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Abstract: The paper considers methods for concrete modification using low-layer graphene and grapheme oxide. It was

found that graphene oxide and low-layer graphene obtained by liquid-phase shear exfoliation significantly increase the

strength of concrete. In our opinion, low-layer graphene has better prospects since it is cheaper and its production

technology is environmentally friendly. The viability and future of graphene largely depends on the availability of such a

method that allows mass production of high-quality graphene at an affordable price. In this regard, liquid- phase

separation of graphite with the formation of low-layer graphene, which can be used to modify concrete, turned out to be

a competitive solution. The following main tasks were formulated in order to solve the organizational problems of low-

layer grapheme industrial production: reducing the concentration of low-layer grapheme in concrete; increasing the

concentration of low-layer graphene in suspension; developing an industrial technology for the production of concentrate

with a high content of low- layer graphene; conducting full-scale experimental studies to determine the optimal

concentration of low-layer graphene in concrete.

Keywords: Low-layer grapheme; graphene oxide; concrete; compressive strength; bending strength; water absorption;

INTRODUCTION

A lot of research is aimed at improving its mechanical strength and durability, reducing water absorption and improving
technological characteristics due to additives. Environmental impact on cement materials, as a rule, leads to its
degradation, in particular, increases brittleness and water absorption, which, of course, leads to the  destruction  of
concrete structures. As a rule, concrete has high compressive strength, but low bending strength, and a combination of
these properties has a significant effect on durability. Improving the strength, especially the  bending  strength  of
concrete, has been the subject of many studies in recent decades. Conventional methods for increasing strength used the
inclusion of reinforcements on a milli meter scale and / or on a micro scale using macro and micro fibers, respectively [1].
Since the cracking process arises and spreads at the nanoscale, the researchers used nanoscale reinforcements such as
carbon nanotubes (CNTs), carbon nano fibres (CNFs) and nanoparticles [2-5], due to their high mechanical properties
and the large surface area. Graphene, the recently appeared nanomaterial, exceeds these nanomaterials in terms of
strength characteristics (the strength is 130 GPa and Young's modulus is 1.0 TPa) measured using nanoindentation atomic
force. In combination with flying ash (FA — Fly Ash), which has environmental advantages and is a byproduct of coal-fired
power plants, machinability, strength and resistance to chemical influences such as chlorides and sulfates are increased
[7— 12].Due to the exceptional strength of graphene, it has been a subject of interest in reinforcing metal and polymer
matrices Recent decades have begun to pay similar attention to strengthening ceramic matrices. However, as far as the
authors know, only a few research works [18] were devoted to studying cement based on fly ash and graphene with
respect to bending strength and resistance to chemical attack of mortars. Much more attention was paid to graphene
oxide as a concrete modifier. Apparently this is due to the fact that graphene oxide is already produced today on an
industrial scale. Graphene oxide (GO) consists of a monolayer of sp2 and sp3 hybridized carbon atoms covalently linked
to various functional groups, such as carboxyl, hydroxyl and epoxy [19, 20], which alter the van der Waals interactions
between GO sheets, thereby improving its dispersion in water. Given that the tensile strength is 130 GPa and the specific
surface is 2630 m2/g, as well as good dispersion in water, GO is a promising modifier for cement composites.
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Material and Methods

® slump test, :AS 1012.3.1:2014

® Flexural test :AS 1012.8.2:2014

® compressive strength, :AS 1012.8.1:2014

¢ tensile strength, :AS 1012.10:2000

® modulus of elasticity :AS 1012.11:2000

Graphene added to cement

Zhu Pan et al. (2015) reported that the introduction of graphene oxide of 0.05 weight percentage of cement increased
the compressive and flexural strength of cement graphene oxide mix by 15-35% and 41-58% respectively as shown on the
graph in figure. 2.1. These increases in mechanical properties are due to the remarkable properties of graphene oxide
sheets (which have wrinkled morphology) which help improve the mechanical interlocking of the cement particles,
creating a stronger cement paste.
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Zhu Pan et al. (2015) indicated that very low- level graphen‘e_ oxide does improve the properties of cement significantly,
this indicated the need to research the properties of graphene with construction materials further, in this research we
will be looking at the properties of graphene-reinforced concrete and determine whether the mechanical property
improvements seen in (Zhu Pan et al. (2015)) can be translated to concrete.
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Flexural strength (MIPa)
N

