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Abstract—Growth in synthetic adhesive use has contributed to
environmental problems like release of volatile organic compounds
to the atmosphere, which contribute to the formation of
photochemical smog, and many are implicated in the aggravation of
lung diseases such as asthma. Almost all organic vapors absorb
infrared radiation and therefore act as greenhouse gases. But this
impact can be reduced by using adhesives made from established
renewable resources such as natural rubber. Natural rubber is an
important commercial material and can be used to make adhesives
and a rubber plantation is very effective as a forest in carbon dioxide
utilization. Natural rubber-based adhesives can be employed to bond
non-metallic materials such as leather, fabrics, paper, and other
rubber products and the depletion of fossil fuels can be prevented by
their use. Therefore, the goal of this work was to develop a natural
rubber-based bio-adhesive capable of competing with the currently
used formaldehyde-based synthetic adhesives. From the experiments
carried out, it was found that the relative viscosity and the solubility
parameter play a major role in the selection of the best combination
of natural rubber, tackifier and solvent to form the bio adhesive. The
adhesive mix with solvent blend of hexane and heptane (80:20) was
found to yield better adhesion. It was observed that with increase in
the concentration of natural rubber and rosin, the viscosity
increased. This bio-adhesive was tested for its bonding quality with
different materials like paper, veneer, chart papers and rubber tubes.
The properties of these materials were then compared with materials
bonded using other synthetic adhesives available.

INTRODUCTION

Wood adhesives currently being used are mainly synthetic
polymers especially formaldehyde based and among them the
most important are phenol formaldehyde (PF)-urea
formaldehyde (UF), urea melamine formaldehyde (UMF),
melamine formaldehyde (MF), resorcinol formaldehyde (RF)
and phenol-resorcinol formaldehyde (PRF) resins [7,8,11,21].
They are the most widely used in panel industries for making
wood-based panels and wood laminates. Although these types
of resins have excellent characteristics, the formaldehyde
release is their critical defect. With growing demand for green
and clean processes the limits of use of formaldehyde-based
adhesives is a growing concern. Numerous methods have been
reported in literature [2,3, 20,23] such as lowering the resin
final mold ratio, adding different amine compounds to the
resin and adding formaldehyde scavenger, however, in spite of

this progress, the potential harm of formaldehyde has not been
completely eliminated. Due to the potential harm of
formaldehyde-based resins, bio-based adhesives including
protein, starch, tannin, carbohydrate, walnut meal, coconut
shell and so on have attracted increased attention in the wood
panel industry. An exhaustive review about non-
formaldehyde, bio-based adhesives for use in wood based
panel manufacturing industry was carried out on the
development of formaldehyde-free adhesive systems based on
renewable resources [6,9,22]. The current wood panel market
as focused in this article, emphasizes the challenges that new
and alternative bio-based adhesives must face. Another review
discusses recent developments in the synthesis of PF resins,
particularly those created from sustainable raw material
substitutes [20] along with modifications applied to the
synthetic route in order to improve the mechanical properties.
They concluded that although bio-based alternatives to phenol
and formaldehyde are thought to be ecologically beneficial,
switching to bio-based materials occasionally results in a
reduction in the resin's mechanical qualities when compared to
phenolic resin. Coconut shell flour was found to be effective
for partial replacement for phenol in phenol formaldehyde
resin [10]. The effect of the partial replacement on tensile
strength and morphology were investigated and it was
revealed that 40-50% off phenol can be replaced by using
coconut shell powder. A biobased phenolic adhesive was
successfully developed by entirely substituting both
petroleum-based phenol and formaldehyde with an
unmodified corn stover biorefinery lignin and glyoxal
respectively. The lignin glyoxal resin was found to have a 3-
fold higher average molecular weight than the starting lignin,
demonstrating the integration of lignin into polymeric resin
network [12]. Therefore, because of the toxicity, volatility and
restrictions on use, there is a strong need to develop and
implement appropriate alternatives to replace formaldehyde
based adhesive systems. Viable formaldehyde free adhesive
systems based on renewable sources either at the technical or
economical level have to be encouraged. In this context
natural rubber-based adhesives have good ability to bond a
wide variety of substrates and retain excellent adhesion when
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subjected to varying environmental conditions [1,4]. Hence, in
the present study an attempt has been made to develop natural
rubber and solvent based adhesives which could meet the
requirements of footwear, wood and automobile industry. The
effects of natural rubber concentration, tackifier and solvent
properties on the natural rubber adhesive were determined.
The adhesive viscosity was found to increase with the
concentration of natural rubber and tackifier. The relative
viscosity was dependent on the solvency and the solution
viscosity decreased with solvent viscosity.

