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Research progress in the removal of fluoride ions from mine water by

adsorption method
TANG Jiawei"”, ZHANG Suo’, LIU Zhaofeng'?, ZHANG Haiqin'?, BAO Yixiang"*, HOU Fulin’,
GUO Qiang'?, CAO Zhiguo'?, LI Jingfeng'
(1.State Key Laboratory of Water Resource Protection and Utilization in Coal Mining, Beijing 102211, China; 2. National Institute of Low Carbon and
Clean Energy, Beijing 102211, China; 3. Shenhua Group Xinjie Energy Co., Ltd., Ordos 017200, China)

Abstract: Fluoride ions are widely distributed in surface rivers and groundwater bodies in China, especially in the mining areas along the
Yellow River in the western Yellow River basin that there is a widespread problem of excessive fluoride in the mine water, which poses a
potential threat to the local ecological environment and human health. The status quo of fluoride pollution in China is mostly at a low con-
centration pollution level, which leads to it difficult to remove efficiently through conventional water treatment technologies. The adsorp-
tion method is considered to be an effective way to remove low concentration fluoride ions because of its high adsorption efficiency and
convenient operation. The research status of fluoride removal by commonly used adsorption materials such as carbon based, minerals,
metals and metal organic frameworks (MOFs) was reviewed and summarized before summarizing the influence of different factors on the

fluoride removal efficiency and adsorption mechanism of these adsorption materials. Then the application effect and operation cost of ad-
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sorption method in mine water treatment were emphatically analyzed, and the development direction of adsorption method in the treat-
ment of low concentration (<10 mg/L) and high water content fluorine-containing mine water was prospected. In general, there are still
some deficiencies in the study of fluoride removal by adsorption. In terms of adsorption mechanism, it should be further investigated from
three aspects which includes the characteristics of adsorption materials, the occurrence form of fluoride ions and the interaction mechan-
ism between adsorption materials and fluoride ions. For the engineering application of adsorption method, the demand of engineering ap-
plication should be regarded as the guidance. Based on the above discussion, the research and development direction of removing fluoride
ions from mine water by adsorption method is proposed, which is to focus on the development of low cost and high efficiency environment-
friendly modified adsorbents based on natural/waste (ore) and carbon-based, aluminum-based or other new polymer adsorption materials
under the principle of clarifying local policies and water quality and quantity. In addition, it is necessary not to improve the selective ad-
sorption performance of the modified adsorbent for fluoride ions, but also to ensure the stability, economy and safety of the adsorbent in
the whole life cycle of preparation, processing, production and recycling, thereby improving its competitiveness of the adsorption method
in the actual application of fluoride containing wastewater and enhancing the application potential of the adsorption method.

Key words: mine water treatment; adsorption method; fluoride ion; adsorption mechanism; environmentally friendly modified adsorbent
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adsorbent addition on F~ removal effiency
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Fig.7 Schematic of the adsorption mechanism for

removal of fluoride by adsorption
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Table 2 Practical engineering application of defluorination
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Fig.8 Development prospect of the application of adsorption method in the mine water fluoride removal technology
TSR, R RARKE B

2% 3 ik (References):

BTy =, S BRI AT Tl S5 3E)

S RIS T 22 0 B 2B 18 S R R 24 751 Hi
147 F AR IIFFE R, (H A2 BR T 2 T ) 251
FUPRLIE TS, W B A 52 i T A28 4T AT 7
Ml b3 A IR, MRS AR BEE BT HoR | Bk m
ANWT R, 5 DL TR SE PR R O A B R R R TS
R A2 B T 18 42 i Jo 004 L5 St g T
PS5, TP R ARSAS | W B AR RE A PR EE A 4
AW BB R, K Z AR S 7K AR 25 SO A B 1 o
BRIEWE, IAWHEBER AL 57 T4,

5 & it

1) HERERE A CBUR A TAR IR H ™ 4% LA
K AT FRE AR B 22 560, DA 1.0 mg/L 2 F HE
bRHER P it — 2 2 . k. RIRT Y. & Jm
DA MOFs S5 B AT BRI K i FaY 2 Brafos B B
WEZ MR, e MILA Y . MOFs %5841 K}
AT AR R, (B2 R TR R & T %
KA, i AN EA& T iz TSR BR TR SR
AR . R A S AR SR TR T R E
IR T RO R BRACR S AT

