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Abstract

In this study, we determine the optimal process conditions for selectively recovering Si from a solar cell surface by removal
of impurities (Al, Zn, Ag, etc.). To selectively recover Si from solar cells, leaching is performed using HCI solution and an
ultrasonic cleaner. After leaching, the solar cells are washed using distilled water and dried in an oven. Decompression filtration
is performed on the HCI solution, and ICP-OES (Inductively Coupled Plasma Optical Emission spectroscopy) full scan analysis
is performed on the filtered solution. Furthermore, XRD (X-ray powder diffraction), XRF (X-ray fluorescence), and ICP-OES
are performed on the dried solar cells after crushing, and the purity and recovery rate of Si are obtained. In this experiment, the
concentration of acid solution, reaction temperature, reaction time, and ultrasonic intensity are considered as variables. The
results show that the optimal process conditions for the selective recovery of Si from the solar cells are as follows: the
concentration of acid solution = 3 M HCl, reaction temperature = 60°C, reaction time = 120 min, and ultrasonic intensity = 150
W. Further, the Si purity and recovery rate are 99.85 and 99.24%, respectively.
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1. Introduction

Renewable energy is drawing attention due to the
problems in resources and the environment caused by
recent rapid industrial development. As interest in renewable
energy increases, the use of solar energy, a representative
eco-friendly energy, is also on the rise. According to the
2017 International Energy Agency (IEA) data, the current
state of energy generation includes thermal and nuclear
power (67%), hydro power (20%) and solar power (4.4%),
etc. In a 2040 growth forecast, thermal and nuclear power
were predicted to decrease to 50%, while solar power was
expected to increase to 12%'?. The amount of installed
solar modules has increased gradually, with the accumulated
global solar installation reaching about 509 GW in 2018,
indicating that the solar industry is continuously growing”.

However, handling post-used photovoltaic modules at
the end of their life cycle (approximately 20-30 years)
has emerged as a major problem. According to an I[EA
report, about 76 million tons of post-used solar modules
are expected to be generated in 2050*%). Post-used solar
cell modules are composed of silver (Ag), aluminum (Al),
silicon (Si), Pb (lead), etc®”. Since harmful substances
such as lead are contained in post-used solar cell modules,
burying, or incinerating the modules after use is expected
to cause a lot of environmental pollution.

Through the Waste Electrical and Electronic Equipment
(WEEE) Directive, Europe has mandated solar modules
to be recycled by designating solar modules as electrical
and electronic waste. Even though silicon, copper, silver,
etc. in the post-used solar modules are expensive and
worth recycling, however, most of them are being buried.
Since the process to obtain high purity polysilicon accounts
for about 50% of the energy consumed by the entire solar
module manufacturing process, economic and environ-
mental benefits are expected if high purity silicon can be
recovered from the solar cells®.

For the case of France, the main purpose of the
CABRISS project, which was sponsored by CEA and

launched in June 2015 by a consortium of 16 European
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companies and research institutes to be executed over 3
years, is to develop technology based on the idea of
“Total Recycling (Maximum recycling efficiency of 90%)’
with the goal of recycling all materials that have high
economic value even if only a small amount are included
rather than technology development oriented toward silicon
recycling. It is focused on maximizing economic feasibility
through virtuous cycling of resources”.

Germany has dominated the solar cell waste module
processing field, and Japan has also been securing source
technologies for recovering valuable metals and recycling
silicon from solar cell waste modules to cope with resource
depletion since the 1980s'*'). Korea is lagging behind
in solar cell waste module processing technology, and it
is in a situation in which it is burying waste rather than
recovering resources'”.