MATERIALS AND METHODS

Natural rubber sheets were purchased from a local rubber
dealer near the institute. n-Heptane (99%) and Hexane (85%)
were procured from Simson Pharma Ltd., Mumbai. All other
solvents used were of LR grade and purchased from Nice
Chemicals, Kochi. Tackifier was procured from Punjab Rosin
and Chemical works, Roorkee. Veneer sheets were provided
as a gift from Kelachandra Wood Industries, Kottayam and
TKM Ply and Boards, Muvattupuzha, Kochi.

Bio Adhesive Formulation

The natural rubber sheets were masticated into pieces. A
mixture of 5% natural rubber and 1.5% tackifier were
sequentially mixed in the solvent and mixed for 4 hours at 800
rpm using a mixer with cone shaped beaters (Philips, India)
until a homogeneous mix is formed. The adhesive thus formed
was stored at room temperature after addition of stabilizing
and binding agents to ensure a uniform free flowing glue
solution. The developed bio adhesive was then applied on
different material surfaces and pressed using a hydraulic press
to form specimens whose bonding characteristics were
evaluated. Samples using conventional adhesives were
physically compared with samples developed from this bio
adhesive.

Bio Adhesive Property Estimation

The density of the solvents and the adhesive solution was
found out using standard IS: 4730:1994. The dynamic
viscosity was calculated using a Brookfield DVE (Ametek,
USA) rotational viscometer. The speed of the rotor was
calibrated such that the dynamic viscosity of the distilled
water was 1 cP at 25°C. The viscosity of the solutions and the
solvent were measured at 25°C. The samples of 500 mL were
taken for each measurement. The instrument was switched on
and the stress was applied on the adhesive and the viscosity
was measured. The bio adhesive glue solution was applied on
various surfaces and the surfaces bonded together using a
temperature controlled hydraulic press (Mini Metal Industries,
Kottayam). The work flowsheet for the preparation of sample
is depicted in figure 1.

‘ RUBBER SHEET MADE INTO SMALL PIECES ‘

‘ RUBBER AND ROSIN IS ADDED INTO ‘
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L

SAMPLE IS TESTED FOR VARIOUS
PROPERTIES

Figure 1: Methodology

RESULTS AND DISCUSSION

Properties of Natural Rubber and Tackifier

The density and the color of the natural rubber and the
tackifier (gum rosin) used for the project are shown in the
Table 1.

Table 1: Properties of NR and Gum Rosin

SI. No Material Density (g/cm?) Color
1. NR Sheet 0.95 Brown
2. Rosin 0.57 Yellow

Along with the pure solvent varying blends of two different
solvents were also tested. In order to find the optimum blend
ratio, the two solvents (hexane and heptane) were mixed in
different proportions and were tested for viscosity. The
viscosity of the bio adhesive solution consisting of same
percentage of solvents was found to be 9600 cP, whereas the
viscosity for 80:20 blend of solvents was found to decrease by
10%. Hence considering the cost this blend was selected as the
optimum one. The variation of relative viscosity with varying
blends of solvents is depicted in figure 2.
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Fig. 2: Determination of optimum blend ratio
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The viscosity of the hydrocarbon solvents and blends of
solvent were tested and it was observed that for increase in
viscosity of the solvent the solution viscosity decreased. This
was mainly due to the solubility parameter of the solvent. It is
in agreement with the literature that energetically favorable
solvent has solubility parameter that closely matches with that
of the solute [16-19] and is depicted in figure 3.
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Fig. 3: Effect of solution viscosity on adhesive viscosity

Effect of Concentration of natural rubber on the viscosity
of the adhesive

Tests were carried out for varying concentrations of natural
rubber in the solution for same tackifier loading. Three
different solvents were used for the study. It was found that as
the concentration of the natural rubber in the mixture
increased the viscosity also increased. It was found that in case
of 3g of natural rubber, the dissolution of solute molecules in
the solvent is incomplete, for all solvents (figure 4). This
observation was associated to the increase in the solid content
due to rubber particles in the mixture which is in agreement
with the literature [13-15].
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Fig. 4: Effect of concentration of natural rubber on the
adhesive viscosity

