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Abstract: The issue of elevated fluoride levels in Chinese groundwater and mine water is notably pronounced, with con-
centrations typically ranging from 1 to 10 mg/L. This significantly constrains potential uses and escalates water treatment
costs. Due to the substantial alumina content in coal gangue, its adsorption and removal capacity can be enhanced through
modification. This study utilized high—silica, alumina—rich coal gangue as a raw material, loading zinc chloride for modifica-
tion through high—temperature roasting. The modified gangue was characterized using SEM, XRF, organic elements and
low—temperature liquid nitrogen adsorption analysis. Optimal modification conditions for the gangue were determined
through single—factor experiments. Furthermore, the study investigated its adsorption kinetics and isothermal adsorption
mechanism concerning fluorides, simultaneously conducted toxicity leaching testing experiments on coal gangue. The study
demonstrates a significant enhancement in the activity of coal gangue following modification. The volatilization of inter-
nal organic components increases the porosity and specific surface area, which markedly improves its adsorption capacity.
Under optimal modification conditions of 400 C calcination temperature, 2 h of calcination time, and a material ratio of coal

gangue to ZnCl, at 1:0.35, the fluoride removal rate from 10 mg/L wastewater reaches 91.87%, with an adsorption capacity
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of 91.87 mg/kg. The adsorption of fluoride by modified gangue conformed to the second—order kinetic model and Freundlich

isotherm model, and the adsorption process is mainly physical adsorption, which belongs to multi—layer adsorption on non—

uniform surfaces, and the adsorption process is relatively easy to carry out. In the initial stages, intra—particle diffusion primari-

ly governed the adsorption process, while the influence of the modified gangue boundary layer on the adsorption process was

minor. The toxicity testing experiment on modified coal gangue shows that the leaching toxicity of coal gangue is relatively

low and can be used as a water treatment agent in the environment. These results offered crucial theoretical guidance for

achieving high value—added utilization of coal gangue and reducing defluorination costs.
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Table 1 Summary of evaluation results of coal gangue soaking toxicity

SiH ﬁ‘(&{ﬁ_{ Ve PR R SR A
(mg-L™) WE/(mg-L™) P, WE/(mg-L™) P, WE/(mg-L™) P;

F 3. <100 0.280 0.003 0.153 0.002 0.069 0.001
Asfif <5 0.049 0.010 0.050 0.010 0.054 0.010
Ba#ll <100 0.011 0.000 0.035 0.000 0.142 0.001
Be#f <0.02 0.005 0.25 0.005 0.25 0.005 0.25
Cd4H <1.0 0.005 0.005 0.005 0.005 0.005 0.005
Cri <15 0.005 0.000 3 0.005 0.000 3 0.005 0.000 3
Cu' <100 0.005 0.000 0.005 0.000 0.005 0.000
Ni # <5 0.005 0.001 0.016 0.003 0.005 0.001
Pd 4} <5 0.005 0.001 0.005 0.001 0.005 0.001
Zn%t <100 0.159 0.002 1.166 0.001 78.331 0.783
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Fig.l Determination of gangue modification conditions
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Fig.3 Scanning electron microscope photographs before and after gangue modification
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Table 2 Proportion of main components before and after gangue

modification
sy FIRIEREA11% PR A 1%

SiO, 60.91 47.58
AlLO; 24.63 18.98
ZnO 0 11.50
Fe.,O; 7.55 8.13
CaO 3.95 3.84

K0 2.61 2.66
MgO 1.05 1.86
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Table 3 The proportion of organic elements before and after coal
gangue modification

=T Cl% H/% N/% Bt /%
KRS A 11.06 1.03 0.11 -
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Table 4 Analysis of specific surface area of coal gangue before and
after modification
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Table 6 List of isothermal adsorption model fitting parameters
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Langmuir 55 Jiik M FFA5E 28 FH T 8 2R AL ERL 22 W of
i1, Freundlich 4 i W FhAS Y 2 2% I B 53— B8] 7Y
HHEAEHIHE T 2400 FRRIH g sm A=,
k6 s, v LIE A1 T Langmuir 45 76 W B
AU, Freundlich 45 i M B 750 X6 W 56 3o 5 A B8 4 1) 411
BRCR , R F RS IR BN R R =