2) BT AR AP R S W A SEBRiE 1T R
Ml E R o BT AL SE R AR S ekt T 2505
5, T T R I B 500 P AR A, SIS B R0 22 TR A A
R o BEAb, ehot: W B ARk S Br iy FH Ao 7 7 s £ b
WEBEAS By o 1) 3k 5 G [R) R, 77 2R A A 57 A B
Y P o R B e A A 1) [] B, 8 1o 12 22 5 1 I o A
BAS B (12 R REAF ST

3) W B N A H A AR PR R N LR SR (5 0
VIRE B AU DL R 22 4 i 550 W B 350 O &k
WG TT ] T i W R AL B R A 5, 42 il O e il 4%
BR, ARG TARIKBUK BB 0 0% B 7 &
LR A, iR A B 2K T2, SEB HoK 4

280

(1]

(2]

[4]

[6]

sk sk L ZEEAR 9K Ze0,-SRBIUR X R M A% R R TS Yt
TR (1], FREE T REAAR, 2020, 14(5): 1170-1179.
ZHANG Ying, ZHANG Lei, LI Xilin. Repair of chromium and flu-
orine contaminated groundwater by nanoparticles ZrO2-SRB[J].
Chinese Journal of Environmental Engineering, 2020, 14(5): 1170~
1179.

IR, AR, BRI, A5 FREE K O R H R S e
HITARRHL ] oA, 2021, 46(10): 3079-3089.

GU Dazhao, LI Jingfeng, CAO Zhiguo, et al. Technology and en-
gineering development strategy of water protection and utilization
of coal mine in China[J]. Journal of China Coal Society, 2021,
46(10): 3079-3089.

BOREN, 245 R, AR, AR FRIER 5 KA BEE AR IR S
BT BB EER, 2021, 49(1): 11-18.

GU Dazhao, LI Ting, LI Jingfeng, et al. Current status and pro-
spects of coal mine water treatment technology in China[J]. Coal
Science and Technology, 2021, 49(1): 11-18.

TRIESE, L —H, D, 55 MR XORART Y P A SRAL iR
HUHBIETE [T]. BB, 2023, 51(2): 436-448.

ZHANG Haiqin, BAO Yixiang, TANG Jiawei, ef al. Study on flu-
oride leaching regularity of natural minerals in Shendong Mining
ArealJ]. Coal Science and Technology, 2023, 51(2): 436—448.
X, B A, TRaETE, 5. FREED T IR RS R BRI
FARMIE[I]. BEFRSIFLR, 2020, 42(11): 5-10.

SU Shuangging, ZHAO Yan, XU Zhiqing, et al. Status quo of flu-
oride pollution of coal mine water in China and research onfluor-
ide removal technology[J]. China Energy and Environmental Pro-
tection 2020, 42(11): 5-10.

M, = 5, XIHAT, 55, 8 b R BTR R SR AR A 1o
RN (7], B4R, 2022, 47(4): 1430-1451.

SANG Shunxun, YUAN Liang, LIU Shiqi, ef al. Geological tech-
nology for carbon neutrality and its application prospect for low
carbon coal exploitation and utilization[J]. Journal of China Coal
Society, 2022, 47(4): 1430-1451.

HUANG H, LIU J, ZHANG P, et al. , Investigation on the simul-
taneous removal of fluoride, ammonia nitrogen and phosphate from
semiconductor wastewater using chemical precipitation[J]. Chem
EngJ, 2017, 307: 696—706.


https://doi.org/10.12030/j.cjee.201907187
https://doi.org/10.12030/j.cjee.201907187
https://doi.org/10.13199/j.cnki.cst.2021.01.002
https://doi.org/10.13199/j.cnki.cst.2021.01.002
https://doi.org/10.13199/j.cnki.cst.2021.01.002
https://doi.org/10.1016/j.cej.2016.08.134
https://doi.org/10.1016/j.cej.2016.08.134

AR . BRI Z5BRE K st

2023 4E55 5 1)

