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Abstract With the increasing amount of coal gasification slag (CGS) being generated and stockpiled, it is

gradually becoming an urgent problem for the coal chemical base. CGS is rich in SiO,, Al,O,, residual carbon and

35
mineral nutrients, and has a large specific surface area and well-developed pores, making it a natural advantage in
the preparation of adsorbents ( mesoporous silica, molecular sieves, ceramic membranes, coagulants, etc. ), soil
conditioners (soil conditioners, compost, sand improvement, etc. ), catalysts, etc. The article analyzes the particle
size distribution, pore structure, chemical mineral composition and elements composition of CGS, summarizes the
preparation of CGS-based mesoporous silica, molecular sieves and their composites, and focuses on the adsorption
performance of CGS-based porous materials for pollutants such as heavy metals, organic dyes, ammonia and nitrogen,
and the progress of research on the application of CGS to soil conditioners, compost additives and sandy soil
improvement. In order to improve the economic efficiency of enterprises, future research should enhance the graded
utilization of CGS to maximize the benefits of their respective utilization.

Keywords Coal gasification slag, Mesoporous silica, Molecular sieve, Water remediation, Soil amendment,

Catalyst, Adsorption mechanism
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Fig.1 The formation process of coal gasification slag
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Tab.1 Pore structure parameters of size-segmented CGFS
CGFS $i 4t/ pm BET H &AL (m®/g) MILA/ (em®/g) ALILA/ (em®/g) - FL4% /nm

<45 215.90 0.270 0.00015 4.95

45~75 239.41 0.220 0.015 3. 64

75~125 427.27 0. 400 0.015 3.71
125~250 562.22 0. 430 0. 065 3.06

250~ 500 331.53 0.230 0.580 2.81

>500 61. 88 0. 054 0. 007 3.47
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Tab.2 Chemical composition of a typical Chinese gasification slag

. TR % ET
7 4 JEURH Pkl : : -
Sio, AL O, Fe,0, Ca0 MgO Na, O SCHk
CGCS \ 35.75 8.71 14.19 15.87 1.76 2.91
B o Z 5T W o [2]
CGFS 14. 86 7.72 8.73 8.16 1.55 1.55
CGCS 53.36 16. 81 10. 04 8. 11 2.15 2.13
TH - (2]
CGFS 40.75 12. 66 7.27 6.79 2.40 1.92
» CGCS 27.33 14.43 23.90 19. 04 0.94 2.13
CESL] e - [2]
CGFS 32.01 12. 88 11.48 11.19 0.86 3.22
CGCS ) 10. 10 22.58 24. 40 24. 40 0.68 4.11
¥ GE ¥ [29]
CGFS 14.74 29. 81 9.71 9.71 0.99 4.56
2R CGCS LN 46.70 22.07 11.63 11.63 0. 85 - [29]
. CGCS ) 14. 43 27.33 23.90 19. 04 0.94 2.13
KH B [30]
CGFS 12. 88 32.01 11.48 11.19 0.86 3.22
CGCS 12.21 24.19 9.14 13. 60 1.19 1.36
EH SHELL 7 [30]
CGFS 15.38 26.21 4.84 4.85 0. 80 1.50
CGCS X 41.12 12.72 - 12. 88 1.23 1.49
Bl Texaco #* [31]
CGFS 32.20 8. 87 - 4.33 0.69 0.54
=" R SR R R AR K
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Tab.3 Comparison of preparation types and properties of molecular sieves for gasification residues

P RFFEAE W B 4 o
TR am RO REWE () A (o) R T E e
p % - V834 189. 3 0.24 MB 99. 7% [12]
NaP % 5.54 SRR 161. 06 0. 0021 NH; 92.67% [13]
MCM-41 3.98 1347 0.83 - - [47]
7ZSM-5 - NEPANTIELN 299 0.067 MB 82.07% [49]
FAU # 7. 61 ANGEREN 509. 88 0.0776 NH;, 79. 63% [57]
AT - [IEANTTRCN 311 0.38 NH; 51.0% [66]
SOD %! 8.34 LINTTRE 25.74 0. 052 Pb** 96% [67]
Y # - ANTTELN 439. 68 0.35 7K Wy 54% [68]
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Fig.2 Mechanism of PhB adsorption by SBA-15 and X-type zeolite/carbon composites' "’
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1) FAU FI NaP 3 A7 X5 A5 4805 7K rh 20 &0 19 25 B 3l
M5, T RBRCR IR AE e i LB R
WM 79.63% Fl 92.45% , NaP H4 H5 43 W B 2
4.56mg/ g,

AL = E A RE B 25 5 45 0 A W] B9 PR RE B
W22 A BRI e 0 B fek A4 BE 3 T ) - Ol & 2B i+
b, —aEfRE L& T X NO, A% H W B 6
FLZ B 47 S DA Ak 2= 0 B S 3 O B A A B
BEFESOT L NOS A I B A5k SR 52 Vs TR R A B i LA
ML AL RE R A MO CGFS-0) ], pH LI
i, CGFS-0 i % H' 4L Fl, 158 7 X NO; A9 #f
FELR B s pH B s B FE B TR DB T, — o 1R
FEBHAT T NO; B W BF* . Langmuir #5551 3540 4
CGFS-0 Xf NO; 1y fc K W B 8 11. 45mg/g, B
W BRI NOS R PR b AN 5 i
2.2.4  WEENBER AR

TEMERR A S R G BT R 0 & 2 2 [



http://www. hxtb. org

fbm e 2024 4F 35 87 & 5 114 <73 -

HARRM, KA w22 g fr e, 4 1
Fritad 2, 5 g | KR E SR A0 i KA
FEACI AR T R BRK T I E =T,

