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Effect of Temperature on Cu Adsorption and Competitive Adsorption of Zn

and Cu onto Natural Clays using Combined
Adsorption-sequential Extraction Analysis(11)
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Abstract

In this study, we conducted a combined adsorption-sequential extraction analysis(CASA) to investigate temperature
effects of single and competitive adsorption of zinc and copper on natural clays. As a result, it was found out that in a
single adsorption of zinc, the adsorption was mosily in the exchangeable phase, with increase in temperature. In a
competitive adsorption of zinc, this trend was so strong that the exchangeable phase adsorption increased up to 80 ~90%.
On the other hand, about 50% of copper was adsorbed in the carbonate occluded phase in single and competitive
adsorptions. In the single adsorption the adsorption of carbonate occluded phase increased by 5% with the temperature
increase and in the competitive adsorption the increase rate is about twice. The adsorption of zine and copper on natural

clays s an endothermic reaction with the exception of exchangeable phase adsorption.
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o 79| S B B VA ST B
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9lt{Fokkink =, 1990), ¢| S G« aba] Abe| sk 55 <l

=9 R T
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(Sturnm 3} Morgan, 1996; Johnson, 1990; Angove %, 1998;
Bereket -5, 1997).

In =2 - A5 m
7],

& H" = standard enthalpy change for the reaction

AS" = standard entropy change for the reaction

K 4 = equilibrium constant for the reaction

R = universal gas constant

T = Temperature

55 dgl( A H) FANLO] Ogh 1gd g e
WL, FakS-ol uhE A A A o] ¥ A e dER
I 4SHZ FHAT AT DA degre] A4
2 BARY Pl o] uEe) e Ro 2 o) 4
IS Ghe FAH B 2o 4R 2o
2|EgtHAngove 5, 1999; Rodda %, 1996b).

Languuir §3% 98] 34 F3o] dojuis Fekol g
e e ks L e
e,

Mag) + S= S—M (2)

A7, Mag)e el FHollE THE
(adsorbent) 2] &2k71%5 €3, §— ML oW 8
Aol FEEE etk A2y e v

L,,
2R E] AL < ol Langmuir &2 2o 2)(3)3 7o,

4714, ¢, = FHANAY B s Emgle), Q= F
A mHE @Y FoT gL A 2

(mgfg), C.= F2 ol of 2o o) folo) Y
(mgfl), K= W50l ek &2 Y4 (mg) & e}

d,

EE SE-USREHE 0188 EE M=o F2cw) B2 Y

Angove S(1999)0] wzZm 2@} Z-& wedd
Langmuir 4R W25 dol< FAADI5E §
Aol 7ok B uh-S{surface reaction) 3 S-§-ofof 4]
5} 2ok 12 Langmuir 3
e ek} A g E 3

_| Z_F 1
g o] AR AP (Rt el Al 2] ¥
ES|
A

FEF

k8ol A 3]

A A F7A OhE AT A S A7
v AshaE o5 524 F A
Batgeh et olEE ’ﬂ'§Jr

R LAt e FF
#2419 o) ole] FEAEo
= o] To|2 2857 )
sk o]2 8 k) 32|
155589 758z Ao
#Hll(partitioning) & 6] ] gHsh 7
2} 59 TR L] AEAg v
7] o]

rlr
.
i
My

E
i
r

kit Ay

-
R

o 4 v

ofh
&
QH
qa
s

i

b
e o r}<>l et

%

r
iffo
é kl

ofd
R
i

.

M v o o

=
e
Y
w
j i

>
1“}

(=T

oy 2 ook

o L

ol I pot

o 5.
£
r&‘L

1_[,
i
ri
ot
e
™

o ox L R
I

Ar e it o

=

2

r;'ﬂr
N

=
i
e

oy oo Jm oo
iz ¥

rk

ot

e K
b
rk
i

P
E2.