In this study, we conducted research to selectively
recover silicon from post-used photovoltaic cells by
using microwave that is newly-attempted method with
cavitation effect. The ultrasonic cavitation effect enables
cleaning to the inside of the object in a short time
compared to agitation, and the surface cleaning effect is
more excellent. Most of the impurities present in the
photovoltaic cell are adsorbed to the photovoltaic cell
surface, so an ultrasonic cleaner that is more suitable for
removing impurities than stirring was used. In this case,
the optimal process conditions were established by con-
trolling the concentration of the reaction solution, the
reaction temperature, the reaction time, and the ultrasonic
intensity in order to increase the purity and recovery rate
of the recovered silicon. The recovered solar cell phase
was confirmed through XRD analysis, and the purity of
recovered Si was measured through XRF and ICP-OES
analysis. To determine leaching effect to remove the
impurities with HCI, the impurity content in the solution

was measured through ICP-OES analysis.

2. Materials

The samples used in this study were post-used solar
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cells. The results of the XRD and XRF analysis of the
solar cells used in the study are shown in Fig. 1. For the
analysis, X-Ray Diffraction (XRD) and X-Ray Fluorescence
(XRF) analysis were carried out after crushing raw sample
solar cells with a mortar. In this study, PANalytical's
X'Pert3-Powder was used for XRD, SHIMADZU's XRF
1800 was used for XRF, and PerkinElmer's Optima 5300
DV was used for ICP-OES.

XRD analysis result showed that Si and Al were
present in solar cells, and it was possible to verify the
element content of 89.75% Si, 10.18% Al, and 0.07% Zn
through the XRF analysis result.
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Fig. 1. XRD and XRF analysis results.

In addition, the results of SEM-Mapping analysis of
the front and back side of solar cells are shown in Fig. 2.
For the SEM-Mapping analysis, the red circled areas in
Fig. 2 were analyzed. Through SEM-Mapping analysis, it
was possible to verify that Si, Ag, and Al are mainly
present in the front side of the solar cell, and that Al is

mainly present in the back side, in addition to Ag.

3. Experiment method

Raw sample analysis result showed the presence of
Al, Ag, Zn but no Si in post-used solar cells. The Stabcal
simulation for HCI is shown in Fig. 3. Fig. 3 shows that
under HCI conditions, Al dissolves in the form of AI*',
AIOH**, AI(OH)," at pH lower than 3, Ag precipitates
into AgCl in all areas when the concentration is 10ppm
or greater, and Si does not dissolve in acid areas. As a
result of Stabacal simulation for HCI shown in Fig. 3,
the elements Al, Ag, and Si in the photovoltaic cell, Al
and Ag react with HCI and Si does not. Based on this
result, only Si can be selectively recovered by removing
impurities such as Al and Ag during the reaction with
HCI and photovoltaic cells.

In order to remove impurities (Al, Ag, Zn, etc.) and

recover Si from the post-used solar cells, an ultrasonic
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Fig. 2. SEM-Mapping analysis of post-used solar cells (a) front side of a solar cell (b) backside of a solar cell.
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Fig. 3. Stabcal simulation for HCI. (a) Al (b) Ag (c) Si.

£ N\

HCI
Solution
Solar

Cell —)

Solar Cell

+ HCI

<Ultrasonic cleaning>

_—) d
Impurity
solution

<Recovered solar cells and
impurity solution>

<Vacuum filtration>

Fig. 4. Process chart of the entire experiment.

cleaner was used as the equipment, 34-36% HCI solution
was used as the acid solvent, and distilled water was
used for water.

To increase the purity and recovery efficiency of Si,
experiments were conducted by diversifying the concent-
ration, reaction temperature, reaction time, and ultrasonic
intensity conditions of the acid solution shown in Fig. 4.
First, after inserting 10g of post-used solar cell into a
beaker containing 34-36% HCI solution, it was reacted
by using an ultrasonic cleaner to remove impurities.
After the reaction, the post-used solar cells were washed
with distilled water and dried in a drying oven (100°C)
for 24h. In addition, the HCI solution reacted with the
photovoltaic cell was filtered under reduced pressure, and
the filtered solution was analyzed by full scan through
ICP-OES. The solar cells dried in a drying oven were
crushed into fine powder using a mortar to proceed with
XRD and XRF analysis. The following is the expected

reaction formula for Al and Ag and HCl in solar cells.

