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Abstract

The adsorption features of Ni** onto spent alkaline manganese batteries powder have been investigated with the adsorbent
dose, initial concentration of adsorbate and temperature as the experimental variables. The adsorption reaction of Ni%* ion fol-
lowed the pseudo-second order rate model, and the adsorption rate constants(k,) decreased with increasing initial concentration
of nickel ion. The equilibrium adsorption data were fitted to the Langmuir and Freundlich models. The Freundlich model rep-
resents the equilibrium data better than the Langmuir model in this initial adsorbate concentration range. As the temperature
increased, the adsorbed amount of nickel ion at equilibrium was also increased, which indicated that the adsorption reaction was
endothermic. Based on the experimental results obtained along with temperatures, thermodynamic parameters such as AH®, AG°®,
and AS° were calculated.
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Table 1. Chemical compositions of spent manganese and
alkaline manganese batteries powder from crushing
and magnetic separation process(%)

Battery Mn Fe Ni

Manganese Battery 0.19 0.39 0.18

Alkaline Manganese Battery | 0.0963 | 0.00225| 0.018
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Fig. 1. Change of concentration of Ni** remained in the
solution along with the adsorption time (initial Ni?
concentration=100 mg/L., initial pH=6, adsorbent
dose=1 g, 25°C).
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Fig. 2. Adsorption of Ni** onto spent alkaline manganese
batteries powder with its different initial concen-
trations(initial pH=6, adsorbent dose=1 g, 25°C).

Adeelzd A 1748 A 2.5, 2008



66 HEIE - £HF - RES

A1t 7o) B

d

2=k @:-a) M)

4714,

G a¢ B THT A o4 FHAS FHE
Y#Ao)29] F (mg/g)

ky: £EAF (min)

K
log(q:-q)=10g g.—5 33t @

2(D)g AE3ME 20t 2ol verd & glen, £
E3F Kk )= 9 log(g-q0e] 2N Jeize 7] gr|=2R
B 48 + gk

=3 &2 Ho|8lZ pseudo-second order mechanism!
o8 BN 4 glon Ay o] BPE 4 vk

5)

dq
3=k @0’ ©)

A7 ke FARIAE ROl o]g Agsid 4

1000

| 100mg/L
A 150mg/L
8004 ® 200mg/L

600 +

4004

t/q, (g/mg min)

200 1

2000 3000 4000 5000
Time (min)

T
0 1000

Fig. 3. Pseudo-second order kinetics for adsorption of Ni**
onto spent alkaline manganese batteries powder with
different initial Ni** concentrations(initial pH=6,
adsorbent dose=1 g, 25°C).
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Table 2. A comparison of the pseudo-first order and pseudo-second order rate constants at different initial Ni?* concentrations.

Initial Geerp Pseudo-first order kinetic model Pseudo-second order kinetic model

concentration | (MR | kymin") | Qeculmg/g) e k; (g/mg min) | Qecu(mg/g) P
100 mg/L 4.99 0.0033 1.26 0.966 0.0132 5.02 0.999
150 mg/L 6.89 0.0032 1.89 0.994 0.0034 6.99 0.999
200 mg/L 7.64 0.0018 2.02 0.935 0.0018 7.81 0.999
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Fig. 4. Freundlich plot for the adsorption of Ni**
alkaline manganese batteries powder.
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of Ni** after adsorption (initial Ni** concentration=
200 mg/L, initial pH=6, adsorbent dose=1g, 25°C).

Table 3. Calculated thermodynamic parameters for adsorption of Ni2+ onto spent alkaline manganese batteries powder.

T(°C) K AHC(kJ/mol) AG°(kJ/mol) AS°(J/K - mol)
15 222 191 87.2
25 324 274 2.91 80.9
35 4.67 3.94 74.9
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