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Abstract

Technological advancement over the past decade has dramatically changed with new players
such as China taking lead in information-technology and telecommunication market across the
world. This development has seen surge in manufacturing industry output and consequently
raw materials consumed by the sector. The environmental impact is however evident due to
human interference with nature. E-waste is the fastest growing waste stream posing serious risk
to fauna and flora due to numerous associated pollutants. In recycling industry,
hydrometallurgy is widely adopted to recover metals from e-waste. Despite growing concern
over secondary pollution associated with disposal, concentrated aqua regia is widely used to
extract metals from e-waste. An ultrasonic bath enhanced dilute-acid leaching method was
developed to recover copper and lead from waste mobile phone PCB. Repeatability and
reproducibility showed 5.3% and 5.0% with respect to Cu while 9.8% and 6.3% RSD were
recorded for lead. LOD and LOQ of 0.02 pg/g and 0.064 pug/g (Cu) and 0.082 pg/g and 0.312
Ha/g (Pb) revealed that the method is suitable for dissolution of target metals from PCBs.
Copper concentration of 332.98 mg/g recorded inferred that dilute aqua regia as much as
concentrated has promising metal extraction power and thus could replace concentrated acids.

Research Highlights

Electrical and electronic equipment (EEE), from household appliances to LT and
telecommunication gadgets have over the years become indispensable in our lives. Short life
cycle and technological innovation render EEE redundant, leading to the unprecedented rise in
the generation of e-waste [1&2]. Millions of tons of e-waste are generated worldwide with an
important increase expected annually [3].

Large portions of pollutant harbored e-waste produced in the developed world end up in
informal recycling plants and landfills with adverse consequences for the environment [4]. A
fraction of it, however, is processed via the take-back system to recover metals using various
recycling routes [5-7] thereby, mitigating hazardous substances disposal.

Chemical approach achieves excellent metal recovery within a relatively short period of time
[8] but there is increasing concern over the resulting secondary pollution [9]. Present research
used diluted mineral acids to extract metals from waste mobile phone printed circuit board.

Research Objectives

To extract metals from obsolete mobile phone printed circuit board using dilute mineral acids
and determine the concentration of copper and lead from the leach liquor using flame atomic
absorption spectroscopy.
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Finding the most suitable solvent under the adopted conditions and contrasting the reported
findings with established work using concentrated acid and eventually determining the role of
acid concentration in the leaching of metals from e-waste.

This research will help minimize the adverse effects on the ecosystem caused by the
concentrated acid effluent released from e-waste treatment.

Methodology

Experimental work was carried out using waste cell phone PCB shredded and milled into fine
particles following dismantling of electronic components mounted on the PCBs. 50 ml of 2 M
of dilute mineral acid viz. HCI, H2SO4, HNO3, HCI: HNOs, H2SO4: HNO3 and H202: HNOs
were measured while maintaining 1:1 (volume ratio) where two different acids were involved,
and 0.3 g of dried ground sample were added into a volumetric flask.

The resulting mixture was then taken to ultrasonic bath to provide agitation and heating at 70°C
temperature for a reaction time of 45 min. The leachates were then subjected to flame atomic
absorption spectroscopy to determine copper (Cu) and lead (Pb).

Results

The result showed (HCI: HNOgz) had better leaching strength with concentration of 333 mg/g
Cu while HCI had the lowest concentration (28 mg/g) and a similar trend were observed in Pb.
Overall, low concentration recorded in Pb leaching may be due to the adoption of high
temperature, thus, affecting extraction of the relatively volatile metal.

Notably, the dissolution capacity shown by Aqua regia is only slightly above that shown by
nitric acid alone. This can be due to the excellent nature of dissolution of metals by the oxidant
which has been reported to give near complete leaching of Cu. Aqua regia itself exhibits
remarkable leaching strength mainly due to oxidizing agent (HNO3) it contains which is
capable of enhancing metals dissolution from e-waste.

Findings

The reagents in combine form viz. HCI: HNO3, H2SO4: HNO3, HNO3: H20 and nitric acid
demonstrated impressive metal extraction. The highest Cu concentraton of about 333 mg/g
leached is relatively close to Cu concentration of 395 mg/g reported when concentrated aqua
regia was used to recover metals from broken cell phone PCBs [7]. This study thus concluded
that concentration of acid may not have a major impact on the leaching of metals from waste
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PCBs. Consequently, dilute acid may replace the use of concentrated ones in metal dissolution
resulting in decreased environmental impact and reduced disposal cost.
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