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Effect of Cr( VI) Anions on the Cu( I ) Adsorption Behavior of Two Kinds of

Clay Minerals in Single and Binary Solution

LIU Juan-juan, LIANG Dong-li, WU Xiao-long, QU Guang-zhou, QIAN Xun
(College of Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract : The adsorption of Cu( II ) on kaolinite and montmorillonite was investigated through batch adsorption experiment. Several
adsorption models were employed to describe the adsorption of Cu( II' ) on the two clay minerals in single Cu( I ) and Cu( II')-
Cr( VI) binary solutions, and the impact of solution with various pH values on the adsorption of Cu( Il ) on the two target mineral clays
was investigated in order to explain the environmental chemical behavior of heavy metals in soil and to provide theoretical basis in
remediation of multi-element contaminated soil. The results indicated that the adsorption process of Cu( I ) on kaolinite and
montmorillonite in both single and binary solutions was fast at the beginning and then slowed down. Adsorption equilibrium was
observed within 120 min. In both single and binary solutions, pseudo-second-order model ( R* >0.983) showed the highest agreement
with the adsorption of Cu( Il ) on the two mineral clays, followed by the intra-particle diffusion model and pseudo-first-order model.
Both Intra-particle diffusion model and Boyd model illustrated that the film diffusion process was the rate-limiting step, which mainly
occurred at the edge and surface of mineral clays. Copper adsorption on kaolinite was well fitted with the Freundlich equation ( R* >
0.971), which could be attributed to the heterogeneity of kaolinite surface with adsorption sites that have different energies of
adsorption. Langmuir equation was best fitted with the isotherm for montmorillonite ( R* >0.983) , which indicated that the adsorption
was on a single molecular layer or chemisorptions. In both single and binary solutions, the adsorption of Cu( Il ) on the two clay
minerals first increased and then decreased with the rising of pH values. The maximum adsorption amount was found at pH =5. 0, and
was in the order of Q. > Q. and Qgueco > Qcucrpmay- Cr( VI) in the solution reduced the adsorption of Cu( 1), and the minimal
influence of Cr( VI) on Cu( Il ) adsorption was observed at pH =6. 0.

Key words ; kaolinite; montmorillonite; adsorption; combined pollution; Cu( I ) ; pH
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Table 1 ~ Adsorption kinetics and isotherm models equations used in this study
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EIPIES jigﬁfif 1n(lle_-q[) =lnzqe —hyt (16, 17]
. =2y Rl t/q,=1/(ky q.°) +(1/q.) t [14]
Ty TR 0=k b 18]
Boyd 15! B, =-0.4977 -In(q,/q,) [19]
Langmuir 455X c/q. =1/(bq,,) +(1/q,,) ¢, [20, 21]

VGRSt Freundlich %0 q.=Ke," [21, 22]
Temkin 53X q. =4, +K Inc, [23]
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Table 2 Specific surface area and pore size of two clay minerals
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Fig. 1

SEM micrographs of kaolinite and montmorillonite
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Fig. 2 Cu( ') adsorption equilibrium curve of kaolinite and montmorillonite

LA A A B B, 56 — B B A PRt g R i B (T 20
min) , F3d 80% (ML BHTE I B B 58 15 25 B BN
5 I A BE (20 min J5 ), 3% 9 B B i R R TR
R, B2 120 min 15 50 B 552006 0 W Bk 45
HPASBY BB 2 (b) ], e W BB B s i 30
min , #3T 90% 11 W B 7E 12 B BE 5E 1 ; 30 ~ 120 min
AN I R B AN I BRI R v v A N SE
X B R S A W Cu (1) W B il B[] 1) 722 4k
A BRAH ]

FUAE ] 2 f0 Wi A 8 3 e B, 552 I A o B — N AR
5 VS R R At 3 2 K TR A (P < 0.05)
HFIR B L0 y50 —Cu () 15 T8 04 W B
FERTCu()-Cr(V) BEEHEW(P <0.05) , X AJ
el TR AWM cu( 1) W B i F b 5
Cr( V) [B]FE7E 5 4 W B, 5 SO B i 5 B — Cu

IR TR

FHFE 1 Ay 6 oA 78 oF Wi B S 5 A 5030 00 A 7
PG SRR M —sh 12 R —sh
07 R RN N R PR AL LA ROR AR (3R
3). WHICRE R &, &b A MEE G sh 20
PRI ROR o sl i 2 7 8 > IR E B iR
B> —90 ) )y g5 B X U6 B 9 8l ) 2F Ty f e
Sy 1 3R P FP 2 0 W e — R AR
Cu( 1) W B9 3 J1 24 F51E (R* >0.983). A«
3T ky (O R IR B 3 3R B, R T R
KN KB, 0 A B Cu (1) A3 3R K F 50
A1, 31X 1] BE 2 1R U4 A Ll 52 B A L A e T
By B (B 2). [/ —8 %, B — B SR
Cu 1 ky FHZEANT, 158 BH I BRF 700 2 52 i) 82 B 32 %2 11

®3 BRAMEHEARMHAZSENSHY

Table 3 Parameters of various models for Adsorption dynamics of kaolinite and montmorillonite

W2 B W —PHM IR R R SESTTTE g
R? =0.984 R* =0.998 R? =0.991 R? =0.985 R? =0.998
Hi— Cu k, =0.048 k, =0. 037 ky =0.722 k, =0.106 kyy =0.019
. =3.106 =3.352
eyl qe qe
R? =0.953 R? =0.99% R? =0.993 R? =0.936 R? =0.954
Cu-Cr B4 k, =0. 060 ky =0. 044 k, =0. 659 k, =0.081 ks =0.007
q, =2.515 q, =2.742
R? =0. 807 R? =0. 990 R? =0.993 R? =0.940
H— Cu k, =0.044 k, =0.013 ky =1.394 ky =0.036 —
- =6.194 =6.906
R e e
R? =0.781 R? =0.983 R? =0.988 R? =0.782
Cu-Cr B4 k, =0.035 k, =0.010 ky =1.352 ky =0.057 —
q. =5.897 q, =6.757

D) S SE AL, g, /mg-g™" 5 k/min~'; k,/g- (mg-min) ~'; kp/mg-(g'minl/z) -
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Fig. 4 Adsorption isotherm of kaolinite and montmorillonite on Cu( I )
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Fig. 5 Influence of pH on the adsorption capacities of Cu( Il ) on kaolinite and montmorillonite
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Fig. 6 Intraparticle diffusion plots and Boyd plots for Cu( Il ) adsorption onto kaolinite and montmorillonite
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