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Research progress of different functional defluorination adsorbent
materials in drinking water and fluorinated wastewater
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Abstract Water fluorine pollution can cause dental fluorosis, bone deformity and other diseases,
which have seriously harmed human health. The removal of fluorine using different functional
adsorption materials has become a key technology in water fluorine pollution. To effectively reduce
the environmental problems and the environmental health risk caused by water fluoride pollution, the
adsorption mechanisms and effects of different functional adsorption materials (e.g., natural
adsorption materials, metal-based adsorption materials, biomass adsorption materials, waste
adsorption materials and nano-adsorption materials) in water fluoride pollution treatment are
summarized. Furthermore, the primary impacts of diverse environmental factors on water fluoride
removal by functional adsorption materials are deeply discussed, and the future development trend of
fluoride removal materials is looked into, thereby providing the certain theoretical guidance and basis
for the treatment of water fluoride pollution.
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Fig.2 Effect of pH on the forms of fluoride ions and the efficiencies of adsorbing materials"”
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Table 1 Comparison of the zeolite adsorption properties

B e S TR A oy
Material pH Temperature Competitive ion effect size Equilibrium time (ng e!)

o
AACES B A 6 25+] COy* >80, >CI' 360 min 1.77
AEAAD SR A 58 2342 HCO; >S0,* > Cl’ 180 min 12.12
BRI A Y 6.94 25 — 120 min 2.31
EREC A 9 25 SO4~>CI'>NOy” 240 min 217

ST A Y 6.3 25 HCO; > SO,*~CI=NO;" — 141.50
ST A1) 5—7 25 HCO5 > CO5* > S04~ — 2.64

0y DL B e 5 L AR TEBUR, AN R R S ) 5 A R R W B e, GnEk 2 iR, KAk
B YRR 2 AT 1.00 mg-g !, XA RN Al el v I, OB 2 e RN, R R AR SRk
PR, T30 A 0 W B 25 5 38 169.95 mg-g B0, m I8 + ML O e, LR TEIAUA 15.11 m?> g B4
23243 m> g, i A R E, X E 4 8 A R BR AR AT IR 90.30%. X T &l - A 9 ok Ui,
HCO; L7 16 A A 5 9B T A se /B, s 4 B iR BE B4 n, 9608 7 R BRACR W B B AIK. L4,
FESC LB LT, 6 1SS B A KRR R B T R] AR AR S — R, SEA LLELA 58.00% I FR
BRI R R - onE L o0 R S AT AN B, HF AR SR AE 80.00% LA L, 1 R R 461 K 1
10.00% LA FM0, BAG — & f n] d2 52 A1 I E.
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Table 2 Comparison of the adsorption properties of clay minerals

SCPE TR B o .
" P Pl ab ; P R/
MR g SRR g g Faimn o
Material ~ (mg'g™") p Temperature ~ Competitive ion effect size Equilibrium time
P treatment Omax
el 109 0.11 BRI 3 50 HCO; > S0, > CI' > NO; 30 0.78
A el 0.62 SRk 3—10 2542 HCO; > SO, > CI > NO;~ 720 2.26
SEA 0.26 LIPS 3 — — 60 11.15
TRFILACO 0.94 b 3 25 HPO, > HCO;5 > SO > NO; — 169.95
KL EN 8.44 EhUchE, $ubE 41 55 HCO5 >80,> > Cl" > NO; 240 13.77

22 & JE B R AL R

& FEWE B AR ELAT LR TR K . LIB S5 # & 38 | SRIAE MR S5 E 5, FEY B e B i b bl %5
TRV, 92 Tk AR 5 e M i) 25 B 4 Jm SRR A et o o e i B L B /AR A A
KB BRI

T T T A R RS A2 480 o 2 — i Ak 3 5 3R AR R S Y T . R BT B B A R, R Y

fWJm%ﬂﬁ%ﬁT%%#ﬁWT%ﬁ R Hp R T R ) b TR, R W B A e N RR. 5

B AL R AR, TERE R Ta] PN, T PR AR B R R S BR FEA 38.00% 451 21] 67.00% L b4,
#%Mfﬁ%ﬁﬁ%ﬁﬁAﬂ@##%W@iﬁm i 21 T AR R AR Y 5 A5 (14.40 mg-g )L
AN ] 08 B 12 A, S 255 o) V2 o 1 . SR P V8 - 2 1 1 8 7 S AR A0 % SR 1 1) 25 B 23R 1 1 4R
FEERAY 1.35 %, 60 min P AYBRFCEATIA 90.00% LA _EE. A A R ALIE P A AR S0 HA 50 I FL IR R A EE
P AR, IR B 75 0 B A T 9 T AR L IR 23 1) 3 RT3 R (e R B 5 £ 119.20 mg-g ™) ™ 481 3 il
ARG PEAEA SR G B R, 5 A T AR L, KA TE W B PR R AR A TS BT, i R v v L U -
J2 3k A R W B M i A 4 T DU AR G 85K, X AT e -5 HAE e T BB S5 15 31 1T A L 2R AR DG
7% 3 i, AR BTG BT 015 W B A L 32 AS TR PR D 28 R PR ZERR 451, Tt AL iR A
B 07 P R OO A 80 RE 5 T 7 5 4 5 R BB T 5 9B S B R W] 10 32 3] 55 R AR 125 15 40 801 ) 52 )
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Fig.3 The diagram of the synthesis method of activated alumina
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Table 3 Comparison of activated alumina

. BT . - ST 1) /min TR R IR L/
bhk AT I B4 B T PRl fmin SRS
. Synthetic ~ pH e . Equilibrium (mg'g")
Material Temperature Competitive ion effect size .
method time Omax
LA TR 3 25 — 180 8.25
AR A AR K#HHE 510 30 — 720 94.64
FEER I A bR IR R 6.8 — PO, >HCO; > S0, >NO; > CI” 180 29.30
KALWE AR I-EEE: 5 25 — 240 119.20
BB A A b LPVE R 3 25 SO,> > HPO,” > CI'=HCO; =CO5> 60 88.55
ARSNGB A AR ILPTIEE 3 25 PO, >S50, > NO;3~ 400 90.48
BREE TG M R AR — 7 25 CO5* >80, > CI' > NO; 120 8.56
. CO5* > HPO,* > HCO; > H,PO, >
ST m a0 VA SOV o9 VDS 21 [53] 3 4 3 2 4
iR A AR T R AR — 6—7 25 S0+ > CI=NO;- 120 6.46
A SBIGERE AR Kk 6 25 PO, >HCO; > S0, > Cl > NO; 90 11.52

