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The effect of Graphene Oxide (GO) on the thermal properties of high-strength concrete has been less studied. The mechanical
properties, compactness, mineral composition and microstructure of the high-strength concrete with GO addition were
examined by heat treatments at different temperatures. The results showed that the enhancement of the residual flexural
strength with GO addition was greater than that of the residual compressive strength; GO addition had a significant effect
on the mechanical properties of concrete treated at less than 500 ℃; Differential Scanning Calorimeter (DSC) test showed that
the high-strength concrete with GO addition required more heats for its decomposition after 500 ℃; The internal pores/cracks
of the high strength concrete with GO addition were reduced after the heat treatment at a high-temperature because the
producing of new crystals can improve the residual properties of the high-strength concrete. 
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Introduction

Concrete is a main preparation material for current
buildings and has good mechanical properties, but it
has structural defects and durability problems [1]. In
addition to this, the heat resistance property of concrete
is also required paying attention due to the high
frequency of building fires.

Concrete undergoes a series of physico-chemical
reactions as the temperature increases. After 60 °C~90
°C treatment of cementite, the internal free water
evaporates and the hydrated calcium silicate gel (C-S-
H) goes through a polymerization and a lattice
shrinkage [2, 3]; at about 100 °C ettringite becomes
dehydrated and decomposes [4]; at 100 °C~170 °C,
gypsum begins to decompose and physically bound
water begins to evaporate [5]; at 180 °C, C-S-H
dissociates [6]; at 200 °C~300 ℃, the chemically
adsorbed water inside the caement commences to
evaporate [7]. At about 500 °C, calcium hydroxide
decomposition into calcium oxide and water happens
[8,9]. At 600 °C~750 °C, C-S-H is decomposed to
produce β-C2S [3]; at about 750 °C, calcite decomposes
and C-S-H begins to decompose and gradually
disappears [10]. There are fewer studies on the thermal
performance of concrete. Most methods to improve the
heat resistance of concrete are addition inorganic
substances in concrete [11, 12].

Graphene oxide (GO) is widely used as a new two-
dimensional nanomaterial with good hydrophilicity and

surface activity due to its surface containing carboxyl
[13-15], hydroxyl and epoxy groups. The main
preparation method of GO is the Hummers method,
which has a short preparation time and a high degree of
oxidation [16]. GO has shown good thermal properties
in other materials [17, 18], while GO research on
concrete has mostly focused on mechanical properties
[19-21], with less research on thermal properties.

High-strength concrete is sensitive to temperature
due to its dense structure and high strength, and is
prone to crumbling at high temperatures, for which
heat resistance is an important property [22]. To study
the effect of GO on the heat resistance of high-strength
concrete, mineral admixtures and GO were added to
mortar in certain proportions to prepare high-strength
concrete, what’s more, it was thermal treated at 250 ℃,
500 ℃, 750 ℃ and 900 ℃, then, the effect of GO on
its heat resistance properties was tested by X-ray
Diffractometer (XRD), DSC, Thermogravimetric Analysis
(TGA), Scanning Electron Microscope (SEM), Ultrasonic
Non-Destructive Testing. 

Materials and Test Methods

Materials
The GO used in the experiment is a monolayer

powder produced by KNA Carbon New Materials Co,
Ltd. with earthy brown color, its flake diameter is
between 0.2 μm and 10 μm, its purity is 96%, its main
chemical compositions contain 48% carbon, 45%
oxygen and < 3% sulfur. The Fig. 1 shows the Fourier
Transform Infrared Spectrometer (FTIR) spectra of
GO, where O-H, C-H, C=C groups at 3434.63,
2813.52, 1590.46 cm-1, respectively, which indicates
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that GO has high activity. 
The high strength concrete was generated by cement,

fly ash, mineral powder, sand, water and water reducing
regent. P.O 42.5 cement produced by Shanshui Group,
the primary fly ash produced by Henan Platinum Run
Casting Materials Co., Ltd. with a density of 2.55 g/cm3

and a bulk density of 1.12 g/cm3, the S95 mineral
powder produced by Henan Platinum Run Casting
Materials Co., Ltd. with a density of 2.9 g/cm3 are
utilized. The chemical compositions of the above
materials are shown in the Table 1. The sand used is
the standard sand produced by Xiamen Aisiou Standard
Sand Co. Ltd. The water reducing agent is an ordinary

polycarboxylic acid with water reduction rate of
25%~35%. The experimental water is tap water.

