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Abstract: [ Objective ] pH is the most important environmental factor influencing the reactivity of heavy metals on mineral
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surfaces. The purpose of this study was to investigate the interfacial reactions between As(V) and Cd(Il) adsorption/co-adsorption
onto different mineral surface excluding the interference of pH.[ Method ] Three different minerals: Al,05, TiO,, and kaolin, were
chosen and passed through 100-mesh sieve. The experiments for As(V) and Cd(II) adsorption onto the different minerals were
conducted in serum bottles (Effective volume = 2 mL) at pH 6.0. The bottles containing 0.02-1 mmol-L™" As(V), 0.02-1 mmol-L™
Cd(II), 28 mmol-L™" 4-Morpholineethanesulfonic acid sodium salt (MES), 100 mmol-L™" NaCl and 2.0 mg of mineral powders
were placed on a rotator at 200 rmin”' and 25

isotherm and the influence of molar ratio of As(V)and Cd(II) on the extent of As(V) and Cd(II) adsorption. [ Result ] The

. Batch studies were conducted to assess the adsorption kinetics, adsorption

adsorption kinetics showed that As(V) and Cd(II) adsorbed onto different mineral interfaces followed the pseudo-second-order
kinetics model, and chemical adsorption was the rate-controlling steps. Furthermore, the normalized adsorption capacities of
Cd(II) and As(V) were ranked as TiO, > Al,0O; > kaolin. The adsorption abilities of As(V) and Cd(II) were enhanced by the
co-existing Cd (Il)and As (V). Specifically, the addition of As(V) promoted the adsorption of Cd(II) onto Al,O;, while the
addition of Cd(II) enhanced As(V) adsorption onto TiO,. The synergistic effect of As(V) and Cd(II) co-adsorption was mainly
controlled by the electrostatic adsorption and the ternary complex formation. Moreover, with the increase of Cd(II)/As(V)
concentration ratio, the regulation mechanism of Cd(II)adsorption gradually changed from the electrostatic adsorption to the
synergy of the formation of interfacial - As(V) - Cd(Il) ternary complex and electrostatic adsorption, and then changed to the
formation of surface precipitate. Importantly, with the increase of As(V)/Cd(II) concentration ratio, the key regulation mechanism
changed from adsorption controlling to surface precipitation controlling. [ Conclusion ] Electrostatic adsorption, formation of
interfacial - As(V)- Cd(II) ternary complex, and surface precipitation were the critical mechanisms controlling the interfacial
reactions between As(V) and Cd(II) adsorption onto various mineral surfaces at various ratios.

Key words: Heavy metal; Adsorption; Co-adsorption; Interfacial reactions; Ternary complex
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Fig. 1 The adsorption kinetics of Cd (1) onto Al,O3; (a) and TiO, (b)
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Fig. 2 Kinetic fitting results of Cd (II) adsorption onto Al,O; (a) and TiO, (b)
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Table 1

The pseudo-first-order and pseudo-second-order kinetics fitting results of Cd (II) adsorption

We—2 5l J12% Pseudo-first-order

e — 2% 3l }1% Pseudo-second-order

Oe ky
/ (mmol-g™) / ( g'mmol"min™")
cd () Y 0.002 0.003
cd (1) ? 0.011 0.005
cd () 0.006 0.004
cd () ¥ 0.005 0.003

= 0. ks e
/ (mmol-g™") / ( grmmol™"min™")
0.671 0.022 12.22 0.999
0.900 0.032 1.767 0.997
0.831 0.026 2.971 0.999
0.685 0.027 3.432 0.999

TE: 1) ALOs X Cd (1) RYFRIEHS; 2) ALOs X Cd (11) AYFLMEKE; 3) Tio,xF Cd (11) AYHAMHE; 4) Tio XF Cd (11) fydt
Wl Q. FRom T-HR ML s ki o ko 53 2R HE—GORHE KB S %W % %, TIl. Note: 1) Single adsorption of Cd (II) by ALO;;
2 ) Co-adsorption of Cd (II) by Al,O5; 3) Single adsorption of Cd (II) by TiO,; 4 ) Co-adsorption of Cd (II) by TiO,. Q. represents the

equilibrium adsorption capacity; k; and k, represent the pseudo-first and pseudo-second order kinetic adsorption constants, respectively. The

same below.
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Fig. 3 The adsorption kinetics of As ( V) onto Al,Os(a) and TiO, (b)
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Fig. 4 Kinetic fitting results of As ( V) adsorption onto Al,O; (a) and TiO; (b)
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R2 As (V) BMME—RFEZRHHFREER
Table 2 The pseudo-first-order and pseudo-second-order kinetics fitting results of As (V) adsorption
WE— 2 55 712 Pseudo-first-order WE 2 5 712 Pseudo-second-order
0. ki . Q. ke 2
/ (mmol-g™") / ( g'mmol "min") / (mmol-g ") / ( g'mmol "min")
As (V) ! 0.068 0.005 0.966 0.129 0.283 0.998
As (V)72 0.040 0.004 0.884 0.130 0.245 0.997
As (V)7 0.006 0.004 0.828 0.018 2.555 0.998
As (V) ¥ 0.017 0.003 0.925 0.031 0.575 0.995

