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Abstract - The disposal of Waste rubber tyres emerged as a major problem nowadays since drastic growth has been recorded
in the usage and demand of rubber tyres; this results in the accumulation of a significant quantity of discarded tyres for disposal.
The concrete mix contains cement, sand, coarse aggregate, water, and admixtures. It is largely used worldwide in the
construction field to construct structures like road pavements, dams, high-raised buildings, bridges, etc. As concrete is used in
such a large volume, the demand for raw materials for its production also increases. Sand and stone aggregates are available
naturally to be used as raw materials in the concrete mix, but they are highly used, leading to scarcity of the natural aggregate.
As such, the incorporation of waste rubber tyres with some percentage replacement for natural aggregate in concrete has
required extensive research and investigation. The ability of waste rubber tyres to elevate certain concrete properties is a
sustainable way to dispose of waste rubber generation and hence drew the attention of researchers in this field. This paper
contains the techniques of surface treatment applied to increase the bond with the waste rubber tyre aggregate and their
effectiveness in a concrete mix.

Keywords - Rubberised concrete mix, Surface treatment, Surface bonding, Waste rubber tyre aggregate, Waste disposal,
Sustainable material.

Previous researchers found that when the natural
aggregate is replaced with waste rubber tyre aggregate in

1. Introduction
Disposal of waste rubber tyres has become a global

environmental problem; the landfills and the environment face
stockpiling of waste rubber tyres, which raises significant
risks [16]. The landfills are getting choked with waste rubber
tyre disposal, as the waste rubber tyre may take 2000 years to
decompose in landfills. When waste rubber tyres are burned
for disposal, they emit harmful gases such as Carbon
monoxide (CO), Sulfur dioxide (SOZ2), Nitrogen Oxide
(NOx), etc, which are very harmful to the environment.

Since this problem does not have any confined solution,
it encourages the researchers to navigate ways of recycling
and disposing of them to utilise them for various purposes,
including replacing them with naturally available aggregates
in the concrete mixing. Waste rubber tyres, when used as an
aggregate in the concrete mix by replacing some percentage
of natural aggregate, then this concrete mix is often referred to
as "rubcrete" or "rubberised concrete". It elevates certain
properties of concrete, which are conventional materials,
and proves to be a viable solution for waste rubber tyre
disposal management [16, 22].
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mixing concrete, it can add to concrete’s various properties,
such as lower density, higher impact resistivity, and better
thermal and sound insulation [16, 22]. However, the lower
adhesion of the waste rubber aggregate with concrete mix
leads to impaired mechanical properties [24].

Due to this problem, several surface treatment methods
were investigated to increase the interfacial bond of the waste
rubber tyre aggregate with the cement matrix. The
development of treatment methods in the research field of the
surface of waste rubber tyre aggregate, and its contribution to
the performance of rubberised mix concrete is discussed in
this review. These include mechanical intervention, chemical
predisposition, thermal and microwave treatment, and hybrid
systems of techniques mentioned above to promote
the compatibility of waste rubber aggregate particles and
cement matrix.

Mixing rubber tyre waste aggregates in concrete is a
promising step toward developing a more sustainable
construction material. However, one of the main challenges is
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the weak bond between the rubber particles and the concrete
mix, which adversely affects the material’s overall mechanical
performance [16, 24]. The issue has been studied by several
researchers who have investigated various surface treatment
methods to increase the mechanical zone of interfacial bonds
with a mix of concrete.

Whenever waste rubber tyre aggregates are incorporated
into a mix of concrete, the energy absorption and flexibility
parameters partially could solve the problem of premature
concrete failure due to impact loadings and fatigue, which is
common for conventional concrete [32, 24]. However, the
drop in the mechanical aspects of concrete that arose from the
untreated waste rubber tyre aggregates mixing must be
addressed by proper surface modification [32].

Enhancing the surface of waste tyre aggregates helps
improve their bond with the concrete mix, leading to better
overall strength and durability of the concrete. Additionally, it
increases resistance to freezing and thawing cycles, making it
more suitable for cold climate applications.

This may help in the accommodation of the rapid increase
in demand for natural aggregates in construction industries, as
aggregate gives strength to the concrete mix; studies showed
that surface treatment of waste rubber tyres enhances the
properties of concrete mix.

