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SYNTHESIS OF CARBON NANOTUBES/SNO2 CORE-SHELL 

NANOWIRES AND THEIR GAS SENSITIVITY TO ALCOHOL 

Xiaohan DU1, Dongfang GUO2, Yanyue LIU2, Zijiong LI2* 

In this paper, we report the synthesis of CNTs/SnO2 core-shell composite 

materials by a novel method. It shows that the SnO2 nucleation and growth on the 

outer wall of CNTs result in the formation of core-shell structure nanowires with 

uniform layer of parcels. We tested the gas sensitivity of the CNTs/SnO2 composites 

to ethyl alcohol by static method, and found that the introduction of CNTs in the 

SnO2 composite materials results in a decrease in their optimum operating voltage, 

with the optimum at VH = 3.5 V, and an increase in their gas sensitivity. We also 

found that as the operating voltage increases, the gas sensing of the CNTs/SnO2 

composites decreases after at first increasing with the alcohol concentration 

increases. The sensitivity of the composites to alcohol gradually increases and tends 

to reach a constant finally. Moreover, the sensitivity reaches the maximum at 

concentration level of 800 ppm ethyl alcohol. 
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1. Introduction 

Carbon nanotubes (CNTs) have a unique quasi-one-dimensional 

nanostructure with good conductivity and chemical stability. The composite 

nanostructures produced by deposition of functional metal oxide nanoparticles on 

the surface of CNTs can prevent the agglomeration of the CNTs which can 

improve surface conductivity when compared with pure CNTs [1-8]. Much has 

been done in recent years in the researches on the carbon nanotubes coated 

various functional metal oxide nanoparticles. The multiple functions of SnO2, in 

particular, have made CNTs/SnO2 composites a subject of extensive researches, 

especially their gas sensitivity [9-14].  

In recent years, researchers have paid great attention to the gas sensitive to 

alcohol. Various kinds of SnO2 and its composites have been used to gas sensors. 

However, how to produce novel structure of SnO2 and composites with excellent 

in alcohol sensitivity is still the focus of attention in this area. 

In this paper, the CNTs/ SnO2 core-shell nanowires were synthesized, and 

their structures were also analyzed as well as the process of their formation. We 
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also tested their gas sensitivity so as to study the influence of the structure of the 

CNTs/ SnO2 nano composites on their gas sensitivity. 

2. Experimental  

2.1 The synthesis of CNTs/SnO2 nanocomposites 

 CNTs with 25-40 nm in diameter and the solution of SnCl2 were used to 

produce the CNTs /SnO2 composites. First the CNTs were treated with the reflux 

method in HNO3 solution (with the percentage of solution by mass at 40%) at 100 

℃ for 2 hours, so that the oxygen-containing functional groups can be formed on 

the surface of the CNTs, which help the hydrophily of the CNTs in the solution. 

Then we used ultrasound dispersion of 100 mg the HNO3-treated CNTs in 400 

mL of deionized water and added to them 1.3 mL of HCl solution (38%) and 10 g 

of SnCl2·2H2O to it and stirred the solution for them to react for 2 hours. We got 

CNTs/SnO2 after the processes of filtration, washing with deionized water and 

allowing the materials to dry in the air at 90 ℃ for 6 hours. 

The morphology and structure of the nanocomposites were examined by 

FESEM (HITACH IS4 700) and TEM (JEOL 2010. X-ray diffraction (XRD) was 

applied on Bruker D8 Advance instrument with Cu Kα radiation. The Raman 

spectrum was measured on LabRAM HR800 with an excitation laser wavelength 

of λ = 532 nm. Thermogravimetric analysis (TGA) was carried out on an SDT 

Q600 (TA) instrument under air flow (10 °C min-1) up to 700 °C.  

2.2 Gas sensitivity tests 

We use the static method to test the gas sensitivity of the nanostructure 

composites, and the electrical circuit is shown in Fig. 1. Changes in the voltage on 

the nodes of the resistor correlate with the resistance of the gas sensitive materials 

in the air and the gas used for the tests. The test of SnO2 will be based on VC =10 

V, while the tests on CNTs /SnO2 will be based on VC=5 V. 

 

Fig.1 Circuit for gas sensitivity testing. 

In the Fig. 1, R is the resistor with a resistance of 5 kΩ, VH is the supply 

voltage used for heating; V is the output voltage. 
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We measure the gas sensitivity   by the following definition, 

 =Ro/Rg                                                      (1) 

Ro is the electrical resistance of the gas sensor in the air, while Rg is the 

resistance of the gas sensor in the gas used in the tests. 