2Ag(s) + 2HCI(1) = 2AgCl | + Hy
2Al(s) + 6HCl(aq) = 2AICl5(aq) + 3H,

4. Result and discussion

4.1. Acid Solution concentration experiment

After mixing 10g of post-used solar cells with 100ml of
1,2,3M HCI solution and inserting in a beaker, reaction
was performed at reaction temperature of 60°C, reaction
time of 60min, and ultrasonic intensity of 150W using
an ultrasonic cleaner. After the reaction, the solar cells
were washed sufficiently with distilled water and dried
in a drying oven (100°C) for 24h, and decompression
filtration was performed on the HCI solution that had
reacted with the solar cells. XRD and XRF analysis were
carried out on the dried solar cells after crushing them
with a mortar and the filtered solution was analyzed by
ICP-Full Scan. The XRD analysis result is organized in
Fig. 5, and it was verified that only Si phases were
detected under all concentration conditions of 1,2,3M. In
addition, from the XRF analysis result in Table 1, it was
verified that highest Si purity of 99.85% was obtained
from the 3M HCI solution.

The ICP-Full Scan result of the filtered solution is

shown in Table 2. From the ICP-Full Scan result, it can
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be seen that 3M HCI solution has the highest impurity
removal effect since most Al, Ag, Zn content was
detected by the 3M HCI solution which has the highest

concentration. In addition, it can be verified that removal
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Fig. 5. XRD result for solar cells after drying — concentration.

Table 1. XRF result for solar cells after drying — concentration

TR - YA

of Al was realized effectively while removal of Ag was
not under all concentration conditions of 1,2,3M.

Furthermore, it was possible to calculate the Si recovery
efficiency from the weight of the solar cell before the
experiment, the weight of the solar cell after being dried
in a drying oven, and the Si content derived from the
XRF analysis result.

The equation to calculate the Si recovery efficiency is

as shown below.

Silicon recovery efficiency (%)

Weight percent of the recovered silicon

- Weight percent of silicon inside the module

M

The weight of solar cells before and after the experi-
ment is shown in Table 3. The weight of the solar cells
before the experiment was 1M 10.13g, 2M 10.06g and
3M 10.21g, respectively, and it decreased to 1M 9.21g,
2M 8.85g and 3M 8.98¢, respectively, after the experiment.

Using Equation (1), the Si recovery efficiency was
calculated to be 1M 95.82%, 2M 97.67%, and 3M 97.93%,

(Unit: %) Table 3. Weight of the solar cell before and after the ex-
Analyzed element periment and Si recovery efficiency — concentration
Si Al Total Before the After the Recovery
Concentration (M) Sample (M) experiment (g) | experiment (g) | efficiency (%)
1 94.54 5.46 1 10.13 9.21 95.82
2 99.66 0.34 100 2 10.06 8.85 97.67
3 99.85 0.15 3 10.21 8.95 97.93
Table 2. ICP-Full scan of the filtered solution — concentration
Analyzed element and content (mg/L)
IM 2M 3M
Al 1400 Ni 0.4 Al 1400 Ni 0.4 Al 1300 Ni 0.5
Ag 04 In 1.0 Ag 0.5 In 1.0 Ag 48 In 0.8
Si 65 Sn 1.5 Si 48 Sn 1.0 Si 37 Sn 9.7
Fe 6.4 Mg 0.1 Fe 4.0 Mg 0.2 Fe 4.1 Mg 0.1
Zn 9.5 Mn 0.2 Zn 8.0 Mn <0.1 Zn 8.0 Mn <0.1
Pb 4.2 Co <0.1 Pb 3.5 Co <0.1 Pb 6.8 Co <0.1
Bi 0.6 Cu 0.2 Bi 0.6 Cu 0.2 Bi 1.2 Cu 7.7
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and the highest recovery efficiency of 97.93% was
obtained with the 3M HCI solution. As a result of the
study, it was confirmed that the removal rate of impurity
and Si purity of the photovoltaic cell were improved as
the solution concentration increased when the same
amount of HCI solution was reacted. It seems that the
removal rate of impurity and Si purity improved as the
HCI content to react with impurities in the solar cell
increased.