The prepared high-strength concrete was thermally
treated at 250 ℃, 500 ℃, 750 ℃ and 900 ℃, then its
mechanical properties, mineral composition and
microstructure, etc. were tested.

Recipe of the high strength concrete 
Referring to the concrete design standards and the

results of the relevant literature, the test design water-
cement ratio is 0.25, the matching ratio is shown in
Table 2, the specific amount of each group of materials
is shown in Table 3.

Test procedure and methods

Concrete preparation, fluidity and curing

GO has hydrophilic functional groups and is prone to
agglomeration in water [23], so it cannot be directly
added into the stirring mixer, and it is necessary to
disperse GO in water by ultrasonic. The ultrasonic
dispersion time and power will affect the dispersion of
GO in water [20], and this experiment used a 100 W
ultrasonic dispersion instrument with a water bath to
disperse for 10 min. After dispersion, GO was
immediately added to the planetary mixer, and the
mixing was completed according to the national
standard GB/T 17671-1999 “Test method for
cementitious sand strength (ISO method)” [24].

The fluidity test was carried out by calculating the
average value of the diameter in both directions
through the fluidity test, the result was taken as an

Fig. 1. FTIR spectrum of GO.

Table 1. Composition analysis of cement, fly ash and mineral powder for test /%.

Component Al2O3 SiO2 SO3 CaO Fe2O3 Alkali Loss on ignition

P.O 42.5 9.56 18.02 1.41 63.25 3.58 - 0.81

Fly ash 24.20 45.10 2.10 5.60 - 1.20 2.13

Mineral powder 5.59 28.07 2.87 40.56 0.40 0.56 0.8

Table 2. Design mix proportion of concrete.

Material Cement/g GO/% Mineral powder/g Fly ash/g Sand/g Water/g
Water reducing 

agent/%

Dosage 450 0-0.05 225 225 1350 225 1

Table 3. Consumption of concrete preparation materials.

Number Cement /% GO /% GO /g
Mineral 

powder /g
Fly ash /g Sand /g Water /g

Water reducing 
agent /g

1 450 0 0 225 225 1350 225 9

2 450 0.01 0.045 225 225 1350 225 9

3 450 0.02 0.090 225 225 1350 225 9

4 450 0.03 0.135 225 225 1350 225 9

5 450 0.04 0.180 225 225 1350 225 9

6 450 0.05 0.225 225 225 1350 225 9
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integer in millimeters. In accordance with the national
standard GB/T 17671-1999 “cementitious sand strength
test method (ISO method)” for curing [24], the
temperature of water was kept at 20 ℃ ± 1 ℃, curing
28 d.

Heat resistance test

After the specimens were maintained in water for 28
d, the test cuboids were taken out, blown with a hair
dryer until the surface was dry, and then put into an
oven with the temperature set to 65 ℃ for drying 48
hours. After drying, the specimen block was put into a
CNC high-temperature furnace and fired from room
temperature to the test temperature (250 ℃, 500 ℃,
750 ℃, 900 ℃), then held for 30 min and 90 min,
respectively. After the holding time, it was removed
with crucible tongs and cooled naturally to room
temperature. After being left for 1 d, subsequent
performance tests were carried out.

Main tests

The infrared absorption spectrum of GO was tested
with a Bruker TENSOR II Fourier Transform Infrared
Spectrometer (FTIR). The heat (ΔQ and ΔH) variations
of the samples were analyzed by Differential Scanning
Calorimeter (DSC) model Q20. The thermal stability
and component changes of the samples were studied
with a simultaneous thermal analyzer Q600 (TGA). A
Bruker D8 advance X-ray Diffractometer (XRD) was
used to characterize the physical phase and crystal
structure of the samples. The sample microscopic
morphology and hydration products were analyzed by
EVO 18 analytical Scanning Electron Microscope
(SEM) from Zeiss, Germany. The compressive and
flexural strengths of the specimens were tested with a
Tianjin TYE-300D universal pressure tester. The
results were obtained to calculate the average value,
and the calculation was accurate to 0.1 MPa. The ZBL-
U510 type non-metallic ultrasonic detector is used to
detect cracks and internal structural defects and
compactness of the test block. If certain parameters are
judged to be abnormal (abnormal sound time, abnormal
amplitude), the existence of uncompacted areas and
cavities inside the concrete can be determined in
conjunction with the waveform condition. 

