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Characteristics of Rapidly Solidified Tool Steel
Chisato YOSHIDA, Hiroyuki YASUNAKA and Teruhiko NOZAKI
Synopsis:

The rapid solidification of high speed steel was investigated by using water-cooled chill block apparatus,
which was simulated to function similarly to a caterpillar-type caster or roll caster. The secondary de-
ndrite arm spacing near the surface was 4 um in every cast ingot. By increasing the thickness of the ingot,
the dendrite arm spacing at the center also increased. By analyzing the relationship between the dendrite
arm spacing and cooling rate, the cooling rate near the surface was estimated at 10%°C/s and that at the
center of 40 mm-thick cast ingot was 10°°C/s. The size of eutectic carbide decreased with the thickness
of the cast ingot. The cast ingots were heat treated at 1 150°C for 2 h. Lamellar eutectic carbide
changed to the spheroidal one by heat treatment.

Furthermore, plates of carbon tool steel were made by the twin roll test caster. Casting speed was 5~
10 m/min. The size of cast plate was 1~2.5 mm in thickness and 260 mm in width. The carbon tool steel
plate was heat-treated at 690°C for 1~50 h. The spheroidal cementite structure was obtained by the heat
treatment. The plates of high speed steel were also made by the twin roll test caster. Fine eutectic car-
bide was observed in the cast plate by the heat treatment.

Key words: high speed steel; carbon tool steel; rapid solidification; strip casting; eutectic carbide; spheroidal

cementite.
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Fig. 1. Experimental apparatus.

Table 1. Chemical composition of high speed steel
(%). “

C Si Mn P S w Mo Cr A

No.10| 0.78 - 0.17 0.33 0.021 0.005 6.1 4.7 3.9 1.8
No.11| 0.82 0.18 0.28 0.025 0.005 6.1 4.7 3.8 1.8
No.12| 0.81 0.19 0.37 0.022 0.004 6.1 4.7 3.8 1.8
<«—fMelt
“Tundish
Plate Roll

Roll material Water cooled steel

Roll size 150 mmg X 260 mmw

Cast speed 7 m/min

Cast plate 1~2 mmiX 260 mmw

Fig. 2. Experimental method of twin roll casting.
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Photo. 1. Strip casting by twin roll method.
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Fig. 3. Secondary dendrite arm spacing.

Table 2. Chemical composition (%).

C Si P S w Mo Cr \Y%
Carbon tool steel . 0.77 0.37 0.02 0.02 — — — —
High speed steel 0.78 0.27 0.03 0.02 6.1 4.0 4.0 1.8
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Photo. 2. Micro structure of high speed steel.
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Fig. 4. Relation between dendrite arm spacing and
cooling rate in high speed steel.
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Fig. 5. Temperature of cast plate and mold.

1400f

20mm from surface
I ... (center)

No. 10 (40 mmi)

DEHEE 1 14°C/s & 3.8X10%°C/s ThD7z.

3-1-2 & RIW

Photo. 3 I8V T, LA 40 mm FEDEEH, HAIA
5mm E DK OFLIMTER L BRI OFIRT
HhH. WTHOFRFOREB LOHLETH, 25—
RO R AELT, —EICKIRO R FERE s iz,
EDX ##i3% & 9 2 95— bRk & EIZ W, Mo, Cr,
V,Fe # &Rk TH o155, RROREIBDIZIZVD
HEAE W EM ASH & 7z, Frepriksson 69 o p by
DM AEFEAER D S 5 2 7 — KoL G R i
MC BT, RO x{b®iZ VC o lFE O MC BT
HHEEDLNS, 40mm & 5mm OEFH T, RO
ZA4TERBICHEBERASNE 227205, SHBHEARDR
B§ e b b HEE OB X 0 R A3 E R 2
A H ST,

BHIREE DK & VAR EE T % AL B L,
BHEEDOW % 2 n kA ¥ oy b ESRE T A LRI
MBERT S, FEBRTHOLLRIEBOKE S 2 ZFN
5 BT S 2%, Photo. 4 TR RERER

No. 12 (5 mm¥)

Photo. 3. Eutectic carbide of high speed steel.
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Photo. 5. Eutectic carbide of heat treated high speed steel.
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Photo. 6. Effect of reduction ratio on the dispersion of eutectic carbide.
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Fig. 6. Relation between deflective strength and
reduction ratio.
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Photo. 7. Macro structure of carbon tool steel
plate.

Annealing at 690°C for 20 h
Photo. 8. Change of micro structure by annealing.
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Fig. 7. Change of hardness with holding time.
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Photo. 9. Micro structure of high speed steel plate.
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Photo. 10. Eutectic carbide of heat treated high speed steel plate.

Photo. 10 &, Mo — L THiE L - S EHNR = 2L
LS TH S, BRKRIDISEWERIZZS2 TS
A5, F v bT—=2RICEDOTWS. RIS E I
HETDHDIEDPEFLVOT, Fv hT—2HED-O
WCEABIEEEMA B UEFH S .

