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Abstract—The cement production process is one of the major
sources of carbon dioxide (COz), a potent greenhouse gas. Indeed, as
a result of its cement manufacturing process, concrete contributes
approximately 8% of global greenhouse gas emissions. In addition to
environmental concerns, concrete also has a low tensile and ductility
strength, which can lead to cracks. Graphene Nanoplatelets (GNPs)
have proven to be an eco-friendly solution for improving the
mechanical and durability properties of concrete. The current research
investigates the effects of preparing concrete enhanced with GNPs by
using different wet dispersions techniques and mixing methods on its
mechanical properties. Concrete specimens were prepared with 0.00
wt%, 0.10 wt%, 0.20 wt%, 0.30 wt% and wt% GNPs. Compressive
and flexural strength of concrete at age 7 days were determined. The
results showed that the maximum improvement in mechanical
properties was observed when GNPs content was 0.20 wt%. The
compressive and flexural strength were improved by up to 17.5% and
8.6%, respectively. When GNP dispersions were prepared by the
combination of a drill and an ultrasonic probe, mechanical properties
experienced maximum improvement.

Keywords—Concrete,  dispersion  techniques,
nanoplatelets, mechanical properties, mixing methods.
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1. INTRODUCTION

HE construction industry is one of the leading industries in

the world, contributing considerably to the economic
growth of many countries and providing a wide range of
benefits. Nevertheless, the impact of this industry on the
environment is significant [1], [2].

The use of concrete as a structural material is very common
in the construction industry because of its high compressive
strength, durability, and low cost. However, concrete is an
extremely brittle building material and some of its major
limitations include brittleness, low ductility, and low tensile
strength. As an alternative environmentally friendly additive,
GNPs have been proposed to enhance the engineering
properties of concrete [3], [4]. Extensive research has
demonstrated that GNPs increased the mechanical properties of
paste cement, mortar, and concrete. For example, Wang et al.
[5] reported the addition of 0.05 wt% improved the compressive
and flexural strength of cement paste by 3% and 16.8% at 28
days, respectively. They also reported the addition of 0.05 wt%
improved the compressive and flexural strength of cement paste
by 7.5% and 23.7% at 7 days. Wang et al. [6] reported that the
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addition of 0.06 wt% GNPs resulted in increasing compressive
and flexural strength by 11.1% and 17.8% at 7 days,
respectively. Francesca et al. [3] found that the addition of 0.01
wt% increased the compressive and flexural strength of mortar
specimens by 14% and 4% at 28 days, respectively.
Additionally, the addition GNPs has been reported to improve
the mechanical performance of concrete. For example, Chen et
al. [7] prepared concrete specimens enhanced with 0.02 wt%,
0.05 wt%, 0.1 wt%, 0.2 wt%, and 0.3 wt% GNPs. They reported
that compressive strength was increased by 18.61%, 22.40%,
19.78%, 8.84%, and 1.42%, respectively. Jiang et al. [8]
reported that 0.025 wt% GNPs increased compressive strength
at 28 days by up to 17%. Arslan et al. [9] prepared ultra-high
strength concrete specimens with 0,035 wt%, 0.07 wt%, 0.14
wt%, 0.21 wt%, 0.35 wt%, 0.70 wt% GNPs. They reported that
the maximum improvement in mechanical properties was
obtained when 0.14 wt% GNPs was added. Indeed, the
compressive and flexural strength increased by 24% and 96%,
respectively.

On the other hand, the addition of GNPs has an adverse effect
on fresh properties of concrete. It has been reported that the
addition of GNP reduced workability of concrete. For example,
Chen et al. [7] reported adding 0.4 wt% decreased workability
of concrete specimens by up to 19%. Jing et al. [10] reported
that cement paste specimens prepared with wt% and 0.4 wt%
GNPs experienced 17.4% and 44% increase in workability,
respectively. Two primary factors are responsible for the
results. Firstly, GNPs have the ability to attract and absorb
water onto their surfaces, thereby reducing the amount of water
needed to achieve the desired workability. Secondly, due to
their high van der Waals forces and large surfaces, GNPs tend
to agglomerate.

