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Sb(IID)FA Sb(V )7E A~ [5] W% B 571 L B 0% B4 4E

( 550025)
4 Sb( ) Sb( )
Sb pH
4 Sb( ) Sb( ) 24 h
Sb( ) 6h 6h Sb( ) 23.19 ug/g 72 h 19.75
ng/g Sb( ) Langmuir  Freundlich Sb
0.7 Sb( ) Sb( )
Sb( ) Sb( ) pH
Sb( ) Sb( ) pH Sb( )
pH 482 10.12 pg/g pH 2.12 37.89 ng/g
Sb( ) Sb( ) /
X131.3 A
(Sb) Sb Sb
[12] Sh
Sb [13]
Sb (As) [14]
Sb AS Sb [4,9,15-16]
Sb 2.05 mg/kg!"!  Sb Sb( )  Sb( )
Sb Sb Sb /
Sb( ) Sb( ) Sb N
Sb Sb Sb Sb
Sb( ) Sb( ) X (XAFS)
Sb( ) (HA)
3 Sb( ) Sb (71 Sb
6 [4-5] [18]
Sb Sb( ) Sb( ) Mason ¥ (DFT) Sb( )
Sb( )7 Sb( ) Sb( ) /
Sb( ) Sb( )
Sb( ) B sp( ) 3 Sb (Sb-OH) /
(] Sb( ) (M(OH),) 3 Sb
/
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Sb 1.2
Sb( ) Sb( ) 1.2.1 0.50 g
( 2mm ) 50 ml
4 Sb( ) Sb( ) 1 000 mg/L
Sb Sb Sb( ) Sb( ) 0.01 mol/L NaCl
Sb Sb ( ) 1 mg/L Sb( ) Sb( )
20 ml 25°C 72 h
05 1 2 4 6 8 10 24 30 48
1 72 h Sb( )
1.1 Sb
4 (Fe(OH);) 1.2.2 0.50 g
(Al(OH);) ( 2mm ) 50 ml
3 0.5
3 ~5 mm 2 mm 1.0 2.0 4.0 8.0 15.0 20.0mg/L  Sb( ) Sb( )
4 4 20ml 25C 24h 3000 r/min 15
min Sb( ) Sb
( ) 1.2.3 pH Sb
0.1 mol/L  NaOH HCI 0.01 mol/L
NaCl pH 2.00 4.00 5.00 8.00
2:1 0.01 mol/L NaCl
pH 6.15 pH NaCl 1
1:1 mg/L  Sb( ) Sb( ) 20 ml pH
0.50 g 25°C
(OH)-AI-(OH) 24 h
Sb( ) Sb
(
) 20 ml 0.01 mol/L NaCl 25°C 24 h
Sb
1.24 Sb Sb
Sb Sh( ) [20]
4 (CEC) 1 ml 1 ml
100 g/L - Imll:1
(NY/T295~- 10 ml 30 min Sb
1995) BET-N2 3ml 20 g/L Sb( )
( ASAP2020 Imll:1 10 ml
(M) 1 Sb( ) Sb( )
1 4 MIRMF CEC B LRERNEME Sb( )
Table 1 Determined values of CECs and specific surface areas of 1.3
the four adsorbents
CEC(cmol/kg) (m%/g) Sb
2.61 6.568 Q:IOOOX(CO_% )
o 037 0 sb (ngle) G C.
69.76 8.185 Sh Sb (mg/L) v
0.76 2.135 L w (g)
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Sb 15r % % o 2
0 =1000x ==V 5 ) - i f }
w . F u Fe(OH),
=10} 2 1A
Qn Sb (lig/g) Qn—l %.:‘E i%%i
Sb (ug/g) Cua = | o AI(OH),
Sb (mgl) G, Sb (mgl) =
=]
4 v w (g) I 1 1 I I
i &é S } %
2
2 21 3% 45 e 7

