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ABSTRACT 

Graphene oxide (GO) is an attractive nanomaterial in 

reinforcing cementitious composites due to the excellent 

mechanical properties. This paper presents the perspective 

applications of GO in the construction building materials, 

including the Ordinary Portland Cement (OPC), Strain 

Hardening Cementitious Composites (SHCCs) and Phase 

Change Materials (PCMs). In this study, the effect of GO on 

the mechanical properties of cement paste is firstly introduced. 

Then, the interface strengthening between the polyvinyl 

alcohol (PVA) fiber and cement matrix of the SHCCs by GO 

addition is investigated. Finally, the improved thermal and 

leakage-bearing properties of PCMs modified by GO is 

discussed. In conclusion, GO has a great potential in building 

applications in the future.    

 

Keywords: graphene oxide, cementitious materials, 

construction building materials. 

 

1. INTRODUCTION 
With the rapid development of the infrastructure, Ordinary 

Portland Cement (OPC) has widely been used for building 

and construction. High performance cement and concrete is 

urgently needed to satisfy the high-rise buildings, marine 

tunnel and cross-sea bridges. However, several limitations of 

cementitious materials still need to be resolved. Firstly, the 

brittleness and lack of flexural/tensile strength of 

cementitious composites are hardly to be satisfied. Secondly, 

although the addition of fiber can improve the toughness of 

the cementitious composite, such as Engineered Cementitious 

Composite (ECCs) or Strain Hardening Cementitious 

Composites (SHCCs), the bonding between the fiber and 

cement matrix is still need to be improved for better 

mechanical behavior. Moreover, in terms of the building 

energy conservation, Phase Change Materials (PCMs) for 

latent heat thermal energy storage (LHTES) in buildings has 

been widely studied. However, the leakage problem and the 

lower thermal conductivity of PCMs are the two main 

drawbacks limiting wide application. Therefore, it is very 

important and urgent to develop an improved method, not 

only encapsulating the PCMs, but also improving the thermal 

conductivity of the PCMs composites. 

 

Recently, nanomaterials and nanotechnology have provided 

exciting opportunities to further raise the performance of 

cementitious composites with the inclusion of nanomaterials. 

Graphene oxide (GO) is a two-dimensional single layer 

material with sp2-bonded carbon atoms, decorated by a large 

number of covalent oxygen-containing groups-hydroxyl, 

carbonyl and carboxyl. The exceptional mechanical and 

thermal properties of GO make it a good candidate for a wide 

range of applications, such as polymer composites, energy 

storage, biomedical applications and catalysis. In this paper, 

three perspective applications of GO in the cementitious 

composites are discussed.  
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2. GO MODIFIED CONSTRUCTION AND 

BUILDING MATERIALS  

2.1 GO modified PCMs 
PCMs have been receiving great attention for various 

applications in solar heating systems, building energy 

conservation and air-conditioning systems. However, the 

leakage and lower thermal conductivity of PCMs are the two 

main drawbacks. The major way to prevent the leakage 

problem is to impregnate PCMs into porous materials, such as 

diatomite and expanded perlite [1,2]. However, the lower 

thermal conductivity of porous materials reduces the heat 

transfer rate, which has a negative effect on the energy 

storage efficiency of PCMs composites. The section is mostly 

focused on the effect of GO on the thermal and 

leakage-bearing properties of PCMs because graphene-based 

materials is a perfect membrane that can completely block the 

penetration of molecules. Here, paraffin (PA) and expanded 

perlite (EP) were selected to prepare a EP/PA composite, and 

the GO coating was deposited on the surface of the EP/PA 

composite. The mass fraction of GO in the EP/PA/GO 

composite were 0.25 wt. % and 0.5 wt. %, and referred to as 

EP/PA/GO0.25 and EP/PA/GO0.5, respectively.   

 

Thermal conductivity of the EP/PA/GO composite was 

investigated by the heat storage/release performance test and 

the setup was schematically shown in Fig. 1. The PCMs 

composite was stored in a sealed tube and the temperature 

change of the PCMs composite during the test was measured 

by thermocouples located in the middle of the PCMs 

composite stack. 

 
Fig. 1. Schematic diagram of the heat storage/release 

performance test. 

Table 1 lists the time taken for temperatures increasing from 

30 ºC to 60 ºC and decreasing from 60 ºC to 30 ºC. It clearly 

shows that the time used for both the melting and freezing 

processes decreases with the increasing content of GO within 

0.5 wt. %, and the EP/PA/GO0.25 and EP/PA/GO0.5 

composites show clearly faster heat storage and release rates 

than the EP/PA composite. Particularly, the EP/PA/GO0.5 

composite has 2 times faster heat storage/release rates 

compared to that of the EP/PA composite due to the enhanced 

thermal conductivity. The significant improvement is much 

better than many other studies reported [3,4]. Therefore, GO 

has a great influence on improving the thermal conductivity 

of the EP/PA composite.   