Studies were conducted to modify the waste rubber tyre
aggregate using different types of treatment methods such as
Chemical, Thermal, Mechanical, and Microwave treatments
to elevate the interfacial bond of the waste rubber tyre
materials with the concrete matrix. Surface treatment
techniques for rubber particles are designed to modify the
properties of waste rubber tyre aggregates, improving their
interfacial bonding with rubberized concrete and cement.
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Fig. 1 Anillustration of a typical tyre and its components (Lapkovskis
et al. 2020)
Source:https://www.researchgate.net/publication/375187888_Recent_adv
ances_on_waste_tires_bibliometric_analysis_processes_and_waste_mana
gement_approaches?_tp=eyJjb250ZXh01jp7ImZpcnNOUGFNZSI6119kaxJl

Y3QIiLCIwYWdlljoiX2RpecmVjdCJIfQ

2. Chemical and Physical Properties of Rubber
Tyres

Rubber tyres consist of materials such as rubber, metal,
and textiles. Both the physical and chemical characteristics of
rubber tyre aggregates play a key role in determining the
appropriate treatment agent to enhance the surface of
aggregates made from waste rubber tyres.

2.1. Composition of Waste Rubber Tyres
The following table shows the composition of waste
rubber tyres [14].

Table 1. Composition of waste rubber tyre [14]

Ingredient Pasz:r:ger Lorry g;fc'j
Rubber/Elastomers 47% 45% 47%
Carbon Black 21.5% 22% 22%
Metal 16.5% 23% 12%
Textile 5.5% 3% 10%

Zinc Oxide 1% 2% 2%
Other 8.5% 5% 7%

Source: https://doi.org/10.1016/j.procir.2016.03.141

2.2. Physical Properties
Physical characteristics of rubber tyre aggregate exhibit
the following characteristics [8]:

Table 2. Physical properties of crumb rubber tyre [8]

Properties Value
Specific Gravity 1.66
Color Black
Surface Moderately rough
Fineness Modulus (%) 4.1
Water absorption (%) 1.25

Source: https://ssrn.com/abstract=3610526

2.3. Chemical Properties
The XRF apparatus determines the composition of
chemicals in waste rubber tyre aggregate, tabulated below [7].

Table 3. Chemical composition of rubber aggregates [7]

Chemical composition Percentage (%)

SBR 48.00

Carbon Black 47.00
Extender Qil 1.90

Zinc Oxide 1.10
Stearic Acid 0.50
Sulfur 0.80
Accelerators 0.70

Source: https://doi.org/10.11113/jt.v71.3750

114


https://link.springer.com/article/10.1007/s11356-023-30758-4#ref-CR60
https://ssrn.com/abstract=3610526
https://doi.org/10.11113/jt.v71.3750

Jumnya Basar et al. / 1JCE, 12(4), 113-118, 2025

3. Surface Treatment Methods of Waste Rubber
Tyre Aggregate

Aggregates made from waste rubber tyres have a weak
link with other materials of concrete mix, which could be the
reason leading to lower compressive strength of rubber
aggregate mixed concrete; the surface treatment may elevate
the different properties of rubber tyre aggregate mix concrete
to a high extent [13]. as to achieve better quality of rubber
aggregate mixed concrete, the surface treatment methods are
carried out as below.

3.1. Mechanical Treatment Method

This method is adopted for increment of the surface area
so that there will be more area for interfacial bonding between
concrete mix and rubber tyre aggregate, which could be
achieved by grinding, polishing, or roughening the surface of
rubber tyre aggregate. The increased area of the rubber
aggregate surface leads to improved interlocking, higher stress
transmission and adhesion [5, 9, 31].

3.2. Chemical Treatment Method

These methods have been studied by using different
coupling agents, etching and oxidation to enhance the
chemistry of the surface of the waste rubber tyre aggregate
[31]. The improvement in compressive strength up to 25% and
5% in flexural strength after treating waste rubber tyre
aggregate with sodium hydroxide (NaOH) was recorded [32].
An increment of 10% for the compressive strength more than
untreated rubber tyre aggregate has been seen [3].

3.3. Combined Treatment

Several studies have explored the combined utilization of
mechanical and chemical treatment to enhance concrete
performance by incorporating waste rubber tyre aggregates.
This method enhances the adhesion between rubber aggregate
particles and the mortar paste, plays a significant role in
determining the material’s overall performance, and enhances
the concrete’s strength and durability [3, 9].

3.4. Thermal-Microwave Treatment

Studies have indicated that subjecting waste rubber tyre
aggregate particles to elevated temperatures can modify their
surface characteristics, which may enhance bonding. This
treatment triggers both chemical and physical transformations,
refining the aggregates’s surface properties and increasing the
interface area for better adhesion within the concrete mix.

