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Solidification Structure of High Speed Tool Steel

Koki Gunj1, Kunio KUsARA, Eijiro IsHikAwa, and Koicki Supd

Synopsis:

Solidification structures of the AISI M2 type high speed tool steel were studied under various solidification

conditions by metallographic and thermal analysis.
to simplify the freezing process.

Small laboratory melts were unidirectionally solidified
Also cooling curves were obtained on 300 kg ingots to investigate the dif—

ferences in the solidification structure and freezing process between the unidirectionally frozen ingots and

practical ingots.
The results obtained were as follows:

1) The secondary dendrite arm spacing, Sy(x), in columnar crystals of unidirectionally frozen ingots,
was influenced only by the average cooling rate, R(°C/min), during solidification, exhibiting relationship,

Sp=100 R—°28, for the M2 steel.

2) The progression of liquidus isotherm in 300kg ingot varied linearly with square root of time, but that

of solidus isotherm did not.

3) 1In 300 kg ingots, grain diameter of equiaxed crystals, [(u), varied with average cooling rate, R, as

did the dendrite arm spacing, showing relationship, {=220 R~%%9,

These results indicate that the mecha—

nism of the growth of grobular grain is similar to that of the secondary dendrite arm.
4) The morphology of the dendrites changed from equiaxed to cellular type with decreasing liquidus iso—
therm drift rate, V(cm/min), and with increasing temperature gradient, G(°G/cm), across solidified layer.
(Received Nov. 9, 1972)
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Table I. Chemical composition of the steel tested (wt2).

Steel | G Si Mn Ni Cr Mo | W v Co
SKH-9 0-88 0-29 0-30 0-12 L‘ 4-21 1 5-38 [‘ 6-37 1-96 0-21
Table 2. Chemical composition of the steels and position of thermocouples.

Pouring . . . Position of thermo-
temper- i\/;’gc:)%ht of Chegncal composition (wt2) couples (mm)
at‘zﬂec) ( kg) C |si|Mn Ni|C |[Mo|W |V ]| a b ¢ d
1510 320 0°89 028|031 {0-09|427 498618182027 |15-5|48-4|76.6| 912
1 560 320 0-88 | 0-26 | 0-30 | 0-13 | 4-23 t 4.98 | 6-32 1'90 0-38 | 184 | 51-5| 757 (101-8
Steel : SKH 9
50 mm*
an ~Heating element ETOEﬁ
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Thermo- : 3 H Q
couple i ©
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Fig. 2. Temperature distribution in the mold
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Fig. 4. Installation of thermocouple.
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Photo. 1. Macrostructure of unidirectionally frozen ingots.
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Photo. 2. Microstructure on longitudinal section at 40 mm above the bottom of ingots.
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( —= Freezing direction)

Type | Type 2 Type 3
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Photo. 3. Microstructure of 3 types on longitudinal section at each distance
from the bottom of ingots.
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Table 3. Microstiucture of the ingots tested.

~._Mold temp.

1000} 1050 1100} 1200 1250
Pouring o) o) col'ca)| )
temp.
1520°C (b)Y | (&) | (a) | (a) {(2)or(c)

1570°C (a) | (a) | (a) | (¢c) (¢)
1 620°C (b)Y | (e) | Ce) | (e) (¢)

(a) : Dendritic (in equiaxed crystals)
(4) : Globular (in equiaxed crystals)
(¢) : Celullar dendritic (in columnar crystals)
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LT RIERD 4 D BREES L vwbh Ty
Z,10011)12)13)
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M+d27
M+ 3§27y +MC
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MZ2 r +MC
M; RbHE
d; 7=24 bk
7; A—AFFA bk
MC; Fey,(Mo, W),C
Feg (Mo, W) ,C
MC; VC
THRbLODERT7 =94 FF K74 + (Fe, W,
V,Cr £74) BEETS. L L C gy oT,
COBVWHEMRBPTETODORIGDA —ZAFF4 rd3 7 =
T4 T FETA PEBRDELI NN FELTH BT S
bPIARRIEHE IS, R @ ORIEHRIST M+
d2r+MeC itk b MC ZFH L, d S HET 5.
ZORGI B OREOHEAE +HoEF LEVWT @'
DOEGEELT 62MC+yr 7B 5 J-Eutectoid
B ZB Lvwbhbhua N, @QoOG & LTCEO/-EINE

(1 330°C 1219))

®e e e

(1 260°C 1)
(1235°C 1)), (1240°C )

I 500 Pouring temperature | 620°C

Mold temperature | 100°C

B i i e ittt Liquidus temperature

1 400 jr
\mmmm

Tume (min)

8

Temperoture (°C)

Fig. 6. Typical cooling curves at several positions.
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5.

3:-1-5 B[R HEE

WHm & D OFEGE x(mm) & AR ESIR T O FERE R
t(min) ORICIE, x=k"¢t —C(k, CVIEE) 75 BB RS
HBHW . Fie ZOBAFHRR D HAAEIT I B YR EE
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wnt LERRBARS S 5 & &osbh 2. FOREXFL
{ Table 4 &R L7, 727 LEAIRE 1620°C, &R
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Table 4. Progression of liquidus and solidus isotherm. x(mm):k]/t(min. —-C

T~ Mold temp. tooocc | 1oseec | 1woec | 12000 1 250°C
Pourinm k ¢ k ! ¢ k ¢ k ¢ k ¢
1520°C | 47-9 | 189 | 467 112 | 463 | 165 | 409 | 107 | 359 [ g3
Liquidus | 1570°C | 476 | 9-1 , 46°5 | 146 | 42°2 | 114 | 305 08 | 288 | —05
1620°C | 437 | 146 406 136 | 394 106 300 | 50 | 264 I

L v . v 1 i

152°C | 247 .~ 130 235 | 51 | 210 | 45 | 217 60 | 155 | 1]
Solidus | 1570°C | 261 95 - 239 | 80 ' 221 | 65 | 162 —15 168 | —1-3
1620°C | 242 75 281 106 | 190 | 07 | 164 11 121 | 6
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Fig. 7. Relationship between cooling rate and
distance from the bottom of ingots.
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Fig. 8. Relationship between average cooling rate, R,
during solidification and secondary dendrite
arm spacing, ST, in columnar crystals.
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Pouring temp.
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Fig. 9. Relationship between average cooling rate, R,
during solidification and secondary dendrite
arm spacing, S1, in epuiaxed crystals.
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L O e~ EASHAT, L b@EEE RS /N
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Photo. 4. Macrostructure and microstructure at i

position on longitudinal section of 300
poured at 1 560°C.
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Fig. 10. Typical cooling curves at several

positions in 300 kg ingot.
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