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Abstract; Humus existent in soil and water is often closely associated with clay minerals and forms special
complexes. The adsorption of heavy metals on clay mineral-humus complexes is different from that on clay minerals
or on humus. The authors investigated the adsorption and competition of Cu® and Cd’>* on montmorillonite-humic
acid complexes in both the single system (Cu® or Cd>* ) and the binary system (Cu’* and Cd** ). Experimental
results show that, in the single system, the adsorption amounts of Cu®* on the complexes are higher than those of
Cd*" and, in particular, the adsorption amounts of both Cu** and Cd** increase linearly with the increasing of their

initial concentrations. In the binary system, the adsorption amounts of Cu®*

are consistently a bit higher than those
of Cd**. This indicates that the selectivity of complexes for Cu®* is better than that for Cd>*. The cation exchange
process, which occurs between montmorillonite and Cu”*/ Cd**, may be a predominant mechanism in the process
of adsorption. Whether in the single system or in the binary system, Cd** is liable to replacing Ca’* which has the
same electrovalence and a slightly larger radius than Cd**, whereas Cu’" is liable to replacing Na* which has a
similar radius and a lower electrovalence than Cu’". Therefore, the adsorption amounts of Cu’* on complexes in

the binary system are obviously lower than those in the single system, while the adsorption amounts of Cd** are almost
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the same in both systems. These results might provide some clues to the migration and fixation of heavy metal ions

in soiland water for further exploration.
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0.14% , W FTH 365 m*/g, [HE 738 # & 56. 3
mmol/100g, X S Z& A7 i 43 B 46 SR R WY, 5 i A1 11
dom =1.463 nm,*ﬁ%?@j%ﬂ%%ﬂ%ﬁo *Eﬁ’pﬁﬁ'}ﬁ
ATER A, CaO/Na, O BE/RH R 1.88 1 1,



553 3]

AR Cu® A CA™ FESE BT BIR AL & T WM B 3 4 287

SR FH 6] o 8 LR D 2 A 1) 20 2 D7 i TS Tl 1
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FERRMELME T, Cu( D) M CA( 1) EZL Cu®”
1 Cd** B 2AAAE /K, B0 pH =4 B 3k
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PR B A A B I T UE (%K 155, 2005) o BF
FERYLBEH pH (BT m (£ 2.3 ~8. 0 JERIN) , 5
Ji A e TE B S AL AT R I, S R, HA SR T A B
f)—COOH , —COH B fi# ili—CO0 ™~ .CO~,ffi HA &
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PRI T X AR AR AR i SR A R
1.4 E5UFEHELENIRA X
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£1 Cu' i1 Cd ERHA-HA &4 EHTRHME (mmol/g) & Cu**/Cd** tb{E
Table 1 Adsorption amounts of Cu’* and Cd** on montmorillonite-HA complexes and Cu’*/Cd’*" ratios
Wl AR AR ZR
/mmol -~ Cu?* Cd** Cu®*/Cd** Cu?* Cd** Cu’*/Cd**
0.017 8 0.0315 0.001 6 19.69 0.005 3 0.001 8 2.94
0.044 5 0.0787 0.003 6 21.86 0.007 8 0.003 6 2.17
0.089 0 0.157 4 0.006 8 23.15 0.0118 0.007 2 1.64
0.177 9 0.314 7 0.014 4 21.85 0.020 5 0.014 2 1.44
0.266 9 0.472 1 0.021 1 22.37 0.029 2 0.021 0 1.39
0.3558 0.629 5 0.027 6 22.81 0.037 5 0.027 9 1.34
0.444 8 0.786 8 0.035 3 22.29 0.046 3 0.035 8 1.29
08r 0.05T
=1.7695+TE-06 =0.096 2x+0.003 4
- 7o 0.04f
I (-11]
':o 0.6 | () Cu2+ ._d
b 2+ g L
g ® Cd g 0.03
£ oaf H
b # 002}
. =
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$=0.079x+8E-05
0 —e—o —0 O - 0 : : . . .
0 0.2 0.4 0.6 0 0.1 0.2 0.3 0.4 0.5
YIHH ¥R BE /mmol + L VIHE ¥R BE /mmol » L}
B R R S WA -HA AR B2 AR R S WA -HA AR
X Cu® "/ Cd” ™ Fy iz X Cu®* 1 Cd®* B bt
Fig. 1 Adsorption of Cu’** and Cd** on montmorillonite-HA Fig.2  Adsorption of Cu** and Cd** on montmorillonite-HA

