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Adsorption Characteristics of Lead on Kaolinite

Kyung-Soo Jang* + Byung-Hee Kang
Department of Civil Engineering, Inha University

ABSTRACT

The laboratory adsorption batch tests were performed to investigate the adsorption characteristics of Pb on kaolinite. The
characteristics such as adsorption equilibrium time, adsorption capacity, adsorption isotherm were studied, and also the
effects of pH and the mixing ratio on the adsorption of Pb on kaolinite were investigated. Test results show that the
adsorption equilibrium state was reached within 24 hours, and the adsorbed amount of Pb increased, but the adsorption
efficiency over the initial concentration of 198 mg/l decreased, with increasing the initial concentration of Pb. And the
adsorption constant, 1/n was obtained 0.9584 by Freundlich isotherm equation. Regardless of the initial concentration of
Pb, the adsorbed amount of Pb as well as the adsorption efficiency were increased with increasing pH values and
converged to a certain constant value above 8 of pH values. And also the adsorbed amount of Pb increased with the mixing
ratio, but its efficiency increased with the mixing ratio up to 8 and then showed the decreasing tendency above that.
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Table 1. Physical Properties of Kaolinite
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. Liquid Plastic .. Specific Maximuom Optimum Coefficient of
Specific . . Plasticity . o
. limit limit . surface area pH USCS | dry density water content | permeability
g (g @ | " (m¥/g) (o) (%) (cmsec)
2.62 429 25.8 17.1 35.1 6.5 CL 1.44 28.3 21X 107
Table 2. Chemical Composition of Kaolinite (unit: %)
Si0, AlO; Fe,0; TiO, MnO CaO MgO KO Na,O P05 L.O.I* Total
64.15 23.11 1.04 0.07 0.04 0.09 0.15 4.32 0.15 0.03 5.34 98.49
L.O.J*: Loss on Ignition
Table 3. Properties of the Chemical Reagent Selected
Reagent Nitrate lead Nitrate acid Sodium hydroxide
Molecular formula Pb(NO;), HNO; NaOH
Molecular weight (g/M) 331.21 63.01 40
Degree of purity (%) 99.3 93 93
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Table 4. Summary of Adsorption Test Program
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Initial concentration Reaction time Shaking ratio
Tests pH
of Pb (mg/l) (hours) (ml/g)
. e . 05,1, 2, 4,8, 12,
Adsorption equilibrium time 50, 100, 200, 400 6.5 24, 48, 72, 96 10
30, 60, 250, 500
Adsorption capacity 1000, 1500, 2000 6.5 72 0
Effect of pH 100, 200, 400 2,4,6, 8, 10, 12 72 10
Effect of shaking ratio 100, 200, 400 6.5 72 2,5, 8, 12

Journal of KoSSGE Vol. 7, No. 4, pp. 24~30, 2002



e eiol=

Table §. Operating Condition of Atomic Absorption Spectro-
photometer
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Fig. 1. Equilibrium time for the adsorption of lead on kaolinite.

ol

T3 54 27

Sk e} o] 7]
U oA 5 AR

Fig. 1@9} Fig. 1M &
SFETe wE) efzke] Aol=
HAFE 24707 ool HHo] ofFolx] HlH Fe AR
o Yol xBl= AE & & Aok HoEFAFS g
Y s5ollel AeF FAw= 50, 100 2 200 me/lol
] FEEE oF 75~80% HEE A9} U FAES
HolL} 400 mg/1e] =& oM F2E-2 oF 4599
Bttt HolgEel g swolde] HejlA F3t
&o] ZAEE o= FEAIAY AHR] Fig. 294
ER1F  SlE k) o) 849 o8] F2R-9I7}T 2ol
x3lE Aejol|l A doleo] o233 HERHY A2
7} §17] wEol] F2hgo] 7HAadt Aog Azt 4 it}

Das®} Bandyopadhyay®] @A7-"ollA] &E§H|7} 40091
H-f *‘Eﬂ°ﬂ/‘1 vermiculite®] tHeh ]9 FAAFS A
Al 74$- o] FEHE AIZRS 5 AlzF o A
18+ 1} It} 528k, Cline?} Reed2] A7¥M% 27)

2
UL

A%%7} 10~1000 mg/l, pH 8, EFH 1091 Z7oA
AYPE FHako] 24.7%%1 & A5l sl ‘a‘a 7=
AFe a8 2 A RE F2HL FE o) st
= AMEE BHofE vl o
b B o] S FRAEA 288 Rk
re FAFFARY o] 127k 2 skt

