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 Titanium oxides nanotubes (TNTs) were prepared by hydrothermal method 

and used as nano-support for nickel nanoparticles. Indeed, nickel 

nanoparticles supported TNTs (Ni-TNTs) were in situ synthesized from nickel 

salt and TNTs by chemical reduction method using sodium borohydride 

(NaBH4) as reducing agent. The physio-chemical properties of Ni-TNTs nano-

catalysts were fully characterized such as Transmission Electron Microscopy 

(TEM), Scanning Electron Microscope (SEM), and X-ray diffraction (XRD). The 

results showed that nickel salt was completely reduced to Ni0 metal with an 

average particle size of 12 nm. On the other hand, the catalytic activity is 

tested by the hydrodechlorination of chlorinated organic compounds. The 

hydrode-chlorinated conversion of 3-chlorophenol was obtained over 97%.  
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Introduction 

 

Recently, the environmental pollution caused by the 

organic contaminants has received especial attention 

from many scientists [1–3]. Especially, organic 

compounds derived from chlorinated starting meterials 

caused toxicity for environment and human health [4]. 

It is really necessary to develop the new technologies 

for the degradation of organic contaminants in the 

environment. Thus, numbers of researchers all over the 

world suggested to find the solution for this problem 

such as the oxidative degradation, biological decom-

position, and hydrodechlorination, etc… Among these, 

hydrodechlorination method promises high efficiency 

and safety in industrial application [5–7]. 

One of the useful methods to hydrodechlorinate 

chlorine derivatives is using nanomaterials because of 

the low cost and easy to control the process. In fact, 

number of metal nanoparticles have been used such as 

platinum, palladium, nickel nanoparticles, etc…[8–11] . 
Among them, nickel is one of the bright candidates 

because of low cost compared to other metals [12]. On 

the other hand, immobilization of the metallic 

nanoparticles on solid materials has received a great 

interest because of their use in industrial application. 

Although nanocatalysts serve as an excellent hetero-

geneous catalyst, they usually need an additional 

support to obtain thermal stability as well as improve 

the catalytic activity [13] . Thus, varieties of materials 

such as zeolites, aluminum oxides, aluminosilicates, 

activated carbon, zinc oxides, etc. have been used as 
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supports for nanocatalysts [14–16]. However, TNTs and 

carbon nanotubes have not been widely used as 

supports for hydrodechlorination. For example, H. 

Liang and coworkers have used montmorillonite 

supported-nano titanium oxides as photocatalysts for 

the methylene blue (MB) degradation in which over 

80% of MB was decomposed within 180 min at RT [17].  

Likewise, C. Wang et al. carried out the degradation of 

methyl orange over carbon-formed loaded nano 

titanium oxides as efficient photocatalysts which 

exhibited the most desired efficiency reaching up to 

83–87% conversion within 240 min [18]. Therefore, the 

exploitation of the TNTs uses in order to eliminate the 

chlorinated organic contaminants is one of the most 

important roles which is attracting of many scientists. 

Herein, we focused on the preparation of Ni-TNTs and 

their catalytic activity to the hydrodechlorination of 3-

chlorophenol in the presence of potassium hydroxide. 

All the results will be presented in this report.   

 

Experimental 

 

All the chemicals were used as received without further 

purification. Reagent grade nickel chloride hexahydrate 

98% (NiCl2.6H2O), sodium borohydride 98% (NaBH4), 

ethylene glycol 99.5% (EG), 3-chlorophenol 98%, and 

titanium oxides 99% (TiO2) were purchased from Acros 

(USA). Polyvinyl pyrrolidone K-30 (PVP) were 

purchased from Xilong (China). 2-Propanol (IPA) and 

ethanol were supplied by Chemsol (Vietnam). 

Titanium oxides nanotubes were synthesized by the 

hydrothermal method [19,20] , in which 5.0 g of TiO2 

and NaOH 10 M were stirred at RT for 3h before 

adding to autoclave at 45 C for 22h. After being 

cooled to RT, the mixture was decanted, washed 

several times and diluted with HCl 0.01 M for 2h. then it 

was washed again by distilled water (until pH 7) and 

dried at 100 C for 3h. The powder of TNTs was 

obtained after being calcinated at 500 C for another 

3h. 

