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Table 1 Comparison of various recycling methods for WPCBs
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Method Advantage

Disadvantage

Mechanical process

[13] Easy operation, low cost, strong
adaptability, easy industrial promotion

Expensive equipment, dust pollution, waste of
precious metals, difficult separation between mixed
metals

High operating temperature, evaporation loss of low
melting point metal, high energy consumption,
serious waste gas and residue pollution

High reagent consumption, toxic cyanide and
thiourea, serious secondary pollution

Long treatment time, adaptability for particular
metal, low recovery rate, difficult recycling of

Pyrometallurgical All types of WPCB, high recovery rate,
processm] mature equipments
High recovery rate for particular metal,
Hydrometallurgical recovery rates of 93%, 95% and 99% for
process!'™ precious metals such as gold, silver and
palladium
Biometallurgical Low energy consumption, low cost,
process!' almost no environmental pollution

filtrate, difficult large-scale processing
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Table 2

molten-alkaline treatment of WMMs

Experimental parameters for low-temperature

mymv/g  Temperature/’C myp/myyy Time/min
14.5 200 5 60
14.5 300 5 60
14.5 400 5 60
14.5 500 5 60
14.5 300 5 30
14.5 300 5 60
14.5 300 5 90
14.5 300 5 120
14.5 400 3 60
14.5 400 4 60
14.5 400 6 60
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Fig. 3 Non-metal degradation rate of WMMs as function of reaction temperature(a) and macroscopic morphologies((b), (c),
(d)) of corresponding WMMs after reacting with alkaline melts at different temperatures: (b) 200 C; (¢) 300 °C; (d) 400 C
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Fig. 4 Non-metal degradation rate of WMMs as function of reaction time(a) and macroscopic morphologies((b), (c), (d)) of

corresponding WMM s after reacting with alkaline melts for different times: (b) 30 min; (¢) 60 min; (d) 90 min
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Fig. 5 Non-metal degradation rate of WMMs as function of myy/mwmy (2) and macroscopic morphologies((b), (c), (d)) of

corresponding WMMs treated by alkaline melts with different myp/mwyy values: (b) myw/mwvn=3; (€) muw/Mwmm =4;

(d) mym/mwm =5
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Fig. 6 Possible degradation path of brominated epoxy resin in WMMs
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of alloy after arc smelting of mixed metals (b)
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Table 3 Composition of WMMs employed in this work by

XRF (mass fraction, %)

Cu Fe Ni Pb Sn Sb
2273 4.04 3.04 0.12 0.09 0.06
Mn Ag Au Ti Co  Non-metal

0.03 0.09 0.09 0.04 0.03 69.64
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Pyrolysis processing and metal recycling of
waste circuit boards by using low-temperature alkaline melts

MA Hao-bo"?, ZHU Ming-wei', HE Jie’, CHEN Bin’, ZHANG Li-li’,
JIANG Hong-xiang’, SUN Xiao-jun’, ZHAO Jiu-zhou’

(1. School of Materials Science and Engineering, Shenyang Aerospace University, Shenyang 110136, China;
2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The printed waste circuit boards(WPCBs) are not only kind of solid waste with complicated physical
structure and chemical composition, but also some resources rich in valuable metals. The recycling of waste
memory modules (WMMs), which is the most difficult to deal with among WPCBs, was investigated in the present
work. The effects of temperature, time and material ratio on the dissociation of the non-metals and metals in
WMNMs were analyzed. The degradation mechanism of the non-metallic parts in WMMSs (brominated epoxy resin,
fiber glass, etc.) during molten-alkali treatment was proposed from the thermodynamic viewpoint. The results show
that the degradation rate of non-metallic materials in WMMs can reach 95.45% if the reaction is continuously kept
at 400 C for 60 min in the reaction kettle with the mass ratio of mixture of hydroxides to WMM (my/mwan)of 5.
The obtained metal mixture contains the elements Cu, Fe, Ni and precious metals Au and Ag.

Key words: metal recycling; waste printed circuit boards; waste memory modules; molten alkali
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