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

SAMADI M T, ZARRABI M, SEPSHR M N, et al. Removal of
fluoride ions by ion exchange resin: kinetic and equilibrium stud-
ies[J]. Environ Eng Manag J, 2014, 13(1): 205214
MENG C, ZHENG X, HOU J, et al. Preparation and defluorida-
tion effectiveness of composite membrane sorbent MFS-AA-
PVDF [J]. Water Air Soil Poll, 2020, 231(2): 1-10.
DEHGHANI M H, HAGHIGHAT G A, YETILMEZSOY K, et
al. Adsorptive removal of fluoride from aqueous solution using
single- and multi-walled carbon nanotubes[J]. J Mol Lig, 2016,
216:401-410.
BRAIK S, AMOR T B, MICHELIN L, et al. Natural water deflu-
oridation by adsorption on Laponite clay[J]. Water SCI Technol,
2022, 85(6): 1701-1719.
GAI' W Z, DENG Z Y, A comprehensive review of adsorbents for
fluoride removal from water: performance, water quality assess-
mentand mechanism[J]. Environ SCI-WatRes, 2021, 7,1362—-1386.
RASHID U S, BEZBARUAH A N, Citric acid modified granular
activated carbon for enhanced defluoridation[J]. Chemosphere,
2020, 252: 126639.
VENCES-ALVAREZ E, VELAZQUEZ L H, CHAZARO-RUIZ
L F, et al. Fluoride removal in water by a hybrid adsorbent
lanthanum—carbon [J]. J Colloid Interf SCI, 2015, 455: 194-202.
CHOONG C E, KIM M, YOON S, et al. Mesoporous La/Mg/Si-
incorporated palm shell activated carbon for the highly efficient
removal of aluminum and fluoride from water[J]. J Taiwan Insf
Chem E, 2018, 93: 306—314.
SAINI A, MAHESHWARI P H, TRIPATHY S S, et al. Pro-
cessing of rice straw to derive carbon with efficient de-fluorida-
tion properties for drinking water treatment[J]. J Water Process
Eng, 2020, 34: 101136.
LEYVA-RAMOS R, RIVERA-UTRILLA J, MEDELLIN-
CASTILLO N A, et al. Kinetic modeling of fluoride adsorption
from aqueous solution onto bone char[J]. Chem Eng J, 2010,
158(3): 458-467.
NIGRI E M, MAYER D A, MARIA A P C, et al. Cow bones char
as a green sorbent for fluorides removal from aqueous solutions:
batch and fixed-bed studies[J]. Environ SCI Pollut R, 2017,
24(3): 2364-2380.
ALKURDI S S A, AL-JUBOORI R A, BUNDSCHUH J, et al.
Effect of pyrolysis conditions on bone char characterization and
its ability for arsenic and fluoride removal[J]. Environ Pollut,
2020, 262: 114221.
ZHAO P, HAN E H, SONG Y, et al. Synergistic effect of F ions
and scratch on the dynamic corrosion behavior of ZTi60[J]. Cor-
rosion Sci, 2022, 203: 110355.
ZUNIGA-MURO N M, BONILLA-PETRICIOLET A, MEND-
OZA-CASTILLO D 1, et al. Fluoride adsorption properties of
cerium-containing bone char[J]. J Fluorine Chem, 2017, 197:
63-73.
DELGADILLO-VELASCO L, HERNANDEZ-MONTOYA V,
CERVANTES F J, et al. Bone char with antibacterial properties
for fluoride removal: Preparation, characterization and water treat-
ment[J]. J Environ Manage, 2017, 201: 277-285.
NIGRI E M, BHATNAGAR A, ROCHA S D F. Thermal regener-
ation process of bone char used in the fluoride removal from
aqueous solution[J]. J Clean Prod, 2017, 142: 3558—3570.
MIRETZKY P, CIRELLI A F. Fluoride removal from water by

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[39]

[40]

chitosan derivatives and composites: a review[J]. J Fluorine
Chem, 2011, 132(4): 231-240.

XU C, L1 J, HE F, et al. Al,0;-Fe;O,-expanded graphite nano-
sandwich
solution[J]. Rsc Adv, 2016, 6: 97376-97384.

JEYASEELAN A, GHFAR A A, NAUSHAD M, et al. Design
and synthesis of amine functionalized graphene oxide for en-
hanced fluoride removal[J]. J Environ Chem Eng, 2021, 9(4):
105384.

BOTSA S M, BASAVAIAH K, Defluoridation in aqueous solu-

tion by a composite of reduced graphene oxide decorated with

structure for fluoride removal from aqueous

cuprous oxide via sonochemical[J]. Arab J Chem, 2020, 13(11):
7970-7971.

ZHANG J, CHEN N, SU P, et al. Fluoride removal from aqueous
solution by Zirconium-Chitosan/Graphene Oxide Membrane[J].
React Funct Polym, 2017, 114: 127—-135.

RUAN Z, YIAN Y, RUAN J, et al
hydroxyapatite/multi-walled carbon nanotubes for the removal of
fluoride ions from solution[J]. Appl Surf SCI, 2017, 412:
578-590.