SR b AR TR AR REARE . B TR R SRk E AL Y. LUE AR B AR Ak,
XA 2 BRAE AR T4 B B, 74K pH 2500 T, LB BALS R0CR 7T LA 3] 90.00%7. {HJE,
BRI B R 2 A, HUA 10.00 mg-g ! ZE A SR, et £ BEAN R B SRR, A T ) LR T
FEUFITIR B %8, 7E 2 min P 325 3] 02 B P 467 25 2 119 80.00%, H5 A % it 7] 35 60.80 mg-g ™!, HL7E CO* K
100 mg-L™" B, 32 B 7475 BE ARA3 e 14 LA A 25 BR A 2 ),

s £ 4 08 5 5 BP0 SR A, ZE K R Ak D T 28 B H AR 5 A U B B . 7E 30 min P, SR Ak B AT
2255 90.00% M IRALY), Zoid 10 R PR S5, MKOR LA R -1 2 B3 JRURE 1 5. 857K & AR X 9L 7 1)
W BfE LA AR e B R, 78 pH (R 3 B, P AT B 5 B R 3R 3] 124.00 mg-g ' {HIG T RUA R &,
Fis £ T EE — AR 2 HIAE Ty . KA B8 S W BRI RL 2 B, T b 3t v R BT A R A R B AR A B
P A SR AR, 7E 120 min FTIA 3 93.00% (1 2 BR300 F A, A3 A 43 0 6 98U B K S BR R AT 3k
95.48%!1. T L35 80 114 2 366 58 e Sk W2 BFE B4 BE, 7E 50 mL A [ v B (0 K VAW A 0.20 g W2 B4k,
U T RBRACR T IR F] 98.80% Y iy 2B 10,

£ &8 o — 4 R HA S R R R R, B A BB 40 1 0 1 5 K R BR AR A 3 80.23%1Y, T
BRES B 0TI A2 80 min JE AP IREFE 91.60% 11155 23 bR L FE 244, 180 min P, f A ELEER
T AR AT LIBR 25 95.00% LB A SR Ak 410, SR T, 086 W04 1 28 AE W BAF ST 1) 120 min P4, X6 g JRUZK
FBRFF T LA 97.70%. 50— & @M L, M EBRRER T 2.00%—5.00%. XHAZILE &4
JEBA X AR AR G A TR BfF, 7T AR I B 4 S AR A AR TR A (R AS J2E , DT SEEBR X 7K AR S A e R 2 .
2.3 AW B AL R

A= P B R R R LA A AR B, G ks e, LT [LSOR 32 i T K R GRS Y iA B Y v, e —
Tl B S 4 [53% TRUIAL R A Ak . VDA — o e 760 %) 2 A ek, 5 RO 30 o JH 8 T 1) S R RN 5 R A A A
FH, 2B AR A 5020, Q] 4 BT . SR, A< B0 B4 570 SR IR oA 22 s e IR, 7 0o Lt A7 32 T A i LA 4
e FL R Bt . R L il S e BRI T ACER S 45, BT v W B RE T 1 el e SR R B A L,
TR B RE 1352 153.00 mg-g ™!, & KARFTE BBHAY 11.6 1517, CO4 > S 5 Wi sir Ik 570 SR W o 9 25 1~ 1
BB T, a0k 4 s (A RMEAE & A 2 A 1B T EREE e, £ 28040 00 R 19 58 SR XT 9800 T A B 1 44 SR
35 12.30 mg-g U SR, 4 1 o0 2R B T 3 50 BOBE AR L, WS ZE I N bR, 20 min RIAT 35 B
8, BHA S 235595 7 (Cl, SO,2 . NOy ., HCO; fil COs>) R M. 45 & 74E HCOy Fll CO, > HIAFAE
T, FEAAEA LERFACD, X AT HESE H T pH AR AL S B 5510 55 4 240 7

A ShAE ) R DR 1 A 0 ok EL A 22 Lk L e Ll SR T R AR, e — b L IO P S ) W B A
FEAE W R A B AL, A TR T A5 1 T I R AT B BR SRS . H T A A W BT o5 B O i DA
T W B A A1 T A A R R, (A RS2 B IO 7 pH=3 B, XU 2 BRABCE L E] T 99.00%. 1
SEBRR Y, A TE B A, R BR FURATI SR REETE 80.00% LA 1. 4N 4 By, Wi B 70 iy iz o e
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RERH 032 B ML AR ZR rh pH B A2 4 8 7 A2 . 7EMIR pH 25 PF T, TR SRR 58 BT B i e AR W e T
LA ) FH i v 0% B TR R S e IR R BRI RS 1, e R I B i 36.50 mg-g !, WK EEFEARE] 1 mg L' LA
B, FFE A KBRS L B AR AKH 7 I R R o 285 P 2 VA B, (HHAROR TR L 25 1F T, EWS
ZBR 85.00% FRAL Y, ENAE SN i Hh A2 B S A 1 R IR, oA BT R B AR

B4 FCRBEERELE

Fig.4 Mechanism of fluoride removal by chitosan
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B Tolk AR W, e iRk L 408 S el e B AR AT 7 38 S (T PR o U, LI B i S W B 5, S AR T
XF R K BR AT IR 95.00% LA 110, (HILE B 70 1.21 mgrg . W3 4 PR, Hh & Beeid fufs i
U8, 20 min PR b 5 B K2 T, (6 RIIRSCR R A 91.28 mgrg !, S g TR AL BRI B 4 it
I, &b B 7K SRR BE R 0.69 mg L', AR T B G FHZKARE 1 mg- L7071, 4 i 28 ask 0 R84 2% 1 1 3%
B, 2T MK R AR E & 28 Ak, HOUE R Z5A R 33 1 BRI T R 250, il ad el
W BRFAE FE RIS /B R S 1, B84 N 3RU A0 25 BREY. BROR, AR TR AN EL A B e A ok USSR, (HL 777 R
SME L3 25 A R B . T AN X 9B S A AR A R BT, LR G B AR T, R R I S BR R 4s Y
5 %] 80.98%, 2 min H 35 B 5 K 2 B # (99.58% ), {H 23 bifi %5 ILA7 85 Tk BE (3 K, SO,* . HCOy A a2
JE b 00 o) P R O U7, ol A O B A D U R A B ARG R BR SR AR, AR T AR x K A4
MfeE, (Ul THA S SHERSG . BI5RNEE, 75K B R 2 S B0 B T5 R AR 10 &

R4 W TR S W R RERE I B PR REXS LE

Table 4 Comparison of the adsorption performance of biomass and industrial waste adsorption materials

H s EABT R i
Material pH Temperature Competitive ion effect size Equilibrium time (ng 2!
max
FERpET 3 20 CO;* > NO3;=80,* >Cl' 230 153.00
TR AR 4 30 HCO;™ > S0,* > COy*=PO, =NO; 210 5.00
L2 B H168) 4 30 HCO; > S0, > CO5* >NO; >PO,” 210 7.00
REHEMEAEYRS 68 2542 80, > Cl' > NO; 180 36.47
B AAE A 3 25 HCO;™ > S0,7=Cl 180 1.26
AR 7—8 25 — 20 91.28
) 2 30 — 300 15.46
YW/ R A 6.75 27 — 30 0.94
s 3 25 SO > CI' > HCOy 10 1.23
[ ek e 5 201 PO, > SO, >NO; 60 27.20

