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The polyol process was used for the synthesis of cuprous oxide-multi walled carbon nanotubes (MWCNTs) reinforced 
nanocomposite. During synthesis process the pristine MWCNTs were purified and functionalized using HNO3. In this 
process copper acetate mono hydrate was used as Cu precursor. Limited supply of oxygen resulted in copper oxidation and 
cuprous oxide was formed. The copper oxide matrix was reinforced with different weight percentages of MWCNTs, varying 
from 1% to 3%. FTIR analysis of activated MWCNTs showed the attachment of functional groups. Variation in the 
morphology and size of cuprous oxide was noted with different content of MWCNTs. A change in resistance of 
nanocomosites was also reported here with varying percentage of MWCNTs.  
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1. Introduction  
 

Due to their outstanding electronic, thermal, chemical, 

mechanical and optical properties and exceptional atomic 

structure and high aspect ratio, carbon nanotubes (CNTs) 

have attracted great attention in the field of nanoscience 

and nanotechnology [1, 2]. To extend the range of 

potential application of CNTs, the attachment of 

appropriate nanostructure is necessary [3]. Recently many 

studies have focused on the formation of CNTs-metal or 

CNTs-metal oxide composites because the composite 

combines their individual properties and shows some new 

outstanding properties [4-11].  

Cuprous oxide is p-type semiconductor material with 

a direct band gap of 2 eV [12-14]. It has great potential 

application in the hydrogen production, solar energy 

conversion, negative electrode material for lithium ion 

batteries and catalysis [15-19]. Due to the redox chemistry, 

excellent thermal, electrical, sensing and catalytic 

properties increase attention has been given to cuprous 

oxide naoparticles among different metal oxide 

nanoparticles [3, 20]. However when such a narrow band 

gap semiconductor is used as a photocatalyst, there is a 

drawback that the visible light generated charge carriers 

can not be effectively transferred and are lost due to 

recombination. This drawback of the charge carriers 

recombination of cuprous oxide can be removed and its 

photocatalytic activity can be enhanced by CNTs-Cu2O 

composition. It is due to the properties of excellent 

electron transfer and high surface area of CNTs [21, 22]. 

In this paper polyol method was used for the synthesis 

of MWCNTs reinforced cuprous oxide nanocomposite 

using copper acetate monohydrate as the Cu source. The 

effect of different MWCNTs wt% in nanocomposites was 

investigated on the morphology and size of cuprous oxide 

particles. The resistance vs MWCNTs wt% measurement 

was also studied.  

 

 

2. Experimental  
 

2.1. Purification and oxidation of MWCNTs  

 

MWCNTs with purity more than 95%, length 10-30 

μm and diameter less than 7 nm, were selected for this 

study. 2.5 g of MWCNTs were sonicated in 200 ml of 

65% concentrated nitric acid (HNO3) for 30 min and then 

refluxed for 5 h at boiling temperature. This acid treatment 

of MWCNTs purified them as well as attaches functional 

groups like OH and COOH on their surfaces. The 

MWCNTs were then filtered and washed with deionized 

water until its pH become neutral and then dried at 100 ºC.  

 

 

2.2. Synthesis of MWCNTs/Cu2O nanocomposites 

 

The MWCNTs/Cu2O nanocomposites were prepared 

by polyol method. Three samples were prepared with 

different wt% of MWCNTs. For the preparation of every 

sample, 1.4 g of Cu(CH3COO)2 . H2O precursor together 

with different wt% of MWCNTs was sonicated in 130 ml 

of ethanol for 30 min, filtered and then dried at 80 ºC. The 

obtained mixture were dissolved in 170 ml of glycerol and 

then heated at 200 ºC for 2 and 1/2 h in 500 ml closed 

beaker under magnetic stirring in the presence of nitrogen 

atmosphere. Subsequently the obtained composites were 

filtered, washed several times with ethanol to remove the 

remaining glycerol and dried for 7 h in vacuum oven at a 

temperature of 60 ºC. 
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3. Results and discussion 
 

The surface morphology of pristine and functionalized 

MWCNTs specimens are shown in Fig. 1 (a) and (b) 

respectively. The image of pristine MWCNTs show that 

they are highly agglomerated and there are some black 

dots as impurities like nanometal particles and amorphous 

carbon on the surface and in between these MWCNTs. 

The acid treated MWCNTs appear granulated to some 

extent, well dispersed and having low impurities.  

