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Extraction of active components from fly ash and preparation of a carbon adsorbent doped

with carbide slag: Performance evaluation
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Abstract: Industrial calcium carbide slag has advantages such as low cost and good CO, adsorption performance. However,
it tends to sinter after multiple cycles at high temperatures, directly resulting in low CO, adsorption capacity. Enhancing
the activity and specific surface area of calcium carbide slag to improve its CO, adsorption-desorption performance has
become an urgent challenge. Amorphous aluminum hydroxide was extracted from fly ash by mixed calcination of fly ash,
Na,CO,, and CaCO,, and then incorporated into carbide slag to prepare aluminum-calcium-based composite adsorbents.
Four samples with different doping ratios of the modified adsorbents were prepared and tested for adsorption performance
and cyclic stability under various adsorption temperatures. The results showed that during the rapid reaction phase, the
CA91 (mcu(on;f M oom=9: 1) and CA73 (Maom, Maroon=7" 3) samples exhibited the fastest adsorption reaction rates.
After the adsorption reaction was completed, the adsorption capacities of four doping ratios followed the order: CA73 >
CA91 > CASZ(m(;u(OH)ZI M oom=8:2) > CA64(mdeH):1 M 0o =0°4). In terms of cyclic performance, pure carbide slag
showed a significant decrease in stability after 13 cycles, with its adsorption capacity reduced by 15%. In contrast, CA73
exhibited only a 5% decrease in adsorption capacity after 20 cycles, making it the optimal adsorbent. Further adsorption-
desorption experiments on CA73 at constant and varying temperatures identified the optimal adsorption temperature as
750 ‘C. The local disposal and resource utilization of
EA TR 52 ) () A BTN 7 i o Sy R carbide slag and fly ash are achieved, and a cost-

WFSE B0 7 A 2RI H (2023-ZC-05) effective adsorbent for CO, emission reduction is also
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Table 1 Analysis of main components of carbide slag %
44y Ca0 Si0, ALO, Fe,0, TiO,
Bt oA 93.56 2.72 1.10 0.50 0.05
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Fig. 1 XRD pattern of carbide slag
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Table 2 Analysis of main components of fly ash %
4153 8i0, ALO, Fe,0, Ca0 MgO NaO, K,0 S0, Tio,  AMUSER
D=4 45.16 40.74 3.03 1.21 0.31 0.27 0.30 1.10 1.41 5.49
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Fig.2 Schematic diagram of fixed-bed adsorption-desorption NaAlO,(s) + 2H,0 — NaAl(OH),, (5)
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Table 3 Experimental conditions and parameters of samples
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Fig. 3 XRD pattern of aluminum extraction from fly ash
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Fig.4 XRD pattern of the calcined product of aluminum-extracted

fly ash and carbide slag
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Table 4 Surface area and pore structure parameters of different modified adsorbents

Uigl I E A (m*g™") L (em®- ™) FEALE AR /mm
CA91 6.50 28.17x10° 17.3217
CA91-20 2.88 14.51x107° 20.3459
CAS82 6.60 29.74x107 18.002 8
CA82-20 3.10 11.03x10° 14.4553
CA73 9.45 43.93x107° 18.586 2
CA73-20 3.87 13.11x107 13.706 0
CAG4 6.15 17.69x107° 11.501 4
CA64-20 2.12 471x10° 83163

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



.82 - e L RER % 48 &

20
% %
B B
= =
S~ S~
I I
= =
= =
= =
L L L L ] L L L L ]
0 0.2 04 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
AHXS R 3(plp,) AT J3(plp,)
a CA91 b CA91-20
8 -
- T
b “
E 8
~ i
i e
= =
= ¥
ﬂ juny
L L L L L
0 0.2 04 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
HARET I (plp,) AR R F1(plp,)
¢ CA82 d CA82-20
10
—m—
~ I
i )
o0 o0
E E
g g
1 it
= =
= 2
L L L L ] L L L L ]
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
AR R 1(plp,) FRE T 1(plp,)
e CAT3 f CA73-20
30
25
- :
* ¥ 20
o L 2
= g
u H 15
= =
o 2 10
0.5
L L L L ] L L L L ]
0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
AR F3(plp,) AR 23(p/p,)
g CA64 h CA64-20

8 B ZAR[E) L il st IR B 77 6 N, R B /5% R S iR 2k

Fig.8 N, adsorption—desorption isotherms of modified adsorbents with different doping ratios
a5 B Y AHER A CaO FE1ESL , CapALOL B RGBSR R B 1B 28, S IR Bh 5 i, 7E CAT3
FEAE I (JCPDS 09-0413) g B, BEWIAERR 2005 CanALLOL Y& s, FRICENIE TIAB4i R

