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Preparation, Characterization and Fluoride Adsorption
Characteristics of Goethite and Al-Doped Goethite

ZHU Zhao-Ju' XIANG Wen-Jun' LUO He-Qing> WEI Shi-Yong*?
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Abstract: Pure goethite (Goe) and Al-doped goethite (Goe-Aly;, Goe-Aly, and Goe-Aly,) were prepared under
hydrothermal conditions, and the surface properties and fluoride adsorption characteristics of the samples were
investigated using X-ray diffraction (XRD), scanning electron microscopy (SEM), nitrogen physical adsorption,
potentiometric titrations and batch adsorption experiments. The results show that both the crystallinity of the
samples and the length of rod nanoparticles decrease with increasing the Al contents. The micropore surface
areas, pore volumes and surface fractal dimension D values of the samples follow the order of Goe<Goe-Aly<
Goe-Aly,<Goe-Aly,, and the pore size distributions of the four samples show the opposite order. The points of zero
charge (PZC) of Goe, Goe-Aly;, Goe-Aly, and Goe-Aly, appear around 8.2, 8.3, 8.5 and 8.7, respectively. At pH=
5.0, the surface charges of the four samples are 0.66, 0.83, 1.03 and 1.19 mmol g™, respectively. The adsorption
kinetic data for fluoride by the samples were well fitted using the pseudo-second-order kinetic model, suggesting
that chemisorption is important in the adsorption process. One-site Langmuir model is suitable to describe the

isotherm adsorption data (R?=0.967~0.981). Compared to the correlation coefficients (R? fitted using one-site
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Langmuir model, the R? fitted using two-site Langmuir model are higher (R?=0.982~0.995), but the R? fitted using
Freundlich model are lower (R*=0.877~0.912). At pH=5.0, Langmuir adsorption capacities (¢,.) of Goe, Goe-Aly,,

Goe-Aly, and Goe-Aly, are 8.83, 10.24, 11.72 and 12.86 mg-g™, respectively. This indicates that the adsorption
capacity for fluoride onto Al-doped goethite is higher than that onto Goe.

Keywords: goethite; Al-doped goethite; surface properties; adsorption; fluoride
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Table 1 Pore structural properties and surface fractal dimension of the samples

Micropore surface

Total pore volume /

Micropore volume / Surface fractal

Sample area / (m’ ) (om® &) (om ) dimension
Goe 1422 0.125 0.066 223
Goe-AlL, 1743 0.168 0.098 2.39
Goe-Alys 20.76 0.185 0.114 2.52
Goe-Alys 23.01 0.207 0.143 267
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W pH EAZRY AT, B 5 B2 L AT 52 Mo B i
BT 0T FEL T o, 5 VA TR Y pH (B IR T AR L 1Y PZC
RF A i 2T 179 J5T 1 1 HL i o B S iR R ) T i T
B R pH (B & T AR & B PZC I A R
TET P9 70 F i S0 B 5 7 5 R 098 T R I B A BT
W pH (E 5 TR 5 PZC B FE 5 2R T 1 BT
fr N 0, HANSZ B 5 BE 52

FE i BT 5 FL A5 T 7 4 B W3R 2. Goe
Goe-Aly; .Goe-Aly, F1 Goe-Aly, B PZC 4 %)M 8.2,
8.3.8.5 1 8.7, AR SCHRIM0221 G A5 AT
G TR 1Y PZC 8 TE pH=7.0~9.0, 53 A AL Y
PZC 8 1 pH=9.0 Z£ 47, I W, Goe 1 PZC 7E3CHR
HIEJEFEIN B TR 1) PZC R TR R

F2 HERNEFRMABESR

Table 2 Results of proton potentiometric titrations of the samples

H* ions consumed from

Surface proton charge at

Surface proton charge at Surface proton charge at

Sample P2C HE10010 40°) (ool pH=4.0*/ (mmol ) pH=10.0° / (mmol -¢°) pH=5.0* / (mmol - ")
Goe 82 1.57 0.96 061 0.66
Goe-Aly, 83 1.93 1.21 -0.72 0.83
Goe-Alns 85 211 1.48 -0.63 1.03
Goe-Aln, 8.7 229 1.65 ~0.64 119

*Background electrolyte of 10 mmol -1 KCI.



