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Table 1 Particle size composition of the samples
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Table 2 Proximate and ultimate analysis of coal samples
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Table 3 Test schemes
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Fig.1 Effect of mixing speed on the HHS separation
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Fig.2 Effect of mixing time on the HHS separation

M 3T LLE H, fE7 s B E (1800
t/min) T, A] DAFEAR AT HE I ) P 56 BOR B
K703, £ 1 mnk, 7 LL3KSE KD
97.04% FAT AR AR 89.68% [KIJEH™, {HEHEN
IR ier o Bl PR A1 AE K, T 5 A ) e
WE 2, ARV I SR K R R 5D
REME i, ATD TR K 5> o 3 min B, ¥
W IR IER] T 24.83% B K53 97.30%. 7] BAfK
IR IE R T 90.40%. B A i HE0 [A] FE,  [4]
AR RSB WAL K, KRR HE N S A 1) L%
Whn, KWK BE S .
3.3 BKikiAR=E/REm

AT B KA A B HHS 2 58 308 B 5

M, S5 ILE 3,
100 —o o o 40
5‘ %07 0\0\0\0/“
% 20 | {35
8
£ 70t K
% 60 1% i
s L )
e
<4§ 0 ¢ 25
= - B K5y 7
Hj@ 40 —o— A MR i R
‘ —A— KETIRK Y
30 . . 20

3:10 5:10 7:10 9:10 11:10
MR KRR
B3 Bkt HHS 5 B8R Mm
Fig.3 Effect of hydrophobic liquid dosage on the HHS
separation
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Fig.4 Effect of slurry concentration on the HHS separation
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Fig.5 Effect of slurry temperature on the HHS separation
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Table 4 Effects of various hydrophobic liquids on the HHS

separation
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/cp) /% % %
1 0.23 25.74 97.79 92.00
g 0.30 24.59 97.96 92.42
BB 0.40 23.12 97.49 89.46
i 2.50 27.05 97.44 91.10

4 R A ERIK AT

XPRE A L K 5 gy il N 22.07% F
97.3% HIKGH /R A A, Hkse 5 B 1E
PEFEEE 2700 r/min, PN ) 5 min,  mg e
myen =21 K131, HE S KW R XRF 53477
FU,OFE R TP R EL Si0,. ALO;. Fe,O4 Al
CaO NFE. El 6 hmEigRy, £ /guh
W, BB AR R N, FEH KT AR S A
e 555 B EU SR R R B . JERE. RS REN M4
JERFAEVE B, RS0 UT R A S R R s T
JRFERA, Mk a, JEAE. KRBT A
g%ﬁ,ﬁ%EEﬁ%Wﬁkﬁwmw%ﬁk,

X5 XRF 73Hr & —51.

BRI 2, 7= dh o N E SR IS R PN
Hore H s SR PR #{E>6000 keal/kg, w1 LA
PSR, Rk B AR, B gy — L
WA B RTORAA,  BLanyE PR R A T R S W
PRI R (i K r] LU SRS 86 . S I E A
Bl AENEBITE A RIS, KA - B
FEOV B BRI I A ) S v B DDA A L o

A S0 A 388 A DA X AN B R () B
IKTRARBEAT IS A AN IR /IR 5y 85, Ja 8252 56 K R
FH IE P e 55 F B fe J gk AT S 3R i 9T, AT DAZE IR
N E R KA AT A, P T
2 PR

5 HLE AT

P A SRR 5V — € 1)
2557, R =R R B R0 2R B IS () R E R
HATFDUSEL, B R IER 6. F-2.1 g/em’ B
B 5 +2.4 glem’® KR AT IR S BT . FTIR 43
Bt SR R AR 7t HHS S AL S % /2K 7y



3

2024 %6 H B, BAAMBRAK-FRIGR B/ AN B L « 67 o
"S5 WTIPSUEERER IR/ RS BT M XRF SHER/%
Table 5 XREF results of the samples and separation products
LR Sio, ALO, Fe,0, CaO MgO SO, TiO, K,0O Na,O P,0; &it
JRFE 53.78 15.02 10.08 9.01 3.11 2.79 1.94 1.87 1.14 0.42 99.16
K- 50.19 15.39 12.15 9.36 3.11 2.61 1.29 2.21 1.65 1.11 99.07
R 51.71 15.57 10.25 8.84 3.23 2.70 1.99 2.70 1.99 0.35 99.33
P& KA R 42.15 11.77 7.90 7.06 2.44 2.19 1.52 1.47 0.89 0.33 77.72
&Ko IR 11.08 3.40 2.68 2.07 0.69 0.58 0.28 0.49 0.36 0.24 21.86
&R R 50.31 15.15 9.97 8.60 3.14 2.63 1.94 2.63 1.94 0.34 96.65
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Fig.6 XRD patterns of the sample and separation products
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Table 6 Density composition of the sample

W (glem)  FEEY% K% BUHTERY% B K%
2.1 1434 30.72 14.34 30.72
2.1-2.2 5.13 54.85 19.47 37.07
22-2.3 10.53  60.30 30.00 45.23
2.3-2.4 2087  83.17 50.87 60.79
+2.4 49.13  96.39 100.00 78.28
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Fig.7 Residual carbon and high ash heat flow lines of the
sample by adsorption / desorption processing
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Fig.8 FTIR spectra of the kerosene
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after kerosene treatment
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Table 7 Type of functional groups and their corresponding
absorption peak range
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Table 8 Test results of the contact angle
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Extraction of Carbon from Fine Coal Gasification Slag by Hydrophobic-
hydrophilic Separation

XUE Zhonghua', DONG Lianping', FAN Mingiang', YANG Chongyi',
WANG Jiancheng’, BAO Weiren®
(1.College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
2.Key Laboratory of Coal Science and Technology & Ministry of Education and Shanxi Province, Taiyuan
030024, Shanxi, China)

Abstract: This is an article in the field of mining engineering. Coal gasification slag is a type of solid waste
generated during the coal gasification process. The presence of residual carbon significantly limits its
potential for reuse and recycling. Therefore, the extraction of residual carbon from coal gasification slag is a
pressing concern. In this research, the separation of residual carbon and inorganic minerals from gasification
fine slag was studied by hydrophobic-hydrophilic separation technology. The effects of stirring speed,
stirring time, hydrophobic liquid dosage, pulp concentration, pulp temperature, and hydrophobic liquid type
on the separation effect of carbon/ ash were investigated. The hydrophobic-hydrophilic separation
technology has excellent carbon extraction and ash reduction effect on coal gasification slag, and the ash
content of its carbon product can be up to 30% or less, while that of the ash product can be up to 95% or
more. The separation mechanism was revealed by the characterisation analysis, which showed that the
adsorption strength of residual carbon on paraffin was much higher than that of ash, which made the
kerosene-treated residual carbon hydrophobicity greatly increased and easy to be captured by the oil phase.
This study can provide important guidance for the efficient carbon extraction and ash reduction of coal
gasification fine residue, which can help to achieve the comprehensive utilisation of coal gasification solid
waste.

Keywords: Mining engineering; Coal gasification fine slag; Hydrophobic liquid; Agglomeration;
Hydrophobic-hydrophilic separation
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