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Effects of Homogenization Treatment on Mechanical and other Properties in Cold Work Tool Steel
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Synopsis: Cold work tool steels are increasingly required to exhibit higher strength and toughness in response to the
growing strength of processed materials. In these steels, coarse primary carbides often act as crack initiation
sites, resulting in chipping and premature failure. This study investigates the effects of homogenization treatment
on the mechanical and related properties of a modified 8%Cr cold work tool steel, with a particular focus on
controlling primary carbide size. Thermodynamic calculations and differential thermal analysis were first carried
out to identify a suitable steel grade that allows homogenization without local melting. Specimens subjected
to homogenization prior to forging were compared with conventionally processed materials. Microstructural
characterization revealed that homogenization significantly reduced microsegregation, refined and spheroidized
primary carbides, and decreased the sizes of prior austenite grain and martensitic block. As a result, quenched
and tempered hardness increased and hardness variation decreased. Charpy impact tests demonstrated
enhanced toughness and an improved strength—toughness balance, which was mainly attributed to the
refinement of primary carbides, as confirmed by statistics of extremes analysis. Furthermore, dimensional
changes after heat treatment were reduced by more than 30% through homogenization, indicating improved
dimensional stability. In contrast, abrasive wear resistance deteriorated due to the reduction in sizes of carbide.
These results indicate that homogenization treatment is an effective approach for improving mechanical
properties and dimensional stability of cold work tool steels through primary carbide refinement, although an
appropriate balance must be achieved depending on the dominant damage mode in practical applications.
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Fig. 1 Variation of volume fraction of carbides as a function of
equilibrium temperature in SKD11, 8%Cr and Mod. 8%Cr.
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Fig. 2 DTA heat flow curves of Mod. 8%Cr and 8%Cr alloys as a
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Fig. 3 Optical micrograph showing local melting in 8%Cr.
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Fig. 6 Carbon content maps by EPMA; (a)Conv.; (b)Homo.
quenched and tempered from 1323 K and 813 K;
(c)Cumlative distrbution as a function of carbon
content calculated from mapping (a) and (b).
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Table 1 Parameters of carbon and chromium content
calculated from Fig.6.
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Fig. 7 Micrographs in (a)(c)Conv. and (b)(d)Homo.; (a)(b)

backscattered electron images; (c)(d) optical micrographs

as-quenced from 1323K. Inset in (b) shows high
magnification image.
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Fig. 8 Inverse pole figure maps; (a)Conv; (b)Homo. quenched
and tempered from 1323 Kand 813 K
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Table 2 Estimation differences of solid carbon content by gaps
in M, temperature and c/a ratio in as-quenched Conv.

and Homo.
c/a M, (K)
Conwv. 1.0201 157
Homo. 1.0208 149
Difference +0.0007 -8
Difference of solute carbon 0.02 0.02

content mass%
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Fig. 13 {211}, diffraction peaks in Conv. and Homo tempered
at 673 Kfor 1 h.

Displacement (mm)

50

(b)

Absorbed energy (J)
8 8 E]

i
(=}

0

Homo.

Conv.

Fig. 14 Results of instrumented Charpy impact tests in
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Separation of absorbed energy.
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Fig. 15 Fracture surface of Charpy impact test specimen;
(a)Conv.; (b)Homo. Inset shows high magnification
image of agglomerates of fine carbides.
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Fig. 16 Statistics of extremes distribution of praimary carbides
contained in Conv. and Homo. specimens.

Sanyo Technical Report Vol.33 (2026) No.1



BEHCTEZLTEAREMRICH L — RO E
ST77O—FHBEMWCTHDIERBLTIVD, —A. Fig.
171ZASTM GBSICE DL IFLBE6SZRWVT7TL 2T
BERABRERZRY . WE(MOLEEREIINERDT.2E
Thl). MERMEISEL. M7 T TEREIT—R
RALMHEDRMNIHENS1T DY ZEnD. TERIGZF
DEEE—H LT,

ZDEDNE—RERIEM DAL IS N ZRHHECHNIER
EVWDTERFMICNLBMTHD—FH. M7 T TEHM
ZHtc 2R E ADRELEREI D, FASNDHE
DEGEEICD U T, —RRIEPTETEICFEH SN D
NEEEZD

7. &8

AEILEHZYRISHECLIEOMRERILL . 3D
FHELADMZANTHEREZTAEL. 8%CrifRil
ZREBREEELCEEL. WBILREBEDODMRERELL T,
FRERZUTICRT

(1) HERBICLY. Z7O0RIAICERETDDTAD

mEE— o hSER LTz, /-, EPMAICEDREVYVEY
ThHREAMIFI LUz, EDIS. —REAEY). FEo
HE. OV oRMMYEREBIC LU MBS D & AR
O

Table 3 Dimensional changes after quenching and tempering

in vacuum.
Test piece Width % Length %  Thickness %
Conv.  Min 0.07 0.07 0.09
Max 0.08 0.08 0.09
Homo. Min 0.02 0.02 0.05
Max 0.04 0.04 0.06

*Specimen dimension; 70 x 70 x 25 mm; austenitizing
temperature: 1303 K; tempering temperature 803 K - 2
times + 673 K 1 time.

2.0 x10°
—_ ASTM G65
g Abrasive article; silica sand No.6
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E 1.5 Load; 130N
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(=5
W
0.0

Homo.

Conv.

Fig. 17 Specific wear rates of three dmentional abrasive wear
test in Conv. and Homo.
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