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Effect of Temperature on the Adsorption of Pb(II), Cu(Il), Zn(Il), and Cd(II)
onto Natural Clays Using Combined Adsorption-Sequential Extraction Analysis

TEH” - ols2”

Dho, Nam Young - Lee, Seung Rae

Abstract

In this study, we conducted a combined adsorption-sequential extraction analysis(CASA) to investigate
temperature effects of single adsorption of lead, copper, zinc and cadmium on natural clays. As a result, it was
found that in a single adsorption of lead and copper, about 50% of adsorption was occluded in carbonate phase,
and in case of cadmium, about 80% of adsorption was occluded in exchangeable phase. At temperature below 25T
about 60% of zinc was occluded in exchangeable phase but above 40T about 50% of zinc was occluded in
carbonate phase. The effect of temperature on each occluded phase was largely observed in Fe-oxide, Mn-oxide and
organic occluded phases. Besides, the adsorption of metals on natural clays was an endothermic reaction with the

exception of exchangeable phase adsorption.

Keywords : Lead, Copper, Zinc, Cadmium, Combined Adsorption-Sequential Extraction analysis, Temperature effect
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h'lKadg: RT

3714, A H' = standard enthalpy change for the
reaction

ASY = standard entropy change for the
reaction

K, = equilibrium constant for the

reaction
R = gas constant
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Table 1 Physical and chemical properties
of clay sample

#200 passing % 99.8%
specific gravity 2.68
Liquid limit 54
Plastic limit 26
Plastic index 28
permeability(cm/s) 21x10 7 ~ 4.8x10 °
Soil pH (1 : 5 soil:water) 8.5
Cation Exchange Capacity 18.7
(CEC, meq 100g™) '
Organic carbon content 08
(wt. %)
FeOOH (wt. %) 0.1
MnO; (wt. %) <0.01
CaCOs (wt. %) 0.95
Soil buffer capacity 625

(mmolH kg pH™ )
Quartz: 522%; Albite: 18.6%
Mite: 17.9%; Chlorite: 6.1%
Kaolin: 2.2%; Microcline: 1.8%
Tremolite: 1.3%

Mineral composition

Alze] pHE ASTM D4972-95a, Y&, HAAdsHA,
#2004 Te APES 77 ASTM D854-92,
D4318-95a, 123 D1140-924 o S4ad. *
TATE PEAPE T8l A2 PLATE o3t AXt
of oz e ghelth. Fo 5= (soil buffer
capacity) 542 50 mL &3¢ 9§ Eejxed
A FHo 10 g & A5 25 mLe] SHTE &5 &
0, 0.5, 1, 1.5, ..., 16 ml¢] 0.1M HCIE Har A=
A 24R3F EE0 & § Z424e] pHE S48 1

Fa=EAHRowell, 1994; Yong, 1990)
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ol2w3gl Fe(exchangeable phase)-IM MgCly
(pH=7) : 203.31g¢] MgCl, - 6H.05 1000mL ==}
239 Y31 75 800mLE #7Fsked, NHOH =
HOACE pHE T2 248 F 2752 1000mLE v
o} A S R SAEC 20mLe 1M
MgClo(pH=7)& 3L “$2(20T) A 1ARE EE0]
o} 3000 rpmellA] 5iE7F FEE43 AEE weAR]
T e EeEEgd FR s etk v
T 55 S1el] flolA] Ak AR o= Mgt
e A& el (carbonate occluded phase)-1M NaOAc
(pH=5) :136.08g2] NaOAc - 3H,0& 1000mL
Zopaddd Hi SRTFE 800mLE  H7isto]
NH:OH %+ HOAc®Z pHbZ 243 & FTHT=
1000mLE Y=t} 1) @Al 58 2 5 R4
Algol 20mLe] 1M NaOAc(pH=5)E Aol ¥
&2(20C) oA BAIZE &5

W7 2kskE FEl(Mn-Oxide occluded phase)-0.1M
NH:OH - HC1 + 0.01M HNO; : 6.949g9] NH.0
H-HCIE 1000mL Z2k=39 ¥l 0.64mL(70%
2k 7o R) o AAk H7F $ SRE 1000mL
S vt 2) A9 FEE B 3 ARE AR
20mL%] 0.1M NH.,OH - HCl + 0.01M HNOs&
Algol] Yar AL-(20C) oMM 3087 E50] .
f71% YHl(organic occluded phase)-0.1M
KyP>07 : 33.04g2] KyP:07& 1000mL Ze}2~=9
il SHTE 1000mLS vHET 3) @AY &5
Ul & AFE AR 20mLe] 0.1M KyP.O7& A&
o] Wil A(20TC)ollA 24417 £50] Ft

