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Abstract
High-strength polymer composites are widely used in the aerospace, automotive, and

marine industries due to their high strength and low weight. However, exposure to aggressive
environments such as salt fog, acidic solutions, and high humidity can lead to corrosion of the
matrix and fiber-matrix interface. This study analyzes the effect of fiber surface treatment on the
corrosion resistance of composites. Tests were conducted using silane and phosphate treatments,
as well as corrosion resistance assessment using immersion testing and potentiodynamic
polarization. The results demonstrate that fiber surface treatment significantly reduces corrosion
damage and improves matrix adhesion, thereby extending the service life of the composites.
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1. Introduction
Polymer matrix composites (PMCs) are the basis for high-strength structural materials. The main
durability issues are related to the penetration of moisture and aggressive ions into the fiber-
matrix interface, leading to the formation of microcracks and subsequent failure.
The main factors of corrosion destruction of composites:
 Poor adhesion between fiber and matrix.
 Penetration of moisture and ions to the interface.
 Mechanical stresses that aggravate destruction.
Treating the fiber surface with chemicals (silanes, phosphates) improves adhesion, creates a
hydrophobic barrier, and reduces the rate of corrosion.
2. Materials and methods
2.1 Composites used
 Polymer matrix: high strength epoxy resin.
 Reinforcing fibers: glass and carbon.
 Surface treatment of fibers:
 Silane treatment (1-3% concentration)
 Phosphate treatment (2–4% concentration)

2.2 Methods for assessing corrosion resistance
 Immersion test in 3.5% NaCl (saline solution), exposure time 168 hours.
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 Potentiodynamic polarization for corrosion rate determination.
 Humidity tests to assess water absorption.
2.3 Fiber processing methods
1. Cleaning fibers in an ultrasonic bath.
2. Treatment with a chemical solution of silane or phosphate at 60°C for 2 hours.
3. Drying at 80°C, 24 hours.
3. Results and discussion
3.1 Effect of treatment on adhesion
Surface treatment of the fibers significantly improved interfacial adhesion between the matrix
and the fiber. Silane treatment showed a 25–30% increase in shear strength compared to
untreated fibers.

Figure 1. Improved adhesion after fiber treatment
Values measured by shear test method, % increase in strength relative to the control sample.
3.2 Corrosion resistance
Immersion tests showed:

Table 1. Composite weight loss after 168 hours in 3.5% NaCl
Fiber processing Weight loss (%) Note
Without processing 4.5 Control sample

Silane 2.8 Significant improvement
Phosphate 3.1 Average improvement

Figure 2. Corrosion rate depending on fiber treatment
Reduction of corrosion rate after chemical treatment of fibers.
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3.3 Effect on water absorption
Adding a hydrophobic layer to the fibers reduces water penetration into the matrix:

Figure 3. Effect of fiber treatment on water absorption of the composite
4. Conclusion
The study examined the effects of various fiber surface treatments on the adhesion, corrosion
resistance, and water absorption of polymer composites. The key results and conclusions can be
summarized as follows:
1. Adhesion of fibers to the matrix:
Silane treatment of the fibers showed the greatest improvement in adhesion, increasing shear
strength by 30% compared to untreated samples.
Phosphate treatment also has a positive effect on adhesion, providing a 22% increase in shear
strength.
Improved adhesion helps to increase the mechanical strength of the composite and reduce the
likelihood of microcracks at the fiber-matrix interface.
2. Corrosion resistance:
Silane treatment of fibers significantly reduces the corrosion rate of composites (up to 0.12
mg/cm²/day), compared to untreated samples (0.19 mg/cm²/day).
Phosphate treatment shows moderate corrosion reduction (0.13 mg/cm²/day).
This confirms the effectiveness of chemical modification of the fiber surface to increase the
durability of polymer composites in aggressive environments.
3. Water absorption:
The lowest water absorption was observed in composites with silane treatment (1.1%), which
indicates improved hydrophobicity and close interaction of the matrix with fibers.
Phosphate treatment provides intermediate water absorption values (1.3%), while untreated
samples exhibit the highest water absorption (1.8%).
4. General conclusions:
Chemical treatment of the fiber surface is an effective method for improving the performance
characteristics of polymer composites.
Silane treatment of fibers showed the highest efficiency in all key indicators (adhesion, corrosion
resistance, water absorption).
The use of such fiber processing methods allows us to create durable and reliable composite
materials for use in aggressive and humid environments.
Thus, the study results confirm that proper fiber surface modification is a key factor in
improving the durability and performance properties of polymer composites. The findings can be
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used in the development of new structural materials for the aviation, marine, and automotive
industries.
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