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The Distribution of the Three-dimensional Grain Diameter during the
Grain Growth Process of SUS 310 Stainless Steel

Kiyotaka MATSUURA, Hirotaka SATO, Youichi ITOH and Toshio NARITA

Synopsis :

A new method has been proposed for the estimation of the distribution of the three-dimensional grain di-
ameter in a polycrystalline material from the measured distribution of the two-dimensional grain diameter
on the cross section of the material. This method has been applied to the estimation of the
three-dimensional grain diameter distribution of SUS310S stainless steel during the grain growth. The
three-dimensional and the two-dimensional distributions have been compared.

The three-dimensional grain diameter distribution had the larger average value and the smaller variation
coefficient, compared with the two-dimensional grain diameter distribution. The activation energy for the
grain growth was larger for the analysis of the three-dimensional average grain diameters than for the
two-dimensional analysis, and the value was close to those for the grain boundary diffusion of Fe, Cr and

Ni.

Key words : grain size distribution; three-dimensions; grain growth; grain size.
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Fig. 1. Twelve types of polyhedra for the grain
shape model.
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Fig. 2. The distribution of the relative diameter,
which indicates the ratio of the circle-equivalent
diameter of the cross section to the sphere-equiva-
lent diameter of a polyhedron.
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Fig. 3. The flow chart for the estimation of the
three-dimensional grain diameter distribution (D,
f;) from the measured two-dimensional distribution
(G) on the cross section of a material. P; is the
probability density function.

K1)~ (5)ick-T1o® DI LTI >DH
OB O AT P g £ 4. S04 P, 1
DORIFE D THRAIHERMML L % > TV ME 2T
DOMTYIWr L7z & &, 72 CEIgE S N5k YIWri o A
MO & IR T B RIS R E N & F
B L, MEHICKAE Dy 5 Dy 3 TOMMAAZNZ
W ADS fy ETORETRAET S L &, ZoY)Mrm L
THlSE S N AHNE 2 RICREs i 1d

N
F:Z:“l(f"P‘) .......................................... (6)

ELTHAZBNAL, §it-T, YW ECEMS L 2K
TCREGAI R GETHEE,

G=F
D fi O RO A EIZX D 3 RITTRIES A
(D;, f) 2kdonsh,. ZOREOFIE Fig. 3 125R
L7 (7)o &b, 04 F & G oD IR
MI/NE BB ETf B2 THRDE LG L TR 2.
Kty s— v Fn-ar¥a—8 2 HwTfr
bz h, NAH 20 T f; % 0.01% F2K 240
3RICKI PR A & B A O L 72 BERIE 1 min LU
Thoto, 12720, GEMENTANLLZLD, 2h
LR 2 HA TV A,

2-2 AF UL ZAMOKBERERR

A 16 mm @ SUS310S i)l 2 7 > L 2458 20 & 1t

£ 15mm X 5 & 15mm O 2O DL, Ar 5%

Table 1. The chemical composition of the
sample (mass%).

C Si Mn P S Cr Ni

0.02 0.001 1.19 0.027 0.001 24.18 19.22

i
o, : ”
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Photo. 1. An austenitic structure of the sample
reheated at 1 350°C for 5.4 ks.
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Fig. 4. The measured two-dimensional grain di-
the estimated

ameter distribution (2-D) and

three-dimensional one (3-D).

Average Grain Diameter (um)

Time (ks)

Fig. 6. The average grain diameters versus time
during grain growth.
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Fig. 5. Grain diameter distributions plotted on a
log-normal paper.
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Fig. 7. The relation between the logarithms of the
average grain diameters and time.
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Fig. 8. The relation between the natural loga-
rithm of the growth rate constant and the inverse
of the absolute temperature.
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Fig. 9. The change in the variation coefficients,
which is the ratio of the standard deviation to the
average value.
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Photo. 2. Grain boundaries intersecting the twin
boundaries in the sample reheated at 1300°C for
43.2 ks.
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Table 2. The values of the activation energy for the
diffusion of Fe, Cr and Ni (kJ/mol).

Element Volume Grain boundary
Fe in 20Cr-25Ni 284.2 180.0'
Cr in 20Cr-25Ni 246.1 187.119
Ni in 7-iron 280.5 176.2%0
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