Delamination Behaviour of Composite Materials
Repaired with Structural Adhesives
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Introduction

Delamination is one of the main failure mechanisms in laminated composite materials, significantly reducing their reliability
and service life.
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+ The relationship between matrix properties and fracture toughness plays a key role in predicting delamination behaviour. Property Adhesives Adhesives
+ Structural adhesives are widely used for repair, with epoxy and acrylic adhesives being Impact resistance Low Good
the most common in aerospace and industrial applications. Service temperature -551t0120°C —70t0120°C
Curing process Heat or two Room temperature
+ Recycling and reusing composite materials is challenging due to their heterogeneous nature, making repair strategies . . component mix (fast)
increasingly relevant. Handling/Recycling Difficult Easier
This study investigates the repair applicability of carbon fibre—reinforced epoxy composites using three commercial
+ structural adhesives: Loctite® EA 9461 (epoxy), Araldite® 2015 (epoxy), and Scotch-Weld™ DP8810NS (acrylic).
Methodology
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Results
Base laminates show much lower delamination onset loads than adhesive joints. I _
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- Loctite (epoxy) close to acrylic; Araldite (epoxy) shows the lowest performance. =B M9 s go R A —- e e mes P WA 1
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Overall: Substrate type (8552 vs. 3501-6) and adhesive selection strongly influence fracture toughness.
Araldite Loctite

Fracture Surface

- Significantly Fracture surfaces mainly show cohesive failure. AS4/3501-6

- 3M acrylic adhesive (AS4/8552 substrate): dominant adhesive failure, though resistance is not reduced
- Epoxy adhesives (Loctite, Araldite): mostly cohesive failure, with fiber bridging observed
- Fiber bridging artificially increases the measured fracture energy in epoxy joints. AS4/8552
- Substrate type (8552 vs. 3501-6) shows minor influence on fracture surface characteristics.

Conclusions

The base laminates show lower delamination onset loads compared to all tested structural adhesives. Load—displacement slopes are mainly influenced by the
8552 matrix, with similar behaviour to epoxy-based adhesives.
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The 8552 matrix exhibits significantly higher fracture toughness than the 3501-6 matrix (up to three times greater), regardless of the calculation method applied.

The acrylic adhesive provides higher fracture toughness values than epoxy-based adhesives. Among the epoxy adhesives, Araldite shows the lowest performance.
The AS4/3501-6 laminate presents lower delamination resistance, independent of the adhesive used for repair.

Fracture surface analysis reveals minor differences related to the substrate type; however, epoxy adhesives show more deformation and fiber breakage, leading to
fiber bridging that artificially increases the measured fracture energy.
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