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Abstract

Leaching behavior of nickel contained in waste Multi-Layer Ceramic Capacitor (MLCC) was investigated using a batch reac-
tor. The effects of acid type, acid concentration, leaching temperature, particle size, and reaction time on the extraction of nickel
metal from waste MLCC were examined. As a result, 97% of nickel contained in waste MLCC was leached out in 30 min at
the temperature of 90°C under the condition of HNOs concentration 1 N, solid/liquid ratio 5 g/L. and particle size -300/+180 pm.
It was also found that a Jander equation was useful to fit well the leaching rate data. The rate of nickel leaching is controlled
by pore diffusion in BaTiO; layer and has an activation energy of 37.6 kJ/mot (9.0 kcal/mol).
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Table 1. Average chemical composition of the waste MLCC
used in the study.

Element Concentration (wt.% or ppm)

Ba 37.79+1.35%

Ti 10.49+0.7%

Ni 14.92+1.4%

Zn 0.07%

Mn 0.08%

Mg 0.003%

Al 0.2%

Ca 0.72%

Cu 15 ppm

Table 2. Nickel contents with mean particle size of waste
MLCC used in the study.

Particle size .
Ni (wt.%)
(m)
-500/4300 - 15.23
-300/+180 12.86
-180/490 10.45
-90 10.16
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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. X-ray diffraction patterns of the waste MLCC before
and after leaching.
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Fig. 3. SEM morphologies of the waste MLCC before and
after leaching.
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Fig. 4. Effect of the acid type on Ni leaching. (Leaching

temperature 90°C, agitation speed 400rpm, particle
size -300/+180 um, pulp density 5 g/L).
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Fig. 5. Effect of the agitation speed on Ni leaching. (HNO;
concentration 1N, leaching temperature 50°C,
particle size -300/+180 um, pulp density 5 g/L).
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Fig. 6. Effect of the particle size on Ni leaching. (HNO;
concentration 1N, leaching temperature 50°C,
agitation speed 400 rpm, pulp density 5 g/L).
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Fig. 7. Effect of the HNO; concnetration on Ni leaching.
(Leaching temperature 50°C, agitation speed 400 rpm,
particle size -300/+180 um, pulp density 5 g/L).
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Fig. 8. Effect of the temperature on Ni leaching. (HNO;
concentration 1 N, agitation speed 400 rpm, particle
size -300/+180 um, pulp density 5 g/L).
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Fig. 9. Plot of the results in Fig. 6 according to Eq. (2).
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Fig. 10. Plot of the results in Fig. 7 according to Eq. (2).
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