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Halide perovskites solar cells (HPSCs) will be an
technology for clean energy production.
• Due to low cost and rapidly improving efficiency
• Utilization of lead problematic; lead-free alternatives do not
see the same effectiveness yet
Some or all the components of the HPSCs can be recycled,
reducing environmental impact while preventing lead from
entering the environment.

DMF recycling method was highly selective with dissolving HPSC layers.
• Effective at cleaning substrates without leaving impurities
• Each solution selectively removed layers; DMF had highest lead
concentration
• Some residual solvents were left over on the surface, affecting device
parameters.
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Figure 2. Cross-sectional Secondary Electron Micro graphs Throughout Recycling
Process [2}.

KOH were effective at removing layers simultaneously, but lead recovery
difficult from the resulting solution
Higher molarity KOH cleaned substrates better, while
comparable optical transmittance and electrical uniformity
• Does not consider lead purification from KOH solution

Figure 3. Effectiveness ofKOH solution at cleaning substrates at different molarity
for 5 minutes [3}.

• Literature review of different recycling methods of HPSCs
• Compares each method, and highlights strengths of each
• Considers three different recycling procedures:
• A one-step process using potassium hydroxide (KOH) to
dissolve perovskites, electron transport layer (ETL) and hole
transport layer (HTL), leaving behind cleaned indium tin
oxide (ITO) substrates
• A three-step method using chlorobenzene, ethanol, and
dimethylformamide (DMF) in sequence to selectively remove
HPSC layers and recover substrate
• Cyclical process, using butylamine (BA) to remove lead from
solar cells, then refining lead into MAI precursors for
fabrication of new HPSCs

Butylamine method showed that it is possible to recycle the lead from HPSCs
to create high-quality fresh perovskite solar cells
• Was able to recover up to 98.9% of lead from solar cells.
E

Each of these methods were effective at showing the substrate
could be easily refurbished. There are significant challenges with
reusing the lead. The KOH method shows this, as it dissolves all
other layers of the perovskites. This makes lead recovery
challenging. Using the DMF method, however, was effective at
removing the lead without contaminating other solutions. The BA
method is effective at recovering and utilizing lead to produce
HPSCs, using a multi-step procedure.

Methods of reusing the substrate has been well-defined, as it is the
most cost-effective component to preserve. This can be done
through several amines which forms solutions with the HPSC's
layers . The DMF method also had a high concentration of lead,
which could be purified to yield HPSC precursors. The BA method
shows that lead can be reused without compromising on the solar
cell's properties. Future research will focus on recovery of lead
from these solutions.
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