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Abstract : A series of catalysts were studied for removal efficiency of hydrogen cyanide (HCN)

under micro-oxygen conditions. It was found that activated carbon modified by Cu, Ce, and cobalt
sulfonated phthalocyanine (CoSPc) denoted as AC—-Cu—CoSPc—Ce showed significantly enhanced
catalysis ability. The influences of preparation conditions on catalytic activity were studied, which
were the kinds of additive, calcination temperatures, and oxygen concentration. The effects of the
calcination temperatures on the catalyst were characterized by scanning electron microscopy (SEM).
The AC-Cu—CoSPc—Ce catalyst showed >98% conversion of HCN at 200-350 °C. We concluded
that AC-Cu—CoSPc—Ce could be used as a catalyst for the removal of HCN by simultaneous
hydrolysis and oxidation.

Introduction

Hydrogen cyanide (HCN) is a type of colorless and acutely poisonous compounds existing in
vehicle exhaust emissions [1-2], chemical processing [3], and typical industrial tail gas[4,5] etc. In
addition, HCN is observed as an unfortunate byproduct of NOx removal processes [6,7,8]. ASHCN
in various gases not only pollute the environment but also poison the catalysts [7], many methods
have been developed to remove HCN from tail gas. The main technologies for HCN removal
include adsorption [9,10,11,12], combustion [6], catalytic oxidation [4,8] and catalytic hydrolysis
[13,14], etc. Among these methods, the adsorption method is widely used for HCN removal,
especially aiming at the development of new adsorbents, particularly supported metal oxides
[10,11]. Recently, catalytic method was recognized as the most promising process due to the
harmless, no secondary pollution, and higher conversion efficiency. However, only a few
reports could be found focused on the catalytic decomposition of HCN.

O.Krocher and co-workers [7] carried out a detailed investigation of the HCN hydrolysis and
oxidation over heterogeneous catalysts. With O, and H,O present, the maximum selectivity of N,
was about 40% using Cu-ZSM-5 at 400 °C. Zhao et al tested a 0.5% Pt/Al,O5 oxidation catalyst [8].
They found that in the presence of excess oxygen, the strongly bound reaction intermediate CN™ is

fully oxidized only above 400°C. Nanba et a. found that H-ferrierite coated on cordierite monoliths
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converted about 78% of 250 ppm HCN at a GHSV of 21,200 h™* and a temperature of 500 °C in the
presence of water and oxygen [15]. The main reaction was the hydrolysis of HCN to NH3 and CO,
but above 400 °C, small amounts of CO, were also found, pointing to the partial oxidation of HCN
at these temperatures.

In this study, the simultaneous hydrolysis and oxidation of HCN is investigated using
AC-supported catalysts at micro-oxygen conditions. In the present work, Cu is chosen as the active
ingredient. It was found that activated carbon modified by sulfonated cobalt phthalocyanine (CoPcS)
showed significantly enhanced catalytic activity. Mel and Wang reported that CoPcS could create
additional oxidation sites [16,17]. CeO,, which possesses high oxygen storage capacity and
excellent redox property [18], is also investigated as one of the catalyst active ingredient for HCN
removal. For the assessment of the catalytic materials, scanning electron microscopy (SEM) was
accomplished.

M aterials and methods

Catalyst preparation. All catalysts have been prepared by impregnation method. Activated carbon
(AC) prepared from commercial coal-derived carbon was used as catalyst supports in the
experiments. AC samples were impregnated with the Cu(NOs), solution (0.1 mol/L, 50 mL),
Ni(NOgz)2 solution (0.1 mol/L, 50 mL), Ni(NOs), solution (0.1 mol/L, 50 mL), the combination of
Cu(NOs3), solution (0.1 mol/L, 50 mL) and Ce(NO3)3-6H,0 solution (0.01 mol/L, 50 mL), or the
combination of Cu(NOs), solution (0.1 mol/L, 50 mL), Ce(NOs3)3-6H,0 solution (0.01 mol/L, 50
mL ), and CoSPc solution (0.05 g/ 50 mL-10% NaOH), respectively. The impregnation was carried
out under stirring for 24 h, and then the reaction solution was filtered to give the catalyst, which was
dried at 110 °C for 12 h, followed by calcination at a specific temperature (250-450 °C) in a muffle
furnace. Samples impregnated with different impregnants were denoted as AC-Cu, AC-Ni, AC—Co,
AC—Cu—CoPcS and AC-Cu—CoPcS—Ce, respectively.