Pl W B, T TR 2 5 e T 1) 2 2 BF . 1/n AT 45
AN B A R 1/n>2 28 78 W R X DL & A1
A BFF ) 1/n<2 | 22 IH ACPE SR A e B 18 W% 45 5
J s HL DL BRI BFF R 3 . Temkin W% BfF O 5 35 22
T I U7 122 W o o R e A A 2 B e A
A X F i W Bt 55 Temkin A5 59§ A 42 2%, R%=0.442,



8 IRERTS B A

$£47%

e A R I AN O 2 W B A S A (R A
EE 1 b SO R it A L 3 B Sy 32 A 2

3 HHig

(1) FRERT A R A I 3R e A A M 45 < TCRE L (HE
i 47 : ZnCL) 24 1:0.35, B Bail £ 400 C, K5 HEmT1A] 2 h,
TESZERIR B 25 °C, [ H 1:10, 547% 120 r/min7%7% 2 h
2B 10 mg/L 9 FISW AT, BBRFEATE90% LA b 3
TR AT 285 3R W1 G0 B IR R Ok I R A 3%
T AR A5 B A A, N ESAA HLAL A #5  , FLIRES I | Lk
FEMFRIE R, B A —7E 19 ZnO , M A5 AT A7 8%
[[=WAR: L

(2) BCPE IR A X BB A5 1 = )8 12 05
2, R =0.999 9, F 5 5 Bl O BT A e B . ks N
ORI B ) 1 32 B D R (AN M — 1 R4
IR R Z B HALY Ot B . M A B2
Yo R o3t AR R N

(3) BCPE AT G X F A4 I BfE4F & Freundlich W% i
SRR RIS 2 R BRI , 1/n<2 Fom e T
AT FAA R B R i, EL LA B B o s B
R F- VAN 2 0 BT A 5 L B PR A T IPAN A5 0 L Pl
/T L, OB A A FE R VR A, wT R
B3R 2K AR FRER ST H

[55 3Cik]

[1] Tiwari K K, Raghav R, Pandey R. Recent advancements in
fluoride impact on human health: a critical review[J]. Envi-
ronmental and Sustainability Indicators, 2023,20:100305.

(2] 2RI 30 R 5 A T A5 . B ARE v T8 A 50 B g ol JXURS: Ay
WFFEHERE (D], 0 L, 2021,40(6):793-807.

Li Fengyan, Jiang Tianyu, Yu Tao, et al. Review on sources
of fluorine in the environment and health risk assessment[J].
Rock and Mineral Analysis, 2021,40(6):793-807.

[3] Kabir H, Gupta A K, Tripathy S. Fluoride and human health:
systematic appraisal of sources, exposures, metabolism, and
toxicity[J]. Critical Reviews in Environmental Science and
Technology, 2020,50(11):1116—-1193.

[4] KR, O b 2550, 55 . AT T e (AL R B 5T BR
St iR R, 2023,29(s2):1-15.

Zhang Bochao, Tong Hui, Long Xueying, et al. Research
status and progress of high—value utilization of coal gangue
solid waste[J]. Clean Coal Technology, 2023,29(s2):1-15.

[5] Dong Y B, Lu H, Lin H. Comprehensive study on the spatial
distribution of heavy metals and their environmental risks in
high—sulfur coal gangue dumps in China[J]. Journal of Envi-

ronmental Sciences, 2024,136:486—497.

(6] XUEH . M7 AP PR BRI £ 18 52 15 e K

PERERTIEID). B 1L T TR R, 2022,
Liu Sichu. Study on the Performance of Joint Remediation
of Polluted Mine Water by Coal Gangue and Calcined Alu-
minum Modified Fly Ash[D]. Fuxin: Liaoning Technical
University, 2022.

(7] K& moC, s . R IRA BRI BR AR PERIE 5T 0],
G4 SRR T AL, 2018,25(6):19-24.

Zhang Xin, Gao Yuan, Gao Xubo. Characteristics of defluo-
rination of modified natural medium materials[J]. Safety and
Environmental Engineering, 2018,25(6):19-24.

(8] FKHE . L5 b DX AT A5 B A F A7 R FRF5R) S HER AL A

7K H R A W BREE S (D). BRI R 9 58 R A,
2018.
Zhang Yan. Study on Synthesis of Zeolite A Adsorbent
from Coal Gangue in Wuhai Area and Its Adsorption of Flu-
orine and Arsenic in Simulated Wastewater[D]. Hohhot :
Inner Mongolia Normal University, 2018.

