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Abstract

The LAMI-BOND project combines fundamental interfacial science and experimental
validation to enhance the mechanical strength of multi-layer metal-metal and metal-
composite adhesive joints by controlling surface adsorption properties. The approach
integrates laser-induced micro- and nano-structuring with targeted functionalisation
using selected 2D nanomaterials to create hierarchical, chemically active bonding
interfaces. Nanosecond laser processing will be performed by the coordinating SME, while
access to femtosecond laser capabilities is ensured through a service agreement with
NoviNano LTD, enabling precise control of surface morphology. Stainless steel, titanium,
and aluminium substrates will be structured to increase contact areaq, tailor surface
energy, and promote mechanical interlocking and physicochemical adhesion
mechanisms. Additional surface modification using 2D nanomaterials will be investigated
to influence adsorption behaviour, wettability, and compatibility with structural epoxy
systems. Comparative laboratory-scale bonding tests will be performed on flat
specimens with bonded areas of 1-4 cm? under identical curing conditions. Each material
system will be evaluated in untreated, laser-textured, and hybrid-modified states.
Mechanical validation will include shear and pull-off tensile testing, with a minimum
target improvement of 215% compared to baseline interfaces. The project integrates
advanced interfacial analysis performed by the National Technical University «Kharkiv
Polytechnic Institute», including functional roughness modelling, surface energy
decomposition, oxide assessment, and correlation between surface parameters and
adhesion performance. The expected outcome is laboratory validation at TRL 4-5 of a
scalable, chemical-efficient surface engineering strategy contributing to European
technological autonomy in defence-relevant manufacturing.
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Company description

TEHNOPOLIS MASHINOBUDUVANNYA LTD is a Ukrainian SME specialising in precision laser
surface engineering of metallic and advanced materials. The company operates
femtosecond and nanosecond laser systems for micro- and nano-structuring of stainless
steel, titanium, and aluminium.

Core competencies include hierarchical morphology control, wettability engineering,
tribological optimisation, and surface functionalisation. The company conducts
laboratory-scale validation and materials testing in-house. The proposed project builds
on internal R&D results demonstrating controlled laser-induced surface structuring and
measurable changes in surface energy and wear resistance. The company owns and
operates the necessary laser infrastructure and laboratory facilities for processing and
specimen preparation.

The SME focuses on dual-use advanced manufacturing technologies relevant to defence
and industrial applications.
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