=
d
N
)
M
5
i
o
o
ki
I
4
fo
it
rio,
o
dm e
e T
o o

oit
|o
!
¢
Nl
)
“l
>
s
fo 1y
ol iy
3
o B
2
i i
i
Y
g
I,

il Oir [

o oo

s ofy
ald
e ST
firt
o
=
ik
)
it

3o o
o 2
f

i
°
‘_.T!
T
2
=

ok O I plet
ol
rir
o,

o Aln o

B
=)
4
i
o
©
fo
e
i,
Y
i
e
)
2o 3

o o
R

o,

rr

E_,’

¥
2.

il

ofy

rk

o Hil
&
>,
P
>
i,
fil
)
ol
i

o v

2
o
c,

roh o m
o,
gl
o2 O
=
£,

&
>

o] A =bulk sample]

a3l o

==

2 o rfr Jo oo £ Jo

b

re
I

-u

(o
b3
A
o,

q
o
|

a2 2
>
jg-‘&
w
-

R EES S

e
v
J
l
d
o
h3
EO'

o
o

= g e 1(combmed adsorptlon sequential
extraction analysis, CASA)Z- Fol oi(Salim 5, 1996;
Yong 5, 1992, 1993). CASA Hg}_ﬁé ol A] Z=F o] ElE
= &2 I ARG 1) o]0 F 3 El(exchangeable
phase), 2) 4191 & gfj(carbonate occluded phase), 3) 321
2F3HEE H(Mn-Oxide occluded phase), 4) £-71E 3 =)
(organically bounded phase), 2 5) 2AslE e

(Fe-Oxide occluded phase)= Ulro ZF o7 324 2
= gelste] ARgehe k. %@’ FE-AEFEH S o] 8 F

A¢ZHe] FAAY A LS 5 90 bulk adsorption
sampleo]| o gk F-28F Wat o}, Al AR 2} 24 A
ol F2EE ARE A& = o] gk s
olelgh 7t Al A45E gal= glolA 2
e ADANA S50l 2THAL T35 A 2

E7h o) 5 31, 7HAE FEEe] BE D]

WLl
o.j‘i. -
i
nJlo
&

L OHADE 2 Q8 &3 N B gaky) BE d()y 158



Table 1. Physical and chemical properties of clay used in this

study

#200 passing % 99.8%

specific gravity 2.68
Liguid limit 54
Plastic limit 26
Plastic index 28

permeability (cm /s) 21107~ 4.8%107®

Seil pH {(1: 5 soil:water) 8.5
Cation Exchange Capacity 18.7
(CEC, meg 100g™) )
Organic carbon content 0.8
(% by weight) )
Soil buffer capacity
62 5

(mmolH%g'pH™")

Quariz- 52.2%
Al 18 6%
lllite: 17.8%
Chlorite: 6.1%
Kaolin. 2.2%
Microeling: 1 8%
Tremolite: 1 3%

Mingral cormpesition

Al ZATE gl sl TE S E5E §4
A 9E 9 FURA U A o) E FEEES Bk
MC’P"] 'G‘JC-)-@" ! ﬁlﬂji
1994, Harrison %, 1981; Yong &, 1995, 1993, 1992,
Tessier =, 1979, 1989; Roehl®} Czurda, 1998; Howard S}
Sova, 1993; Yanful &, 1988; Salim =, 1996; Salim, 1994;
Miller %, 1986; Pickering, 1981).
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A& Table 19 YER 31T
A5 pHE #1023 53} A7 5go] 5577 25mlE
H(1:5) AESA ZEo|A oF LA £ SA9%
CHASTM D4972-95a). 1|3, <l 37, #2004 B3h-&
£ 7FzF ASTM DR34-92, D4318-95a, 18] 11 D1140-92
oz 2389k B ¢dAgs B8 U2
ATE ol-gahe] Aslel] elsf el gholoh Feo &
2 (soil buffer capacity) 275 2 50mL B3] 45
Zy|Zz 2 544 10g2] & A 29} 25ml2| FF5
2539 50,05,1,1.5,.., 16mle] 0.IMHCIE @5 4+
A 24X7F EF] F F 242e] pHE SA 5h U
© 7 ==& v{Rowell, 1994; Yong, 1990).
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capacity, CEC)2 z}z} Walkely Black® ¥} Ammonium
acetate™ © = %;\’j Fl9ich Jg% Al(mineralogical
composition)- #2007 %J—] 228=3~-65" HH
A] X-ray diffraction £4]-2 53 H ZA =90k
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212 555 H-ollo] 5]

o 72| oo AlZE £ 99.99%] 1A 7] 1g
£ 10m1¢] 22H70%) % 10mle] 57l 521 1000me/l
o) folg vH= & 5,20, 50, 100, 150, 200, 250, 300me/1 2.
8)4]5le] ALG-sl 9l e o ofede] B Loe] AL T
A T 1gT okl gL AFAT ZFEGo =]
1000mg/le] E &gl e v & vk Ta)el Bl gk
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2.1.3 FF-gvl.2] £9)
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W5 S84 800ml S E71shed, NHOH 5= HOA

