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Abstract: The efficient resource utilization of coal gasification slag is a key issue that urgently needs to be addressed in

the fields of energy, environmental protection, and sustainable development. As the main byproduct of the coal gasifica-

tion process,

the annual emissions of coal gasification fine slag are enormous. However, its traditional processing methods

face technical bottlenecks such as difficulty in separating carbon ash, low atomic utilization rate, and severe secondary pol-

lution, which seriously restrict its resource utilization efficiency. This study innovatively developed a one-step reconstruc-
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tion technology for in-situ activation of coal gasification fine slag, and successfully prepared carbon/P-type zeolite com-
posite materials (CPCMs), achieving efficient synergistic activation of silicon, aluminum, and carbon elements in fine slag
under mild conditions. The composite material has a flower shaped multi-level pore structure with a specific surface area
of 107 m*/g, mainly composed of mesopores. In addition, by regulating the alkaline leaching time and calcination condi-
tions, P-type zeolite in CPCMs can be directionally converted into sodium cross zeolite. CPCMs exhibit excellent adsorp-
tion performance for crystal violet dye in water, with a maximum adsorption capacity of 454.6 mg/g at 303 K. Its adsorp-
tion behavior conforms to a quasi second order kinetic model, R*>0.995, Indicating that chemical adsorption is dominant.
The isothermal adsorption data is highly consistent with the Langmuir model, confirming the uniform adsorption charac-
teristics of the monolayer. Thermodynamic analysis shows that the adsorption process is spontaneous endothermic, AG <
0, AH=33.92 kJ/mol, AS > 0. Mechanism studies have shown that adsorption is due to multi mechanism coupling: the
mesoporous confinement effect and electrostatic attraction of P-type zeolite, and the adsorption capacity is significantly in-
creased when pH > 7; @ - m conjugation of residual carbon components; Ionic exchange and complexation between metal
ions and crystalline violet cations in composite materials. It is worth noting that CPCMs maintain stable adsorption per-
formance over a wide salinity range and exhibit good anti-interference ability. This study not only achieved high-value re-

source utilization of coal gasification fine slag, but also provided economically efficient adsorption materials for industrial

wastewater treatment, which has important environmental and economic benefits.

Key words: coal gasification slag; in situ conversion; silicoaluminate polymer; porous materials; dynamic model
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Fig.1 Experimental process for one-step reconstruction of CPCMs from CGFRs
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Fig.3 SEM of CGFRs and CPCMs and EDS analysis of carbon components and P-type zeolite components in CPCMs
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Fig.7 Kinetic characteristics and model fitting of CPCMs adsorbing crystal violet
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Ing. = Inkg+1/nlnc,

(6)

ce/qe = ce/Qmax + l/(qumax) (7)

Horp, 280 ke A1 n 4 Freundlich 3 %, mg" ™" -
L'/, 435905 W 6 75 0 B O 08 P85 A G . B8 ke, A
Gmax 9 Langmuir % %0, L/mg, mg/g, 735 445 &7 55
SRR AR KB A7 OC . f I 8a o, M1 iR it
WAL 1000 mg/L B, W Bk B ) G v
Jmi I, R WA YR R TR I R
A7 1 Bl W46 W B AR — 2 HE T, R B G 4 ik
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() Py AH ELAE R A G

18 1 W A Langmuir A1 Freundlich #5 %4 X 52 56 44
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8c 1, PASHONC B AEZR 4 b 8L AN [FEE
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=T 0.997, FBHH B REMER H R 2 B WX 45 R
W4T R FEF Freundlich FREYHLA (1A AH O R EAH XS
& A (< 0.7), BN BEIR &7 il ik CPCMs X 7K
ERTE L