Results and Analysis

Effect of GO on the Fluidity of high-strength
concrete

From the test data (Fig. 3), it is obtained that the
mortar obtains better fluidity after adding water reducing
agent, and the fluidity does not decrease with the
increase of GO addition, but remains stable. Without
the addition of water reducing agent GO decreases the
fluidity of mortar [19, 20], and the more the addition,
the more obvious the decrease of fluidity. The
polycarboxylic acid water reducing agent forms a layer
of common charge on cement particles to ensure the
required fluidity of GO cement samples, promotes the
electrostatic repulsion between them, and the water
released by cement flocculation compensates the water
absorbed by GO [25], improves the fluidity and
overcomes the high specific surface area of GO and the
binding of part of free water by active oxygen-
containing functional groups.

Changes of concrete at high temperatures
The change in mass of high-strength concrete with

increasing temperature is shown in Fig. 4(a), where the
mass of high-strength concrete containing GO is lost
more rapidly with increasing temperature, and the mass
loss of specimens at 400 ℃ without GO and with GO
is 8.22% and 9.31%, respectively, which indicates that
GO can enhance the concrete hydration. Three distinct
heat peaks and one insignificant heat absorption peak
were observed for both the concrete with and without
GO in Fig. 4(b), the same position of each peak in the
figure indicats that the addition of GO does not affect
the decomposition temperature of various hydration
products in the high temperature.

The first absorption peak appears below 400 ℃, at
which the evaporation is mainly the heat absorption of
the bound water in the hydration products and the free

Fig. 2. Illustration of the compactness measure for specimen by a
nonmetallic ultrasound detector (1-3 vertical direction; F-the
transmitting transducer; S-the receiving transducer).

Fig. 3. Effect of GO content on Fluidity.
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water inside the specimen. From the decreasing speed
of the curve, the evaporation of free water and bound
water is faster after adding GO. The water vapor
changes the microstructure of the specimen during the
evaporation process, and the water vapor exerts a
certain pressure on the microporous walls inside the
specimen, leading to microcracks and serious surface
spalling, which is more obvious in ultra-high
performance concrete [26]. The second heat absorption
peak appears at 400 ℃~500 ℃, which is related to the
fact that some of the hydration products will be
dehydroxylated and Ca(OH)2 is decomposed. The
curves with GO addition above and below 500 ℃ were
significantly higher than those without GO addition,
which indicated that GO was effective in improving the
heat resistance of the specimens and that more heat
was required to be absorbed during the decomposition
of the components (Fig. 4). The third heat absorption
peak occurs near 570 °C, at which the quartz sand
undergoes a transformation from b quartz to a quartz.
This produces some lattice expansion, and although the
quartz transformation is a reversible process, the
expansion is retained on cooling [27]. The fourth heat
absorption peak occurs at 700 °C to 800 °C, where the
decomposition of CaCO3 and C-S-H mainly occurs at

this temperature.

Effect of GO dosing on mechanical properties of
concrete at different temperatures

The results of compressive and flexural tests of high
strength concrete with GO were conducted after heat
treatment at 250 ℃, 500 ℃, 750 ℃ and 900 ℃ with
different admixtures as shown in Fig. 5, 6 and Table 4,
5. The compressive strength increase is about 10%
when 0.02%~0.05% GO is added to the concrete, and
the strength of the specimens enhances with the
increase of GO admixture at 250 ℃. The effect is most
pronounced when the admixture is 0.02%. This is
because at this temperature, the free water and part of
the bonded water inside the specimen are evaporated
by the high temperature, which overcomes the decrease
of the strength caused by the decrease of the van der
Waals force between the aggregate particles due to the
presence of water molecules in the cementitious
material, and makes the strength of the specimen
increase [28]; at 500 ℃, the strength of the concrete
decreases obviously, but the strength of the GO
addition specimen is about 20% higher than that of the
specimen without GO. After heating at 750 ℃ and 900
℃, the C-S-H in concrete has been completely

Fig. 4. TGA and DSC analysis diagram of specimens with or without GO (a-TGA; b-DSC).

