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Abstract: Heat treatment of carbon nanotubes (CNTs) was carried out under ammonia atmosphere and then CNTs were modified by 
Triton x-100 (CNTs-T). Ni-B amorphous alloy catalysts supported on CNTs and CNTs-T were prepared by impregnation-chemical 
reduction method. The catalysts were characterized by TEM, ICP, XRD, BET and CO chemisorption, and studied in the acetylene 
selective hydrogenation. The results show that homogeneous Ni-B amorphous particles with mean size about 10 nm are successfully 
prepared on CNTs-T. Compared with Ni-B/CNTs, nickel loading of Ni-B/CNTs-T is increased by about 14.6%. Furthermore, the 
activity and selectivity of Ni-B/CNTs-T are much higher than those of Ni-B/CNTs in the acetylene selective hydrogenation under 
comparative condition. 
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1 Introduction 
 

Carbon nanotubes are severely hydrophobic and can 
be essentially bundled in solvent. These properties are 
generally considered as a significant barrier in both 
fundamental research and technological development 
toward the practical uses of CNTs. Thus, the 
functionalization of CNTs has received much attention 
for overcoming above-mentioned problems in recent 
years[1−2]. Many functionalization reactions reported in 
literatures were based on the covalent amidation or 
esterification of nanotube-bound carboxylic acid 
groups[3−4], which are associated with defects on as 
prepared and acid treated nanotubes. Additionally, the 
functionalization has also been utilized at the ends and/or 
walls of CNTs noncovalently[5−6] to attach certain 
functional groups onto nanotubes, improving 
hydrophilicity and dispersion properties of nanotubes in 
solvent. 

SHIM et al[7] have reported that the adsorption of 
surfactant Triton x-100 (C14H22O(C2H4O)n) on SWNTs is 
effective in preventing nonspecific adsorption of 

streptavidin on nanotubes via hydrophobic interactions 
between the nanotubes and streptavidin (a kind of 
protein). Since the adsorption of Triton can prevent 
effectively the hydrophobic interactions between the 
nanotubes and protein, it is believable that Triton can be 
adsorbed onto CNTs as a wetting layer to enhance the 
hydrophilic property of CNTs[8]. So, it is desirable that 
nanotubes modified by Triton are the favorable parent 
materials for fabricating nano-composites. For these 
reasons, Triton x-100 was used to modify the surface of 
ammonia-treated CNTs[9] for preparing nanoscale Ni-B 
amorphous alloy catalyst supported on nanotubes. As a 
new class of advanced materials for catalytic applications, 
carbon nanotubes used as catalyst supports induce 
peculiar activity and selectivity in catalytic reactions, 
such as selective oxidation of H2S into elemental sulfur 
and selective hydrogenation of nitrobenzene into 
aniline[10]. In comparison with other Ni-based catalysts, 
Ni-B amorphous alloy catalysts exhibit higher activity 
and better selectivity, which have been widely studied by 
researchers in the past two decades[11]. Therefore, it is 
expected that the nanoscale Ni-B amorphous alloy 
particles supported on nanotubes can be a potential  
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candidate for highly active hydrogenation catalyst by 
combination the merits of carbon nanotubes and 
amorphous alloy. The present work aimed at preparing 
well-dispersed Ni-B amorphous alloy nanoparticles 
supported on nanotubes and studying the catalytic 
performance in acetylene selective hydrogenation. 
 
2 Experimental 
 

Carbon nanotubes were prepared by catalytic 
decomposition of methane on Ni-Cu-Al catalyst[12]. 
As-grown nanotubes were carried out ammonia heat 
treatment (The final product is labeled as CNTs)[9]. 
Adsorption of Triton x-100 on CNTs was conducted 
according to previous work (The final product is labeled 
as CNTs-T)[13]. Ni-B/CNTs, Ni-B/CNTs-T amorphous 
alloy catalysts were prepared by impregnation-chemical 
reduction method elsewhere[13−14]. 

TEM observation was performed on a Hitachi H600 
electron microscope. The Ni loading and bulk 
compositions of amorphous alloy were analyzed by 
inductively coupled plasma (ICP). The total surface area 
(SBET) was measured by N2 adsorption at 77 K. The 
surface area of active nickel (SNi) was determined by CO 
chemisorption. XRD analysis was executed on a Rigaku 
D/MAX-RA powder diffractometer to determine the 
amorphous structure of nanotubes supported Ni-B 
catalysts. 

100 mg catalysts were loaded into the micro-reactor 
and then reduced by H2 in situ at 493 K for 30 min. After 
that, the gaseous reactant (V(C2H2)׃V(H2)׃V(N2)=294׃4׃) 
flowed into the micro-reactor at a rate of 50 mL/min. The 
reactant and product were analyzed with an online gas 
chromatograph equipped with TCD, using a porapak N 
column. 
 
3 Results and discussion 
 
3.1 Characterization of Ni-B/CNTs catalysts 

As shown in Fig.1(a), carbon nanotubes treated by 
ammonia entangle each other and most Ni-B alloys are in 
the form of highly aggregation except for a few high 
dispersion particles on nanotubes. Adsorption of Triton 
x-100 on carbon nanotubes treated by ammonia, however, 
results in relatively individual nanotubes and 
homogeneous Ni-B particles with mean size about 10 nm 
on nanotubes, as shown in Fig.1(b). 