* 3 CPCMs W MZERENNFESE

Table 3 Kinetic adsorption parameters of of crystal violet in water by CPCMs

HE—2gh 1% WK Bh 12
q(IR%)/(mg - g7 q:(Hi8)/(mg - g7") ky/(min) R q.(iE)/(mg - g7") ko/(g + mg™" - min”") R
230 106.29 0.0195 0.9699 256.41 0.000233 0.9953
600 7.0
6 -
500 303K 6.5F st
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w400 ¢ ~ 310K 06.0- 4l
* | o L i~ L .
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Fig.8 Influence of CPCMs adsorption concentration on crystal violet and isotherm model

Fz 4 CPCMs ML B EAR Langmuir 0 Freundlich 155 %]
Table 4 Fitting parameters of Langmuir and Freundlich

models for crystal violet adsorption by CPCMs

Freundlich Langmuir
T/K

kF/ R2 qmax/ kL/ 2

=1y , g Un, -1 1n Lol Lo

(mg L7-g) (mg-g ) (L-mg)
303 146.99 0.2 0.634  454.55 0.12 0.999
308 142.68 0.1 0.619  400.00 0.05 0.998
313 140.70 0.2 0.664 43478 0.13 0.999

#£ 303, 308 Fll 313 K 1y A [] i B 45 14~ , CP-
CMs X 7K v 45 fi 5% 19 e K W% i 5t 40 501l o 454.55,
400.00 F1 434.78 mg/g. W it it bl & THE 26 B R
R, X — B4 AE 308 K IR0 A B I, WIS Hh 1 A
AR A AT )6 Sh R . SR, SR T &
313 K I, Mg B AR 1L 308 KA FFssshin, R AR5

KB X —ING A RRIT P T 00 4h T vk
ik 4 000 mg/L, YAk o [0] i s AR FH 0 AE IR T = sl
S, AT HE T 5 2 g kb o Bk p R R I, 53K
A o ek 1 o

AW A A R B K B
(454.55 mg/g) f& T 2B HGHE 1 R, 1 ZSM-5 i
i (141.8 mg/g)™ | Fe;O~f1 IR LW w E G W
(436.68 mg/g) & CGFRs"", & A4 i
(4 P IR A1 /B A S W R RE R EE (625 mg/g) 1T, AR
WFFE— 2 5 (R ot I B 1 BB Af ST BT AR, (BLAR
58 CPCMs FF i il £ 2ok A3k . T R AL 2, LA
RIS G ARMA RS S, BT A E RS, XS b
T FUBE AL FH B g e 15 AR AR B AR Ak 3 EL A B 2 ) S

2.2.3 W 2R AT

M R R T BE AR AR F AR WA
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Table 5 Thermodynamic parameters for adsorption of
crystal violet onto CPCMs

TIK AG/(KJ » mol ™) AH/(KJ + mol ™) AS/(KJ + mol™")
303 —6.82

308 ~7.54 33.92 0.13

313 -8.16

2.2.4 WG pH 5200

VST pH. T R B JT A V85 T A7 AT 285 B % A 5
et f fr oA A R ARG ST TR0
pH X G W BiE45 52 RE T RS2 IR o Ani&l 9 Fss,
TEWIHE e JE 2 250 mg/L i, pH {8 A 3 A 2255
K 96%; 1M FEF] 15 BT i e B4 1 000 mg/L B, pH
b 4B BR R 93%, BIIR TR pH A1 T I
99% KRR, XFIBEE pH MM, 45 i m 255
IR, TEMRRMEMIE D, 25 Y) R M I AT 2,
U FIESAETE RIS 58 Z [ B s J7 38, 3
FBRBREAC. A, RSN T, E A4
RERTE AT 1S 22, 545 SRR R T | )R, A

6 7 8 9 10
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FE1 9 pH X} CPCMs M B4k iy 22 1) 52
Fig.9 Effect of pH on adsorption of crystal violet by CPCMs
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Fig.11 Adsorption capacity of CPCMs for crystal violet and

desorption capacity using different desorption agents
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Fig.12 Microscopic mechanism of CPCMs adsorbing crystal violet
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