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ABSTRACT

The increasing demand for electronic devices such as smartphones, tablets, and laptops has significantly intensified the generation
of electronic waste. This waste stream includes not only valuable materials like precious metals and engineered plastics, but
also hazardous substances that pose serious risks to the environment and human health. To address this growing issue, recycling
and reuse of electronic components have gained importance as essential strategies for promoting resource efficiency and
sustainability. However, one of the main challenges in device disassembly is the widespread use of strong adhesives that bond
internal components tightly, especially within multilayered structures. These adhesives hinder clean separation and reduce the
recovery rate of reusable materials. In recent years, debondable adhesive technologies that respond to external stimuli such as
heat, light, electricity, and other physical or chemical triggers have attracted significant interest. These systems allow for selective
and damage-free detachment of components, improving both environmental and economic outcomes. This review introduces re-
cent advances in stimulus-responsive debondable adhesives, including photo, thermal, electrical, magnetic, solvent-based, ultra-
sonic, and bioinspired systems. These approaches offer promising pathways toward cleaner and more efficient disassembly, which
is essential for building a circular and sustainable electronics industry.

Key Words: Electronic device recycling, Debondable adhesives, External stimuli, On-demand release, Sustainable electronics
recycling
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Fig. 1. Photo-debondable adhesive mechanism includes: (a) Reduction of adhesion strength via polymer chain scission
induced by photo-curing. (b) Phase transition triggered by molecular structural changes through photo-induced
isomerization. Reprinted with permission [16]. Copyright 2021, American Chemical Society. (¢) Debonding
through increased crosslinking density by incorporating UV-responsive functional groups. Reprinted with permis-
sion [17]. Copyright 2024, Wiley-VCH GmbH. (d) Adhesive formulation using diacrylate oligomers and multi-
functional crosslinkers to enable light-triggered crosslinking. Reprinted with permission [22]. Copyright 2003,
Wiley Periodicals, Inc. (e) Introduction of additional crosslinking sites by post-modification of -COOH groups
with acrylates. (f) Reduction of adhesion via reversible anthracene dimerization, which increases cohesion upon
UV exposure. Reprinted with permission [25]. Copyright 2021, American Chemical Society.
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Fig. 2. Thermally debondable adhesives. (a) Cleavable azo groups are introduced to enable thermal decomposition upon
heating. Reprinted with permission [29]. Copyright 2016, American Chemical Society. (b) Thermally activated
organic additives induce gas formation through evaporation or decomposition, generating interfacial bubbles that
reduce adhesion. Reprinted with permission [31]. Copyright 2018, Wiley Periodicals, Inc. (c) UCST-type hyd-
rogels exhibit temperature-responsive debonding behavior upon heating beyond the critical temperature. Reprinted
with permission [34]. Copyright 2024, Wiley-VCH GmbH under a CC BY 4.0 license. (d) LCST-type systems
undergo phase separation at elevated temperatures, weakening interfacial adhesion and promoting detachment.
Reprinted with permission [35]. Copyright 2024, American Chemical Society.
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Fig. 3. Electrically and magnetically debondable adhesives. (a) Schematic diagram of electrochemical reactions at the
anode and cathode under electrical stimulation. Reprinted with permission [39]. Copyright 2021, Wiley-VCH
GmbH, Licensed under CC BY 4.0. (b) Debonding based on internal structural collapse involving ionic mono-
mers. Reprinted with permission [43]. Copyright 2025, Wiley-VCH GmbH. (c) Solvent-induced debonding based
on the selective solubility of adhesives in specific solvents [46]. Copyright 2022, American Association for the
Advancement of Science, Licensed under CC BY 4.0. (d) Ultrasound irradiation enables a potential debonding
mechanism by selectively cleaving bonds through mechanically triggered cycloreversion. Copyright 2011,

American Chemical Society [50].
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PCB: Printed circuit board
OLED: Organic light-emitting diode
LED: Light-emitting diode
PEG: Polyethylene glycol

AA: Acrylic acid

GMA: Glycidyl methacrylate

MCH: Methylcyclohexane

UCST: Upper critical solution temperature
LCST: Lower critical solution temperature
PBnA: Poly(benzyl acrylate)

PNIPAm: Poly(N-isopropylacrylamide)
PVCL: Poly(N-vinyl caprolactam)

DC: Direct current

PET: Polyethylene terephthalate

TFT: Thin film transistor
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