From the results of the experiments that were per-
formed with variable concentrations to derive the optimal
concentration condition for selective recovery of Si from
post-used solar cells, it was possible to verify that only
Si phases were detected under all concentration conditions
of 1,2,3M. Furthermore, under concentration conditions
of 1,2,3M, it was confirmed that the purity of Si was
94% or higher and the recovery rate was verified to be
95% or higher. While the Si recovery efficiency of the
2M and 3M HCI solutions were similar, impurity removal
and purity of Si were higher for the 3M HCI solution,
indicating that the optimal concentration condition is
3M HCL

4.2. Reaction temperature experiment

Experiments were conducted under four conditions of
30, 40, 50, and 60°C to obtain the optimal temperature
for the selective recovery of Si from post-used solar
cells. For the acid solution concentration, the 3M HCI
solution derived from the previous experiment was used.
The reaction was carried out with reaction time of 60
min and the ultrasonic intensity of 150 W. After the
reaction, the solar cells were washed sufficiently with
distilled water and dried in a drying oven (100°C) for
24h, and decompression filtration was performed on the
HCI solution that had reacted with the solar cells. XRD
and XRF analysis were carried out on the dried solar
cells after crushing them with a mortar and the filtered
solution was analyzed by ICP-Full Scan.

The XRD analysis result for dried solar cells are

shown in Fig. 6. From the XRD analysis result, no
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Fig. 6. XRD analysis result for solar cells after drying—
temperature.

Table 4. XRF analysis result for solar cells after drying —
temperature (Unit: %)

Analyzed element
Si Al Total
Temperature (°C)
30 99.91 0.09
40 99.91 0.09
100
50 99.87 0.13
60 99.85 0.15

impurity (Al, Zn) phase was detected, and it was verified
that only Si phases were detected under all temperature
conditions of 30, 40, 50, 60°C. In addition, the XRF
analysis result for dried solar cells are shown in Table 4.
The XRF analysis result confirmed that the purity of Si
was 99% or higher under all temperature conditions of
30, 40, 50 and 60°C.

The ICP-Full Scan analysis result of the filtered
solution after decompression filtration is shown in Table
5. From the ICP-Full Scan result, it can be confirmed
that content of Al, Ag, etc. were highest at 60°C. For
Ag, since only trace amounts were detected at 30, 40,
and 50°C conditions excluding 60°C, this indicates that
HCl is not suitable for the removal of Ag.
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Table 5. ICP-Full scan for the filtered solution — temperature

Analyzed element and content (mg/L)