3 YRR B BR A4 B (Nano-adsorption of fluoride removal materials)
3.1 B LGN B

T KR B A AARAT v P AR TR AR e 2 TV P A D0 A, 300 A A P A5 AR v 39 1 S
FYREPE, I BEA LOAT G At T A P R 6 A A 20, 7 ¥ K A L R 5L T ] 4 iz FH T 55, oK L 32 B
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A 3 g L I PR FH | PR B B P 5 4/ FH 25 B A AR v A L. SR T, 4 K W R A ek PR HL R L TR0 L 45
P 22 5 BT S TR B R SRR - FLES A B AL 5 25 D BR, AT Kk O FLESF, e e mi ARk, HLH
FM RIS T T & A S Ve, HLd KW B ik 51 181.96 mg-g ') (1] 5 a), [AIFEHE, 40 SEURR R il 40
RER LRI | kR AR 45 1T A5 960 1 & A 28 0 S 07, FL A A ) e vk 5 %) 8 1 v v LA e v 1
FBRFCR (5 b) S [, RER 2N FLES A TE— 25504k T M R L3 BB g, 4 30 T IR 52 7 3k
RN BiE 78 09, Z2 AL F R B G K bR R B T R SR Ak A 1 W B R 7, R T BT S 2, T
pH=2—11 F Bl PN, 3 2o 35 5 0 3 T i 19 6 15 U8 1 O sS4 VE L, A3 3 25 B /K (R Sl Ak 4, e R
Bt A3 185.50 mg-g ', ULIE] 5 ¢ SR, [R]— 40 ST 265 119 25 55 A, 2 52 i L0 8 35 7 (%) W BRHPE B 81
YRR NIRRT T R IE S CeOy X 8L S - 1 J5e KM B £ 4331k 71.50 28.30., 7.00 mg-g "7,
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Fig.5 The morphology of nanoscale materials

WGP KB R T R B W PR A, PT LG 3o 37 A7 280 0 8 SR AR 1 7, AT B 75 5 S L
185 73 725 % W RS ARk ) [T ) . e 0 K A 2R 00 3 R A 6 A, T Ll i 5 i s i 552 B L BiAE
VR PRAE. Zd E ARG Fey Oy 0 HIUIE B4, 65 T2 B A 8 FH 0 B9 4 RS IO ) ) SEE 4, o 9
BRI HBAR 7, BLR COS™ X BR IR R WA A, (EXTH 25 BRFRATIAE 70.00% DAL, 7E3& B 244,
B IR F] 84.80%%. S fLEGHA [ FesO4 UKL T, 7E WAy 200.0 mg- L™ i, 5 K MK Jf fiE 77 15 £
70.64 mg-g . BEAT 55 4 ]85 A7 7E, BABIRTT LS 80.00% FY i 25 B, X 2 vy, F2 B AL A i S8 4 HlL
il 1 I H EAYME ™

TESEBRI I, GRAR R 237 22 5y TSR, B T4k XE LA 8 55 Tn) i, 8 177 52 i) 81 7K Ao B AR 3¢
PG, B0 K S T B2 A IR R . LAGIR N ], A7 U R R S R &, B sk, Bt e
AR g AR 2. AN 6a BTz, B e HoAb AR G P ¢ ) R i FFL B 2 vy, B3 5 1 o 1T 2R )
B, 4 g o3 I TT ke PR AR S A A 2 D o) T e T R, 2R I TE R L e BB L R IR ET 4 R AF A B,
X H AT I REAAE M, ARG 5 HOK WP | A BiobE, 38 2 () 06 BHL, 20 756 8%, AT 2 280 Bk 25 K
IR RS 5 (181 6 b) . AR AN AUHEAT B o 1) G TP RE, i HAT B4 A 181 - W 20 B R P (TRT 6 ) W4
J A % R A 3 3 (0 HAS [+ ) 462 Ja e 3R AR A EL WM SR AL B T B ST ), TR B 2 e 2 2 4R s (151 6 ).
3.2 HEUGOK IR RLRE

B Y A A B AR 32 A B BE AR AT RE (1 850 | BRANKAE A5 ) ™ K25 4w A AL IR (55
BRLBRL B AAE) DASCHAB SRR W AR (B SR A HLIESL) . 940K 525 6 Jm S AL WD AH Lo T HoAb g oK
FARE, R LA T B 44 K b A 6 S AT HILHEZRE 20 400K 21 28I A TH IR BB dHA IR SE,
B X KBRS TR, 1987 o7 P T 57 5 e B

Hor, RGO BRI A 2 25 BR T A A i A B 5 SR, Bl 28 KA P T B3k S B o 0 AR D Bl
. [RIA, S OG  SRR 4 KA 1) o IR oFE 25 i (2.83 mg-g ) P RIS R 3R (71.00% ) 2 BH (/N T4 58 0. AH
XL, A1 300 R B 9K AT R AU . A a2 AR R p iR, BAT SRRk 507 R 2544,
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TAEH P WRRE Rz Bh, A PERED R AY SR I AL SRR AT EL, T4 S50 W B BAY
P T 975 S 0 R 8 k1 ), DRI RO vy 17 SR k3R 2 K Ak ) BRARUARA ) AR5 A B, AE T
T B AR A RETE R OB, 1A R K P < T R BR A 84.80% R THF 97.17%, T
S AT A0 T AL B 2 G A R A 22 BR AR R AR B 99.50%1. SR, A1 28506 S5 pFRHE IR 21 A A i 7
h, P T HER L, PRI EL, 2R T X SRR B L BRACR, A HA R M. (AR, 74k
— AT 5 I S P 3 3R 8 R R A R — < e A AL 2R A SR B A vy 114 o B2 TR A P
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& B A MUREZRAE Sy — 3 R i) 4 5 7 5k 4 7 A LIRS AR 2 B i A WL-JE ML 2 f R, AT FL
TE S5 R Z2RE, FLAB RSE AT, e 7 s AN ARRT, DB AT B30 2 3409, 5 HA G B4 Rt e, T e i
1R, PO PR B O ] 7, AR I TR Al 32 A 1 DX [, BB Ak 2 R /K A b i) Ak, DA s 28 e
BIL A 32506 22 BR AR AR S AL 00k 7 vk RO R 25 57, ZERSRE IR T 5, 377 AR AS [R) ) i e
AE RSB 2. AT IR 5T & L pH (B FNBH 25— Fh 288 45 DR 28 2 X AR & gl s B ™= AR s, e SO,
NO;~, CI &5 B X W Bt w4 L 5k el HE B s i 4 /0N, {H PO, . HCO;y . CO5™ %5 88 F 1 F/AKMEH, S
T T A RO, AT 68 R RS A A 114 9 2 B3k %6 2 AR R A 52 i E A ST 25 B R A B H SR K A rp 5
DB TR R, XM LT A% . o, MIL-96 (A1) X pH i i K, 1E5RIR 5510 T, ZBRE0R
JLF-1] 35 100% HL W54 25 BB AE 60.00% LA BP9, i MOF-801 X} pH 7 2—10 Z [al 7R A K 4F 1Y 2%
B 2 A6 L SR M, Ui0-66 ( Zr) W 38 31 AN [A] /) 8 5, 7 pH=3 —6 35 [ P i 75 pH 11 38 K iii 3 K,
pH=5—7 315 [l P 4 0% B 200 1 B 4 B AE pH T2 8—11 I, LBRBORIA WA 76 pH 11 1, £ R
BT R R 42.00%7. X A] e TAEAN R pH T, WCBHRA e 3R 10 A9 F oy & A el s, (A5 5 B R RIS,
AR, 28 il W A2 A PR, 4 T8 A AILAE R A BR SRR IR B T 70.00%. 11 Zr-MOFs 7E 6 IRBLH /5, 3
Xof JRHR 2 BR ARAUIRAE 85% VA b, HATRER Y, 4% 5 .

