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Abstract : In this study, a new organophosphorus acid-based solvent (KMC-P) from KMC Co., Ltd. was used for the recovery of
the iron chloride etching waste solution. In order to increase the extraction efficiency for the new solvent in the solvent extraction
process, we selected the process variables and conducted the optimization experiment according to the DOE to investigate the
correlation between the variables. Solvent concentration, pH, and O/A ratio were found to be factors affecting extraction and
stripping efficiency. The optimum stripping efficiency was 69.7% when the solvent concentration was 29.4 wt%, the HCI
addition amount was 0 mL, and the O/A ratio was 7, and the reliability was more than 86%.

Keywords : Nickel recovery, Solvent extraction, Extraction efficiency, Stripping efficiency, Optimization
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Table 1. Component of the iron chloride waste solution

Analysis item Unit Result Test method
FeCl3 % 37.16 KSM 1118

Ni % 2.61 AAS
Specific gravity S.G 1.465 KS M 0004

Table 2. Experiment design of solvent extraction hypothesis test

No. X's Level Methf)(.i & Ang— Y's
condition | lysis
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5 rate time room tem-
(min) 5 perature,
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Figure 1. (a) Extraction efficiency and (b) stripping efficiency
with solvent dilution ratio (solvent = 20, 30, 40 wt%,
O/A=5).
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Figure 2. (a) Extraction efficiency and (b) stripping efficiency with
addition of HC1 (KMC-P 30 wt%, O/A = 5, 1 stage
stripping).
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Figure 3. Variation of extraction efficiency according to O/A ratio
(KMC-P 30 wt%, 1 stage extraction).
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Figure 4. Variation of extraction efficiency according to stirring
time (KMC-P 30 wt%, O/A =5, 1 stage extraction).

Table 3. Results of solvent extraction hypothesis test

Extraction | Stripping
No. X's Level efficiency | efficiency
(%) (%)
20 : 80 26.82 0.41
1 Extractar}t Ext.ractant: 3070 386 793
concentration| diluent
40 : 60 47.63 2.99
x=0 36.88
Extraction pH .W.lth -1<x<0| 3872
2 n addition
p Of HC] -2<X<-1 3779
x<-2 38.44
Strionin pH with x=0 38.53
3 511-)1 € | addition |-1<x<0 3236
of HCl | hx<1 27.07
1:1 9.69 21.58
2:1 18.35 31.78
Organic | 3:] 26.33 36.07
4| OAratio | P T 3207 38.86
aqueous
phase 5:1 38.6 40.55
6:1 45.15 41.11
7:1 50.13 39.75
Shaking | Stming | %
5 & time 3 38.61
rate .
(min) 5 38.43
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Table 4. Design of experiment for optimization of solvent extrac-
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Table 6. Results of DOE for solvent extraction process

tion process Run Ex Con. HCl O/A Ex eff. St eff.
o . Level order (Wt%) (mL) ratio (%) (%)
Factor Abbreviation Unit
Lower Upper 1 325 0 4 99.57 55.47
Extractat}t Ex con % 25 40 2 32.5 8 4 99.58 55.33
concentration 3 325 4 55 99.57 | 50.85
6 25 4 4 92.75 54.28
7 25 0 5.5 98.33 66.12
8 325 8 7 99.57 23.98
9 325 4 5.5 98.3 63.92
10 40 0 5.5 99.79 33.43
40 11 40 4 7 95.02 39.59
a5 12 325 0 7 96.23 71.53
Ex Con

13 325 4 5.5 98.26 76.76

30
75 14 25 8 5.5 99.56 38.73

5.0

= ot pH 15 40 4 4 99.15 | 61.67
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O/A ratio

Figure 5. 3D Scatter-plot of DOE conditions.
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Table 5. Experiment conditions and execution sequence using
Box-Behnken type

Run order Ex Con. (wt%) HCI (mL) O/A ratio
1 325 0 4.0
2 325 8 4.0
3 325 4 5.5
4 25.0 4 7.0
5 40.0 8 5.5
6 25.0 4 4.0
7 25.0 0 5.5
8 325 8 7.0
9 325 4 5.5
10 40.0 0 5.5
11 40.0 4 7.0
12 325 0 7.0
13 325 4 5.5
14 25.0 8 5.5
15 40.0 4 4.0
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Figure 6. Contour plots of Stripping efficiency.
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Table 7. Optimization conditions of solvent extraction process
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