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ABSTRACT 
We have developed a simple approach to synthesize silver nano-particles (AgNPs)/carbon nanotubes (CNTs) 

hybrid composites. First, AgNPs is fabricated by using chemical reducing agents. The resulting AgNPs by this 

procedure process are easily separated from the reaction mixture because of without using any organic solvent 

and external dispersing agent. Uniform sizes of AgNPs with less than 20 nm are easily obtained. Furthermore, the 

AgNPs are grafted onto the surface of carbon nanotubes (CNTs) to prepare hybrid nanocomposites. The Ag/CNT 

hybrid nanomaterials are firmed by transmission electron microscopy (TEM) and X-ray photoelectron 

spectroscopy (XPS). Their application can be used as conductive films due to good electrical property of CNTs 

with large aspect ratio.   
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INTRODUCTION 
Metallic nanoparticles have been used widely in various fields including catalysis and photonics. Among various 

metals, silver nanoparticles (AgNPs) have attracted a lot of attention in recent years because their optical and 

chemical properties are different from those of the bulk materials (Lewis 1993; Thomas 1988). Hence, these 

products find wide application in various fields including catalysis, photonics, electronics, and antibacterial 

applications. Nanometer-sized silver particles have shown dramatically changed optical, biological and electrical 

properties since their size shift varies from micro to nano dimension. The size and shape dependence properties 

are of interest for industrial application of electronics, catalysis, and photonics. In particular, the AgNPs can be used 

in the electronics industry for printed electronic circuits and transparent conductive films due to advantages such 

as high electrical conductivity (Lee and Chou 2005; Tsuruga and Abe 2008; Natsuki et al. 2015a; Zun et al. 2007). 

Currently, many methods and approaches have been reported for the synthesis of AgNPs by using chemical, 

physical, photochemical and biological routes (Natsuki et al. 2013; Natsuki et al. 2015b; Gurav et al. 1994; 

Vilchis-Nestor et al. 2008; Chen et al. 2012). Each method has advantages and disadvantages with common 

problems being costs, scalability, particle sizes and size distribution and so on. Physical and photochemical 

methods to prepare metal nanoparticles are usually need the very high temperature and vacuum conditions, and 

expensive equipments (Iravani et al. 2014; Kholoud  et al. 2010; Toisawa et al. 2010). Chemical reduction methods 

to synthesis AgNPs are used extensively because they can be implemented under simple and mild conditions and 

can be used to prepare nanoparticles on a large scale. It is well known that AgNPs can be produced as a result of 

chemical reaction at low cost and in high yield.  

 

Carbon nanotubes (CNTs) have attracted considerable attention because of their excellent mechanical, chemical 

and electric properties (Treacy et al. 1996; Popov 2004). Recently, metal nanoparticles such as AgNPs composites 

hybridized with CNTs have potential to be developed as transparent and conductive thin films that complement 

indiumtin oxide (ITO). The AgNPs decoration has a beneficial effect on the electrical conductivity of CNTs 
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because the inherent electrical conductivity of AgNPs is superior to the CNTs without silver. The combination of 

AgNPs with CNTs can integrate the properties of these two components to form AgNPs/CNTs hybrid 

nanocomposites for use as transparent conductive materials. Some studies reported that CNTs could be used as 

potential materials for transparent conductive films (Jung et al. 2013, Lee et al. 2011; Corio et al. 2004). The 

conductive films reinforced with CNTs exhibited flexibility and strength properties than that of ITO films because 

CNTs had the advantage of being flexible and excellent mechanical properties.   

 

In this study, we try to prepare AgNPs/CNTs hybrid nanocomposites. First, AgNPs were prepared using chemical 

reducing agents, and then the AgNPs were decorated onto double-walled carbon nanotubes (DWCNTs) and their 

characteristics were evaluated using various analytical techniques. AgNPs/CNTs hybrid nanocomposites can be 

used as highly conductive and strength films due to good electrical property of AgNPs and CNTs with large aspect 

ratio.     

 

EXPERIMENTAL 
Materials 

Silver nitrate (AgNO3), trisodium 2-hydroxypropane-1,2,3-tricarboxylate hydrate (Na3Ct), and 2-

dimethylaminoethanol (DMAE) were obtained from Wako Pure Chemical Industries Ltd., Japan. 

Polyvinylpyrrolidone (PVP, molecular weight ~10,000) was obtained from Tokyo Chemical Industry Co. Ltd., 

Japan. Multi-walled CNTs (d = 20-30 nm) were Wako Pure Chemical Industries Ltd., Japan. 2,5-

dihydroxybenzoic acid (DHB) were obtained from Wako Pure Chemical Industries Ltd. 

