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Adhesive strength evaluation by tensile shear test

 Silane coupling agents

Effect of silane coupling agents on 

the bonding strength of urethane adhesives to aluminum
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Evaluation of cohesive energy by first-principles calculations

Amino 

group

Mercapto 

group
Epoxy 

group
Isocyanate 

group

Ureido 

group

Stress–strain curve

Compared based on 

the maximum shear stress

OH NCO

NCOOH,NCO

HighLow

OH

Fracture surface(MPS)

5 mm

Molecular model of polyurethane resin

Correlation between chemical bonding and adhesion strength

Oxide film

Aluminum surface
NaOH

HNO3

Surface treatment by acid pickling

Si OHOH

O

X

Application of a silane coupling agent

Single lap test specimen(A1050)

Unit : mm 

Bonding(Polyurethane resin)

Test specimen

ΔE： cohesive energy

Ei： Each separation model

E0： Bonding model

Formula for calculating 

the cohesive energy
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Simulation software: CASTEP

・First-principles method：DFT

・Exchange-correlation energy ：GGA

・Energy Cutoff：630eV

・K-point：1× 1× 1

Geometry optimization of the SCA

The fracture was dominated by interfacial debonding, with no 

evidence of cohesive failure.
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Evaluation of ΔE for each SCA
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→NCO A model exhibiting cohesive failure could 

not be identified. However,  This result is 

consistent with the experimental trend.
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E0： Bonding model

Ei： Each separation model

Epoxy[1],[2] Urethane

APS 〇 ？
MPS 〇 ？
GPS ◎ ？

IPTES ？ ◎?

UPTMS ？ ？

Urethane resins are not 

yet fully understood.

Multimaterial design aimed at weight reduction and performance enhancement has become increasingly prevalent across a wide range of fields, from automotive to 

medical devices. In particular, the adhesion between metals and plastics requires the formation of strong chemical bonds between inorganic and organic materials, for 

which silane coupling agents (SCAs) are commonly employed. To appropriately select SCAs for a given material combination, it is essential to elucidate, at the atomic 

scale, the interfacial bonding states as well as the molecular deformation and mechanical responses under load, in order to understand their influence on macroscopic 

adhesion strength. In this study, the effect was evaluated through tensile shear tests and first-principles calculations.
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