RS DUORER SR B AA R B BEXT L

Table 5 Comparison of adsorption properties of new nano-fluoride adsorption materials

Bkl LI SRR F A e

Material pH Temperature Competitive ion effect size Equilibrium time (ng g
_
LA LA 6.5 25 CO;* >80, > Cl 90 181.96
SR BRBREARIR™ 702 25 CO;* > HCO; > Cl' > SO, = PO, =NO; 240 48.15
ZALEAALEEGK e 7 25 PO, >CO;” > HCO; > SO, =Cl *NO;° 60 185.50
ol sy 7 25 — 60 35.59
[lecEE g 3—I1 25 — 45 29.06
AAABIHEAMES 6 25 PO, >HCO; >S0,” >Cl >NO; 90 11.83

MOF-801" 2—10 30 PO, > HCO; >S0,”=Cl = NO;~ 120 40.26
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ik s
\ N y b s TRt/
Bk " E/C T BT AN F A min (mg-g ")
Material p Temperature Competitive ion effect size Equilibrium time 0
max
MIL-96(A1)®) 3—11 25 CO;™ > SO, =CI'=NO; 90 42.19
Zr-MOFs®" 3—9 25 S04 > PO, =CO;*=HCO; = CI" *NO; 20 103.95
Ui0-66(Zr)"™ 5—7 25 PO, >HCO; >CO;* > S0, = Cl' = NO;~ 240 295.00
Al-FuMOF!"*! 2—9 20 SO > CO5* > HCO;5 > Cl > PO, > NO;~ 1440 600.00

FHECAL GE R R IRAA HE, SR TR 290 A 53R S B A A H A i MR RS 7 0 e LA RE )RR 203 B i A 4
DLH. RERSTE S 9814 pH L Fl N ARKOR -5 3 R B IR 25 BRAICR, 1 B ARKAR P L AN 25 5 88 1 1 32
Wi, FEAN R A9 7K 50 25 6T DR 35 e 8O B SR BE . RIS, 7 28 44 K B S AR LA B 4 ) A0 B A A 4
RE, RERS S SR T /K PR 35 G 2 v, DT REAIR 1 AREBAS . (A T T8 A, 7 B BRI B AR AN 75 5
FEOKT5 Y Ab B AR 7 A T g, B SR IR BEAh, i HAR A B 5 Tl 4, T RUAE R A
JO7 T PP S B2 U 5 PR U A i 6T IR, I SR N R AR SRR AR S — R0 L 7 P S5 ) IR R A A

4 M5 ﬁ%(Snmmary and outlook)

W B EA R SRUSCR A B T (S SO0 A, BT I TR L Tk 5 S K R AL 3. SR, AN )
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URERS = NN B IE L - &7 B B (187 [~ /W £ ) 1P SO 1 0 S o) il S B S R S e
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TA B AE R A B R A T BB A — 2R FE A TS e T, S AR RIERBE (R A, VR A SR AR
PO T 72 bk, BAR BA BRI 2 A5 0 U i, ABAS B 5 B9 A 1A W, 308 — R 5815 e i
R R AGAFTE RIS, MR R SR 2280 B A A M DR L AR vy A R, LR AR B A7 AR 1Y
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LB IIRXS T 7K A A 25 B B AL B 5 el R 3R A 9, AT B 47 b 5 5 9 48 Tl 45 25 L i A SO
B Ak 1 A . R AR S K A TS B FUKCIE AR, 255 i T A& R 5 BR AL I BOR, aniic i vk . i fb e ik
S, B 2R BN KA SR R AT v S R R A R, AR AR b SRAR A 075 G XURS: . A, SRR A
R ERENE ARA HARRY R, W2 BRI SRR, RAFG &5 s 107, ek NS
BT AT P2 K .

5% 30k (References)

[ 11 FBFMH, KFEZ . KRR LW B st 0], AR % 5 3, 2014, 39(11): 31-34.
ZHENG D Y, GENG C Z. Research progress for removing fluorine from water[J]. Environmental Science and Management, 2014,
39(11): 31-34 (in Chinese).

[ 21 2022 4F b [ A S FREFORBLA R (@R 7%) 0], FREELR TP, 2023, 51(Z2): 64-81.
China ecological environment status bulletin 2022 (Excerpt) [J]. Environmental Protection, 2023, 51(Z2): 64-81(in Chinese).

[ 3 1 skt sk, 3%, 5. & BUKEHE AR R RIVIR [1]. g @ RHE, 2021, 23(12): 46-49.
ZHANG Q X, ZHANG C, XU Y, et al. Treatment status of high fluorine water[J]. Journal of Green Science and Technology, 2021,
23(12): 46-49 (in Chinese).

[ 4] GAOZIJ,SHIMJ, ZHANG H Y, et al. Formation and in situ treatment of high fluoride concentrations in shallow groundwater of a
semi-arid region: Jiaolai basin, China[J]. International Journal of Environmental Research and Public Health, 2020, 17(21): 8075.

[ 5 1 DASSK,DAS R K. Investigation on fluoride concentration in ground water by hydrochemical pathway [J]. International Journal of
Environmental Analytical Chemistry, 2021, 101(15): 2551-2567.


https://doi.org/10.3390/ijerph17218075
https://doi.org/10.1080/03067319.2019.1694672
https://doi.org/10.1080/03067319.2019.1694672

10 34 R 52 S [ D BEE B 98U BT AR BRI K B 5 S K v (R B 5 o 3257

[ 6]

L7]

[ 8]

L9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

DUAN Q, JIAO J, CHEN X, et al. Association between water fluoride and the level of children’s intelligence: A dose-response
metaanalysis [J]. Public Health, 2018, 154: 87-97.

TOMAR V, PRASAD S, KUMAR D. Adsorptive removal of fluoride from water samples using Zr-Mn composite material[J].
Microchemical Journal, 2013, 111: 116-124.

DAVARKHAH R, ZEINAB P, HOSSEIN M A, et al. Co-application of coagulation and electrochemical processes to remove fluoride
from water[J]. FLUORIDE, 2020, 53(3): 483-490.

M, B 5k, BREE . B K AL BB R 5B 50 T 1 1 Lt A (0], KRB TR 242241, 2004, 35(2) : 155-159,163.

