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On Carbides in Mo- and Co- High Speed Steels.

(Study on carbides in commercial special steels by electrolytic isolation—IX)

Tomoo Sato, Taiji Nishizawa and Kousuke Murai

Synopsis:

The nature of carbides in Mo high speed steels (0-9-4-2, 6-5-4-2) and in Co high speed
steel (18-4-1-20) were studied by electrolytic isolation method, with a view to clarify the

role of Mo and Co in high speed steels.

Carbides present in Mo high speed steels were M;C,

Ms3Cs and MC, likewise in the case of W high speed steels. '
The density of the carbides in Mo high speed steels was smaller than that of the carbides
in W high speed steels, and so the percentage of carbides by weight in the former was smaller
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were dissolved into matrix readily than the carbides in W high speed steel.
Co high speed steel contained only a kind of carbide, MgC. This carbide was usually hard

to be dissolved into austenite.

But the addition of Co in high speed steel had the effect of

enlarging the solubility limits of W, Cr, V and other carbide forming elements in austenile,
and served to promote the dissolving of MgC during austenitizing.
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Table 1. Chemical composition of Mo-and W-high speed steels.
i . . I : : i 1
Steel . C | si ' Mn g P S . W | Me | Cr V(%)
[ ! i 5 ' :
W 18-4-1 ‘73 °20 ﬂ *41 j *026 027 ; 18°58 —_ 417 E 1°00
Mo } 0-9-4-2 : ‘90 ¢ .30 \J *36 *021 027 © — | 9*55 ' 4°55 2-19
W-Mo | 6-5-4-2 *89 ‘ "26 42 *030° . 025 672 Y4473 4749 2*51
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Table 2. Metallographic analysis of carbides and ferrite in the annealed
Mo-and W-high speed steels.

: . i * Composition bof carbides
Steel “‘ g?nro?:gf | X-ray patterns of - (%)
L (wt %) carbl.des

1
¢ Composition of ferrite(2s)
|

(CY (W (Mo> <Cr> (V> ; [C] [W] [Mo]l [Cr] [V]

" 18-4-1 27+0 IM6C+M23C5(+MC)* 2*7 61°4 — 7 i 3-4 — 21 —_ 3°1 0°1
Mo 0-9-4-2 178. MGC+M23C5+MC 50 — 380 112 11°0 — — 34 3*2 02
W-Mo |6-5-4-2 21°4 lMaC ‘Meo3Coe-+MC l 4*2 281 15°0 13°1 11°0 — 09 1*5 22 0°2

’ * (MC) m/yg@,-wxgaamuiﬁ@% Txilghoic.
Table 3. Lattice dimension,. den31ty and hardness of carbldes in’ W-and Mo-steels.
Carbides | Lattxce dimension (A) i Density ‘ Hardness (V.P.N,50g)
- | .
MoC . (Fe, W)eC 11°04~11°08 10°9~11°6 : 1660~2330
6 (Fe, Mo)sC 11°04~11-08 7°9~ 8°3 % 1610~2260
M C (Fe, W)2Cs ] 10*53~10°55 7-6~ 80 —_
e (Fe, M0)23Ce ! 10°52~10"54 7~ 704 —
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— _ . Fig. 1. Amount of undissolved carbides, in
¥ Mo i BOEE AT K. KuoPPR o quenched Mo high speed steels, compa;ed
i MaCp LRU T 5. with that of 18-4-1 steel. S
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Fig. 3. Composition of carbides in quenched

W-Mo high speed steel.
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Fig. 4. Compos}tion of matrix in quenched
Mo high speed steels, compared with that
of 18-4-1 steel.
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Table 4. Metallographic analysis of carbides and matrix in the Mo-and W-high
speed steels, quenched from 1250°C.
Carblde X-ray ’Composxtlon of carbldes(%) l Composition of matrix (%)
Steel amount | patterns —
(Wt %) | of carbides | (C> (W> <Mo) <Cr> V> [C] [W] [Mo] [Cr] [V]
0 ]
W i18-4-1 160 | MC | 19 698 — 27 1°9 | 05 7'4 — 45 09
Mo | 0-9-4-2! 7°5  MgC+MC | 5-2 52°3 8°0 15°8 | 06 — 6°1  4°2 1°1
W-Mo | 6-5-4-2 13*6 t M C+MC & 30 363 20°5 5+2 6+3 06 22 2°3 44 1°*8
Table 5. Chemical composition of Co-high speed steel and low C 18-4-1
high speed steel. ' -
S = T ] : :
Steel ¢ | si  Mn P S . W . Cc  V | Co
Co high speed steel *45 22 31 | 025 | -023 | 19°24| 4'60 | 1+45 | 19-60
Low C_ 18-4-1 *47 “25 *33 *024 *021 \E 1802 4+21 1°20 —_—
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Table 6.