In order to confirm the amorphous structure of 
prepared catalysts, XRD measurement was performed. 
As shown in Fig.2, the XRD patterns of carbon 
nanotubes indicate the graphite structure of prepared 
sample. Cubic nickel was still presented in carbon 
nanotubes after they were treated with ammonia. The 
nickel could be assigned to the Ni residue from the Ni- 

 

 
Fig.1 TEM images of catalysts: (a) Ni-B/CNTs; (b) Ni-B/ 
CNTs-T 
 

 
Fig.2 XRD patterns of samples 
 
Cu-Al catalyst, used to synthesize CNTs. From this, it is 
likely that nickel residue in CNTs is difficult to remove 
by heat treatment with ammonia. Compared with the 
patterns of CNTs, the patterns of Ni-B/CNTs and 
Ni-B/CNTs-T do not exhibit other crystalline peaks, 
which means the amorphous structure of prepared 
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catalysts[14]. 
The bulk composition, Ni-loading, total surface area 

and active surface area of the fresh catalysts are listed in 
Table 1. Ni-loading is increased approximately by 14.6% 
through adsorption of Triton x-100 on carbon nanotubes 
treated by ammonia. The reason may be that 
modification of CNTs with Triton has effects on the 
stabilization of nanotubes suspension and the wetting 
behavior of nanotubes surface. These changes facilitate 
the adsorption of nickel ions onto nanotubes surface and 
then increase Ni-loading. The surface area of CNTs 
decreases from 99.8 m2/g to 88.7 m2/g after the CNTs are 
decorated by Triton, which means that the Triton is 
partially incorporated into the channel of nanotubes. 
However, the surface area of supported Ni-B amorphous 
catalysts increases from 81.7 m2/g (Ni-B/CNTs) to 93.3 
m2/g (Ni-B/CNTs-T). In addition, the surface area of 
active nickel increases from 19.8 m2/g (Ni-B/CNTs) to 
29.9 m2/g (Ni-B/CNTs-T). The enhancement of SBET and 
SNi for Ni-B/CNTs-T can be attributed to the high 
dispersion Ni-B amorphous particles on CNTs-T, which 
is consistent with the TEM results. 
 
Table 1 Some characteristics of the samples determined by ICP, 
BET and CO chemisorption 

Sample 
Ni-loading/

% 
Composition 
(molar ratio) 

SBET/ 
(m2·g−1) 

SNi/
(m2·g−1)

CNTs 2.21) − − 0.801)

Ni-B/CNTs 15.752) Ni80.91B19.19 99.83) 81.74) 19.82)

Ni-B/CNTs-T 18.052) Ni83.04B16.96 88.73) 93.34) 29.92)

1) Values of Ni residue in CNTs ; 2) Values subtracted from Ni 
residue in CNTs; 3) Values of CNTs and CNTs-T; 4) Values of 
Ni-B/CNTs and Ni-B/CNTs-T 
 
3.2 Catalytic performance 

As shown in Fig.3, Ni-B/CNTs-T is more active than 
Ni-B/CNTs in the acetylene selective hydrogenation. It is 
understandable that higher dispersion of active 
components and nickel loading of Ni-B/CNTs-T promote 
the acetylene hydrogenation. Additionally, on the whole, 
the ethylene selectivity of Ni-B/CNTs-T is higher than 
that of Ni-B/CNTs over a wide range of equivalent 
acetylene conversion (Fig.4). In acetylene hydrogenation, 
the reaction proceeds via three major routes[15−16]. 
Route one is the hydrogenation of acetylene to ethylene 
followed by desorption from the surface or further 
hydrogenation. Route two is the hydrogenation of 
acetylene to intermediates, such as ethylidyne, which do 
not yield ethylene but are directly hydrogenated to 
ethane. Route three is the polymerization of ethylene to 
produce polymer that eventually covers the surface 
leading to the catalyst deactivation. Considering the 
reaction routes of acetylene hydrogenation, we may 
explain the selectivity improvement of Ni-B/CNTs-T in 

the reaction as follows. As discussed in the TEM section, 
uniform Ni-B amorphous alloy particles form on CNTs 
modified by Triton. This indicates that Ni-B highly 
spreads on the surface of nanotubes and the existence of 
multiple coordinated sites of nickel is greatly reduced. 
Undoubtedly, the well-dispersed Ni-B on nanotubes 
suppresses Routes two and three so that the production of 
ethane and polymer is decreased and the ethylene 
selectivity is improved[15−17]. Therefore, the 
combination of homogeneous Ni-B particles and higher 
Ni-loading resulted in the better catalytic performance of 
Ni-B/CNTs-T catalyst. 
 

 
Fig.3 Activity of acetylene selection hydrogenation 

 

 
Fig.4 Changes in ethylene selectivity with conversion in 
acetylene hydrogenation at 353−393 K 
 
4 Conclusions 
 

1) Uniform Ni-B amorphous particles with mean 
size about 10 nm were successfully prepared on CNTs-T. 

2) Nickel loading is increased by 14.6% through 
modification nanotubes treated by ammonia with Triton. 

3) The activity and selectivity of Ni-B/CNTs-T are 
much higher than those of Ni-B/CNTs in the acetylene 
selective hydrogenation under comparative condition. 
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