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ABSTRACT
Scrap vulcanized rubber is amongst a bigger waste polymers. It does not decompose easily owing to its cross linked
structure. Modification of scrap tires powder by the grafting with 2-acrylamido-2-methylpropanesulfonic acid (AMPS)
is described. The grafting is achieved through free radical initiation. The effects of different amount of monomer and
initiator were examined. Also the influence of reaction time and temperature were investigated. The grafted waste rubber was characterized by FT/IR, SEM and DSC measurements. The proposed mechanism of the grafting reaction is
discussed. From DSC and SEM studies of WR-g-AMPS compared with PAMPS and WR, the results show that the particle size and crystallinity were enhanced for the grafted copolymers. The obtained modified scraped tires will used as
an ion exchanger for the future applications.
Keywords: Chemical Modification; Scraped Tires; Grafting Polymer Characterization;
2-Acrylamido-2-methylpropanesulfonic Acid

1. Introduction
Pollution of environments with industrial and permanent
waste materials is of the biggest problem for civilization
at the present and future time. Scrap rubbers, especially
scrap tires cause significant environmental problems due
to their high thermal resistivity to nature conditions. To
reduce these wastes from the environment and reduce
costs of rubber raw material, attempts were being made
to recycle of waste rubber [1]. There are two main ways
to consume waste rubber. The first is the interaction or
pyrolitic degradation of waste rubber to basic chemicals
[2,3]. The second is grinding the waste to form granulate
or regenerate to produce technically less demanding
rubber [4,5]. Reclaiming of products by devulcanization
has been attempted [6,7]. Recently previous researchers
modified the surface of rubber crumb with ozone [8], the
enhancement of mechanical properties by blending of
polypropylene with ground waste rubber powder were
done [9]. Also scraped tires are used as adsorbents for
adsorption of organic and inorganic solutes [10]. However, these methods are not appropriate to handle waste
rubber, due to difficulties to use and to result of other
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environmental problems, such as air pollution or flotation
to the surface. Therefore recycling of waste rubber has
been widely investigated as an alternative method. Reuse
of waste rubber by grafting reaction is studied by some
researchers [11-13]. Grafting of vinyl monomers to polydiene based rubbers by free radical initiator are successful reported method [14]. Recently in our laboratory
we modified the waste vulcanized rubber by chlorination
and amination reactions [15]. Also the surface modification of waste tire by grafting with styrene and maleic
anhydride are studied at different reaction conditions [16].
2-Acrylamido-2-methylpropanesulfonic acid is relatively strong acid [17] that had a wide variety of applications [18,19], including packing films, foam stabilizers,
photographic materials and water absorbents. The present
studies are aiming to graft 2-acrylamido-2-methylpropanesulfonic acid onto previously sulfonated waste rubber granular, by free radial initiation method. The grafting reactions are studied as a function of time, temperature, initiator concentration and AMPS quantity. The
products obtained are characterized by FT/IR, DSC, and
SEM. A suggested reaction mechanism of the grafting is
given. The obtained grafted materials will be used for
further studies by our research group.
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2. Experimental Section
2.1. Materials
2-Acrylamido-2-methylpropanesulfonic acid (AMPS)
(Merck) was used without further purification. Hydrogen
peroxide (H2O2) was used as initiator (Fluka) The ground
discarded tire rubber with an average particle size of 0.2 0.4 mm was prepared from waste tires SBR (USA). The
other chemicals used were of analytical grade and used
as received.

2.2. Sulfonation Reaction
Sulfonaed waste rubber (SWR) was prepared by cooking
five grams of the clean and dry granulated WR in 250 ml
conc. H2SO4 for 24 h, followed by drop wise addition of
Oloum and heating at 80˚C for 8 h. Filtration and washing using low in gradient H2SO4 and distilled water were
performed, and finally the SWR was dried in air.

2.3. Grafting Reaction
Grafting of AMPS onto sulfonated WR was carried out
in aqueous solution using H2O2 as an initiator. Reactions
were carried out in a closed steel reactor using different
quantities of AMPS, H2O2 and at different times and
temperatures. The yields were obtained by precipitation
in acetone, then filtration and washing with distilled water, drying and weighing until constant weight.

2.4. Estimating of Grafting Yield
The graft yields were characterized by the following parameters:
Grafting percentage: (Gp%) = (A-B/B) × 100
Weight conversion: (WC%) = (A/B) × 100
where A, and B are the weights of grafted product, and
WR respectively.