TANG Q, DUAN T, LI P, et al. Enhanced defluoridation capa-
city from aqueous media via hydroxyapatite decorated with car-
bon nanotube [J]. Front Chem, 2018, 6: 104.

SUJANA M G, ANAND 8. Fluoride removal studies from con-
taminated ground water by using bauxite[J]. Desalination, 2011,
267(2-3):222-227.

ARCIBAR-OROZCO, ARCIBAR-OROZCO J A, FLORES-
RANGEL J R, et al. Synergistic effect of zeolite/chitosan in the

Synthesis  of

removal of fluoride from aqueous solution[J]. Environ Technol,
2018,41(12)

VELAZQUEZ-PENA G C, OLGUIN-GUTIERREZ M T,
SOLACHE-RIOS M J, et al. Significance of FeZr-modified natur-
al zeolite networks on fluoride removal[J]. J. Fluorine Chem,
2017,202: 41-53.

YANG B, SUN G, QUAN B, et al. An Experimental Study of
Fluoride Removal Mn-Ti Modified
Zeolite[J]. Water-Sui, 2021, 13(23): 3343.

TEUTLI-SEQUEIRA A, SOLACHE-RiOS M, MARTINEZ-
MIRANDA V, et al. Behavior of fluoride removal by aluminum

modified zeolitic tuff and hematite in column systems and the

from Wastewater by

thermodynamic parameters of the process[J]. Water Air Soil Poll,
2015,226(8): 1-15.

ZHANG Z, TAN Y, ZhONG M, Defluorination of wastewater by
calcium chloride modified natural zeolite[J]. Desalination, 2011,
276(1-3): 246—252.

PENG S, ZENG Q, GUO Y CH, et al. Technology, Biotechno-
logy, Defluoridation from aqueous solution by chitosan modified
natural zeolite[J]. J Chem Technol Biotechnol, 2013, 88(9) :
1707-1714.

TIAN Z, GAN Y. In situ synthesis of structural hierarchy flower-
like zeolite and its application for fluoride removal in aqueous
solution[J]. J Nanomater, 2019, 3: 1-11.

MUDZIELWANA R, GITARI W M, AKINYEMI S A, et al.
Synthesis, characterization, and potential application of Mn 2+-in-
tercalated bentonite in fluoride removal: adsorption modeling and
mechanism evaluation[J]. Appl Water Sci, 2017, 7: 4549-4561.
THAKRE D, RAYALU S, KAWADE R, ef al. Magnesium incor-

281


https://doi.org/10.30638/eemj.2014.025
https://doi.org/10.1016/j.molliq.2016.01.057
https://doi.org/10.2166/wst.2022.091
https://doi.org/10.1016/j.jcis.2015.05.048
https://doi.org/10.1016/j.jtice.2018.07.035
https://doi.org/10.1016/j.jtice.2018.07.035
https://doi.org/10.1016/j.jwpe.2020.101136
https://doi.org/10.1016/j.jwpe.2020.101136
https://doi.org/10.1016/j.cej.2010.01.019
https://doi.org/10.1007/s11356-016-7816-5
https://doi.org/10.1016/j.envpol.2020.114221
https://doi.org/10.1016/j.corsci.2022.110355
https://doi.org/10.1016/j.corsci.2022.110355
https://doi.org/10.1016/j.jfluchem.2017.03.004
https://doi.org/10.1016/j.jenvman.2017.06.038
https://doi.org/10.1016/j.jfluchem.2011.02.001
https://doi.org/10.1016/j.jfluchem.2011.02.001
https://doi.org/10.1039/C6RA19390K
https://doi.org/10.1016/j.jece.2021.105384
https://doi.org/10.1016/j.reactfunctpolym.2017.03.008
https://doi.org/10.1016/j.apsusc.2017.03.215
https://doi.org/10.3389/fchem.2018.00104
https://doi.org/10.1016/j.desal.2010.09.030
https://doi.org/10.1007/s13201-017-0608-3

2023 4F5 5 11

#HEHMFHAK

%51 %

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

[51]

[52]

[53]

[54]

[55]

282

porated bentonite clay for defluoridation of drinking water[J]. J
Hazard Mater, 2010, 180(1-3): 122—130.

KAYGUSUZ H, COSKUNIRMAK M H, KAHYA N, et al. Alu-
minum alginate—montmorillonite composite beads for defluorida-
tion of water [J]. Water Air Soil Poll, 2015, 226(1): 1-9.
MUSCHIN T, ZULCHIN H, JIA M J C, Adsorption Behavior of
Polyhydroxy - Iron - Modified Coal - Bearing Kaolin for Fluor-
ide Removal[J]. ChemistrySelect, 2021, 6(13): 3075—-3083.

