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Project REFORM

Printed electronics for the circular economy

“Address the environmental and sustainability challenges around 

conventional surface mounted and embedded functional electronics.”

pRinted Electronics FOR the circular econoMy
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Sustainable debondable adhesives

Conductive inks

Flexible substrates

Integration into functional electronics systems

Material recovery and life cycle assessments
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Biobased resins for microelectronic adhesives

• Exceptional adhesive strength could be realised with 

biobased epoxy resins

• Good retention of strength under heating:

• 60% compared to 65%

• Good retention of strength after environmental 

conditioning (85% rH / 85 ºC, 72 hours):

• 45% compared to 85%

• Challenges:

• Resin purity – ionic content

• Resin VOC - outgassing during adhesive cure

• Reactive group equivalence

• Biobased content

• Striving for 100%?

• LCA – are they more sustainable?
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Debondable microelectronic adhesives

• High performance microelectronic adhesives are crosslinked thermosets:

• Irreversible chemistries = nothing like solder

• Removal requires solvents, pyrolysis, grinding, shredding etc.

• For REOFRM, CPI designed microelectronic adhesives to debond-on-demand 

using several strategies:

• Expanding particles

• Thermally softening resins

• Chemically cleavable bonds

• There were challenges finding compatibility between:

• Adhesive curing (exothermic) and debonding stimuli

• Desired performance and debonding mechanism and/or stimuli

• Mechanical properties

• Temperature resistance

• Dispense performance (rheology)

8

Green Chem., 2022, 24, 36-61

Heat

1 hour @ 60 ºC



Sustainable adhesives

• Commercially, conductivity is provided by metal powders e.g. silver/nickel

• Up to 80% by weight of the adhesive (for ICA)

• Alternatives?

• Carbons are possible in some applications, but they will require 

circuit design considerations.

• Coated particles allowed CPI to reduce silver content by 70% whilst 

maintaining electrical conductivity.

• Bonding to sustainable substrates e.g. paper also carries challenges:

• Not an easy substrate – resin bleed

• Thankfully, not everything is an adhesive problem!

• Die shear strength was low ..

• Paper tears!

• Do we really need an amazing adhesive for this?
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