YANG B, FAN G S, LIANG Z H. The comparison of membrane technology and conventional methods for water treatment[J]. Journal
of Taiyuan University of Technology, 2004, 35(2): 155-159,163 (in Chinese).

ARAHMAN N, MULYATI S, LUBIS M R, et al. The removal of fluoride from water based on applied current and membrane types in
electrodialyis[J]. Journal of Fluorine Chemistry, 2016, 191: 97-102.

ARAR O, YAVUZ E, YUKSEL U, et al. Separation of low concentration of fluoride from water by electrodialysis (ED) in the
presence of chloride and sulfate ions [J]. Separation Science and Technology, 2009, 44(7) : 1562-1573.

SADAT H S, HOSSEIN M A. Removal of fluoride from drinking water by freezing technology[J]. Fluoride, 2019, 52(3): 231-247.
KARMAKAR S, MUKHERIJEE J, MUKHERIJEE S. Biosorption of fluoride by water lettuce (Pistia stratiotes) from contaminated
water[J]. International Journal of Environmental Science and Technology, 2018, 15(4): 801-810.

LOGANATHAN P, VIGNESWARAN S, KANDASAMY 1J, et al. Defluoridation of drinking water using adsorption processes[J].
Journal of Hazardous Materials, 2013, 248/249: 1-19.

LIU X W, WANG Y X, CUI X Y, et al. Fluoride removal from wastewater by natural and modified gibbsite [J]. Journal of Chemical
& Engineering Data, 2021, 66(1): 658-668.

SIVASAMY A, SINGH K P, MOHAN D, et al. Studies on defluoridation of water by coal-based sorbents[J]. Journal of Chemical
Technology & Biotechnology, 2001, 76(7): 717-722.

CORRAL-CAPULIN N G, VILCHIS-NESTOR A R, GUTIERREZ-SEGURA E, et al. Comparison of the removal behavior of
fluoride by Fe3+ modified geomaterials from water[J]. Applied Clay Science, 2019, 173: 19-28.

MEENAKSHI S, SUNDARAM C S, SUKUMAR R. Enhanced fluoride sorption by mechanochemically activated kaolinites[J].
Journal of Hazardous Materials, 2008, 153(1/2): 164-172.

BN, BIE i, )5 A BE, S REVE SR MOF 119 3R 1 0 X6 7K 44 o 3 Ak 4 8 B P BB F 5T (). BRBERL 2 B 5T, 2021, 34(5)
1139-1147.

DUAN P Z, JIA X B, HOU X K, et al. Characterization and adsorption properties of magnetic AI-MOF composite for fluoride[J].
Research of Environmental Sciences, 2021, 34(5): 1139-1147 (in Chinese).

CHAKRABORTY A, NASKAR M K. Study on the synthesis and structural properties of zeolite A-MgO composite for defluoridation
of water[J]. Transactions of the Indian Ceramic Society, 2021, 80(3): 199-207.

SR, BRI, 1AL 8 Bk G 3R SR ORI I BR ST 5T (7). K AR B R, 2015, 41(7) 2 31-36.

ZHANG J, CHEN N, FENG C P. Adsorption of fluoride by iron-impregnated chitosan(Fe-CTS)granule[J]. Technology of Water
Treatment, 2015, 41(7): 31-36 (in Chinese).

CHEN N, ZHANG Z Y, FENG C P, et al. Fluoride removal from water by granular ceramic adsorption[J]. Journal of Colloid and
Interface Science, 2010, 348(2): 579-584.

LU W J, ZHANG C H, SU P D, et al. Research progress of modified natural zeolites for removal of typical anions in water[J].
Environmental Science:Water Research & Technology, 2022, 8(10): 2170-2189.

W% 2, R BB R AR A 0 K AR B S BR MR RERIF S (D). SR BERL2 4R, 2022, 45(4) : 38-46.

CHEN L J, CHEN J S. Study on the removal performance of lanthanum-loaded natural zeolite for F- in water[J]. Environmental
Science& Technology, 2022, 45(4): 38-46 (in Chinese).

ZHANG Z J, TAN Y, ZHONG M F. Defluorination of wastewater by calcium chloride modified natural zeolite[J]. Desalination,
2011, 276(1/2/3): 246-252.

CHEN J B, YANG R J, ZHANG Z Y, et al. Removal of fluoride from water using aluminum hydroxide-loaded zeolite synthesized
from coal flyash[J]. Journal of Hazardous Materials, 2022, 421: 126817.

WRIC, Bk, XK . 45 ok s 4 i Sh 28 BR T2 L)), AEBJm 4™, 2012, 35(4): 64-67.

CHEN W, CHEN D, LIU L Y. Dynamic fluoride removal of zirconium modified natural zeolite[J]. Non-Metallic Mines, 2012,
35(4): 64-67 (in Chinese).

YANG R J, CHEN J B, ZHANG Z Y, et al. Performance and mechanism of lanthanum-modified zeolite as a highly efficient adsorbent
for fluoride removal from water[J]. Chemosphere, 2022, 307: 136063.

DIAZ-FLORES P E, ARCIBAR-OROZCO J A, FLORES-ROJAS A 1, et al. Synthesis of a chitosan-zeolite composite modified with
La(IIl): Characterization and its application in the removal of fluoride from aqueous systems[J]. Water, Air, & Soil Pollution, 2021,
232(6): 1-14.

DESSALEGNE M, ZEWGE F, DIAZ 1. Aluminum hydroxide supported on zeolites for fluoride removal from drinking water[J].


https://doi.org/10.1016/j.puhe.2017.08.013
https://doi.org/10.1016/j.microc.2013.04.007
https://doi.org/10.1016/j.jfluchem.2016.10.002
https://doi.org/10.1080/01496390902775943
https://doi.org/10.1007/s13762-017-1439-3
https://doi.org/10.1016/j.jhazmat.2012.12.043
https://doi.org/10.1016/j.clay.2019.03.003
https://doi.org/10.1080/0371750X.2021.1978864
https://doi.org/10.1016/j.jcis.2010.04.048
https://doi.org/10.1016/j.jcis.2010.04.048
https://doi.org/10.1016/j.jhazmat.2021.126817
https://doi.org/10.1016/j.chemosphere.2022.136063

3258

7 A 4

3

43 %

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[ 46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[ 54]

[55]

Journal of Chemical Technology & Biotechnology, 2017, 92(3): 605-613.

SUN Y B, FANG Q H, DONG J P, et al. Removal of fluoride from drinking water by natural stilbite zeolite modified with Fe(III)[J].
Desalination, 2011, 277(1/2/3): 121-127.

YANG B, SUN G R, QUAN B X, et al. An experimental study of fluoride removal from wastewater by Mn-Ti modified zeolite[J].
Water, 2021, 13(23): 3343.

JIA CM, FAN'Y J, JIANG R L, et al. Preparation of La(III), Fe(III) modified zeolite molecular sieves for the removal of fluorine from
water[J]. Water, 2022, 14(19): 2946.