Nickel nanoparticles supported on TNTs were prepared 

by in situ reduction of nickel salt in the mixture of TNTs 

and reducing agent (NaBH4). To the 250 cc two-

necked round bottom flask, PVP (0.4 g), TNTs (0.71 g) 

and 40 mL of ethanol were added. After stirring for 30 

min at 80 C, 0.81 g of NiCl2.6H2O (3.4 mmol) were 

dissolved in the mixture. In another flask, ethylene 

glycol (5 mL, 88.6 mmol) and NaBH4 (0.66 g, 1.7 mmol) 

in 50 mL of ethanol were prepared. Then, the solution 

of reducing agent was dropwise added to the mixture 

of nickel salt. The mixture was stirred for another 6h 

until the black solution was observed. The obtained 

catalysts were centrifuged and washed several times by 

distilled water before being dried at 60  C under 

vacuum in 8h. 

The morphologies of nickel catalysts were examined by 

scanning electron microscope (SEM, JEOL series JSM-

7401F). Transmission electron microscopy (TEM) was 

done on a FEI Tecnai G2 F20 at 120 kV fitted with a 

Gatan Ultra Scan 4000 CCD camera. The powder X-ray 

diffraction (XRD) were recorded on a Bruker D8 

powder X-Ray (Cu Kα). GC/MS were obtained by using 

an Agilent 7890A series model with an electron energy 

of 20 or 70 eV. All the catalytic experiments were 

performed on Multireactors Carousel 12 plus. 

The catalytic activities of Ni-TNTs were investigated via 

the hydrodechlorination of 3-chlorophenol in the 

presence of potassium hydroxide. However, in order to 

eliminate the effect of adsorption of the substrate on 

the supports, a dozen experimental adsorption was 

carried out with a various concentration of the 

substrate. The adsorption/desorption equilibrium 

between the substrate solution and the catalysts was 

established within 60 min. After that the catalytic 

evaluation of Ni-TNTs was carried out in 20 mL 

multireactor with stirring at room temperature. In this 

process, 0.1 mmol of catalysts was used in the 

hydrodechlorination of 3-chlorophenol (5.0 mmol), IPA 

(5.0 mL) and 5.0 mL of 2% potassium hydroxide 

solution in ethanol. Hydrogen was directly connected 

through Schlenk lines to the reaction at atmosphere 

pressure. The influence of reaction temperature on 

process at 30, 50, and 70 C were performed. The 

conversion of substrate and the selectivity of products 

were analyzed by GC and GC-MS (HP5 column 30 m x 

0.25 mm, FID) after eliminating the effective 

adsorption. Reproducibility was checked by repeating 

the measurement several times and was found to be 

within acceptable limits.  

 

Results and discussion  

 

   
Figure 1: SEM images of TNTs and Ni-TNTs 
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Nickel nanoparticles were prepared as the same 

procedure as previous report [21]. However, the 

method was modified in order to enhance the particles 

size as well as the content of nickel on the TNTs 

support.  

In fact, nickel salt was in situ reduced in the mixture of 

TNTs and sodium borohydride. In which, nickel 

nanoparticles size were easily controlled and anchored 

into the TNTs [22]. Therefore, it is expected that the 

dispersion of nickel nanoparticles inside TNTs could be 

enhanced by slowly addition of reducing agent 

mixture. Besides, TNTs were simply fabricated by the 

hydrothermal method after being calcinated at 500 C 

for 3h. The TNTs characteristics such as high mobility 

and large surface area were observed and thus utilized 

in various applications [23]. 
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Figure 2: TEM images of a) and b) Ni NPs and its 

average diameter; c) and d) Ni-TNTs taken at 50 nm 

and 100 nm 

Thus, as shown in Figure 1, the surface morphology of 

TNTs is quite different from the TiO2 powder. It is 

expected that nanotubes with higher porosity, conse-

quently, with thinner walls and larger pores can permit 

a more metal concentration, indeed, according to 

atomic absorption spectroscopy (AAS) analysis, the 

amount of Ni nanoparticles in the sample of up to 

13.50 wt% which could enhance the catalytic activity.  

In addition, TEM images as shown in Figurs 2, further 

confirmed the successful deposition of the nickel into 

the nanotubes, the average size of nickel nanoparticles 

is around 9-12 nm (Fig 2b). It is smaller than the nickel 

prepared by the separated method [21].  