 

Synthesis of colloidal AgNPs 

The colloidal AgNPs were synthesized by the method reported in my precious work (Natsuki et al. 2015b). PVP 

(1.0 g) was dissolved in deionized water (20 ml) by stirring for 10 min at room temperature. AgNO3 (2.94 mmol) 

was added and the solution was stirred for 10 min to allow the AgNO3 to dissolve. An aqueous solution of Na3Ct 

(2.94 mmol) in deionized water (20 ml) was added dropwise using a micro-pump. After all of the Na3Ct solution 

had been added, an aqueous solution of DMAE (0.294 mmol) in deionized water was added to the reaction 

mixture. The mixture was then stirred at room temperature for one hour. The color of the solution gradually 

changed from white to pale brown. The AgNPs were separated from the solution by centrifugation (5000 rpm), 

washed twice with deionized water (20 ml), and then redispersed in ethanol (10 ml). 

 

Functionalized of CNTs 

Oxidizing CNTs with sulfuric acid or nitric acid is a well known chemical treatment for nanotubes. The CNTs 

were functionalized by the chemical oxidation in concentrated sulfuric acid and nitric acid, generating –COOH 

groups on the tube surface (Reddy et al. 2007; Lee et al. 2011). In order to generate -COOH groups, the CNTs 

were treated with concentrated nitric acid in order. CNTs (0.15g) were boiled at 120°C in HNO3 (70 ml) for 10 h. 

Then the mixture was centrifuged (5000 rpm) for 1 min., and washed with deionized water several time to remove 

residual HNO3, then the CNTs were redispersed in deionized water (1 L) and kept for 24 h, until the PH of the 

suspension became neutral, and CNTs were separated and dried at 60 °C for 24 h to obtained power of modified 

CNTs. The resulting powder of CNTs was used for further use in this study.       

 

Combination of silver nanoparticles to the surface of carbon nanotube 

At first solution 1 was prepared as follow: Silver nanoparticles in ethanol (5 mL, obtained in 2.2) were sonicated 

for 10 min and then reacted with cysteamine hydrochloride (0.23 g) in ethanol (95 mL) at 80 °C for 6 h in an oil 

bath, after cooled to room temperature to give solution 1. Second, solution 2 was prepared as follow: 

Functionalized CNTs (0.05 g) were sonicated in ethanol (100 mL) for 1 h. DHB (0.08 g) was added to the 

suspension, which was then sonicated for 30 min to give solution 2. Finally, the solution 1 and solution 2 were 

mixed and stirred at room temperature for 24 h. The AgNPs/CNTs nanocomposites were obtained after 

centrifuged, washed with pure water, and then dried overnight at 60 °C. Other AgNPs/CNTs nanocomposites were 

prepared by the same reaction procedure described above by varying the amounts of colloidal AgNPs, that were 

1.7 ml, 5.0 ml, 8.3 ml.    

 

Characterization 

UV–Visible spectra of AgNPs were obtained with a Hitachi U-4100 UV–Vis spectrophotometer as suspensions 

in an optical cell. Transmission electron microscopy (TEM) images of the AgNPs, modified CNTs, and Ag/CNT 

hybrid nanomaterials were obtained using a TEM (JEM-2100, JOEL, Japan) with an accelerating voltage of 200 

kV. Energy-dispersive spectroscopy (EDS) analysis was carried out by a Hitachi S-5000 scanning electron 
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microscope (SEM) equipped with an EDS instrument using a dried powder sample of AgNPs. X-ray photoelectron 

spectroscopy (XPS, Kratos Axis Ultra DLD) was performed with a standard Mg Kα (1256.6 eV) X-ray source 

operating at 10 mA and 15 kV to characterize the elemental composition and chemical states of the samples. 

 

RESULTS AND DISCUSSION   
Figure 1 shows the results of EDS analysis for the synthesized AgNPs. The intense peak around 3 keV confirms 

that the presence of silver particles and they are highly pure. No impurities are observed besides small amounts 

of carbon and oxygen, which indicates that the used reagents have not remained. 

 

TEM images of the AgNPs are shown in Fig. 2. It is observed that the diameter of the CNTs is less than 10 nm. 

The enlarged view (Fig. 2b) of AgNPs indicates high crystalline nature of the resulting AgNPs. The lattice spacing 

is 0.236 nm that matches well to the distance of (1 1 1) plane for the face-centered cubic (FCC) crystal structure.  

 

TEM images of the CNTs are shown in Fig.3. The image (a) shows the CNTs without functionalized, and the 

image (b) show CNTs functionalized with acid. It is clear that the diameter of the CNTs is about 40 nm. 

Furthermore, some defects on their walls after modified (Fig. 3b) by acid treatment are observed compared with 

that before acid modification (Fig. 3a), which is very important for AgNPs to be grafted onto the CNTs surfaces. 