2 pHE 72 4% § SFF2 1000mE et



Table 2. Langmuir model parameters for single adsorption of Zn

167 25T 45T 55T
Kaa! | Q% | R* | Kas | Q° T | Kes | Q° R | Kae | Q° R
Exchangeahble D03 | 2.836 |0.9952| 0.029 | 2.70 j0.9921 | 0.028 | 2.637 | 0.98986 | 0.0274| 2.5 |0.9908
Carbonate 0102 | 0.8B08 |0.8924 | D.12 1.09 | 0.997 0.2 1.59 [0.29%4 | 022 | 1.865 |0.9993
Mn—Oxide 0.213 |0.0694 |0.9957; 0 242 | D.124 [0.9992| 0.372 | 0131 [0.9998| 0,423 | 0175 | 0.9981
Organic 0.197 | 0.034 |0.8987 ! 0 239 | 0.055 10,8975 | 0.363 | 0.112 | 0.9988 | 0 362 | 0 111 | 0.9985
Fe-Oxide 0201 | 0D.019 |0.9998| ©.317 | 0.031 |0 8989 | 0,632 | 0,055 [0.895Q | ¢ 818 | 0.074 | 0.9999
Each phase sum | O 051 3.74 | 0.9972| 0.062 | 3.98 |0.9949; 0.08 4.5 |[0.2957 | 0 085 4.7 | 0.2964
bulk adsorption 0.046 39 |09958| 0064 | 4.232 |0.9971 (C.0204 | 4,424 10.8982 | 01 4.721 10.8979
" ergl, Vme
? e, ma/g
Table 3. Langmuir medel parameters for single adsorption of Cu
15C 25°C 40T 55
Keas | Q% R? Kaas | Q° R® Kads Q° R? Kads Q° R?
Exchangeable 0.043 | 2.01 087271 0.033 | 2.07 |0.9453 (0034 | 1.91 [0.927| 0024 | 2.0968 |0.8712
Carbonate 0.332 | 1.84 0,298 | 0.36 1.86 |0.9994( 0528 | 2.24 (09994 | 0.573 | 2.475 (0.99%4
Mn—DOxide 0.717 | O117 | 0D 9B95 | 0.791 | 0.11% | 0.9997 | 0.867 | 0,172 [0.9996 | & 976 | 0,192 | 0,0998
QOrganic 0.551 | 0,117 | 0.9991 | 0 899 | 0.128 | 0.9998 | 1.087 | 0.176 | 0.9997( 1 137 | 0216 | 0.9908
Fe—0Oxide 0.881 | 0024 | D9992 | 1.1156 | 0,031 | 4.9997 | 1.211 | 0.058 | 0.,9998 | 1 244 | D 83 [ 0.9998
Each phase sum | 0.159 | 3971 | 09938 | 0.162 | 3,858 | 0,9947 | 0,243 | 4,286 | 0.895 | 0.254 | 4.833 | 0.9952
bulk adsorption 012 4.34 0.991 | D128 | 4.528 | C 9952 | 0.166 | 504 |0.9939| 0.201 5.13 10.9958
U 29, Ving
T el mele
(2) ¥+2F2 3 Elj(carhonate occluded phase) - 1M NaOAc 2.0 AlE{HiH
(pH=5): 136.08g2] NaQAc - 3HL0E 1000ml &2}
2o W9 2R gmIE A7k ] NHLOH Hes 2.2.1 FE# Ay

HOAcZ pH5 2 224§ 272 1000mlE 7=t}
(3) W7k A= 9 E)(Mn-Oxide occluded phase) - 0.1M