A Asle de(Fe-oxide occluded phase) - 1M
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He $ SHTE 1000mLS THEL 4) @9 =&
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3. 2 4 By el ug F2 Aslsn LRzl vk 27h
SRe AFS vepch, ST Tl g Bl F3e] S &
£ ST P ol AR 9 53 4 A % 7 e} olemeyele] FHgo] Flshs G
0379501] 3l o] FEFEES F2EA| H|X]E= 2529 &S YERITE 18y ATelA s TEEEY
F3ES 18Tt Table 2~5% ZH2F v+ i g, o} ol2ugt el figh Whg-2 Aoz Wk gy
oA, AF FAA emislel e ol 2t Rl o (AR) WEE A wlmd 2w el Atk
& Langmuir $4ot2}olElg tebd golck, Agg 4 (Angove 5, 19987 Yong 5, 1992).
Table 2 Langmuir adsorption parameters of Pb
15C 25T 40T 55C
Kads QO . . P
R 2 Kads QO R E Kads Qo RZ Kads QO R :
(I/mg) | (mg/g)
Exchangeable 0314 | 4526 | 0998 | 0314 | 4199 | 0998 | 0308 | 3972 | 099 | 031 386 | 0.999
Carbonate 0302 | 4615 | 0993 | 0408 | 4885 | 099 | 0441 | 5685 | 0998 | 0538 | 6.422 | 0.996
Mn Oxide 0567 | 0239 | 0998 | 0617 | 0295 | 0998 | 0.678 | 0358 | 0.996 | 0.892 | 0.417 | 0.998
Organic 0457 | 0196 | 0995 | 0.610 | 0218 | 0995 | 0.838 | 0264 | 0997 | 1.068 | 0.308 | 0.998
Fe Oxide 0802 | 0075 | 0998 | 0984 | 0.084 | 0997 | 1.748 | 0104 | 0999 | 1959 | 0.127 | 0.998
bulk adsorption | 0402 | 9.699 | 0999 | 0532 | 1017 | 0997 | 0.604 | 10.75 | 0997 | 0.692 | 11.09 | 0.998
Table 3 Langmuir adsorption parameters of Cu
15C 25C 40C 55T
Kads QO 2 0 2 0 2 0 2
R” Kads Q R~* Kads Q R Kads Q R
(I/mg) |(mg/g)
Exchangeable 0.043 | 2.01 |0.9727| 0.033 | 2.07 |0.9453 | 0.034 | 1.91 |0.9127 | 0.024 | 2.096 | 0.9712
Carbonate 0.332 | 1.84 | 0999 | 0.36 1.86 [0.9994 | 0528 | 2.24 |0.9994 | 0.573 | 2.475 | 0.9994
Mn Oxide 0.717 | 0.117 ] 0.9995 | 0.791 | 0.119 | 0.9997 | 0.867 | 0.172 | 0.9996 | 0.976 | 0.192 | 0.9998
Organic 1.0 0.117 0.9991 | 1.160 | 0.128 |{0.9998 | 1.34 | 0.176 | 0.9997 | 1.50 | 0.216 | 0.9998
Fe Oxide 0.881 | 0.024 [0.9992 | 1.115 | 0.031 | 0.9997 | 1.211 | 0.058 | 0.9998 | 1.244 | 0.083 | 0.9998
bulk adsorption | 0.12 434 | 0991 | 0.128 | 4.528 | 0.9952 | 0.166 | 5.04 |0.9939| 0.201 | 5.13 | 0.9958
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Table 4 Langmuir adsorption parameters of Zn

15C 25C 45C 55C
Kads QO 2 0 2 0 2 0 2
R Kads Q R Kads Q R Kads Q R_
(I/mg) | (mg/g)
Exchangeable 0.03 2836 | 0.9952 | 0.029 270 109921 | 0.028 | 2637 | 0989 | 0.0274 25 0.9908
Carbonate 0102 | 0.808 | 0.9994 | 0.12 1.09 0.997 0.2 159 | 09994 | 0.22 1.865 | 0.9993
Mn Oxide 0213 | 0.0694 | 09997 | 0.242 | 0124 | 0.9992 | 0372 | 0131 | 09998 | 0423 | 0175 | 0.9981
Organic 0197 | 0034 | 09987 | 0.239 | 0.055 | 0.9975 | 0363 | 0112 | 09998 | 0.362 | 0.111 | 0.9985
Fe Oxide 0291 | 0019 | 09998 | 0.317 | 0.031 | 0.9989 | 0.632 | 0.055 | 0.9999 | 0.818 | 0.074 | 0.9999
bulk adsorption 0.046 39 09958 | 0.064 | 4239 | 0.9971 | 0.0904 | 4.424 | 0.9982 01 4.721 | 0.9979
Table 5 Langmuir adsorption parameters of Cd
15C 25C 45C 55C
Kads QO 2 0 Pl 0 2 0 2
R* Kags Q R* Kags Q R Kags Q R
(I/mg) | (mg/g)
Exchangeable 0.03 2.836 | 0.9952 | 0.029 270 109921 | 0.028 | 2.637 | 0.9896 | 0.0274 25 0.9908
Carbonate 0102 | 0.808 | 09994 | 0.12 1.09 0.997 0.2 159 109994 | 0.22 1.865 | 0.9993
Mn Oxide 0213 | 0.0694 | 09997 | 0242 | 0124 | 0.9992 | 0372 | 0131 | 09998 | 0423 | 0.175 | 0.9981
Organic 0197 | 0.034 | 09987 | 0.239 | 0.055 | 0.9975 | 0363 | 0.112 | 09998 | 0.362 | 0.111 | 0.9985
Fe Oxide 0291 | 0.019 | 09998 | 0317 | 0.031 | 0.9989 | 0.632 | 0.055 | 0.9999 | 0.818 | 0.074 | 0.9999
bulk adsorption 0.046 39 0.9958 | 0.064 | 4239 | 0.9971 | 0.0904 | 4.424 | 0.9982 0.1 4721 | 0.9979
Table 25014 & 4= 9= viek 2ol v, ofel, 7k @ FH) A5 WAk Fehe] FEo) ek LEIE
o tigh F2E Y g (Kags) & ZF FE gl A7)+ o] th o nlsl Arh= A& ou|git)
A3} U7t AbskE FeollAl A el Fele] A9+ Howard 5(1993)¢] <At 2JghH  Phase
S71% Felo] ggt T3] A7)} e FEle Concentration Factors(PCFs)& Tha 2] (4) ¢} o]
Hegdarel vl 2A e 4Es 1l =3 53 A&FERo)| 23 7} phasedl] 3 $559 % %
Q) Al 2wt pele] A9 e @ 9 Fol TEH] 9l 7} phased] T %2 FAH:
Elo] tgh &2h8-afo] thE ol nls] ZA JERdar, of
Ax} 7F=F0] Aol o] 2wt ol thek F2hg-ako) PCFs=(wt. % of metal in a given form)
U2 o) vja) 2 Ao Vel ey 7o) A9 /(wt. % of the form in the sample)