540 Ve JBS EW%V] PR SRERN
3 Aot FlgeielE BeEYT Yol FHU 2710

Areole] BAE Fig. 20 cno}giq
Fig. 2014 & 4= e vio} #o] 27| dssrt 57
ol w2} ﬂﬁ—ﬂuro]Eoﬂ ot o -E&}%h% Z7Vshy

:6:;&0 71—/\01__ ﬂako] o ‘Ojg ?_:1. “jr

~

A
L

100000

10000

1000

100

| //

1 10 100 1000
Concentration of Pb in the aqueous phase, Ce(mg/L)

Concentration of Pb adsorbed
on soil, X/M(mg/kg)

10000

Fig. 2. Adsorption of lead on kaolinite.
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Table 6. Parameters of Freundlich's Equation
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Fig. 3. The eftect of pH on the adsorption of lead in kaolinite.

Fig. 3(apllM & 5= e ule} go] 27|99%
Alglel pH gho] F7istel wlet o] F2 %"&
pH Zho] goldolre o] F3eke 43t
= A& & Aok E=E Fig 3001 £ 5 e vt
o} o] 27| s=el BAlgle] pH el F7igel u
2t F2k&o] H3 /18It pH ol 8oldeliMe £
£o| 98% OV&E £ FHES NS ¢ Sk

ol¢dt olfE pH o) VI wt FEEvelr
@Edg}gﬁ‘?iﬂ]*i EHAEle] gerE ol SEE o
& WA FEE] FENNES ST wEeld
e 4 pH oVdellxe] FREe] S7hs g
ok PRt o}t FEHolES 1~r~rsH°ﬂ S kis
o] &2 = e AzddEd. F,
OH~

seg0) xgsle] 3)
F)gRagol o3 Pb* olew OH- oo Nz A%
3l] Pb(OH),S} 28 HHES FAJslr) wio|r}?,



olo} ke ALATE= Yongd Phadungchewit®] &'
At Y3, Yong?t Mohamed 59 A7'olA
HEUo|ER 7450 Q= @Eﬁ%fﬂl pH Zke| wistol]
tﬂ—a]. ?TLE] o}gﬂ’ 7].1: 4_,] ooﬂh:i ___zL/\lzﬂ
< AT AT fARE 78‘%% HebdS gR1g
At} BEF, Wang®] AFIME Jl=Fe] FREHA
pH ko] 7oVdellre F2H8c] 98% oldes & F3
&8 Bl F ub o

44. E3HWS T2 deo] FF

& ol oig goirale) ulgel Elel] g 718
guelEel tigh @] FA54ES 2] Sla)
& AAR A3 st Jeo] FEF 9% et &

5000

—o— 100 mg/L
4000 ; —- 200 mg/L
—A— 400 mg/L

3000 |-

2000 |

Pb adsorbed({mg/kg)

1000 |

0 2 a 6 8 10 12 14
Shaking ratio(mL/g)

(2)

100

920

80 :
70 :
60 :

50

40 k/,_.//‘_\‘

30

Adsorption efficiency(%)

-~ 100 ma/L

20 | | -m-200 mg/L
10 —— 400 mg/L
o ; ;
0 2 4 6 8 10 12 14

Shaking ratio(mL/g)
(b)
Fig. 4. The effect of shaking ratio on the adsorption of lead in
kaolinite.

g 55 54 29

zhgyte]l BAE Fig. 4(a)t Fig. 4(b)ll =131}

Fig. 4(aPllA & 7 = nie} o] &3zt 271t
e} FhgeuolEe] i FReRe FUisht. EjHITE 2
M 122 el Frlehe B¢ ol FaEe 2710
ol BAGle] oF e Ax ksl

w3k, Fig. 4bplA B S Qe ulel go] Zglz}
7V we} Jlgeue|Ee] i FAEL 2P ER
o #Agle] E5H17} ~7}g¢& 8] Z7ksilrt 8ol
golrle Hashe B Helt)h

EBI7} 8ol el SZ%% | Z4ske olfie &3
7} 271l W) 7)&EUo)E B Sakd 1 S=gollo]
ol STFP] wiiel gole] Fh&E el EHe] vt
& F Ue 7IF7) HoHXER FHEC] AU
AyzbE),

5 8

[l

FHEE ol Eoll tigh de] §2F 548 7] 918
of BREAZE L¥EE, pH B &0 w2 3|84
ARSI A9 o 22 F28 I

1) HRARPEH] e 7EEUe|Ed tigh del
ng %7195 we} okzke] xfol= AT WA

ARES HZE 24A17F o|djol] HEo] o]Fojx v|mF

& A7tel] H¥ol| T3}, o] wf HulgEEF o)s)e]
icoﬂxu 288 oF 75-80% Axolth.

