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Abstract: Adsorption of metal cations has been extensively studied. However, the researches on adsorption of anions are still
lacking. Adsorption of As(V) on a silty clay is investigated and compared with that of a common cation, Pb(Il). The effects of
solid-solution ratio, reaction time, concentration, pH and temperature on the adsorption are studied. The adsorption kinetics,
isotherms and thermodynamics model sand meso/micro tests are used to investigate the adsorption mechanism involved. The
hydraulic conductivities of the contaminated soil are studied. The test results show that the adsorption capacity of As(V) is
much lower than that of Pb(I). The adsorption of As(V) increases linearly with the increasing concentration. The adsorption of
Pb(II) increases with pH, whereas that of As(V) decreases slightly under alkaline condition. The adsorptions of As(V) and Pb(II)
can both be described by the pseudo-second-order kinetic model, and are both dominated by chemical adsorption. Both
intraparticle and film diffusions are involved in the adsorption of Pb(Il), whereas the intraparticle diffusion is the rate-limiting
factor for the adsorption of As(V). The Langmuir model gives poor fit for the adsorption of As(V), which can be rated as
moderately difficult. The adsorption of Pb(Il) is endothermic and favored by high temperature, whereas that of As(V) is
exothermic and decreases with temperature. The meso/micro analysis shows that the adsorptions of As(V) and Pb(I) happen
mainly out of the crystal structure. The soil pores become larger after the adsorption of Pb(I) due to particle aggregation,
whereas the soil particles become more scattered after that of As(V). Some functional groups participate in the adsorption. As
heavy metal content increases, the hydraulic conductivity of Pb(II)-contaminated soil increases whereas that of As(V) decreases.
The alkaline condition increases the conductivity. The obtained adsorption mechanisms and parameters are important for the

researches on arsenic pollution.
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Fig. 1 Effects of solid-solution ratio on adsorption
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Pb(II) 4.13X103 16.52 1.000 9.75X1072 13.27 0.952 2.22X107 1.51 0.929
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As(V) 0.02 2.83 0.749 0.16 1.89  0.957 4.87x10°3 0.83x10* 10.13 0.933




%12 4 KR, AF. As(V)TERD R 1 rh iR R R R PRI 7 2211
08 by 170 W B A G R . PO(ID) Y ASo M IE, 3 IR B ik 7 o

9t G ; .

ol M 160 RAMEBERIN; 1 As(VIF ASy A, KRIFRS
57 150 () [ ERLJEE VR BT B A . PO(IDIY AGo BE T %
2 g 1402 MR/, R SA R T As(VF AGo BE&

S ST §=0.0378x+0.2355 3 . s . , . o
T4 R=0.9925 130 ; W E N, PRI P R, B AR
= N
z ; 120 2 AN T (R B
! 1° 8r - Pb(1)
0 50 100 150 200 250 Ui \”\.\“"AS‘:’Z
col(mg LY y=-4469.10x+21.22
(a) Langmuirks®l 6r R2=0.948
1.6 10.6 5+
—= pPi(Il) =
14 —— As(V) H0.4 2,6
loa y=8988.63x+27.05
’ 3r R?=0.954
2121 1-0.2207x+0.9338 O lo e
T‘j R?=0.9522 T°“ 2+
1.0+ 1-02
% ¥=0.5279x-0.8078 _ -0.4% A1 32 33 3.4
08 ' R?=0.9572 1
1-0.6 L 10-3 -1
T/(1073K1)
0.6 {C
1708 7 WHHRDEIA
0.4 TR— P -1.0
‘o005 o 0-51g01-0 15 20 25 Fig. 7 Fitting of adsorption thermodynamics
(b) Freundlich#i%) & 4 Pb(INFN As(V) IR MR ZFE S
&5r Pb(TT) 1-100 Table 4 Thermodynamic parameters of Pb(Il) and As(V)
<
ool & A 1710 #4807 AG° AH° AS° @
1-11.0 ]l ]l R
s sl L y=-174E-9:-8.4554 g & /K /(kI-mol") /(kJ-mol') /(J-mol '-K'")
I B-0.9774 17T 208 -15.29
= 11202
£ -100 < Pb(Il) 308 -17.53 37.16 176.40 0.949
1-125
105k 318 -18.79
R2_0 9329 {-13.0 298 20
-11.0 ' ' : - ° s '
20 40 60 80 10.0 12 0 140 As(V) 308 —-6.05 =70.87 -224.70
/108 0.954
(c) D-REERY 318 -2.86

6 Langmuir, Freundlich 5 D-R WM& B4
Fig. 6 Adsorption isotherms of Langmuir, Freundlich and D-R
models
FEZE 0.02, RHRFEEE L0 PN A R, Wi
B EIREANT I, X As(V)RIAE BRI 2 (R Y
N 0.749), Ry M 0.83 %% 0.17, ZWIHK R L LXF As(V)
(R B 55 T Pb(1D).
Kl 6 (b) H1 Freundlich 845} Pb(IDH As(V){Lh &
) R2 KT 0.95, lgge - lgee Z TAIXINLRTESR R, Pb()
IR P S Ne AN 4.53, BIR KT 2, RS T
W B, TR N {BoA 1.89, 1E 1~2 J& T rP 2R s b .
6 (¢) 1 Inge - e NEMEK R, D-R BERA
23] Pb(IDF As(VIIWR I H HHRE E 25108 16.95,
10.13 kJ/mol, AW FALEIZB AL B N 32, 57T
RE 1T RS
(3) WPt 12 bt
HH As(V)F1 Po(ID IR B #2230 6 (B 7) 53]
R IR AHo, ASo 1 AGofH, FINFK 4. Pb(IDI] AHo
ERNIE, BRSBTS As(VII AH A1,

2.3 INMIEEREFIMINIRES

#1526 B Po(ID) AT As(V)RT & i XRD B 4
Bl 8 Ftam, AT R IR B B 4 S JS S R A AT S Ve B
TeARAE, T BIIRBT Po(ID) AT As(V)Ja I A 51 N HoAth i 44
FeAHs SATHEETCARA, ULEHZE AR LA %
AR 7 FEVT SO A% I BE JC B R AR Ak, 1 BB 32
B A A RURL R T T - A P36

| it
i I % B Ph(IT
\ I BB As(V)

0 10 20 30 40 50 60 70 80
TETF200)

8 MERFLIMEEERIFA XRD ElE
Fig. 8 XRD patterns of silty clay before and after adsorption
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Fig. 9 SEM and EDS of silty clay before and after adsorption
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Fig. 10 FTIR patterns of silty clay before and after adsorption
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Fig. 11 Effects of heavy metal content on hydraulic conductivity
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