In this research, concrete enhanced with GNPs is prepared
and mechanical properties are assessed at 7 days. GNPs can be
added to concrete via dry or wet dispersion techniques. In this
research, GNPs are added to concrete via wet dispersion
technique. The low stability of GNP dispersion results in
producing concrete with many defects in the cement matrix.
Those defects can compromise the mechanical performance of
the concrete. To take full advantage of the benefits of GNPs on
the mechanical properties of concrete, it is essential to produce
a stable dispersion and to develop a proper mixing method. In
this search, GNPs were dispersed in water by hand, with a drill

Dmitriy A. Dikin is with Temple University, Philadelphia, Pennsylvania,
USA (e-mail: ddikin@temple.edu)

134 1SN1:0000000091950263



Open Science Index, Civil and Environmental Engineering Vol:17, No:3, 2023 publications.waset.org/10012986.pdf

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:17, No:3, 2023

or using an ultrasonic probe. Consideration was given to the
different parameters that can affect the stability of GNP
dispersions, including dispersion time, GNP concentration, and
sonication duration. For the mixing methods, the following
parameters were taken into consideration: type of mixer, and
mixing time.

II. MATERIALS

As a cementitious material, ordinary Portland Cement (OPC)
is used to prepare concrete specimens. The OPC cement is fully
compliant with Australia Standard AS3972 for Type GP
cement. As coarse aggregates, crushed granite with diameters
of 7 mm, 12.5 mm and 20 mm was used. As fine aggregates,
washed sand with a diameter of 0.84-2 mm was used. An
aqueous graphene paste consists of 32% pure graphene particles
and 68% water was used. The materials used in this study are
presented in Fig. 1. The physical properties of coarse and fine
aggregates are presented in Tables I and II.

Fig. 1 Materials used in the study: A) cement, B) sand, C) 7 mm, D)
14 mm, and E) 20 mm

TABLEI
PHYSICAL PROPERTIES OF COARSE AGGREGATES
Aggregate size 20mm 14mm 7mm  Standard
Apparent specific gravity (oven-dry) 2.74 2.68 232 ASTMCI27
Density 2.58 2.57 223 ASTMCI27
Specific gravity (SSD) 2.64 261 227 ASTMCI127
Absorption % 222 1.59 1.88 ASTM C127
TABLEII
PHYSICAL PROPERTIES OF FINE AGGREGATE
Aggregate size Sand Standard
Apparent specific gravity (oven-dry) 2.25 ASTM C127
Density 2.01 ASTMCI127
Specific gravity (SSD) 2.11 ASTM C127
Absorption % 534 ASTMCI127

International Scholarly and Scientific Research & Innovation 17(3) 2023

III. MIXING PROCEDURE AND SPECIMENS’ PREPARATION

A. Preparation of GNP Dispersion

GNPs were dispersed in water using different wet
techniques. In the first group of GNP dispersion experiments,
GNPs were dispersed in water using an ultrasonic probe for 5
mins. The study used an ultrasonic probe with a power output
of 500 W and a probe frequency of 20 kHz. Sonication was
done every 2.5 minutes to prevent overheating of the GNP
dispersion. In the second group of GNP dispersion experiments,
GNPs were dispersed by using an ultrasonic probe for 20 mins.
In the third group of GNP dispersion experiments, GNPs were
dispersed in water by combining a drill and an ultrasonic probe.
In this group, GNP dispersions have various GNP content. The
equipment used for the preparation of GNP dispersion is
presented in Fig. 2.

Fig. 2 Equipment used for preparing GNP dispersions: A) Sonicator,
B) Dirill, C) Sonicator and GNP dispersion, D) GNP dispersion

B. Introduction of GNP Dispersions to Concrete

In mixing method 1: concrete ingredients were mixed for 5
minutes in a rotating mixer. Then, 80% of the water was added
and mixed for 5 minutes. Group 1 GNP dispersions were added
to the mixture and mixed for 5 minutes. In mixing method 2:
concrete ingredients were mixed for 5 minutes in a rotating
mixer. Group 2 GNP dispersions were added to the mixture and
mixed for 5, 10, 15, 25, 30 minutes. In mixing method 3:
concrete ingredients were mixed for 5 minutes in a rotating
mixer. Group 3 GNP dispersions were added to the mixture and
mixed for 30 minutes. The materials are mixed in an agitator
which is presented in Fig. 3. A summary of the dispersion
techniques and mixing methods is presented in Table III.