THAKRE D, RAYALU S, KAWADE R, et al. Magnesium incorporated bentonite clay for defluoridation of drinking water[J].
Journal of Hazardous Materials, 2010, 180( 1/2/3): 122-130.

NAGHIZADEH A, GHOLAMI K. Bentonite and montmorillonite nanoparticles effectiveness in removal of fluoride from water
solutions[J]. Journal of Water and Health, 2017, 15(4): 555-565.

LEE J I, HONG S H, LEE C G, et al. Experimental and model study for fluoride removal by thermally activated sepiolite[J].
Chemosphere, 2020, 241: 125094.

RAG . L 2 AL B R W B 25 B3k b R K P SR Rt FIALIRARF 5 (D], R KRR, 2018.

SONG Q. Performance and mechanism of fluoride adsorption from aqueous solution by granular ceramic adsorbent based on native
volcanic rocks[D]. Tianjin: Tianjin University, 2018 (in Chinese).

MUSCHIN T, ZULCHIN H, JIA M L. Adsorption behavior of polyhydroxy-iron-modified coal-bearing Kaolin for fluoride
removal [J]. ChemistrySelect, 2021, 6(13): 3075-3083.

TOR A. Removal of fluoride from an aqueous solution by using montmorillonite [J]. Desalination, 2006, 201(1/2/3): 267-276.
ZHANG S Y, LYU Y, SU X S, et al. Removal of fluoride ion from groundwater by adsorption on lanthanum and aluminum loaded
clay adsorbent[J]. Environmental Earth Sciences, 2016, 75(5): 401.

ERR, B IR0, % 1S AL R B R R E (1], RO R 22441, 2014, 41(2) 2 248-252.

WANG C C, DUAN Y, XU W, et al. Performance of modified activated alumina for fluoride removal[J]. Journal of Anhui
Agricultural University, 2014, 41(2): 248-252 (in Chinese).

GAO Y J, YOU K, FU J X, et al. Manganese modified activated alumina through impregnation for enhanced adsorption capacity of
fluoride ions[J]. Water, 2022, 14(17): 2673.

TOMAR G, THAREJA A, SARKAR S. Enhanced fluoride removal by hydroxyapatite-modified activated alumina[J]. International
Journal of Environmental Science and Technology, 2015, 12(9): 2809-2818.

RAFIQUE A, ALl AWAN M, WASTI A, et al. Removal of fluoride from drinking water using modified immobilized activated
aluminal[J]. Journal of Chemistry, 2013, 2013: 1-7.

YU CL, LIU L, WANG X D, et al. Fluoride removal performance of highly porous activated alumina[J]. Journal of Sol-Gel Science
and Technology, 2023, 106(2): 471-479.

COLLEDGE G T, OUTRAM J G, MILLAR G J. Improved remediation of fluoride contaminated water using titania-alumina
sorbents[J]. Journal of Water Process Engineering, 2022, 49: 103091.

XUN C, LIU Z, DONG Y P, et al. Controllable synthesis of mesoporous alumina with large surface area for high and fast fluoride
removal [J]. Ceramics International, 2016, 42(14): 15253-15260.

JIANG G M, JIN L F, PAN Q L, et al. Structural modification of aluminum oxides for removing fluoride in water: Crystal forms and
metal ion doping[J]. Environmental Technology, 2022, 43(21): 3248-3261.

XIANG W, ZHANG G K, ZHANG Y L, et al. Synthesis and characterization of cotton-like Ca-Al-La composite as an adsorbent for
fluoride removal [J]. Chemical Engineering Journal, 2014, 250: 423-430.

ZHANG Y Z, HUANG K. Defluoridation behavior of layered Fe-Mg-Zr hydroxides and its continuous purification of groundwater[J].
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2019, 578.

ZHOU J, ZHU W K, YU J, et al. Highly selective and efficient removal of fluoride from ground water by layered Al-Zr-La Tri-metal
hydroxide[J]. Applied Surface Science, 2018, 435: 920-927.

TN, A B, AR, AR BRI B R T R AL AR B BR AU RE (], PRIE AR 444, 2016, 10(8): 4189-4195.

ZHANG X L, LIS M, LIH Y, et al. Adsorption fluoride removal by La-Mg-loaded modified activated alumina[J]. Chinese Journal of
Environmental Engineering, 2016, 10(8) : 4189-4195 (in Chinese).

FERR, B IR0, . SR S AR 2 G O T M U AR R BB SROAIE 5 (0] K AL B AR, 2014, 40(8): 29-32,37.

WANG C C, DUAN Y, XU W, et al. Study of defluorination by composite modified activated alumina adsorption[J]. Technology of
Water Treatment, 2014, 40(8): 29-32,37 (in Chinese).

XUNC, LIS X, LI W, et al. Removal of fluoride by graphene oxide/alumina nanocomposite: Adsorbent preparation, characterization,
adsorption performance and mechanisms [J]. ChemistrySelect, 2020, 5(6): 1818-1828.

Wik, BN BT, ARk g LA Bk S A M 0 M SR RE O B R e R A RIESE (D). Wb RIR A B 2E A (H AR 2 R, 2009,
27(3):248-253.

YANG X H, WEI S Y, LI Y F. Fluoride adsorption capacity and influence factors of several iron oxides[J]. Journal of Hubei


https://doi.org/10.3390/w13233343
https://doi.org/10.3390/w14192946
https://doi.org/10.2166/wh.2017.052
https://doi.org/10.1016/j.chemosphere.2019.125094
https://doi.org/10.1002/slct.202100226
https://doi.org/10.1007/s12665-015-5205-x
https://doi.org/10.3390/w14172673
https://doi.org/10.1007/s13762-014-0653-5
https://doi.org/10.1007/s13762-014-0653-5
https://doi.org/10.1007/s10971-022-05722-2
https://doi.org/10.1007/s10971-022-05722-2
https://doi.org/10.1007/s10971-022-05722-2
https://doi.org/10.1007/s10971-022-05722-2
https://doi.org/10.1016/j.jwpe.2022.103091
https://doi.org/10.1016/j.ceramint.2016.06.164
https://doi.org/10.1080/09593330.2021.1921044
https://doi.org/10.1016/j.cej.2014.03.118
https://doi.org/10.1016/j.apsusc.2017.11.108
https://doi.org/10.1002/slct.201904867

10 34 R 52 S [ D BEE B 98U BT AR BRI K B 5 S K v (R B 5 o 3259

[56]

[57]

[ 58]

[59]

[ 60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

University for Nationalities (Natural Science Edition), 2009, 27(3): 248-253 (in Chinese).

Bz, Rl R, VE ), . S BIR)Z I U IR R ER S RE BT ST (7). o [ 2 KRR, 2000, 16(1): 1-4.

GAON Y, XU D M, FAN J C, et al. A study on the performance of modified filter media using iron oxide coated sand for fluoride
removal[J]. China Water & Wastewater, 2000, 16(1): 1-4 (in Chinese).