2) & 1 %‘ =7b 71 wet FheevelE digh

«] S SV 27199 198 me/l odolA

&8 HAH o2 gt Freundlich 25220
4%61 A T2 12 0.95840]aL Al K= 60°]

ok =3 TheEve|Eel gk de] HdEEEE 1,750
mg/kg Azo|t}

3) 7hEEolE] IS He] FER 2|l &
AIgle] pH gho] S8l wet §2 2§38 2t
SIT7E pH #ko] goldellrs §2kgo] 98% oVde® =
2 LS e 983 groll 4%

4) Eh7} SVl we FhgEluelEddAe] el &
2 27| %kl BAIglo] SV ol
of|Me] o] Ao F2R&S F3H] ol Yehdy o] o]
dollHe Tashs Aol Utk

n‘.{o{l

ANEIE
AFE 20014E st D) Aol @)sjed

Journal of KoSSGE Vol. 7, No. 4, pp. 24~30, 2002



SaEigigct. ol

AL

it

|

Mo

. Hiemenz, PC., and Rajagopalan, R., Principles of Colloid
and Surface Chemistry, Third Edition, Marcel Dekker, Inc.,
New York, pp. 425-433 (1997).

. Rump, H.H., and Kirist, H., Laboratory Manual for Exami-
nation of Water, Waste Water and soil, VCH, Verlagsgesell-
schaft, p. 190 (1988).

. Ball, D.F. “Loss on Ignition as an Estimate of Organic Mat-
ter and Organic Carbon in Non Calcarious Soil”, Journal of
Soil Science, 15, pp. 84-92 (1964).

. US EPA, Engineering Guidance for the Design, Construction
and Maintenance of Cover Systems for Hazardous Waste,
United States Environmental Protection Agency, Washing-
ton, D.C., EPA/600/2-87/039 (1987).

. APHA, AWWA and WEEF, Standard Methods for the Exam-
ination of Water and Wastewater, 20th Edition, Washington,
D.C. (1998).

. Thermo Jarrell Ash Corporation, AA Methods Manual for
Flame Operation, Franklin, MA, pp. 9-79 (1993).

. Das, N.C., and Bandyopadhyay, M. “Removal of Copper (I)
Using Vermiculite”, Water Environment Research, 64(7), pp.

Journal of KoSSGE Vol. 7, No. 4, pp. 24~30, 2002

10.

11.

12.

13.

14.

15.

fou

852-857 (1992).

. Cline, S.R., and Reed, B.E. “Lead Removal from Soils via
Bench Scale Soil Washing Technique”, Journal of Environ-
mental Engineering, 121(10), pp. 700-705 (1995).

. Brownawell, B.J., Chen, H., Collier, JM., and Westall, J.C.

“Adsorption of Organic Cations to Natural Materials”, Envi-

ron. Sci. Technol., 24(8), pp. 1234-1241 (1990).

Weber, W.I., Physicochemical Processes for Water Quality

Control, John Wiley, New York, pp. 204-273 (1992).

Carter, M.C., Weber, W.J., and Olmstead, K.P. “Effects of

Background Dissolved Organic Matter on TCE Adsorption

by GAC”, J. AWWA, pp. 81-91 (1992).

Mohamed, A.M.O., and Antia, H.E., Geoenvironmental Engi-

neering, Developments in Geotechnical Engineering 82,

Elsevier, Amsterdam, p. 520 (1998).

Yong, R.N., and Phadungchewit, Y. “pH Influence on Selec-

tivity and Retention of Heavy Metals in Some clay soils”,

Can. Geotech. J., 30, pp. 821-833 (1993).

Yong, R.N., Mohamed, A.M.O., and Warkentin, B.P,, Prin-

ciples of Contaminant Transport in Soils, Developments in

Geotechnical Engineering 79, Elsevier, Amsterdam, p. 327

(1992).

Fang, H.Y., Introduction to Environmental Geotechnology,

CRC, New York, p. 164 (1997).



