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ABSTRACT 

 Vanadium oxide nanotubes belong to inorganic nanotubes. One inorganic nanotubes (WS2) 

synthesized in 1992.Vanadium oxide nanotubes discovared by spahr in 1998.Vanadium oxide 

nanotubes are used in chemical, bio, electronics and catalysts industry. Many applications of 

these nanotubes have not yet been discovered. Especially when these nanotubes are doped with 

different elements. The structure of these nanotubes is flexible. This makes it possible to explore 

different ideas. In this research study zirconium – doped vanadium oxide nanotubes (VONTs) 

with different percentages were synthesized. Zr-doped VONTs were performed by hydrothermal 

method. Zr-VONTs prepared (0, 2, 10, 20, 30, 50 and 60) %wt. The structure and morphology of 

the nanotubes were investigated by x- ray diffraction (XRD), scanning electron microscopy 

(SEM). The results showed that zirconium 2%wt doped VONTs complately but in others amount 

in addition doped, was forming zirconium oxide phase. Also with increase percent of doping Zr 
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into vanadium oxide nanotubes were formed monoclinic structure of ZrO2.The increase of 

doping level of the ZrO2 phase leads to change interlayer distances.  

Keywords: Vanadium oxide nanotubes (VONTs), Zirconium (Zr), Hydrothermal, Doped  

. 

Introduction  

nanoscale have preferably one to one hundred nanometers, and this size leads to physical and 

chemical properties. Nanostructured materials, are considered to be a part of nanomaterials, they 

have a special structure and characteristics, such as Carbon nanotubes, nanowires and nanofibres. 

The most important of these are: increasing the surface area and entering the particle size into the 

quantum effect area. The following are the uses of nanoscale materials as Solar and cosmic 

plates, Complex compound construction, Surface coatings, Extremely hard-to-paint tools and 

solvents, Environment-Fuel cells, Screens, Batteries, Additives for fuel, Magnetic materials, 

Medical equipment, Machine ceramics, and   Clothing War. Nanotubes are nanoparticles that 

made on a nanoscale by nanoparticles. The nanotubes are considered to be fullerene group. The 

diameter of a nanotubes is about a few nanometers. While its length can reach several 

millimeters. Tensile strength 100 times the steel, thermal conductivity to other compounds with 

the exception of pure diamonds, high electrical conductivity, ability to carry a stream higher than 

copper, a very large magnetic moment, and the ability to emit and absorb light from the 

prominent features of nanotubes.  Nanotubes are many applications in technology and industry. 

One of the most important types of nanotubes is carbon nanotubes. Carbon nanotubes have two 

main groups: single-wall and multi-wall. carbon nanotubes are ability to cross the plasma 

membranes. Nanotubes have significant properties in terms of electrical conductivity, flexibility 

and strength. Nanotubes are used as fillers in nano-composites. Other groups of nanotubes, are 

inorganic nanotubes. Inorganic nanotubes were considering after the discovery of carbon 

nanotubes [1]. Inorganic nanotubes are synthesized from metals and non-metals.One inorganic 

nanotubes (WS2) synthesized in 1992 [2], and V2O5 nanotubes by Spahr in 1998 [3]. 

Researchers gradually realized the properties of the physical chemistry of these nanotubes. 

The first reports intense research for their potential as gas sensing applications [1]. Every day, 
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they tried to improve the quality and yield of these nanotubes. Since 2003, various elements have 

been doped on vanadium oxide nanotubes. Mai et al (2003) [4] reported doping molybdenum, 

tungsten, and copper. In particular VONTs have recently attracted attention because they offer a 

large active surface area and numerous channels for ionic transport owing to their multiwalled 

tubular structures [5-10]. The ends of these nanotubes are open, so different cations can be 

introduced into the inner cavity of the nanotubes [11]. Mai et al (2003) reported doping 

molybdenum, tungsten, and copper. Li et al (2007) and jiao et al (2006) and rouhani et al (2011) 

respectively [1,3,5] [12-16]. In this present work, Zr doped vanadium oxide nanotubes (VONTs) 

were prepared by hydrothermal mehtod.  