12 KA E B ARE T I 5 FAE B I BRI R 2791
T M L) L} L} T M L] T 15 T T T T T
12}
Goe Goe-Al,
. 12k %ﬁ% :
O 5 mmol-L™' KCl 00 O 5 mmol-L' KCl
09F %:g;% ® 10 mmol-L™ KCI 09 %"ﬂﬁii‘;oo ® 10 mmol L KCl
CENCH O 20 mmol-L™ KCl T N 0 20 mmol-L" KCI
ofe 07 a0
- o
06 sk a
o
S - L
: 0.3 03
& ook 0.0}
_03 -
-03F
0.6F
0.6}
09}
1 L 1 1 1 1 1 1 L 1 1 1
4 5 6 7 8 9 10 4 5 8 9 10
pH pH
18 Ll L T T Ll T L ! ! ! ! !
1.8}
sk Goe-Al, Goe-Al,
%%‘h& O 5 mmol-L"' KCl 1.5F O 5 mmol-L' KC1
12 e ® 10 mmol-L KCI & 10 mmol-L KCI
2 O 20 mmol-L- KCI 121 O 20 mmol-L~ KCI
09} “ee%,
0pe%, 09} .
0% 9
= o6} *55% ~
b Bibo, b 06} .
2 o3l "% E
£ fg £ o3f i
g Bog g
= 0.0} o, =
S s s 0.0f g
°%g
03f §§§u 1 .03} .
W,
0.6 %8’% {1 o6} 4
| 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1
09— 5 6 7 8 9 10 09— 5 6 7 ) 9 10
pH pH
Bl 5 AN ) B8 5 3 B8 B R 1 pH-gyy DG R TR

Fig.5 Proton binding isotherms of the samples as a function of pH value at different KCI concentrations
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Table 3 Kinetic parameters of fluoride adsorption by the samples

Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

Sample
ki / min™ q./ (mg-g™) R ka2 / (g mg™ - min™) q./ (mg-g™) R
Goe 0.010 8 118 0.658 0.022'5 6.69 0.999
Goe-Aly, 0.012 0 1.79 0.673 0.012 8 8.72 0.998
Goe-Aly, 0.012 7 1.99 0.607 0.009 7 10.03 0.997
Goe-Aly 0.0117 3.02 0.715 0.007 6 12.15 0.998

(min™)F1 (g - mg™ - min™) 73531 A 4 — G 2 FfS
By ) 5 AR R0

it X 9B 8 1 B Bl 0 A O i R A AL A
SRR 3, WE—REN I BRI G S5 R b 4 Rk
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Fig.6  Adsorption kinetic data of fluoride by the samples
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Fig.7  Adsorption isotherms of fluoride by the samples
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Table 4 Equilibrium isotherm parameters of fluoride adsorption by the samples
Sample One-site Langmuir Two-site Langmuir | Freundlich
Qoo / (mgeg™) b/ (L-mg?) R ¢! (mg-g)  qlg.  bibs R k/ (mg= " LYo 1/n R?

Goe 8.83 0.061 0.968 8.91 1.83 4.82 0.982 0.62 0.28 0.877
Goe-Aly, 10.24 0.065 0.967 10.48 1.89 6.08 0.989 0.97 0.27 0.908
Goe-Aly, 11.72 0.072 0.964 12.02 2.24 10.03  0.991 1.03 0.31 0.894
Goe-Alyy 12.86 0.078 0.981 13.39 2.39 12.55  0.995 1.14 0.30 0.912

R? B755(0.964~0.981) , % W] — i/ Langmuir 5 A b 4L
WG ALA 4 FhRE S X 98U - 09 SR B B . A
Langmuir B A5 45 b 4 i 09 W B 5L 5 ¢, ARG
=T —1{ Langmuir FRALE 25 R Ry Qo 4 FuipEe
i e IR 257 1) TR B 25 5 LU (q4g0) TE 1.83~2.39 7%
b, W B SRUEE Y b /b, (BT 4.82~12.55, B A1 L AR B
B & R BB 2 R I RN T AS TR i 4 R X 9R
14 45 T 2 BB Al 0 0L A DG R B R? 7E 0,982~
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E
263 i i
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