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Prediction and Measurement Technologies of Material Structure and Properties, the
Technologies Supporting Kobelco Group’s Material Development
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The KOBELCO group manufactures and sells various metallic materials such as steel, aluminum, copper, welding
materials, and titanium. In addition, the group continues to develop materials with characteristics superior to conventional
ones in order to meet the expectations of the customers. New material development utilizes new analytical technologies,
numerical calculation methods and forecasting technologies exploiting data science. This special feature introduces the
latest technologies related to the “prediction and measurement of microstructure and properties,” which support the products
of the KOBELCO group and are used in the development of next-generation products.
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Fig. 1 Distribution of equivalent plastic strain in DP
steel (at 20% elongation)

(b) (a)

Average Pore size

Initial Bos|
" Average size of Active Material

Surface area of Active Material

0 0s 1 15

Cycle number (log)

Active material M Thin layer B Pore M Binder/additives

2 LIBOZEWEYA VIVICLZBTEBRKICRIEF

B2 (a), #H, 10014 7B LT100

PAINVBICETI2EBHEO LT X >
F—3 3 »HE (b)

Fig. 2 (a) Effect of charge/discharge cycle on
capacity loss in lithium-ion battery (LIB)
and (b) Segmented FIB-SEM images at
initial, 10 cycles and 100 cycles
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Fig. 3 (a) SEM image of lamellar pearlite and (b)
Carbon concentration mapping image using
SXES
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Fig.1 shows the calculated micro-strain distribution in a DP steel
deformed by 20%. In this technique, ferrite grains and martensite grains
are identified from the SEM image, and multi-scale simulation based on
the homogenized elasto-plastic theory considering the geometric shape
and mechanical properties of both of the gains is performed. This
technique offers an effective method that not only can reproduce the
macroscopic stress-strain curve, but also simultaneously analyze the
behavior of microscopic inhomogeneous deformation caused by the
internal structure.

X2 (a) ZILIBORIES A 7 VHAERBRICKITTHE K2 (b)iF
ZOBICHBESZ T 2 RN R EORELZRLTCVWET, 20 X))
TR %2 AT 9 7212, FIB-SEMO I %7 5 O MBI B4 E & %
B LT, =2—F )V Y bT—=212X o TN ITZET NV 2H
HLTWET, MEELETVOANBETRES 1 BORED»S, &
BB EOFGEEZ SN LTV E T, BMOSEMG%E A LT
HZEIZED, AH AL S TR WBRICHT 551 Fill
MBI B2 TR L, BHMHSILICET 2058 L O FER T &
NDHZERKT Tu—FOREMTT,

Fig.2(a) shows the effect of the charge/discharge cycle on the
capacity loss of LIB, and Fig.2(b) shows the effect of histomophological
characteristics on the microstructure at that time. In order to perform
such an analysis, a model has been constructed in which the
histomophological characteristics and the degree of deterioration,
obtained from the observation image of an FIB-SEM, are associated
with each other by a neural network. The contribution of geometric
deterioration characteristics has been analyzed from the coefficients
between the input layer and the first intermediate layer of the
constructed model. The feature of this approach is that inputting the
SEM image of an electrode enables not only predicting the deterioration
of the phenomenon, whose mechanism is not sufficiently clear, but also
extracting the feature and the main factor related to the electrode
deterioration.
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Fig.3 shows the SEM image of lamellar pearlite grains in carbon
steel and its carbon mapping by soft X-ray emission spectroscopy
(SXES). The measurement points for the mapping by SXES are spaced
at 60 nm, and the measurement time is 1 minute/point. It is shown that
the distribution of cementite has successfully been mapped and
analyzed.
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