30°C 40°C 50°C 60°C
Al 1000 Ni 0.5 Al 990 Ni 0.5 Al 1100 Ni 0.5 Al 1300 Ni 0.5
Ag <0.1 In 1.4 Ag <0.1 In 1.4 Ag 0.1 In 1.4 Ag 4.8 In 0.8
Si 37 Sn 0.7 Si 26 Sn 0.7 Si 46 Sn 1.0 Si 37 Sn 9.7
Fe 5.0 Mg 0.1 Fe 5.8 Mg 0.1 Fe 4.9 Mg 0.1 Fe 4.1 Mg 0.1
Zn 14 Mn 0.1 Zn 12 Mn 0.1 Zn 13 Mn 0.1 Zn 8.0 Mn <0.1
Pb 6.1 Co <0.1 Pb 4.8 Co <0.1 Pb 6.9 Co <0.1 Pb 6.8 Co <0.1
Bi 0.5 Cu 0.1 Bi 0.8 Cu 0.1 Bi 0.8 Cu 0.1 Bi 1.2 Cu 7.7
Table 6. Solar cell weight before and after the experiment 30min o ® Sj
and Si recovery efficiency — temperature
Sample Before the After the Recovery o o ™Y
(&©) experiment (g) | experiment (g) | efficiency (%) | 1 l ®
30 10.09 8.86 97.68 60min o
40 10.02 8.79 97.66 -
3 o
50 10.12 8.81 96.92 © [ ] [ ] l
= ] ®
60 10.21 8.98 97.93 . .
£ |90min @
£
Changes to the solar cell weight before and after the o o °
experiment are shown in Table 6. The weight of the l l e |
. in @
solar cells before the experiment was 30°C 10.09g, 40°C 120min
10.02g, 50°C 10.12g, and 60°C 10.21g, respectively,
and it decreased to 30°C 8.86g, 40°C 8.79g, 50°C 8.81g, ? b 4 e ©
1 L 1 L

and 60°C 8.98g, respectively, after the experiment. Using
the XRF analysis result of Table 4 and Equation (1), the
recovery efficiency was calculated to be 30°C 96.68%,
40°C 97.66%, 50°C 97.92%, and 60°C 97.93% and the
highest recovery efficiency was verified to be 97.93% at
60°C.

4.3. Reaction time experiment

Experiments were conducted under four conditions of
30, 60, 90, 120min to obtain the optimal reaction time
for the recovery of Si from post-used solar cells. For the
HCI concentration and reaction temperature, the 3M HCl
and 60°C derived from the previous experiment were
used. The experiment was carried out with the ultrasonic
intensity of 150 W. After the reaction, the solar cells

were washed sufficiently with distilled water and dried

Resources Recycling Vol. 30, No. 5, 2021
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Fig. 7. XRD analysis result for solar cells after drying — time.

in a drying oven (100°C) for 24h, and decompression
filtration was performed on the HCI solution that had
reacted with the solar cells. [CP-Full Scan analysis was
carried out for the filtered solution and XRD and XRF
analysis were carried out on the dried solar cells after
crushing them with a mortar.

From the XRD analysis result in Fig. 7, it was verified
that Al was removed and only Si phases were detected
due to the reaction with the HCI solution for all four
conditions of 30, 60, 90, 120min. The XRF analysis
result in Table 7 confirmed that purity of Si was 99% or
higher under all conditions of 30, 60, 90, 120min and it
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can be seen that the Si purity is highest for 90min at
99.92%.

The ICP-Full Scan analysis result of the filtered solution
is shown in Table 8. From the ICP-Full Scan analysis
result, detected Ag contents were low at 30, 90, 120min
conditions and the detected contents of impurities like
Al, Ag, Zn, etc. were verified to be highest at 60min.
Order of the next highest contents of Al that were
detected were verified to be for 90min, 120min, 30min.

The weight of solar cells before and after the experi-
ment and the Si recovery efficiency calculation result are
shown in Table 9. The weight of the solar cells decreased
from 30min 10.09g, 60min 10.21g, 90min 10.14g, 120min
10.25g, respectively, to 30min 8.95g, 60min 8.98g, 90min

Table 7. XRF analysis result for solar cells after drying —
time (Unit: %)

S
o T

By e Si 8% 47 45

8.91g, 120min 9.14g, respectively.

The recovery efficiency was calculated by using Equation
(1). The recovery efficiency were calculated to be 30min
98.45%, 60min 97.93%, 90min 97.80%, 120min 99.24% as
shown in Table 9 and the highest Si recovery efficiency
0f 99.24% was obtained for 120min.

From the XRD analysis result, Al phase was not
detected because it was removed by HCI and it was
verified that only Si phases were detected at 30, 60, 90,
120min conditions. For the XRF analysis result, purity
of Si was 99% or higher for all four conditions. In
addition, the highest purity was verified to be for 90min,
and they were high in the following order of 120min,
and 60min, 30min. The recovery efficiency was highest
for 120min at 99.24%.