complexes in single system
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complexes in binary system
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0.04 1
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Fig. 3 Adsorption of Cu** (a) and Cd’* (b) on montmorillonite-HA complexes in single and binary systems
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Cd** FER A 1 1B
3 e
3.1 EAEHH Cu* Fn Cd* HIFLEI ST
Stumm (1992) $¢ i, B4 &/ 54 L0 YA HLE
G AT Re A PR 4545 Jr =0, B S-HA-Me X 1 S-
Me-HA X, S-HA-Me 2UJE46 W 2264 F 1) HA i8
AR S R B TR U 5 1 5 S-Me-HA =X,
Efe e R RS I FEmEN. 0
A0 4 JE B M RE ) L HA sl PR, B 52
AR HA 737 i 8, 78251538 2, 46w B 7B
BAES A -HA 5 RS, HA 707 I H ok
SRIE , T4 B W 300 52 A 2 TR A A Y
HA 284 B UM i #- A 5 1Y S-Me-HA £5 44 ( Stumm,
1992 ; Liu and Gonzalez, 1999) .

EHINN B BRI R A, i T REAAAE SR =
P =, BRI 4 J& B9 7 B4 5 2 1) BH B 1 R A A 4
SN o 52 A 114 J2 P AR A 7 Ak 4 DO T A R 48 S\
T AR e, o0 2 ) S 8 P 5 | 0 3, A o v 1 B
BT 5 5 2 6] 0 BH B - & A= 3 4 B B (] 26 5
1999) o — ek, IS A LA A e i 7 ¢ 05 A4 A1
F I 2, AN 23 3k ACH 2 [H] (Baham et al.
1994) . PR, B4 A DASEE A S I A 1) J2 () T 5
BHAE R I HA TCE R, EARIRH Cu® 1
Cd** Z )5 St AT R 26 (dog, fBD) & A2 A BH 254k (81 4)
SEARRA JIWIEYE o TE R T AR RN b, BN B
AROUKEBE T ERE/NBETAS A RR, Cu®’
{OE SV i o X 8 O A NS5 N - B2 X N4 )
Cu’* ZF Cd** (5 N R 2R R ARG R T 524
BFA] RRRE A, 5 HA BE VIR R TES i1~ HA
AW, CA " 5 Cu® R, B e EE 3 i,
W B S R BT, BEB N SRR S A AR b By W B AL
FRARTA——LABH B 5~ 32 e W Bk Sy 3, BG4 T it
BiFiEE BRI G R i S A .
3.2 MBE—ERH Cu’ 1 C T RMIT HRIITIE

Rl 4y W R R 4 BT — 5 B e M, IR
T ZFHER A FR R 7)) B T
PEE T ORI EL R pH E A 70 W 55 A
SRR A IS RS BB R, U A SIS BERRE
B RRE R S HATI P 7 BOE B, SRR U, B
E=27/r, HI, FERMHIFEER T, 555 & 4E
AN RN BRI R B, AR I 1

DU, 555 iy P Ve VLAY T i X AR T A A
(f P45, 1999) .

—MEOLT , WTARE S AT Y doo (RN H AT T
WAy, 1.2 ~1.3 nm ENEESEMRIAT 1.3 ~1.4 nm
NSRS AT 1.4 ~ 1.5 nm NSNS A (1.5
~1.6 nm JEILSE A (B, 1984), Ca RYH
8500 T Na, 2 (0B 52 5 A0 %) B 465 g 174) W o 7 &
T S RS A K (Arias et al., 2002) A5
BRI S MEATEE D doo, 9 1. 463 nm, J& T A5 PSS
JBAT o AN SE AT BT Cu® ™ DUS BT dy,
WA 1 KI5 B 2 G i FE 38 D i i/ N B 42
XESRTEA [A] SR A4 2 v AR B P o 1 S 1 245
o HEWA-Cu® IR R, F74E Na™  Ca™" Al
Cu® 3 M & BB 1. R G WAHBUKGE TR
INT Ca® " (43514 0.206 5 nm F10.244 9 nm) ,{H
F Cu®* 5 Na* (450K A B T4 (0. 206 9 nm) A
UETTELA KT Na®, L Co®* fR G &4 Na* o 1
Cu® " (i B AR T B )0 s 8 40 2 2 52 i 22 1)
(1 Na ™, DT dog, (LIS BRI 76 Cu®” e 45
FiE s A Cu® " A AR B Ca® " AT dyy, (B 75
Wi (15 4) .