SANI T, ADEM M, FETTER G, et al. Defluoridation perform-
ance comparison of nano-hydrotalcite/hydroxyapatite composite
with calcined hydrotalcite and hydroxyapatite [J]. Water Air Soil
Poll, 2016, 227(3): 1-8.

AYINDE W B, GITARI W M, MUNKOMBWE M, ef al. Green
synthesis of Ag/MgO nanoparticle modified nanohydroxyapatite
and its potential for defluoridation and pathogen removal in
groundwater[J]. Phys Chem Earth, Parts A/B/C, 2018, 107:
25-37.

FERNANDO M S, WIMALASIRI A, RATNAYAKE S P, et al.
Improved nanocomposite of montmorillonite and hydroxyapatite
for defluoridation of water[J]. RSC Adv, 2019, 9(61): 35588~
35598.

MTAVANGU S G, MAHENE W, MACHUNDA R L, ef al.
Cockle (Anadara granosa) shells-based hydroxyapatite and its po-
tential for defluoridation of drinking water[J]. Results in Engin-
eering, 2022, 13: 100379.

LYU Y, SU X, ZHANG S, et al. Preparation and characterization
of La (IIT)-Al (III) co-loaded hydrothermal palygorskite adsorb-
ent for fluoride removal from groundwater[J]. Water Air Soil
Poll, 2016, 227(12): 1-9.

WANG J, REN C, WANG H, et al. Mechanisms of fluoride up-
take by surface-modified calcite: A 19F solid-state NMR and
TEM study [J]. Chemosphere, 2022, 294: 133729.

JA 5, T AR — A KAk B U K BIIFSE (D). HE e
Bl2EHR, 2006(2): 60-62.

Zhou Shan, Wu Mingli. Research on fly ash limestone method to
treat waste water with fluorine content[J]. Coal Science and Tech-
nology. 2006(2): 60—62.

BEHERA B, SAHU H. Modified mine waste as an adsorbent for
fluoride removal from contaminated water[J]. Petrol Sci Technol,
2022, 41(4): 493-506.

MORIYAM R, TAKEDA S, ONOZAKI M, et al. Large-scale
synthesis of artificial zeolite from coal fly ash with a small charge
of alkaline solution[J]. Fuel, 2005, 84(12/13): 1455—1461.
EARZE, A I, REDT . ROk R Ak PR SRR K i
(7). BYEIRER5FI T, 2005(4): 26-28.

WANG Daizhi, ZHOU Shan, ZHAO Guifang. Removal of fluor-
ide from wastewater by adsorption of modified fly ash[J]. Fly
Ash Comprehensive Utilization, 2005(4): 26-28.

BAVDA A R, BAPAT P S, JOSHI V B, et al. Investigating the
chemistry of alumina based defluoridation using safe H+
source[J]. Int. J. Hydrogen Energy, 2018, 43(47): 21699-21708.
CHAUDHARY M, BHATTACHARYA P, MAITI A. Synthesis
of iron oxyhydroxide nanoparticles and its application for fluor-
ide removal from water[J], Journal of Enviromental Chemical En-
gineering, 2016 (4): 4897-4903.

KUMAR E, BHATNAGAR A, JI M, et al. Defluoridation from
aqueous solutions by granular ferric hydroxide (GFH)[J]. Water

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Res, 2009, 43(2): 490—498.

/Nt B 53, 2Rk, JURM AL B SR BB 0 B i [
FIWEFE U], WL R B2 4l (A SR BE# ), 2009, 27(3)
248-253.

YANG Xiaohong, WEI Shiyong, LI Yongfeng. Fluoride adsorp-
tion capacity and influence factors of several iron oxides[J].
Journal of Hubei Minzu University (Natural Sci Edition), 2009,
27(3):248-253.

DU J, SABATINI D A, Butler E C, ef al. Synthesis, characteriza-
tion, and evaluation of simple aluminum-based adsorbents for flu-
oride removal from drinking water[J]. Chemosphere, 2014, 101:
21-27.

YU C, LIU L, WANG X, et al. Fluoride removal performance of
highly porous activated alumina[J]. J. Sol-Gel Sci Technol, 2023,
106, 471-479.

YANG C, GAO L L, WANG Y X, et al. Fluoride removal by
ordered and disordered mesoporous aluminas[J]. Microporo
Mesop Mat, 2014, 197(10): 156-163.

