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Effect of graphene oxide on mechanical properties, piezoresistivity and microstructure of
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Abstract: Multi-walled carbon nanotubes (MWCNTs) can strengthen and toughen cement-based materials.
However, MWCNTs tend to agglomerate in cement paste. Up to now, there are few reports about how to improve the
dispersion of MWCNTs by graphene oxide (GO) in cement paste. The effect of GO on the dispersion of MWCNTs in
saturated calcium hydroxide solution (CH) used for simulated cement pore solution in the presence of sodium
lignosulfonate (MN) was investigated by absorbance test, and the effects of GO on the mechanical properties, elec-
trothermal properties, resistivity and pressure sensitivity of mortars containing MWCNTSs were studied. The absorb-
ance test shows that when the mass ratio of MN, GO and MWCNTs is 3 : 1 : 9, the dispersion of MWCNTSs reaches
the best. The mechanical properties test shows that when the optimal contents of MWCNTs and GO are 0.45wt%

and 0.05wt% by the cement mass respectively, the 28 days flexural and compressive strength of the specimens are
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increased by 27.3% and 20.9%, the resistivity is reduced by 18.2%, and the resistance change rate is increased by

72.6%. The microstructure test shows that GO could further promote the dispersion of MWCNTs in cement-based

materials, accelerate the hydration process of cement, densify the structure of cement paste. The synergy of GO and

MWCNT increases the mechanical and durability and self-sensing properties of the cement mortar. In this study,

the method to disperse MWCNT assisted by GO can be further extended to other carbon-based nano-reinforcing

agents, and provides a new way for the development of self-sensing and intelligent cement-based materials.

Keywords: carbon nanotube; graphene oxide; dispersion; piezoresistivity; mechanical properties
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Table1 Physical properties of the cement

Water requirement . . Setting time/ Flexural strength/ Compression strength/
Specific surface Density/ min MPa MPa
of normal 21 1 3
. area/(m*kg™) (g-em™)
consistency/% Initial Final 3 days 28 days 3 days 28 days
27.8 351 3.15 136 224 5.1 6.3 25.6 43.4
R2 SEHRMKE (MWCNTs) HHEETEIR
Table 2 Performance indicators of multi-walled carbon nanotubes (MWCNTs)
Purity/% Length/pum Specific surface area/(m*g™") Diameter/nm
98.5 ~50 245 8-20

£3 SETESERREZHEM (MN) MBS EMLE (CH) BRI

Table 3 Preparation of saturated calcium hydroxide solution (CH) with different contents of sodium lignosulfonate (MN)

Sample Water/mL Ca(OH),/g PC/mL GO/mL MNY/g
X1 90 0.16 0.05 10 0

X2 90 0.16 0.05 10 1:1
X3 90 0.16 0.05 10 2:1
X4 90 0.16 0.05 10 3:1
X5 90 0.16 0.05 10 4:1
X6 90 0.16 0.05 10 5:1

Notes: (D—Content of MN is its ratio to GO; PC—Polycarboxylate; GO— Graphene oxide.

R4 BT Zeta BANKE GO iBHARK

Table4 Composition of GO solution for Zeta potential test

Sample Water/mL Ca(OH),/g GO/mL PC/mL MN?
Y1 90 0.16 10 0 0

Y2 90 0.16 10 0.05 0

Y3 90 0.16 10 0.05 1:1
Y4 90 0.16 10 0.05 2:1
Y5 90 0.16 10 0.05 3:1
Y6 90 0.16 10 0.05 4:1
Y7 90 0.16 10 0.05 5:1

Note: D— Content of MN is its mass ratio to GO.
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Table5 Preparation of saturated CH solution with different contents of GO

Sample Water/mL Ca(OH),/g PC/mL MWCNTs/g MN" GO®
Z1 100 0.16 0.05 0.01 0 0

72 100 0.16 0.05 0.01 3:1 9:1
73 100 0.16 0.05 0.01 3:1 5:1
74 100 0.16 0.05 0.01 3:1 3:1
Z5 100 0.16 0.05 0.01 3:1 1:1
76 100 0.16 0.05 0.01 3:1 1:3
77 100 0.16 0.05 0.01 3:1 1:5
78 100 0.16 0.05 0.01 3:1 1:9
79 100 0.16 0.05 0.01 0 1:9
710 100 0.16 0.05 0.01 3:1 0

Notes: (D—Content of MN is its mass ratio to GO; @—Content of GO is its mass ratio to MWCNTs.

