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Adsorption PErformance of Hg0 by coal gasification slag: Reaction

characteristics of sulfur-mercury on the surface of gasification slag
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Abstract: During the gasification process, sulfur and mercury in coal can migrateinto gas, wastewater, and gasification slag causing
environmental pollution. Sulfur and mercury have strong affinities, and understanding the migration behavior of these elements during
gasification is of great significance for proposing scientific control methods. In this study, the adsorption properties of Hg’ on gasification
slag under different working conditions are investigated by a fixed bed performance evaluation device, and the reaction characteristics of
sulfur and mercury on the surface of gasification slag are revealed by N, adsorption-desorption, SEM, XPS, and other characterization
methods. The results show that sulfur and mercury are mainly concentrated on the surface of fine slag, which has good Hg’ adsorption
performance, and physical adsorption plays a leading role. It is found that the higher the content of unburned carbon and minerals, the
better the reactivity of sulfur and mercury on the surface of gasification slag. In addition, the atmosphere also affects the Hg” adsorption
performance of the gasification slag. These findings provide a new idea for the high-value resource utilization of coal gasification slag, and
also provide theoretical guidance and research basis for the collaborative removal of sulfur and mercury in syngas, thus contributing to the
sustainable development of clean coal technology.
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Table 1 Proximate and ultimate analyses of samples and their Hg concentration
Tk 53H7/% LRI % .
FESh Hg it 734/ (ng - g7)
Mad Aad Vad Fi Cad Cad Had Q:d Nad St, ad
RC 2.92 13.95 27.46 55.67 66.20 3.46 12.28 0.75 0.44 47.7
Gcs' 0.07 98.56 0.62 0.75 — — — 0.20 2.6
GFS 0.93 64.98 3.70 30.39 32.77 0.23 0.60 0.21 0.28 11.4
GFS-C 1.68 14.94 4.62 78.76 80.46 0.22 0.30 2.10 0.30 13.2
GFS-A 0.74 88.46 248 8.32 10.42 0.02 0.10 — 0.26 10.7
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Table 2 Analysis of ash components in the samples %
54

P
SiO, Al O, Fe,04 MgO CaO SO; K,O0 MnO, TiO, P,0;5 V,05 CrO;
RC 39.20 19.60 7.59 5.22 12.59 12.57 1.48 0.11 1.03 0.46 0.03 0.02
GCS 44.21 15.94 12.90 2.09 16.18 3.21 2.31 0.20 1.04 0.86 0.02 0.04
GFS 43.81 19.47 12.23 1.81 13.48 3.85 2.85 0.19 1.44 0.91 0.03 0.03
GFS-C 31.24 13.49 12.59 4.98 26.52 6.70 1.55 0.23 0.91 1.72 0.01 0.06
GFS-A 40.10 15.63 15.46 3.17 14.34 6.03 2.65 0.30 1.17 1.13 0.01 0.01
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Table 3 Pore structure parameters of gasification slag

#lﬁj SBET/(mz . gil) Vpcu'e/(crﬂ3 * gil) Vmicropore/(cn'l3 ° gil) Daverage/nm

GCS 2.1 — — 5.5
GFS 187.5 2.0 0.03 5.0
GFS-C 394.9 0.31 0.05 5.5
GFS-A 48.3 0.04 — 6.3
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Fig. 3 Scanning electron microscope images of gasification slag
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Fig. 5 XPS spectrum of the used sample

93



2025 45 1

kB H K

F31%

x4 BMBTEHRREARMUSER
Table 4 Fitting results of surface S for samples before and

after adsorption

Sulfur species ratio/%

R Seur atom ratio/%
SOX /Seur SofSeur S /Sur S /S

Fresh-GFS 1.11 35.66 46.56 17.79 —
Used-GFS 1.32 31.96 42.76 19.87 1.24
Fresh-GCS 0.94 38.57 51.05 10.38 —
Used-GCS 1.01 35.13 50.10 12.90 0.63
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Table 5 Inorganic mineral composition of gasification slag before and after acid washing %
FE
Si0, ALO, Fe,0, MgO Ca0 SO, K,0 MnO, TiO, P,0s V,05 Cro,
GFS 43.81 18.92 12.23 1.81 13.48 3.85 2.85 0.19 1.44 0.91 0.03 0.03
GFS-AL 2.19 3.70 2.82 4.54 2.72 54.43 0.61 — 1.13 1.72 — 0.06
GCS 4421 15.94 12.90 2.09 16.18 3.21 2.31 0.20 1.04 0.86 0.02 0.04
GCS-AL 4.92 1.72 1.07 2.29 1.46 87.18 0.15 0.01 0.06 1.13 — 0.01

T He' W REAS ORAR R ALy X AR R
TR . SRINAT A5 IR 2s SR anlEl 8 iR .
126 5 BT L A B, R UEALFS JCHLY) R
ZH00 ALO,. Fe,O5. CaO %5 5 L) i 2 I,
VLA R PRI PR AR FoN BIAR . T 6 WERE], R
VRIS GCS Y LR IR AURIFLBRZS P 5 e, (AT
)2 HOE 2 LA R VR RTAY 5.50 nm 484 22.93 nm,
XA A T R Ve I 7 A R 3 T ) R R ) G
Bk i GES W JCHA A5k . A& 8 A LA ER 5],
GFS Xt Hg' HyWe ffiPERE B #2482 . 2h N, GFS-AL
X Hg' W R0CR i 30.46% MM 2 20.32%. i A"
Yy SR JE LI (4 He” W B PE RESEAC B AT AR 4k, HE
JEPN GCS & # = WR 53 FAH X AR I A kR, fof
Fo6 BREBRTYRIIESKENILEHSEH

Table 6 Pore structure parameters of gasified slag after acid

demineralization
S / Vore/ Vmi rrrrrr /
FEdh o pore” T Dyyerage/nm
(m -g) (m-g) (m -g)
GFS 187.5 2.0 0.03 5.0
GFS-AL 193.09 2.1 0.04 5.3
GCS 2.1 — — 5.5
GCS-AL 22.17 0.1 — 22.93
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Fig. 8 Hg'adsorption performance of gasification slag before

and after acid washing
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