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Microscopic Chemical-state Analysis of Carbon Fiber Reinforced Plastic by Synchrotron X-radiation
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Abstract

Scanning transmission X-ray microscopy (STXM) is a microscopic analysis technique of chemical
state using synchrotron X-radiation. It is suitable for analysis of 2 dimensional distributions of
chemical state such as valence of atoms, functional groups and molecular orbital orientation. We
performed STXM measurements of carbon fiber reinforced plastic (CFRP) near C K-edge absorption
in order to obtain guidelines to enhance the tensile strength and the elastic modulus of CFRP. The
results of the C K-edge XANES imaging suggested the presence of another phase at the interface
between resin and carbon fiber, which may be a coating layer. In addition, the preferred orientation
of the stuck of graphene sheets to the fiber axis direction was observed by using linear polarized

X-ray beams.
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(a) Schematic illustration of a cross section (CS) and a longitudinal section (LS) of CF, (b) Backscattered electron (BSE)
image of the CFRP thin film, (c) Transmission electron microscope (TEM) image of CS of CF and resin
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(a) X-ray absorption contrast image of Area (1) shown in Fig. 2(b) at E=286.5€V.

Black-dashed squares show regions of averaged XANES spectra of (i) resin, (i) CF (LS), and (iii) the interface used for RGB

deconvolution of Fig. 4(c).

(b) Averaged XANES spectra of resin, CF (LS), and the interface in each region shown in Fig. 3(a).
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Residual curves of each region in Fig. 3(a) after SVD analyses of (A) resin/CF(LS) and (B) resin/CF (LS)/interface are shown
in (a) and (b), respectively. (c) RGB (red: resin, green: CF(LS), blue: third phase) color-deconvoluted image of the interface
between resin and CF (LS). The two-way arrow is the polarization of LHR mode of X-ray beams.
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(a) Averaged XANES spectra of resin (red), CF(CS) (green), and inner ring in CF(CS) (blue) in (ll) of Fig. 2(b). (b) RGB (red:
resin, green: CF(CS), blue: inner ring in CF(CS)) color-deconvoluted image in () of Fig. 2(b). Two-way arrow shows the
polarization of LHR of X-ray beams. (c) Averaged XANES spectra of CS and LS of CF using two types of polarized X-ray.
These spectra are normalized by the intensity at 292eV. (d) Schematic illustration of the distribution of graphene sheets in
CF. Blue and red two-way arrows are the thickness and plane directions of graphene sheets, respectively.
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