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Characterization of waste crystalline—silicon PV panel for recovery
of valuable metals

Sowon Choi”, Suhyeon Jin Sadia IIyas Humma Cheema® and Hyunjung Kim®*

To achieve carbon neutrality, renewable energy capacity is clearly increasing worldwide as clean and sustainable sources.
Among them, the electricity generation from photovoltaic(PV) solar energy in 2020 reached about 25 times as much as in
2010, and the installation of PV panels is expected to increase steadily. On the other hand, management of waste PV panels has
emerged as a problem. In recent years, interest in recycling waste panels from the perspective of environmental and resource
circulation is increasing instead of disposal such as incineration and landfill. There are a large amount of valuable metals such
as silver, copper, aluminum, and silicon in solar panels, and a number of hydrometallurgical studies have recently been
reported to recover them. In this study, characteristic of waste crystalline-silicon(c-Si) PV panels, which account for more than
90% of PV panel production over the past 10 years, were investigated for the recovery of valuable metals. Components,
morphology, crystal structure, and metal contents of waste c-Si panels were analyzed through SEM-EDS, XRD, and ICP. In
addition, pretreatment method of the waste c-Si PV panel was optimized for leaching process, and lixiviant screening was
conducted.
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Characterization of waste crystalline-silicon PV panel
for recovery of valuable metals
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Introduction Results and Discussion

To achieve carbon neutrality, renewable energy capacity is clearly increasing

worldwide as clean and sustainable sources. Among them, the electricity

generation from photovoltaic(PV) solar energy in 2020 reached about 25 ack shest! n

times as much as in 2010, and the installation of PV panels is expected to - | Grinding |

increase steadily. Nevertheless, management of waste PV panels has (¥ Drovers) o Sieving

emerged as a problem. In recent years, interest in recycling waste panels E .

from the perspective of environmental and resource circulation is increasing ) Cellwithout polymer st
instead of disposal such as incineration and landfill. There are a large amount ] ~—_——

of valuable metals such as silver, copper, aluminum, and silicon in solar
panels, and a number of hydrometallurgical studies have recently been
reported to recover them. In this study, characteristic of waste crystalline- i
silicon(c-Si) PV panels, which account for more than 90% of PV panel Busbar(Cu ribfon)
production over the past 10 years, were investigated for the recovery of Fig. 3. Preparation procedure of waste c-Si PV cell powder
valuable metals. Components, morphology, crystal structure, and metal

contents of waste c-Si panels were analyzed through SEM-EDS, XRD, and

ICP. In addition, pretreatment method of the waste c-Si PV panel was

optimized for leaching process, and lixiviant screening was conducted.

Solvent treatment Heat treatment

Materials and Methods

= Materials
[Waste PV module]

- Model: SN 60-Cell (S-Energy)
- Type of cell: Poly-crystalline Silicon (6 inches)
- Type of module: 60 cells (6X10 Matrix)

<« Fig. 1. Photographs of waste PV module with Fig. 4. FE-SEM and EDS mapplng |mage of PV module and cell: (a)(d) cross section

aluminum- frame and_ temperedglass removed and of PV module without front EVA, (b)(e) the front and (c)(f) rear of the cell
Waste PV module cell used in the experiment

(60 cells) Table 1. Metal composition of waste c-Si PV cell

[Structure of c-Si PV module] Elements

- EVA is attached to the top o Back sheet Composition (wt%)
and bottom of the cell to (Ethytviny acetate) (PVFIFVDR)
protect it, and there is a back SSiEoREz )

sheet on the rear side. = - ¥ Ag (PDF# 87-0719)

Cu and Ag exist on the front =1 I (C“) : i 007
Finger (A :

of a cell as busbar and finger, = inger (Ag)

which are front contact, and =" . ! .

Rear contact (AI) L

fte
Al is printed on the rear Fig. 2. The structure of c-Si PV module and c-Si solar cell Anerdosgg
] . °
. h'

contact.
20 30 40 50 6 70 y O, WSO,  HSO,w L0,
2 theta (degrees)

g
g

®
-

2
2

Intensity (a.u.)

Leaching efficiency (%)

= Pretreatment = Characterization

( PV cell with polymer ) - Morphology and elemental analysis: FE-SEM/EDS
7 (FEI, Verios G4 UC)

- Metal concentration: ICP-OES (Thermo Fisher, Fig. 5. XRF) patterns of waste ¢-Si PV Fig. 6. Leaching concentration of digestion
| Immersing in acetone | iCAP 7400 duo) cell powder; (black) raw cell powder and depending on lixiviant

d) after digesti ing HNO
1 Crystal structure: XRD (Bruker, D8 ADVANCE) (red) after digestion using HNO,

| Peeling off the back sheet | . ) .
T = Digestion test Conclusions

| Heating at 600 °C in air | - _Lrllﬁ;\gathS M NG5, 1505, HSO, with 1,0, » The cell powder was prepared by grinding after removing the polymer through
v - Temperature: 90 °C the solvent treatment and thermal treatment.
| Grinding and Sieving | - Solid-Liquid ratio: 50 g/L The silver line on the cell surface and aluminum on the back were observed
by FE-SEM and EDS analysis.
Crystalline silicon, silver, and aluminum metals were confirmed through XRD
Acknowledgement and only silicon remained after digestion.

The PV cell powder contained 1.31% silver and 7.32% aluminum, and copper,
This work was supported by Korea Environment Industry & Technology lead, iron and tin were also confirmed.
Institute(KEITI) through R&D project of recycling development for future The dissolution of silver rarely occured in sulfuric acid, and it was partially
waste resources, funded by Korea Ministry of Environment(MOE) dissolved when H,0O,, an oxidizing agent, was added, but less than that of
(2022003500002) nitric acid.
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