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Study on mechanical properties of modified
nano-concrete based on carbon nanotubes
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The influence of modified carbon nanotubes (P-CNT) and unmodified carbon nanotubes
(CNT) on the compressive strength and crack strength of concrete materials under condi-
tion of the fixed water-cement ratio was studied. The results show that, when the water-
cement ratio is 0.4, the optimal content of plasma carbon nanotubes (P-CNT) is about
0.3 %, the appropriate quantity of the plasma carbon nanotubes can be evenly dispersed
in the concrete material, and the mechanical properties of concrete can be effectively
improved.
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HccnemoBaHbl MexaHHUYeCKHE CBOIICTBA HAHOOETOHA, MOAMMDUIIMPOBAHHOTO YIJIE€POIHBIMU
Ha"norpybramu. UsyueHo BauaHMe MOTUDUIIMPOBAHHBIX yriepoxubix HaHOTPYOOoK (P-CNT) u
HeMOAN(DUITNPOBAHHLIX yIJIepoaublx HAHOTPYOoK (CNT) Ha IPOYHOCTH HA CXKaTUE M TPEIu-
HOCTOMKOCTh OETOHHBIX MATEPHAJOB B YCJIOBUAX (DUKCHPOBAHHOIO BOJOIEMEHTHOTO COOTHO-
mwenusa. Pes3yabTaThl HOKA3BIBAIOT, UTO IIPU BOAOIleMEHTHOM coorHolnennu 0,4, onTuMaabHOE
cofepIKaHNe IIJIasMeHHBbIX yriuepoaublx HaHOTpyGok (P-CNT) cocrasiasier okosno 0,3 %;
IlnrasmeHHBIE yriepogHble HAHOTPYOOK MOIYT PABHOMEDPHO PACIpPENeNAThCS B OETOHHOM Ma-
Tepuaje, MeXaHUYECKHE CBOMCTBA 0E€TOHA IIPU STOM SHAUMTEJIBHO YJIYUIIAIOTCH.

HocaigmxenHs MexaHiYHMX BJACTHBOCTEH HAHOOeTOHA, MOAUGIKOBAHOIO BYIJIEL€BUMH
HaHoTpyOkamu. Y.Zhang, L.Xia, SWang.

Busueno Buaue mogudirkosanux syriaernesux HamoTpy6ox (P-CNT) i memomudirosammx
Byraenesux HaHoTpybork (CNT) ma minmmicTs Ha cruck i TpimumuocriiikicTes OeToHHHX MaTe-
piaziB B ymoBax (priKcoBaHOTrO BOMOIIEMEHTHOrO CIIiBBigHoIIeHHs. Pe3yiabTaru II0Ka3yiOTh,
0 IPU BOgoIeMeHTHOMY ciiBBigHomrenui 0,4, onTuMaJbHUE BMICT IIJIa3MOBUX BYIJICLEBUX
uHanotpy6ox (P-CNT) cranosuts 6auspko 0,3 %, Bigmoeiguwmil BMicT mIasMOBUX BYIJIEIEBUX
HAHOTPYOOK MOXKe piBHOMipHO posmoxinsaTmca y OeToHHOMY Marepiani, mexaHiumi BiacTu-
BOCTi 6eTOHY MOMKYTh OyTH 3HAUHO IIOKPAIIleHi.

1. Introduction resistance, large surface area,
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flexibility,

Cement concrete has currently the world’s
largest application among building materials,
but due to its low tensile strength and poor
impact strength, numerous cracks often occur
in the construction; especially for the bridges,
buildings and other large structures, there
are many security risks [1, 2]. The invention
of carbon nanotubes provides a more efficient
strengthening method giving the properties
of high yield strength, light weight, high heat
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large surface curvature; also the CNTs show
excellent electrical conductivity; current
throughput is 1000 times greater than that
of metallic copper wire [3, 4]. However, the
effect of carbon nanotubes on the conduectiv-
ity of concrete and its use in the diagnosis
of large structural defects is small.
Concrete materials based on carbon nano-
tubes require an increased plasma surface
treatment of carbon nanotubes; this treat-
ment removes the structure damages on the
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Table 1. Chemical composition of Portland cement and fly ash

Compositions Si0o, AlL,O, Ca0 Fe,O4 MgO SO, TOTAL
Cement 21.58 4.45 62.8 2.79 3.39 3.38 98.39
Flyash 57.50 25.81 3.82 2.58 1.60 0.41 91.72

Table 2. Main physical parameters of carbon nanotubes

Name Pipe diameter, nm Length, um Relative carbon Bulk resistivity,
content, % mQ, cm
Carbon nanotube 5~10 >96 % 30.72 carbon nanotube
(CNT)50~90 (CNT)50~90

surface of carbon nanotubes, improves the
hydrophilicity of the surface, and improves
their dispersion in the cement base mate-
rial. Different proportions of the plasma
modification of carbon nanotubes (P-CNT)
and their effect on the mechanical proper-
ties of concrete were studied in [5—7].

