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Abstract: Globally, more than one billion cubic meters of Wastchants from printed circuit board industry
have been generated annually with an increase-aB%& Nowadays, the approach of adding extra cramitas
been utilized to treat a large number of waste att) which could obtain low-pure products, buicgesly
pollute the environment. Furthermore, the processnterprise cannot gain so much value that isctéfig
sustainable development. In the previous studiesrégeneration technologies of etching solutiorehrot been
studied comprehensively and systematically, s@ ibfi extreme necessity to examine and choose titebksu
technology towards a closed-loop supply chain. Tesults showed that previous etching solution (e.g.
ammonium persulfate, sulfur/chromic acid, sulfusicid/hydrogen peroxide, sodium chloride, ferricoctale)
caused severe pollution without proper disposat,rhost of the current etchants (e.g. cupric chigriglkaline
etching solution) can be renewable after substéntiacycling heavy metals from the etchants. Rdgay the
latest emerging solution, the used oxidant suchhémine is regarded as the major risk sources évirhas
extraordinary etching ability. The current etchisgjutions could meet the goal of sustainable devetnt of
resources and the environment. For the copperidbl@tching solutions that are now widely appliggire are
various regeneration approaches, but only two aseerfavorable than the others. Among all the regsion
technologies, the electrolytic process and membtactenology not only get more pure products, batrésidue
solution can be renewable. Finally, we employed dhalytic hierarchy process to compare the regéoara
techniques and found that the electrolytic methodl membrane technology are superior to other mstiothe
economic and environmental performance. The twchaust can replace the chemical precipitation, whidh
sustain the printed circuit board industry.
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1. Introduction

Printed circuit boards (PCBs) are fundamental camepts of all types of electronic and electricalipment
(Chen et al., 2015; Ghosh et al., 2015; Li et2014). During the years, 2006 - 2010, the averagethy of PCB
production was 2.5% in the world annually. And 802, the total production of household applianceg.(
computers, televisions, washing machines, refrigesaair conditioners, etc.) has grown to oneduill In 2014,
the total production of electronic and electricglipment in Africa was 19 tons, the Americas 11¥sidAsia 160
tons and Oceania 6 tons. And in each region, the& maantity of domestic production per country asdollows:
Egypt produced 3 tons, the United States of Amerigaons, China 60 tons and Australia 4 tons (Baidal.,
2015).

The production of PCBs per square meter generataserage of 1.5-3.5L etchant (Allen and Almond)£0
Peng and Chen, 2007), and in total it has yieldeniaone billion cubic meters around the world ailyuWaste
etching solutions are either acid or alkaline, #rey contain a large number of copper (Jung e28ll?). More
than 70 thousand tons of copper are existed inengtshing solution each year. Arbitrary processihthe spent
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