H: 1) ALOsXT As (V) HYEAIH; 2) ALOs X As (V) BYSLMLH; 3) TiO X As (V) BYSRMKE; 4) TiO X As (V) 3k
% [ff . Note: 1) Single adsorption of As ( V) by Al,O3; 2 ) Co-adsorption of As ( V) by ALL,O3; 3 ) Single adsorption of As ( V) by TiO,;

4) Co-adsorption of As (V) by TiO,.
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WK ),
2.3 HYDERAL RIS R R IR B AR RO R M
ANy b 2 T AR R I R s S| AR AR A B
FmiA( 6421 m>g AT HAE(7.78 m>g ")
DLy (3.92m*g ") MR MR, gE—41H—
ATt AN (R 4 0y 5 T PR B DA B e i B S5 44 R Y
Cd (1) Je As (V) WHIECR (R 3), Z5RER:
PN B LA R LG BB LR, Cd (11) A R AE
AR TR E S, W As (V) BT
ORI ALK g R B ARELH cd (1) K
As (V) SLIZRHESE As (V) RMRRRR, HAH
AN S TG 0 25 R 5 PR DL S SRR A AT
Cd (11) K& As (V) MW FHRCeRE 2 — A 1hEK
T 1A 328 R 4T B A TR s 0 A SR T

x3 AEFTREANLREARME—HIRMHER

Table 3 Specific surface area and the normalized adsorption efficiency of various mineral interfaces

Cd (11) JH—Fh I B3R

As (V) H— LI BeR

LR AR
Y] Normalized adsorption efficiency / ( umol-m?) Normalized adsorption efficiency / ( umol-m?)

Specific surface
Mineral B Sy B St

area/ (m*>g™")

Single adsorption Co-adsorption Single adsorption Co-adsorption
ERA 64.21 0.43 0.43 2.15 1.94
AR 7.78 3.33 3.47 2.17 3.62

[T 3.92 0 0 0 0
DALO;; @TiO; @Kaolinite.

2.4 HHIFRE zeta AL XTERTRIL R TTIZHY

Yy FHTH Y zeta HLALRAEMNAZS R AN 5 frs: 7R

=AU NL pH JEH N, FALHE P zeta HL (7 35 5 H IEME (&)
KNIV R Ak . A bk mms 5 Sa, JrfiE); T As (V) BYIMASERS LR AL zeta
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As (V) BIIMATC B E W25

[ 5a Fil 5b 455 AT DUk B, AL 4R A i A — 4
AR R As (V) 5 Cd (1) FeEmf (s
pH=6), zeta MK AR KT As (V) HIMAFELE
Bt zeta HLAZ T ZNT Cd (11) BASRAFEAERT Y zeta HY
i, W As (V) 5 Cd (1) @b gd T
B PR, Hu ZEPF 50 T Ak B As (TID) Al
Cd (11) AL pfE, &8 T A4, fh
ARG E = JC G ™4 . Wik, Ak
RS E bk A L As (V) 5 cd (11)

e

7 B B4 H AN o RN B G2 ] BB TR R T ) A T -
As (V) - Cd (11) =TC45Y . Jiang 252V i [7]
R SOEIE AT TEH RS B As (V) il Cd (11)
AERE As (V) [ JRMECAL S5 RRIE , IESSRIR R
T4 TEHR-As (V) -Cd (I1) =045,
MIESE T Cd (1) MR, seak, Wu P aF
FEUESE, 7E—Fpopr S SL v A= ) i e 1 As (TI1)
M Cd (1) pyFLmg b A v &= A = e a4, If
H As (1I1) F1 Cd (11) W R PR RI VR £ 2252 =0t
FMLAWREEH . LT DIEWT, ARAFSE Bk B
() A AR — A AR BR AT |, SRR = e s A IR
AR As (V) 3% Cd (11) AU 38 m (& 2a
K 3b). —IoEA Y AE A B R 2 E
GRS R S AR . MR SRAE T, FE sl £ A
1 B E A IR A (E Sc), KB
RIS A A As (V) 5 Cd (11) Mg pf it ]
REIF R = n Y. 1A, FEALER A zeta HL
A7 S B0 H IE T A AR AT zeta HL (2 B AL A
P, AT EJRIA TR As (V) 5 AR
I ALE A, TS5 As (V) 78 A BR A 1 Y I
B S JE /N AR S A A0 5 T 1 I B TR 3 B3 2 ),
R 2, Bl Sc 25 R, w08 A1 3R zeta HLAL pH=6
IR, A ERPEAS TR As (V) Sk
RMPES S, B, FIS FAHT e £ % m i frk
PR AR HEPHES 1 Cd (1) 78 H A 1 A IR B 1 52, 8%
Mah 2R g R B oR, @A Fm Cd (11) W
ANHLE, UG AT DAHERT, F 67 R IR  IAS 2 S e A
S Cd (I0) W B e i E 2R R 3R