2.1 i) (h)
1 2 Sb( ) Sb( ) L
&2 Sb(V)WMizhHZFidiz

2 Sb( ) Sb( ) Fig.2 Adsorption kinetics of Sh(V)
8h 24 h
1.00 - o Sb(1ll)
Sb( ) 6 h oSb(V)
I A JHrSh
Sb [ONEER
) 3 075k
= 1 I
Sb( ) Sb( ) 4 2
Sb( )  Sb( ) = [ 1 $
/ 025} J
L [ ]
N S S
0 2 24 36 48 60 72
1 Sb( ) B (h)
3 SELEWHM Sz hF B2 RE T
Fig 3 Changes of antimony concentrations during adsorption
6h 23.19 pg/g 72 h kinetics of Sb( ) on ferric hydroxide
19.75 pg/g Sb( ) 0.548 mg/L
Sb( ) Sb( )
Sb( ) 3 Sb( )
Sb( ) Sb( ) Sb( )
3 Sb( ) Sb( ) Sb( )
Sb( ) Sb( ) Sb( )
30+
I Sb( ) Sb( )
LSy
25+ 1 I
ﬁi i : Sb( )  Sb( )
| |
%20_ L -Fe(OH);E Sb( )
2 o L o
£ 38 )
=l o Ao, Sb( ) Sb( )
; ? : Sb( )
5+ Q§§ § > § [10,21]
i
N L 3
i) (h)
&1 Sb(ll) WHizhh=FidiE
& () WHMizhhFEiEiz Sb( ) 3

Fig. 1 Adsorption kinetics of Sb( )
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0.9
Sb( ) Sb( ) Sb( )
0.93 Elovich
Elovich 2 2.2
3 4 Sb( ) Sb( ) Langmuir  Freundlich
Sb( ) Langmuir
bC
q. = Qm € (3)
1+5C,
Sb( ) 4 Om (ng/g) b
0.8 0.7 Elovich (L/'g) q. C.
Sb( ) (ng/e) (ng/L)
0.988  0.949 Freundlich
1/
q. =K C." C))
0.3 Sb( ) K Freundlich ((ng/g)/(ng/L)'"™
0.9 n 1/n
Elovich qg. C.
F2 MAFEEFIE
Table 2 Equations of kinetic models
q, = q.[1—exp(—k;t)] qe (hg/g) ki
t 1 t qe (ng/le) k
—_— 3 +—
q; kzqe qe
Elovich 1 In(af) 1 In(?) B
q, =—In(ap)+—In(z
B B
qt — ktn k n
%3 sbdl) AhFWMIUESE
Table 3 Adsorption kinetic parameters of Sb(III)
Elovich
gel ki R’ qe2 ky R? o s R? k n R?
21.47 1.759 0.868 22.11 0.17 0.709 1.09E8 1.02 0.168 18.40 0.04 0.136
8.42 0.24 0.818 8.94 0.04 0.915 13.84 0.71 0.952 3.58 0.23 0.907
24.97 1.44 0.926 25.90 0.10 0.778 5.14E5 0.64 0.272 20.29 0.06 0.224
4.83 0.21 0.875 5.29 0.06 0.947 4.87 1.10 0.988 1.77 0.27 0.949
R? (0<R*<1)
&4 Sb(V)RMz N FUESH
Table 4 Adsorption kinetic parameters of Sb(V)
Elovich
qel ky R qe2 k> R o s R’ k n R?
11.70 0.85 0.781 12.66 0.09 0.955 186.40 0.66 0.943 7.60 0.14 0.884
2.96 0.64 0.933 3.18 0.30 0.986 26.71 2.47 0.847 1.81 0.15 0.757
3.81 1.67 0.683 4.03 0.63 0.901 1662.6 2.92 0.907 2.94 0.09 0.870
14.37 0.45 0.979 15.53 0.042 0.993 46.99 0.44 0.861 7.68 0.18 0.750
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Langmuir 0.7 Sb( )
Freundlich
Langmuir 3
Langmuir Freundlich Langmuir Freundlich
Langmuir Sb( )
Freundlich
4 5 Sb( ) Sb( ) Langmuir Langmuir On
Freundlich 5 6 Sb( )
Sb( ) Sb b
(A) = Fe(OH), 150 (B) = Fe(OH);
o k1 o -
150 - A gAT A IR
< AI(OH), < Al(OH);
. % 100 -
= By
? 100 Hﬁ
I =
= = sof
50
O0 5 0100 10 600 15 600 20 600 O0 5 600 10 I000 15 I000 20 l000
SR (ng/L) AR L (ng/L)
El 4 Sb(IIl) (A)FA Sb(V )(B)Langmuir M i} 55;8 2% tb 45
Fig. 4 Comparison of Langmuir adsorption isotherm between Sb( ) (A) and Sb( ) (B)
(A) = Fe(OH), rm) e reom,
o il I o it
150 - A gAY A gL
© AI(OH), & AI(OH),
& %
b b
=100 !
i i
= =
50
00 5 OIOO 10 I000 15 I000 20 I000 00 5 OIOO 10 IOOO 15 I000 ZO(I)OO
PRI (ng/l) SRR EE (ng/l)

