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Effect of ionic liquid [MIm]HSO4 on WPCB metal-enriched scraps
refined by slurry electrolysis
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Abstract
Waste printed circuit boards (WPCBs) are usually dismantled, crushed, and sorted to WPCB metal-enriched scraps, still con-
taining an amount of non-metallic materials. This research used slurry electrolysis to refine these WPCB metal-enriched scraps
and to examine if a standard ionic liquid, [MIm]HSO4, can replace H2SO4 in the system. The impact of the refinement process on
metal migration and transformation is discussed in detail. The results demonstrated that metals in WPCB metal-enriched scraps
could be successfully refined using slurry electrolysis, and [MIm]HSO4 can be used to replace H2SO4 in the system. When 80%
of H2SO4 was replaced by [MIm]HSO4 (electrolyte of 200 mL, 30 g/L CuSO4·5H2O, 60 g/L NaCl, 130 g/L H2SO4, and 1.624 A
for 4 h), the total metal recovery rate is 85%, and the purity, current efficiency, and particle size of cathode metal powder were
89%, 52%, and 3.77 μm, respectively. Moreover, the microstructure of the cathode metal powder was dendritic in the H2SO4-
CuSO4-NaCl slurry electrolysis system, whereas at an 80% [MIm]HSO4 substitution rate slurry electrolysis system, the cathode
metal powder was irregular and accumulated as small-sized spherical particles. Thus, replacing inorganic leaching solvents with
ionic liquids may provide a potential choice for the resources in WPCB metal-enriched scraps.
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Introduction

With progress in information and communication technology,
the lifespan of electronic products is becoming shorter and
shorter, resulting in a large amount of electronic waste (e-
waste) (Abdelbasir et al. 2018; Debnath et al. 2018). The amount
of e-waste in the world in 2016 was approximately 44.7 million
tons, and it is expected to reach 52.2 million tons in 2021 (Baldé

et al. 2017). Printed circuit boards are the basic component of
majority of electric and electronic products. Research shows that
waste printed circuit boards (WPCBs) account for about 6%
weight of e-waste (Zhou and Xu 2012). WPCBs are mainly rich
in precious metals and valuable metal, such as gold, palladium,
silver, copper, lead, and tin (Imre-Lucaci et al. 2017). For exam-
ple, in a typical WPCBs, copper, silver, gold, and palladium
account for about 16%, 0.05%, 0.03%, and 0.01% weight, re-
spectively, which is far higher than its corresponding metal con-
tent in their ordinary ores (Flandinet et al. 2012). Thus, WPCBs
can be seen as a rich “urban mine” (Tanskanen 2013). In addi-
tion, wide public attention has been attracted because WPCBs
contain a large amount of toxic substances, such as brominated
flame retardants and heavy metals (Garlapati 2016). If these are
not handled properly, they can be a serious threat to the environ-
ment and public health (Ghosh et al. 2015). Hence, WPCB
recycling—with consideration of ecosystem protection, human
health, and the acute shortage of natural minerals globally—is of
great significance. At present, most recycling enterprises mainly
use dismantling, crushing, and sorting to recycle WPCBs. The
resulting product is mainly WPCB metal-enriched scrap which
still contains a certain amount of non-metallic materials. Studies
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on WPCB reutilization, including physical-mechanical process
(Pinho et al. 2018; Yousef et al. 2017), pyro-metallurgy (Shokri
et al. 2017; Weeden et al. 2015; Wang et al. 2017a, b), bio-
metallurgy (Faraji et al. 2018; Yin et al. 2018; Yuan et al.
2018), and hydrometallurgy (Batnasan et al. 2018; Haccuria
et al. 2017; Kumari et al. 2016; Liu et al. 2017; Popescu et al.
2016), generally use the baseboards as raw material. In contrast,
few studies have focused on theseWPCBmetal-enriched scraps.