Catalytic Activity Measurement. The experiments were carried out in a fixed bed quartz
reactor with a temperature range of 150-350 °C. HCN was measured through the
iS0-nicotinic-acid-3-methy-1-phenyl-5-pyrazolone spectrophotometric method. The component
distribution and analysis on the surface of samples was studied by SEM. SEM produced by the
Japanese Hitachi electronic and field emission of S4800.

Results and discussion

Effects of modifierson HCN smultaneous hydrolysis and oxidation. Six catalysts modified with
different impregnants, denoted as AC, AC-Cu, AC-Ni, AC-Co, AC—Cu—CoPcS,
AC—-Cu—-CoPcS—Ce, were studied and their catalysis capacities were measured and compared in
dynamic removal capacity tests of HCN. The HCN removal rate curves of the above catalysts are
plotted in Fig. 1. Compared with AC, AC-Ni, and AC—-Co, sample AC—Cu displayed a significant
improvement on HCN removal. What's more, it can be seen that the ability of HCN removal
displayed afurther improvement after the addition of CoPcS and Ce. This might because CoPcS can
increase the oxidation function of catalyst, and Ce can further improve its redox property. Thus, the
removal efficiency of AC-Cu—CoPcS—Ce was improved.
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Fig. 1. Catalytic performance of HCN on Fig. 2. Catalytic performance of HCN
different catalysts. Reaction conditions. over AC—Cu—CoPcS-Ce  with
5% H,0, and 0.5% O,. AC wasincluded different oxygen contents. Reaction
as reference samples. conditions: 5% H-0.

Effects of the oxygen content. Fig. 2 shows how the oxygen content affects the coupled
catalysis of HCN on AC-Cu-CoPcS-Ce at a variety of temperatures between 150 and 300 °C. It was
found that the removal rate of HCN with 1.0% O; is the highest compared to than that with other
oxygen contents. The oxygen content is also one of the important factors that influence HCN
purification efficiency, and we sought to identify the optimal O, content for AC-Cu-CoPcS-Ce
catalytic activity. The reason that the highest removal rate of HCN was achieved with 1.0% O, is
that AC-Cu-CoPcS-Ce catalysis is limited at lower oxygen content and thermally unstable at higher
oxygen content.

Effects of calcination temperature. AC—Cu—CoPcS—Ce catalysts prepared a different
calcination temperatures (300 °C, 350 °C, 400 °C, 450 °C) were selected for study. The effects of
calcination temperatures on the AC-Cu—CoPcS—Ce catalysts for HCN removal are shown in Fig. 3.
These data show that the calcination temperature is an important factor that influences the HCN
removal efficiency. As the calcination temperature increased from 300 °C to 400 °C, the removal
rate of HCN increased markedly. The AC-Cu—CoPcS—Ce catalyst calcined at 400 °C exhibited the
best catalytic activity. However, when the calcination temperature was higher than 400 °C, the
HCN removal efficiency decreased with increasing calcination temperature. If the calcination
temperature is too high, it can accelerate carbon decomposition, which leads to a reduction of the
activity of the catalyst [19].
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SEM analysis. The qualitative elemental analysis of SEM on part of the catalyst surface are
shown in Fig. 4. SEM micrographs showed that the AC had rough areas containing various
irregularly-shaped particles. Comparing the four catalysts of different calcination temperature, after
calcined at 400 °C, the AC—Cu—CoPcS—-Ce surface showed more bright areas with various
dimensions and shapes in the SEM micrographs (Fig. 4(c)). There was arelatively large AC surface
area covered by modifier during the calcination, indicating better active phase dispersion on this
support. Therefore, the brighter area shown in the SEM of Fig. 4(c) represents components with
higher atomic number, and the darker area corresponds to carbon. There is not much difference
between Fig. 4(a) and Fig. 4(b), which correspond to the SEM image of activated carbon calcined at
300 °C and 400 °C, respectively. However, slight ashing could be seen in Fig. 4(d), which may be
due to carbon decomposition caused by a higher temperature calcination.