FWEFE o, CGS JE B/ 41 52 & #1 B il A7
RO B B R AL SR A (X R R 1 I R
RE NI AT PR ZRkEh B h 45 oM I n b RE X 1
W B RE A5 3] T K BE AR T . X RN f AR
BRAE K FK R Fe-OH, 5 POY JE KRN Fe-0-P
B4, /T A 0 POY . SR B2k 2k 1 ik /
OZEMEH(M-C/ZC) BT R B T B2, X 2
Kk M-C/ZC X2 46 i W B £ 23k A F 3k
B A Bk A B0 DR/ R RE T B 2
5577, M H M-C/ZC A RE, B o vE R ROE
(CGCS-Zr) iy ] 5 &2 i FH Pk B 4, 58 DU O 1 246 1
W BffHE AR F5 76 11.98mg/g, I H CGCS-Zr B & %
LT R P e W B 75 (14, 08 ~23.78 mg/g) ,
MHH T 92 b R K A BRI B K AR & b i B HL
B (TOC) FIFHE F (Ca™ K Mg™ %5) & i ¥ 47
FEAR )RR B A R W, B R 3k Bl o 4 5B IR R
B 53 71k 4 Ja SR Ak 4 2 T 5 i IR B o 2 )
M ERFL IS  BERAR B T 5 CGCS-Zr &8 & 1k
T 1) F2 ik AT =2 ) ) TC A4 38 8 , DA B AR BN )2 D
B, L 45 VT RS B B LA S (LR 3)
8 T U AN B LLAR , CGCS AR B $E 71 1Y 5 45
e AVENTLAR

M-OH M-OH,*
Protonation
HO-M M-OH —2tonation 1
M-OH —— o HO-M M-OH

M-OH M-OH MOH + M-OH,"

- Electrostatic attraction

\ PH<10
1 ——
M-OH,"  H,PO,
0

Electrostatic attraction

3 CGCS-Zr WM BEER IR Ao HLIE ™)
Fig.3 Mechanism of phosphoric acid adsorption
by CGCS-Zr!*

FEIRZHE TR, LA CGS il £ 1y Wz B 55) 1
AE R4 (HR AR 73 W 5273 4k T 52 56 2 B BE, O HLAA
b 5 e R T ™ A B IR R R B T ) ALk R A
IR — A IR A i e MR O L TR] R R
6 I AN REACTE FL 2 A W B 2o A, S P B K R B T
PeW R IR, Hofl s Bt B AR TS Qe Wy
LBRERAAAEIMHAE A, LSRR 2% 2 kTS

USENLIE SIS

BRI S (10 B RS P BE S, A 1 8 X T W R A
T[] R T B TR G 8 ARG R R I A
RERYSLAL . >4 4 SR EE 78 300°C LLF I, 23 1 U
MM B AR, FHAE R RERLLS , = T 300°C B,
W2z, B SRX T /B0 A pphin & |
i BRE R B RR AR AR R W A R DL
AE. BRICZHh, B IE R U, 55 Bk
ARG ACL A W R W TR, B,
ARRMETE B 5 4R P T A R B i
FH A — UM 7 i B, 5 A A R ) A Y
ZALM B EL , CGS 1K B 77 75 7K St v 1 4T 4k H
A ARG R K T 1 B CGS J 1 B 78] 7 A i
WF ST BT T 5 A | I AT TR IR AAZ

3 TEURA

CGS & & ®E, HALB M AL, h 1K
VEShy A e ok ROGA) S8 8t T 2% #F . CGS 1 3
e BRI T N D AL AR A S ) HE AR R
TR G HR A
3.1 TEEEAFH

TR E R LR R R R 2
— A EB/NG A AL A KA R KR IE
e et ™ L HER) pH | BH B T 32 e i A0+
ALV AR B AR
T A A HLETC L R R, AT A R 1
g

CGS J&—Fl e 5% 4% i< F1 TS ML AN 43 4 1 1 22
LSRR 52, HALBR 8 THIE /£l 3R
R RS B A R Oy RN A W v R R
U AR B A I P g i i AR 45, BE Y
FLBR RS 4 8 0 3 M AT B4R T X T 4
P LA T AAE Y A K B AR R
BEAh, CGS ha S AE Y I i T R LS NP
K &5, 78 — & f B b ] 32 & R AE W) 7 &
PRV AR R (AL 4) 5 R
BN 20% K9 CGS B, HIEAT MM 1.47g/ecm’ [
K3 1. 05g/cm’ , B 75 2 2 35 3% I # 55. 38g/kg,
PRKBE 42, BHES F a2 e & & M 2. 17cmol/kg
BN 4. 68cmol/kg, I H E K F/NE MY & ZF R
AR

Bi UL Z A1, CGS 11 4 B8 % it 5 A Wy e 2540,
22 FLG5 8 X8 Wl R A 2 LA B A 1 W R B T A
AW B &R 3.9984mg/g., FF H, CGS X 2 AR



- 74 - L2k 2024 4F 55 87 4% 55 1 )

http ://www. hxtb. org

100 |- (a) Maize

20%

Germination rate/%

Germination rate/%

L (b) Wheat

o
S

@®
=]
T

[=2]
S
T

N
o
T

n
o
T

o

F
P

;

Time/d

Time/d

El4 SH@AEsmEMNENEREFEHZM

Fig.4 Effect of gasification fine residue admixture on germination of wheat and maize'®!
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