
The Properties and Mechanism of CuO Modified Carbon
Nanotube for NOx Removal

Shuli Bai • Huanying Li • Li Wang •

Yujiang Guan • Shengtao Jiang

Received: 18 September 2013 / Accepted: 29 October 2013 / Published online: 20 November 2013

� Springer Science+Business Media New York 2013

Abstract Carbon nanotube (CNT) supported copper

oxide catalysts were prepared, and the morphology and

structure of the catalyst were characterized by using

scanning electron microscopy, transmission electron

microscopy, X-ray diffraction and temperature-pro-

grammed desorption experiments. The CuO/CNT catalysts

demonstrated high catalytic activities during the selective

catalytic reduction (SCR) of NO with NH3 over a tem-

perature range of 150–250 �C. The amount of NH3

adsorbed on the catalyst surface was greater than that of

NO or NO ? O2 adsorbed on the catalyst surface. These

results suggest that the SCR reaction might proceed on the

surface of the CuO/CNT catalysts and occur between the

adsorbed ammonia and gas phase NO or weakly adsorbed

NO. The CuO/CNT catalysts exhibited good stability at

low temperatures, which makes them suitable for potential

applications in industry.
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1 Introduction

Atmospheric pollutants (sulfur dioxide, nitrogen oxides

(NOx)) are generated mainly from the burning of coal and oil.

In particular, NOx harm to the environmental because they

generate acid rain, photochemical smog and cause green-

house effects as well as destroy the ozone layer [1, 2]. Many

methods have been developed to reduce the harmful effects

of NOx. The SCR of NOx with ammonia might be the most

effective methods for the reduction of NOx. Developing a

suitable catalyst for SCR reaction remains a key problem.

Previous studies indicated that titanium dioxide loaded with

vanadium catalysts show high efficiency for reduction

nitrogen oxides above 350 �C [3, 4]. However, this catalyst

has many disadvantages, including high operational tem-

peratures and the toxicity of vanadium species [5]. There-

fore, many new catalysts have been developed to avoid these

shortcomings [6–8]. Many reported catalysts, such as MnO2/

Al2O3, CuO/activated carbon (AC) and Fe2O3/AC, demon-

strate high activity in SCR reaction at 120–250 �C [9–12].

Recently, copper oxide catalysts have attracted consid-

erable attention because they exhibit high low-temperature

activity for catalytic removal of NO [13–18], especially

activated carbon as a support. However, we could not

recognize the catalytic nature for this catalyst due to the

complexity of surface chemistry and pore structure of

activated carbon. Carbon nanotube has pure surface and

simple structure, and it is useful for us to know the catalytic

nature for SCR. The CNT-supported metal oxides such as

CeO2, MnOX, etc. have been reported for low temperature

deNOx catalysts and showed good catalytic activity [19–

23]. In view of peculiar character of carbon surface on

carbon nanotube for removal NO [8, 24], it is important

theory for development low-temperature SCR catalysts to

modify carbon nanotubes with CuO. In the present work,
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the properties and mechanism of CNT-supported CuO

catalysts (CuO/CNT) were studied for the low-temperature

SCR of NO with NH3, which contributes to understanding

the catalytic nature of carbon-based catalysts.

2 Experimental

2.1 The Catalyst Preparation

The raw CNT (Tsinghua University) samples were purified

by the same method as ref. mentioned [25]. The CuO/CNT

catalysts were prepared by pore volume impregnation of

the purified CNT with an aqueous solution of cupric nitrate

solution. The catalysts were dried at 60 �C overnight and

then at 110 �C for 5 h, followed by calcined in argon

stream at 250 �C for 2 h. For comparison, the Cuo/TiO2

(ISK, Japan) catalysts were obtained by the same method.

2.2 Activity Tests

The SCR activity tests were carried out in a fixed-bed glass

reactor (8 mm in inner diameter and 600 mm in length).

The flue gas was simulated by NO in Ar, pure O2 and pure

Ar, SO2 (When used) in Ar and NH3 in Ar was used as

reductive gas. All the gases were controlled by mass flow

controllers. Concentration of NO, N2O, NO2, SO2 and O2







7 vol% H2O. This result shows that H2O did not show

obvious inhibition on the SCR activity to this SCR catalyst

[19], and the inhibition of H2O may be due to the com-

petitive adsorption between H2O and NH3 on the active

sites of the catalyst surface. These observations agree well

with previous reports [21].

To observe the adsorption state of NH3 on the surface of

catalyst, the TPD curves were recorded after NH3 was

absorbed into the 10 wt% CuO/CNT catalysts. Figure 7

exhibits two distinct peaks, which are centered at approx-

imately 100 and 282 �C and a very strong peak centered at

710 �C, which suggests that there are at least two NH3

species adsorbed on the catalyst. The low-temperature (LT)

peak was associated with the ammonium ions adsorbed on

BrUnsted acid sites, and the high-temperature (HT) peak

might be attributed to the molecularly ammonia from

Lewis acid sites [8, 25]. The HT peaks are much larger than

the LH peak, which suggest that the molecular NH3 was

major form of NH3 adsorbed on the CuO/CNT catalysts is.

NO and NO ? O2 TPD curves over CNT and CuO/CNT

catalysts are summarized in Figs. 8 and 9
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