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Abstract

Waste PCBs contain a large amount of valuable resources, including copper, and technology to recover them is constantly
being developed. Generally, to recycle waste PCBs, a physical pretreatment process such as shredding and crushing is required.
However, during this stage, the loss rate of metals is high and the sorting efficiency is low, indicating a need for a more efficient
recycling pretreatment process. In this study, a high-temperature milling process, which simultaneously employs heat treatment
and ball milling, was utilized to efficiently recover copper from waste PCBs. An experiment was conducted at 350 °C with
milling time, milling speed, and the weight of the balls as variables. The results showed a copper recovery rate of over 90%
under the conditions of a ball weight of 500 g, a milling speed of 70 RPM, and a milling time of 5 hours. The purity of the
recovered copper was approximately 93%, and through post-processing after the high-temperature milling process, the
feasibility of reusing the recovered copper as a high-purity material was confirmed.
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Fig. 1. Schematic of a rotary furnace used in high-temperature
milling processes.

Table 1. High-temperature milling process conditions for
separation of copper and non-metals contained in

PCBs
Process parameters Values
Temperature (°C) 350
Time (hr) 1,2,3
RPM 20, 45,70
Ball weight (g) 300, 500, 700
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Fig. 2. TG/DTA analysis results of waste PCB.
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Fig. 4. Shape change of PCB sample according to high-temperature milling process conditions.
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- Ball weight : 500 g

-70 RPM

Fig. 5. Shape image by particle size through sieve separation after high-temperature milling process.

Table 2. Weight percentage and copper concentration of recovered powder according to high-temperature milling time and size

5hr 10 hr 24 hr
Powder Copper . Powder Copper . Powder Cop per'
(%) Concentration (%) Concentration (%) Concentration
' (%) 0 (%) 0 (%)
~1mm 2.0 93.0 2.0 93.1 2.0 93.0
1 mm 1.8 93.1 1.8 93.0 1.8 92.8
500 um 14 93.3 0.9 93.1 0.9 93.1
250 um 1.3 92.5 14 92.5 0.8 92.8
100 um 44.0 0.56 39.0 1.03 36.5 1.60
100 pm ~ 49.5 0.56 54.9 0.94 58.0 1.60
Total 100 - 100 - 100 -
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Fig. 7. Bulk copper manufactured after VIM process and
XREF analysis results.
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