HUANG L, YANG Z H, ZHANG Z X, et al. Enhanced surface
hydroxyl groups by using hydrogen peroxide on hollow tubular
alumina for removing fluoride[J]. Microporo Mesop Mat, 2020,
297:110051.

KABIR H, GUPTA A K, DEBNATH D. Synthesis, optimization
and characterization of mesoporous Mg-Al-Fe tri-metal nanocom-
posite targeting defluoridation: Synergistic interaction of molar
ratio and thermal activation[J]. J Mol Liq, 2018, 268: 376-385.
NEHRA S, RAGHAV S, KUMAR D. Biomaterial functionalized
cerium nanocomposite for removal of fluoride using central com-
posite design optimization study[J]. Environ Pollut, 2020, 258:
113773.

LIAO Z, ZHAO S, DAI Y, et al. Removal of Fluorine from Zinc
Electrolyte by Cerium Silicate[J]. J Sustain Metall, 2021, 7(4):
1425-1433.

DONG S, WANG Y. Characterization and adsorption properties
of a lanthanum-loaded magnetic cationic hydrogel composite for
fluoride removal [J]. Water Res, 2016, 88: 852-860.

ZHAO W, CHEN Y, ZHANG W. J. A. P. J. o. C. E. Rapid and
convenient removal of fluoride by magnetic magnesium-alumin-
um-lanthanum composite: Synthesis, performance and mechan-
ism[J]. Aaia-Pac J Chem Eng, 2017, 12(4): 640—650.

ZAIDI R, KHAN S, FAROOQI 1, et al. Investigation of kinetics
and adsorption isotherm for fluoride removal from aqueous solu-
tions using mesoporous cerium—aluminum binary oxide nanoma-
terials[J]. Rsc Adv, 2021, 11(46): 28744-28760.

SINGH P K, SAHARAN V K, GEOEGE S. Studies on perform-
ance characteristics of calcium and magnesium amended alumina
for defluoridation of drinking water[J]. J Environ Chem Eng,
2018, 6(1): 1364-1377.

KUMARI U, BEHERA S K, MEIKAP B C. A novel acid modi-
fied alumina adsorbent with enhanced defluoridation property:
Kinetics, isotherm study and applicability on industrial wastewa-
ter[J]. J Hazard Mater, 2019, 365: 868—882.

OLADOJA N A, CHEN S, DREWES ] E, et al. Characterization
of granular matrix supported nano magnesium oxide as an adsorb-
ent for defluoridation of groundwater[J]. Chem Eng J, 2015, 281:
632—643.

XU N, LIU Z, DONG Y, et al. Controllable synthesis of mesopor-


https://doi.org/10.1016/j.jhazmat.2010.04.001
https://doi.org/10.1016/j.jhazmat.2010.04.001
https://doi.org/10.1016/j.pce.2018.08.007
https://doi.org/10.1039/C9RA03981C
https://doi.org/10.1016/j.rineng.2022.100379
https://doi.org/10.1016/j.rineng.2022.100379
https://doi.org/10.1016/j.rineng.2022.100379
https://doi.org/10.1016/j.chemosphere.2022.133729
https://doi.org/10.3969/j.issn.1005-8249.2005.04.010
https://doi.org/10.3969/j.issn.1005-8249.2005.04.010
https://doi.org/10.3969/j.issn.1005-8249.2005.04.010
https://doi.org/10.1016/j.ijhydene.2018.07.054
https://doi.org/10.1016/j.watres.2008.10.031
https://doi.org/10.1016/j.watres.2008.10.031
https://doi.org/10.1016/j.micromeso.2020.110051
https://doi.org/10.1016/j.molliq.2018.07.073
https://doi.org/10.1016/j.envpol.2019.113773
https://doi.org/10.1007/s40831-021-00449-w
https://doi.org/10.1016/j.watres.2015.11.013
https://doi.org/10.1039/D1RA00598G
https://doi.org/10.1016/j.jece.2018.01.053
https://doi.org/10.1016/j.jhazmat.2018.11.064
https://doi.org/10.1016/j.cej.2015.07.007

AR . BRI Z5BRE K st

2023 4E55 5 1)

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

ous alumina with large surface area for high and fast fluoride re-
moval[J]. Ceram Int, 2016, 42(14): 15253—15260.

LYU L, HE J, WEI M, et al. Factors influencing the removal of
fluoride from aqueous solution by calcined Mg—AI-CO; layered
double hydroxides [J]. J Hazard Mater, 2006, 133: 119—-128.
ZHAO X, ZHENG M, GAO X, et al. The application of MOFs-
based materials for antibacterials adsorption, Coord[J]. Chem.
Rev., 2021, 440: 213970.