> 45¢ a) ALO, 0} b) TiO, _g-Tio, ¢) Kaolinite
: oyt A0 o)
= 30f B——%— » -5r ~-05 ?]TOEL: As(V) & B—%
I D\D>€9\E 01 el 1 Caun) Dxni
§ 151 V\e \H -10} % -10} 9\
8 \U sl 8\ \t{___g\3 —W
o) S, —% T—y
= -O- ALO; : \ —v 0l \ \D/D——— 20+ -0- Kaolinite
o -0-0.5 mmol-L" As(V) o 0 o -O- 0.5 mmol-L" As(V)
515 ~%-0.1 mmol-L ! Cd(Il) o0 o— Y ~—~——0—0—__ ~%- 0.1 mmol-L* Cd(II)
["V-0.5 mmolL" As(V) & 0.1 mmol-L' Cd(I) 25k ) ) ] . (? - -V- 0.5 mmol-L" As(V) & 0.1 mmol-L "' Cd(II)
345 6 7 38 3 4 5 6 7 3 W56 7 3
pH pH pH
Bl 5 ANEO YRS zeta AL (a. E4L5R; b 4 LEK; o EBA)

Fig. 5 Zeta potential of various minerals before and after adsorption of As (V) and Cd (II) (a. Al,O3; b. TiOy; c. Kaolinite )

Cd (I1) F1 As (V) FE45 0 P 510 W i 1 fe
i) XRD FEI3EaE 6 fr, iR e, Cd (1) Al
As (V) TE&AST ) 5T W B i J5 1) XRD 25 21 3
HgREhs (K 6a), —HILsk (I 6b), mik
1 (B 6c) KT5 5 AR BT NaNOs 1 RFAE AT 5T 06

H &t

TG T 7 4 P A AT A 0, U B o R v R AR
B B TICTE , DT HEBSR ph T B IR 7™ A e 1R 4 DL T
S BB R 30, (] s BT R R
W ok R e 0 RS ) 38 o 1 AT T e e R R A R
B In A
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| :
> A | Y .
A ___.AM_.—MJ\;__________& > =
% g i i M A g
=1 e S W, VA W =1
E 8 I} A 8
{b\p’( ____.A».___J—N—-M__._____A_ k=] - A | N =
ﬁ FMLFRALO, % “4UAEERTIO) %( ﬁ:ﬁl::’y—-umfmluminiumsilicon oxide
= I & e | 1
TR HINaNO; i [T T = “FUEHESIO,
L , i RRHICA,(ASO,), :
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N | ‘ N | Ll , ,
20 40 o 60 80 20 40 60 80 20 40 60 80
20/ 20/° 20/°
Bl 6 W Cd (11) F1As (V) JG&5 W X SH2fidt (XRD) EE (a. E; b, Z8MEK; oo ®iIda)
Fig. 6 XRD patterns of various minerals adsorbed with Cd (1) and As ( V) (a. AL,Os; b. TiO,; c. Kaolinite )
2.5 AR TE IR E b X IR B I A2 A9 R i T LA A= B UE R 32 A sk 7 LG B 45 L 26 s o &
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Cd(I1) A F Cd(I) equilibrium concentration/(mmol-L ™)
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EIS AR R, Cd (11) FEARHE BE By B DA B
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A DASHERT o AR W 5 i S5 A Ry g B T B
WAIE S T 5 A 58 AH AR 0 S 56 25 51 - I VAR B Xk
DAWR B R 3, o M X ki e oy B P
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0.0 0.2 0.4 0.6 0.8
As(V)Y ik E As(V) equilibrium concentration/(mmol-L ')

RRTHHREE Cd (11) (a) K As (V) (b) BIMTMHEZERLZ (25C)

Fig. 7 Adsorption isotherms of Cd (11) (a) and As (V) (b) onto various mineral interfaces ( 25°C )
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W 7o s, KSR R SRR R T As(V)
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