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Preparation of activated carbon-mesoporous silica composites from coal gangue and

phase transformation during its preparation
LI Hongweil, YAN Kezhou', WEN Chaolu', LIU Dandan?, GUO Yanxia', ZHANG Yuanyuan1
(1. Institute of Resources and Environmental Engineering, Shanxi University, Taiyuan 030006, China; 2.School of Environmental Science and Engineering,
Taiyuan University of Science and Technology, Taiyuan 030024, China)
Abstract: Coal gangue, as a mixture of carbon, silicon and aluminum, can be used for the preparation of composite materials. It shows a
good prospect as the preparation of composite materials can avoid the difficulties of element separation and impurity interference. In this
paper, activated carbon-mesoporous silica composite (AC-SiO,) was prepared from coal gangue by alkali fusion, acid leaching and other
processes. The effects of reaction conditions on the pore volume and specific surface area of coal gangue-based AC-SiO, were investig-
ated; then the phase transformation during the preparation of coal gangue-based AC-SiO, was studied by means of X-ray diffraction
(XRD) and Fourier transform infrared spectroscopy (FTIR). The results showed that several experimental parameters of alkali fusion and
acid leaching process were related to the pore volume and specific surface area of coal gangue-based AC-SiO,, among which the KOH-im-
pregnated concentration, roasting temperature and HCI-leached concentration were the most important factors. The kaolinite and quartz in
coal gangue would be transformed into potassium nepheline and potassium silicate phases, and the solid carbon would be transformed into
activated carbon, when the KOH-impregnated concentration was = 10.7 mol/L and the roasting temperature was = 700 °C; AC-SiO, was
further formed by acid leaching process, when HCl-leached concentration = 6.0 mol/L. At the optimized conditions, the conversion ratio

of carbon and silicon in coal gangue is 90.28%, and the yield can reach 40.2%. The micropore and mesopore of AC-SiO, were formed by
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the accumulation of lamellae (the micropores and mesopores account for 1/2, specific surface area was about 835.1 m%/g, average pore dia-

meter was about 2.97 nm and total pore volume was about 0.62 cm®/g) was prepared. The prepared AC-SiO, had obvious adsorption on the

different molecular weight pollutants of methyl orange and Rhodamine B, and the adsorption capacity of methyl orange and Rhodamine B

were exceed 99.01 mg/g and 99.87 mg/g, respectively.

Key words: coal gangue; activated carbon; mesoporous silica; composite material; phase transformation
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RS- 2 B 3R 5] 49.81 mg/g, X SUAF ST HAESE T
I AR A ] £ 52 A AR T A7 5 T L3 ok %
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1.1 ERSiLH

TR0 I PR A B L P 25 N T e BT ) 2
KB RIET M, 25intre, 17 2XERE )R,
RARPETIAE <80 um; B3 EEFE 5L T 105 °C FHET 24 h
Ja, W B EES N . s, B T A Al
AR, A E AL (KOH) | #h2 (37% HC1) %%, 14
Jor Mkl

K F GB/T 212—2008 CHE 19 Tl 43 B 77 3% ) %
ST AT T Tk 28, HHl X Eaettigk e
SE T B KA AR, 25 R W 1 AT A R
B TEHUIK AR A : Si0, (35.16%) . AlLO; (25.90%) .
Fe,0; (3.81%) %, [E Mk &4 13.04%,

F1 BEEANILSHRIRARS,
Table 1 Industrial analysis and ash composition of

coal gangue

T3 LR /%

My% V% FCy%
Si0, ALO, Fe,0; TiO, MgO CaO K,0 HAl

1.33 16.81 13.04 35.16 25.90 3.81 1.34 0.20 0.67 0.67 1.07

1.2 KEdiE
DASEAT A R B OR), S R B . B R A R
FIE RN FLEEE A MR T MR A 1 .
VAT A B R T e 10 5 BT AR
(3.6 ~ 19.4 mol/L)KOH % H1, T3 i T Hift: 24 h,
ZEW AT TR WS SR AR R4
S (BTE-1200C-SC, 2480 B i & ARH
FRA T ik SR B R A R R, BB AU N,
B BRI EE SN 500 ~ 900 °C, K5 BRI E] Ny 30 ~
120 ming K BB A7 AR K5 A A I [ 9 o &t L oAy
311



2023 4F45 9 1] # 2 M FH K 551 %
KOH N,
1| '
b — _,:| d | RO
= e
2 e o) — &

A1 Eeradl&Ek-NLELZeM T 2R

Fig.1 Preparation process of activated carbon-mesoporous silica composite from coal gangue
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s AR it e 3 T R B [ TR B L, M i
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Fig.2 Changes of pore volume and specific surface area of AC-SiO, obtained from different conditions
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Fig.3 XRD patterns of raw coal gangue, roasted sample and

acid-leached slag
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Fig.4 XRD patterns of AC-SiO, obtained from different conditions
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