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Rubber Tire Particles in Cement Paste”
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Abstract: The surface of powdered tire rubber was modified to enhance its adhesion to cement paste in this study. Sodium
hydroxide solution, waste lubrication oil, and toluene etc. were used as adsorbed agents to modify the surface of the powder.
Rubber particles were divided into three groups according to their particle sizes. Specimens with various amounts of rbber and
different particle sizes were prepared to evaluate their physical properties. Microscopy was used to observe the structure of the
specimens. Flexural, compressive and tensile strengths of the specimens were also measured in the experiments. Experimental
results show that the saturated solution of sodium hydroxide is the most efficient agent among the three modification agents in
enhancing the adhesion of rubber particle to cement paste. It is suggested that the adsorption of sodium hydroxide on the rubber
surface will enhance the hydrophilic characteristics of surface. Lubrication oils with sulfur compounds, which carry free electron
pairs, are expected to be useful in modifying the rubber surface to increase the interaction force between rubbers and cements.
However, compositions and amounts of sulfur compounds within the lubrication oils were out of control in our experiments therefore
no consistent results were gotten. As a surface modification agent in our experiments, toluene was less useful. The adsorption of
toluene on the rubber surface will enhance its hydrophobic characteristics and will reduce the interaction force between rubbers and
cements. It is believed that the interaction force between rubbers and cements dominates the mechanical properties of these

specimens and the modification of rubber surface should be a main topic to be studied.
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1 Imtroduction

The use of concrete has increased considerably
recently. This inevitably led to quarrying of the
preservation of natural resources. Consequently, there is
a growing concern for environmental protection and a need
to preserve natural resource by using recycled or waste
materials.

The growing amount of waste rubber tires has
resulted in an environmental problem. A large number of
waste tires are discarded all over the world every year,
and only a small proportion is either retreated or bumed
for energy recovery. Most of the waste rubbers are land
filled or stockpiled. Since the waste rubber is not easily
biodegradable even after a long period of land-fill, this is
not only an environmental problem but also a waste of
natural resources.

The use of granular rubber as an aggregate or
additive to concrete has been studied for a long
timel -3 -6:8:10.13-21] " Previous research results showed
the aggregating rubber could

increase concrete’s
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flexibility, elasticity, and capacity to ahsorb energy. It is
suggested that the rubberized concrete can be used, for
example, in highway constructions as a shock absorber,
or in sound barrier as sound absorber, or in building as
earthquake shock-wave absorber, or in impact prevention
structure such as Jersey barriers. It is believed that such
concrete can also be used in the soil and water
conservation construction materials.

Even amount of studies have been conducted, there
are many inconsistent results which should be studied, for
example, the influence rubber granules’ size on the
compressive strength of the concrete. Topcum], Eldin
and Senoucis!>! showed that the coarse grading of rubber
granules lowered the compressive strength more than that
of the finer grading. However, Alie et al'!! indicated the
opposite. To know the inconsistent results, some authors
tried to modify the surface properties of the rubber particle
to increase its adhesion to cement paste. The modified
agents used sodium hydroxide
solution[”], water, and latex
admixture!® etc.

in literature were
carbon tetrachloride,
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In this study rubber surface modification with
saturated sodium hydroxide, toluene and lubrication oil
was conducted. The contact angles between the surface of
modified rubbers and water were measured. Both
advancing and receding contact angles were gotten. The
influences of contact angles and hydrophilicity of the
rubber on the rubberized concrete performance were
discussed. A water film flux model is proposed to explain
the influence of the properties of rubber on the hydration
of cement.

2 Experiments

The first type of Portland cement was used. Rubber
tires were mechanically ground to become small grains and
used as an additive. Test specimens were prepared with
water/cement equaling 0. 5. The contact angle between
rubber and water was measured to know the wettability of
water on various rubber surfaces. CRUSS k121 was used
in measuring contact angle. The surface of rubberized
paste was observed with microscopy and recorded every 5
minutes. Experimental specimens were prepared with
cubie molders. The compressive, flexuralm, and tensile
strengths of the specimens were conducted followed ASTM
standards (C109, C190, C348).

Fig.1 Rubber + cement (85 min)

Fig.2 Rubber + cement (90 min)

3 Results and Discussions

The advancing contact angle of as-received rubber in
water was 120 degrees and receding contact angle was 45
degrees. Rubber treated sodium hydroxide gives the
advancing and receding contact angles 44 and 42 degrees
individually. While rubber treated with lubrication oil has
the advancing and receding contact angle angles to be 92
and 62 degrees individually. It is clear that sodium
hydroxide reduces contact angles more significantly than
that of lubrication oil. Toluene is less efficient in reducing
contact angle than lubrication oil.

Fig.1 and Fig.2 show the surface structure of the
cement paste al time 85 and 90 minutes.

Rubber particles used in this specimen were as
received without any surface modification treatment. The
pictures give the evidence that the paste cracks at the time
about 85 ~ 90 minutes. However, the cracking is not in
the interface of cement and rubber. The result is
interesting and is worthwhile further study. It is believed
that the cracking of the paste will affect the mechanical
properties seriously. Fig.3 and Fig.4 depict the surface
of rubberized cement paste with sodium hydroxide

niodified rubbers.