4. Impact of Surface Treatment on

Rubberised Concrete Properties
4.1. Mechanical Properties

Several surface treatment techniques have been identified
as effective in enhancing material properties to greatly
influence the characteristics of rubber aggregate mixed
concrete. Studies suggest that treating rubber tyre aggregates
can enhance their performance in concrete applications.
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Treating waste rubber tyre aggregate with sodium hydroxide
(NaOH) improves the compressive strength of the concrete in
which it is incorporated, with slight improvements in flexural
strength. However, it was also observed that not all treatment
methods resulted in superior adhesion, possibly due to the
rough texture of the modified rubber aggregate [6].

Research has shown that the primary function of sodium
hydroxide treatment is to eliminate additives from waste
rubber tyre aggregates. However, it was found that the
treatment has minimal effect on the hydrophobic nature of the
rubber aggregate’s surface [23].

4.2. Durability Properties

The durability of concrete containing waste rubber tyre
aggregates showed notable improvement. When various
surface treatment methods were examined to assess their
effect on water permeability in rubberized concrete, their
findings revealed that treating the rubber aggregate with a
hypochlorite solution significantly reduced permeability while
also enhancing sulfate resistance [9].

4.3. Tensile and Flexural Strength

When waste rubber tyre aggregate replaces natural
aggregates in concrete, a significant decrease in tensile and
flexural strength can be observed. However, surface treatment
plays a crucial role in helping to retain these properties in
rubberized concrete [32]. Another study found that treating the
rubber aggregate with sodium led to a notable enhancement in
the tensile and flexural strength of concrete containing rubber
aggregates [14].

4.4. Workability

Treating waste rubber tyre aggregate can greatly enhance
the ease of handling and placing rubberized concrete mixture
[31]. Using Sodium hydroxide solution for the treatment
modifies the surface properties of rubber aggregates, leading
to improved performance in the concrete [32].

4.5. Dimensional Stability

Rubberized concrete can experience dimensional
instability due to the porosity in its interfacial zone. However,
applying surface treatment methods to waste rubber tyre
aggregates enhances the dimensional stability of the concrete.
Treating rubber aggregates with sodium hydroxide solution
has been found to reduce shrinkage in rubberized concrete
[32]. Similarly, research has shown that using rubber
aggregates treated with calcium hypochlorite solution helps
minimize shrinkage and thermal expansion in concrete,
ultimately enhancing stability and lowering the risk of
cracking [33].

4.6. Density

Surface treatment improves the characteristics of waste
rubber tyre aggregate concrete can be improved; however, the
issue of low density in rubberized concrete remains
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unresolved, making conventional concrete naturally denser.
Nonetheless, this is attributed to the lower specific gravity of
waste rubber tyre aggregates in comparison to natural
aggregates. Treating the rubber aggregates can help slow
down the reduction in density, resulting in a more balanced
rubberised concrete mix [23].

4.7. Sustainability

Incorporating waste rubber tyre aggregate in construction
offers significant environmental sustainability —while
addressing disposal challenges. Surface treatment of waste
rubber tyre aggregates improves their interfacial bonding with
cement paste, enhancing overall performance.

Additionally, using rubber tyre aggregates in concrete
provides a sustainable solution to the global issue of tyre waste
while also helping to preserve natural aggregates [31].

5. Factor Influencing Surface-Treated Waste
Rubber Tyre Aggregate Concrete Mix
Properties

Several factors affect the characteristics of surface-treated
waste rubber tyre aggregate, such as the concentration of the
treatment, the duration of the treatment process, and the
proportion of rubber aggregate replacing natural aggregates:

5.1. Type and Concentration of Treatment Solution

The nature and strength of the treatment solution are
essential factors in the performance of rubberized concrete.
Research indicates that a 5% calcium hypochlorite solution
enhances compressive strength and reduces permeability in
comparison to a 20% sodium hydroxide solution or water [9].

5.2. Duration of the Treatment Process

The length of the surface treatment process also affects
the effectiveness of rubberized concrete, as evidence by
various studies have shown that extending the treatment
duration from 2 hours to 72 hours further enhances
characteristics like compressive strength, water permeability,
and splitting tensile strength in concrete incorporating waste
rubber tyre aggregate [9].

