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Behavior of the Change of Carbides due to Heat-Treatment
in the High-W High-Co High-Speed Steel.

(Study on the carbides in high speed steels by electrolytic isolation— III)

Sadao Koshiba, Shin Kimura and Hideki Harada.

Synopsis:

In order to research the carb{des reaction in high speed steel, the authors already reported
some experimented results on low-W and high-W steel (Tetsu-to-Hagané, (1958), p. 1186,

(1959), p. 608).

-

In this report, a study was made on the chemical composition,the crystalline structure, and
the particle size of carbides which had been electrolytically isolated from several heat-treated

high-W high-Co high speed steels (X000).
The following results were obtained:
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In the as-annealed the amount of carbides were 26%.

Carbides - which were consisted of

three structures MgC, M2:Cs and MC, were granulated. Main chemical composition of car-
bides were W (60%), Fe (20%), and, of course, Cr, Mo, Co etc. were also included.

As for the concentration of elements into carbides, that of W was 98%, that of V was
81%, but that of Cr, though it was an easy element of making up carbides, was 60%. And

a lot of Mn was dissolved in matrix.

In the quenched state, the amount of insoluble carbides were about 45%, and the most

portion of carbides were of M,C.

In the tempered state, small size carbides were precipitated

therein. Especially, the

‘amount of precipitation was increased suddenly by tempering at 575°C.
At the higher tempering temperature, X-ray diffraction lines were divided mto doublets.
This indicatted that there were precipitated two kind of M¢C, Fe,W.C and Fe;W3C, the

lattice constants of which lay near to each other.
The changes of the lattice constant &, resembled to that in high W steel.

precipitated, too.
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Table 1.
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And by. tempering at 750°C, M2:Cs "was

1300°C x2mn (EiAh) s
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DELIRIC X HILEMAROZET, FIHRICHT BE W
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Chemical composition of specimens.

Ni 1 Cr w Mo V. | Co

i

Steel .~ C | Si , Mn | P | S
|

*X 000 1 0°79 J

o-zo‘] 0'48 | 02012 | 0003 | oot l 3279 | 16°10

0°19 } 1+71 ! 970

Al

—_ 21 —



1448

% & M FaFE F1LE

ameztet ¢ Tempering temperature (L)
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Fig. 1. Changes of total amo-
unts of carbides and hardness
‘at different tempering tempe-
ratures.
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Table 2. . Metallographic analysis of carbides and matrix.
| : !

. Heat Amount | Composition of carbides (%) f‘! Composition of matrix (%)
treat t carbid ; | - = i
reatment Wins” ¢ | o w Vv lco ' ¢ e i w ! v i co

- i ] ; i T T L

B0<BopcT . 26744 3'06 | 8712 | 59790 5'32 | 2:70 J — 1'96 | 035 | 045 | 12°20

{ y f f 1 ]

Quenched at  j-03 * 203 | 221 | 42'80: 4795 | 5'71 ; 0'62  3'78 |12:48 | 1°27 | 1024
51 s00°C| 13-97| 229 | 2026 | a5°10| 4°79 | a-95 | o-s5 | 378 |11°30 | i-21 10°47
¢ | 500°C| 15°32| 3°52 | 3-16 | 46°45| 4°70 | 4°57 030 | 3'67 | 10°60 | 1°17 | 10°63
& | 575°C| 20799 | 3°38 | 5702 | 50710 | 4°91 | 3-43 010 | 321 | 7°06 | 0°86 | 1137
E | 650°C| 2368 | 3°13 | 5°90 | 54°25| 5°07 | 3-0l 007 | 287 | 4°26 | 0°67 | 11°78
& | 750°C| 25°54 | 2:98 | 7°10 | 58°50 | 5°21 | 2+82 | 004 | 239 | 1°56 | 0°51 12°06
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lattice-constant.

ISR OEERR 2

7z MeC & T-EEK
D% Fig. 5 wlLdl,
Photo. 1 2 L¥7.

ST a e s U 17 g 18 0B 6T 3 E
Ditfract angle 28=30~50° 28 = u5~125°

X-fay scanning data of Norelco dif-

fractmeter

(Sample: electrolytic isolated carbides taken

from X000 high speed steel, 1300°C oil-

quench, 750°C tempering)

Photo. 1.
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Table 3. Results of X-ray diffraction of carbides.
Iﬁ:;tment Annealed at Quenched at Tempered at
gfatzgll:gides 890~900°C 1300°C 300°C ) !‘ 500°C 575°C 650°C 750°C
" MC 83 i 93 93 94 94 89
MC 7 6 7 7 6 6 6
Me;Cs 10 — — — — — 5
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FOBHRLEWVEK gl 4— 1 M nisvwE kb, Fe WL EORKRELEETLTWEDHD:
feto MeC BT | Sz 2 50 05 70 e EZEALND.
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X 5000 (2/5)
Photo. 2. Carbides of X000 steel, Photo. 3.

tempering.
(Carbon replica, Cr shadow)
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(3) BEE#Ho_KE{Los 575°C R LW
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575°C X 1h tempering.
(Carbon replica, Cr shadow)

Lic Py
X 5000 (2/5)
Carbides of X000 Photo. 4.
1300°C oil-quenching, 500°Cx lh steel, 1300°C oil-quenching, steel, 1300°C oil-quenching,

X 5000 (2/5)
Carbides of X000

750°C X 1h tempering.
. (Carbon replica, Cr shadow)
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EFALMERR L CTREL TR Y, VLRES(81%)%K
it FEL T 5. L L Cr iattiZeRibn s %
FRLedvwivbhtwaichrrbsT, W, Vigd
D, X VRIEWMZER L LT WEEOKEE 5 1FC,60%
BESRCMEFRT 50K T, Mn i ihgkizg <
BEBEL w5,

(6)Commm%%%mﬁﬁ,ﬁm%®§EA®@
BEZEDDE Vb T Wwa, REtoh i FET 5
Co &E1I3slklD Co EiCHL Tk b, (X00 HiEEM
TRHEER 5%, X000 EEEMTIE 7%, RILWTIREE
ENTN D) S OABMERKEEC CF K —E DIk iEE
ERTECHPD, RIBBERLRICH O BEET
5HDEELLNS.

(7) FeaWC LZ2 5N B2 4E L 2ERERE
Wiz 0E WE Co (X000) e Ebnsd. F0%k
MIBER THE Uz FeaWiC 11X FeaWeC X 0 i FEE
ap 7% 0°01~0"02A /pxus. ‘

D IR DBATIC D7 0 RIEH T SN B & THE
R, ZM, M, BEOBRICESTSE LS ICEEY
WiiZwic BXLEWERTR RIFEFT, BERALABFE, th
KZoE»rBHR#RCRLOIVBELETS.

(FBF0 35 4 5 A% /) -

X W
V) e, KR, BE: #:8, 44 (1958), 1186
2) ” : 7 45 (1959), 608

4



