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INTRODUCTION

Waste rubber is a major environmental hazard, as its unscientific disposal significantly pollutes the
environment. To avoid this, rubber is processed using pyrolysis that can help generate multiple
by-products that find several applications. One of these by-products is carbon black, which can
be incorporated into cementitious materials. This negates the need for the disposal of rubber,
while reducing the demand for other construction material. Rubber is commonly produced from
scrap tires using two technologies: cryogenic grinding and mechanical grinding at an ambient
temperature below the glass transition temperature. The cementitious material with shredded
rubber offers damping properties, ductility, and higher flexural strength than concrete without
rubber. Rubberised concrete is advantageous because of its low density, chloride permeability
resistance, freeze-thaw resistance, good sound absorption, acid resistance, bending impact strength
and toughness, and increased damping capacity. These advantages make rubberised cement
attractive for applications including earthquake-resistant elements, noise screens, rubberised
cement beams with high impact resistance, pavements, and lightweight concrete.

However, many studies have concluded that using rubber in concrete usually leads to an effective
decrease in the cement strength. The reduction in strength is mostly due to the following reasons.
First, the rubber’s hydrophilicity leads to a matrix which is less dense at the interfacial transition
zone (ITZ) and causes the hydraulic phase to migrate. Moreover, the higher modulus of elasticity
of soft rubber produces rubber called “soft core.” During the loading procedure, high stress
concentrations form adjacent to the rubber and are more likely to make the rubberised concrete
crack faster. As a result, the rubber surface needs to be altered by chemical or physical methods to
offset the decrease in mechanical strength of the cement. The surface treatment of rubber particles
can strengthen the interfacial adhesion between the rubber particles and the cement matrix and
strengthen the bonding.

PHYSICAL SURFACE TREATMENT

Cleaning the rubber with water eliminates additives, organics, impurities, and soil on its surface
deposited during its production. Some researchers have concluded that rubberised concrete created
with rubber that has been washed with water is slightly stronger than the control group rubberised
concrete. The compressive strength of the cement increased by 15% (Raffoul et al., 2016). Rostami
et al. (2000) concluded that small rubber particles exclusively washed in water could strengthen
the resistance of rubberised cement, increasing its strength by 16%. Moreover, a reformatory water
soaking method has been discovered to restrain the hydrophilicity of rubber. The rubber is dipped
in water for 24 h before the mixing process. Commonly used pre-cementitious materials include
silica fumes (SF), mortar, cement paste (LP), and limestone powder. The automatic characteristics
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ofmiscellaneous rubberised cement could be efficiently improved
by coating the rubber with cementitious substances. In
thesplitting tensile strength test, which indicated that rubber
particles treated with silane coupling agents (SCAs), a concrete
matrix, or cement coating are more firmly connected than
untreated ones. Cement hydration products remained on the
exterior of the coated rubber, whereas the uncoated rubber
was uncovered. Usually, rubber processing includes layering
cementitious substances on the rubber and air-seasoning
the exterior (Kashani et al., 2018). The coating treatment
upon ordinary rubberised concrete (ORC) improves bending
resistance.

Chemical modification of the rubber surface is limited to latex
treatment. In this treatment, rubber is soaked in a solution that
includes CS2, KMnO4, acid, SCA, acetone, Ca(OH)2, and NaOH,
and exposed to UV radiation and partial oxidation. Chemical
treatment removes the dust and dirt on the rubber surface,
cleans the oil, and increases the hydrophilicity and unevenness
of rubber. The most commonly used method to improve the
properties of rubberised cement is to apply NaOH liquor to alter
the rubber. This is because NaOH liquor-treated rubber exhibits
better wear resistance, fracture energy, and flexural strength.
Moreover, Pelisser et al. (2011) discovered that the addition of
SF and treatment with NaOH can lead to a more stable ITZ.
Youssf et al. (2014) stated that using NaOH liquor to treat
rubber decreases the plunge of the mixture by 25%. NaOH
treatment can also help improve the durability of rubberised
cement. In addition, the modification of the NaOH solution
resulted in a decrease in the resistivity of the mixture and
boosted the adhesion between the rubber and cement (Guo
et al., 2017). The specimens with low electrical resistance exhibit
strengthened durability over a long period. The SCA acts as
an aggregate to enhance the adhesion between the concrete
matrix and rubber by facilitating adhesion at the interface. It acts
on the inorganic/organic interfacing section to physically and
chemically make the cement matrix and rubber combine into
a strongly connected structure. Colom et al. (2006) processed
rubber with SCA and found that the rubber’s tensile stiffness
and strength increased. Stewart et al. (2013) testified that the
concrete paste can react with the hydrolysate of SCA, which
can enhance the link between the cement paste and observably
improve the microstructure. The mechanical performance of the
rubberised cement can be effectively improved by SCA treatment,
which gives rise to the flexural strength and compressive strength
of rubberised mortar. Guo et al. (2017) processed rubber using
SCAs (Z-6040 and Z-6020) that resulted in strengthened bonding
between the rubber aggregates and the cement paste.

Acid liquor treatment can haemolyze carboxylic compounds,
lactones, or esters on the rubber exterior. Furthermore, acid
treatment can improve the shape and roughness of the rubber.
By acid treatment, several points are formed on the exterior of the
molecules, and the adhesion between the rubber and the cement
matrix is affected significantly. Compared to HNO3, treatment
with H2SO4 is more efficient for enhancing the strength and
damping of cementitious rubber composites. However, the
H2SO4-treated rubber demonstrates a large increase in damping,
and its surface energy is higher than that of the as-received

rubber. The Ca(OH)2 solution exhibited more environmentally-
friendly features, weaker alkalinity, and lower hazard levels
than the NaOH solution (Muñoz-Sánchez et al., 2016). They
discovered that the flexural and capsule strengths of rubberized
mortar increased by up to 33 and 26%, respectively.

DISCUSSION

The low modulus of elasticity and hydrophilicity of rubber lead
to stress concentration and weak adhesion between the cement
matrix and rubber. Modifying the rubber surface chemically and
physically enhances the connection between the cement interface
and rubber, thus improving the durability and mechanical
characteristics of rubberised concrete.

Water washing alone is not sufficient for increasing the
strength of rubberised cement. However, as the most economical
and environmentally friendly method, water washing could
efficiently remove the impurities in rubber that are soluble
in water before adding the mixture. It displays promising
improvement in the hydrophilicity of the rubber exterior.

The process in which rubber was coated with cementitious
materials improved the ITZ adhesion and increased its elastic
modulus. Thus, it was highly effective for enhancing the
durability and mechanical characteristics of rubberised concrete.
Moreover, the raw materials used in this process can be
used in various applications. Hence, they are promising
for rubberised cement mass and industrial production for
structural applications.

The majority of researchers claim that NaOH-treated
rubber strengthens the mechanical characteristics of rubberised
concrete. Different processing times, sizes of rubber particles,
liquor concentration, and rubber sources may have contributed
to the incompatible results.

A chemical bond between the cement matrix and the
rubber surface is formed by SCA treatment, which makes the
surface of rubber hydrophilic, thus enhancing the durability and
mechanical characteristics of rubberised concrete.

Rubber drenched in chemical liquor is reusable in multiple
operations widening the industrial applications of this method
and helping save costs. Rubber surface modifiers, which are
poisonous to the environment and humans, are being severely
restricted to guard against potential secondary pollution.
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