C.Concrete Specimens’ Proportions and Dimensions

As per AS 1012.8.1:2014, specimens are prepared and cured.
Concrete specimens have a 100 mm diameter and a 200 mm
height. Prismatic concrete specimens have a cross-sectional
area of 75 mm by 75 mm, and a length of 290 mm. Mixture
proportions for concrete specimens are: cement 1, washed sand
2, coarse aggregate 5.05, and water 0.60. Concrete specimens
for compressive and flexural strength tests are presented in Fig.
4,
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Fig. 3 The equipment used for mixing all materials (agitator)

TABLE IIT
DISPERSION TECHNIQUES AND MIXING METHODS
Test Graphene Dispersion Dispersion Mixing

(%) technique time time
fe 0.00% Control 0 5+5
0.25% hand 5 5+5
0.25% sonication 5 5+5
0.00% Control - 5+30
0.25% sonication 20 5+15
0.25% sonication 20 5+30
feand f,  0.00% Control - 5+30
0.10% Drill + sonication 5420 5+30
0.20% Drill + sonication 5420 5+30
0.30% Drill + sonication 5420 5+30

f.= Compressive strength, f,= Flexural strength

Fig. 4 Concrete specimens: A) Cylindrical specimens for
compressive strength test, B) Prismatic specimens for flexural
strength test

IV. TESTING

A.Compressive Test

The compressive strength is determined in accordance with
AS 1012.8:2014. Compressive strength was determined after 7
days of curing. Tests are performed with a Tecnotest 2000 kN
compression machine at 0.5 N/mm?/s (MPa/s).
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Fig. 5 Tecnotest 2000 kN compression machine

B. Flexural Test

The flexural strength is determined in accordance with AS
1012.11-2000. Tests are performed with MTS 50 KN machine
at a loading pace of 0.5 N/mm?/s (MPa/s).

Fig. 6 MTS50 KN machine

V.RESULTS AND CONCLUSIONS

A. Effect of Sonication

The variation in compressive strength can be seen in Fig. 7.
The addition of GNPs to concrete specimens resulted in a slight
increase in compressive strength. It can be seen that the
compressive strength of concrete specimens was increased from
17.97 MPa to 20.32 MPa when GNP dispersion was
ultrasonicated for 5 mins. This represents an improvement of
13.1% compared to control specimens. Hand-prepared GNP
dispersion was much less effective when added to concrete. The
compressive strength of concrete specimens was slightly
increased from 17.97 MPa to 19.24, which is only a 7.1%
improvement. From the results, it is clear that GNP dispersion
prepared using sonication is the most effective mechanism for
developing a dispersion that increases the mechanical
properties of concrete. According to prior study the use of
sonication can enhance the stability of GNP dispersion [11],
thereby maximizing the benefits of adding GNPs to concrete.
By contrast, Jiang et al. [8] reported that GNP dispersion
prepared with sonication had an adverse effect on mechanical
properties of concrete. They claim that sonication process
reduced the size of the nanosheets which led to a reduction in
mechanical properties.
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Fig. 7 The results of compressive strength obtained in mixing method
1

B. Effect of Increasing Mixing Time in Agitator

The variation in compressive strength can be seen in Fig. 8.
The results demonstrated that increasing the mixing time of
concrete ingredients and increasing sonication duration for
preparing GNP dispersions resulted in higher improvement in
the compressive strength. The maximum improvement in
compressive strength was obtained when concrete ingredients
and GNPs were mixed in the agitator for 30 minutes. Indeed,
compressive strength was increased by up to 17.7% with
respect to control specimens.
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Fig. 8 The results of compressive strength obtained in mixing method
2

C.Effect of GNP Contents

The variation in compressive strength can be seen in Fig. 9.
The addition of GNPs increased compressive strength. As a
result, it is evident that the impact of GNPs depends on the
amount of GNPs added. The result of this study is then
compared with previous studies in which it was reported that
the rate of improvement in compressive strength is directly
related to the GNP content [7], [12]. In this study, compressive
strength was enhanced by 12.8 %, 17.4 %, and 14.2% when
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mixes containing 0.1 wt%, 0.20 wt%, and 0.3 wt % GNPs.
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Fig. 9 The results of compressive strength obtained in mixing method
3

