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Non-Destructive Chemical State Analysis of Micro-Alloy Elements in Steel
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Abstract:

X-ray absorption fine structure (XAFS) technique with X-ray fluorescence yield mode has been applied to micro-

alloy elements in steel in order to investigate their chemical states non-destructively. Ti-K and Mo-K edge XAFS

spectra of Ti-Mo added high-strength steel clearly show the transition of the chemical states of Ti and Mo from the

solution in a-Fe matrix to carbides with heat treatments. XAFS analysis for estimating fraction of precipitation of

micro-alloy elements is proposed. This technique is applicable even if the size of the precipitates is in the order of

nanometer that makes the estimation of the fraction by existing analysis techniques difficult.
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Fig.1 Mo-K edge XAFS spectra for Ti-Mo bearing steel
(900°C-quenched (a), coiled at 530°C(b), 575°C(c),
675°C(d), and carbides electrically extracted from the
steel(e). The spectrum for the steel gradually changes
with increasing the coiling temperature (b)-(d).)
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Fig.2 Fourier Transformation (FT) of Mo-K EXAFS for
Ti-Mo bearing steel (900°C-quenched(a), coiled
at 530°C(b), 575°C(c), 675°C(d), and carbides
electrically extracted from the steel (e). FT of (a)—(d)
show typical patterns of bcce structure, which shows
Mo is in solution in bee-Fe matrix. The positions of
the 1st-5th nearest neighbor Fe atoms are marked by
numbers.)
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Table 1 Fraction of precipitated Mo estimated by EXAFS
analysis for Ti-Mo bearing steel coiled at 530°C,
575°C, and 675°C (The results by typical electrically
extraction method (Res.) and the difference from the
XAFS (A) are also presented.)

Fraction of segregation (%)
T(°C)
EXAFS Res. A (%)
530 4 — —
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675 49 41 15
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Fig.3 Changes of fraction of precipitation estimated by

EXAFS analysis as a function of annealing time at
625°C for Ti and Mo in Ti-Mo bearing steel.
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