Table 1 Time taken for heating and cooling of EP/PA 

composite with different GO content 

 EP/PA  EP/PA/GO0.25   EP/PA/GO0.5 

30 -60 °C 8.8 min 6.2 min   4.1 min 

60 -30 °C 14.2 min 11.8 min 7.5 min 

 

Fig. 2 shows the SEM images of surface morphologies of the 

EP/PA and EP/PA/GO0.5 composite. It is clear that the pores 

of the EP/PA composite (Fig. 2a) are successfully 

encapsulated with the GO coating (Fig. 2b), which acts like a 

shell to prevent the molten PA leaking out. However, whether 

the molten PA can permeate the GO coating makes a great 

influence on the leakage-bearing properties of the EP/PA/GO 

composite. In order to verify this point, leakage testing for the 

GO films was conducted, as shown in Fig. 3. The GO film 

was obtained from the GO solution (the dosage and 

concentration equivalent to that used for the fabrication of the 

EP/PA/GO0.5 composite) by an oven drying method, and 

then placed into the middle of the suction device. The lamp 

was turned on to ensure that the PA was in a molten condition 

during the leakage test. The experimental results show that 

there is no molten PA penetrated though the GO films to the 

bottom conical flask after 24 h heating, which confirms that 

the GO films are effective in preventing the leakage of the 

molten PA.  
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Fig. 2. SEM images of the surface morphologies of (a) the 

EP/PA and (b) EP/PA/GO0.5 composite. 

 
Fig. 3. Leakage test for the GO films. 

 

2.2 Mechanical properties of GO reinforced 

cement paste  
The compressive and flexural behavior of cement paste with 

and without GO (0.05 wt. %) is shown in Table 2. It can 

clearly be seen that the incorporation of 0.05 wt. % GO leads 

to a 11.05 % and 16.20 % increase in compressive and 

flexural strength, indicating that GO can remarkably enhance 

the mechanical properties of cement paste. The improved 

mechanical behavior of the GO/cement paste composite is 

attributed to the excellent mechanical properties of the GO 

itself and the pore-filling effect of the GO on the cement 

matrix. Fig. 4 shows the SEM/EDX results of the GO/cement 

paste. It can clearly be seen that there no GO exists in the 

highlighted part in Fig. 4a, and no carbon (C) elements were 

found based on the EDX results. The pores or voids are 

obvious in the highlighted part. However, C elements, 

resulting from the GO incorporation, were detected in the 

highlighted part in Fig. 4b, which shows a more densified 

matrix with less pores or voids. Therefore, GO is definitely 

capable of filling the pores or voids in the cement matrix and 

thus improves the mechanical behavior.  

 

Table 2 Mechanical behavior of GO cement paste with and 

without GO. 

Specimen Compression (MPa)  Flexure (MPa) 

Cement 

GO/Cement 

25.60 

28.43 

13.64 

15.85 

  

Fig. 4. SEM/ EDX results of GO/cement paste; highlighted 

part (a) without GO and (b) with GO. 

 

2.3 GO reinforced SHCCs 
The mechanical behavior of the SHCCs with different content 

of GO (0.05, 0.08 and 0.12 wt. %) is shown in Fig. 5. It 

clearly demonstrates that the SHCCs-GO0.08 composite 

shows the best mechanical behavior in all specimens. The 

underlying mechanism for the improved mechanical behavior 

of the GO reinforced SHCCs is summarized as following. On 

the one hand, GO has a positive effect on the interface of the 

PVA/SHCCs matrix. GO consists of hydroxyl, carboxyl and 

carbonyl groups, and the carboxyl groups in GO can react 

with hydroxyl groups in the PVA fibers to form ester bonding, 

which provides a base to create the chemical bonding 

between the PVA fiber and GO, as shown in Fig. 6. The 

higher intensity of the stretching vibration of the C=O groups 

at 1720 cm-1 formed between -COOH in GO and -OH in the 

PVA fiber, indicates that not only have the PVA fibers been 

covalently attached to the GO, but also a hydrogen bond 

between C=O and OH has been formed. Moreover, GO can 

also form strong interfacial adhesion to the cement matrix and 

can bridge the two isolated cement hydration products (CSH 

and Ca(OH)2) together [5]. PVA fibers and the cement matrix 

Advanced Materials: TechConnect Briefs 2016 199



can be chemically united by the GO addition. On the other 

hand, due to the rougher surface of the GO/PVA fibers, the 

physical friction between the PVA fibers and SHCCs matrix 

during the fiber pull-out process is also improved, as shown 

in Fig. 7. The improved chemical/frictional bond will lead to 

a higher bridging stress provided by the fibers and therefore 

will achieve a higher peak mechanical strength. However, the 

addition of GO in the SHCCs composite should be carefully 

controlled because too much GO will over strengthen the 

interface and cause fiber rupture before being pulled out from 

the matrix, which reduces the bridging efficiency of fibers 

and impairs the mechanical behavior of the SHCCs. This 

explains why the mechanical behavior of the SHCC-GO0.12 

composite is lower than that of the SHCC-GO0.08 composite. 

 
Fig. 5. (a) Tensile strength and (b) flexural strength of the GO 

reinforced SHCCs. 

Fig. 6. FTIR spectra of the PVA fiber, GO and the GO/PVA 

fiber composite. 

 

Fig. 7. Surface morphologies of the (a) PVA fiber and (b) GO/ 

PVA fiber composite. 

 

3. CONCLUSIONS 
This paper presents the perspective applications of GO in the 

construction and building materials. The mechanical 

properties of the OPC can be improved by a small loading of 

GO. The interface between the fiber and cement matrix can 

be strengthened by GO addition due to the formation of 

chemical bonding. Moreover, the improved thermal and 

leakage-bearing properties of PCMs can be achieved by GO 

addition, which helps to save the electricity energy 

consumption in buildings. In conclusion, GO has a great 

potential in building applications in the future.   
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