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Loaded catalysts of 10-50% (w/w) urea loaded on activated carbon fibers (ACF), referred to as
urea/ACF, and 10%urea—-5-15% (w/w) La,O3;/ACF and CeO,/ACF were prepared by an
impregnation method and used for removal of NO at low temperature (30-120°C). The
experimental results showed that the catalytic activity of urea/ACF could be greatly improved
by loaded rare-earth element oxides. Furthermore, 10%urea—5%1La,O3/ACF and 10%urea—
10%CeO,/ACF could maintain high and stable catalytic activity at 100°C.
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1. Introduction

Nitrogen oxides (NO, NO,) emitted from stationary industrial sources or mobile
vehicles are harmful atmospheric pollutants that contribute to acid rain, photochemical
smog, depletion of the stratospheric ozone layer, and chronic inflammatory airway
diseases [1-3]. Although selective catalytic reduction (SCR) has been regarded as an
efficient method to treat NO, from a stationary emission source, there are two main
problems [4]. First, the high reaction temperature requires reheating of the flue gas and
second, the process requires NHj3 gas as an indispensable reagent which has high
toxicity and flammability [5].

For the first problem, many previously reported catalysts, such as MnO,/Al,Os,
CuO/AC, and Fe,03/AC, showed high activities for SCR at 120-250°C [6-8]. However,
research of SCR at lower temperatures (<120°C) is still rare.
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For the second one, urea is a practical reagent for SCR system because it is consumed
only through reaction with NO, not decomposition, an improvement over NHj [9].
Another reason is that it has much higher storage capacity for reducing agent than
NH; [10].

The urea has been used in SCR for NO for many years. Sullivan [11] reported
catalysts, prepared by CuO loaded on TiO,, Al,Os3, and SiO,, activated for the
SCR-NHj; reaction on NO in the presence of H,O, showing very low activity in
SCR-urea reaction on NO, and the decrease was not mainly due to H,O. Seker [12]
also used alumina loaded Pt and Au for SCR-urea reaction of NO, and the presence
of SO, had fewer effects. However, the Pt and Au were both noble metals which
could not be widely used. Meanwhile, Xu [13] reported that Cu-zeolite with urea
also could yield high NO conversion. However, the urea used in most of the
reported papers was in solution. Shirahama [9] reported that activated carbon
loaded urea could yield ideal NO conversion, too. However, the samples prepared
by Shirahama had less catalytic activity on NO than NO,. The former study by
using urea loaded on activated carbon fibers (ACF) of Shirahama [10] also showed
similar results. Recently, Miyawaki [14] reported that NO could be turned into N,
using pitch-based ACF, in which TiO, and urea were co-supported. TiO, could
convert NO into NO, due to its photocatalytic effect. However, UV light or daylight
was necessary in the process.

Since lanthanides, such as La and Ce, are abundant in China, the authors have
studied NO purification ability of La,O3 and CeO, loaded on ACF at low temperature
[15-18]. However, all of them have been investigated using NHj; as an indispensable
reagent or only at room temperature. In this article, the NO conversions of urea/ACF,
urea-La,03/ACF, and urea-CeO,/ACF were studied and the NO catalytic mechanisms
also discussed, respectively.

2. Experimental

2.1. Catalysts preparation

The catalysts urea/ACF, urea-La,O;/ACF, and urea-CeO,/ACF were prepared as
previous papers [15, 17] reported. Surface area of the catalysts was measured by the
BET method illustrated in table 1. Figure 1 also shows the SEM microphotographs of
two catalysts.

Table 1. Values of Sggt of the catalysts.

Sample Sper (m*g ™)
ACF 1476
10%urea—5%La,03/ACF 1304

10%urea—10%CeO,/ACF 1168
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Figure 1. SEM microphotographs of different catalysts: (a): 10%urea—5%1La,05/ACF; (b): 10% urea—
10%CeO,/ACF.

2.2. Measurement of reactivity

In each experiment, 0.5000 g of catalyst was loaded. The experiment was carried out
under NO: 500 ppm, O»: 9%, N,: balance, gas space velocity=20,000m*h~'m™?,
flow = 533.4mLmin "', temperature = 30-120°C, relative humidity = 0%. The NO and
NO, concentrations were measured continuously by Testo flue gas analyzer (Testo
350XL, GER).