Effect of concentration of gum rosin on the viscosity of the
solution

In this study, the effect of tackifier was found on the viscosity
of the solution and the results are shown in figure 5. The
concentration of the gum rosin was found to increase for the

given concentration of natural rubber and given amount of
solvent. It was noted that the viscosity increased with increase
in the concentration of the gum rosin. Similar observations
were found earlier [14,24].
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Fig. 5: Solution viscosity as a function of gum rosin concentration

Adhesive

An eco-friendly adhesive was developed from natural rubber
using heptane as the organic solvent. The adhesive produced
was moderately viscous (figure 6). In order to test the bonding
properties of the adhesive, it was tested on various materials
such as paper, veneer sheets, rubber and photographs. The
physical properties of the adhesive were similar to that of
synthetic adhesiveavailable in the market. The adhesive was
having good bonding property.

Fig. 6: Bio Adhesive

Wood to Wood Bonding

The developed bio adhesive was applied on veneer sheets and
the tear characteristics [5] were physically examined. Two
different specimens have been made. The first specimen having
6 layers of 10x10 cm veneer sheets was bonded together using
the adhesive made and the second one having 3 layers of 5x10
cm veneer sheets was bonded together with the adhesive.
The bonding was strong and comparable with those reported
in literature [6]. Both the specimens were subjected to a hot
press machine and tested for the temperature resistance. It was
having a comparatively good resistance to temperature and
pressure. The bonding strength was also good because the
veneer pieces were not getting separated when pressure was
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applied. The specimen with 6 layers was found to have high
strength when compared to the 3 layered specimen.

(a) 6 layer (b) 3 layer
Fig. 7: Samples of veneer sheets bonded together

Rubber to Rubber Bonding

A specimen was made by bonding two rubber pieces of 5x10
cm size and was kept under a press for a time of 10-12 hours.
The bonding was done using the prepared adhesive and its
properties were observed. It was observed that the bonding
strength was comparatively less. The rubber sheets were easily
separated when pressure was applied. The specimen was kept
ina hot air oven for testing the temperature sensitivity. It was
found that the specimen was separated after taking from the
oven which proves that it was also sensitive towards high
temperature.

Fig. 8: Rubber pieces bonded together using adhesive

Photo Paper Bonding

Two photo papers were bonded together using the adhesive to
prepare a specimen. The face of the photo paper where the
photo is printed was bonded together and was kept under a
press fora time period of 4-6 hours. The specimen was taken
and observed. The observation was that the bonding strength
was good. And it was also observed that when the photos were
separated ly applying pressure there was no damage to both the
photos, indicating that this adhesive solution could be very
well used for craft paper bonding work.

Fig. 9: Photograph paper bonded together

CONCLUSION

Adhesive based on natural sources due to their eco-friendly
properties and impressive glue strength, are becoming more
popular and are being used for different applications. Their
importance has been increasing over the years due to the
problems created by synthetic based adhesive. The synthetic
based adhesives such as formaldehyde based adhesive emit
toxic gasesto the atmosphere they are present. These toxic
gases are dangerous to our health and cause several health
problems. In order avoid this problem we have developed a
bio adhesive from natural rubber. Experiments were carried
out to find the properties of the blends. It was found that the
relative viscosity and the solubility parameter play a major
role in the selection of the best combination of natural rubber,
rosin and solvent to form an adhesive. The developed adhesive
was then applied to different material such as wood, rubber
and photo paper. Then their properties were observed and
studied. The veneer sheets were having good bonding
strength, similar to that of synthetic adhesives. But the
bonding between rubber sheets were not comparatively good.
The bonding was also sensitive to high temperature. The
bonding between photo papers were comparativelygood and it
was observed that the photos were not damaged when they
peeled off.

The sample with solvent 80:20 blend of hexane and heptane
was found to yield better adhesion. It was observed that with
increase in the concentration of natural rubber and rosin, the
viscosity increased. The effect of solvent viscosity was also
determined in the process. It was observed that solvent
viscosity directly contributes to the viscosity of the solution.
The increase in concentration of natural rubber caused an
increase in the solution viscosity. An increase in tackifier
concentration increased the viscosity of the solution and was
proportional to tackifier loading. The presence of the alcohol
led to decrease in viscosity leaving a product which was not
stable. Greater the solvency, better was the dissolution of the
solute and thus lower was the relative viscosity. For the
hydrocarbon solvents, the solution viscosity decreased with
increase in solvent viscosity which was due to the increase in
solubility parameter of the solvent. Further work is in progress
to characterize the physical and mechanical properties of this
adhesive solution.
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