Previously, Chu et al. (2015) pressed these WPCB metal-
enriched scraps into thick plates, and used them as the anode
and electrolyzed directly. The results showed that this process
could successfully recover copper fromWPCBmetal-enriched
scraps with a copper purity of 98.1%. More recently, slurry
electrolysis, which combines leaching, purification, and
electro-deposition in a single step in a tank, characterizing of
low reagent use, high efficiency, and low energy consumption
(Wu et al. 2017), could be successfully applied to recover high
purity superfine copper powders from WPCB metal-enriched
scraps with a copper purity of 99.3% (Zhang et al. 2017).
During the slurry processing, metals in the anode region un-
dergo an oxidative leaching reaction, and then the metal ions
enter the cathode region through the diaphragm, and the metal
ions are precipitated after being reduced in the cathode (Yang
et al. 2018; Zhang et al. 2019). In addition, Huang et al. (2014)
found that ionic liquid, known as a green solution because of
specific characteristics, such as good physicochemical stabili-
ty, weak volatility, good selectivity, high electrochemical sta-
bility, and wide chemical window (Chang et al. 2017; Xiao
et al. 2018), could be used to leach copper from WPCBs, and
the results found that ionic liquid showed a stronger acidity
than ordinary inorganic acids with a leaching rate of approxi-
mately 100% under the optimum conditions. However, re-
search on acidic ionic liquids in slurry electrolysis for WPCB
recycling is limited (Chen et al. 2015; Zhang et al. 2018; Zhu
et al. 2012), not to mention WPCB metal-enriched scraps.

The current study aims to assess if the metals in WPCB
metal-enriched scraps can be refined and to examine if a typ-
ical ionic liquid, [MIm]HSO4, can replace H2SO4 in the slurry
electrolysis process. The paper discusses the effect of
[MIm]HSO4 on metal migration and transformation based
on the characteristics of metal recovery, metal distribution,
purity, current efficiency, phase compositions, and microstruc-
tures of the metal powders obtained.

Materials and methods

Sample preparation

The WPCB metal-enriched scraps used in the experiment
were provided by a qualified electronic waste recycling enter-
prise in China. To begin with, these WPCB metal-enriched
scraps were dried at 70 °C for 24 h, followed by microwave

digestion using a HNO3-H2O2-HF system (Güngör and Elik
2007) and then analyzed by an Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES, Thermo Scientific,
ICAP 6500, MA, USA). Table 1 shows that copper (Cu) was
the main metal which accounted for 71.96% weight. The
product also contained small amounts of lead (Pb), iron (Fe),
aluminum (Al), barium (Ba), zinc (Zn), magnesium (Mg), tin
(Sn), and nickel (Ni). The WPCB metal-enriched scrap spec-
imens were further characterized by X-ray diffraction (XRD;
D/MAX2500; Rigaku, Almelo, Holland), as shown in Fig. 1.
The main components are Cu, followed by Al, Pb, and Sn,
which are consistent with the results of digestion.

Slurry electrolysis

The ionic liquid [MIm]HSO4 is analytical grade and is sup-
plied by a research institute in China. Slurry electrolysis reac-
tor is a rectangular container, made of polytetrafluoroethylene
(PTFE). A ruthenium-plated titanium plate was used as the
anode and a copper plate was used as the cathode. The elec-
trolyte consisted of 30 g/L CuSO4·5H2O, 60 g/L NaCl, and
130 g/L H2SO4, with a volume of 200 mL. WPCB metal-
enriched scraps (6 g) were added into the anode chamber,
and ozone (3S–A10, Tonglin Technology, Beijing, China)
was introduced to the anode chamber at a rate of 1.5 L/min,
mechanical stirring at a rate of 300 r/min. The actual area of
the plate was 0.02 m2 and the distance between the plates was
0.095 m. The current value was set to 1.624 A (the current
density is 80 mA/cm2), and the electrolysis time was 4 h. The
substitution rate of H2SO4 by ionic liquid [MIm]HSO4 was
0%, 10%, 20%, 40%, 60%, and 80% (v/v).

Characterization

After each run, the cathode and anode plates were taken out.
The metal powders in the cathode chamber, residues of
WPCB metal-enriched scraps in the anode chamber, and the
electrolyte were collected. The cathode metal powder and an-
ode residues were dried at 50 °C for 24 h after passivationwith
a benzotriazole solution (5 g/L) for preventing oxidation,
washing with ethyl alcohol (30% v/v), ultrasound washing
for removing foreign ions. The volume of the electrolyte
was also measured. Then, the composition of cathode metal
powder and anode residues was determined by microwave
digestion using the HNO3-H2O2-HF system. Finally, the metal
contents in the digestion solution and the residual electrolyte
were measured by ICP-OES; the cathode metal powders were

Table 1 Metal contents of the WPCB metal-enriched scrap specimen

Elements Cu Pb Fe Al Zn Mg Sn Ni

Contents (wt%) 71.96 2.92 2.43 1.22 0.21 0.14 0.07 0.06
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further analyzed by XRD, scanning electron microscopy
(SEM, Karl Zeiss, EV081A, Heidenheim, Germany), trans-
mission electron microscope (TEM, Carl Zeiss, Libra
200FE, Heidenheim, Germany), and a laser particle size ana-
lyzer (LPAS, Bi-90PUS, New York, USA).

