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Adsorption of heavy metal ions from
aqueous solutions by MgCl, modified orange peel

GUO Xue-yi, LIANG Sha, XIAO Cai-mei, TIAN Qing-hua

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Orange peel (OP) was modified by MgCl, to prepare a novel orange peel adsorbent named as MgOP. The
effects of pH, temperature, solid/liquid ratio, adsorption time and metal ion concentration on the removal behavior of
individual heavy metals such as Cu®>*, Cd*", Pb**, Zn*" and Ni** from aqueous solution with single component by MgOP
were investigated. The results show that pH and solid/liquid ratio have positive effects on the adsorption efficiency;
temperature has little impact on the adsorption efficiency. All adsorption processes can attain equilibrium within 20 min,
and the kinetics data of five kinds of metal ions are fitted to pseudo-second-equation. The MgOP can increase the

maximum adsorption capacities of Cu®*, Cd*", Pb*, Zn*" and Ni**, compared with those of OP. The MgOP can be used

for more than 10 cycles. The effect of coexisting metal ions on adsorption can be neglected.
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Fig.1 Effect of equilibrium pH on adsorption of heavy metal
ions by MgOP
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Fig.2 Effect of temperature on adsorption of heavy metal ions
by MgOP
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Fig.3 Effect of ratio of solid to liquid on adsorption of heavy
metal ions by MgOP
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Fig.4 Effect of time on adsorption of heavy metal ions by
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Table 1 Kinetic parameters of Cu®, Cd**, Pb*', Zn** and Ni**
adsorption by MgOP

Metal Experimental

: o kf(gmg 'min) ¢/(mggh) R’
ion  g/(mgg )

Cu® 9.4 0.77 9.4 1
cd* 9.4 1.08 9.4 1
Pb*" 19.6 0.32 19.6 1
Zn*" 9.7 0.70 9.8 1
Ni* 9.2 0.25 9.3 0.999
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Fig.5 Adsorption isotherms of Cu®*", Cd*", Pb*, Zn*" and
Ni*" adsorption by MgOP
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Table 2 Parameters of isotherm models of heavy metal ions adsorption by MgOP

Langmuir isotherm equation

Freundlich isotherm equation

Metal ion g Amg-g ") - = 2 ;
gn/(mg'g ) bAL'mg ) R K n R
Cu*' 25 40 0.095 0.996 6.30 2.59 0.925
cd* 48 125 0.014 0.938 8.65 2.34 0.988
Pb** 53 149 0.320 0.999 42.81 3.81 0.562
Zn*" 25 46 0.086 0.992 10.36 3.65 0.991
Ni* 16 45 0.022 0.867 3.28 2.18 0.970
1) Adsorbed by OP.
100 100 {b)
o\° a\°
% 80 E‘ 80
5 8
Q Q
% 60 % 60
g g
2 40 2 40
= o
< 20 < 20
0 0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Cycle number Cycle number
100 100 Hd)
o\° X
> 80 > 80
5 3
2 2
2 60 £ 60
o [
£ g
S 40 e 40
=] =]
20 20
0 0

1 2 3 4 5 6 7
Cycle number

8

9 10

100 He)

Adsorption efficiency/%

1 2 3 4 5 6 7
Cycle number

8

9 10

1 2 3 4 5 6 7 8 9 10
Cycle number

B 6 MgOP W Cu®'. Cd*'. Pb*,
Zn RN TR PRI B 5 56

Fig.6 Recycle experiments of Cu®" (a),
Cd** (b), Pb* (¢), Zn** (d) and Ni**
(e) adsorption by MgOP
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Fig.7 FTIR spectra of MgOP before and after Pb*" adsorption
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Table 3 Adsorption efficiencies of five heavy metal ions by MgOP in binary solutions (%)

Metal ion  Single solution Cu”+Cd* Cu*'+Pb* Cu*'+Zn*" Cu*'+Ni*" Cd*'+pPb*
Cu* ~97 96.76 95.09 95.85 97.05
cd* ~92 91.55 93.42
Pb*" ~99 100 94.16
Zn*" ~94 86.33
Ni* ~92 80.57

Metal ion  Single solution Cd*'+Zn*" Cd* +Ni*" Pb*'+Zn*" Pb> +Ni*" Zn* +Ni**
Cu* ~97
cd* ~92 92.50 90.94
Pb** ~99 99.33 97.64
Zn* ~94 89.10 89.95 86.46
Ni* ~92 87.81 85.14 85.55
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