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Measurements of Volume Fraction and Carbon Concentration of the Retained Austenite by Neutron Diffraction

Shi-Chang CHEN, Yo TOMOTA, Yoshinori SHIOTA, Yuji TOOMINE and Takashi KAMIYAMA

Synopsis : The time-of-flight method of neutron diffraction was employed to measure the volume fraction and carbon concentration of the retained

austenite in four TRIP-DP steels. The results obtained before and after tensile deformation are compared with those measured by the conven-

tional X-ray diffraction method. It is found that the neutron diffraction method is superior to X-ray in order to evaluate the bulky average of

volume fraction because the stress-induced martensitic transformation occurs easily at the surface compared with the interior of a specimen.
The stress-induced transformation is influenced not only by carbon concentration but also by microstructural topology.

Key words : TRIP-DP steel; neutron diffraction; X-ray diffraction; retained austenite; volume fraction; stress~-induced transformation.
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Table 1. Chemical compositions of steels used (wt%).

Steel C Si Mn P S
A 0.10 1.20 1.30 0.01 <0.01
B 0.19 196 2.01 <0.001 <0.001

Table 2. Measuring condition for X-ray diffraction.

X —ray generator : 3kW

Target Cr 2=0.228964 nm
Accelerate voltage : 40kV
Accelerate electric current:  30mA
Sampling width 0.0100deg
Scanning speed 5.00 deg/min
Divergence slit 0.5 deg
Scattering  slit 0.5 deg
Receiving slit 0.3mm
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Fig. 1. Microstructures of specimens observed with SEM
and TEM: (a) steel A, SEM, (b) Bl, SEM, (c) B2,
SEM, (d) B3, SEM, (e) B1, TEM and (f) B3, TEM.

Table 3. Tensile properties of steels used.

Steel YS(MPa) TS(MPa) U-EL (%) T-EL(%)
A 448 640 20.6 34.6
Bl 477 1037 10.1 146
B2 480 1054 1.7 16.2
B3 643 1088 18.4 269

YS: 0.2% proof stress; TS: Tensile strength
U-ElL; Uniform elongation; T-El.: Total elongation
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Fig. 2. X-ray diffraction profiles before tensile test.
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Fig. 3. Neutron diffraction profiles: (a) before tensile test
and (b) after tensile test.
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Fig. 4. Examples of Rietveld refinement for neutron TOF
profiles obtained from steel B1: (a) before tensile
test and (b) after tensile test.
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Fig. 5. Volume fraction of the retained austenite in speci-
mens before tensile deformation measured by X-
ray and neutron diffraction.
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Fig. 6. Volume fraction of the retained austenite in speci-
mens after tensile deformation measured by X-ray
and neutron diffraction, in which the X-ray results
obtained after polishing the surface in steel B were
also presented.
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Fig. 7. Carbon concentration in the retained austenite be-
fore tensile deformation determined by neutron and
X-ray diffraction.
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Fig. 8. Carbon concentration in the retained austenite after
tensile deformation determined by neutron and X-
ray diffraction.
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