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Abstract

In Korea, a good recycled product (GR) certification system was introduced in 1997 to improve resource and energy use
efficiency. However, in industry and society, recycled products are not used well because of the lack of awareness of recycled
materials. In this study, the status of domestic and international quality standards for nickel materials was investigated, and the
purity and electrochemical properties of nickel sulfate prepared from ore and nickel sulfate recovered from waste lithium-ion
batteries were evaluated during the electroplating process. As a result of the test, it was found that there is no quality difference
between recycled nickel sulfate and high-purity nickel sulfate reagents when used in the electroplating industry.
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Table 1. Quality standard of nickel sulfate hexahydrate in Korea (KS M 8440 : 2008)

Purity impurity composition, %

(NiSO46H0) | 1 N Na K Cu Mg Ca Zn Pb Mn Fe Co
99.0~102.0 | £0.001| =0.002 | <0.01 | £0.01 | £0.001| <0.01 | 0.01 | 0.002 | <0.001 | =<0.001 | =0.001 | <0.03
Table 2. Quality standard of recycled nickel sulfate hexahydrate in Korea (GR M 8003-2016)
metal composition, %

Ni and Co Fe Cu Mn Zn Pb Cd Hg Cr
=18.0 =0.05 =0.04 =0.04 =0.10 =0.04 =0.04 =0.04 =0.04
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Table 3. Quality standard of nickel sulfate in Japan (JIS K 8989:1995)
Purity impurity composition, %
(NiSO46H-0) al N Na K Cu Mg Ca Zn Pb Mn Fe Co
99.0~102.0 |[=0.001|=0.002| =0.01 | =0.01 | =0.001 | =0.01 | =0.01 | =0.002| =0.001 | =0.001 | =0.001 | =0.03
Table 4. Quality standard of tin in Germany (DIN 50970:1995-12)
Purity metal composition, % impurity composition, %
(NiSOy6H,0) Ni Co Fe Pb Cu Zn cd As
99.0 ~102.0 =24.0 =0.01 =0.001 =0.005 =0.005 =0.001 =0.004 | =0.0001
Table 5. Metal composition analysis of recycled nickel sulfate and nickel sulfate reagents by ICP-OES
Chemical composition of Nickel sulfate (wt.%)
Classification
Ni Fe Cu | Mn Zn Pb Cd Hg Cr Li Co | Mg | Na K Ca
Guaranteed Reagent
Nickel sulfate from | 21.9 - - - - - - - - - - - - 10.0031]0.0025
A company
Extra pure Nickel
sulfate from 21.6 - - - - - - - - - - - 10.0050{0.0025[0.0008
B company
Recycled Nickel
sulfate from 21.7 - - - - - - - - - 10.0015[0.0014/0.0015|0.0008|0.0006
C company
Recycled Nickel
sulfate from 21.1 - - - - - - - - |0.0157] - - 0.0056/0.0012| -
D company
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Table 6. Sulfate ion concentration analysis of recycled nickel sulfate and nickel sulfate reagents by ion chromatography

Guaranteed Reagent
Nickel sulfate
from A company

Classification

Extra pure Nickel sulfate | Recycled Nickel sulfate | Recycled Nickel sulfate
from B company

from C company from D company

SO,* ion concentration 365.72 ppm

349.61 ppm

364.57 ppm 365.54 ppm

Table 7. Make-up electrolyte condition of nickel electroplating for the parts of bright decorative

Composition NiSO4-6H,O

NiSO46H,O Hs;BO;

Brightener A Brightener B | Organic Additive C

Ni Electrolyte

300 g/L 80 g/L 45 /L

10 ml/L 0.8 ml/L 2 ml/L
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Fig. 1. LSV measurement of nickel electroplating using
reagent and recycled nickel sulfate.
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Guaranteed Reagent Nickel
sulfate from A company

Extra pure Nickel sulfate from B
company

Recycled Nickel sulfate from C
company

Recycled Nickel sulfate from D
company

AL
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Fig. 2. Nickel electroplating with reagent and recycled nickel sulfate ele

ctrolyte.

Classification

Observation position 1

Observation position 2

Observation position 3
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D company

pri®

1%

.

Fig. 3. The analysis of pin-hole and crack on the surface of nickel electrodepositon using reagent and recycled nickel sulfate.
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Table 8. The Spectrophotometric analysis of nickel electroplating using reagent and recycled nickel sulfate

Spectrophotometer Analysis
Classification Brightness Saturation Hue .
Whiteness
(D65) (D65) (D65)
Guaranteed Reagent Nickel sulfate from A company 83.25 6.82 0.83 81.89
Extra pure Nickel sulfate from B company 83.35 6.73 0.81 81.72
Recycled Nickel sulfate from C company 83.27 6.79 0.81 81.62
Recycled Nickel sulfate from D company 83.26 6.77 0.82 81.61

Table 9. The surface hardness of nickel electroplating using reagent and recycled nickel sulfate

Guaranteed Reagent
Nickel sulfate
from A company

Classification

Extra pure Nickel sulfate | Recycled Nickel sulfate
from B company

Recycled Nickel sulfate

from C company from D company

Surface Hardness 645 HV

632 HV

648 HV 639 HV

0.6

A company, GR grade
04r —B company, EP grade
—— C company, Recycled

Potential (V vs. SCE)

1 i o s o v i i
102 10" 10% 10°¢ 10+ 10?2 10°
Current Density (A/cm?)

Fig. 4. Potentiodynamic polarization test results of nickel
electrodepositon using reagent and recycled nickel
sulfate.
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Fig. 5. The salt spray test result of nickel electrodepositon using reagent and recycled nickel sulfate.
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