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Electrodeposition of Fe-Ni Alloy in Waste Catalyst Leaching Solution
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(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;
2. BGRIMM Technology Group, Beijing 100160, China)

Abstract: Based on sulfuric acid leaching solution of spent synthetic diamond catalyst, the DC static
electrolytic deposition of Fe-Ni alloy was carried out under 1 200 C constant charge by using L (4°)
orthogonal experimental scheme. Effects of process parameters on electrodeposition current efficiency,
nickel mass fraction and partial current density of Ni and Fe precipitation were studied, and the optimal
process parameters were obtained by taking current efficiency as the main index. The results show that the
order of influencing factors on current efficiency is pH value > current density > temperature > saccharin
sodium concentration > thiourea concentration. The optimum process parameters include average current
density of 500 A/m*, temperature of 45 °C, pH value of 3. 55, sodium saccharin concentration of 3 g/L,
and thiourea concentration of 0.15 g/L. The results of optimal conditions verify the reliability of
orthogonal test result.
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Table 1 Orthogonal test factor level

KT AW/ (A m 7 B )i/ C CMENGE/ (g - L D) D Wil (gL D E—pH
1 200 45 1 0. 05 2.05
2 300 55 2 0. 10 2.55
3 400 65 3 0.15 3.05
4 500 75 4 0. 20 3.55
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Table 2 Orthogonal experimental results of electrodeposition

o X 5 A T KT X6 5 R
=2
A B C D E ex /% Ni/ % Dr./(A + m 2) Dxi/(A e m %)

1 200 45 1 0. 05 2. 05 10. 23 28. 06 14. 92 5.53
2 200 55 2 0. 10 2.55 5.41 22.11 8.52 2. 30
3 200 65 3 0.15 3. 05 56. 74 30. 63 79.91 33.56
4 200 75 4 0. 20 3.55 56. 06 34. 60 74.58 37. 54
5 300 45 2 0.15 3.55 79.78 28. 90 172. 60 66. 75
6 300 55 1 0. 20 3.05 39. 45 29. 46 84. 70 33. 66
7 300 65 4 0. 05 2.55 39.15 30.73 82.58 34. 86
8 300 75 3 0.10 2.05 16.76 27.93 36.73 13.55
9 400 45 3 0. 20 2.55 19. 43 27.70 144. 90 52. 83
10 400 55 4 0.15 2. 05 13.07 27.61 38. 36 13.92
11 400 65 1 0.10 3.55 79. 54 27.95 232. 36 85.78
12 400 75 2 0.05 3.05 64. 43 29. 67 183. 88 73.83
13 500 45 4 0. 10 3.05 78. 41 27.61 287. 67 104. 39
14 500 55 3 0. 05 3.55 80. 63 29. 00 290. 33 112.82
15 500 65 2 0. 20 2. 05 27.28 27.11 100. 74 35. 66
16 500 75 1 0.15 2.55 45.73 28.12 166. 61 62.03
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Table 3 Range analysis of alloy deposition current efficiency and Ni content in coatings

o LR/ Y BERESR/%
& A B C D E A B C D E
K, 32.110 54.462 43.738 48.610 16. 835 28. 850 28.077 28.408 29. 375 27.687
K, 43. 785 34. 640 44. 225 45.030 34. 930 29. 265 27.055 26.958 26.400 27.175
K; 51.618 50. 678 50. 890 48. 830 59. 758 28.233 29.115 28. 825 28. 825 29.343
K, 58.012 45. 745 46.672 43. 055 74.002 27.960 30. 080 30. 147 29.728 30.113
R 25.902 19. 822 7.152 5.775 57.167 1. 305 3.025 3.189 3. 328 2.938
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Fig. 1 Effects of various factors on current efficiency of

Fe-Ni alloy electrodeposition
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Fig. 2 Effects of various factors on nickel mass

fraction of coating

R RS R 45 °C BERE BR3¢/ LB
fiR e g 0.05 g/L.pH=23.05, X 5k KEAH
AR A& AL — 2L



A4 g QR ) (http://ysyl. bgrimm. cn)

2022 4F55 8 1

&4 Fe NiTHERZEEMREDH

Table 4 Range analysis of Fe and Ni current densities

BRELLH L /(A » m™?)

BREIR /(A s m™ %)

e A B C D E A B C D E
K 44. 480 155.022  124.658  142.938 47. 690 19.733 57. 385 46. 750 56. 760 17. 175
K, 94. 150 105.487  116.445  141.320  100.653 37. 215 40. 685 44. 645 51.515 38.015
K; 149.885  123.908  137.977  114.370  159.040 56. 590 47.475 53.190 44.075 61. 360
K. 211.348  115.450  120.807  101.230  192.478 78. 735 46. 747 47.688 39.922 75.722
R 166. 868 49.535 21.532 41.708 144. 788 59. 002 16. 700 8. 545 16. 838 58.547
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