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Behavior of Carbides due to Heat-Treatment in
High-W and Mo High Speed Steels.

(Study on the carbides in high speed éteels by eleétrolytic isola‘tion—II)>

Sadao Koshiba, Dy. Eng., Shin Kimura and Hider; Harada.

Synopsis: .
The total amounts of carbides in the several heat-treated specimens of the high-W high

speed steels and Mo high speed steels were determined by electrolytic isolation method in
this 2nd report like thd 1st (Tetsu-to-Hagane, 1958, Vol. 44, p. 1186).

Chemical compositions and crystalline structures of the isolated carbides were determined

by cliemical analysis and X-ray diffraction, and the shapes of the carbides were observed by
an electron microscope, and the following results were obtained:

(1) On the as-annealed states, the amounts of carbides in high-W high speed steel were
about 30%, and in Mo high speed steel were about 23%, and about 959% of the W, 809% of the
V in the steels, and 909 of the Mo in the Mo high speed steel were concentrated in the

<carbides, while the most portions of the Si and Mn were dissolved in the matrix.
The carbides precipitated in these annealed steels were MeC, MC and My;Cs, and the most

portions of the carbides were MgC.

(2) In quenched states, the amounts of insoluble carbides in these high speed steels were

10~14%, which was the same about 40~459,

of the carbides in as-annealed state.

The insoluble carbides in quenched high-W high speed steels were only MsC, but the carbide
in quenched Mo high speed steel consisted of MC and MC. .

(3) The higher tempering temperature, the more precipitated the carbides from the austenite.
And, especially, the concentration percentage of the special alloy elements in the carbides
increased suddenly by the tempering to 575°C.

The M23Ce carbide precipitated in the high-W high speed steel by the tempering to 750°C,.
and the amount of MC carbides in the Mo high speed steel increased by the tempering, and
M33Ce carbide appeared by the tempering to above 575°C.
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Table 1. Chemical composition of specimens.
[ .
Code C Si .| Mn P s Ni Cr w Mo v
D 079 016 | 0°29 0+018 | ' 0°005 0°08 406 17-88 051 0°80
E 086 0*13 | 0-29 0-022 0°006 Q'OB 385 719 491 1°47
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Table 2. Metallographic analysis of carbides and matrix (specimen D)

Heat Am:funt Composition of carbides (%) Composition of matrix (%)
treatment | F2bI%S)  C cr | W | Mo v Cc cr | W | Mo v
Annealed at| 30-00 | 2v63 | 10°37 | 57725 C1ess |27 | — 136 1-00 | 0°14 | O°21
Quenched | 14.04 | 2:14 | 2:34 | 43:05| 1729 | 1708 | O°57 | 4734 | 13777 | 0°38 076

©300°C | 16°54 i 241 | 2745 | 46°24| 1°31 | 1-04 | 0v47 | 4°37 | 12°26| 0°35 | 0°7S

= | 500°C| 18+08 l 2-95 | 369 | 49°60| 1.4l | 1°12 | 0732 | 4°14 | 10°88 | 032 | 073
§ | 575°C| 23°54 l 303 | 660 | 54'93| 138 | 197 | 0710 | 328 | 6747 | 025 | 044
é‘ 650°C |-25°86 l 2004 | 776 .| s5°22| 140 | 2711 | o0v04 | 2:77 | 4'86| 020 | 0°34
& [ 750G | 2932 I 2767 | 9+23 | 55°85| 1°33 | 2714 | 0'01L | 1°90 § 2712 | 0717 | 024
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Table 3. Metallographic analysis of carbides and matrix (specimen E)

. Q
Heat Amoofunt Composition of carbides (%) Composition of matrix (%)
treatment | carbides
(Wt2%) C Cr w v C Cr w Mo v
Annealed at . . . . . . . . . .
870~880°C 22+85 3°78 985 2975 19+40 536 — 207 051 062 0°32
"Quenched | . R . ] . ) . . . . .
at 1250°C ! 10°03 2+39 309 21°54 16*25 2*35 0°+68 3°93 559 365 1+37
300°C 11+*57 391 311 26°72 17°46 2°91 OV'46 395 | 4-64 3+27 1°28
= 500°C 12°88 4+73 366 28°49 18°26 342 0°29 3-88 4°04 2°94 1*18
=}
ot 575°C 17467 4+19 7*19 28°52 20*52 3-91 0°15 3*13 2°61 1*55 0°95
[
a,
g 650°C 19°89 4+02 8+35 28+96 20°45 458 0-07 273 1°79 105 0*70
S .
750°C| 21-84 380 9+ 16 29-03 19°52 506 0-04 2+37 1°0%9 083 046
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rature and amounts of carbides in steels,
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Fig. 2. Relation between tempering tempe-
rature and amounts of carbides in steels,
hardness of steels. (specimen E)
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Fig. 3. Relation between tempering tempe-
rature and concentration percentage of
elements in carbides. (specimen D)

o 00
9

23 8

of elements

SOt

A A5 a0 A0 G H0 R T 5
is 500 600 700 &0
ameated  guenched Tempering temperzture (%)

Fig. 4. Relation between tempering tempe-
rature and concentration percentage of
elements in carbides. (specimen E)
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Results of X-ray diffraction of carbides.

Annealed at

Quenched at Tempered at

. Heat treatment j »
Specimen
. Pattern . 860~870°C 1280°C .
. ~88 ° o ’ o] (o}
No of carbides . .(or 870~880°C) | (or 1250°C) |300°C [500°C |575 C1650°C 750°C
MeC 93+8 100 100 100 |. 100 100 96 .
D MC 09 — — — — — —
M;;Ce 52 — —_ — — — 4
Mg C 86°0 97°5 94+0 | 93*8 | 90°0 | 91*0 | 86°0
E MC 6°5 2°5 56 6*3 75 6°5 6°5
M3 Ce 7°5 — — — 25| 25| 7°5
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Metallographic Study on Niti‘ogen Absorption of 20%
Cr-Fe Alloys (Effect of Carbon Content).

(On the function of nitrogen as an alloying element
in heat-resisting materials—IV)

Masazo Okamoto and Onmi Miyakawa

Synopsis:
~ High Cr-Fe alloys absorb nitrogen readily when they are heated in the gas at high tempe-

ratures. Although such absorbed nitrogen has very- interesting effects on the alloys, few
studies on this subject have been reported. This paper dealt with the influence of carbon.
content of 209 Cr-Fe alloys containing 0-049C, 0°149%,C or 0°229,C on the austenite formation
due to the nitrogen absorption of these alloys, and clarified the behavior of the formed auste-
nite due to various heat treatments. )

The results obtained were as follows:

(1) The absorption of nitrogen during the heating for 4~6 hours in the extremely pure-
nitrogen, which was predeoxidized and predehydrated by metallic sodium chips, at 1250°C:
changed the surface zone of 209 Cr-Fe alloys into single austenite phase at the temperatures,.
and the depth of the austenite zone was enhanced as carbon content of the alloy increased from:
0°04% to 0°22%. In inner region of the alloys, a duplex structure of austenite and ferrite:
was produced by the less content of nitrogen. The higher the carbon content of the alloy
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