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) (U-3900H Hita-
1 chi) (HZS-HA )
1.1 (RET control IKA)
1.1.1 (Na ) Alfa (3-15 Sigma) (888
Aesar ( ) Sigma-Aldrich Titrando Metrohm) (BSA224
1 Sartorius) (BGZ-246
1.1.2 (AFS930 )
z1 FEITMELMR
Table 1 Basic properties of clay minerals used in study
pH  do(nm) SSA(m%g)  CEC(cmolkg)  PZC(pH) (%)
(0] Si Al Na Mg Fe
9.6 1.15 21 90.2 25 57.4 27.4 10 18 1.5 1.9
6.8 0.71 7.3 7.1 3.6 54.5 245 20.7 0.3 - -
(doot)  X- (Shimadzu XRD-7000) (SSA) (Autosorb-1-MP 1530VP)
X- (Hitachi S-4800) CEC  PZC Cai U8
1.1.3 (KSb(OH), KH,PO,) 30 ml
Sigma-Aldrich) (KH,PO,) 25 200 r/min 24 h
((NH4)sM070,4'4H,0) (CeHgOs) Sb P 3
(KSbC4H,07,:0.5H,0) (CsH4N»05)
(KOH) (CH4N,S) (KBH,) 1.2.3 Sb/P 500 ml
(HCI) (HNO3) (H,S04) 300 ml Sb/P (150 ml 0.1 mmol/L KSb(OH) +
150 ml 0.5 mmol/L KH,PO,4) 25
1.2 (200 r/min) 5¢g (
1.2.1 Sb/P 3 Sb/P ) 2 15 30 60 120
50 ml lg ( 240 360 720 1440 min 10 ml
) 10 ml KSb(OH)4(0.075 Sb P 3
0.15 0.2 0.25 0.3 0.35 mmol/L) 10 ml
KH,PO40.3 0.6 09 1.2 1.5 1.8 mmol/L) 1.3
25 200 r/min 1.3.1 Sb P
48 h Sb P 10 ml AFS930 Sb 5%
KSb(OH)s 24h 10 ml + 4 mol/L HCI 30 min
KH,PO, 24 h P Sb 2% 0.5% KOH
10 ml KH,PO, 24 h 5% HCl1
10 ml KSb(OH), 24h P
10 min( 9 000 r/min) (U-3900H)660 nm
Sb P
3 1.3.2 Sb P
( : 0=[(Cy ~C)~(Cy ~Coop I = (Co ~C)x =
m m
1.2.2 pH Sb/P 50 ml (1)
05¢g ( ) 20 ml 0] Sb P (mmol/’kg) Cyp Ceon
HNO; KOH pH 2.5 3.5 Ce
45 55 65 715 85 5 ml Sb/P (mmol/L) ¥V (ml) m
(2.5 ml 0.3 mmol/L KSb(OH)¢ + 2.5 ml 1.5 mmol/L (g)
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0 C b 0~1 177.7%) [12]
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Fig. 1 Competition adsorption isotherms of Sb and P on bentonite and kaolinite
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Table 2 Isotherm parameters for competition adsorption of Sb and P on two clay minerals
Langmuir Freundlich
Ormax(mmol/kg) K (L/mmol) R* Kr b R?
Sb Sb/P 0.49 32.787 0.977 1 0.76 0.312 0.964 9
Sb P 0.86 9.259 0.963 2 1.52 0.579 0.9450
P Sb 0.64 9.363 0.986 3 1.08 0.554 0.9815
Sb/P 0.77 9.625 0.991 7 1.38 0.573 0.986 6
Sb P 10.21 0.572 0.9855 4.83 0.943 0.9859
P Sb 2.61 1.312 0.967 6 2.51 0.926 0.963 8
P Sb/P 6.61 0.631 0.991 8 2.66 0.768 0.993 2
Sb P 5.73 0.679 0.968 2 2.39 0.742 0.974 9
P Sb 6.81 1.469 0.993 4 4.38 0.637 0.9927
Sb/P 2.38 3.175 0.997 2 2.02 0.488 0.996 0
Sb P 2.71 2.344 0.9723 2.10 0.542 0.986 2
P Sb 2.10 7.474 0.992 0 2.06 0.326 0.998 3
pH Sb P 2.2 pH Sb/P
P Sb-P pH (2.5 ~85) Sb
Sb ( ) P (
(pH) ) 2) Sb
P Sb (13-15] 1.77 mmol/kg 0.18 mmol/kg
Sb (1 2) 1.19 mmol/kg 0.24 mmol/kg P
Sb-P Sb P pH3.5 3.64 mmol/kg
Ohax pH 8.5 0.36 mmol/kg
P Sb Sb P pH 4.5 (2.19 mmol/kg)
3 Sb pH 8.5 1.32 mmol/kg
Onmax 1021 2.61 0.77 mmol/kg P Sb P
Ormax 6.81 5.73 6.61 mmol/kg pH pH pH
2 Sb P pH
b P
[19] ( )
Sb P P pH
20 5r
1.8 —e— i L —o— il L
16 —o— it 4t —o— iy -
P14t 2
=) S L
I I
§ 0.8 - ‘§—' 2+
2 0.6 A~
0.4 - 1+
0.2
0.0 I I I I I I 0 I I I I I I I
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Fig. 2 Effects of solution pH on the competition adsorption of Sb and P on bentonite and kaolinite
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[20-21] Sb P P (
pH p )
Sb [12,22-26] Sb/P
Sb P pH (pH
pH )
pH Sb P ( pH
2 ) (
Sb pH 6 P pH 5.5 ) Sb
PH ) P
pH ( ) Sb P
pH 2 P Sb
P Sb pH
2 Sb 2.3 Sb/P
(Ormax) Sb
pH pH ( (pseudo second-order kinetic equation)
) P 0 ( ) [28-30]
P
2
q:kyt
q, = _fe™2" (4)
pH 1+ g k,t
( H,PO, HPO; PO; pk, 2,12 7.20
12.36) L 12+Lt:l+it 5)
pK, q; kZQe qe n 4.
(25, 27] pH q f(min) Sb P (mmol/kg)
pK, (PZC) qe (mmol/kg) &,
2 P pH (kg/(mmol'min)) & = kyg.* t=0
4.5 pH3.5 mmol/(kg-min))
PZC ( PZC=3.6 PZC=25)( 1) tlqrt
Sb/P qde k2 h 3
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Fig. 3 Kinetics of competition adsorption of Sb and P on bentonite and kaolinite
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Table 3 Parameters simulated by pseudo second-order kinetic equations for competition adsorption of Sb and P on bentonite and kaolinite
g.(mmol/kg) ky(kg/(mmol-min)) h(mmol/(kg-min)) R? P
Sb 0.19 0.076 9 0.002 8 0.994 3 <0.0001
0.39 0.052 4 0.008 2 0.997 7 <0.000 1
p 0.36 0.064 6 0.008 4 0.996 9 <0.0001
0.66 0.5910 0.2540 0.999 5 <0.0001
3 3 Sb P ( )
> 1 Sb qe