Conclusions

In order to develop highly efficient and stable catalysts for the decomposition of HCN by
simultaneous hydrolysis and oxidation, AC based catalysts loaded with metal oxides were prepared
in this study and their catalytic activity was tested. Comparing with other catalysts, Cu, Ce, and
CoSPc modified AC showed a significant improvement on HCN catalysis. The AC-Cu—CoSPc—Ce
catalyst showed >98% conversion of HCN a 200-350 °C. By exploring different reaction
conditions, the optimal oxygen content was determined as 1.0% O,. The AC-Cu—CoPcS—Ce
catalyst calcined at 400 °C exhibited the best catalytic activity. The SEM results illustrate that the
calcination temperature can control the formation of the crystalline phase. It was concluded that Cu,
Ce, and CoSPc modified AC promises a good candidate for hydrolysis and oxidation of HCN.

Acknowledgements

This work was supported and funded by the National Natural Science Foundation of China (No.
51268021), 863 National High-tech Development Plan Foundation (No. 2012AA062504).

407



References

[1] M.M. Baum, JA. Moss, SH. Pastel and G.A. Poskrebyshev: Environ. Sci. Technol. 41 (2007)
857-862.

[2] H.L. Karlsson: Sci. Total Environ. 334 (2004) 125-132.

[3] M.S.A. Rahaman, A.F. Ismail and A. Mustafa: Polym. Degrad. Stab. 92 (2007) 1421-1432.

[4] P. Dagaut, P. Glarborg and M.U. Alzueta: Prog. Energy Combust. Sci. 34 (2008) 1-46.

[5] M. Jiang, Z.H. Wang, P. Ning, S.L. Tian, X.F. Huang, Y.W. Bai, Y. Shi, X.G. Ren, W. Chen,
Y.S. Qin, J. Zhou and R.R. Miao: J. Taiwan Inst. Chem. Engrs. 45(2014) 901-907.

[6] J. Giménez-Lopez, A. Millera, R. Bilbao and M.U. Alzueta: Combust. Flame. 157(2010)
267-276.

[7] O. Krdcher and M. Elsener: Appl. Catal. B. 92 (2009) 75-89.

[8] H. Zhao, R.G. Tonkyn, S.E. Barlow, B.E. Koel and C.H.F. Peden: Appl. Catal. B. 65 (2006)
282-290.

[9] T.M. Oliver, K. Jugoslav, P. Aleksandar and D. Nikola Chem. Eng. Process. 44 (2005)
1181-1187.

[10] P. Ning, J. Qiu, X. Wang, W. Liu and W. Chen: J. Environ. Sci. 25 (2013) 808-814.

[11] Q. Zhao, S. Tian, L. Yan, Q. Zhang and P. Ning: J. Hazard. Mater. 285 (2015) 250-258.

[12] Seredych M, van der Merwe M and Bandosz T J: Carbon. 47(2009) 2456—-2465.

[13] S. Schafer and B. Bonn: Fuel. 79 (2000) 1239-1246.

[14] S. Schafer and B. Bonn: Fuel. 81(2002) 1641-1646.

[15] T. Nanba, A. Obuchi and S. Akaratiwa: Chem. Lett. 9 (2000) 986-987.

[16]H. Mei, M. Hu, H.X. Ma, H. Yao and J. Shen: Fuel Process. Technol. 88(2007) 343-348.

[17]F. Wang, X. Wang, P. Ning, X. Jing, Y. Ma, P. Wang and W. Chen: Adsorption. 21 (2015)
401-408.

[18]H. Chang, M. T. Jong, C. Wang, R. Qu, Y. Du, J. Li and J. Hao: Environ. Sci. Technol.
47(2013) 11692—-11699.

[19]K. Wu, D. Wang, L. Shao, M. Shui, R. Ma, M. Lao, N. Long, Y. Ren and J. Shu: J. Power
Sources. 248 (2014) 205-211.

408





