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Removal behaviors of heavy metal Pb(IT) by use of bentonite
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Abstract: The adsorption of lead on bentonite is studied by means of the Batch experiment due to its low cost and easy
availability. The effects of soil-water content, solution pH, ionic strength, reaction time, temperature and initial Pb(II)
concentration on the removal of Pb(Il) by use of bentonite, kinetic process and adsorption equilibrium are investigated. The
removal of Pb(II) from aqueous solutions by use of bentonite is strongly dependent on pH and ionic strength. When pH<7, the
removal of Pb(Il) is dominated by ion-exchange on soil surfaces, whereas inner-sphere surface complexation is the main
adsorption mechanism when 7<pH<10. The adsorption of Pb(II) on bentonite is a fast process, 50% of the Pb(II) is removed in
15 minutes, and the equilibrium can be attained within 120 minutes. The kinetic data fit the pseudo-second order kinetics very
well and the rate constants decrease with the increase of the initial concentration. The adsorption isotherms are best-fit with the
Langmuir isotherm. The saturated adsorption capacity of Pb(II) on bentonite is 27.45 mg/g, and higher temperature favors the
adsorption process. The results show the bentonite can be used as containment barrier system and as adsorbent removing heavy

metal contamination in aquatic environment.
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Table 1 Characteristics of bentonite samples

WA A s JikE 11 53 H/%
Si0, 70.7
ALO; 14.3
F6203 2.94
CaO 2..99
K,0 438
MgO 2.00
TiO, 0.241
Na,O 1.91
BaO 0.197

2 HER5HR
2.1 Kk Ebxd IR FY B9 52

Pb(ID IR AHH L 53 34 300, 350 AT 400 mg/L,
TIKEE 2 2 40 g/L A4, AE413E 10 Fh, R0
PR pH H, WL R 1 Pin. 9yiaik
FE43 5124 300, 350 1 400 me/L i, +/KEEHR 6, 8
F10 g/L B VR B 0 ol ik S0

251

—=—300 mg/L
—e—350 mg/L

201
——400 mg/L

15+

q/(mgg ™)

00 I5 1I0 1I5 2IO 2‘5 3IO 3‘5 4I0 4‘5
ER A
[ 1 7K bexs B i A B B Pb(I) B9 201
Fig. 1 Effect of soil-water content on Pb(II) adsorption onto
bentonite
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Table 2 pH, values of solution

! pH.

Lk 300 mg/L 350 mg/L 400 mg/L
2 439 432 474
4 4.96 4.91 4.83
6 5.06 5.03 4.91
8 5.17 5.12 4.96
10 521 5.16 5.06
16 5.47 5.58 5.33
20 5.64 5.71 5.41
24 5.78 5.76 5.51
30 5.99 5.9 5.59
40 6.32 6.04 5.64

100

80 |

—=— 0.001 mol/L NaCl
—e— 0.01 mol/L NaCl
—a— 0.1 mol/L NaCl

60 [

R/%

2 4 épHé 10 12
2 pH XfREiE £ A Bk Pb(ID)AIS M

Fig. 2 Effect of pH on Pb(II) removal by use of bentonite
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Fig. 3 Effect of ionic strength on Pb(Il) removal by use of

bentonite
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Fig. 4 Effect of reaction time on Pb(II) removal by use of
bentonite
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Fig. 5 Fitting of kinetic data with pseudo-first order kinetics
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Fig. 6 Fitting of kinetic data with pseudo-second order kinetics
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Table 3 Kinetic parameters of Pb(Il) adsorption on bentonite

o £77 5 % Cy/(mgL")
R it 200 250 300
go/(mg-g H(exp) 1238 1496  17.07
h—% go/(mgg") 3.94 4.15 3.48
P k/(10°min 1) 3332 29.16  19.83
R’ 0.9574  0.9670  0.9374
% q/(mg-g™) 1253 1514 17.22
42 k/(10 32min b} 2482 2159 18.86
R 0.9998  0.9998  0.9996
ky/(mgg 'min"?) 142 1.39 1.23
G 5.79 8.34 9.84
KN R’ — 0.9317 —
Ay kp/(mgg "min %)  0.26 0.25 0.20
G 9.52 1206  14.42
R’ 0.9733  0.9899  0.8712
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181
16
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-1
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12+

u 200 mg/L,
250 mg/L,

10
4 300 mg/L

23;6{;1'91'21'41'6
Mmin'?
7 A EUREMI S B N F R 2

Fig. 7 Fitting of kinetic data with intraparticle diffusion model
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Fig. 8 Adsorption isotherms of Pb(II) on bentonite at different
temperatures
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Fig. 9 Variation of R; with initial concentration of Pb(II)
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Table 4 Isothermal parameters of Pb(II) adsorption on bentonite

(i) ZH 25C 30°C 40°C
O/(mg-g") 20.83 23.21 27.45

Langmuir b/(L-mg " 0.110 0.141 0.424
R 0.9994  0.9987  0.9980

Ke/(mg'g™h) 5.50 5.91 10.30

Freundlich n 3.782 3.859 4717
R 0.8712 0.9076 0.7475

gn/(mg-g ") 43.93 47.59 53.25
) K/Amol’kJ?)  0.00241  0.00228  0.00165
DRmodel - imol ) 1440 -1481  -17.41
R 0.9209  0.9330 _ 0.8091
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