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High-speed Tool Steel Having Recrystallized Hyperfine

Grains and Its Application
Yasunori TORISAKA, Ichiro Usul, Yoshinori NAKAZAWA and Matsuo MIYAGAWA

Synopsis :

There is a limit to grain refinement of high—speed tool steel by usual recrystallization process at the austenite
region even after working with a large reduction.

In a series of our experiments, however, it was shown that in steel specimens processed through preforming
and then solution treatment, the grain size after recrystallization was extremely refined. Tests carried out
in a range of commercial high-speed tool steels quantitatively clarified the effect of preform reduction,
solution temperature, reduction for recrystallization and annealing temperature on the final grain sizes,.

Furthermore, it was shown that high-speed tool steel with fine grain sizes was possible to become super-
plastic and its total elongation exceeded 3009, over a suitable range of temperatures and strain rates.
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(a) Rolled with 78% and then annealed for 300s.
(left) annealed at 1 100°C, (right) annealed at 1 125°C
(b) Preformed, solution treated at 1 260°C: for 1.8 ks, rolled
with 78% and then annealed at 1 100°C for 300s.
(left) preformed with 17%, (right) preformed with 5%
(c) Preformed with 5%, solution treated at | 190°C for
1.8 ks, rolled with 78% and then annealed at 1 100°C
for 300s.

Photo. 1. Optical microstructures of HSS after
recrystallization,
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(1) Solution treated at |240°C for 1.8 ks, rolled with 78%
and then annealed for 300s.
(a) annealed at 1 100°C (C/W HSS)
(b) annealed at 1075°C (P/M HSS)

(2) Rolled with 78% and then annealed for 300s (DAP
SKH 51).
(a) no solution treatment, anneled at 1075°C
(b) solution treated at 1240°C for 1.8ks, annealed at

1125°C
Photo. 2. Optical microstructures of HSS after
recrystallization.
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Photo. 3. Optical microstructures of HSS solution
treated at various temperatures for 1.8 ks.
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Fig. 1. Effect of solution temperature on the
grain size,
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Fig. 2. Heat diagram to obtain the recrystallized
structure.
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Table 1. Chemical composition (wt2s).
C Si Mn P S Cu Ni Cr Mo w v Co
SKH 51 (C/W) 0.86 0.35 0.28 0.02 0.01 0.07 0.16 4.13 4.59 5.70 190 -
KHA 30 (P/M) 1.25 <0, 35 <0.28 <0.02 <0.01 <0.07 . 4.0 5.0 6.0 3.0 8.0
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Fig. 3. Effect of annealing temperature on the
hardness at room temperature for SKH 51 heated

for 300s.
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Fig. 4. Recrystallization diagram of SKH 51.
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Fig. 5. Relation between rolling reduction for
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Photo. 4. Optical microstructures of KHA 30 pre-
formed, solution treated at 1 240°C for 1.8 ks, roll-
ed with 789, and then annealed for 300 s.
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(bottom) after testing

(top) before testing,
Photo. 5. Specimen of KHA 30 after superplastic
testing to failure at 1000°C at a strain rate of
2.5x10-4/s.
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(1) SKH 51, KHA 30 St BB RX{T5 2 &
XY, ThbofEabns—HmHSE 5.

(2) FERERLERTT I, Preform— (LA
T, (1) THLRHEBIFENELS, 2pm *
— A DBMEES LD, T LTI OBRE, Preform
BEBEIELS, FHBECABBREIENRL T548
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ExbhTwahZ E&RFIRETS.
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°C x 30 min DOYEHAEALME—I50°C T 78% HE—2 K
Bkt d 1190°C x5 min FE(LNIE T 5 —H O
THEVLE A I LT B OEBI, Z %k fkIEN 6.8 pm
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