FESE AT -Cd™ By MR R, FE4E Na™ | Ca®” il
CE*3 Fh & BB . hF Cd&" A% TFEiE
(0.230 5 nm) KF Na™ ffi/hF Ca®*, (LA 56 B 4
LR I 2 A2 I K Ca® " o 7E Cd” " B VR B3 451K
B SE B B B AL 52 I J2 ] 1 Ca® ™, BT gy (L
W AE CA® VR R R I s i A Cd " B4 Na ™
T oy, {320 8738 Ko 7E Cd™ Mk B T 8 (K F 30
mg/L) i, 3L Cd®* [R] A B4 Na ™ Fl Ca® ", fiff dy,
{EORFFTE MG = T W IR (E A KF- (18 4) .

3.3 Cd** #n Cu** E& M A EE S

BRZ R A Co® i Cd** B, Cu®* 7E 52 i
A1-HA SR E W B 6 B 6 ) fe vk %) 38 oy 2
LEPERIIN (BRI 1.769) . 2445 Cd*" JLAERT, Cu® " 7E
SEiAT-HA 525 R b it W B 475 2 e ik 48 i, LAY
HAUN 0.096, #7522, Cu’ " FEILAEIR R 1 Bt it
FHCTE o — R R (0 B /NS 22, Ui Cd* ™ AT
A5 Cu® S I AR 2 A1 E AR, Cd*”
TR R 22 v AW IR LR LT 54, W Cu®” 19 7E
FEFEARFEM Cd” " 752 A5 1A I MR Bf o

TEZ & Cd** %t Cu® " YRZ RIS, o) LA R 72 52
fii A -Cu® iR R 5] ACE " , Cd® 15 B 4 vty
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1.52¢
1.48}
—O—Cu2+
g —e—Cd*
£ 1.44|/
iﬂ-"lé
~
1.40}
136 - - - - ;
0 0.1 0.2 0.3 0.4 0.5
VIHE R B fmmol » Lt
K4 KRR SRMAT do (5 Cu®* F1 Cd**

WIHRVR B X R
Fig. 4 Relationships between d, values of montmorillonite

and Cu®* and Cd** initial concentrations

FHIRITAT ARG KA Ca®* o AR SO0 T A4 405 i 52
A B, Ca®* i B 3E KT Na™ (CaO #il Na,O 1
FE/RBZ HE ok 1.88:1) o M, A1 24— 4y Cd** 4
PRAET Cu® Bl Ca®* Wik A2 1E% & Cu®’ X}
CA** Ay SEmART , AT LA 2 AR 52 AT -Cd* ™ ik R
FIA Cu®™ I BEUAR B A 5o Cu®* B LG5 B 46
Na* , {H52 B 40 A% it v ml (36 48 1) Na ™ ARG 852D,
X CA™* FR I B 52 IR AR X 4/, Arias 45 (2002) 1
WFFR AR B S 08 1~ HA S5 kb HA ik &
(R0, Cu® ™ T Cd™ ™ (1l R o e 240 B J 4 R, (RIS
Cd®* PAEAETCA B S 5 Cu®* AR B, HH R, Cu®”
(FEAERE CA*™ AR R KA . AT DL, ] 7 52
A-HA ZA A IS A -HA S50 T 050 5+ 0% By
FUTEAANA] 3% AT DL PR A [ | 0 BRI o 52
A1) T4 A 1Y) W B S A LG e A R 3 AR DL B
( Bhattacharyya, 2008), fEm W 4-HA E &5k 5
Cu®* (Cd>* SR A, A7 514 I B AU A 8 0 A 5 T
HA SR8, B ATR E 4 Ja 1) W B 2 58 e 1 oz 1 FH Ok
B, NS A -HA B AR Cu®t (CdT
JOZ S, A7 28 A W RS 5 552 I A % THI R HAL & 77 LA S
B ARSI ATFE A, J5 7 P RE S AL B 22 A IR B Ao o

(1) fEH—RREMT, SO - W E A 1A
X Cu®* [ B R AR A T B R T Cd* | T L35
W fk 25 W HE0 e g 8 T R R PR R 7E G
FCA™* IAPR R, Cu® " R Bk I 28w K T

Cd™ " R B o, B 5 PR Cu®* f Wi A A 1 3
Bk

(2) Cd** 1 Cu® FESEBLAT-HA Ak LR
o B 0 e BE A 6 o S B IR B e, i
W FRFALBEARR] o 5 M A1 -HA S5 1 v ) S A %)
Cd** il Cu® " {9 BH 25 1 3 e BEHAE PR AL T 1 st iz

(3) KRR —KRIERAEIAAER S,
Cd” "t S R4 5 40 52 501 22 40 vl A0 T T 2 22
WS Ca®* i} Cu® " TR 516 45 4 2 A2 AR T bt (01K
ffy Na* o BHUL, Cd* PAEAERE Cu® " TEE A1 E IR
B 1t ) S 380N T G P AE X Cd® (14 W B LT
B R
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