5 Sb(Il) (A)FA Sb(V )(B)Freundlich I 128 £ tb 4%
Fig. 5 Comparison of Freundlich adsorption isotherms between Sb( ) (A) and Sb( ) (B)

%6 Sb(l) #Sb(V) Freundlich 28 WM& SH LA
Table 6 Comparison of fitting parameters of Freundlich adsorption
isotherms between Sb(IIl) and Sb(V')

%5 Sb() # Sb(V) Langmuir 22 R HlE S 5 bLAE
Table 5 Comparison of fitting parameters of Langmuir adsorption
isotherms between Sb(Ill) and Sb(V')

Sb( ) Sb( ) Sb( ) Sb( )
On b R? On b R? OnK bn R? OnK bn R?
180.37 0.00037 0.984 145.16 0.00033 0.932 1123 1.920 0.894 2373 2434 0.777
65.70  0.0002 0.987 128.16 0.00003 0.991 0.549 2103 0911 0.015 1217 0.993
82.52  0.00066 0.848 165.78 0.000037 0.981 6.056 3.469 0958 0.016 1.160  0.959
20.46 0.000086 0.977 11136 0.00025 0.928 0.012 1408 0951 0373 1734  0.839
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Freundlich Sb( )
Sb( ) b Langmuir Sb( )
0.000 66 Sb( ) 1 Sb( )
b Langmuir Sb( )
Sb( ) Sb( ) Sb( ) (
Sb( ) ) Sb( )
Sb( )
b Sb( )
Sb( ) Sb( )
Sb( )
0.5 mg/L 9.70 pg/g
17.16 ng/g 2 mg/L Sb( )
23 pH
Sb( )
Freundlich K
K Sb( )
K 6.056
1.123  Sb( ) K
2.373 Sb( ) 4
1/n 0~1 201
n
22 Im 01~0.5
Sb( ) Freundlich pH
n Sb( ) Freundlich
n 100 ~ 150 cmol/kg
4 Sb( ) 3 ~ 10 cmol/kg 1:1
Sb( )
4 Sb( ) Sb( )
Sb( ) pH
Sb( ) Sb( ) Sb( )
Mason
Sb( ) Sb( ) /
Sb( ) Sb( )
Sb pH
pH 83~8714 8.5 ~9.4124
Sb( )  Sb( ) 3.5~4.6% 2.5~3.3
6 7 pH 4
[10,18-19] Sb( ) Sb( )
1 pH 2 4
pH 2.10~3.24 pH 4~
Sb( ) 8 4 pH
Sb( ) pH  4.80 ~ 6.97 2.20 ~
Sb( ) Sb( ) 7.20 7.85 ~ 8.45 7.45 ~
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9.05 pH 2.12 Sb( ) 8 9 pH
37.89 ng/g 38.59 ng/g Sb( ) Sb( ) pH
pH 4.82 Sb( ) 2.10~3.24 3
10.12 pg/g Sb( ) 13%
Sb( ) 60% 4
Sb( ) pH pH Sb( ) 14%
7.74 3.75 pg/g 7.05 pg/g Sb( ) pH
Sb( ) 10%
Sb( )
pH 6.35 845ug/le pH 229 Sb( )
34.73 pg/g pH 745 pH
14.48 pg/g pH 207 36.15 ng/g Sb( )
5 pH Sb( ) Sb( ) Sb( ) Sb( )
10.35~17.51 pg/g
Sb( )
40 + " Fe(OH), 40r
35f ° fé%i 35t ? . g&g?"
30k . iz £ o aiom, " (A) ﬂ/iﬁl(% .
§ 25 } % 251
g 20_— ?{ qu 20_— %
" =Ny it
10 % % 1ok % %%
T %% % % T % i @
R S0 PO A - S
0 2 6 8 10 0 2 4 6 8 10