LIUB, LIU M, XIE Z, L1 Y, ZHANG A. Performance of defect-
ive Zr-MOFs for the adsorption of anionic dyes[J], J Mater Sci,
2022, 57: 5438—-5455.

Bz, WA, XUHk, 4. La-42 B A DL AL APl 45 2
HBRFERERFSE (V] A2 3847, 2021, 84(1): 75-80.

ZHAO Jinyun, HU Jiapeng, LIU Ruilai, et al. Fabrication of La-
MOFs adsorbents and its fluorine removal performance[J].
Chemistry, 2021, 84(1): 75-80.

A M. AI-MOFWE B ek iy ] & B I 25 Bk oK v 08 5 B F
FE[D]. BV VEHRH R, 2021.

ZHU Hui. Study on the preparation of AI-MOF adsorption materi-
al and its removal of fluoride from water[D]. Zhenjiang: Jiangsu
University of Science and Technology, 2021.

ik & AR, ] IR ZEBR T RO TR R
g2 30, T/ Ak L, 2011, 38(3): 152-153.

ZHANG Man, LI Duosong, WANG Ke. Study on removing fluor-
ide ion in ash sluicing water of thermal power plant by adsoption
process[J]. Guangdong Chemical Industry, 2011, 38( 3) :
152-153.

WA, AT, TR, AF RORSALES Ml A7 23 i b B R R
H K ARIFSE (7] v I 8K HEZK, 2020, 36(3): 49-53.

GAO Yunan, RU Yafang, WANG Jing, et al. Treatment of high
fluoride groundwater by micron zirconia/zeolite molecular
sieve [J]. China Water & Wastewater, 2020, 36(3): 49—53.

% M. WIRRLa,0,CO, M B 71T 95025 - 1Y W2 BT 5% [D]. W& /R
T IR T K2, 2016.

LING Mei. Research on F adsorption by two types of La,0,CO,
adsorbent[D]. Harbin Institute of Technology, 2016.

TRHEER . BB A ALY L BRI U M BT AL #R D]
demtptall ke, 2012,

ZHANG Yansu. Arsenic and Fluoride Removal from Water by an
Iron-Zirconium Oxide: Performance and Mechanism[D]. BeiJing
Forestry University, 2012.

LAI'Y, KAI'Y, CHAOY, et al. Thermodynamics and kinetics of
fluoride removal from simulated zinc sulfate solution by La(III)-
modified zeolite[J]. T Nonferr Metal Soc, 2018, 28(4): 783-793.
CHEN P, ZHANG W, LI M, et al. Facile synthesis of magnetic
La-Zr composite as high effective adsorbent for fluoride
removal [J]. Rsc Adv, 2016, 6(42): 35859-35867.

XM, B R, RS, S TR A B UK AR Y B 5
JE LI KARITHE R, 2017, 43(9): 13-18.

LIU Hang, PENG Wen, LU Jizhang, et al. Research progress of
fluoride-containing
method [J]. Technology of Water Treatment, 2017, 43(9): 13—18.
CHAUDHARY M, and MAITI A. Defluoridation by highly effi-

cient calcium hydroxide nanorods from synthetic and industrial

wasterwater  treatment by  adsorption

[84]

[85]

[88]

[89]

[90]

[91]

[93]

[94]

[95]

wastewater[J]. Colloid Surface A, 2019, 561: 79-88.
ALHASSAN S I, WANG H, HE Y, et al. Fluoride remediation
from on-site wastewater using optimized bauxite nanocomposite
(Bx-Ce-La@500): Synthesis maximization, and mechanism of F-
removal[J]. J Hazard Mater, 2022, 430: 128401.

BONYADI Z, KUMAR P S, FORONTAN R, et al. Ultrasonic-as-
sisted synthesis of Populus alba activated carbon for water deflu-
orination: application for real wastewater[J]. Korean J Chem Eng,
2019, 36(10): 1595-1603.

GOMEZ-HORTIGUELA L, PINAR A B, PEREZ-PARIENTE J,
et al. lon-exchange in natural zeolite stilbite and significance in
defluoridation ability[J]. Micropor Mesopor Mat, 2014, 193:
93-102.

AT AL, ARE AR, AR ol R K R R T
IR 1], BEARHAHOR, 2010, 38(9): 121-124.