4.4. Ultrasonic Intensity experiment

Analyzed element . The cavitation effect is that when ultrasonic waves
Si Al Total
Time (min) are generated in a solution, decompression and pressure
30 99.68 032 increase repeatedly appear. At the ultrasonic wave, the
60 99.85 013 100 pressure is formed by the half-cycle on the decompression
% 99.92 0.08 side, during which minute bubbles are generated due to
120 99.85 0.15
Table 8. ICP-Full scan for the filtered solution — time
Analyzed element and content (mg/L)
30min 60min 90min 120min
Al 900 Ni 0.3 Al 1300 Ni 0.5 Al 1200 Ni 0.5 Al 1100 Ni 0.5
Ag | 001 | In | 04 | Ag | 48 | In | 08 | Ag | <01 | In | 07 | Ag | <01 | In | 06
Si 23 Sn 1.0 Si 37 Sn 9.7 Si 35 Sn 0.7 Si 35 Sn 3.2
Fe 4.0 Mg 0.1 Fe 4.1 Mg 0.1 Fe 33 Mg 0.1 Fe 34 Mg 0.1
Zn 6.8 Mn <0.1 Zn 8.0 Mn <0.1 Zn 8.9 Mn <0.1 Zn 8.4 Mn <0.1
Pb 1.6 Co <0.1 Pb 6.8 Co <0.1 Pb 1.6 Co 0.1 Pb 12 Co 0.2
Bi 0.3 Cu 7.1 Bi 1.2 Cu 7.7 Bi 0.4 Cu <0.1 Bi 11 Cu 2.9

Table 9. Solar cell weight before and after the experiment and recovery efficiency — time

Sample (min) Before the experiment (g) After the experiment (g) Recovery efficiency (%)
30 10.09 8.95 98.45
60 10.21 8.98 97.93
90 10.14 8.91 97.80
120 10.25 9.14 99.24

ARl S A 308 A 55, 2021
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the cavitation phenomenon. The generated bubble contracts
at the increased pressure and expands at the reduced
pressure. When the bubble exceeds a certain pressure,
the bubble contracts and explodes to generate a large
shock wave. Contaminants on the surface of the wash
are removed by the destruction of these bubbles. The
ultrasonic cavitation effect enables cleaning to the inside
of the object in a short time compared to agitation, and
the surface cleaning effect is more excellent. After use,
most of the impurities present in the photovoltaic cell
are adsorbed to the photovoltaic cell surface, so an
ultrasonic cleaner that is more suitable for removing
impurities than stirring was used. Experiments were
conducted by controlling the ultrasound output to obtain
the optimal ultrasound intensity for the recovery of Si
from post-used solar cells. Since the intensity is insigni-
ficant for up to 30% of the maximum ultrasound output
for an ultrasonic cleaner, the experiment was performed
for three conditions of 100W, 150W, 200W which are
40% of the maximum ultrasound output or higher. The
experiment was conducted with HCI concentration of
3M, reaction temperature of 60°C, and reaction time of
120min. After the reaction, the solar cells were washed
sufficiently with distilled water and dried in a drying
oven (100°C) for 24h, and decompression filtration was
performed on the HCI solution that had reacted with the
solar cells. XRD and XRF analysis were carried out on
the dried solar cells after crushing them with a mortar
and ICP-Full Scan was carried out for the filtered solution.

From the XRD analysis result in Fig. 8, only Si phases
were detected for the three conditions of 100W, 150W,
200W and it was verified that impurities (Al, Zn) that
had been detected during XRD analysis of the raw
samples could not be detected because they had been
removed by the HCI solution.

The XRF analysis result for dried solar cells are shown
in Table 10. The analysis result confirmed that the purity
of Si was 99% or higher under all three conditions and
the highest purity of 100% can be seen at the highest
ultrasound intensity of 200W.