2. Experimental

The strength grade of cement is PO42,
5-pass Portland cement. Fly ash provides
density of 1.99 g/cm3, 45 m cubic sieve al-
lowance 20 % [8, 9]. The specific chemical
composition of the cement and fly ash is
shown in Table 1. Sand has the thickness of
the module for 2.6. The apparent density is
2510 kg/m3. The stone is 5 ~ 25 continuous
graded gravel provided by Luquan stone fac-
tory, Shijiazhuang, with crushing value of
7.3. The content of needle-like particles was
4.0 %, apparent density was 2700 kg/m3 [10,
11]. The additive is water-reducing agent of a
polycarboxylic acid type in the content less
than 1 %, the water-reducing rate is 30 %,
and the solid content is 20 %.

The main physical parameters of carbon
nano-tubes and the mix of the concrete are
shown in Table 2.

Carbon nanotubes/concrete composites
with different content (as a percentage of
cement mass) were prepared by using the
water cement ratio of 0.4. The content of
P-CNT was 0. 0.05 %, 0.1 %, 0.3 %,
0.5 % and 1 %, respectively, and the con-
tents of CNT were 0.5 % and 1 % [12, 13].

The production process is as follows:

First, the right amount of dispersant and
defoaming agent was put into a beaker con-
taining a certain amount of water, stirred
to dissolve, and then the carbon nanotubes
were added and stirred until the carbon
nanotubes were evenly dispersed for use
[14]. Secondly, all kinds of raw materials
(gravel, sand and cement) were added into
the mixer, the materials were evenly mixed;
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ultrasonic dispersed carbon nanotubes and
water were added in the mixing process and
mixed for 2 min; all water was added and
mixed for 2 min; then the mixture was
poured out on the mixing plate and mixed
evenly; the mixed concrete was poured into
a mold with a mesh of copper wire elec-
trodes. Finally, the mold was fixed on the
vibration Table, and then the vibration
Table 1 was opened. After demoulding for
5 min, 1 d was put into the specimen at the
temperature of (20£2)°C, humidity was
more than 95 % of the standard room value
for aging maintenance [15, 16].

CNT concrete: the sand and cement were
poured into the mixing barrel and then stirred
for 1 min. Then the carbon nanotubes were
put in half of the water to make an aqueous
solution. The remaining water was poured into
the pot and stirred again for 1 min.

Before the sample preparation, the qual-
ity of the test mold was checked, and the
test mold with smooth and flat inner sur-
face was select to prevent the leakage of the
pouring mixture and uneven surface. After
cleaning the test mold, mineral grease was
applied in the test mold to facilitate de-
moulding, and a piece of white paper was
put at the bottom of the mold. During the
manufacturing process of the specimens,
the concrete mixture should be loaded into
the test mold once and placed on the vibra-
tion table for 30 sec [17]. After the vibra-
tion, the surface of the specimen should be
smoothed with a spatula and quickly cov-
ered with a plastic film to prevent water
evaporation. After 24 h, the sample should
be removed from the mold.

3. Mechanical property tests

3.1. Compression test

The compressive strength of a concrete
cube was tested on a hydraulic press. The load-
ing speed was controlled at 0.5 to ~ 0.8 MPa/s.

Functional materials, 26, 4, 2019
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Fig. 1. Compressive failure of normal con-
crete test block.

Fig. 3. Crack resistance failure of normal
concrete test block.

The loading process was carried out in
strict accordance with the requirements of
the specification. In the concrete cube com-
pressive strength test, when an ordinary
concrete block is close to the ultimate load,
the spalling of the concrete specimen sur-
face occurs, the load reaches the peak after
the specimen fracture. When the concrete
modified by carbon nanotubes is close to the
peak load, there are multiple longitudinal
cracks on the specimen side, but the con-
crete remains relatively intact after damag-
ing form, has a certain plastic. Fig. 1 and
Fig. 2 are failure charts of compressive
strength of the plain concrete and modified
concrete respectively.

3.2 Crack-test

The splitting tensile strength was tested
on the electro-hydraulic servo-controlled
universal testing machine, and the loading
speed was controlled at 1.00 kN/s. The
loading process was carried out in strict ac-
cordance with the requirements of the speci-
fication. In the splitting tensile strength
test, after the initial crack load is reached,
the crack rapidly expands along the middle
line of the test sample. When the ultimate
load is reached, the test block is split in two
parts near the middle line, resulting in brit-
tle failure. However, the failure of the
modified CNT concrete occurs when the load
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Fig. 2. P-CNT concrete specimen compressive
failure.

Fig. 4. P-CNT concrete specimen crack resis-
tance failure.

is very large and the surface crack width is
very small. Fig. 3 and Fig. 4 show the crack
resistance failure diagrams of ordinary con-
crete and modified concrete specimens re-
spectively.

The data of mechanical tests are shown
in Table 3. Fig. 5 are the influence curves
of the content of the carbon nanotubes on
the compressive strength of concrete. Fig. 6
show the influence of the content of the
carbon nanotubes on the crack strength of
concrete.

