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Effects of Si Content on Hardness and Toughness of Matrix High Speed Steel

Nobuhiro Tsujii, Masasi Takasugi, Genryu Abe

Synopsis : The matrix high speed steel is widely used for cold, warm and hot forging dies due to the excellent strength
at high temperatures. However, there has been an increasing demand for the improvement of its toughness since
it is inferior to that of SKD61 which is the most popular hot working tool steel.

In the present work, the effect of Si content on hardness and toughness of the matrix high speed steel was

investigated to improve the toughness.

The hardness of the secondary hardening was decreased when Si content was reduced from 0.48 to 0.13%.
This was due to the preferential precipitation of MaC and M7Cz and the suppression of formation of fine MC

and M2C which contributed to the hardening.

On the other hand, the toughness was remarkably increased with the lower Si content. This resulted from the
attenuation of segregation of primary carbides and the improvement of toughness of the matrix. These effects
by the Si addition mentioned above saturated even if it was reduced to less than 0.13%.

Key words : matrix high speed steel; toughness; secondary hardness; microsegregation; carbide.
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Table 1 Chemical compositions of material used in this

experiment.
(mass%)
C Si Mn Cr Mo \Y Nb
Steel A | 0.57 | 0.48 | 048 | 419 | 385 | 0.98 | 0.26
Steel B | 0.54 | 013 | 0.50 | 437 | 391 | 0.94 | 0.26
Steel C | 057 | Tr | 048 | 424 | 385 | 0.95 | 0.25
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Fig.1 Shape and dimensions of Charpy impact test specimen.
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Fig.2 Effect of Si content on the quenched hardness.
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Fig.3 Effect of Si content on hardness after tempering.

Table 2. Volume fractions of retained austenite for materials
in quenched condition.

Si (%) | TR (%)
Steel A | 0.48 12.5
Steel B 0.13 10.0
Steel C Tr 14.9

Sanyo Technical Report Vol.1 (1994) No.1



3-2 BANSIUBRREMER

1423K A D DFEANRES LU, ZRIELE—VES%
9 798K DR LR COBRMEWI D IR Rz Fig.
4 [TRT . SI%DREDEHAMDBEAMER (a. DELY
C) ICIF. ZHDEL S I-REB—RIALINFEL TH
D, A—ZATF 1 NERRSFREPRBRCHEEIND, 0.48%
Sifl (a) CHIFD2—REKIAE. HFDRENTRII LD
(. NMEDBERTL TRESN DN SiN'0.13%LUTD
&SIt (b. c) CBNTE. ZORAEHNERIND,
—H A—RT A NERKEESIBICLOTREE—ET
3o

ZDEDB—RKADOHHERL. BF (d), (e)
BLY (f) OFEREBICEVNTEEKRICRESN., 1
(CEERTL TLVS0.48%Sifl (d) ORATERICE. K+
[CRENZMGL TS, &/ BRBRETHE LML=
RFAPEEEINDD . FAPBEMRHEROHHE T,
SIBIC K DMEREDFMLENERRETH D,

0.48%Si 0.13%Si Tr. Si

g A7 ! vt aas ; & et
v

=y

o

: 3

QL

5

o

[/ B

< |

<l

QI

v

Ei

gl

[

o+~

u |

a1

Do R o » _liff

Fig.4 Optical micrographs in the longitudinal section of
various Si bearing steels.

(a), (b) and(c): quenched condition

(d), (e) and(f): tempered condition
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As quenched from 1423K
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Fig.5 X-ray diffraction on residues electrolytically
extracted from Steel A, B and C in quenched condition.
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Fig.6 SEM micrographs and EDX spectrums of segregated
carbides observed in Steel A.
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Fig.7 Comparison of EDX spectrum of carbides indicated as the
type of B in Fig.6 between Steel A and B.

Sanyo Technical Report Vol.1 (1994) No.1



DIENHETNTD O ARERIGRIT. BB

KDSIBORACEEELY M C>MsCRIGAHIHI SN
EDEEZOHND,

F Fig. 8 TR £ SIC.0.48% SisBODEEE BRI (3.
DX S—RKRICINEREN D, LECDERRKILE. Z
NS SA SR BEC KD DTSN ED EHETE
SNB CDIXS—RKIMIZE SiZEFEAEEEHE MO
REAL TH D BEMARICSIHMCRILAFICERAL
MeC—MsCRItE# e Z UTcZ EZ2BFFDEDENZ Do

123K A S BEAN . B2IK DBERIRREICH (T DHLIRE
D XHROFiERZFIg. 9 ISR . SIEDENCLDMCH
FOMCRILMDE— 0 BEDEALIF. RAREDES
BUTHD., KEB—RICYDZENELCHENI-EDE
EZ25N2D, —7. 0. 13%UTDESIEEIC(E. 0.48%Sii8
CRONEA 2 I=MiCHELUMICSRALIDE —O 158
5Ndo

mEL TUAEMIC LD TEMBEROERZ. Fig.101C
T9. BSHBICE. MsCEEZONDFeZzZ L SNIE
RERAEMH S < FBHOEND. T LENE SIBOERICEEL
SER_RBCEBEDETE BELCHFESLIC<LIMCH
BDVEMICsiRALIH BN ICEM SN BRIBLICHES
$ SMEMCPMCRACIDERD IS NI T b EE
Z5NDo

kev

Fig.8 SEM micrograph and EDX spectrum of lamellar carbides
of Steel A observed in cast condition.
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Fig.9 X-ray diffraction on residues electrolytically
extracted from Steel A, B and C in quenched and tempered
condition.
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Fig.10 Electron micrograph and EDX spectrum of extraction
replicas of precipitates observed in tempered
specimen of Steel B.
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Fig.11 Effect of Si content and tempering temperature
on Charpy impact value.
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Fig.12 Effect of Si content and tempering hardness
on Charpy impact value.

test specimen. (a): Steel A (b): Steel B
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