MGO00 | MGOO1 | MGOD3 | MGO05 | MGOUS | MGO10
3 (MPa) | 665 7.15 78 8.05 7.65 73
m28d (MPa)| 95 10.2 103 107 10.15 9.8

Flexural strength for 3 and 28 days

Determination of particle size distribution of sand with sludge
As per IS: 383-1970, this test was conducted to determine the grading limit and obtain the particle size distribution of the
fine aggregate that is fineness modulus. IS sieves are used in this test. The sieves are arranged in the order of 4.75mm,
2.36mm, |.18mm, 600y, 300y, 150y, and pan from top to bottom. Fineness modulus of sand is 2.34. Sand having fineness
modulus less than 3.2 is suitable for making concrete. As per IS: 383-1970 specifications, the given sand conforms to
grading zone lIl.
Determination of specific gravity of sand with sludge
Specific gravity is defined as ratio of the weight in air of a given volume of soil solids at a constant temperature to the
weight in air of an equal volume of distilled water at a constant temperature. The aggregate specific gravity is a
dimensionless value used to determine the volume of fine aggregate in concrete mix design. Variation of specific gravity
reflects the porosity of the particles. The main use of Specific gravity in the design of concrete mix is to calculate the
yield of concrete for the given proportion and to calculate the voids for the given aggregate. Table (2) illustrates the
specific gravity value for fine aggregate which used in the preparation of concrete mixes. The determination of specific
gravity of fine aggregate and sludge was done according to IS: 2386 (Part Ill)-1963 respectively.
Determination of bulk density of sand
The bulk density is the weight of material in a given volume and it is measured in kilograms per liter. The test shall
normally be carried out on dry material when determining the voids, but when bulking tests are required material with a
given percentage of moisture may be used.
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The bulk density is used in concrete mix design for converting the proportions by weight into proportions by volume
when weight batching is not available at the site. Rodded bulk density is useful in determining the change in particle shape.
The determination of bulk density of fine aggregate was done according to IS: 2386 (Part Il1)-1963 respectively.
Determination of water content of fine aggregate with sludge

Water content of aggregate is the weight of water present in aggregate pores expressed as percentage of aggregate dry
weight. Naturally Sewage Sludge Pellet (SSP) is also the porous in nature. So conduct the water content test for finding
the water content capacity of sand and SSP. The determination of water content of fine aggregate and sludge was done
according to IS: 2386 (Part Ill)-1963 respectively. Table (4) illustrates the water absorption percentage of sand and sludge.
Determination of pH value of sludge

pH is defined as the reciprocal of the logarithm of the hydrogen ion concentration. pH is considered as a master variable
in soils as it controls many chemical process that take place. This test is conducted as per IS: 2720 (Part26)-1987 and no
calculations are needed as the pH meter directly provides pH values. The estimated pH value is 9.76.

Determination of loss on ignition of sludge

Loss on ignition refers to the mass loss of a combustion residue whenever it is heated in an air or oxygen atmosphere to
high temperatures. These test method cover the determination of the mass loss from solid combustion residues upon
heating in an air or oxygen atmosphere to a prescribed temperature. The moss loss can be due to the loss of
moisture, carbon, sulfur and so forth, from the decomposition or combustion of the residue. The determination of loss
on ignition of sludge was done according to IS: 1727-1967 respectively. The Loss on Ignition (% Ig) is 8.62%.
Determination of chloride and sulphate in sludge

Domestic sewage has not got detrimental effect on good concrete. Domestic sewage rarely contains chloride and
sulphate salts. This test was conducted to determine the amount of chloride and sulphate in sludge. Sulphate occurs
naturally in water as result of leaching from gypsum and other common minerals.

Compressive strength

From the fig. (3), it can be noted that the compressive strength decreases as the content of the sludge increases. It shows
that after curing period of 28 days, 3%, 6% and 9% of sludge concrete gave 100%, 95% and 91% of that of the control
concrete strength respectively. It was found that by replacing 6% of dry sludge to concrete, negligible decrease in
compressive strength is found. Beyond that level there was a considerable effect on compressive strength as shown in
fig.(3).