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 34 K, 5 R A BRI & 5 iS5 Je ) a5 B R RO RE B T - 83 -
[ ° [ °
i CA64;
— CA64-20;
® CaO;
A Ca(OH)Z; [ ] Y
° ° V¥ CajpAl 043 A A
A A \M‘J‘J/U AA X N
\kMAJgM AA. AA \ I 'A =
.‘Ep\( 'I_:;E’j
o — CA73;
Y — CA73-20;
[ ] ® CaO;
A Ca(OH),;
v v ¥ CappAlOys;
* CaAlLSiO,(OH),
v AJ vV [ X J
0 1‘0 2‘0 3‘0 4‘0 5‘0 éO 70 80 90 0 1 b 26 36 40 56 60 70 80 90
20/°) 20A°)
a CA64 b CA73
I °
— CA91;
r ° — CA91-20;
— CAS82; ® CaO;
— CA82-20; A Ca(OH),
® (a0; ®
. A Ca(OH),;
v Ca;,Al 0
a N a2 114Y33
A
A ° X
e \*A“&-AA-J\J A %
bt
o °
Y v
\"MAJ gl 3
. ! A )
0 20 40 60 80 100 0
260/°) 20/°)
c CA82 d CA91
B9 1277 [E bk B s ik R B 3 A9 XRD i &
Fig. 9 XRD patterns of modified adsorbents with different doping ratios
A BRI ST KA 2%,
4 ZHig

K R IR P IR T 3R 5 M A i B e i T =
il % 52 TR SR A R R B 7 264 R B CO, 1 TR A
PERE GRS MR I 5%, A3 81 LA R 4598 .

(1) A S5 R S R BRI 2% L4 3ok 9
1,8:2,7:3,6:40F, PR K BBt ,CA91 5 CA73 1)
W F 52 7 30 23R B P 5 3 9 B 2 B Bt 9 miin =, CA73 1)
W o 3% 7 AR R CA 915 S I 4 A B A, R At
J¥ 5 CA73>CA91>CA82>CA64,

() PEAERE T T, LA DE T T 13 URAGIR, 131K
VAP LB LA AR B F52Y 15% ; CAT3 4T
20 URAEI , FoeJi — UK I B A LU e A2 o o
29 5% AEIEREFH L&l v A A A K B

(3)3d i Jé CA73 78 i e 3l W e B 5, %
750 “CH Y I B 75 15 HAA B RACH 5 CA73 1Y
B fEM BRHRLEE A 750 °C.

(4) U A W B 390 A ATE 58 AN (A B R IR 5 e
A7 I PR S (AR ) FH B A SRV 348 T S v Yk 5 e

SE Lk

(LIS E, AR5, #AER , 55 BRI R4S 5 i e

TR MO s 2t R ()] 285 %8 B AREI, 2024, 46(9) -
20-27.
JING Yubo, ZOU Luyao, JIANG Jiayue, et al. Research
progress on the coupling of energy storage technology with
carbon capture in coal—fired units [ J]. Integrated Intelligent
Energy, 2024, 46(9): 20-27.

(2P, B/, Tk, &5 JE TN B a1

BOHE R AT T [T ], £ R RE TR, 2024, 46(10)
67-72.
SHEN Mingzhong, Hu Xiaofu, SHEN Jianyong, et al.
Analysis and research on carbon emission reduction from co-
firing green ammonia in coal-fired power plants [J].
Integrated Intelligent Energy, 2024, 46(10): 67-72.

(3253500 . R ik At 4 B A 1 46 AR LU AT 5 [ D
M VLR, 2022.

I #i

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



+ 84 -

mER L RER

% 48 K

LI Zhixin. Experimental and simulation study on CaO-based
carbon capture technology in flue gas [D]. Hangzhou:
Zhejiang University,, 2022.

[41BA500, SRKA, R0 . 53 Tl [ 2R AR BRI 48 CO, 1
REWTFEHEIRE L] ] B4R, 2022, 47(11): 3926-3935.
ZHAO Wenhan, WU Shuimu, LI Yingjie. A review on
cyclic CO, capture performance of calcium-based industrial
solid waste [J]. Journal of China Coal Society, 2022, 47
(11): 3926-3935.

[STEA/NR, Thalai, THE, 55 . S S5 2L R 1A b 7
B CO, AMFFEIE LT ]. SRR, 2020, 42(10) : 36-40.
HU Xiaofu, SHEN Jianyong, WANG Hua, et al. Research
progress in amino-modification porous solid adsorbents
applied in CO, adsorption[J]. Huadian Technology, 2020,
42(10): 36-40.

L6 NL# , BU/NE, TR, S5 BRI R R0 4 O, BImF 5T
PERELY ] WAHREOR , 2022, 28(1): 42-57.

JIANG Tao, WEI Xiaojuan, WANG Shengping, et al.
Research progress on solid sorbents for CO, capture [J].
Clean Coal Technology, 2022, 28(1): 42-57.

