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1. Introduction

Aromatic polyimide (PI) fibers have great potential applications as reinforcements in the
composite industry due to their low density, good mechanical and thermal properties, and excellent
chemical resistance [, The interfacial properties between fiber and matrix play a crucial role in the
overall performance of fiber-reinforced composites. Good interfacial adhesion facilitates the efficient
load transfer from matrix to fibers, which can reduce internal stress concentration and improve overall
composite mechanical propertiecs. However, the surface of the PI fiber is relatively smooth and
chemically inert, which lead to very poor interfacial adhesion between fiber and matrix (23], Therefore,
it is of great scientific and practical significance to modify the surface of PI fibers. In this work, we
report the oxygen plasma modification of PI fiber.
2. Results and discussion

The surface properties of polyimide fibers were greatly impacted by their surface composition
and roughness. As listed in Tables 1 and 2, the ratio of oxygen to carbon atoms (O/C), and the
concentrations of the oxygen and nitrogen atoms, and —C—O— and —C—N- bonds increased, while the
concentrations of the carbon atom and —C—C- bond decreased after the oxygen plasma treatment. The
introduction of C-O and C-N bonds, and other functional groups can improve the adhesion between
fibers and resins. The surface morphologies of pristine and treated fibers were characterized by
scanning electron microscope (SEM), and the results were compared in Figure 1. The pristine PI
fiber was smooth and ‘clean’. However, spots, protuberances, and concave points were found on the
fiber surface after exposed to oxygen plasma. The dynamic contact angles and surface free energy
were determined to further evaluate the effect of plasma treatment on the surface properties of PI
fibers. As listed in the table 3, after 120 W plasma treatment, the total surface free energy and its polar
components of treated PI fiber increased from 37.28 to 70.63, and from 18.10 to 45.66 mN/m,
respectively. These results indicated that the wettability and interfacial adhesion strength between
fibers and resin matrix were greatly enhanced. The oxygen plasma treatment can incorporate the
oxygen-rich groups onto fiber surface, which gave rise to the dipolar interaction and augmented the
polar component. In addition, due to the effects of bombardment and etching by plasma treatment, the
contact area and surface roughness were enlarged, which was beneficial for the dipolar and dispersion
interaction.

The single-fiber tensile strength and interfacial shear strength were also measured for the pristine
and treated PI fibers. As shown in Figure 2, treated PI fiber maintained 97% of its original tensile
strength, while the interfacial shear strength of treated fiber was around 30% higher than that of
pristine one. The increase of interfacial shear strength can be attributed to dipolar and dispersion
interaction, as well as the increase of surface roughness and the contact area.

3. Conclusions
In summary, oxygen plasma treatment was investigated as a new technique for the surface
modification of PI fibers. The results demonstrated that the adhesion between PI fibers and epoxy
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resins, which was indicated by the increase of the surface free energy and interfacial shear strength,

was greatly improved by oxygen plasma treatment. Furthermore, the treated fiber maintained 97% of

its original tensile strength. Therefore, the treated fibers are more suitable for the preparation of high

performance composites. This study provides new insights on how to modify PI fiber while

maintaining its mechanical properties.
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Table 1. Atomic compositions of untreated and treated PI fibers.

Sample C (%) N (%) 0 (%) 0/C
Untreated 77.84 0.66 21.50 0.28
Treated 69.97 3.66 26.36 0.38

Table 2. Percentages of chemical bonds of treated and untreated PI fibers

Sample CC-(%)  -C-N-(%) -C-0-(%)  -C=0 (%)
Untreated 54.10 27.50 7.86 10.54
Treated 26.91 37.00 25.94 10.16

Table 3. The contact angles and surface free energies of treated and untreated PI fibers.

Samples Contact angle (°) Surface energy ( mN/m)
Water Diiodomethane v e Yiotal

Untreated 66.65 (2.83) 63.02 (1.94) 18.10 19.18 37.28

Treated 14.83 (1.28) 39.32 (2.04) 45.66 24.97 70.63
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Figure 1. SEM images of treated and untreated PI fibers (a: untreated, b: treated).

Figure 2. The comparison of the single-fiber tensile strength
and interfacial shear strength of treated and untreated PI
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