ZHAI Yu, LI Zhanwu, DENG Yansheng, et al. Experiment re-
search on modified zeolite applied to adsorb fluorine ion from
mine water[J]. Coal Science and Technology, 2010, 38(9) :
121-124.

SINGH N, KUMARI S, KHAN S. Improved fluoride removal ef-
ficiency using novel defluoridation pencil [J]. Mater Today Com-
mun, 2021, 28: 102521.

SAVARI A, HASHEMI S, ARFAEINIA H, et al. Physicochemic-
al characteristics and mechanism of fluoride removal using
powdered zeolite-zirconium in modes of pulsed& continuous son-
ication and stirring[J]. Adv Powder Technol, 2020, 31( 8) :
3521-3532.

fISE, TRRUE, B A, . IR AR oK bRk
I R RERE TS O], SR, 2022, 41(8): 111-114.

HE Ruimin, SU Shuangqing, ZHAO Yan, et al. Adsorption per-
formance research of environmental minerals on fluoride ion in
mine water[J]. Coal Technology, 2022, 41(8): 111-114.
FIORITO S, EPIFANO F, PALUMBO L, et al. Efficient removal
of tartrazine from aqueous solutions by solid sorbents[J]. Sep
Purif Technol, 2022, 290: 120910.

BAKHTA S, SADAOUI Z, BOUAZIZI N, et al. Functional activ-
ated carbon: from synthesis to groundwater fluoride removal[J].
Rsc Adv, 2022, 12(4): 2332-2348.

ANSARI M, KAZEMIPOUR M, DEHGHANI M, et al. The de-
fluoridation of drinking water using multi-walled carbon nan-
otubes [J]. J Fluorine Chem, 2011, 132(8): 516-520.

BESCEE . R IR AL BT R B AR (0], Bk
2019(8): 199-200.

MO Wenfeng, Discussion on defluorination technology of mine
water treatment plant[J]. Construction Materials & Decoration,
2019(8): 199-200.

XIFAR, 5k 8%, SLLe, B —MAUBRERBR I BARTEAAT Rk
Z 4 TR A IE H D). R K R 5 g KR, 2018, 47(5)
54-55.

LIU Qilin, ZHANG Xin, JIN Hongling, et al. Application of in-
tergrade defluoridation technology for iron removal to rural drink-
ing water safety project[J]. Henan Water Resources and South-to-
North, 2018, 47(5): 54-55.

283


https://doi.org/10.1016/j.ceramint.2016.06.164
https://doi.org/10.1016/S1003-6326(18)64711-9
https://doi.org/10.1039/C5RA27929A
https://doi.org/10.16796/j.cnki.1000-3770.2017.09.003
https://doi.org/10.16796/j.cnki.1000-3770.2017.09.003
https://doi.org/10.1016/j.colsurfa.2018.10.052
https://doi.org/10.1016/j.jhazmat.2022.128401
https://doi.org/10.1007/s11814-019-0373-0
https://doi.org/10.1016/j.micromeso.2014.03.014
https://doi.org/10.1016/j.mtcomm.2021.102521
https://doi.org/10.1016/j.mtcomm.2021.102521
https://doi.org/10.1016/j.mtcomm.2021.102521
https://doi.org/10.1016/j.apt.2020.06.039
https://doi.org/10.13301/j.cnki.ct.2022.08.025
https://doi.org/10.13301/j.cnki.ct.2022.08.025
https://doi.org/10.1016/j.seppur.2022.120910
https://doi.org/10.1016/j.seppur.2022.120910
https://doi.org/10.1039/D1RA08209D
https://doi.org/10.1016/j.jfluchem.2011.05.008

	0 引　　言
	1 吸附剂类型
	1.1 炭基及其改性材料
	1.1.1 活性炭
	1.1.2 骨　炭
	1.1.3 石墨和石墨烯
	1.1.4 碳纳米管

	1.2 矿物类及其改性材料
	1.2.1 沸　石
	1.2.2 黏　土
	1.2.3 羟基磷灰石
	1.2.4 其他矿物类材料

	1.3 金属类吸附材料
	1.3.1 铁/铝基及其氧化物和氢氧化物
	1.3.2 稀土类金属及其氧化物
	1.3.3 其他金属类

	1.4 金属有机骨架化合物

	2 吸附法除氟影响因素及除氟机理
	3 吸附法除氟应用效果分析
	4 吸附法在矿井水处理中的发展方向
	4.1 吸附法除氟工程应用分析
	4.2 吸附法除氟应用前景

	5 结　　论
	参考文献

