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An experimental study on defluoridation of drinking water with montinorillonite

WANG Hong tao, JI Junfeng and LIU Lian_wen
( Institute of Surficial Geochemistry, Staie Key Laboratory of Mineral Deposit Research, Department of Earth

Sciences, Nanjing University, Nanjing 210093, China)

Abstract: Montmorillonite adsorption experiments were conducted in the fluoride solution. T he results show that an excellent negative
correlation exists between the adsorption ability of montmorillonite and pH values of the solution. Montmorillonite adsorbs large quan-
tities of fluorine jons and the defluoridation effect is remarkable at low pH value. With the rising of the pH value, the amount of {luo-
rine adsorbed by montmorillonite decreases rapidly and, what is worse, montmorillonite seems almost not to adsorb fluorine ions at all
in basic_neutral solution. The amount of montmorillonite and the concentration of fluoride solution also affect the amount of fluorine
adsorbed on montmorillonite. This is believed to be the result of a positive surface charge build_up on the montmorillonite at low pH
that causes affinity of the negatively charged fluoride ions. In addition, when the concentration of the fluoride solution increases, the
electric double layer becomes thin and the € potential falls, resulting in flocculation of montmorillonite together with fluoride ions. In
addition, the ionic exchange between the fluoride ions and OH™ is an important factor responsible for the adsorption of fluorine onto
montmorillonite in acid solution.

Key words: montmorillonite; defluoridation; experiment; pH value

Ml R TP R S b A AR R W 2 —, DA Wk 40 mg/ L BB ( Weerasooriya et al., 1998), ™ i i AF
TR R KA i\HJ;rkrl’MUr'-JﬂﬁIX.ﬂﬁUJ HO L WP RER NSRRI L b T RS RO AR e G, — s it
T R T A Sl B2 st s . S D AR 4120 1993 1Y 17 1 FEsAOK I SE R WS ( Jinadasa, 1988; M aruthamuthu, 1994;
3R 4t DK e )J 0.5~ 1.0 mg/ L B JE A fE4h  Lounnici et al., 1997: Morris et al., 1960; fhKE%E, 1997:
e 00, AT LTI S oA R i 00, (E S b U BT Zakia et al ., 2001) , [, 6 0 dE L wwmm&wﬂfz\.
1.5 mg/ L I g2 onf AT fsii AR ] . mdesk, th IS TN A7 MO oE 26 W], Sk MR 55 Rt 1 W B 5 1 T P AL S i 1
Al iy e g, AN E AL N &R, S NEREE SR L A A R L & O i ﬁ B AR e B &
S ET £ R R R ST K P I SR B ( Boweretal ., 1967) , 5% A7 S5 L 4 b nl A2 e 25 Ca®* 1Y

Wi HER: 2002- 08- 16; 1T HER: 2002- 12- 26
EETR: s il it 6 95 B i H
TEEE N Fiib1970- ), 5, b4, MR sk fb 5 Hes SR TR .



72 oohaoww

v,

#

AT

b TS

522 4

FAAE A JE JE W I PO A s 2 ( Bar Yosef et al.,
1988) . A ORI 52 I AT 70 25 Fh R I BA B8 19 Bl der o, 2
MBS Ak 257 FIER Ak 25 11 6y 8 6F SE0R St 44 L BE B AT 60

1 FESRI vk

ST FH ) 52 I8 R SR T B Ll A e, A% T
A, TR HH Ty AR OR A 2 Bm LR RE AL, 75 105 C R LT
#H .

FREL 3 g1 g F10.5 g $E405 M0FE &40 250 BT 78420 100
mL BSEMRERR T, N 40 mL #JESh 10 mg/ L 183 6945 31
(] NaF @), 366 HC1 A1 NaOH 8 5553001 pH 4, 11 i
(20°C) 7% 15 47 BiJS, 76 B0 HL L B 0ar i .

SN B HCLRD NaOH S ¥ 000 pH {f, JH PF- 1 B
TR e U s L T I b e g v S R, R ek
AR TE S S B A W R ek, OB pHL A W ) R )
SRR 1g ST, A TR E D) 5 mg/ L .10 mg/ L 50 mg/ L
F1 100 myg/ L 15 G000, T 50000 A0 R, LW %8 4 0 5 X
W S A HH R R .