£ ofd 3 u] FA HE
NHZOH - HCI + 0.01M HNOs : 6.949g 2] NH,CH - A] RN ]

Aol A ad e 22

shel e ALY & U, LUL 15,
HCI 1000m! F2}2=20] Y7 0.64ml(70% kg 25,40, 55 Col ] Tt 7 2=l thste] 271 ph3

HE

F)2e 0 2)8) AAL A7} F BB 1000mlS
(4) H7|E #Hul(organically bounded phase) - 0.1M

2 233 5~300mg/1e] 9 Tl 28l3 olAm) 7
EJ%O“ Hmle F7] Az2A7) AEA S lgo] Zo]gjis

KiP207: 33.7g2] K4P2:075 1000ml F|30 2 ] 2 50ml %—?—h—i Zg| g Hed FHo L3
1 EHSE 1000ml-g PETL offf FAlE, FEg &, 28 *}%EJ =REE7E
(5) & 232 ¥ E|(Fe-oxide occluded phase) - 1M 21813} 17} B 7L7L9] Lo AL 7] el 2F244]
NHOH-HCL + 25%{viv)IHOAC 1 69.49g NILOH-HC] 7t AL 257} 2b5o] 2 shaking incubators]] o] & &
£ 1000m] S} A7 6f] 1 1 252.5ml8] HOACS 12 st B Al 2E 370 BY B2 A RS Fuley

ZE22 1000mlE FHET]

o T
i T

EE BE-HES

s 0188 AE AMel Fal(Cu) S2 3 01l F0) A3 S8 A 2 S 25 37D

A7) Hell & A RS

5 AA FYeE S FEE S
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Table 4. Langmuir model parameters for adsorption of Cu

in the presence af Zn

15T - 25T 407 55
Kae! | Q% R? Keds Q° R? Kads Q° R Kade Q° R?
Exchangezhle 0,076 | 1.303 | 0.92 | ¢.074 | 1.21 (.989 | 0.088 | 1.187 | 0.288 | 0.051 | 1.1562 [0 9848
Carbonate 0186 | 1.718 | 0,998 | 0.358 | 1.769 [0.9994 | 0,454 | 2,177 |D.49992 | 0,476 | 2.33 |0.9885
Mn-Oxide 0,314 | 0,102 {0,8952 | 0,426 | 0 119 [ 0.8987 | 0 520 | 0,149 | 0.99% [ 0.543 | 0,187 | 0.9974
Orgame 0895 | D104 108982 | 1036 | 0122 |0.8999 | 1125 | 0147 (0.9997 |1 312 | 0 189 |0.96897
Fe-Oxide 0.403 | 0.018 | 0.99%1 | C.656 |0 0254 | 0 995 | 0.668 | 0.044 [0.9995| 0 681 |0.0672 [0.9996
Each phase sum 0,124 | 3.266 (0.9961 | 0.238 | 3,205 | 0.9974 | 0.283 | 3.646 | 0.9973| 0.292 | 3.726 [0.9911
bulk adsorphon 0.124 | 3.33 [0.8968 | 0.185 3.6 | 0.9972) 0.257 | 3.872 | 0.9985| 0.268 | 4.135 0.9948
1) &2l Vmg
2) =9 mp/de
) g18 blankS 7} 3 =8 = 2714 21 9613k 484] 71 0.1M NH,OH - HCl+ 0.0IM HNO; & A| 6] 211 2
T2 5 3000pmel A} S5 D4 R A7 F A 204 3087 E50] £,
S R4 ZPxz e S| i E E s G| & (4 7-71= 9 el(organically bounded phase) - 20ml.2] 0.1M
Ase R, KiP:07% )20 532 420100l A] 244121 E o]
Sa=d
222 gd&3F2uy (5) & 4152 3 H|(Fe-oxide occluded phase) - 20ml 2] 1M
NH2OH-HCI + 25%(viv)HOAcS A 5ol W1 422
48417 ARG AT A R 3000mpmel A 5241 01C)o)A] 4417+ EZof £7.
QAR T AFERE 22U PHE B DA
Fro maohg g $2& 96 tmlsl 2RFE 3 2T Y £A
W57 0k —28 A 40 2 EE0] F F 3000pmal A 15
2rF9) A 2§ 5 A2 wglo) o) e 3 4 Rl 2 AT A e oY 7] Skt obd = Tl o] HA &
o] & 7} A8 2& 37 Ao oA vl JHEA 0 7 4=5) 2 A AFA A E A5k o gk e of ol o] FAFAd ) 1|
F) Tk AR Al A o] ok Al A o] kS Eol Ale 259 o3HE B} 513l Table 2~ 5= k2 ¢
HE F A RBERE ol Yo 1EE 53 #7187 4 o= o], 2000), B 7L TE ok e] 2 E
{organic matters)2- 2| 43447} 7| Y& 7lEE AL 4L A A| el et ol o] £ el ulE Fef ZF Al A Fell
A3 T Tessier 5, 1979). o 2} Langmuir 52475 LebE Flolvh d3E 3l
ZF A ¢l g 2 g8 3t 7o (Salim 5, 1996) =] (15T ~355T)el M 222 F71el ulgl &3
uA e dEgE s vehlle AR K)o B
(1) o] =3} & ] (exchangeable phase - 20mle] 1M MgCl, oz fek Ho E2EFS vEh e e '=
(pH=7)Z A& F A&l @2 F-220T) ol A 1417} ol 2w g | 3 F2L A 2Elm 2nEvi| wet
EE _,_1:} 3000rpmod| 4] 52 7F 27 A RE F7Vele 7 3E vy
ERRERSREE SRS EE RIS Table 25} 301 €)3191 Tl ohelnh o] Sl chet &
E—‘:]—. -} ‘:J?ﬂﬂ F25 9130 Sol M Ak AEH A o] 21 FePd A E L 7= okl A H
o2 HFHET AP Hel kb aE #1712 F ek e
(2) B4 EH(carbonate occluded phase) - 20ml=] M >0l g e 2 Jeluky, 229 AL 57 E e
NaOAc(pH=5YZ A5 g1 4-2(20T)efl A 543E ArEE HE e E ekt de>o] 23k
Z5o| &k o] e o vhebtt B3 -EERR ] A H Q) 27 =
(3) 471 4152 FH e}(Mn-Oxide occluded phase) - 20ml2] o}edo] AL ol ewd o e>Ehaly Fg-ulzhalalE 8