3. Results and discussion

3.1. Reaction of NO with urea supported on ACF

Figure 2 shows 30%urea/ACF yielded the highest NO conversion of all catalysts from
30°C to 120°C. The NO conversion of 20%urea/ACF was just slightly lower than that of
30%urea/ACF. Meanwhile, the NO conversion of 10%urea/ACF also yielded high and
stable activity even with less urea loaded mass than those of 40%urea/ACF and
50%urea/ACF. In contrast, 40%urea/ACF and 50%urea/ACF had low activity due to
too much urea loaded on ACF. All samples yield more NO conversion from 100°C to
120°C. Although the NO conversion was slightly lower than that of Miyawaki [14], it was
obviously higher than those of the reported results of Sullivan Seker and Xu [11-13].

3.2. Reaction of NO with urea supported on series of LayO3/ACF and CeO,]/ACF

Figure 3 shows 10%urea/ACF, modified by metal oxides, greatly affected NO
conversion. In figure 3, 10%urea—10%CeO,/ACF yielded more than 96% NO
conversion from 30°C to 120°C. On the other hand, 10%urea—5%La>0O3/ACF yielded
the highest and most stable NO conversion in the series of 10%urea-La,03/ACF,
higher than catalytic activity of Cu/AC prepared by electroless plating [19] and no less
than that of previous reported results [9, 11-13, 20].
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Figure 2. Effect of loading methods of urea/ACF on NO reaction.
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Figure 4. Reaction of NO with 10%urea—5%La,0;/ACF and 10%urea—10%CeO,/ACF.

3.3. Catalytic stability experiments

Figure 4 shows the catalytic activity of 1.0000g 10%wurea—5%La,O3/ACF and
10%urea—10%CeO,/ACF at 100°C under conditions of 500 ppm NO concentration
and 9% O, concentration; 10%urea—10%CeO,/ACF and 10%urea—5%1La,0O3/ACF
yield 100% in 3h and 1h at 100°C, respectively. Moreover, 10%urea—10%CeO,/ACF
yielded higher and more stable NO conversion than 10%urea—5%La,O3;/ACF at
100°C, which was consistent with previous research [15]. Above all, 10% urea—
5%1La03/ACF and 10%urea—10%CeO,/ACEF still yielded 90% and 79% after 16 h.

3.4. Mechanism of SCR of NO

The reduction of NO with urea on ACF was completed through the following steps.

2NO + O, — 2NO», (1)
NO + NO; + (NH,),CO — 2N, + CO, + 2H,0, ()
2NO; + O, + 2(NH,),CO — 3N, + 2CO, + 4H,0. (3)

Oxidation of NO into NO, was the key step, since the presence of NO, significantly
accelerated reactions (2) and (3). Moreover, (NH,),CO could be treated as reducing
agent like the action of NH; for SCR [9]. Since urea occupied the surface of ACF, it
restricted the adsorption of O, and oxidation of NO. Therefore, the amount of urea
should be optimized to balance NO removal, which was consistent with the result
illustrated in figure 2.
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However, the NO conversion mechanism on urea-MO/ACF (La,O; and
Ce0O,=MO) was different from that of urea/ACF at low temperature (30-120°C).
The catalytic centers would be the metal oxides [21].

2MO + 0y — 2MO;, 4)

MO, + NO — NO, + MO, 5)
6MO), 4+ 4(NH,),CO + 6NO — 6MO + 4CO, + 7N, + 8H,0, (6)
2MO; + 2(NH3),CO + 2NO; — 2MO + 2CO; + 3N, + 4H,0. (7

Reaction (1) can be enhanced by urea-MO/ACF because of the addition of MO, as
shown by reactions (4) and (5). Therefore, the NO oxidation activity over the catalysts
played an important role in improving the catalytic activity since reactions (2) and (3)
could simultaneously take place, significantly enhancing NO conversion. Moreover, the
sample loaded mass of MO and the specific surface area of the prepared catalyst should
be balanced [22], in line with the result of figure 3. Furthermore, thermal gravimetric
experiments showed high chemical stability of La,O3;/ACF and CeO,/ACF [15, 16].
Thus, they could maintain high and stable catalytic activity at 100°C, consistent with
the result of figure 4.

4. Conclusions

The catalytic activity of urea/ACF was greatly improved by loading rare-earth element
oxides (La,O5; and CeO,), of which the best loaded mass percentages are 5% and 10%,
respectively. Furthermore, 10%urea—5%1La,03/ACF and 10%urea—10%CeO,/ACF
could maintain high and stable catalytic activity at 100°C. SCR of NO by urea-MO/
ACF is a desirable method to treat NO from a stationary emission source.
Furthermore, the influence of SO, and H,O is the target of the next research.
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