2] ERE W 40C ole) LrolAl B
Faerol AujAel Ao el
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ojnjaty 9hH PCFs <19 72 1 Felol] tigk Fa<
o] FFo] flths AS ovsth(Forster 5, 1980).
Fig. 1(a)~(c)&= ¥4 FH, F71= 9=, k=
Hl(Fe+Mn oxide)dl gt PCFsE Table 1014 3t
59 7} el TF % o83l 7 Zlolnt. 1felA
& 7 Q= vl o] 257 15X 55C= 57 & 7
T 927 29 A5 PCFs el S7h= Atske el
7V 2 AoE Vet webA g3t ghee] el &
= 7t mE 4k R w5 7 E 3o E
Efgtth, Wi o}le] Aol RSt et f71E @
gol] thek w50] 7P & AS® vehtar, 7h=ge] A

#71% el g PCFs ol 1018tz 7712 el of
F 55 gl ASE Yeptt
60 4 M _ l — 15C
[/ 25C
_ [ 40C
50 4 m 1 55C

40 4
30 4

20 A

| | il

Pb Cu Zn Cd

Phase Concentration Factors

(a) Carbonate occluded phase
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Fig 1 Phase Concentration Factors(PCFs) of three
different phases at different temperatures

T zF e PCFse] Aulghe 25TE 7502
et Fefel f715 Jefe] A9 o] PCFs #kel 7t
7} 607} 6% o5 Aol tisl 7 2 gk UERIS AL,
%}“ Fejo] 75 o}1e] PCFs gko] 59.4% 71 & %k

S JERIQTE 59 7t whet 7F Fejd PCFs 3ke]

A7)t Zol7h At HitH oz stelE Fejol o
£9] PCFs #te] gHked Jefol] digh ghuct =
A Vel olefgh A AtelE o ek 7 345

N o
?l’z}n’f?

o] 3}814] 38} (chemical affinity)o] e SRt
Ath= AL 9ovlslar Table 2~591A4 & 4= 9 wle} 7+
o] AtslE ol tidh 7} F4E59 FAHIE Y]
Q1 A7)7} et FejR 2 A3} RSk Ayjolo)

9 T, ok, ZlERel gigk &9 7F A EE &
LTHstel] e FAE HskE Fig. 2~500 YeRliSith F

o B0 Lo B Z7HRS ol 4% Wk
AbslEo] 742y 174%%F 169%= 7V & S7Hs B
oh T2, olel, ARl A9 A AskEs} 47)%0] 247}
345%%} 184%, 389%<} 326% 1831 320%<} 320% =
Vg 2 FKRE Ao Uit webd B 7 74

ARl te FHE] Lwd g2 e F2 -7
PSR} 71BN P2 ek AoE ekt

i
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Exchangeable 0.3 10.67 9.65 59.9 1.7 3511 3.95 14.66
Carbonate 10.32 26.38 11.83 31.75 16.18 37.04 49 215
Mn oxide 8.52 2454 59 17.74 14.16 36.07 46 3.03
Organic 16.56 51.21 7.89 27.53 12.92 3147 437 421
Fe oxide 18.96 64.0 6.74 22.89 18.28 52.72 5.71 9.68

Bulk sample 10.06 27.84 11.29 21.04 15.00 26.93 1.15 17.26
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