[7IMINARDI L. T, ALSHAFEI F H, MISHRA Z K, et al. Impacts
of metal oxide additives on the capacity and stability of calcium
oxide based materials for the reactive sorption of CO,[J].
Sustainable Energy and Fuels, 2021, 5(3):767-778.

[8]TEIXEIRA P, BACARIZA C, MOHAMED I, et al.
Improved performance of modified CaO-Al,0, based pellets
for CO, capture under realistic Ca-looping conditions [J].
Journal of CO, Utilization, 2022, 61: 102007.

[9JKUOHT, YUCT, WEI C H. Ca—Mg—Al-oxide sorbents
prepared from hydrotalcite precursors for CO, capture at
realistic calcium looping conditions [J]. Journal of Physics:
Conference Series, 2020, 1580(1): 012005.

[10JLIANG S Y, LIR, QU F, et al. Silicon assisted synthesis
of high-purity Ca,ALO, carrier towards scale-up of Ca-
based carbon dioxide capture materials [J]. Ceramics
International , 2023, 49(17): 28538-28542.

(11 TS R A . T v A i e LA ) P ) 5 5k CO, IR B ) 1
PEALLD ] PR AR NS Tl K, 2024,

QI Xingzhao. Performance optimization of calcium-based
CO, adsorbent in resource utilization of carbide slag [D].
Hohhot: Inner Mongolia University of Tehchnology, 2024.

L1290t , w2, R, A% . BE 4R CaO R B 5 41l 45
CO,PERE BB e 5 HLEL [T ). fL T HERE , 2021, 40(11):
6385-6392.

SUN Rongyue, PENG Chao, CHEN Yuhuang, et al. CO,
capture capacity and anti-sintering mechanism of MgO
supported CaO based sorbent [J]. Chemical Industry and
Engineering Progress, 2021, 40(11): 6385-6392.
[13]WU S C, CHANG P H, LIN C Y, et al. Multi-metals

CaMgAl metal-organic framework as CaO-based sorbent to
achieve highly CO, capture capacity and cyclic performance
[J]. Materials, 2020, 13(10): 2220.

[14]FENG Y Y, XIAO B H, BO K W, et al. Controllable
preparation of porous Ca—Mg—Al hydroxides based adsorbents
and their CO, adsorption performances [J]. Ferroelectrics,
2022, 594(1): 44-56.

CISTERYE, BMSEE, KE, 45 1 a0 515 5L e b ) i
B PEREHS s AR A WT S RS [0 ). b R ML TR 2 40
2024, 44(22) : 8936-8948.

WANG Changging, ZENG Pengxin, ZHANG Yu, et al.
Research progress on enhancement of decarburization
performance of calcium-based adsorbents by inert supporting
[1]. Proceedings of the CSEE, 2024, 44(22): 8936-8948.

[16]WANG N N, SUN X Y, ZHAO Q, et al. Leachability and
adverse effects of coal fly ash: A review [J]. Journal of
Hazardous Materials, 2020, 396: 122725.

[17JHOU HM, SU L J, GUO D F, et al. Resource utilization
of solid waste for the collaborative reduction of pollution
and carbon emissions: Case study of fly ash[J]. Journal of
Cleaner Production, 2023, 383: 135449.

185k, MG, AEVVE . PR IH A ILIREE - RS bR 4
BAAPEREDETE (V] 4754 TEAEIR, 2024, 46(3): 29-34.
MENG Qiang, TIAN Xi, XIONG Yaxuan. Study on
preparation of shape-stable phase-change materials based
on cellular concrete and their performances [7]. Integrated
Intelligent Energy, 2024, 46(3): 29-34.

[19JREIT.E, FHERE, AT, 45 . A M 28 RUARZE A
fEAPERERT TS ()], £ 68 TEAEIR, 2022, 44(4): 71-75.
XIONG Yaxuan, WANG Huixiang, HU Ziliang, et al.
Study on heat storage performance of shape-stable carbide
slag skeleton phase change material [J]. Integrated
Intelligent Energy, 2022, 44(4): 71-75.

[20]MOUSAVI S B, HEIDARI M, RAHMANI F, et al. Highly
robust ZrO,-stabilized CaO nanoadsorbent prepared via a
facile one-pot MWCNT-template method for CO, capture
under realistic calcium looping conditions [J]. Journal of
Cleaner Production, 2023, 384: 135579.

(ALrsm: A &RE)

Wr#m B #3:2025-03-31; fE[E B #3:2025-06-25
LM BEH:2025-08-19; i RM L : www.iienergy.cn

EEEN

R (1986) , 2, B LA, T+, SRR IR 5 IR BE {4
PO m 5 , wajiegongda@126.com;

Tk (1985) , 55, BB TR, AR}, DA A it T/ 34
J5 i TAF, 505172977@qq.com;

TR (1990) , 55, BB TR, AR, BB 55 IR 5%
P37 1 BT, 654178087 @qq.com

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.