ZHANG C, L1Y Z, WANG T J, et al. Synthesis and properties of a high-capacity iron oxide adsorbent for fluoride removal from
drinking water[J]. Applied Surface Science, 2017, 425: 272-281.

NAGENDRA RAO C R, KARTHIKEYAN J. Removal of fluoride from water by adsorption onto lanthanum oxide[J]. Water, Air, &
Soil Pollution, 2012, 223(3): 1101-1114.

JELAR B, XSS, )i, 45 0 Bk Ak 3B K A IR BT 55 A 0] AR B R, 2006, 32(1): 1-5.

ZHOU C Q, DENG X H, LIU H M, et al. Treatment of aqueous solution containing fluoride by absorption process[J]. Technology of
Water Treatment, 2006, 32(1): 1-5 (in Chinese).

DOU X M, MOHAN D, PITTMAN C U, et al. Remediating fluoride from water using hydrous zirconium oxide[J]. Chemical
Engineering Journal, 2012, 198/199: 236-245.

FRAIRE, F 7S, A d . A A S AL 50 T 8 B B K BRI R (0], SRR AL 24 4R, 2018, 46(9) : 87-92.

ZHENG L X, GAO J, YANG J C. Study on preparation of La-loaded active alumina and factors affecting fluoride removal for
fluorinecontaining wastewater [J]. Coal Science and Technology, 2018, 46(9): 87-92 (in Chinese).

WA, AHREDS, T, AF . ROR S ACHS WA o1 0 A0 B U T KBTS (D). 2R K HEIK, 2020, 36(3) : 49-53.

GAO Y N, RU Y F, WANG J, et al. Treatment of high fluoride groundwater by micron zirconia/zeolite molecular sieve[J]. China
Water & Wastewater, 2020, 36(3): 49-53 (in Chinese).

ZHOU Y M, YU C X, SHAN Y. Adsorption of fluoride from aqueous solution on La*-impregnated cross-linked gelatin[J].
Separation and Purification Technology, 2004, 36(2) : 89-94.

BILICI BASKAN M, BIYIKLI A R. The adsorption of fluoride from aqueous solutions by Fe, Mn, and Fe/Mn modified natural
clinoptilolite and optimization using response surface methodology [J]. Water Environment Research:a Research Publication of the
Water Environment Federation, 2021, 93(4): 620-635.

YANG B, JIA C M, SUN G R, et al. Enhancing the adsorption function of F- by iron and zirconium doped zeolite: Characterization
and parameter optimization[J]. Environmental Engineering Research, 2023, 28(2): 220010.

MALIYEKKAL S M, SHUKLA S, PHILIP L, et al. Enhanced fluoride removal from drinking water by magnesia-amended activated
alumina granules[J]. Chemical Engineering Journal, 2008, 140( 1/2/3): 183-192.

ZHU T Y, ZHU T H, GAO J, et al. Enhanced adsorption of fluoride by cerium immobilized cross-linked chitosan composite[J].
Journal of Fluorine Chemistry, 2017, 194: 80-88.

MANNA S, ROY D, SAHA P, et al. Defluoridation of aqueous solution using alkali-steam treated water hyacinth and elephant
grass[J]. Journal of the Taiwan Institute of Chemical Engineers, 2015, 50: 215-222.

CHEN G J, PENG C Y, FANG J Y, et al. Biosorption of fluoride from drinking water using spent mushroom compost biochar coated
with aluminum hydroxide [J]. Desalination and Water Treatment, 2016, 57(26) : 12385-12395.

ALAGUMUTHU G, RAJAN M. Kinetic and equilibrium studies on fluoride removal by zirconium (IV): Impregnated groundnut shell
carbon[J]. Hemijska Industrija, 2010, 64(4): 295-304.

BT, 2SR, A, A O i DR R R D A o ORGSR RE TS 0] TEHLAL A 2412, 2009, 25(5) - 849-854.

WEI N, LUAN Z K, WANG ], et al. Preparation of modified red mud with aluminum and its adsorption characteristics on fluoride
removal[J]. Chinese Journal of Inorganic Chemistry, 2009, 25(5): 849-854 (in Chinese).

7R B K B ke R 1 o e BB UM BEAF S (D] U Ll PG U E K A, 2013.

LI Y R. Preparation of ultrasonic assisting ferric chloride modified cinder and fluoride in performance research[D]. Linfen: Shanxi
Normal University, 2013 (in Chinese).

MOHAN R, BORA A J, DUTTA R K. Fluoride removal from water by lime-sludge waste[J]. Desalination and Water Treatment,
2018, 112: 19-33.

AR, SRR, BT, S SO A I K P U T I I BT BE (] R TR SR, 2023, 17(4) 1 1167-1176.

ZHU D M, SHAO B L, ZHONG K Y, et al. Adsorption performance of lanthanum-modified steel slag towards fluoride ion in
water [J]. Chinese Journal of Environmental Engineering, 2023, 17(4): 1167-1176 (in Chinese).

KEMER B, OZDES D, GUNDOGDU A, et al. Removal of fluoride ions from aqueous solution by waste mud[J]. Journal of
Hazardous Materials, 2009, 168(2/3) : 888-894.

AT Bt 7 JE GOR AL B B K BT L], AL B S FR AR, 2020, 40(2) : 74-76.

ZHANG W B. Study on treatment of fluorine-containing wastewater by modified chitosan microspheres[J]. Electroplating &
Pollution Control, 2020, 40(2): 74-76 (in Chinese).

KAMBLE S P, JAGTAP S, LABHSETWAR N K, et al. Defluoridation of drinking water using chitin, chitosan and lanthanum-
modified chitosan[J]. Chemical Engineering Journal, 2007, 129(1/2/3) : 173-180.

WORKENEH K, ZEREFFA E A, SEGNE T A, et al. Eggshell-derived nanohydroxyapatite adsorbent for defluoridation of drinking


https://doi.org/10.1016/j.apsusc.2017.06.159
https://doi.org/10.1016/j.cej.2012.05.084
https://doi.org/10.1016/j.cej.2012.05.084
https://doi.org/10.1016/S1383-5866(03)00167-9
https://doi.org/10.1002/wer.1464
https://doi.org/10.1002/wer.1464
https://doi.org/10.1016/j.jfluchem.2017.01.002
https://doi.org/10.1016/j.jtice.2014.12.003
https://doi.org/10.1080/19443994.2015.1049959
https://doi.org/10.2298/HEMIND100307017A
https://doi.org/10.5004/dwt.2018.21918

3260

7 A 4

3

43 %

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[ 96 ]

[97]

[98]

[99]

[100]

water from bofo of Ethiopia[J]. Journal of Nanomaterials, 2019, 2019: 1-12.

PO, £, Zr At L RIS AR E BRI RE (). A (A4 m QR HERSY), 2019(1): 73-76.

LU F H, WANG Z C, PENG N D, et al. Defluorination performance of red mud residue after recovery of Al, Na and Fe[J].
Nonferrous Metals (Extractive Metallurgy), 2019(1): 73-76 (in Chinese).