 

Figure 4 shows TEM images of AgNPs/CNTs nanocomposites, Figure 4a-c shows that different amount of AgNPs 

are grafted onto the CNTs surfaces, respectively. When only a small amount of AgNPs is used, there is no 

incomplete covering of the AgNPs on the surface of CNTs. A weight ratio of AgNPs/CNTs of 0.08/5.0 ml seems 

to be the optimum to cover the surface of CNTs. It can be found from Fig. 4c that agglomeration of AgNps on the 

surface of CNTs occurs when excess AgNPs are added. This indicates that there is no enough -COOH group on 

the surface of CNTs that reacted with AgNPs. It can be observed from Fig. 4b that the AgNps have circular 

morphology and they homogeneously and strongly are adhered to the surfaces of the CNTs without agglomeration. 

The diameters of the AgNPs grafted onto the surface of the CNTs are also less than 10 nm. The volume resistivity 

of the AgNPs is about 2.9×10-5 Ωcm, which is close to that of metallic silver with order 10-6. 

 

XPS evaluation was carried out to determine the elemental composition and functional groups. Figure 5 shows 

XPS survey spectra of the pristine CNTs and modified CNTs. both pristine and modified CNTs exhibit a strong 

carbon (C 1s) peak at 284 eV and oxygen (O 1s) peak at 532 eV. The modified carbon nanotube (CNT) clearly 

shows an O 1s peak with higher intensity than that of the pristine CNT. The atomic percentage ratios for the 

pristine CNTs are 98.68% for C 1s and 1.32% for O 1s, while those of the modified CNTs are 92.42% for C 1s 

and 7.58% for O 1s. The higher intensity of the O 1s peak confirms that many oxygen functional groups (carboxyl 

and hydroxyl) are introduced onto the surface of the CNTs modified by acid treatment. Furthermore, XPS survey 

spectrum of AgNPs/CNT nanocomposites is shown in Fig. 6. In addition to the peaks of CNTs, Ag 3d peaks from 

Ag 3d5/2 and Ag 3d3/2 appear at 368 and 374 eV, respectively. Ag 3p peaks from Ag 3p3/2 and Ag 3p1/2 are 

observed at 573 and 604 eV, respectively. The presence of Ag 3d and Ag 3p peaks proves the formation of AgNPs 

on the CNTs surface. 

   

Figure 7 shows the field-emission SEM (FE-SEM) image of CNT coatings on polyester terephthalate (PET) film. 

The surface resistance values of PET substrates are obtained to be 93, 26 and 9.6 k Ω/sq for different CNT coating 

concentration of 0.75, 1.5 and 3 ml, respectively. The CNT coating substrates can be suitable for electrostatic 

discharge materials. 

 

CONCLUSIONS 
In summary, we develop a simple strategy for synthesizing Ag/CNTs hybrid nanocomposites. First, AgNPs is 

fabricated by using chemical reducing agents, and then the AgNPs were grafted onto the surface of CNTs to 

fabricate Ag/CNT hybrid nanomaterials. TEM, and XPS analyses revealed the morphology, structure, and 

elemental composition of the AgNPs and Ag/CNTs hybrid nanocomposites. The AgNPs are less than 10 nm in 

diameter and show no agglomeration when adhered to the surface of CNTs. The CNT coating substrates exhibits 

a good surface electrical property that is suitable for electrostatic discharge materials. 
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FIGURE CAPTIONS 
Figure 1  EDS spectrum of silver nanoparticles 

Figure 2  TEM micrographs of silver nanoparticles 

Figure 3  TEM micrographs of (a) CNTs; (b) functionalized CNTs. 

Figure 4  TEM of micrographs of Ag/CNT nanocomposites: (a) AgNPs (1.7 ml) / CNT; (b) AgNPs (5.0 ml)/CNT; 

(c)AgNPs (8.3 ml)/CNT 

Figure 5  XPS survey spectra of pristine CNTs, and functionalized CNTs. 

Figure 6  XPS survey spectrum of AgNPs/CNTs. 

Figure 7  FE-SEM images of AgNP coatings on polyester terephthalate (PET) film 
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Figure 1 EDS spectrum of silver nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 TEM micrographs of silver nanoparticles 
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Figure 3 TEM micrographs of (a) CNTs; (b) functionalized CNTs. 
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Figure 4  TEM of micrographs of Ag/CNT nanocomposites: (a) AgNPs (1.7 ml) / CNT; (b) AgNPs (5.0 ml)/CNT; 

(c)AgNPs (8.3 ml)/CNT 

 

 
   

Figure 5 XPS survey spectra of pristine CNTs, and functionalized CNTs. 

 

 
 

Figure 6  XPS survey spectrum of AgNPs/CNTs. 

 

 
  

http://www.ijesrt.com/


   ISSN: 2277-9655 

[Natsuki* et al., 5(9): September, 2016]   Impact Factor: 4.116 

IC™ Value: 3.00   CODEN: IJESS7 

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [666] 

Figure 7  FE-SEM images of AgNP coatings on polyester terephthalate (PET) film 
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