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Analysis of Valence for Chromate Conversion Coatings Using Laboratory XAFS Spectrometer and a Comparison with
X-ray Photoelectron Spectroscopy

Hiroya MiyaUucHI, Takashi YAMAMOTO, Hiroshi KITAGAKI, Tomohiko NAKAMURA, Sadahiro NAKANISHI and Jun KAWAI

Synopsis : We performed a nondestructive and in laboratory evaluation technique of hexavalent chromium (Cr(VI)) in chromate conversion coatings
using a laboratory X-ray absorption fine structure (XAFS) spectrometer equipped with W anode X-ray tube. The recorded XANES spectrum
of a chromate conversion coating sample with fluorescence mode possessed the Cr—K X-ray absorption edge. We have obtained calibration
curves of the ratio of Cr(VI)/Cr(III) by the height of pre-edge peak and the Cr-K X-ray absorption edge energy of the reference samples pre-
pared by Cr,O; (Cr(IlI)) and CrO; (Cr(VI)) particle reagents. The calibration curves showed the high correlation coefficients such as 1.00 for
the height of pre-edge peak and 0.99 for the value of the energy on the Cr—K X-ray absorption edge. The ratio of Cr(VI)/Cr(IIl) in the chro-
mate conversion coating has also been evaluated by the X-ray photoelectron spectroscopy (XPS) and 1,5-diphenyl-carbazide absorption
spectrometry (DPC) methods. The ratio of Cr(VI)/Cr(Ill) evaluated by the laboratory XAFS spectrometer was almost identical to that by
XPS method.

Key words : laboratory XAFS; XANES; chromate conversion coating; hexavalent chromium.
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Table 1. Energy range and steps of the recorded XAFS
spectra.

Energy Range (eV) Scan step (eV)

5848 - 5958 10
5958 - 5978 2
5978 - 6018 0.5
6018 — 6028 2
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Fig. 1. Cr-K edge XANES spectra of reference samples
and a chromate conversion coating sample. (a)-(e)
Reference samples with various Cr(VI)/Cr(IIl) ra-
tios. Cr(VI)/Cr(IID); (a) 0/100, (b) 25/75, (c) 50/50,
(d) 72/25 and (e) 100/0. (f) Chromate conversion
coating sample.
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Fig. 2. The height of pre-edge peaks on the XANES spec-
tra of reference samples.
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Fig. 3. Energy shift of the Cr—K X-ray absorption edge of
reference samples.
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Fig. 4. The fitting analysis of Cr—K edge XANES spec-
trum of a chromate conversion coating sample. 1,
XANES spectrum of a chromate conversion coat-
ing sample. 2, calculated fitting curve. 3, Cr,0,
curve. 4, CrO; curve.
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Fig. 5. The fitting analysis of Cr 2p;, XPS spectrum of a
chromate conversion coating sample. 1, Cr 2p,,
spectrum of a chromate conversion coating sample.
2, calculated fitting curve. 3, Cr,0; curve. 4, CrO,
curve.
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Table 2. The estimated Cr(VI)/Cr(Ill) ratios of chromate
conversion coating sample by XANES, XPS and
DPC? absorption spectrometry.

Method of calculation Measured Cr(VI)/Cr(III)

ratios
XANES

Peak fitting 0.36 / 0.64
Height of pre-edge peak 0.31/0.69
Cr-K edge energy 0.30/ 0.70
XPS spectrum 0.28 /0.72

DPC* absorption
0.11/ 0.89

spectrometry

*1,5-diphenyl-carbazide
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