Metallographic analysis of carbides and ferrite in Co-high speed steel

and low-C 18-4-1 steel, as annealed.

. Carbide | X-ray ‘Composition of c,arbkid«;sh(f%p)E Comppéition of ferrite(%)
Steel amount | patterns I : - '
(wt %) | of carbides | <C» (W) (Cr> (V> <Co>| [C] [W] [Cr] [V] [Co]
Co high speed steel 267 MeC 1*7 649 5°1 2°8 8°4 -— 2°5  4°3 0'9 23°7
Low-C 18-4-1 202 ! MeC 2 69°2 5°*3 26 — — 50 41 0°8
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Fig. 5. Hardness of quenched Co high speed
steel, compared with those of 18-4-1 and
low-C 18-4-1 steel.
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Table 7. Solubility limit of Cr, W, Mo and
V for F.C.C.-Fe and F.C.C.-Co at 1200°C»,

‘ Solute metal Cr W B Mo v

Basic metal (Wt%) (Wt%) (Wt%) (Wt%)
F.C.C.-Fe 0 L3 3 1°5
E.C.C.-Co 37 ’ 32 25 32
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Table 7. Metallographic analysis of carbides and matrix in Co-, 18-4-1, and low-C
18-4-1 high speed steels, quenched from 1300°C.

Carbide X-ray !Composition of carbides (%)| Composition of matrix(2)

Steel amount patterns

(wt %) of carbides “ <C>

(W5 (Cr> (V> <Co> [C] [W] [Cr] [V] [Col

Co-high speed steel 1

16*0 MC 12
18-4-1 16°5 M;C 1°8
Low-C 18-4-1 15°0 ! M;C 18

68*0 3°8 11 73 03 9°7 47 15 219
697 2°6 17 — 06 8.7 4'5 10 —_
70*2 3*3 12 — 02 8°8 4*4 12 —_
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Fig. 6. Composition of carbides in quenched
Co high speed steel.
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Fig. 7. Composition of matrix in quenched
Co high speed steel.
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Influence of Melting Atmosphere on Heat-Resisting Property
of 316 L Type Steels.

(On the function of nitrogen as an alloying element in

CEE R AR R

heat-resisting materials—V)

Masazo QOkamoto, Ryohei Tanaka and Akira Sato

Synopsis:

Interest has existed among high-temperature alloy producers in utilizing leaner alloys than
are currently used. Nitro‘gen—bearingaustenitic alloys offer possibilities in this respect.

An investigation has been made of the hot-strength potentialities of 316L type alloys mel-
ted in vacuum, in air or in nitrogen of two atmospheric pressure using an induction furnace.

It was presumed that the relation between the partial pressure of nitrogen in the melting
atmosphere and the nitrogen content. of these ingots deviates markedly from Sieverts’ law.

Comparing with air-melted and vacuum-melted steels, the nitrogen-meltéd steel showed higher

hardness and strength at room temperature in any states such as solution—quenched,.solution-
‘quenched followed by cold-working, or solution-quenched followed by - hot-cold working.
For the nitrogen-melted steel, significant resistance to recrystallization-softening and excellent
properties in both the high-temperature bending creep and tensile creep-rupture tests were
also found. On the other hand, vacuum-melted steel showed in a tensile creep-rupture test
longer life and larger elongation than those melted in air, although it had less hardness and
resistance to recrystallization-softening than air-melted one. ‘ ’
It was also investigated how the sort of raw chromium used in melting inﬂ.uenced on the
steel properties, and the bending creep property was found to be improved in the case of the
steel prepared from Thermit-process chromium than in the case of that from electrolytic

chromium.
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