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Surface Properties and Adsorption Characteristics for Fluoride of Goethite,

Kaolinite and Their Association
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Abstract; The basic properties of goethite, kaolinite and their association were characterized using X-ray diffraction (XRD) , scanning
electron microscopes (SEM) , Fourier transform infrared spectroscopy ( FT-IR) , potentiometric titrations, specific surface area ( SSA)
and micropore analysis. Moreover, the adsorption capacity and adsorption models of fluoride by the investigated samples were studied.
Results show that when kaolinite and goethite presented simultaneously in the same suspension system, goethite was apt to coat the
surface of kaolinite and the interactions between them could occur rapidly. As a result, the binary association containing kaolinite and
goethite was formed. The binary association possessed the pore diameter of 0.42 nm and 0. 61 nm, specific surface area of 34.08
m’/g, surface fractal dimension of D =2.726 and the pH . (pH of point of zero net proton charge) in the range of 5. 50-6.50. At
the initial pH 6. 00, the maximum adsorption capacity (gq,,, ) of goethite, kaolinite and association was 4. 506, 0. 608 and 3. 520 mg/g
respectively. The adsorption of fluoride by the single kaolinite or goethite could be attributed to monolayer adsorption and the data of
isotherm adsorption could be well fitted by Langmuir model (R* =0.991 and R* = 0. 964 respectively). The Freundlich model was
suitable for describing the adsorption of fluoride by the binary association (R> = 0.995) , which indicated that the surface of the binary
association is heterogeneous and is probably provided with multilayer adsorption sites. The adsorption mechanisms for fluoride by the
investigated samples include anion ligand exchange, surface coordination and electrostatic attraction. In addition, F~ acting as a bond
bridge between the surfaces of kaolinite and goethite contributed to the adsorption of fluoride too. Compared to the single goethite or
kaolinite , the binary association exhibited the higher specific surface area, surface fractal dimension and adsorption capacity for fluoride
as well as the lower amount of hydroxyls and net proton charges on it’ s surface, although no significant variation was found in the
porosity structure of the association.
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Fig.3  Nitrogen adsorption/adsorption isotherms and pore size distribution of the examined samples
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Table 1~ Pore structural properties and surface fractal dimensions of the investigated samples

BERRE BETZ?%EEWH AL H R LIEEA FLIAFR FE AL Iy
/m?-g™! /m?-g”! /m?.g! /em® g 7! /nm (D)
[=oa 16. 62 3.07 13.58 0.0203 0.6375 2.314
gk 41.26 8.21 33.05 0.048 2 0.548 3 2.271
245Y 34.08 5.76 28.32 0.0335 0.564 1 2.726

A7, D AE T i W R B0 4 3 T34 5 PR L 2 KRS JE 4
L MR EE D RN ERIE S
Yy > @A > EHRT. T L, B2 R 0 2% TRDRDRS B A
e S P BL T LA Y R
2.4 LA BT
&l 4 S AERE G 0 FT-IR &35 5 04 1 Fl T 2k
B BRI LT AN R S SeaR R &
2 PR HL R, B A TR Y 4T A1 6 1 W i AT — s AR
k.3 BRE I R BEAT AN IR R AR R I O & I8 A
PASK LT AR Y 1E 1369 5, 365 8, 3626, 938 i1 912
em ™ FRFAT A W AT BT 40 0 0T R T P 3 AR R O
(=Al—OH) iRz | Fh 3R w40 52 5 A 45 = 50y
PR A0 R A 4 A Bl | A 3R T AR R IR i ik 3l R
TR A MR 3. T WL, e G R SRR
BE. AR R R BE 1 3 S I Bl WY 4 ) 1) AR A
% E3690, 3651, 3621, 934 f1 906 cm ' [, T
H w9l 89, OB B oA fg . & 0 A R M
=Al—OH S54Mk# %1l =Fe—OH 2 a1y &
VB O—HER AR M9 55 , 3 BUR R ZE R IR s i % T
R s 76 52 A A8 )it B v, 37 TE H Ay ) A A R B oy
W i =A1—OH iy H' DL & s A R AR Y
AR ] 3B =A1—OH /b, Bl 19 R s iy
V55 5 ()i U 1 RV 4 B 3R T R T 7K ) e 4 R B0 A
RPN T3 461 em ' I3 410 em ', B AR 1
FhF 7K ) i 208 B 2 A0 5 R0 08 WA 54 B2 AR A T T AR T
TR A AT BT A A 3R T R B K Y A it B Bl AR )
I F1 639 em ' HIL 638 em A A 2 TH WL I K
{1425 il B 3h 451 3 43 0 ) A RS &1 630 em T, MR KL
548 5 A T R BRLOAR () R K ) £ A0 MR IACREAE 2 B B
B S 2 A Ja I A T A W R K R AT
SUHEAE FH 5 )1 I8 A L AA v Si—O0—Si iy i X Fik i 4
P Bl AT AR XoF B4 i 20 A 23 R AR £ iR 2l A 53 )
£ T1 045, 1014 F1 466 cm ', O—Al—O {4 {if 45 &
RN T 113 em ™', Al—O—Si #7281 Ik s 4% R
fiF 539 em ™', Si—O {25 il IR 3 4 R A F 698
em ™R 425 em ' 7RG A Pk 40 B P Y WY
S T ARAT RS Bl 3% o o T RS AR s e A R O
HEE R Fe RAAEHE, 38 Al—0 fI Si—0

SRV 55, R T E A O 3 A 1 4R s AR T B @ v I8 £
B 797 F10755 em ' Ak B W A I Ay /0 A I Y
IR BT , & AR T B AT A AR SIS 1 (R A RS B
VIO e R O 5480 £ W Fe 77 76 BiL 7 4
M@ k0 ik b e 3k (=Fe—OH) 1 i 4
IR A T PN S i R Sl A R A A A R S A R
Ay F3 132, 890 F1 792 em ' HtIE, 7EE A R b
EATHR 1w R Bh, i E A g e 55, 3L,
=Fe—OH Y1 P25 il 4 2 450 % 5 & % A N 3R T
=Al—OH WME ML WM ABEERGHR P ESLST
906 cm 'L, =Fe—OH i &b 25 it i 3h 4 % 5
AV EE AP EA T 795 em ™ Ak A1k
1 B4 Fe—O (14 i 45 4% 80 45 % 40 F 643 em ™', 7E
HAY P EC R E 634 cm T AT, B IA A
S5y M EAEM G, =Fe—OH  O—H 1y # 14
HASR M Fe—O B 55 X &0 R Fe L 75
B A T O SR 22 J] Y A A B L S
SR M. A FE R A A8 Bt #2 v, 45 7 H far 0
U4 A m] 5 2t B B 58 B A BRI BT Bk 3% TG R
N R =Fe—OH Ry %A 55, 204N IR G
SERA N Vs It AN G 1 WA (S P P ]
BB AH ELAE T A ZE AL

¥ 698 \U¥
1113} 912 539
1938 425

34103 132

3651 KG

1630

621 3137 ;
3690 3430 63

1031
1

1 1 1 1 1 1
3500 3000 2500 2000 1500 1000 500
#H/om™!

B4 #fliEmmasititE

Fig.4 Infrared transmittance spectra of the examined samples
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Table 2 Results of proton potentiometric titrations of the examined samples
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Fig. 6 Langmuir and Freundlich adsorption isotherms of fluoride by the examined samples
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Table 3 Fitted Langmuir and Freundlich isotherm parameters of fluoride adsorption by the examined samples
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