Moreover, as illustrated in Fig 3, the XRD patterns 

clearly reveals that the crystallographic structure of the 

parent TNTs is in tetragonal anatase phase with a trace 

of combination phase, in reality, the corresponding 

diffraction peaks of TNTs located at the position of 2θ 

= 25.03; 37.59; 48.05; 54.06, and 55.01. Likewise, 

with high depositing of 13.28 wt% Ni0 on TNTs resulted 

in significant nickel signals in the XRD patterns, in which 

the characteristic peaks of Ni0 appeared at 2θ of 

44.55 and 51.78 [24]. This observation further 

confirmed that the in situ preparation method resulted 

in a well distribution of nickel particles in the meso-

porous TNTs, as observed from TEM images.  
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Figure 3: XRD patterns of TNTs and Ni-TNTs 

On the other hand, before evaluating the catalytic 

activity of hydrodechlorination, the catalysts were 

saturated with the same 3-chlorophenol solution to 

eliminate the influence of catalysts adsorption and to 

reach adsorption/desorption equilibrium between the 

substrate solution and the catalysts.  Thus, the 

adsorption test was carried out as the same condition 

reaction without the presence of hydrogen.  All the 

results were summarized in Figure 4. 
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Figure 4: Adsorption and activity of catalysts 

As we can see in Figure 4, the catalytic hydrode-

chlorination exhibited an excellent conversion of 
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substrate in the presence of potassium hydroxide. In 

the case of TiO2 and TNTs, only the adsorption was 

observed at 31% with TiO2, in particular TNTs reached 

90.5% adsorption. It could be explained that the large 

volume pores of TNTs could adsorpted significant 

amount of substrates. Whereas, as mentioned in the 

experimental section, Ni-TNTs was obtained by the in 

situ reduction method, in this case, nickel has 

significantly attached to TNTs pores leading to the 

decreasement of surface area and pores volume. It 

resulted in Ni-TNTs adsorption was very low (35% 

adsorption) compared to parent support’s case. 

In order to evaluate the hydrodechlorination activity of 

the Ni-TNTs catalysts. According to previous procedure 

[21], hydrodechlorination was performed in IPA with 

2%mol of catalyst in the presence of potassium 

hydroxide within 90 min at RT. Unexpectedly, the 

conversion of 3-chlorophenol substrate was obtained 

of 96.5% over Ni-TNTs catalyst whereas the parent 

support and TiO2 reaches adsorption/desorption 

equilibrium between the substrate solution and the 

catalysts without any catalytic activity (Fig 5). It could 

be explained in terms of the strong catalytic activity of 

nickel nanopartilces over hydrodechlorination of 

organic compounds [5]. Thus, TNTs only acted as 

adsorption-factor without showing any catalytic activity 

to the hydrodechlorination of 3-chlorophenol.  

 

Figure 5: GC spectras of: a) 3-chlorophenol and STD50; 

and the mixture of hydrodechlorination with b) TNTs; 

c) TiO2 powder; and d) Ni/TNTs catalyst including the 

adsorption 

Besides, as described in Figure 6, the influence of 

temperature and catalyst concentration were 

performed, in which the higher temperature leads to 

the lower activity of the Ni-TNTs catalyst. Indeed, 96.5, 

92.4, and 78.0% conversions of the substrate were 

observed at 30, 50, and 70 C, respectively (Fig 6a). 

That could be explained that when the temperature 

increases leading to the desorption of the substrate, 

therefore, the catalytic activity was lower. Likewise, the 

influence of molar concentration of catalyst was carried 

out at 1.0, 2.0, 3.0, and 4.0% mol in the same reaction 

condition, 67.5, 96.5, 97.5, and 96.0% conversions of 3-

chlorophenol were obtained, respectively. It means that 

the increase of the molar concentration could not 

significantly increase the catalytic acitivity. In sum, Ni-

TNTs catalysts exhibited the excellent activity toward 

the hydrodechlorination of chlorinated substrate, 

meanwhile, TNTs only acted as adsorbents without 

showing any catalytic activity to hydrodechlorination of 

3-chlorophenol. It is one of the most promising 

nanocatalysts which could be widely used in the field of 

environmental protection and water pollution 

treatment.  
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Figure 6: Catalytic activity of Ni-TNTs over 

hydrodechlorination of 3-chlorophenol; a) Influence of 

catalyst concentration; b) Temperature. 

 

Conclusion 

 

In summary, the Ni-TNTs nano-catalysts were 

successfully synthesized and the physio-chemical 

characterization of this catalyst was presented in detail. 

In which, TEM images and XRD patterns illustrated that 

the average nickel-particles size was 12 nm with 

incorporated as Ni0 inside TNTs. Furthermore, the 

catalytic test indicated that Ni-TNTs catalysts exhibited 

high catalytic activities in the hydrodechlorination of 3-

chlorophenol of up to 97% conversion within 90 min. 
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