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Adsomption Features of Nickel Ion on Deep Sea Manganese Nodule
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Abstract

Fundamental investigations have been carried out to find the applicability of manganese nodule as an adsorbent of nickel ion

with an intention that nickel can be secured in manganese nodule along with the treatment of wastewater. The average content

of manganese in nodules which used in the experiments was about 27%. The content of nickel in manganese nodules was
observed to increase up to 4 times higher with comparison to its original value after adsorption. When the initial concentration
of nickel ion in artificial wastewater was lower than 500 mg/L, its adsorbed amount on manganese nodule was shown to
increase continuously. However, no more than about 82 mg/L of nickel was attained at higher initial nickel ion concentration
than 500 mg/L. The adsorption of nickel ion was increased with temperature under experimental conditions and as the size of
manganese nodule particles became smaller more nickel ion was adsorbed on adsorbent. Regarding the effect of pH, the
adsorption of nickel ion was more hindered as the solution became acidic. Adsorption behavior of nickel ion on manganese
nodule was found to follow the Freundlich model well and kinetic analysis showed that the adsorption reaction of nickel ion
was second order. Thermodynamic parameters for the nickel ion adsorption were estimated on the basis of thermodynamic

equations and they were in good agreement with experimental results.
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Table 1. Elemental abundance in manganese nodules

Element Wt. %
Ni 1.302

Si 27.196
Fe 13.589
Mn 27.481
Na 8.741
Mg 5.235
Al 10.388
Cl 0.852

K 2315
Ca 2.243
Ti 0.658

Total 100.002
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Fig. 1. Elemental abundance in manganese nodules.
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Fig. 2. SEM photograph of manganese nodules before adsorption.

Table 2. Concentration of elements in manganese nodules
before and after adsorption

Element Before (mg/L) After (mg/L)
Mn 209555.9 207844.1
Fe 63541.8 60203.8
Al 28372.9 21032.0
Na 18760.5 3161.1
Mg 16988.0 12665.3
Ca 15082.8 7673.6
K 11163.9 6215.6
Ni 9457.8 39805.2
Cu 8446.5 8291.0
Ti 3329.7 32455
Co 1967.1 1891.6
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Fig. 3. Zeta potential of manganese nodule as a function of pH.
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Fig. 4. Effect of initial nickel ion concentration on the

adsorbed amount (Manganese nodule : 1.0 g/100
mL of +203/-120 mesh, Time : 24 h).
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Fig. 5. Relationship between adsorption time and temperatures
on the nickel ion adsorption (Ni** : 200 mg/L,
Manganese nodule : 1.0 g/100 mL of +230/-120 mesh).
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Fig. 6. Effect of manganese nodules particle size on the
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Fig. 8. Freundlich adsorption isotherm of nickel ion.
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Table 3. Thermodynamic parameters for nickel adsorption in manganese nodules

T(°C) K AG°(J/mol) AH(J/mol) AS°(J/K - mol)
25 0.195697 4041.385 29.484
45 0.239177 3782.166 12827.671 28.445
65 0.363094 2846.927 29.529
as A4 2% wee ndt. 1T A%Hoz FIW
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Fig. 10. Plot of In K vs 1/T.
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