 

 
 

 
 

Fig. 1. SEM images of pristine (a) and functionalized  

(b) MWCNTs 

 

FTIR spectra comparison in the range 450 to 4000  

cm
-1

 for pristine and functionalized MWCNTs is given in 

Fig. 2. It is clear from the figure that some new peaks 

appear in the FTIR curve of functionalized MWCNTs.  

Peaks at 3430 cm
-1

 and 1453 cm
-1

 can assigned to OH 

stretching vibration and in-plane OH bending of 

carboxylic acid group. The peak appear at 1748 cm
-1

 can 

assigned to C=O stretching of carboxylic acid. The peak at 

1630 cm
-1

 can attributed to the stretching vibration of C=C 

and C=O of quinine which is created at the surface of 

MWCNTs after acid treatment. The peaks at 2920 cm
-1

 

and 2852 cm
-1

 is due to the attachment of methylene group 

[23, 24]. 
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Fig. 2.Comparison of FTIR Spectrum of pristine and  

acid treated MWCNTs 
 

 

Fig. 3 shows the SEM images of synthesized 

nanocomposites. It is clear from the figure that the size of 

cuprous oxide in the nanocomposites decreases as the 

quantity of MWCNTs (wt%) is increases. This decrease in 

size may be attributed to the higher surface energy 

associated with carbon nanotubes. Carbon nanotube 

exhibits high surface area and thereby high surface energy. 

The high surface energy will tend to decrease by 

depositing cuprous oxide molecules on MWCNTs. This 

may be the same as in the case of Ostwald’s ripening. 

Carbon nanotube may act as heterogeneous nucleation 

cites in the growth of nanocomposite particles.  

 

 
 

Fig. 3. SEM images comparison of nanocomposites with (a) 1% CNTs (b) 2% CNTs and (c) 3% CNTs 

a 

b c a 

b 
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Fig. 4 shows the comparison graph of XRD analysis 

for cuprous oxide doped with MWCNTs and undoped 

cuprous oxide. In curve (a) the (111), (200), (220), and 

(311) planes of cuprous oxide are observed at 2θ = 36.6º, 

42.4º, 61.6º and 73.6º respectively. The curve (b) of doped 

cuprous oxide shows an additional small peak at 26.6º 

corresponding to (002) reflection of graphitic structure of 

MWCNTs. While the diffraction peaks at 36.4º, 42.35, 

61.4º and 74.1º are attributed to (111), (200), (220) and 

(311) crystal planes of cuprous oxide respectively. But due 

to doping of MWCNTs the peaks of cuprous oxide in 

curve (b) are slightly shifted towards left. 

 

20 30 40 50 60 70 80

0

20

40

60

80

100

120

140

160

180

200

220

240

260

In
te

n
s

it
y

 (
c

p
s

)

2 theta (degree)

(1
1

1
)

(2
0

0
)

(2
2

0
)

(3
1

1
)

(0
0

2
)

 (a) Cuprous oxide

 (b) MWCNTs doped cuprous oxide

b

a

 

Fig. 4. XRD pattern of (a) cuprous oxide and (b) 

MWCNTs doped cuprous oxide 

 

The effect of the content of MWCNTs on the 

electrical properties such as resistance of nanocomposite is 

revealed in Fig. 5.  This can be seen that with increase the 

content of MWCNTs (wt %) in the nanocomposites, its 

resistance decreases. This decrease in resistance may be 

attributed to the better percolation of MWCNTs inside the 

cuprous oxide matrix because of its high surface area [25, 

26]. This better percolation of  
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Fig. 5. MWCNTs wt % vs Resistance of nanocomposites 

MWCNTs enhances the charge carriers mobility and 

inhibits their recombination in thenarrow 

bandgapcuprousoxide. 

Ying Yu et al. [27] also used polyol process for 

cuprous oxide deposition on MWCNTs, but due to 

difference in deposition parameters, the morphology of the 

cuprous oxide particles made here were different from that 

synthesized by Ying Yu et al. This different in 

morphology and cuprous oxide MWCNTs distrubition 

result in different properties of the composites. 

 

 

4. Conclusion  
 

MWCNTs reinforced cuprous oxide nanocomposite 

was synthesized by using polyol process.Glycerol was 

used as a solvent and reducing agent. FTIR was used for 

the analysis of functional groups on the surface of 

MWCNTs. The existence of Cu2O and MWCNTs in the 

nanocomposites was confirmed through SEM and XRD. 

The relationship between wt% of MWCNTs in 

nanocomposites and their resistance was also investigated 

through digital multi-meter. 
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