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Table 1 Proximate and elemental analysis of Jincheng smokeless coal

LAk H7/(%, ad)

TCE I HT/(%, daf)

M A \Y% FC
0.69 591 8.81 84.59

H N St O

92.07 3.79 1.27 0.31 2.56
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Fig.1 XRD patterns at different activation temperature
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Fig.2 Raman spectra at different activation temperature
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Table 2 Raman parameters and yields of samples at different
activation temperature

R E/C 700 800 900 1 000
I/l 09997 09934 09858 09771
FEE Y% 28.70 22.26 21.17 18.46
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Fig.3 SEM of porous carbon produced at different activation
temperature
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Table 3  Effect of activation temperature on pore structure parameters of porous carbon

. 2 3 <2 nm 2~50 nm >50 nm
Pl Sper/(m7g)  Viga/(em’/g) D, /nm Vo emVg) e V.o AemYe) g% VoJemY®)  HH%
JE AR 7.03 0.012 6.66 0.000 4 3.42 0.01 77.04 0.002 19.54
C-700 865.92 0.42 1.73 0.34 81.25 0.08 18.29 0.002 0.47
C-800 1221.13 0.62 1.80 0.47 76.17 0.14 23.09 0.005 0.74
C-900 1220.83 0.63 1.80 0.49 77.24 0.13 21.27 0.009 1.49
C-1000 1 169.80 0.67 1.92 0.47 69.88 0.197 29.45 0.005 0.67
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Fig.5 Raman spectra with different K,FeO, dosages
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Table 4 Raman parameters, yields and Fe content of samples
with different K,FeO, dosages

My: Mg, reo, 2:1 2:2 2:3 2:4
I/1, 09956 09858  1.0022  0.9991

T (% 46.10 21.17 14.58 11.30

Fe L HE S T/% 0.55 0.35 1.60 2.06
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Table 5 Effect of K,FeO, dosage on pore structure parameters of porous carbon

£ SgET Viotal D, <2 nm 2~50 nm >50 nm
/ (m¥Yg)  Nemg)  /mm  Vadlem¥g)  HEH%  VoedemYg)  HH/% 0 Vpem'g) %
KFe-1 656.85 0.30 1.73 0.25 83.02 0.05 16.05 0.003 0.93
KFe-2 1220.83 0.63 1.81 0.49 77.24 0.13 21.27 0.009 1.49
KFe-3 1411.78 0.97 2.80 0.18 18.36 0.78 79.85 0.018 1.80
KFe-4 1494.24 0.88 2.34 0.29 33.39 0.58 65.67 0.008 0.94
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Fig.9 Effect of activation temperature on specific capacitance
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Table 6 Comparison of O, N and P content of porous carbon
before and after element doping

FE o) N p
C-900 5.81 0.76 0.01
NP-900 7.19 1.60 1.66
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Fig.12 Specific capacitance before and after doping
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Preparation of Potassium-iron Co-activated Coal-based Porous Carbon
and its Electrochemical Performance

ZHANG Haoran, YAO Suling, DONG Xianshu, FU Yuanpeng, FAN Yuping
(School of Mining Engineering, Taiyuan University of Science and Technology,
Taiyuan, Shanxi 030024, China)
Abstract: A coal-based porous carbon was prepared through a single activation process. Jincheng smokeless

coal was taken as the research object and ferrate (K,FeO,) as the activator. Meanwhile, potassium-based
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substances were served as pore-forming agents and iron-based substances contributed to the catalyzing
graphitization. The optimal activation temperature and activator dosage were investigated, and the
physicochemical structure of representative samples was analyzed using techniques including Scanning
Electron Microscopy(SEM), nitrogen adsorption testing, Raman spectroscopy and X-ray diffraction(XRD).
The electrochemical energy storage characteristics were evaluated. On this basis, the effect of N and P
element doping on the structure and electrochemical performance of the porous carbon was investigated. The
results indicate that, the pore structure of the porous carbon evolves from ultra-micropores to micropores and
hierarchical pores, while the carbon microcrystals transition from amorphous to graphitic structures during
the one-step chemical activation process with K,FeO,. Specifically, with a coal-to-K,FeO, mass ratio of 1:1
and an activation temperature of 900 ‘C, the porous carbon attains a specific surface area of 1 220.82 m?/g.
At a current density of 0.5 A/g, its capacitance reaches 149.47 F/g, and even at a high current density of 10
A/g, a capacitance retention rate of 77.39% is maintained. The electrochemical performance of the porous
carbon is also enhanced to a certain extent after N and P element doping, with a specific capacitance
reaching 167.45 F/g, and the capacitance retention rate increased to 87.98%. This porous carbon material,
which is characterized by its cost-effectiveness, accessibility, and environmental friendliness, has great
potential for industrial applications.

Keywords: smokeless coal; coal-based porous carbon; co-activation of potassium and iron; nitrogen and
phosphorus doping; electrode material; supercapacitor
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Preparation of Amino Modified Coal Gangue and its Adsorption of Pb (II)

LIU Bojun, YAO Suling, DONG Xianshu, FU Yuanpeng
(School of Mining Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: The development of coal gangue adsorbent can not only effectively utilize it, but also reduce the
treatment cost of heavy metal ion wastewater. A series of adsorbent materials were prepared by intercalation,
hydrochloric acid pretreatment and amino modification using coal gangue from JinnengTashan Coal
Preparation Plant as raw materials. The experimental conditions were optimized by Box-Behnken
experimental design method. The adsorption properties of Pb ( II ) in water were investigated. The physical
and chemical properties of the adsorption materials were analyzed by XRD, FTIR, BET and Zeta potential.
The results showed that the adsorption capacity of Pb ( II ) by coal gangue after intercalation, hydrochloric
acid pretreatment and amino modification was increased from 1.89 mg/g of the raw ore to 23.02 mg/g. The
grafting rate of amino groups on the surface of coal gangue is the key to adsorption performance. The
adsorption of Pb ( II ) by the adsorbent conforms to the pseudo-second-order kinetic model, and the
isothermal adsorption conforms to the Langmuir adsorption model. The amino-modified coal gangue
prepared from coal gangue has the advantages of low cost, good adsorption performance, and potential
industrial application value.

Keywords: coalgangue; silane coupling agent; adsorbent; Box-Behnken experimental design; Pb (II).
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