Flexural strength

Flexural strength test was performed on 100mmx100mmx 400mm specimens cured for 7 and 28 days. Fig.4. shows the
flexural strength test results. It is evident that using dry sludge caused decrease in the flexural strength in comparison to
control specimens. Fig (4), indicates that after curing period of 28 days, 3%, 6% and 9% of sludge concrete gave 98%, 87%
and 83% of that of the control concrete strength respectively.

Split tensile strength

A method of determining the tensile strength of concrete using a cylinder which splits across the vertical diameter.
Standard 150mm diameter and 300mm height cylinder was prepared for split tensile strength. Direct tensile strength of
concrete cannot be determined owing to difficulty in preparation of test specimen and in applying truly axial tensile load.
This test is an indirect method of finding out the tensile strength of concrete. It gives more uniform results than other
tension tests. This test gives the value 5-12% greater than the actual tensile strength of concrete. From the fig (5), it can
be noted that the split tensile strength decreases as the content of the sludge increases. It indicates that after curing
period of 28 days, the 3%, 6% and 9% sludge concrete gave 98%, 90% and 81% of that of the control concrete strength
respectively.

Modulus of elasticity

Modulus of elasticity test was performed on 150mm diameter and 300mm height cylinder specimens cured for 7 and 28
days. Fig.6. shows the modulus of elasticity test results. It is evident that using dry sludge caused decrease in the modulus
of elasticity in comparison to control specimens. Fig (6), indicates that after curing period of 28 days, 3%, 6% and 9% of
sludge concrete gave 96%, 85% and 79% of that of the control concrete strength.

Acid resistance

The acid resistance test was carried out on 150 mm size cube specimens at the age of 28 days curing. The cube
specimens were weighed and immersed in water diluted with one percent by weight of sulphuric acid for 45 days
continuously. Then the specimens were taken out from the acid water and the surfaces of the cubes were cleaned. Then,
the weight and the compressive strengths of the specimens were found out and the average percentage of loss of
compressive strength was calculated.

Graphene added to concrete

Dimatar Dimov et al. (2018) acknowledges that recent researches are focused on the properties of graphene mixed with
cement, which they show that the cement mix presented remarkable improvement in the tensile, flexural and
compressive strength as well as other properties like durability and permeability. At this stage, more research is still
needed in finding out whether these remarkable improvements in properties will translate to concrete mixtures, little is
known on how graphene will behave with the addition of large aggregates. Dimatar Dimov et al. (2018) investigated the
incorporation of two types of graphene, surfactant functionalised graphene and graphene nanoplatelets of industrial grade,
as well as evaluating ultra- thin graphite to compare the results.
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CONCLUSION

Through the literature review, it was clear that not much research has been conducted, in understanding the effects of
graphene in concrete, particularly in Australia. This project aimed to analyse the effects of graphene on the flexural
strength, compressive strength, in direct tensile strength, modulus of elasticity and slump of fresh concrete. The results
for this project, unfortunately, are not as conclusive as we had hoped. Even though we got a good reading on some of
our tests, the slump test results we quite good and consistent with what was expected. Therefore, | would conclude that
the slump test was successful. The results for flexural strength were mixed with the results for the beams with 40mm of
graphene concrete mix at the bottom of the beam showing excellent trend and aligned with expected results while the
results for beams with full graphene show improvement when compared with the control sample but with a low
percentage of improvement and different to the 40mm beams as 0.03% had the highest strength while the 40mm beams
showed 0.05% as the graphene percentage by weight of cement with the highest improvement. | would conclude that the
flexural test was successful even though | would suggest further investigations with more samples. Compressive strength
results were mixed with 0.03% showing expected results with a significant improvement in the compressive strength
when compared to the control sample, but the other two graphene percentages showed low improvements and not
within the expected trend as 0.05% was the lower of the two percentages. We expected the compressive strength to
improve to a certain level then gradually decrease as more graphene is added. | would conclude that the compressive test
results are successful in showing that graphene improves the compressive strength, but the trend of the results was
inconclusive. The results for the indirect tensile test were not as expected as we had two of the graphene percentages
0.05% and 0.1% by weight of cement showing a decrease in strength when compared with the control sample.
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