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Analysis of Micro-Alloy Elements
as Solute and Nanometer-Sized Precipitation in Hot Rolled Steel Sheet
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Abstract:

The size and amount of fine carbides precipitated in hot rolled steel sheets are one of the important factors for
microstructures which govern material properties. JFE Steel has developed quantitative analytical techniques of those
fine precipitates. An initial stage of precipitation can be observed using a spherical aberration corrected scanning
transmission electron microscopy (Cs-STEM). X-ray absorption fine structure (XAFS) analysis using a synchrotron
light source is applied as a non-destructive quantitative analytical method of precipitation fraction. A new laboratory
scale method of analytical chemistry to quantify solid solution element has been developed. Precipitation from solid
solution was analysed using a combination of the above techniques. Quantitative values of the size and number

density of fine carbides are available using these techniques to control material properties.
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Photo 1 Transmission electron microscope (TEM) images of interphase precipitation of (Ti, Mo) C
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Photo 2 Transmission electron microscope (TEM) images of platelet carbides
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Fig.1 Radial distribution function of Ti and Mo in hot rolled
steel sheet (Fourier power spectra of yk°. Here,  is

an oscillation component of extended X-ray absorption
fine structure (EXAFS) in k space.)
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Table 1 Solid solution fraction of hot rolled steel sheet obtained
from extended X-ray absorption fine structure (EXAFS)
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Fig. 2 Precipitation fraction of Ti and Mo in the hot rolled steel
sheet obtained from solid solution analysis, X-ray absorption
fine structure (XAFS), and extractionan alysis
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Photo 3 Annular dark field scanning transmission electron
microscope (STEM) image of platelet carbides
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Fig.3 X-ray absorption fine structure (XAFS) spectra of Ti-K
and Mo-K edge for hot rolled steel sheet
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Fig.4 Holding time dependence of precipitation fraction of Ti
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Photo 4 Transmission electron micrographs of fine carbides

FHIBAREAERTIC VAR LR 2 i LU 72 ARFFRERD 0 s O2S
HETIITIBEU Mo ¥ b7 =54 FHUZIETE L 72IkRE
Th b, EAMITLER O F I RFFRERIE R XAFS 2 <
7 bVDZEE LTz, B 4\ 3HEERE X AR U GHIAS S (Extended
XAFS, EXAFS) FEB(OIREIMEE % T L T15 & Lz ol
HHRTH S, Ti B &L Mo DHTHIRIERFRERT ¢ ¥ b 121
KT ZeDHLP Yoz, ZNLBFo T Hirlto
BISHER 2 BHE 4 1R T, LREFRER 180 s THT P p3TieRR
T, (RFFRERT 600 s TIIMENT LY Z DIES 2R 572 %
FHE Y PATATICRE L Tz, BE 3 OfR L
YIIEIR %2 EJ5TACIR e L, TEM OFGEED» UEY [ES %
WIEL, Mok E ko Tz, &7z, XAFS fi#h
2 & D155 NI IR D T X THEIHCR ALY O HIC &
2Hb0CHEZ, WHMTTHIORERICIE L, oo
MR EDE, HAEEYT D O HIYEEEE 2R
TeRE R 2 R 2 1R T o HTHYIECE L IR FFRERT 180s T
10% fil/m® + — % — D@ EEZ R L, R 600 s T
WA LTz, 2n&k b, MR PRRFRERT 180 s DANIZHT
AR L, LSO RO BN H 72 2 M P o LS &
2HDTIERL, T CISHTH L 2RIV oM /5 171~ 0 %
RBlcEabneEZ N5, & IEMRBERRE TG AT
OGS A ZDB TR I A XML EBT 208D H

®2 HHRROBEE

Table 2 Estimated number density of fine carbides
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