#*6 1[E GO BEMKEWREEL

Table 6 Mix ratios of cement mortars with different contents of GO

Sample MN"/% GOV/% MWCNTs"/% C/g S/g W/g PC/g
Blank 0 0 0 450 1350 165 2.7
0.45%MWCNTs-GO/C 0 0.05 0.45 450 1 350 165 2.7
0.45%MWCNTs-MN/C 0.15 0 0.45 450 1350 165 2.7
0.15%MN/C 0.15 0 0 450 1 350 165 2.7
0.05%G0O/C 0 0.05 0 450 1 350 165 2.7
0.05%GO-MN/C 0.15 0.05 0 450 1 350 165 2.7
0.09%MWCNTs-MN-GO/C  0.03 0.01 0.09 450 1 350 165 2.7
0.27%MWCNTs-MN-GO/C  0.09 0.03 0.27 450 1 350 165 2.7
0.45%MWCNTs-MN-GO/C 0.15 0.05 0.45 450 1350 165 2.7
0.63%MWCNTs-MN-GO/C  0.21 0.07 0.63 450 1 350 165 2.7
0.81%MWCNTs-MN-GO/C  0.27 0.09 0.81 450 1 350 165 2.7
0.09%MWCNTSs/C 0 0 0.09 450 1 350 165 2.7
0.27%MNCNTs/C 0 0 0.27 450 1 350 165 2.7
0.45%MNCNTs/C 0 0 0.45 450 1 350 165 2.7
0.63%MNCNTs/C 0 0 0.63 450 1350 165 2.7
0.81%MNCNTs/C 0 0 0.81 450 1 350 165 2.7

Notes: D—Mass ratio to cement; C—Cement; S—Sand; W—Water.
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Fig.5 Effect of GO content on the absorbance of
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Table 7 Effect of GO content on the flexural strength and compressive strength of mortar blended with MWCNTSs

Flexural strength (MPa)/Increase rate (%)

Compressive strength (MPa)/Increase rate (%)

Sample

3 days 28 days 3 days 28 days
Blank 5.5/0 6.8/0 27.5/0 44.5/0
0.45%MWCNTs-GO/C? 8.2/15.5 9.8/11.4 38.5/5.5 63.5/10.8
0.45%MWCNTs-MN/C? 7.7/8.5 9.5/8.0 38.3/4.9 61.5/7.3
0.15%MN/C? 5.1/-7.3 6.2/-8.8 25.3/-8.0 39.5/-11.2
0.05%G0/C® 6.0/9.1 7.6/11.8 32.1/16.7 53.6/20.4
0.05%GO-MN/C" 6.4/16.4 8.9/30.9 34.8/26.5 58.6/31.7
0.09%MWCNTs-MN-GO/C?  6.5/12.1 7.8/6.8 34.4/21.1 55.8/15.1
0.27%MWCNTs-MN-GO/C?  7.4/13.8 9.1/19.7 37.5/18.7 58.6/14.5
0.45%MWCNTs-MN-GO/C?  8.5/19.7 11.2/27.3 42.5/16.4 69.3/20.9
0.63%MWCNTs-MN-GO/C?  8.1/8.0 9.8/4.3 41.2/9.0 65.4/9.9
0.81%MWCNTs-MN-GO/C?  6.4/4.9 8.2/5.1 32.1/7.7 54.1/9.7
0.09%MWCNTs/C? 5.8/5.5 7.3/7.4 28.4/3.3 48.5/9.0
0.27%MNCNTs/C® 6.5/18.2 7.6/11.8 31.6/14.9 51.2/15.1
0.45%MNCNTs/C" 7.1/29.1 8.8/29.4 36.5/32.7 57.3/28.8
0.63%MNCNTs/C" 7.6/38.2 9.4/38.2 37.8/37.5 59.5/33.7
0.81%MNCNTs/C” 6.1/10.9 7.8/14.7 29.8/8.4 49.3/10.8

Notes: (D—Control group is blank; 2—Control group is 0.09%MWCNTs/C-0.81%MNCNTs/C respectively which contains the same

MWCNTSs content.
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Fig.6 SEM images of mortars with different amounts of GO/MWCNTs for 28 days: (a) Blank; (b) 0.45%MNCNTs/C; (c) 0.45%MWCNTs-GO/C;
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