Fig. 5. Effect of GO on flexural strengths of concrete treated at different temperatures (a-holding time of 30 min; b-holding time of 90 min).
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decomposed, and the flexural and compressive
strengths of concrete are greatly reduced, less than half
of the strength of unsintered specimens, and the effect
of GO cannot be reflected. In a comprehensive view,
the addition of GO helps to improve the mechanical

strength of concrete after heat treatment below 500 ℃,
and the improvement of flexural strength is better than
compressive strength, and the admixture of GO has the
best effect at 0.03%~0.04%.

Fig. 6. Effect of GO on compressive strengths of concrete treated at different temperatures (a-holding time of 30 min; b-holding time of 90
min).

Table 4. Flexural strengths of specimen after high temperature treatment.

Holding 
Time/min

Temperature 
/℃

Flexural Strength/MPa

GO addition/%

0 0.01 0.02 0.03 0.04 0.05

30

0 15 12.2 12.5 15.5 12.4 13.4

250 10.8 8.9 12.3 10.4 12.1 11.3

500 6.52 5.71 7.39 6.68 7.03 7.18

750 3.86 2.36 2.63 3.03 2.61 3.86

900 1.96 1.58 2.12 2.02 2.49 2.66

90

0 15.6 11.9 12.6 14.6 12.8 11.4

250 12.1 10.1 10.4 12.6 10.86 10

500 6.66 3.8 5.98 5.49 4.72 5.1

750 2.58 2.51 2.81 3.17 2.36 3.4

900 0.81 1.06 1.41 1.51 2.02 1.94

Table 5. Compressive strengths of specimen after high temperature treatment.

Holding 
Time/min

Temperature 
/℃

Compressive Strength/MPa

GO addition/%

0 0.01 0.02 0.03 0.04 0.05

30

0 102.4 85.9 115.4 103.5 118.7 109

250 172.2 150 178.5 175.9 188.1 175.5

500 76.9 68.9 96.8 87.6 87.2 93.9

750 60.2 47.5 49.1 50.6 56.2 54

900 36.9 27.5 29.8 33.6 36.7 37.8

90

0 101.8 88.6 110.3 100.4 120.3 114.9

250 183.9 165.3 190.5 165.3 164.5 172

500 74.9 60.3 78.5 73.2 80.2 74.3

750 52.8 43.4 47.4 49.3 53.1 51.8

900 22.5 21.8 26.5 41.6 44.6 28.2
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Concrete structural compactness testing
Denseness detection using ultrasonic nondestructive

testing instrument, the use of different reflection signal
transmission time difference to the probe, can check
the internal defects of the components, where the box
represents the sound time abnormal, the ellipse
represents the amplitude abnormal, the more abnormal
signal appears represents the more obvious defects, the
detection results are shown in Fig. 7, the test results are
shown in Table 6.

The concrete without GO addition has more
abnormal values before sintering and more abnormal
values after sintering at 750 °C, indicating poor
compactness and more voids. The specimens with GO
addition have less abnormal values and still had less
abnormal values after sintering than the specimens
without GO addition. This indicates that GO can
improve the compactness and reduce the porosity of
cementitious materials.

Changes in mineral composition of concrete after
high temperature treatment The samples of concrete without GO and with 0.05%

GO treated at 500 ℃ and 900 ℃ were examined for
mineral composition using XRD, and the results were
shown in Fig. 8.

The position of the peaks measured for each
specimen is basically in the same position, and the
peak height of specimen with GO is slightly higher
than that of specimen without GO, which indicates that
GO can promote the hydration process of cement, but
does not change the type of hydration products. After
sintering at 900 ℃, new crystals of calcium silicate
aluminate (Ca2Al(AlSiO7)) are generated in both
samples, and the peaks of both samples are basically in
the same position, indicating that GO does not have
much influence on the generation of the new crystals.