3. Results and discussion 

Fig. 2 presents the SEM images of CNTs / SnO2 nanostructures. As can be 

seen, the SnO2 grains are evenly distributed to form a layer of parcel on the outer 

wall of the CNTs, creating core-shell structure nanowires. Fig. 3 is the TEM 

image of CNTs /SnO2 nanostructures, which shows the external wall of the CNT 

is coated with a 6-10 nm thin layer of SnO2.  

 

 
Fig. 2 SEM images of (a) CNTs; (b) CNTs/SnO2 

 

 
 

Fig. 3 TEM image of CNTs /SnO2 nanostructure 
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Fig. 4 X-ray diffraction patterns of CNTs, SnO2 and CNTs /SnO2 

 

Fig. 4 is the result of the X-ray diffraction tests for CNTs, SnO2 and CNTs 

/SnO2, respectively. As we can see, there are prominent peaks at about 26° for the 

CNTs and at about 43.5°, which correspond with the diffraction of the graphite 

plans (002) and (100) of the crystal face when we compare them with a standard 

(JCPDS 41-1487). The peak in the pattern of SnO2 in the CNTs /SnO2 composite 

roughly coincides with the intensity peak of pure SnO2, but there is a difference – 

the peak for SnO2 in the CNTs /SnO2 composite is broadened, showing the SnO2 

grains are smaller.  

 

We can also see from the Fig. 4 that the value of the intensity peak for the 

SnO2 becomes weaker with the introduction of the CNTs, which can be explained 

by the lower mass percent composition of the SnO2 in the sample nanocomposites, 

when compared with pure SnO2. 
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Fig. 5 Raman spectra of CNTs and CNTs/SnO2 
 

Fig. 5 shows the Raman spectra of the CNTs and the CNTs /SnO2. As we 

can see, peaks in intensity for CNTs/SnO2 are still observed at 1342 cm-1 and 

1567.6 cm-1, which correspond with CNTs’ D peak (D band) and G peak (G 

band), respectively. The D peak intensity of CNTs/SnO2 is significantly stronger 

compared with that of CNTs, reflecting increased disorder. This can be explained 

by the treatment of CNTs in the process of synthesizing CNTs/SnO2, which serves 

a function close to cutting them and thereby increases the defects in the CNTs. 

We can also observe some peaks of high energy intensity at the lower 

section of the spectra for CNTs/SnO2. This can be explained by the introduction 

of SnO2. 

Based on these analyses, we think that the SnO2 coating on the CNTs is 

formed through a mechanism like this: first, the reflux treatment of the purified 

CNTs in HNO3 solution serves a function close to cutting the nanostructures, 

creating many defects; while at the same time, the oxygen-containing functional 

groups are formed on the surface of the CNTs, helping the CNTs diffusion in the 

solution; in addition, the ultrasound dispersing process helps the CNTs to dissolve 

in the deionized water, too, to create a balanced solution. When we add 

SnCl2·2H2O to the solution and stir it, the Sn2+ reacts with the O2, 

 

         2 Sn2++O2+2 H2O=2 SnO2+4 H+                                   (2) 

 

Given the large amount of functional groups and defects on the surfaces of 

the CNTs, the Sn2+ contained particles are adsorbed to the surface of the CNTs to 
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form nuclei and create layers of SnO2. Here we have the CNTs/SnO2 nanowires 

with core-shell structures. 

A TG analysis on the CNTs/SnO2 composite materials was also tested. As 

shown in Fig. 6, there is a weight loss step at about 600 ℃, with the weight of the 

sample decreasing by about 10%. The carbon nanotubes start to be oxygenated at 

about 600 ℃, leading to the weight loss. Therefore, the CNTs account for about 

10% of the CNTs /SnO2 composites in terms of mass percentage. 

 

 
Fig. 6. TGA analysis of CNTs /SnO2 

 

Fig. 7 shows the results of the gas sensitivity tests. As we can see from 

Fig. 7a, the optimal working voltage for SnO2 is at Vh=4.0 V, whereas the optimal 

working voltage for CNTs/SnO2 composites is Vh=3.5 V. This value is higher than 

the similar ones from literature. The reason may be that the introduction of CNTs 

leads to a decrease in the optimal working temperature. The SnO2 gas sensor 

works better at room temperature when compared with CNTs/SnO2.  