Fig.3 NaOH modified rubber + cement (5 min)

NaOH modified rubber + cement (90 min)

Fig.4
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Fig.3 was the picture recorded at 5 minutes and Fig. 4
was at 90 mimttes. In Fig. 3 it was clear that some
crystals produced. The cryslals and some amorphous
materials Huynh and
Raghavan''”’ showed that the hydration of Portland cement

occurred within a few minutes and the reactions can be

surround rubber particles.

simplified as the following:
CazSi0s + 5.3H,0 —>1.7Ca0+ Si0s *4H,0 + 1.3Ca( OH),
Ca,Si0, + 4.3H,0 —>1.7Ca0- $i0, *4H,0 + 0.3Ca( OH),

Water diffuses into the inner of the cement particle
through these crystals and amorphous materials and
hydrating continuously. The diffusion rate affects the rate
of the hydration reaction and eventually the physical and
mechanical properties of the concrete. Initially, abundant
water makes the hydration reaction occur quickly.
However with the crystals surrounding outside the cement
particle, the rate of diffusion of water is limited. The rate
of hydration reaction changes from the reaction control to
diffusion control. It is believed that continuous and quick
supply of water into the cement particles is the most
important point to be considered. Fig.4 shows no
cracking occurs. The hydration products of cement adhere
to rubber particles tightly. It is expected that concrete
made of this type of rubber paiticles will have better
mechanical performance than that of the as-received
rubber particles.

Fig. 5 shows the 28 days compressive strengths of
four kinds of concrete with different surface-modified
rubber particles. The compressive strength reduces about
25% for NaOH modified rubber in comparison with that of
antithesis’ s results. As expected, specimen with sodium
hydroxide modified ruibber particles shows the best
performance among the rubberized specimens. Fig.6 and
Fig.7 give the flexural strength and the tensile strength in
our experiments. They are similar to the results of the
compressive strength. The flexural strength decreases
about 22% and tensile strength decreases about 16% in
comparison with that of antithesis’s results.
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Fig.5 Compressive strength of experimental specimens
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Fig.6 Flexural strength of experimental specimens
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Fig.7 Tensile strength of experimental specimens

A water film fluid flow model (Fig.8) is proposed
to explain the experimental results depicied above. It is
supposed that there is a waler. film between the cement
particle and the rubber surface. Small contact angle
makes water wet the rubber surface easily. Water flows
within the water film. Water diffuses into the cement
particle through the porous amorphous medium. The
direction of water flow depends on the pressure gradient
within the water film. For a water film with a thickness
less than 100 nm, the disjoining or conjoining pressure
dominates it. The disjoining or the conjoining pressure is
produced due to the overlapping of interfacial regions (as
shown in Fig.9).

cement

Diffusion

rubber

Fig.8 Water film flux model
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Fig.9 Ilustration of disjoining pressure
P)=P1~Po
P (1) : pressure in thin liquid film
Ppo: pressure in bulk liquid
p) : dispoining pressure

More detail information can be found in

references! 21!

. The disjoining or conjoining pressure is
dominated by five factors: D p,: electrostatic effect
caused by the overlapping of diffuse ionic layers at the
charged surfaces of the film.(® p,,: molecular effect due
to the dispersion forces between the substrate and the
liquid film. @ p,: structural component due to the
overlapping of the interfacial layers of the liquid with a
structure modified in comparison with the bulk phase. @
Pa: adsorption effect due to the overlapping of diffuse
adsorption layers of neutral solute molecules. & p.:
steric effect due to a steric interaction between adsvrption
layers of surfactants or polymers. All the components of
disjoining or conjoining pressure are function of film
thickness. That says
p(h) = p(h) + pu(h) + ph) + p(R) + p.(h)
(1
pe and p, constitute the famous DLVO theory. Yang et
all®] even discussed the interaction between cement
particle with DLVO theory. p. was experimentally proved
to be important for concrete with chemical admixtures by
Uchikawa et al'?! and Neubauer et all''. Derjaguin et
all>! showed that the condition of stability of wetting films

18

gﬁ<0 (2)

Where h is film thickness. Gauglitz and Radke'®’ showed
the volumetric flow as a function of the total pressure
driving force was:

Where Q: volumetric flow rate, y: viscosity, o: surface
tension, A: pore shape function, R: radius of pore. In
equation (3), the liquid pressure is neglected in
comparison with the disjoining or conjoining pressure.

The modification of rubber surface will change the
surface charge and therefore electrostatic component of
disjoining will change. Another components of the
disjoining or conjoining pressure will also change with the
adsorption of surfactants or neutral materials.

The change of the disjoining or conjoining pressure
may induce the instability of the liquid and reduce water
diffusion into the cement particles. Hydration reaction of
cement may be inhibited in such condition and the
performance of the concrete will decrease.

4 Conclusions

Surface modification of rubber particles is important
to improve the physical and mechanical performance for
rubberized concrete. Sodium hydroxide reduces the
contact angle between ribber and water and enhances the
electrostatic component of disjoining thus induces the film
flow into the water film to supply the water needed for
hydration reaction. Lubrication oil modified rubber will
reduce the electrostatic component and may cause the
disjoining pressure to change to the conjoining pressure.
The conjoining pressure will change the wettability of
water on the rubber surface thus makes the water film
unstable. With the reduction the film flow rate, water
diffusion into the cement particle will be inhibited. . This
makes the hydration reaction incomplete and reduces the
performance of the concrete.
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