Fig. 10 represents the results of compressive strength
obtained in this study compared with the results reported in the
literature review. Chen et al. [7] prepared concrete specimens
enhanced with 0.02 wt%, 0.05 wt%, 0.1 wt%, 0.2 wt%, and 0.3
wt%. They reported that the maximum improvement in
compressive strength was obtained when 0.05 wt% was added.
Indeed, compressive strength was increased by 22.40% with
respect to control specimens. Arslan et al. [9] prepared ultra-
high strength concrete specimens with 0,035 wt%, 0.07 wt%,
0.14 wt%, 0.21 wt%, 0.35 wt%, 0.70 wt% GNPs. They reported
that the maximum improvement in compressive strength was
obtained when 0.14 wt% GNPs was added. In fact, compressive
strength increased by 24% with respect to control specimens.
By comparing those studies with the funding of this study it can
be determined that the compressive strength could be increased
by adding a low content of GNPs. The optimum GNPs content
is different in each study due to the fact that i) GNPs have
different physical characteristic, ii) dispersion technique and
mixing method are also different in each study. By contrast, Du
et al. [13] reported that the addition of GNPs had a negligent
effect on mechanical properties. It may be attributed to the fact
that they added a high amount of GNPs, which can lead to
agglomeration of nanoparticles, thereby adversely affecting the
mechanical performance of specimens.

The variation in flexural strength can be seen in Fig. 11. The
addition of GNPs enhanced flexural strength. The maximum
improvement in flexural strength was observed when 0.2 wt%
GNPs was added. Indeed, flexural strength increased from 3.32
MPa to 3.54 MPa which is an improvement of 8.6% with
respect to control specimens. Once the GNPs content was
higher than 0.2 wt%, the rate improvement was decreased.
Flexural strength was slightly increased by 5.9%.

Fig. 12 represents the result of flexural strength obtained in
this study is compared with the results reported in the literature
review. In this study, flexural strength was enhanced by 0.7%,
8.6% and 5.9% when mixes containing 0.1 wt%, 0.20 wt%, and

137 1SNI:0000000091950263



Open Science Index, Civil and Environmental Engineering VVol:17, No:3, 2023 publications.waset.org/10012986.pdf

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:17, No:3, 2023

0.3 wt % GNPs. By contrast, Arslan et al. [9] reported much
higher results than those finding in this study. They reported
that flexural strength of concrete specimens was dramatically
increased by up to 95% when 0.14 wt% GNPs was added.
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Fig. 10 Influence of GNPs on compressive strength of concrete
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Fig. 11 The results of flexural strength obtained in mixing method 3

VI. CONCLUSION

The findings of this study are expected to have a direct
impact on the construction industry since more environmentally
friendly concrete will be produced. The mixing procedure is a
key parameter that directly affects the mechanical properties of
concrete. Therefore, in order to maximize the benefits of adding
GNPs to concrete, the mixing procedure for concrete
preparation should be carefully chosen. In this study, various
approaches were used to prepare concrete with GNPs as an
additive nanomaterial. In the mixing method 1, concrete
specimens prepared GNP dispersion produced by using
sonication experienced higher mechanical properties. Indeed,
compressive strength was improved by 13.1% when GNP
dispersion was ultrasonicated for 5 min. Another promising
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finding was observed in mixing method 2, by increasing both
sonication duration and mixing time in the agitator the
compressive  strength is positively affected. Indeed,
compressive strength was increased by up to 17.7%, when GNP
dispersion was ultrasonicated for 20 minutes and all materials
were mixed for 30 minutes. In mixing method 3, the present
study confirmed the findings about the effects of adding
different GNPs content. it was evident that the impact of GNPs
on compressive and flexural strength was directly correlated
with GNPs content. The maximum improvement of mechanical
properties was obtained when 0.2 wt% GNP were added. In this
case, GNP dispersion was mixed with dill, ultrasonicated for 20
minutes, and all materials were mixed for 30 minutes. Together,
the present findings confirm that GNPs can be used a non-
conventional nanomaterial in the construction industry.
Overall, the results of this study are comparable to those of
previous studies.
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Fig. 12 Influence of GNPs on flexural strength of concrete
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