KB, FBEL, 447, 45 o PR Bk SRR B MR 5 (). 6 (8716, 2008, 24(5) 1 38-41.

ZHENG Y, ZHENG H, ZHAO L, et al. Study on the adsorption effect and characteristics of fluorine by red mud[J]. Non-Ferrous
Mining and Metallurgy, 2008, 24(5): 38-41 (in Chinese).

ZHANG S Y, LU Y, LIN X Y, et al. Removal of fluoride from groundwater by adsorption onto La(IlI)- AI(III) loaded scoria
adsorbent[J]. Applied Surface Science, 2014, 303: 1-5.

SANTHOSH C, VELMURUGAN V, JACOB G, et al. Role of nanomaterials in water treatment applications: A review [J]. Chemical
Engineering Journal, 2016, 306: 1116-1137.

RIS AR AR A 1] A B R SR REBIE ST (D). A7 3 7 A7 3 1 K57, 2019.

LI J. Preparation of novel nano materials for fluoride adsorption from water[D]. Shihezi: Shihezi University, 2019 (in Chinese).
TRIT . AR B A R BT L 8 B K T RS - B BRALERIESE (D). & HE: o FRF R AR K27, 2016.

ZHANG K S. Design and preparation of nano- adsorbents and adsorption mechanism for fluoride in water[D]. Hefei: University of
Science and Technology of China, 2016 (in Chinese).

TEE G T, GOK X Y, YONG W F. Adsorption of pollutants in wastewater via biosorbents, nanoparticles and magnetic biosorbents: A
review [J]. Environmental Research, 2022, 212: 113248.

JIN Z, JIA' Y, ZHANG K S, et al. Effective removal of fluoride by porous MgO nanoplates and its adsorption mechanism[J]. Journal
of Alloys and Compounds, 2016, 675: 292-300.

KANG D J, YU X L, GE M F. Morphology-dependent properties and adsorption performance of CeO, for fluoride removal[J].
Chemical Engineering Journal, 2017, 330: 36-43.

SR, PR, BT, 45 PRGN K FesO, X3 T /K P S iy W BE P RE AT 52 (0] PRIE R 580K, 2019, 42(6) : 82-88.
WU C H, CHEN C A, GAO X B, et al. Adsorption of fluoride from groundwater by modified nanoscale Fe;0,[J]. Environmental
Science & Technology, 2019, 42(6): 82-88 (in Chinese).

ZHANG K S, ZHU B S, YANG W, et al. Fluoride removal performance and mechanism of superparamagnetic Fe;O,4
nanoparticles[J]. Desalination and Water Treatment, 2021, 233: 281-291.

WANG P, FU F G, LIU T Y. A review of the new multifunctional nano zero-valent iron composites for wastewater treatment:
Emergence, preparation, optimization and mechanism[J]. Chemosphere, 2021, 285: 131435.

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]. Journal of Molecular Liquids, 2016, 216: 401-410.

ARAGA R, KALI S, SHARMA C S. Coconut-shell-derived carbon/carbon nanotube composite for fluoride adsorption from aqueous
solution[J]. CLEAN-Soil, Air, Water, 2019, 47(5): 1800286.

ZHANG J, CHEN N, SU P Y, et al. Fluoride removal from aqueous solution by Zirconium-Chitosan/Graphene Oxide Membrane[J].
Reactive and Functional Polymers, 2017, 114: 127-135.

Bk, ik, FLBE. 4 A ATUAHE 22 B RE X K M A LTS e B R R 2% B B SR AL B AR T S E R (D). BT AR, 2023, 37(4)
170-182.

LU H, YANG Q, KONG Y. Advances research in adsorption removal and oxidation degradation of organic pollutants from aquatic
environments by MOFs materials [J]. Materials Reports, 2023, 37(4): 170-182 (in Chinese).

ZHU X H, YANG C X, YAN X P. Metal-organic framework-801 for efficient removal of fluoride from water[J]. Microporous and
Mesoporous Materials, 2018, 259: 163-170.

WANG X G, ZHU H, SUN T S, et al. Synthesis and study of an efficient metal-organic framework adsorbent (MIL-96(Al)) for
fluoride removal from water [J]. Journal of Nanomaterials, 2019, 2019: 1-13.

HE J Y, CAI X G, CHEN K, et al. Performance of a novelly-defined zirconium metal-organic frameworks adsorption membrane in
fluoride removal [J]. Journal of Colloid and Interface Science, 2016, 484: 162-172.

AR B 5 AR LA A HILAE SRR 1] £ B O K R TS S i 2 BR AR I 58 (D). AT rh R R K2, 2019,
XIE D H. Fabrication of iron, zirconium, and aluminum based metal organic frameworks for removal and detection of water
pollutants[D]. Hefei: University of Science and Technology of China, 2019 (in Chinese).

LI Y H, ZHANG P, DU Q J, et al. Adsorption of fluoride from aqueous solution by graphene[J]. Journal of Colloid and Interface
Science, 2011, 363(1): 348-354.

KARMAKAR S, DECHNIK J, JANIAK C, et al. Aluminium fumarate metal-organic framework: A super adsorbent for fluoride from
water[J]. Journal of Hazardous Materials, 2016, 303: 10-20.


https://doi.org/10.1016/j.apsusc.2014.01.169
https://doi.org/10.1016/j.cej.2016.08.053
https://doi.org/10.1016/j.cej.2016.08.053
https://doi.org/10.1016/j.envres.2022.113248
https://doi.org/10.1016/j.jallcom.2016.03.118
https://doi.org/10.1016/j.jallcom.2016.03.118
https://doi.org/10.1016/j.cej.2017.07.140
https://doi.org/10.5004/dwt.2021.27541
https://doi.org/10.1016/j.chemosphere.2021.131435
https://doi.org/10.1016/j.molliq.2016.01.057
https://doi.org/10.1002/clen.201800286
https://doi.org/10.1002/clen.201800286
https://doi.org/10.1002/clen.201800286
https://doi.org/10.1016/j.reactfunctpolym.2017.03.008
https://doi.org/10.1016/j.micromeso.2017.10.001
https://doi.org/10.1016/j.micromeso.2017.10.001
https://doi.org/10.1016/j.jcis.2016.08.074
https://doi.org/10.1016/j.jcis.2011.07.032
https://doi.org/10.1016/j.jcis.2011.07.032
https://doi.org/10.1016/j.jhazmat.2015.10.030

	1 吸附除氟机制及影响因素（The mechanism and influencing factors of the adsorptive removal of fluorine）
	1.1 去除机制
	1.2 环境影响因素

	2 吸附除氟材料（Adsorptive materials for flouride removal）
	2.1 天然吸附材料
	2.2 金属基吸附材料
	2.3 生物性吸附材料
	2.4 工业废弃物吸附材料

	3 纳米吸附除氟材料（Nano-adsorption of fluoride removal materials）
	3.1 常见纳米吸附材料
	3.2 新型纳米吸附材料

	4 总结与展望（Summary and outlook）
	参考文献

