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Recovery of Nickel from Waste Iron-Nickel Alloy Etchant and Fabrication of Nickel Powder

Seokhwan Lee"", Byungman Chae'*', Sangwoo Lee"™, and Seunghwan Lee™"

'R&D center, KMC CO., LTD
40, 3gongdan 3-ro, Gumi-si, Gyeongbuk, 39414, Korea
*Department of Environmental Engineering, Kumoh National Institute of Technology
61 Dachak-ro (yangho-dong), Gumi, Gyeongbuk, 39177, Korea

(Received for review October 8, 2018; Revision received December 11, 2018; Accepted December 12, 2018)

ko
12

oy
1B

e
o U
rok o

i
ol
o

7k
|74

o

-z
e

7] $15te] AHE-5l ABAo) A oY Ho e §7HE4 U 5 eskm ok 2

& AT RAMER b U7 9 Hlol o2 i AAste] Uz G4 EwE A
8o M 50 B e WA AA ] S5te] SalshtE 12 419 S
o] Foto] A 5o] HeBS pH =4 23t] AH AAS AT 15, BeEw

T off
-
o

B 12

ol ]
I

]}

S
=

}-

ol oxt
%2 flo

c}.
FIA =2 A
ofA I} 7o F4:0]. 255 D2EHPA (Di-(2-ethylhexyl) phosphoric acid)S AM&-3lo] gl & st AAE I3y
299% o|Ae] &S 7hA| I Qlon, T SYUA|Z sto] =alAl L 0] &5F0] 99% o] 4+e] ==} oF 150 nme] 27| S 7}
A= YA 5892 Axsian d3ud 9 A 545589 A8 EDTA AT} =235 Sah2nt &g
(inductively coupled plasma optical emission spectrometer, ICP-OES)-Z 0]-8-3}o] 301519 o, A AMA} FAPARA 1] 7
(field emission scanning electron microscope, FE-SEM), X-A1 3] X 4] 7](X-ray diffraction, XRD) & £ 1}2 2} & u] 7
(transmission electron microscopy, TEM) £5}0] 242 20] e, YA} 27] W AA AT e £ 7 EAS dolslgct.

FH0of - AepAl o], A LA 8, S FE, e d T

5o

2
it

52
Rl

_1
¢

8

L

e N Er SN @
0 yg £ 1

Abstract : In general after the etching process, waste etching solution contains metals. (ex. Nickel (Ni), Chromium (Cr), Zinc (Zn),
etc.) In this work, we proposed a recycling process for waste etching solution and refining from waste liquid contained nickel to
make nickel metal nano powder. At first, the neutralization agent was experimentally selected through the hydrolysis of impurities
such as iron by adjusting the pH. We selected sodium hydroxide solution as a neutralizing agent, and removed impurities such as
iron by pH = 4. And then, metal ions (ex. Manganese (Mn) and Zinc (Zn), etc.) remain as impurities were refined by D2EHPA
(Di-(2-ethylhexyl) phosphoric acid). The nickel powders were synthesized by liquid phase reduction method with hydrazine
(N2Hy) and sodium hydroxide (NaOH). The resulting nickel chloride solution and nickel metal powder has high purity (> 99%)).
The purity of nickel chloride solution and nickel nano powders were measured by EDTA (ethylenediaminetetraacetic) titration method
with ICP-OES (inductively coupled plasma optical emission spectrometer). FE-SEM (field emission scanning electron microscopy)
was used to investigate the morphology, particle size and crystal structure of the nickel metal nano powder. The structural properties
of the nickel nano powder were characterized by XRD (X-ray diffraction) and TEM (transmission electron microscopy).
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Figure 1. Process flow diagram of fabrication Ni nano powder from
waste iron-nickel alloy etchant.
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Table 1. The metal composition of waste solution

Metal ion Fe ‘ Ni ‘ Cu ‘ Cr ‘ Mn ‘ Zn ‘ Al
Unit ppm
Refined

Ferric 410,964 | 117 ND | ND |ND| 10 20
chloride

Ni raffinate | 6,259 |109,124| 254 | 601 [1,254| 770 | 80
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Figure 3. Simplified Pourbaix diagram for Fe/Ni.
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Figure 2. The change of metal concentrations through each processes hydroxide precipitation by (a) NaOH solution and (b) NHj solution.
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Table 2. The metal composition through each process

Metal ion

Ni | Fe |Cu|Cr|Mn|Zn

| Al

‘Ca‘ Na

Unit

ppm

Raffinate
(R.S)

109,124

6,259

254

601

1,254

770

80

298| 57

Hydrolysis
(H.P)

106,576

47

51

120

1,230

700

70

280(2,140

Solvent
extraction
(8.X)
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Table 3. The composition of manufactured nickel nano powder in
this experiment

Metalion| Ni | Fe | Cu| Cr[Mn[2zn[ Al| Ca | Na
Unit %

Ninano lo5 ot | | _ | _ | _ | |0.005|0.006
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Figure 4. (2) SEM image (b) XRD pattern and TEM images (insets) of the fabricated nickel nano powder layer.
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