5.3. Quantity of Waste Rubber Tyre Aggregate as a
Replacement of Natural Aggregates in the Concrete Mix

The quantity of waste rubber tyres incorporated by
replacing natural sand also influences the properties of the
concrete mix. A higher replacement level tends to reduce
compressive strength, while optimal strength is typically
achieved at a replacement rate of up to 25% [33]. Research has
shown that using 8% treated rubber aggregate with different
solutions leads to satisfactory mechanical and durability
properties. These replacement levels have been suggested as a
viable option for practical applications [9].

Table 4. Effects of treatment on waste rubber tyre aggregates

SI.No Mechanical Chemical Treatment Combined Treatment Thermal and Microwave
Treatment Treatment
H Su et al 2015 Khern et al.,2020 observed that t;iital'g&%‘? fOCLéTJd It:wnat A Swilam et al., 2022
N treating waste tyre aggregates 9 PUNG | discovered  that  crumb
reported that - - - agents and carboxylate o
. with 5% calcium Hypochlorite . rubber heat-treated at 200° C
mechanical treatment - styrene-butadiene .
1 . ) (CaClO2) led to a 22% increased | . for 2 hours resulted in
enhances the interaction - improved compressive .
. compressive strength and a 15% compressive strength
with rubber aggregate improvement in tensile strength strength by 4% - and recoveries of up to 14.9%
and cement paste [26]. P g flexural strength by 13% P o7
[9]. [12] [25].
Y Kong et al., 2016 revealed
Khern et al.,2020 found | A. Diwakar et al., 2021, reported that thermally treated rubber
. - - Khern et al, 2020 | tyre aggregate concrete
that mechanically | that Sodium Hydroxide (NaOH ) - . .
demonstrated thatan acid | achieved compressive
treated rubber tyre | treated rubber tyre aggregate .
. . - treatment  combination | strength recovery rates of
2 aggregate reduces air | showed a 10% hike in
o I . for rubber aggregate | 40%, 60%, and 80%
voids in concrete and | compressive strength and a . R -
. - . resulted in a 13% rise in | compressive strength  at
Improves impact | 368% enhancement in splitting -
resistivity [9] tensile strength [2] compressive strength [9]. rubber content levels of
1=k gih 1<] 14.9%, 10.4% and 9.7%,
respectively [9].
Kumar et al., 2022 found that .
H Su et al, 2016 | Sulfuric acid treated rubber tyre A Svyllam_e_:t al., 2022 Kong et aI.,_2016 found that
- . combined silicafumeand | when microwave-treated
Showed improved | aggregates resulted in a 15% . . . .
. - - - sodium hydroxide | mortar is cured, it develops
3 workability, especially | enhancement in  compressive N, : ;
; . treatment resulted in 18% | 1.5 times higher
when soaked in water | strength and a 12% improvement . - .
S o higher compressive | compressive strength than
for 72 hours [26]. in impact resistivity compared
[10] strength [25]. steam-cured mortar [9].

Source: [2, 9, 10, 12, 25, 26]
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5.4. Concrete Mix Design and Curing Condition

The characteristics of rubberised concrete are largely
affected by the mix composition, including the ratios of
cement, aggregates, water, and admixtures, as well as the
curing conditions [17].

5.5. Surface Treatment Method

The adhesion between waste rubber tyres and the
relationship between aggregate and cement paste is influenced
by the surface treatment method applied; using solutions like
sodium hydroxide or calcium hypochlorite enhances the
overall performance of the concrete mix [9].

6. Discussion and Recommendation

Treating the surface of waste rubber tyre aggregate can
facilitate the broader adoption of rubberized concrete in
construction by improving its properties, including
compressive strength, durability, porosity, and permeability.
Additionally, it supports the conservation of natural
aggregates, as the rapid expansion of the challenges of waste
rubber tyre disposal makes rubber aggregates a greener and
more sustainable choice for construction. Numerous studies
have demonstrated the benefits of treating waste rubber tyre
aggregate to enhance its performance in concrete. However,
further research is needed on:

Separation and recycling of reinforcement materials for
effectiveness of surface treatment methods.
Development of improved and easy collection of waste
rubber tyres.

Policy and regulations for the treatment of waste rubber
tyres.

In-depth study of life cycle assessments of different
treatment methods.

The potential health and environmental effects of
incorporating  surface-treated waste rubber tyre
aggregates in concrete.
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performance significantly. Treatments involving silane,
coupling agents, and sodium hydroxide enhance the properties
of rubberized concrete, while various methods such as
mechanical, chemical, combined, and thermal-microwave
treatments positively impact the surface characteristics of
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enhance the properties of rubberized concrete.
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