2 HiRANTIR

2.1 &% pH B X3 IR Hf 55 RO =2 Ml
S0 8 SR A I T 1 R i R R B A BT pH A I
O B A, R E R A R(L 1) L E pH O 2 4
PET, S v R I B 0k 859% LA L. B A
pH {8 11 T i, 5 T AT 1) B o3 SR B, 2 vl 41 Rl A 35
i, SR AT W SRE S5 N e, BRSE N 0.

SEBE A AR SR e S pH (X R IR K R AE 2
MR SR I . —J7 T, Y5 58 AT If T n) A2 sy 47 56, 3L
BLE AT AT R 1) F(2) e

M —OH+ H* =M —OH* (n
M —OH+ OH™ =MO~ + H,0 (2)
M- NaF 7R pH /N T 5 AT ZPC( HUfof 4 5,

=1

2y 2. 5) (B RS, 1990) I, ILil 2 2 55 OH™ ] DLEEAZ /r
T T, A6 A5 52 I A A T A, B B T B
Bff: 1T 7E B pH {45 14 F. 4K &9 pH> ZPC I, M —OH JEF
JHCHS T, BRI A g, HE R BB AR R pH = ZPC I
V) Ay o bk, ANy AT o PR, FE P SRR, SEBAT Y
W S ek 0 B i 2 AR

S3—J7 M, e 1 ] AR, fE MR R pH > ZPC I
P B0 o 2 I 0 AR L AT AR R A Y W SR, pH = 3
I, %205 A 1 W 9, Btk £ 0. 46 mg/ g . 3% U IR A7 J At [H] %
S 5% N A W S e pH A I ST OGRS A
oh e ST OH ™ FIVER 5 1 (e I AT 0% . WY pH
AF 4 ARG L R O™ A RREE, G LAy 4 ik 2 =3 Lo i
PR L RGO B DR 2 — A R OH (LA
AZHR( Parfite, 1978) , U bR 5 e b AF: B RG L07 4¢ 1i OH-
I Bower et al., 1967; Omueti et al., 1977) . {E{k pH
T4 E R, SENEAT P ) —OH S YR, A5 LL RS 17 28 e 11y J o
0k 52 T A0 BT VR B, DRI O B B . A SR R, AT R T
—OH B A IR, DR 0 36t G

BRRETE S0 R L B R A R T R B B S Wi
PEE 3 R AE 5 (Kau et al., 1998) . Carroll Webb %5
( 1988) (MHIF 7L WAL Rk 4 1 w0 A b5 0 SV 01 D ) 2
BRI AL RS . AERUIG pH A K S8 A R T UG £
YT T 1, B AT R 11 38 9, (18 500 1 S R AT 11 S s TP R
JRCH S, LT IR PO R ORC  4, H 9T 52 A0 i
IR . S 4k, FRME 4 1E R AL ASZIRE AT & b b it e L 2 4
T sl S 70 X A7 A, A0 2 AT I A, 3 e e R
A IE N T S M AT TR PR S S B . TRIAE TR R B 4k
PET L AL A BAEE IR A b B Tt R, BRT i G I Gt 48241

S A1 (1) 45 k) 2X K (Na, Ca)o.ss (Al Mg, Fe)a[( Si,
Al) 4010] (OH) 2*nH,0, Jif 20 1 84— J\ji 4 2R g5 b i e b
Yy . SN AT 2 2 ) 2 A T B ) ] A e BH S ke gk
T, AT AR A P T Ca® (947 A6 AT W) T30 3 GO i ¥
F~ [ F 2K ( Gupta et al., 1982; Bar Yosef et al., 1988; Kau
et al.,1998) .