0.39 mmol/kg
0.66 mmol/kg

0.19 mmol’kg P ¢.

0.36 mmol/kg R?

( 0.997 7 0.999 5) ( 0.994 3
0.996 9) Sb/P
3 P R?
(k2
h) Sb qe
ky h P
qe ky h «C 3
p Sb
P Sb
Sb P pH
6.8( ) pH 9.6( )
3
1) Sb/P Lang-
muir  Freundlich (R* = 09450 ~ 0.998 3, P<
0.000 1) P Sb
Omax  Sb P Sb P
P Sb
2) pH (2.5~8.5) Sb (
) p ( ) Sb
P
R*(0.997 7 0.999 5) R’ (0.994 3
0.996 9)
3) Sb/P P Sb
p
Sb
Sb P (
) P Sb
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Competition Adsorption of Antimony (Sb) and Phosphorus (P) on
Bentonite and Kaolinite

ZHOU Shiwei, ZHU Lina, HE Jingzhe, XU Minggang"

(National Engineering Laboratory for Improving Quality of Arable Land, Institute of Agricultural Resources and Regional
Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The competition adsorption isotherms and kinetics of antimony (Sb) and phosphorus (P) on bentonite and
kaolinite were investigated by bath methods; the effects of pH on their competition adsorption were also studied. The results
showed that the adsorption of Sb and P was fitted to Langmuir or Freundlich equation (R*=0.945 0 — 0.998 3, P<0.000 1), and
strong competition adsorption occurred between them, where P decreased greatly Sb maximum adsorption capacity (Ona.y) from
0.86 and 10.21 mmol/kg (first Sb after P addition) to 0.64 and 2.61 mmol/kg (first P after Sb addition), respectively; while Sb
markedly reduced P affinity constant (K) from 1.47 and 7.47 L/mmol (first P after Sb addition) to 0.68 and 2.34 L/mmol (first Sb
after P addition), respectively. The competition adsorption of Sb and P depended strongly on solution pH where the adsorption
generally decreased significantly with the increase of pH. The adsorption by bentonite was more dependent on pH than one by
kaolinite, resulted in more electrostatic adsorption on the former and more specific adsorption on the latter, respectively. The
competition adsorption of Sb and P could fit well pseudo second-order kinetic equation (R*>0.994, P<0.000 1), where P
adsorption on kaolinite was stronger and rapider (¢.=0.66 mmol/kg, k,=0.591 kg/(mmol-min)) than that on bentonite (¢.=0.36
mmol/kg, k,=0.0646 kg/(mmol-min)); Sb adsorption on the former was stronger and slower (¢.=0.39 mmol/kg, k,=0.0524
kg/(mmol-min)) than that on the latter (¢.=0.19 mmol/kg, k,=0.0769 kg/(mmol-min)). So, there was more Sb inhibition for P
adsorption on bentonite (mainly a competition between electrostatic adsorption), and more P inhibition for Sb adsorption on
kaolinite (mainly a competition between ligand adsorption).

Key words: Competition adsorption; Antimony; Phosphorus; Clay mineral; pH effect
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