EEEMRIIEFERNDL ) HTu L AT TbhTw
5.

IR — TS — S8 — 2 R~ BES— 1 F R RE
FALY) & BB AR &€ 5 Z L A BILEEO T HO
Harmbsesn, BEIERBEOA Ty bR/
XL L TCHEEELEMSETEY, EHIEREINVT
WEETHIAT O TR 2 R T 5 2 LT L T
L., L LArTy bENSLEELE/ LV OHE
HEHOAET L, S50k W, Mo, Cr, VEHEOEETTHE
DRIFICEDTA > Ty bRLERTORILDKE %
DR LR DAY ML ZDBREVH 5.

AREBERICE S L, Wo— )L %KLY DOERIR
LB % FT o THRALA A » b7 — 27 RICEET S
728, BREFEERVLEE TS, BREGHORNEICEST
LELZDH, 1~3mm O L— M EERTIHEAIC
i, 20mm B EOSH & L CRMELET 508°
BUTHD. 2OHEEICE, XV IERRTTy 7RO

W25 THELE RS, TL— MO LEOY— M
YRR BB, PO — VESERECHERMEL T
2SR ORI 4T 2 72 RIS RIEIE T % O A%
WMeHhB), TORRAEITROLI LS.

W2y TESE
2+ v T /&HFL~ﬁ%~PﬁEL
#&174

4. ¥ B8

Ty rF v RAY—HE0OERT THHEHL, No—
TOAM) vy 7F ¥ AT 4 Y 7RBELT, 2HOKE
$F VT Ty 7 ORI 40 mm, 25 mm, 5mm O & #EE
W% S5 AhAGERE S 2. HHEE, HSRILY, B
PLFR & BE ORI OVTRAE L. BohkR
BROEHICTLOLNE.,

(1)EEEMD 2 k7 — LBEMEIE, REHT 4um T,
HBEOEAOTLIZE DI E A LTLL V. FLERD
2 K7 — LRIFEE, 40 mm EHH T 22 um, 25 mm BT
15pm, 5mm ET 6 um THD 7.

(2)40 mm S5 H TORREE DSBS N mHIERE
i, MESD2XKk7 — LMWL GEHEEOBRRE AW
TOGHEEDOHEMBE 72D —B L.

(3) LXK HWB L FRBOGHEE & 10*C/s T,

i



464 % & @ %744 (1988) £ 3

[EHIZ K DB ke d, LB 40 mm EEEH T 4°C/s,
25 mm JE$H T 14°C/s, 5mm JE§5H T 3.8X10%°C/s
LIEEENS.
(4)SEEROILGRIHD S £ 713 40mm & 5mm
JESER TIIENR L, ZOKRE S 3EREICHE L TH
B2/ E K S mm [EEER TIIBERED 2 NIHE .
(5)85R 2 BLE Y % LRI & % 545, 40 mm
B OGE RO R » b7 — S RTOOTELT
HFETHEES D0, 5mm [EHH OBE& IR OFH
BHEIBII R VA, Ry VT2 RICEET HESHH D
CNEBIRT HI-OBBEELNZ BLENDS.
Rz, EBREFREOP O — VET 1~2.5mm E o5
FLEMEEEEREERL, I 7 0 BuBog
REAXL.BoNBRIROLIICTLOLNS.
(6 )RETEHTIE, FEHD2K7 — LB/ I12 6~
8um TH.LERIX 10~12pm THo 72, HBARS D 2%
7— LML S HEEORGRICERT S L, FEER
10%°C/s THULERIE 10%°C/s (2HIM4 ¥+ 5. 690°C THML
By D LM S~ A4 PAERIRS— 5 4 M2 L L THL

Mb¥g—L b, MEDH 1h T HV 250 12 20h T HV
200 REEICIRT 5. BETIEOEMBOTEEME N H 5.
(7)mEETES T, REID 2K7 — 2HMEi 4
pum THLLERIE 7um THo 7. BFE S 0B ICEA
T5E, REHIZ 10°°C/s THLEIX 10%°C/s 1I2HY
A BILEIC X )RR AR L 72554 » b7 —
JIRCHETELZ:, 9 VY= 2B - I BIETHEY
Mz 2LENDS .

X [

1) SHTE, s0—%, FAEEE, W8S 5ReHm, 71
(1985), A237

2) HEETE, O3, $JIlmM, FAEEE, TEEE.
e, 72 (1986), p. 2240

3) MEE—, SHF—, PA—F, ILRERN: &M,
71 (1985), A233

4) E. A Loria : J, Met. (1984) 9, p. 65

5) BEHFE, BTHE, AR, HAEE— . 285,
59 (1973), p. 1089

6 ) H. FREDRIKSSON and M. Nica : Scand. J. Metall (1979) 6
p. 243

7) %K &, HKk R, EM &8 SHEWL: Bﬁiﬁﬁ%
&35, 32 (1968), p. 1301