As shown in Fig. 7b, the electrical resistance of SnO2 gradually decreases as 

the temperature is higher, which can be explained by the desorption of the 

adsorbed oxygen as the temperature rises, leading to a decrease in the electron 

barrier and hence a decrease in the electrical resistance of the SnO2 device. At 

room temperature, the electrical resistance of CNTs/SnO2 device is weaker than 

that of pure SnO2. 
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Fig. 7 Gas sensitivity for ethyl alcohol of SnO2 and CNTs/SnO2. a) Changes in gas sensitivity 

in the air as heating voltage increases; b) Changes in electrical resistance as heating voltage 

increases; c) Changes in electrical resistance as concentration of alcohol increases; d) Changes in 

gas sensitivity as concentration of alcohol increases. 

 

The reason can be explained tht the metallic nanotubes in the CNTs have 

good conductivity. However, as the temperature raises further, the electrical 

resistance of the composite materials increases, this is because the lattice vibration 

of the CNTs is aggravated and the phonon-electron scattering increases, leading to 

increased resistance [15]. 

From Fig. 7 c and d, we can see that the patterns of changes in the 

electrical resistance and the gas sensitivity of the SnO2 and that of CNTs/SnO2 are 

basically the same. Within a certain range of concentration, the introduction of 

CNTs in the materials leads to an obvious decrease in the electrical resistance, 

while the gas sensitivity to alcohol increases. As the concentration of the alcohol 

increases, the electrical resistance of both the pure SnO2 and the CNTs/SnO2 

composites decreases, while their gas sensitivity tends to increase and finally 

stabilizing at a constant. 

The decrease in the electrical resistance of the materials after the 

introduction of CNTs can be explained by the conductivity of metallic CNTs, 
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which boosts the conductivity and reduced the resistance. The decrease in the 

electrical resistance of the materials with the increase in the concentration of the 

alcohol gas can be explained by the desorption of some oxygen particles 

physically adsorbed to the SnO2 at the optimum working voltage. Therefore, when 

the alcohol CH3CH2OH is added, as a reducing gas, it will react with the oxygen 

adsorbed to the surface of SnO2 to release electrons to surface of the materials, 

thereby improves their surface conductivity and reduces their resistance with 

increased charge carrier density. As the concentration of the alcohol gas increases 

further, an increasing amount of oxygen from the surface of the SnO2 is reduced, 

the electrical resistance continues to weak; and when the oxygen on the surface of 

SnO2 is finally exhausted, the electrical resistance accordingly stabilizes at a 

constant value.        

We can see that the gas sensitivity of the SnO2 materials to alcohol 

increases with the introduction of CNTs (Fig.7d). From the analyses above, the 

SnO2 in the CNTs/SnO2 nanocomposites is evenly distributed to form a layer of 

parcel on the outer wall of CNTs. The CNTs have larger specific surface area and 

the pretreatment process will create open-ended carbon nanotubes as well as many 

nanochannels. Lots of defects on the outer walls of CNTs also lead to an increased 

adsorption. All these factors help increase the contact between the SnO2 nano-

particles, and the alcohol, therefore lead to increased gas sensitivity readings of 

the materials. When the intensity of the alcohol increases within a certain range, 

the gas sensitivity of the materials will rise accordingly. This can be explained by 

the surface of the gas sensitive materials increasingly covered by the reducing gas 

which it has adsorbed, and the increase in the coverage accelerates, too, as the 

intensity of the gas increases. 

In addition, the size of the SnO2 grains is a key factor to their gas 

sensitivity [16]. The SnO2 nucleation and growth of the grains on the walls of 

CNTs result in the formation of core-shell structure nanowires, preventing SnO2 

agglomeration. The smaller size of the SnO2 grains leads to significantly increased 

specific surface area and higher gas sensitivity.   

4. Conclusions 

The uniformly shaped CNTs/SnO2 core-shell structure nanowires were 

successful synthesized by using the solution coprecipitation method. SnO2 

nanoparticles with a diameter of 6~10 nm was evenly distributed on the outer 

walls of CNTs. The CNTs can prevent the agglomeration of the SnO2 and 

generate smaller grains of SnO2. The optimal working voltage of CNTs/SnO2 

composites in gas sensitivity tests is lower compared with that of pure SnO2, 

therefore CNTs/SnO2 composite materials work better than pure SnO2 in gas 

sensitivity tests at lower temperatures. 
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The introduction of CNTs not only leads to the creation of a large amount 

of nanochannels that increase the contact between SnO2 and the alcohol gas 

atmosphere, but also prevents the agglomeration of SnO2. Coupled with the many 

defects on the surface of CNTs and dangling bonds that can help adsorb alcohol, 

thereby increases gas sensitivity. 
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