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Effect of graphene oxide on the impermeability of cementitious

capillary crystalline waterproofing

QIMeng', PU Yundong®, YANG Sen*, SHENG Kuang®, YUAN Xiaoya >
(1. School of Civil Engineering, Chongging Jiaotong University, Chongging 400074, China; 2. College of Materials Science
and Engineering, Chongging Jiaotong University, Chongqing 400074, China)

Abstract: The effect of sodium lignosulfonate (MN) on the dispersion ability of graphene oxide (GO) in simulated
cement hydration pore solution was studied, and the effect of MN-dispersed GO on the impermeability of cementi-
tious capillary crystalline waterproofing (CCCW) was studied. The results of absorbance test, Zeta potential and
atomic force microscope (AFM) show that GO has the best dispersion in saturated calcium hydroxide solution when
the mass ratio of MN and GO is 3:1. The mechanical strength test of mortar shows that when the GO content is 0.03%
of the cement mass, the flexural and compressive strength of 3 days and 28 days are increased by 39.13% and
39.37%, 33.84% and 33.48%, respectively, compared with the GO mortar without MN. The impermeability pressure
and chloride ion diffusion coefficient of mortar are 160.0% and 50.6% higher than those of standard mortar speci-
mens, respectively. The impermeability test shows that when the GO content is 0.03% of the cement mass, the im-
permeability pressure of the GO modified CCCW coating is 116.7% higher than that of the CCCW coating. Micro-test

shows that GO promotes the hydration reaction, plays a filling role and template role in the mortar matrix, en-
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hances the density of hydration products, and increases the impermeability of mortar and CCCW. This study

provides a GO modified CCCW to improve the impermeability of cement mortar, and its application value in coat-

ing waterproof effect and reducing CCCW material cost is improved.

Keywords: graphene oxide; dispersion; impermeability; cementitious capillary crystalline waterproofing;

mechanical properties
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Table1 Chemical composition of cement

Mineral AL,O4 Si0,

Fe,04

Ca0 MgO SO, NaO f-CaO

Content/wt% 4.47 21.50 3.37

65.84 3.18 0.30 0.49 0.78

Note: f-CaO—Free calcium oxide.
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FE TRV .
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Table2 Composition of graphene oxide (GO) solution for absorbance and Zeta potential test

Sample Water/g Ca(OH),/g PC/mL GOY/mL MN?
YO0 99.3 0.16 0 0.7 0

Y1 99.3 0.16 0.05 0.7 0

Y2 99.3 0.16 0.05 0.7 1:1
Y3 99.3 0.16 0.05 0.7 2:1
Y4 99.3 0.16 0.05 0.7 3:1
Y5 99.3 0.16 0.05 0.7 4:1
Y6 99.3 0.16 0.05 0.7 5:1

Notes: PC—Polycarboxylic acid water reducer; MN—sodium ligninsulfonate; ()—GO concentration is 3.666 mg/mL; @—Content of MN

is its ratio to GO.

1.5 FEFHRHE (AFM) ik

AFM {lll 5 MN 43 #8 GO 9 43 U1 Bl B4R 5 2%
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Table 3 Mix ratio of GO modified cement mortar for mechanical properties and impermeability pressure test

Sample Sand/g Cement/g PC/g Water/g GO™/% MN/%
Al 1 350 450 2.7 166 0 0

A2 1350 450 2.7 166 0 0.03
A3 1 350 450 2.7 166 0.005 0.015
A4 1350 450 2.7 166 0.005 0

A5 1350 450 2.7 166 0.01 0.03
A6 1350 450 2.7 166 0.01 0

A7 1350 450 2.7 166 0.03 0.09
A8 1350 450 2.7 166 0.03 0

A9 1 350 450 2.7 166 0.05 0.15
A10 1350 450 2.7 166 0.05 0

Note: D—Mass ratio to cement.
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Fig.1 Cement bending and compression testing machine
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Table 4 Mix ratio of reference mortar

Cement/g
320 260

Water/g  Sand/g

1350 0.5

Cellulose ether/g

®5 REEAL
Table 5 Mix ratio of coating

Sample CCCW/g Water/g PCY/%  GOZ/% MN/%
C1 20 6 0 0 0

C2 20 6 0.3 0.01 0

C3 20 6 0.3 0.01 0.03
C4 20 6 0.3 0.03 0

C5 20 6 0.3 0.03 0.09
Cé 20 6 0.3 0.05 0

C7 20 6 0.3 0.05 0.15

Notes: CCCW—Cementitious capillary crystalline waterproofing
material; @ —Mass ratio to CCCW; @ —Mass ratio to CCCW.

Sealing materials

Steel
<«
ring

Water pressure
2 SS-15 HiB Uk En HE

Fig.2 Schematic diagram of SS-15 anti-permeability apparatus
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Fig.3 UV-visible absorption spectra of GO and MN solution
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Fig. 4 Effect of different contents of MN on absorbance of GO in
saturated Ca(OH), solution
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Fig.5 Effect of different contents of MN on Zeta potential of GO in
saturated Ca(OH), solution
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Fig. 6 60 min static diagrams of different GO solution systems
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Fig.7 Atomic force microscopy (AFM) image of MN dispersed GO
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Table 6 Effect of MN dispersed GO on the flexural and compressive strength of cement mortar

Flexural strength (MPa)/Changing rate (%)

Compressive strength (MPa)/Changing rate (%)

Sample

3 days 28 days 3 days 28 days
Al 4.610.25/0 6.5+0.71/0 35.040.15/0 45.7+0.83/0
A2 4.0+0.34/13.04 5.9+0.85/9.23 27.98+0.35/20.05 43.24+0.85/5.38
A3 5.6+0.35/21.73 7.9+0.75/21.53 38.56+0.25/10.17 52.45+0.93/14.77
A4 5.5+0.55/19.56 7+0.95/7.69 36.83+0.44/5.23 51.66+1.15/13.04
A5 5.740.05/23.91 7.940.35/21.53 42.67+1.35/21.91 54.12+1.55/18.42
A6 5.6+0.35/21.73 7.1+0.45/9.23 40.88+0.84/16.80 53.73+0.75/17.57
A7 6.4+0.05/39.13 8.7+1.05/33.84 48.78+1.02/39.37 61.00+1.25/33.48
A8 6.2+0.65/34.78 8.6+0.84/32.30 45.13+0.05/28.94 58.90+0.55/28.88
A9 6.3+0.15/36.95 8.2+0.94/26.15 46.35+1.25/32.43 56.75+0.74/24.18
A10 6.2+0.45/34.78 8.1+0.35/24.61 44.10+0.85/26 54.89+0.65/20.11
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Table 7 Comparison of compressive and flexural strength of cement mortar improved by GO

Change rate of flexural strength/%

Change rate of compressive strength/%

Go" Ref.
3 days 28 days 3 days 28 days
0.05 17.32 19.22 19.23 21.42 (18]
0.03 37.20 32.05 50.14 33.27 [54]
0.03 11.54 14.78 23.20 33.29 [55]
0.07 -94.65 25.42 —-88.66 20.16 [56]
0.03 39.13 33.84 39.37 33.48 This paper

Note:(D—mass ratio to cement.
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Fig. 8 Effect of MN dispersed GO on chloride penetration

resistance of mortar
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Fig.9 Effect of MN modified GO on impermeability pressure of

cemen t mortar
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Fig. 10 Effect of GO modified cementitious capillary crystalline

waterproofing material (CCCW) on coating impermeability pressure
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Fig. 11 SEM images of 28 days paste with different CCCW coatings: (a) Control slurry; (b) C1; (c) C4; (d) C5
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