As can be seen from Fig. 5, the compres-
sive strength of concrete cubes with P-CNT
contents of 0.05 %, 0.1 %, 0.3 %, 0.5 %
and 1 % increased by 3.6 %, 4.7 %,
5.8 %, 4.7 % and 1.4 %, respectively,
compared with ordinary concrete. The crack
strength for concrete mixed with P-CNT in
the contents of 0.05 %, 0.1 %, 0.3 %,
0.5 % and 1 % was, respectively, 8.2 %,
9.6 %, 13.5 %, 9.6 % and 9.2 % higher
than that of ordinary concrete.

Fig. 5 and Fig. 6 show that P-CNT incor-
poration can significantly improve the com-
pressive strength and crack resistance of
the concrete; with the increase of plasma
carbon nanotube (P-CNT) content, the com-
pressive strength and crack resistance of
the concrete also increase gradually, but
when the content reaches 0.3 %, the con-
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Fig. 5. Influence of carbon nanotube content
on compressive strength.

crete compressive strength and crack resis-
tance reach the peak, then the downward
trend presents. As can be seen, when the
content of P-CNT is from 0.3 % to ~1 %,
the compressive strength decreases gradu-
ally, and the crack resistance decreases first
and then tends to be flat, indicating that
there is an excess of P-CNT; and the excess
P-CNT cannot be dispersed in it, resulting
in the reduction of the compressive strength
and crack resistance of concrete.

As can be seen from Fig. 6, when un-
treated carbon nanotubes are added, the
compressive strength of concrete decreases
slightly compared with that of ordinary
concrete when the CNT content is 0.5 %,
but the crack strength increases by 7.9 %.
In particular, the compressive strength of
concrete decreased by 8.3 % when the CNT
content reached 1% . This is because the un-
treated CNT cannot be fully dispersed in
water, agglomerations are formed easy; this
affects the compressive strength of con-
crete. It can be seen from Fig. 5 that, when

Table 3. Results of compressive strength tests
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Fig. 6. Influence of carbon nanotube content
on crack strength.

the P-CNT content is 0.5 % or 1 %, the
compressive strength of P-CNT concrete is
5.7 % and 10.5 % higher than that of CNT
concrete, respectively. When the content
was 0.5 %, the crack strength of P-CNT
concrete was not significantly improved
compared with that of CNT concrete. When
the content of P-CNT was 1 %, the crack
strength increased by 11 %. The main rea-
son is that well-dispersed P-CNT in concrete
can cure the micro-cracks caused by cement
matrix shrinkage and reduce their size; and
the bridging and pulling out effects of P-
CNT delay and prevent the growth of micro-
cracks in the matrix, so as to achieve the
toughening effect. Moreover, because P-CNT
can react with cement hydration products,
the interaction force between CNT and ce-
ment-stone interface is mainly chemical
force, and the interface performance is
good, and the macroscopic mechanical prop-
erties of the corresponding CNT concrete
material are also greatly improved.

Specimen Compressive strength, MPa Specimen Compressive strength, MPa
number Experimental Mean value number Measured values Mean of
values measured
values
YPT-0-1 26.90 LPT-0-1 4.12
YPT-0-2 27.35 27.13 LPT-0-2 3.01 3.03
YPT-0-3 34.72 LPT-0-3 3.04
YPT-0.05-1 27.88 LPT-0.05-1 3.31
YPT-0.05-2 26.77 28.10 LPT-0.05-2 3.03 3.28
YPT-0.05-3 29.64 LPT-0.05-3 3.49
YPT-0.1-1 29.19 LPT-0.1-1 3.37
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However, there is a critical value. As can
be seen from Fig. 5 and Fig. 6, when the
content of P-CNT exceeds 0.3 % and carbon
nanotubes are added, the compressive
strength and crack strength of the compos-
ites decrease. The reason is that after the
carbon nanotubes are treated by plasma,
when the content of plasma carbon nanotu-
bes is relatively low, there is sufficient
space in the mixture to disperse them, and
agglomeration is not easy to occur, so that
the distribution is more uniform in con-
crete. However, with the increase of P-CNT
content, the mass of water is constant
under condition of the fixed water-cement
ratio, and there is no enough space to dis-
perse P-CNTs. Moreover, when P-CNTs are
stirred, the nanotubes easy entangles with
each other and form agglomerations. At the
same time, a large number of bubbles are
introduced into the matrix to form honey-
comb, micro-holes and other defects, so that
the mechanical properties of concrete de-
crease.

4. Conclusions

Through the above research, the main
conclusions are as follows:

When the water-cement ratio is constant,
the compressive strength and crack strength
of the concrete composite increase with the
increase of the content of carbon nanotubes.
After being treated by plasma technology,
hydrophilic groups were grafted on the sur-
face of the carbon nanotubes. Compared
with untreated carbon nanotubes, the
treated carbon nanotubes had good disper-
sion in water.

When the water-cement ratio is constant
and the content of P-CNT is less than
0.3 %, the compressive strength and crack
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strength show an upward trend with the
increase of the P-CNT content. When the
P-CNT content is greater than 0.3 %, the
compressive strength and crack strength de-
crease instead of increase; that is, the best
enhancement effect is achieved when the P-
CNT content is 0.8 %.
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