4
W - #rpH

6 Sb(lll) £ARREER pH TR HHESR
Fig. 6 Adsorptions of Sb( ) in solutions with different pH values
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M 501 .
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= Fe(OH),
25¢ o i -
N
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O I‘ L IL 1 ]
0 2 4 6 8 10
UIRE S|

El 8 Sbdll) EARER pH TURHIFAIRER
Fig. 8 Desorption effects after Sb( ) adsorbed in solutions with
different pH values

W W1 i pH

7 Sb(V) EFREER pH TRIRHHER
Fig. 7 Adsorptions of Sb( ) in solutions with different pH values

100
m Fe(OH),
o il &
ARAy 1
75+ < AI(OH),
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3

o]
s
O 1 Q L 1 1 1 L 1 1 1
0 2 4 6 8 10
Wz hS-F-BpH
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Fig. 9 Desorption effects after Sb( ) adsorbed in solutions with
different pH values
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50

3
1) 4 Sb( ) Sb( )
24 h Sb( )
8 h 8 h
Sb( )
6h Sb( ) 23.19 pg/g 72h
19.75 pg/g  Sb( ) 0.548 mg/L
2) 4 Sb( )
Sb( )
Langmuir  Freundlich
Sb( ) Sb( )
R 0.7 Freundlich
Sb( ) Langmuir
Sb( ) Langmuir
3) pH 4 Sb( )
Sb( )
Sb( ) pH
2.12 37.89 ng/g pH 4.82
Sb( ) 10.12 pg/g
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Adsorption Characteristics of Trivalent and Pentavalent Antimony
on Different Adsorbents

ZHANG Yingxue, XU Siqin’, LI Jiashuang
(Key Laboratory of Environment and Geologic Hazard Prevention of Karst, Guizhou University, Guiyang 550025, China)

Abstract: This study reports on the adsorption reactions of trivalent antimony (Sb( )) and pentavalent antimony (Sb( ))
on four adsorbents: ferric hydroxide, aluminum hydroxide, kaolin and vermiculite, which were used to simulate the main minerals
in the soil. The results showed that the adsorptions of both Sb( ) and Sb( ) on the four adsorbents gradually become stable after
24 h. In addition, the adsorption of Sb( ) on vermiculite and ferric hydroxide reached to peak value at 6 h and then decreased.
For example, the adsorption of Sb( ) on ferric hydroxide was 23.19 ug/g at 6 h, and decreased to 19.75 ug/g at 72 h. The decline
of adsorption and the increase concentration of Sb( ) determined in supernatant indicated the oxidation of Sb( ) during the
adsorption process. The isothermal adsorption curves of two valence antimony were fitted well by Langmuir and Freundlich
adsorption models, and the goodness of fit (R*) of both models were above 0.7. Comparing the fitting curve and the parameters
obtained, the best adsorption of Sb( ) were shown on vermiculite and ferric hydroxide, while the absorbability of vermiculite to
Sb( ) was weak. Sb( ) were adsorbed better by ferric hydroxide and aluminum hydroxide, but aluminum hydroxide showed
poor adsorption effect of Sb( ). Both valence antimony had anion adsorption characteristics, for the adsorption decreased while
the desorption increased with the increase of equilibrium solution pH. For instance, the adsorption of Sb( ) on kaolin increased
from 10.12 pg/g to 37.89 pg/g when the equilibrium solution pH decreased from 4.82 to 2.12.

Key words: Sb( ); Sb(V); Adsorption effect; Soil mineral; Iron/aluminum hydroxide
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