Concrete micromorphological analysis
The concrete without GO and with 0.05%GO treated

samples after 500 ℃ and 900 ℃ were examined for
microstructure using SEM (Fig. 9(a), (b)). The specimens
without GO have many pores inside with fine crystals
scattered on the surface and a sparse structure. The
specimens with GO have petal-like crystals with dense
structure and no obvious pores and cracks, and more
dense structure, which is consistent with the results
obtained from other literatures [19, 29]. This indicates
that the addition of GO improves the crystal
morphology of cementitious materials, and these petal-
like crystals can reduce the tiny cracks generated
internally and the pores, thus improving the mechanical
properties of the specimens. GO acts as a nucleation-
growth site during the hydration process of cement
[30], forming a COO-Ca-COO network structure with
free Ca2+ [31], and can enter the pores and cracks
formed by the hydration products and change the
growth direction and morphology of the surrounding

Fig. 8. Concrete XRD test results (a-0%-25℃; b-0.05%-25℃; c-
0%-500℃; d-0.05%-500℃; e-0%-900℃; f-0.05%-900℃. Take
a-0%-25℃ as an example, where a is the number, 0% is the GO
addition, and 25℃ is the treatment temperature).

Fig. 7. Compactness test of concrete structure (without heat
treatment: a - GO 0%, b - GO 0.05%; after heat treatment at 750
°C, c - GO 0%, d - GO 0.05%).

Table 6. Detection values of the nonmetallic ultrasound detector.

Measuring 
point  serial 

number

Ranging
 /mm

Sound 
time/us

Sound 
velocity/
km·s-1

Range
 /dB

a

1 40 11.6 3.448 94.22

2 40 11.6 3.448 93.30

3 40 12.0 3.333 91.52

b

1 40 8.8 4.545 95.75

2 40 8.8 4.545 94.16

3 40 8.8 4.545 91.06

c

1 40 9.2 4.348 98.99

2 40 11.6 3.448 93.62

3 40 10.8 3.704 94.22

d

1 40 10.8 3.704 92.68

2 40 9.2 4.348 90.93

3 40 10.4 3.846 97.63
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crystals, thus improving the compactness and reducing
the porosity [18].

After sintering at 500 ℃, some fine and dense pores
appear in the unadulterated GO concrete, while some
fine crystals can be seen on the surface, as can be
obtained from Fig. 9(c). 500 ℃ heat treatment
decomposes Ca(OH)2 in concrete into CaO and water,
and the structure will be further destroyed. The petal-
like crystals of GO-doped concrete without obvious
pores and cracks can be seen in Fig. 9(d).

The concrete added with GO showed many irregular
cracks and large pores in Fig. 9(e), (f). The reason is
mainly after the heat treatment at 900℃, the internal
C-S-H and CaCO3 of concrete will decompose due to
high temperature and generate CaO, CO2 and other

substances, making the internal structure appear pores
and cracks [2]. This indicates that the bridging effect of
GO is still effective at high temperature, which can
reduce the strength loss of specimens and improve the
heat resistance of specimens to a certain extent.

Conclusion

The influence of GO on the heat resistance of high
strength concrete was studied, and the slump values,
mechanical strengths, compactness space, microstructure
and mineral composition are detected. The conclusions
are demonstrated, as followed: 

(1) Polycarboxylic acid water reducing agent can
stabilize the fluidity of concrete with GO and reduce

Fig. 9. SEM of samples (a-0%-25℃; b-0.05%-25℃; c-0%-500℃; d-0.05%-500℃; e-0%-900℃; f-0.05%-900℃).
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the adverse effect of GO on the fluidity of concrete.
(2) GO can improve the mechanical properties of

cementitious composites after sintering, and the
improvement of residual flexural strength of high
strength concrete with GO after high temperature
treatment is greater than that of concrete without GO.
GO addition has a significant effect on the mechanical
properties of concrete treated at less than 500 ℃,
which can improve the heat resistance of concrete, but
for the mechanical properties of concrete treated at 750
℃ and 900 ℃ heating, GO addition has a weak effect.

(3) From the DSC/TGA analysis, the weight loss of
specimens without and with GO at 400 ℃ was 8.22%
and 9.31%, respectively, which indicates that GO
increases the hydration of high-strength concrete. At
around 500 ℃, more heat is required for the
decomposition of hydration products with GO addition,
indicating that GO improves the heat resistance of
cementitious materials.

(4) After the addition of GO, the internal pores of
cementitious materials are reduced, no obvious cracks
are produced after sintering, and more crystals appear
after high temperature sintering to improve the residual
properties. After 900 ℃ heat treatment the concrete
appeared new mineral composition.
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