BRARpHEMNRHRAAEXRBEEMEREHTZM

Table 1 Concentrations of fluorine adsorbed by montmorillonite and defluoridation percentages at

different pH values and different amounts of montmorillonite

3z lg 0. 5¢
pH i ‘ALH-'I!.JFE F- W L ik B (%) ‘&L'*f_'lUﬁ F- T, G i B (%) ‘&L'*f_'lUﬁ F- R G ik B (%)
HRIY(mg/ L) (mglg) #E (me/ L) (mgl g) #E(mg/ L) (mg/ g)
2 0.4 0.13 96 0.6 0. 38 94 1.6 0. 67 85
3 1.1 0.12 89 2.4 0.30 76 4.2 0. 46 58
4 2.3 0. 10 77 6.0 0.16 40 9.0 0. 08 10
5 6.2 0.05 38 9.0 0.04 10 9.3 0. 06 7
7 10.0 0 0 10.0 0 0 10.0 0
9 10.0 0 0 10.0 0 0 10. 0 0 0
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Table 2 Concentrations of fluorine adsorbed by montmorillonite and defluoridation

percentages at different concentrations of fluorine containing solution

Smg/ L 10mg/ L 50mg/ L 100mg/ L
pH i AERJS F- o WEdlht  FRRlR  AREUS Pk WRGURE BERCE  AREUS POk WRRUHT RRRCE  MREUS Pk WRRhE PEGUE
[¥(mg/L) (mg/g) (%) JE(mg/L)  (mglg) (%) [ (mg/L)  (mefg) (%) JE(mg/L)  (mglg) (%)
2 0.29 0.19 94 0.6 0. 38 94 9.3 1.63 81 27.5 2.90 73
3 0.71 0. 17 86 2.4 0.30 76 12.0 1.52 76 25.5 2.98 75
4 2.95 0. 08 41 6.0 0. 16 40 25.5 0.98 49 69.0 1.24 31
5 5 0 0 9.0 0. 04 10 48.0 0.08 4 90. 0 0. 40 10
7 5 0 0 10.0 0 0 50 0 0 100 0 0
9 5 0 0 10. 0 0 0 50 0 0 100 0 0

S A UK P AT PR B e AR O 1 1 v 4
R W Ok 2 T (R 5 | g 48 i, T R 0 et R R g 52
T Uk 2 0] W 5| 7 ( Miyahara et ol ., 1998, 2002) .
FEAR pH ARLIN, Bli NaF 01 10 T i, A7 1 L A 34 1 it
A L 13T P B e A T Rk KR B 5 | i A A B e, i T s M
K IR B T LAYE S T —3 i i —ad i B —E iz
) 5 A (37 ORA, 1987) , 2 5 A DR (1) fr) B 57 | 1y 38 o, AR
PR, AL AT 52 1A 540 F™ b e ok .

G351, BEAT NaF &5 0 BE (0 8w, 3 b [ 7
(F~ ) ABChE 22, R0HL I3 IR ] 5 2 v S 2 1) 00t s A 7 34
2, IR AT 2R B2 1 52 5 A DI 2 TR0 P P i, DR (0] 1 1k % )
BEAIG (TR, 1987) , A A3 00 H0 L2 4 e i, € 7 PR AIG . 2 B
Ep ARG 81 BRI ORE FE I O efy 8, L0 P A M o 0 o 0ROk 1) 4
I, & LA AR 3 o) B, BEREN Y, A T O
TP DUEE ok, R 0 Bl 5 e v 5 I T e, 2B A )
WA 4

3 4

=H

17

(1) TERRYE S0 S0 A 0K W iR 0 B0, PR B .

520 AT A R SR A AR K TR 52 pHL AR 1 S i, W S R R
TR R pH A0 BT E T, SRR .

(2) %8 A R W 36k 25 SV 900 S 1 T s T 9

(3) S AW PR SRR S IR 2 B2 i TR A I . Mk R
() pH B PR 20 /N T 52 i A7 (19 ZPC W, 52 5 A0 3 T 45 iF ff i
MW 5 (e pH E 85 T 22 AT ZPC [ i b, 5805
AR P OH SEF S A L AL BT FTOJB
BRRE A M 7 B B . 53 Ah, BT NaF S i3 e, AR €
FL A ARG, SO P J28 L 8 R /S, 3 308 I A R I 3 e 2 B A
H, WA F- 0 R ke .

