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Heat Treatment Characteristics of Tool Steels Quenched from Liquid State

Synopsis:

Tohru ArRAI and Noboru KOMATSU

Carbides in tool steels rapidly quenched from liquid state are extremely fine compared with those in

commercial forged tool steels.

Therefore, it may be well expected that rapidly quenched tool steels have

different heat treatment characteristics from those of forged steels.

In this paper, this was confirmed experimentally using splats, extruded bars made from atomized powders,
and beads by electron beam or transfer plasma melting of high speed steel, cold work die steel, and hot work

die steel.
The results are summarized as follows.

1) Splats and beads of SKD 1 and SKD 11 cold work die steels showed a hardness value of above HRC
60 by being quenched from an austenitizing temperature as low as 850°C.
2) Canning extruded SKH9 showed a hardness value higher than HgC 63, by being quenched from an
austenitizing temperature as low as 950°C, while splats did not show such high hardness values.
3) The high hardness values obtained at low austenitizing temperatures may be considered to be highly
dependent on the carbides which were so fine as to easily dissolve into austenite.
(Recetved Sept. 3, 1971)
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Table 1. Chemical composition of sand castings (%).
Element .

Steel — C Si Mn W Mo Cr A%
SKH9 075 0-25 0-29 630 4-88 4-09 2-02
SKDI1 2:00 0-29 0-43 — — 12-12 —
SKDI1! 1-44 0-27 0-25 — 0-91 11-86 032

Table 2. Conditions of electron beam melting.
Bead Accelerating Moving Width of Depth of
No voltage Beam current velocity bead bead Steel
A 150 kV 25 mA 3 250 mm/min 1‘Omm 57 mm SKH9
B 90 4 1 000 2:3 1-5 SKDI :
C 120 8 915 3-3* 2-2% SKHY9, SKDI, SKD11
D 70 4 50 6°0* 1-3% SKHS9, SKDI
E 70 8 50 5-2% 3-8% SKHS, SKDI1
F 31 60 600 4:0 1-7 9-2-4-5.
G 24 70 200 6°1 5.0 Modified SKD61
* SKH9
Table 3. Conditions of transfer plasma melting.
Bead No | Plasma current | Moving velocity Width of bead. Depth of bead Steel
a E 70A 130 mm/min i 5-1 mm U7 mm { SKHY
b 70 120 ! 6-0%, 5-5%=* 1-1%) 1-4%%* SKHY, SKD!
c 80 80 i 10-5%, 7-3%* 2-3%, 1-4%* SKH9, SKDI
* SKH9
** SKDI
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Table 4. Change of chemical composition before and after electron beam or transfer plasma melting.
Content 9%
Steel Specimen : : ;
c | si Mn . P S W : Mo Cr \Y
Before melting 0-80 | 026 | 0-30 ! 0022 ‘a 0604 | 633 | 477 | 3-74 1-93
| After electron | E* | 0:92 [ 0-21 [ 017 0-017 |0-005 | 663 | 518 | 3-72 | 2-01
SKH9 beam melting “ A* 091 | 0-27 | 0-28 0020 0'004; 633 | 4-99 & 367 | 194
After transfer " b* | 086 | 0-2¢4 | 0-30 0015 0-003 L 6715 477 | 3-72 | 1-92
plasma melting | a* | 0°87 | 0-24 | 0-31 0020 0003 638 | 508 | 3-96 | 1-88
! i : . u .
Before melting 2:13 | 0-23 | 0-44 | 0-012 | 0°002 | — — {1335 —
| After electron E+ | 211|021 | 03¢ | 0004|0003 — | — |137a] —
SKDI1 beam melting D* 2:24 | 0-22 | 019 | 0008 | 0-003 — — 13'56 —
| After transfer c* 2:06 { 0-21 | 0-46 — 0-003 — 13-80 —
i plasma melting b* 1-81 | 0-20 | 0-46 L= 0-003 — — 12-90 —
i f
* bead No.
Table 5. Chemical composition of steels used for electron beam melting (%) .
Element ;
W C Si I Mn P S w Mo Cr Vv ‘ Co
Modified SKD6 0-34 0-99 l 0-39 0-006 | 0°005 1-57 1-49 510 0-95 i -
9-2-4-5 189 | *x 1 x x|+ 008 182 [ 431 400 | 49
* not determined
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Table 6. Conditions of canning extrusion of SKH9 atomized powders.
Lot No 1 2
Size of atomized powders 20~100 mesh 20~~150
.. . o . 1 100°Cx 2 hr in H,
Condition of reduction 700°C % 30 min in H, (0-8wt2, graphite powder added)
Load of pre-compacting 45t /cm? ' 35
Inner dia. of can 100 mm 50
Outer dia. of can 172 60
Exclusion of air from can Substituted by Ar Evacuated by rotary pump
Heating temperature of i
billet (can) 1130°C ; 1160
Press for extrusion ;rzgso t horizontal hydraulic t 500 t vertical hydraulic press
Dia. of extruded bars 38 (37°6) 15 (12-5)
Ratio of extrusion 22 (14) 16 (16)
Table 7. Chemical composition of extruded and forged SKH9 (9;).
C W Mo Cr v Si Mn O N
No 1 Extruded bar 0-70 6-38 4-85 4-53 1-78 013 0-14 0-74 0-279
No 2 Extruded bar 0-86 6-62 4-96 3-82 1-87 * * 0-40 0-040
Forged bar 0-83 6-17 5-18 4-06 1-86 0-24 0-33 0-017 | 0-042
# Not determined
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Table 8. Heat treatment condition of specimens for residual stress measurement.
Specimen b‘ | Melting ' Size of beads Heat treatment conditions
No : Steel conditions ~ _ .~ . ]
. W#* d Querching Tempering
D1 | SKD1 F c i 3'5mm 0'7mm: 850°C X 5 min oQ 200°C x 1 hr AC
D2 ] ! b i 8 15 975°C x25 min OQ 200°C x 1 hr AC
H I D 3 0-5 950°C x 5 min OQ | 575°C x 1 hr AC
H2 SKH g : D 35 0-7 <1200°C X 5 min OQ | 575°C x 1 hr AC
H3 U ' D 35 07 : — ' 575°C X 1 hr AC
* See Fig. 8

Fig. 1. Dimension of specimens used for the
measurement of residual stress.
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Fig. 2. Effect of austenitizing temperature on the as-quenched and tempered hardness

of SKD 1 and SKD 11 forged bars, castings and beads made by electron beam

melting. (Tempering at 200°C, 1hr).
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Photo. 2. Microstructures of SKD 1 forged bar, sand casting and beads
made by electron beam and transfer plasma melting.
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Photo. 3. Microstructures of SKD 11 forged bar, sand casting and
bead made by electron beam melting.
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Fig. 5. CCT-diagrams of SKD 11 forged bar
and splat austenitized at 850, 900 and
950°C
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Table 9. Residual stress of the specimens by electron beam melting

(Heat treated as Table 8).

Direction L

Direction S

Specimen No

Beads i Base ‘ Beads Base
D1 —30°7452 ~7°347-0 37420 —36-6+11
D2 — 60155 54434 ' _10°213°6 —3-341-7
H1 — 62419 | 40413 | — 31432 —28+1'2
H 2 —14'814°6 1'7+4-4 L — 17438 —3-2130
H3 . —380x45 5:5+3-8 —17-844°5 — 28510

FMET 38 kg/ mm?, SHET 18 kg/ mm? D JEHERG
BFELTWVWS.
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