2.5. Characterization Techniques
Infrared spectra were measured on Jasco 460 plus FT-IR
spectrometer, in the range of 4000 - 400 cm−1. The rubber samples were obtained as KBr disc, using hydraulic
press at pressure 10 kpa. Thermal date was obtained by
using Shimadzu DSC-50 instrument. Ten milligrams of
the sample were put into an aluminum pan with a cover.
The samples were cooled, before heating up to 500˚C at
rate of 10˚C/min. The microstructure of the polymers
was examined by scanning electron microscope (SEM),
6360 (LA).
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sulfonated WR, the sulfonation was done aiming to convert the waste materials to be more hydrophilic. These
will expected to enhance the penetration of AMPS chain
within the skeleton of rubber. In addition, the AMPS was
chosen for the grafting, due to its functional groups
which are suitable for further applications, progressed in
our laboratory.
The grafting was studied under various reaction conditions to discover those conditions most suitable for the
grafting. The variables studied were reaction time, grafting temperature, and the concentrations of both initiator
(H2O2), and AMPS.
3.1.1. Influence of Reaction Time
The reaction time is one of the important factors controlling the grafting. Figure 1 shows the effect of reaction
time on the grafting at 90˚C and at constant concentrations of AMPS and H2O2. It is clear from the figure that
the grafting yield enhanced by time, reach to its maximum after seven days. These are attributed to, at the
shorter time (for one day); it’s not enough for penetration
of AMPS within the waste rubber. However at the longer
reaction time (for 11 days) both the GP% and WC% decreased, which may be due to dissociation of the grafted
materials [20].
3.1.2. Influence of Temperature
The effect of reaction temperatures on the grafting were
carried out at 60, 75, 90, 110 and 125˚C, keeping the
other variables constant. The results are given in Figure
2; which shows that the grafting yields were increased by
rising the temperature up to 90˚C; these will lead to high
rate of dissociation of initiator and initiation the reaction
[21]. However at the higher temperature the GP% is decreased. These can be attributed to thermal dissociation
of the grafted waste rubber [22].
3.1.3. Influence of Initiator Concentration
The results of grafting of AMPS onto sulfonated WR,
while varying the H2O2 loading from 0.2 to 0.5 g/ml are
indicated in Figure 3. As the H2O2 concentration increase, the grafting yields are increased. This can be attributed to increase of OH· radial, which activate the WR
backbone, followed by grafting of AMPS. Whatever, a
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Figure 1. Effect of reaction time on the grafting of AMPS
onto WR, (at 90˚C; H2O2 3 ml/10 ml; AMPS 1.5 g/10 ml).
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Figure 2. Effect of temperature on grafting of AMPS onto
WR (H2O2 3 ml/10 ml; AMPS 1.5 g/10 ml; time 7 days).

Figure 4. Effect of monomer concentration on the grafting
of AMPS onto WR (H2O2 3 ml/10 ml; 90˚C; time 7 days).
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Figure 3. Effect of [H2O2] on the grafting of AMPS onto
WR (at 7 days; 90˚C; AMPS 1.5 g/10 ml).

relatively high concentration of H2O2, causes a reduction
of grafting, as result of increasing of backbone termination prior to AMPS addition. Similar observation is mentioned by others [23,24].
3.1.4. Influence of AMPS Concentrations
The increase in monomer concentration would be expected to increase both the GP% and the molecular
weight of grafting copolymer. Accordingly the results in
Figure 4, shows that, as the AMPS concentration increase, there is an increase in GP% and WC%. However
at the relativity high concentration of AMPS the grafting
will be decreased. Those can be attributed to an increase
in homopolymer formation with increase of AMPS content, so that homopolymer is in competition with graft
copolymerization [25].

3.2. Polymer Characterization
3.2.1. IR Spectroscopy
IR spectra are used to prove the grafting. Figure 5 shows
that the IR spectra of sulfonated AMPS in a comparison
with WR-g-AMPS polymers. The grafted copolymers
showed the bands at 1033 cm−1 for sulfonic group, and at
1648 cm−1 for carbonyl group. In addition the absorbed
band at 2905 cm−1 was assigned to CONH group [26].
Copyright © 2013 SciRes.

Figure 5. FT/IR spectra for WR-g-AMPS (a); and for sulfonated waste rubber (b).

These bonds indicate the penetration of AMPS within the
waste rubber. Finally, the WR-g-AMPS was immersed in
NaOH to get its sodium salt which is suitable for further
applications. A suggested mechanism of the grafting reaction is represented in Figure 6.
3.2.2. Thermal Characterization
The DSC thermogram obtained for waste rubber is
showed in Figure 7(a), it exhibits three exothermic peaks
at 252, 351 and 505˚C and two endothermic peaks at 282
and 406˚C respectively. Based on reaction transition temperature of exotherms and endotherms, the transition
pyrolysis temperature ranges can be set at 206 - 282, 283 406 and 407 - 500˚C. The first region are due to major
product of pyrolysis are dipentene, the second are due to
C4 hydrocarbons, and the third stage given high yields of
CH4, C2 and C3 indicating the complete decomposition
of rubber, according to data of Chen & Quian [27], and
by Miguel et al. [28].
On the other hand, the DSC curves for the grafted
waste rubber Figure 7(b) exhibit one endothermic peak
at about 105˚C which are attributed to glass transition
temperature (Tg). Also there are two small peaks at high
temperature about 380˚C and 470˚C, which shows, the
enhancement of the WR structure, by grafting of AMPS.
These will be also indicated using SEM studies.
OJPChem
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3.2.3. Morphology Studies
The SEM micrograph of waste rubber shows inhomogeneous structure due to various industrial additives onto
rubber Figure 8(a). However the SEM micrographs of
sulfonated waste rubber Figure 8(b) show that the structure become relatively more homogeneous and the particle size decreased. On the other hand, the morphology of
WR-g-AMPS, Figure 8(c) exhibits a relatively larger
particle size and a higher crystallinity. Then from DSC
and SEM measurements, the crystallinity of waste rubber
is increased by the grafting with AMPS.
Futures of this work are progressed in our laboratory
to remove different pollutants from industrial waste water, using such a treated waste rubber.

4. Conclusion
Recycling of scraped tires by grafting with AMPS is
studied at various time, temperature, and concentrations
of both initiator and monomers. The resulted materials
are characterized using FTIR, DSC and SEM measurements. The grafted polymers were proved using FTIR
analysis and the suggested reaction mechanisms are

Figure 6. Suggested reaction mechanism for the grafting of
AMPS onto scraped rubber.

Figure 7. DSC curves for: (A) waste rubber; (B) WR-gAMPS.
Copyright © 2013 SciRes.

Figure 8. SEM micrograph for: (a) WR; (b) sulfonated
waste rubber; (c) WR-g-AMPS.
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given. From DSC and SEM studies of WR-g-AMPS
compared with PAMPS and WR, the result shows that
the particle size and crystallinity were enhanced for the
grafted polymers. The obtained grafted waste rubber materials are progressed in our laboratory as an ion exchanger for soil and water treatments.
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