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Abstract:
Carbon-epoxy materials are finding increased structural uses in areas such as aerospace, aeronautical,
and sporting goods applications because they can be produced with desirable strength-to-weight
properties. Historically, the limiting factor to the strength of those composites has been the integrity of
the fiber-resin interface bond. Recently, surface analysis methods have been introduced to study this
fiber/matrix interface.

In this study, SIMS, XPS, and AFM were used to characterize both untreated and electrochemically
treated PAN-based carbon fibers. Hexcel Corp. provided the fibers studied and included poor quality
fibers from lots with mechanical properties that failed to meet the product specification as well as fibers
from good quality lots. It was hypothesized that the poor mechanical performance observed in some of
the fiber lots was the result of either chemical or topographic abnormalities in the fibers. It was
proposed that these abnormalities could be detected by the surface sensitive techniques mentioned.

Multivariate statistical techniques were used to explore relationships between the SIMS spectra and the
mechanical test results. Principal components analysis (PCA) and discriminant analysis with cross
validation were used to analyze the SIMS spectra of both treated and untreated fibers. Statistically
significant differences in the surface chemistry of “good” and “poor” quality fibers were identified in
both treated and untreated fibers. The PCA and discriminant loadings assisted in identifying the
chemistry of changes in both inorganic and organic functionalities on the poor quality fibers. These
changes include an increase of oxygen on poor property untreated fiber spectra, an increase of
unsaturated hydrocarbon fragments on good property untreated fiber spectra, and differences in the
amount of aluminum, PDMS, magnesium, calcium, and potassium. Treated fibers primarily differed in
magnesium and calcium concentrations, as well. The resulting analysis also includes that there was an
increase in nitrogen containing fragments on the spectra of poor property fibers.

Preliminary Atomic Force Microscopy analysis found differences in topography correlating to the
mechanical properties; however, more work would be needed to determine whether variations are
statistically significant. 
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