The recovery rate of copper (SCu), the recovery rate of other
metals (other than copper) (Si), the recovery rate of total
metals (ST), current efficiency (ηCu), and purity (PCu) were
calculated as follows:

SCu ¼ My þML−MA

MS
ð1Þ

where My is the mass of copper in the cathode metal powder
(g);ML is the mass of copper in electrolyte (g);MA is the mass
of copper in CuSO4·5H2O (g); MS is the mass of copper
contained in WPCB metal-enriched scraps (g).

Si ¼ MX þMN

MC
ð2Þ

where Mx is the mass of the metal (other than copper) in the
cathode metal powder (g);MN is the mass of metal (other than
copper) in electrolyte (g);MC is the mass of metal (other than
copper) contained in WPCB metal-enriched scraps (g).

ST ¼ MOþME

Mz
ð3Þ

where MO is the mass of total metal in the cathode metal
powder (g); ME is the mass of total metal in the electrolyte
(g); Mz is the mass of total metal contained in WPCB metal-
enriched scraps (g);

PCu ¼ My

MO
ð4Þ

ηCu ¼
My

MT
ð5Þ

where MT is the theoretical mass of copper obtained by cath-
ode electrolysis based on Faraday’s rule as follows:

MT ¼ MCuQ
ZCuF

ð6Þ

where MCu is molecular mass of copper (63.54 g/mol); Q is
electricity, which is the product of current I (A) and electro-
lytic time T (s); ZCu is the chemical valence of metals and F is
Faraday’s constant (96,485.3 C/mol); thus, MT is a constant
value, 7.70.

Results and discussion

Metal recovery

Figure 2 presents the effect of [MIm]HSO4 substitution rate
on the recovery rate of Cu, Fe, Al, Mg, Ni, Pb, Sn, Zn,
and the total metals. The recovery rate of Cu, Mg, Ni, and
Pb decreases as the [MIm]HSO4 substitution rate in-
creases. For example, Cu, Mg, Ni, and Pb recovery rate
decreased from 93%, 52%, 99%, and 87% to 82%, 32%,
61%, and 51% respectively when [MIm]HSO4 substitu-
tion rate increased from 0 to 80%, indicating an obvious
negative relationship. The recovery rate of Al, Fe, Sn, and
Zn varied as the [MIm]HSO4 substitution rate increased.
A possible reason for this phenomenon could be the se-
lectivity of ionic liquid [MIm]HSO4 to different metals
(Wang 2017). In addition, the recovery rate of total metals
decreased as the [MIm]HSO4 substitution rate increased
showing a similar trend to copper which is the dominant
component of total metals. When no H2SO4 was substitut-
ed by [MIm]HSO4, the recovery rate of total metals was
94%; when the substitution rate of H2SO4 by [MIm]HSO4

was 80%, the total metal recovery rate declined to 85%.
The reason for this relationship might be the high viscos-
ity of [MIm]HSO4, which may greatly increase the mass
transfer resistance in the electrolysis process, thus reduc-
ing the recovery rate of total metals (Zhang et al. 2009).

Figure 2 also suggests that the recovery rate of Mg and
Al is relatively low, generally lower than 50%, while the
recovery rate of other metals—Cu, Fe, Ni, Sn, Pb, and
Zn—is much higher, up to 95%. This may be ascribed
to their electrode potentials. If the electrode potential of
a metal is low, the metal will be easily leached out into
the solution, while it is hard to deposit on the cathode.
According to the Nernst equation (Eq. (7)), the electrode
potential of a metal is mainly dependent on the standard

Fig. 1 XRD spectrum of WPCB metal-enriched scrap specimen
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electrode potential and the activity of the metal ions in the
solution.

E ¼ E0 þ RT
nF

� �
lnaMZþ ð7Þ

where E0 is the standard electrode potential (V); R is gas
constant (8.3144 J/(K mol)); T is thermodynamic temper-
ature (K); n is the number of electrons transferred in the
electrode reaction; aM is the activity of metal ions in so-
lution; Z is the valence state of metal ions; and F is
Faraday constant (96,485.3 C/mol).

