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Abstract : The waste etching solution for chip on film (COF) contained about 3.5% copper, and it was recovered through
cementation using iron samples. The effect of cementation with plate, chip, and powder iron samples was investigated. The molar
ratio (m/r) of iron to copper was used as a variable in order to increase the recovery rate of copper. As the molar ratio increased,
the copper content in the solution rapidly decreased at the beginning of the cementation reaction. Before and after the reaction, the
copper content of the solution was determined by Inductively Coupled Plasma (ICP) using copper concentration according to
time. After cementation at room temperature for 1 hour, the recovery rate of copper had increased the most in the iron powder
sample, having the largest specific surface area of the samples, followed by the chip and plate samples. The recovered copper
powder was characterized for its crystalline phase, morphology, and elemental composition by X-ray diffraction (XRD), scanning
electron microscopy (SEM), and Energy-dispersive X-ray spectroscopy (EDS), respectively. Copper and unreacted iron were
present together in the iron powder samples. The optimum condition for recovering copper was obtained using iron chips with a
molar ratio of iron to copper of 4 giving a recovery rate of about 98.4%.
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Figure 1. Experimental procedure for cementation of waste etching
solution for copper recovery.
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Table 1. Chemical composition of iron samples (%)

Fe Mn Al Si Cr Ni Cu Ca P
Plate & Chip 97.93 0.22 0.17 0.09 0.06 0.04 0.03 0.02 0.01
Powder 97.07 0.76 0.23 1.50 0.12 0.04 0.26 0.02 0.11
Table 2. Specific surface area in iron samples
Plates Chips Powder
Specific surface area (m”> g™) 0.00028 0.00640 0.56400
plate i
» ‘ R PO,
? chip 4
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Table 3. Values of copper (ppm) according to iron sample types and molar ratio of Fe to Cu

Plate Plate Plate Chip Chip Powder Powder
m/r 1 m/r4 m/r 8 m/r 1 m/r4 m/r 1 m/r 2
0 13,742
5 13,443 12,224 12,166 13,612 13,293 11,700 11,091
10 13,180 11,894 11,682 12,383 12,075 10,260 7,321
15 12,843 11,795 11,248 12,205 10,572 9,395 2,510
Time 20 12,780 11,727 11,179 11,838 9,255 9,019 1,567
(min) 25 12,443 11,594 11,036 11,818 6,190 7,986 1,105
30 12,402 11,316 11,077 11,299 2,781 7,820 958
40 12,003 11,077 11,051 10,933 689 6,620 704
50 11,550 10,669 10,718 10,542 458 5,509 308
60 11,170 10,524 10,092 10,282 223 4,456 283
100 100 100
Plate m/r 1 —#— Chipm/r 1
—&— Plate m/r 4 (a) —&— Chipm/r 4 (C)
~ S0 —A—Pplate mr 8 ~ 80F ~ 80F
g g g
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§ 40t é 40 § 40t
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Figure 3. Copper recovery of cementation as a function of iron sample type and Fe to Cu molar ratio (m/r); (a) iron plates, (b) iron chips, (c)

iron powder.
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Figure 4. Variation of log [Cuy] / [Cup] ratio with time for cementation according to iron sample types and Fe to Cu molar ratio (m/r); (a) iron
samples at molar ratio 1, (b) iron plates, (c) iron chips, (d) iron powder.
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Figure 5. FE-SEM morphology of cementation products by Fe to Cu molar ratio conditions and iron samples.
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Figure 7. XRD patterns of obtained copper powder by cementation
according to iron sample types of a molar ratio of Fe to Cu
of 1.
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