Bt A M R e A B T O B R S
2 TGO SRR . 75— 80 .

Bar_Yosef B, Afik I, Rosenberg R. 1988. Fluoride sorption by mont-
morillonite and kaolinite] J|. Soil Sci., 145(3): 194~ 198.

Bower C A, Hatcher J T. 1967. Adsorption of fluoride by soils and min-
erals[ J]. Soil Sci., 103: 151~ 154,

Carrol_Webbh S A, Walther J] V. 1988. A surface complex reaction mod_

( F#: 55 76 T1) (1o be continued on p. 76)



76 s nOF W %

A
o2

522 4

I
SR

( =425 73 U1) ( Continued from p. 73)

el for pH dependence of corundum and kaolinite dissolution rates[ J].
Geochim. Cosmochim. Acta. 52: 2601~ 2 605.

Gupta R K, Chhabra R, Abrol 1 P. 1982, Fluoride adsorption hehaviour
in alkali soils: Relative roles of pH and sodicity[ J]. Soil Sei., 133:
364~ 368.

Jinadasa K B P N. 1988. A rapid method for the defluoridation of fluo-
ride= rich drinking waters of village level[ J]. Inter. J. Environ.
Studies, 31: 305~ 312.

Kau P M H, Smith D W, Binning P. 1998. Experimental sorption of
fluoride by kaolinite and bentonite[ J]. Geoderma, 84: 89~ 108.

Lounnici L, Addour D Belhocine, et al. 1997. Study of a new technique
for fluoride removal from water| J]. Desalination, 114: 241~ 251.

Maruthamuthu M. 1994. Defluoridation by zeolites and apophyllite[ J].
Fluoride, 27(2): 81~ 88.

Miyahara K, Adachi Y, Nakaishi K. 1998. The visc

ity of a dilute sus

pension of sodium montmorillonite in an alkaline state [ J]. Coll.
Surf. A: Physicochemical and Engineering Aspects, 131, 69~ 75,

Miyahara K, Adachi Y. Nakaishi K, Ohtsubo M. 2002. Settling veloci
ty of a sodium montmorillonite floc under high ionic strength| J].
Coll. Surf. A, 196: 87~ 91.

Morris R L. 1960. Fluoride adsorption and resorption Phenomenon of
sodium aluminum silicate zeolites| J]. Water and Sewage Works,
107: 345~ 347.

Omueti J A I, Jones R L. 1977. Fluoride adsorption by Illinois soils[ J] .

J. Soil Sei., 28: 264~ 272,

Parfitt R L. 1978. Anion adsorption by soils and soil minerals| J]. Adv.
Agron, 30: 1~ 50.

Sun Chengyuan, Ji Junfeng, Zhao Meifang. 1997. Studies on defluorida-
tion of palygorskite[ J]. Geol. J. China Univ., 3: 400~ 403 (in
Chinese with English abstract) .

Weerasooriya R, Wickramarathne H U S, Dharmagunaw ardhane H A.
1998. Surface complexation modeling of fluoride adsorption onto
kaolinite] J|. Colloids and Surfaces A: Physicochemical and Engi
neering Aspects, 144: 267~ 273.

Yu Tianren. 1987. The Chemical Principles of Soils [ M]. Beijing: China
Sei. Tech. Press, 164~ 181 {in Chinese) .

Zakia A, Nabil M, et al., 2001.
brackish water by electrodialysis[ J|. Desalination, 133: 215~ 223.

Zhao Xingyuan, Zhang Youyu. 1990. Clay Minerals and Analysis of Clay

Bernard B, Fluoride removal from

Minerals| M |. Beijing: China Ocean Press, 37~ 40 (in Chinese) .

Bt o 305 % 3Tk

Phofcdes, ZRuEag, BOMEDT. 1997, 1M1 B LA BSR4 B[ D). o
B4, 3(4): 400~ 403.

TRAZ 1987, LAEfbE I M. dbat: Rt RREL, 164~ 181.

AW, TRATHL. 1990, K- Lw AR LA A M. dbss g
A, 37~ 40.



	王洪涛.pdf
	页面提取自－ 代明泉.pdf