The standard electrode potential of the relevant metals is
given in Table 2. Among them, Mg and Al had relatively low
standard electrode potential (− 2.375 Vand − 1.662 V respec-
tively) in comparison to Cu, Fe, Ni, Sn, Pb, and Zn that had
relatively high values (+ 0.337 V, − 0.037 V (Fe+3), − 0.440 V
(Fe+2), − 0.257 V, − 0.1375 V, − 0.126 V and − 0.763 V re-
spectively), which is consistent with the results of metal re-
covery discussed above. In addition, the activity of metal ions

in solution is related to its content in WPCB metal-enriched
scraps. For example, Mg and Al contents in WPCB metal-
enriched scraps were relatively low. Therefore, to some extent,
these metals are not conducive to recycling from WPCBs.

The distribution of metals

The substitution of H2SO4 by [MIm]HSO4 (Fig. 2) shows
some impact on metal recovery, and it significantly affects
their distribution in the cathode metal powder, anode residues,
and electrolyte.

Figure 3a and b show that the mass contribution of metals
when [MIm]HSO4 substitution rate in the slurry electrolysis is
0% and 80%, respectively. The figures indicate that the mass
contribution of Cu and Pb in cathode metal powder at 80%
substitution rates is lower than those at no substitution, espe-
cially for Pb with mass contribution of 83% compared to 52%.
This indicates that [MIm]HSO4 could inhibit the deposition of
Cu and Pb on the cathode which would further inhibit their

Fig. 2 Effect of [MIm]HSO4 substitution rate on metal recovery
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separation fromWPCB metal-enriched scraps. The mass con-
tribution of Ni in electrolyte shows a similar trend as Cu and
Pb (with values of 94% compared to 80% when [MIm]HSO4

substitution rate is 0% and 80%) indicating that [MIm]HSO4

is not conducive to Ni leaching, which inhibits the separation
of nickel fromWPCBmetal-enriched scraps. In contrast to the
above, the mass contribution of Al and Mg in anode residue
increased from 46 to 58 and 66%, respectively, which is an
opposite trend to Cu and Pb, when the substitution rate of
[MIm]HSO4 increased from 0 to 80%. This suggests that
[MIm]HSO4 is not conducive to the recovery of Al and Mg.
Finally, the mass contribution of Sn, Fe, and Zn in the elec-
trolyte is the largest, especially for Fe, with values greater than
95%. Additionally, there is no obvious change in the mass
contribution of these three metals in the electrolyte when
[MIm]HSO4 substitution rate in the slurry electrolysis is
80%, indicating that [MIm]HSO4 has little effect on the sep-
aration of these metals from WPCB metal-enriched scraps.

The above analysis shows that the mass contribution of
each metal is different when [MIm]HSO4 substitution rate in
the slurry electrolysis is 0% compared to 80%. A potential
reason could be that [MIm]HSO4 has certain selectivity for
leaching metals in WPCBs, as suggested by Wang et al.
(2017a, b). Note that the mass contribution results of the
above metals are consistent with the metal recovery explored
in Fig. 2. Therefore, it can be concluded that the regular pat-
tern of metal mass contribution is related to its electrode
potentials.

Current efficiency, purity, and particle size of cathode
metal powder

Figure 4a shows the effect of [MIm]HSO4 substitution rate on
cathodemetal powder current efficiency and purity, the former
decreasing with increase in [MIm]HSO4 substitution rate. For
example, current efficiency decreased from 67 to 52% as
[MIm]HSO4 substitution rate increased from 0 to 80%, indi-
cating a strong negative relationship. Increase in the substitu-
tion rate of [MIm]HSO4 resulted in the purity of cathode metal
powder varying around 90%, in the range of 89–93%. A pre-
vious study found that the increase of sulfuric acid concentra-
tion is favorable to improving the conductivity of the electro-
lyte, thereby improving its current efficiency (Matsushima
et al. 2008). In contrast, our results found that the current
efficiency decreased as [MIm]HSO4 substitution rate in-
creased (Fig. 4a). A possible reason for this phenomenon is
that the acidity of ionic liquid [MIm]HSO4 is weaker than
sulfuric acid, which has been confirmed by previous studies
(e.g., Shi et al. 2009). Therefore, the conductivity of the elec-
trolyte is expected to decrease with increase in ionic liquid
[MIm]HSO4 substitution rate, leading to a reduction in current
efficiency. Moreover, [MIm]HSO4 strongly adsorbs on metal
powder surface and increases the mass transfer resistance due
to its large molecular mass and viscosity, which is unfavorable
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Fig. 3 Metal mass contribution of [MIm]HSO4 substitution rate of 0% and 80%: a 0% and b 80%