Resources Recycling Vol. 30, No. 5, 2021
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Fig. 8. XRF result of the solar cell after drying — ultrasonic
intensity.

Table 10. XRF Result of the Solar Cell after Drying — Ultra-
sonic intensity (Unit: %)

Analyzed element
Si Al Total
Ultrasound intensity (W

100 99.97 | 0.03
150 99.85 | 0.15 100
200 100 -

The ICP-Full Scan analysis result of the filtered solution
is shown in Table 11. From the analysis result, it was
possible to verify that Al and Ag had been removed by
HCI while this was not the case for Si. The Al content of
the filtered solution was high in the order of 150W=
100W>200W while the Ag content was high in the order
of 200W=100W>150W.

The weight of the solar cells before the experiment was
100W 10.15g, 150W 10.25g, 200W 10.16g, respectively,
and it decreased to 100W 8.97g, 150W 9.14g, 200W
9.00g, respectively, after the experiment. The Si recovery
efficiency that were calculated by using Equation (1) were
100W 98.43%, 150W 99.24%, 200W 98.68% and the
highest recovery efficiency was verified to be 99.24%
for 150W shown in Table 12.
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Table 11. ICP-Full scan of the filtered solution — ultrasonic intensity

Analyzed element and content (mg/L)

100W 150W 200W
Al 1100 Ni 0.8 Al 1100 Ni 0.5 Al 1000 Ni 33
Ag 4.1 In 1.0 Ag <0.1 In 0.6 Ag 7.4 In 1.1
Si 40 Sn 34 Si 35 Sn 32 Si 35 Sn 3.9
Fe 4.8 Mg 0.4 Fe 3.4 Mg 0.1 Fe 11 Mg 1.3
Zn 8.9 Mn 0.1 Zn 8.4 Mn <0.1 Zn 10 Mn 0.2
Pb 30 Co 0.1 Pb 12 Co 0.2 Pb 20 Co 0.5
Bi 27 Cu 0.7 Bi 11 Cu 2.9 Bi 26 Cu 2.8

Table 12. Change in weight before and after the experiment and the recovery efficiency — ultrasound intensity

Sample (W) Before the experiment (g) After the experiment (g) Recovery efficiency (%)
100 10.15 8.97 98.43
150 10.25 9.14 99.24
200 10.16 9.00 98.68

Table 13. Chemical composition of Si obtained by optimal conditions analyzed by ICP-OES

Element Si Al Fe Ca

Mg Na K Ni (6]

Result (%) 99.88 0.050 0.005 0.004

0.002 0.001 0.001 0.003 0.056

ICP-OES analysis was performed to measure the purity
of the recovered Si powder using the optimal process
conditions derived through experiments. The analytical
results are shown in Table 13. The purity of Si was
found to be 99.88%.

5. Conclusions

In this study, HCI solution and the cavitation effect of
an ultrasonic cleaner were used to selectively recover Si
from the post-use solar cells. To recover Si, the optimal
condition was derived for each concentration, reaction
temperature, reaction time, and ultrasonic intensity of
the HCI solution, and after the experiment, solar cells
were dried and crushed to perform XRD and XRF
analysis to calculate the purity and recovery efficiency
of the recovered Si. From the experiment results, the
optimal process conditions for the selective recovery of
Si from solar cells were derived to be 3M HCI, 60°C,
120min, 150W, and the Si purity and the recovery

efficiency were verified to be 99.85% and 99.24%
respectively. When the photovoltaic cell was leached
using the HCI solution, it was confirmed that the Al
content was detected as high as the ICP analysis of the
filtrate solution, but the Ag content was detected in a
very small amount. This is thought to be because Ag is
precipitated with AgCl in the entire pH range when it is
more than 10 ppm. This shows that HCI solution is

suitable for removing Al but not for removing Ag.
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