10 phr

loading. However, further addition of magnesium oxide

beyond 10 phr will decrease the shear strength of the

system for both coating thicknesses. This phenomenon is

ascribed to the dilution effect of the filler, i.e., decreasing

amount of rubber content which acts as a binder in the

system. A similar result is also obtained when gum rosin is

used as the tackifying resin as shown in Fig. 16. For a fixed

loading of filler, the 120 lm coating thickness sample

shows higher shear strength value than 30 lm coated

sample. This observation is associated to the higher volume

of rubber adhesive in 120 lm coating thickness that gives

higher cohesive strength than 30 lm coated sample with

lower coating thickness as shown in Figs. 15 and 16.

Comparison of Results

Table 1 summarizes the adhesion properties of petro resin

and gum rosin based ENR25/NBR blend adhesives at

10 phr magnesium oxide loading. From this study, petro

resin based adhesive indicates higher tack, peel strength

and shear strength value than gum rosin based adhesive.

Petro resin which is a synthetic resin derived from the

polymerization of petroleum cracked products, whereas

gum rosin is a natural occurring rosin which is derived

from vegetable sources in the forms of exudates. Magne-

sium oxide filled ENR 25/NBR based adhesive—which

contains higher amount of synthetic rubber—showed better

compatibility with synthetic resin (petro resin). On the

other hand, gum rosin which is natural rosin, shows poorer

compatibility between the rosin and ENR 25/NBR rubber

blend [8, 18, 19]. Also, the phenomenon is ascribed to the

Table 1 Comparison of

adhesion properties between

petro resin and gum rosin based

ENR 25/NBR blend adhesives

at 10 phr magnesium oxide

loading

Property Coating thickness (lm) Tackifier

Petro resin Gum rosin

Tack (N m-2) 30 62.29 58.33

120 70.21 69.58

T- Peel strength (N m-1) 30 67.32 67.01

120 122.64 120.40

90� Peel strength (N m-1) 30 146.80 140.93

120 212.39 202.33

1808 Peel strength (N m-1) 30 69.98 69.91

120 209.45 201.13

SHEAR STRENGTH 9 10-3 (N M-2) 30 101.16 91.40

120 106.17 106.04

Fig. 15 Variation of shear strength of petro resin based ENR 25/NBR

blend adhesive with magnesium oxide concentration at 30 and

120 lm coating thicknesses

Fig. 16 Variation of shear strength of gum rosin based ENR 25/NBR

blend adhesive with magnesium oxide concentration at 30 and

120 lm coating thicknesses
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difference in softening point of the tackifier. Petro resin

which has higher softening temperature than that of gum

rosin shows the higher adhesion properties to the magne-

sium oxide filled ENR 25/NBR based adhesive.

Conclusion

For both petro resin and gum rosin based ENR25/NBR

blend adhesive, loop tack and peel strength increases with

magnesium oxide loading up to 10 phr, after which it

decreases with further increase in magnesium oxide load-

ing. This phenomenon is attributed to the increasing wet-

tability and compatibility of adhesive which culminates at

10 phr of filler content for maximum wettability for both

coating thickness. The drop in tack and peel strength after

10 phr filler loading is due to the dilution effect of mag-

nesium oxide in the adhesive system. The 90� peel test

consistently gives the higher peel strength, a phenomenon

which is associated to the angle of testing. Shear strength

also exhibits a maximum value at 10 phr magnesium oxide

loading, an observation which is ascribed to the optimum

cohesive and adhesive strength during the shearing action.

Petro resin based magnesium oxide filled ENR25/NBR

blend adhesive consistently exhibits higher adhesion

properties than gum rosin based adhesive. This observation

is attributed to the better compatibility of the petro resin

with the adhesive system. At a fixed filler loading, adhesion

properties increase with coating thickness due to the higher

amount of adhesive which enhances the viscoelastic

response of the rubber blend adhesive.
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