(91 FKFK, 22 &0l . ST A7 Ak B SR IR AT 52 1. LR Ak T,
2021,50(24):269-270.

Zhang Xin, Peng Zhiye. Experimental study on the treat-
ment of fluoride—containing water by coal gangue[J]. Shan-
dong Chemical Industry, 2021,50(24):269—-270.

[10] 2558 . KRR T B XS BT A1 5 PR A2 S ATLBRIFSE (9], AR 4
JE, 2020,43(3):100-102.

Li Qiang. Effect of calcination temperature on the activity of
coal gangue and mechanism sdy[J]. Non—metallic Mines,
2020,43(3):100-102.

(11] Wt [ 2 vk 1 B R 22, 55 . SOk A A 45 55 R SRR RE B

FE[J]. EERRERE 42, 2014,33(7):1649-1654.
Yang Yanguo, Li Bingchuan, Ma Zhijun, et al. Study on the
preparation of modified zeolite and its fluorine removal per-
formance[J]. Bulletin of the Chinese Ceramic Society, 2014,
33(7):1649-1654.

(12] 22, /R . BCPERERF A7 W R RIS (D). AR AT, 20006,
29(3):13-15.

Li Dong, Wang Xiaoqing. Study on preparation & applica-
tion of modified gangue absorbent[J]. Non—metallic Mines,
2006,29(3):13-15.

[13] Peng L G, Wang R, Cheng H Q, et al. Investigation on the ad-
sorption performance of modified coal gangues to p—hy-
droxybenzenesulfonic acid[J]. Korean Journal of Chemical
Engineering, 2023,40(7):1767-1774.

[14] INGEA", ZAE T3 . ZnCL AU SRERT A7 %] P A8 1y W B RE AF
ST, A4 T, 2016,36(1):93-97.

Sun Tongcai, Li Qiaoling. Adsorption of methyl orange by
ZnCl, modified coal gangue[J]. Modern Chemical Industry,



£ 8 B, % BUERETAREF S &R A S B R R 9

2016,36(1):93-97.

[15] Tk — 35, 50 22 52 BB, 55 . CaO LI B 57 47l 42 CO, S Hidit
e L5 T 5 R R (7], SRR 7 5741, 2021,49(7):998—
1013.

Geng Yiqi, Guo Yanxia, Fan Biao, et al. Research progress
of calcium—based adsorbents for CO, capture and anti—sin-
tering modification[J]. Journal of Fuel Chemistry and Tech-
nology, 2021,49(7):998—-1013.

[16] B4k . BERT A1 i NaA W47 S 0L & 9 & BRI K it
BEHPERERITFE[D]. FFRITE R < A5 I A, 2020.

Chen Le. Synthesis of NaA Zeolite from Coal Gangue and
Its Adsorption Performance for Simulated Fluorine—contain-
ing and Phosphorus —containing Wastewater[D]. Hohhot :

Inner Mongolia Normal University, 2020.

[17] Yan S, Pan Y M, Wang L, et al. Synthesis of low—cost po-

rous ceramic microspheres from waste gangue for dye ad-
sorption[J]. Journal of Advanced Ceramics, 2018, 7(1): 30—
40.

(18] TR, 78 T8 . BT A5 il A1 B T B i 21 4 0% B 17

RELT]. NZRAO AR, 2016,48(9):98-102.
Yin Na, Lu Xinwei. 13X zeolite synthesized from coal
gangue and its adsorption of basic fuchsin in water[J]. Shan-

dong Agricultural Sciences, 2016,48(9):98-102.

(19] A7 80 AT 4R B AT ¢ 45 . SR AR SN i R 0 X 7K o Cu™

Y W B AR5 1 0F 5 (0], PR TS B S BT 2017,39(3):314-
318.
Yang Min, Ke Junfeng, He Xiaoman, et al. Adsorption of
Cu®™ in aqueous solution by sodium hydroxide modified zeo-
lite[J]. Environmental Pollution & Control, 2017,39(3):314—
318.

[20] 58 & X3, E— L5 . NS B AT ARk B U R (14

W RFPRFPE S ML), BRERb 2741, 2023,43(5):249-260.

Qiang Yin, Liu Qianggiang, Wang Yifan, et al. Characteris-
tics and mechanism of tetracycline adsorption from N, S
co—doped activated carbon spheres[J]. Acta Scientiae Cir-

cumstantiae, 2023,43(5):249-260.