162 gtEAptEsE =R Hi6d M4z



Table 5 Langmuir model parameters for adsorption of Zn in the presence af Cu

15¢C 25%C 40T 55%C
Kaas'! | Q™ R f Kew | @ R | Keas | @ R | Kew | Q@ R
Exchangeable 0.057 151 0.9947 | 0.064 | 1.252 9949 | 0.057 1.26 | 0.9954 | 0.037 12 0.9413
Carbonate - - - - - - - - - - - -
Mn—0Oxide - - - - - - - - - - - -
Crganic - - - - - - - - - - - -
Fe-0xide - - - - - - - - - - - -
Each phase sum | 0.092 1.7 0.9987 | 0.147 | 1.363 9966 | 0.206 | 1 421 0 968 0.36 1.27 | 0,8982
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A"
{J/mal-K)
—-47.2
47.4
27.6
23 8
24 5
36.4
349

Cu

A5
{kd/mal)
-7.5
17.2
10.5
7.1
3.8
150
14.7

A5°
(J/mal-K)
-52.8
345

Competitive adsaorption
£3.5

zn

AH"
{kJ/mal)
~-8.6
237
15.5

A8°
{(J/malK)
-59.9
81.7
17 7
27.45
22 9
21 2
21.0

Cu

JH
{kJ/mol)
1.8
5.9
789
6.7
10.6
11.2

-8 7

)

Single adsarption

45"
(Jimol K
-35.1
ar.o
a6
31.5
63 9
10.7
26.9

Zn

AH
{kd/mol)
~1.7
18.2
14 2
12.9
16
102
15.0

Carbonate
Mn—oxide
Organic
Fe—-oxide
Each phase sum
Bulk adsorption

Table 6. Thermadynamic parameters for adsorption of Cu and competitive adsorption of Zn and Cu on consiituenis of natural clays
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