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Research progress on interface modification techniques and
reinforcement mechanisms for metal-fiber reinforced
resin matrix composites
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(1 Center for Composite Materials and Structure , Harbin Institute of Technology , Harbin 150001, China;
2 School of Materials Science and Engineering , Harbin Institute of Technology , Harbin 150001, China)

Abstract : Metal-fiber reinforced resin matrix composites formed by combining metals with fiber reinforced
polymers (FRP) represent a new generation of lightweight, multifunctional materials demonstrating
significant application potential in aerospace, new energy vehicles, and high-end equipment manufacturing.
The interfacial bonding state of this composite is the core factor determining its superior mechanical
properties. However, issues such as insufficient wettability between metal and resin matrix, weak chemical
bonding interactions, high thermal residual stresses due to differing thermal expansion coefficients, and
interfacial debonding failure under thermo-mechanical coupled loads severely limit stress transfer efficiency
between cross-scale heterogeneous materials and compromise long-term structural reliability. Interface
modification techniques, such as metal surface treatment and functional layer introduction, can significantly
enhance the interface bonding strength, stress transfer efficiency, and durability between metals and FRP
composites, thereby optimizing the overall performance of composite structures. This paper systematically
reviews key technologies and research progress in metal-FRP interface modification and outlines future
development trends.
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roughness
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Fig.1 Failure mechanisms of metal-FRP structures'

(a) matrix fracture and fiber breakage; (b) interface delamination and fiber debonding
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Fig.2 Interface bonding mechanism
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Table 1 Common interface bonding theories

Interface bonding

Proposer/Year  Applicable scope Limitations
theory
Mechanical McBain &. Interfaces with significant surface roughness, grooves, Difficult to account for strong adhesion on smooth
interlocking Hopkins/20th  or porous structures. interfaces; chemical and physical interactions are
theory century'#! neglected
Wetting- Sharpe &. Heterogeneous interfaces such as polymer-metal and Unable to explain cases where the interfacial strength
adsorption theory  Schonhorn/ polymer-ceramic interfaces exceeds that of the adhesive bulk; rate-dependent
1965'%] effects are not considered
Chemical Lewis/1916!%"  Interfaces containing functional groups capable of Chemical bonding requires intimate interfacial contact,
bonding theory chemical reactions with active groups on the substrate which is not always achievable
surface, such as hydroxyl, carboxyl, and amino groups
Electrostatic Derjaguin/ Metal/non-metal interfaces with significant differences Actual surface charge densities are generally low;
adsorption theory 19672 in electron affinity electrostatic interactions contribute only marginally to
the overall adhesion strength
Diffusion theory  Voyutskii/ Polymer/polymer interfaces require a certain degree of Not applicable to metal or ceramic interfaces; diffusion
1963271 molecular compatibility and chain mobility rates are strongly limited by temperature and viscosity
Weak boundary Bikerman/ Interfaces affected by contamination, oxide layers, or Emphasizes interfacial failure mechanisms rather than
layer theory 19612 moisture-induced degradation adhesion formation; cannot independently explain the

development of strong interfacial bonding
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Fig.4 Surface microstructure morphology of laser ablation

(a)dimple, groove, and grid patterns'®’; (b) —45" inclined groove arrangement'®"’; (¢)hexagonal grooves'®; (d)shark skin and fish scale textures'
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Fig.6  Schematic of typical mechanisms introduced by the functional interface layer

(a)SCA bridging; (b)network enhancement by nano-functional layers; (¢)Schiff base metal complex coordination bridging
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Fig.7 Performance improvement effect of interface modification methods for different metal materials
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