 

Experimental 

The Zr doped VONTs were prepared with V2O5 (> 99 %, merck) ZrO2 (>99%, merck) and 

dodecylamine (merck) as a template were mixed in the molar ratio (V1-x Zrx) y ONTs (x=0, 0.02, 

0.1, 0.2, 0.3, 0.5, 0.6). In distilled water, and the mixture were stirred for 48 h in air. The 

resulting mixture was shall. The autoclave was kept at 180C for 7 days and then allowed to cool 

naturally. The abtained product was washed with hexan and absolute ethanol and then dried. X-

ray powder diffraction (XRD) patterns of the prepared samples were obtained using pw 3064 

with cu radiation (4okv,4omA). Scanning electron microscopy (SEM) using a Em – 3200 at 25 

KV. The morphologies and structures of the obtained products were observed by SEM. 

 

Results and discussion 

The x-ray diffraction (XRD) patterns of V1-x Zrx ONTs (X=0, 0.02, 0.1, 0.2, 0.3, 0.5, 0.6) are 

shown in figure 1, 2, 3 and 4 respectively. The peaks are 2θ =1- 600.The peaks at 2Theta<100 

indicated nanotubes formation. The peak with the highest intensity at the low diffraction angle 

indicates the inter layer distances of the nanotubes. All samples have highest intensity. 

Therefore, the tubular form of nanotubes is formed in all samples. As the dope reaches from 

20%wt to 60%wt, the intensity of the first peak is reduced. In the angles more than 10O peaks 

appear. The 10%wt magnitude was then seen at 28.22O and 31.5O peaks, which indicates the 

presence of zirconium oxide phase. The presence of peaks at 340, 350, 480, 500 Generally, the 

data obtained from the X-ray model indicate that: Firstly, with the increase in the amount of 

doping matter (zirconium oxide) and the formation of nanotubes formed, we encountered a mass 
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of zirconium oxide nanoparticles. Considering the zirconium oxide is monoclinic. Secondly, with 

increasing doping percentage, peaks of the monoclinic phase have been shown to be more 

intense.  This process showed that by increasing the zirconium oxide phase, the distance between 

the walls of the vanadium oxide nanotubes increased to 20%wt. This could indicate the presence 

of oxide zirconium between the walls of the vanadium oxide nanotubes, without destroyed 

vanadium oxide nanotubes. From 30% at onwards, zirconium oxide nanoparticles sit 

cumulatively between the walls and act as a false wall and ultimately lead to a decrease in wall 

spacing. In other cases without 2%at, saturation doped was observed and in over 60% super 

saturation doped. In the samples of (20, 30, 50,60) %wt increased the peaks at 2θ = 28.220, 31.50, 

340, 350, 480, 500 gradually. In the bulk region (2θ > 100) growed ZrO2 phase and indicated 

monoclinic structure. 

 

Figure 1. XRD patterns of 2%Zr-doped VONTs and VONTs (2θ=1-60ο). 
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Only in the V0.98 Zr0.02 ONTs perfect doping done and increase of the inter layer distance (dvalue)) in the 

V0.98 Zr0.02 ONTs and V0.9 Zr0.1 ONTs than VONTs could be attributed to the replacement of vanadium 

ions in VONTs by zirconium ions with larger ionic radiuses [11]. The scanning electron microscopy 

(SEM) shown in figure (5-8). The SEM images indicated that the V1-x Zrx ONT (x= 0, 0.02, 0.1) have 

tubular morphology and other nanotubes have layers zirconia. 

In the SEM images uper of 20% wt doping Zr, increased bulk and agglomeratey from. The reason that 

were increased zirconia phase. The outer diameter of the VZrONTs varied from 20 to 50 nm. 

 

Figure2: XRD patterns of VONTs and10%Zr-doped VONTs 
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Figure3: XRD patterns of (30،50 )%Zr-VONTs 

 

 

Figure4: XRD patterns of diferent percent Zr-doped VONTs 
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Figur5: SEM image of VONTs                                         Figure 6: SEM image of10% Zr-doped VONTs 

  

 

 

 

 

 

 

 

 

Figure7:SEM image0f 20% Zr-doped VONTs                           Figure 8: SEM image of 60% zr-dopedVONTs 

    

Conclusions 

A ccording results, doping of Zr (0, 0.02, 0.1, 0.2, 0.3, 0.5,0.6) %wt into VONTs prepared by 

hydrothermal method. The results showed that doping of V0.98 Zr0.02 ONTs were synthesized as whole, 

from doping of 20% to 60% synchronized replacement Zr4+with V5+ ions were formed ZrO2 phase. That 

increasing amount doped changed morphology zirconia gradually. The morphology changed to 

agglomerate form, because increased ZrO2 phase. 
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