Table 2 Standard electrode potentials for some selected reactions
(298.15 K, 101.325 KPa, aMZþ =1)

Electrode reactions Standard electrode potential (V)

Ba2++2e−↔Ba − 2.900
Mg2++2e−↔Mg − 2.375
Al3++3e−↔Al − 1.662
Zn2++2e−↔Zn − 0.763
Fe2++2e−↔Fe − 0.440
Ni2++2e−↔Ni − 0.257
Sn2++2e−↔Sn − 0.1375
Pb2++2e−↔Pb − 0.126
Fe3++3e−↔Fe − 0.037
2H++2e−↔H2 0

Cu2++2e−↔Cu + 0.337

O2+4H
++4e−↔2H2O + 1.229

Data from CRC Handbook of Chemistry and Physics (97th edition)
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to the deposition of copper and improvement of current effi-
ciency (Zhang et al. 2009).

From Eqs. (4) and (5), the following mathematical relation-
ship between PCu, ηCu, and MO can be deduced:

PCu ¼ MT � ηCu
MO

ð7Þ

MT is a constant value, 7.70; MO is always smaller than the
mass of WPCB metal-enriched scraps, 6 g. Thus, the ratio of
MT toMO is greater than 1. Hence, we can draw the conclusion
that the purity of cathode metal powder (PCu) will always be
higher than the current efficiency (ηCu), which is consistent
with the results in Fig. 4a. In addition, the purity of cathode
metal powder increased slightly and then decreased (Fig. 4a).
Meanwhile, there are no other metals that could be detected
other than copper. It might be speculated that the cathode
metal powder is oxidized by the oxygen in ambient or the
slurry electrolysis process, leading to reduction in metal pow-
der purity, and the impurities caused by metal powder oxida-
tion will be further discussed.

Figure 4b shows the effect of [MIm]HSO4 substitution rate
on the particle size of cathode metal powder. The mean (aver-
age particle size), D50 (50th percentile figure by volume of
the particle size distribution), and D90 (90th percentile figure
by volume of the particle size distribution) values were used to
characterize the particle size of the cathode metal powder. The
results found that the particle size of cathode metal powder
significantly decreased with increase in the substitution rate of
[MIm]HSO4. In the H2SO4-CuSO4-NaCl slurry electrolysis
system, the mean, D50, and D90 values are 6.89, 5.35, and
15.26 μm, respectively. When the substitution rate is 80%,
these three measures declined to 3.77, 3.41, and 7.30 μm,
respectively.

Parker (1970) showed that the metal powder obtained by
cathode electrolysis is usually crystalline, and its particle size

is mainly determined by the ratio of nucleation and crystal
growth. When the nucleation rate of the crystal is greater than
its growth rate, a large number of nuclei are formed, resulting
in smaller particles (Wang et al. 2010). Figure 4b shows that
[MIm]HSO4 had a positive effect in reducing the particle size
of cathode metal powder. This might be attributed to the ring
structure of [MIm]HSO4. Additionally, the –C=N– functional
groups reduce the surface tension of the cathode deposited
particles and improve the nucleation rate, thus reducing the
particle size of the cathodemetal powder. However, a previous
study (Zhang et al. 2018) that applied [BSO3HPy]HSO4 to
replace sulfuric acid in a slurry electrolytic system for recov-
ering copper fromWPCBs found a significant reduction in the
average particle size of copper powder from 15.15 to 0.79μm.
This could be because [BSO3HPy]HSO4 contains not only –
C=N– functional groups but also a large π bond, and the
hybrid structure formed by the two could reduce the surface
tension of the cathode deposited particles more effectively,
thus forming smaller metal particles.

Microstructure of the cathode metal powder

The microstructure of cathode metal powder by the H2SO4-
CuSO4-NaCl slurry system in Fig. 5 (5A, A1, and A2) shows
that with [MIm]HSO4 substitution rate of zero, the obtained
cathode metal powder was dendritic, which is consistent with
our previous research (Zhang et al. 2017, 2018). In contrast,
the cathode metal powder is irregular when the substitution
rate is 80% and it is aggregated by scattered spherical particles
with particle size around 600 nm (Fig. 5 (B, B1 and B2)). The
cathode metal powder obtained at the 80% [MIm]HSO4 sub-
stitution rate had smaller particle sizes, which is consistent
with the results of particle size measurements. A possible rea-
son for this result is that ionic liquid [MIm]HSO4 can form a
modified ion layer on the surface of particles, which prevents
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the agglomeration of the particles, thereby resulting in smaller
metal particles (Yong-Qing et al. 2011). This process thus
provides a possibility of controlling the growth of metallic
grains in the electrochemical process.

Mineral phase of the cathode metal powder

Figure 6 shows that the phase composition of cathode metal
powder was obtained under different [MIm]HSO4 substitution

rates of by XRD. Increase in the substitution rate of
[MIm]HSO4 results in the phase composition of the cathode
metal powder changing slightly. Copper is the main phase in
the cathode metal powder as identified by diffraction angles
(2θ) of 43.33°, 50.46°, and 74.14°, with the strongest peak at
43.33°. Diffraction angles (2θ) of 36.50°, 42.40°, 61.52°, and
74.14° indicate a phase of Cu2O. In addition, diffraction an-
gles (2θ) of 29.55°, 36.42°, 42.30°, 61.34°, and 73.53° suggest
the existence of Cu2+1O. The presence of Cu2O and Cu2+1O

Fig. 5 SEM and TEM results of cathode metal powder in H2SO4-CuSO4-NaCl and 80% [MIm]HSO4 substitution rate slurry electrolysis system (image
A, B, B1and B2 were obtained by SEM, A1, and A2 by TEM)

Fig. 6 Mineral phase of cathode
metal powder (a–f: [MIm]HSO4

substitution rate of 0, 10, 20, 40,
60, and 80%)
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can improve the oxygen content in the sample powders,
resulting in reduced copper purity.

Conclusion

In this study, metals in WPCB metal-enriched scraps were
refined, and the typical ionic liquid [MIm]HSO4 was success-
fully applied to replace H2SO4 in the slurry electrolysis sys-
tem. In addition, the distribution of metals in the cathodemetal
powder, anode residues, and electrolyte after the slurry elec-
trolysis was significantly affected by the substitution rate of
[MIm]HSO4. The recovery rate of Cu, Mg, Ni, Pb, and total
metal decreased as the [MIm]HSO4 substitution rate in-
creased; in contrast, the recovery rate of Al, Fe, Sn, and Zn
varied as [MIm]HSO4 substitution rate increased. Current ef-
ficiency and particle size of cathode metal powder decreased
with increase in [MIm]HSO4 substitution rate, while the purity
of cathode metal powder did not change significantly. When
80% of H2SO4 was replaced by [MIm]HSO4 (electrolyte of
200 mL, 30 g/L CuSO4·5H2O, 60 g/L NaCl, 130 g/L H2SO4,
and 1.624 A for 4 h), the total metal recovery was 85%, and
the purity, current efficiency, and particle size of cathodemetal
powder were 89%, 52%, and 3.77 μm, respectively.
Moreover, X-ray diffraction (XRD; D/MAX2500; Rigaku,
Almelo, Holland) results showed that [MIm]HSO4 had negli-
gible effect on the phase composition of cathodemetal powder
and copper was the main phase, although Cu2O and Cu2+1O
could also be identified. Scanning electron microscopy (SEM,
Karl Zeiss, EV081A, Heidenheim, Germany) and transmis-
sion electron microscope (TEM, Carl Zeiss, Libra 200FE,
Heidenheim, Germany) results indicated that the cathode met-
al powder was dendritic in structure in a H2SO4-CuSO4-NaCl
electrolysis slurry system, whereas in an 80% [MIm]HSO4

substitution rate slurry electrolysis system, the cathode metal
powder was irregular and accumulated by small-sized spher-
ical particles. Therefore, replacing inorganic leaching solvents
with green ionic liquids cannot only reduce the production of
waste acid solution, but also provide a potential choice for the
resources in WPCB metal-enriched scraps, which is also pro-
viding a theoretical basis for the further industrial application
of ionic liquids.
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