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BEHAVIOR OF THE CARBIDES AND HEAT-TREATMENT
IN LOW-W AND LOW W-Co HIGH SPEED STEELS

(Study on the Carbides in High Speed Steels by Electrolytic Isolation., 1)
" Sadao Koshiba, Dr, Eng., Shin Kimura and Hideki Harada

Synopsis:

The report deals with a study on the behavior of carbides in low-W high-speed steel and
low W-Co high speed steel.

The total amounts of carbides in the several heat-treated specimens of the high speed’
steels were determined by electrolytic isolation method.

Chemical compositions and crystalhne structures of the isolated carbides were determined
by chemical analysis and X-ray diffraction, and the shapes of the carbides were observed
by electron microscope, and the following results were obtained.

(1) In annealed states, the amounts of carbides in these steels are about 20~229; wt2,,
and about 85~959%, of the W and V in the steels are concentrated in the carbides, while the
most portions of the Si, Mn and Co are dissolved in the matrix. The carbides precipitated
in these annealed steels are MgC, MC and My;Cs.

(2) In quenched states, the insoluble carbides in the high speed steels are only MsC,
and it amounts to about 10 wt%, which is the same about 40% of the carbides in annealed
state.

(3) The more rises the tempering temperature, the more precipitate the carbxdes from
the austenite. And, especially, the concentration percentage of the special alloy elements
in the carbides increases suddenly at the tempering of 575°C, and MC carbide appeares in

the steel by tempering at above 300°C.
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Table 1. Chemical composition of specimens. .
No. ¢ | si- | Mn P s Ni. | Cr W | Mo v Co
A 0+80 021 029 0+017 0-003 006 4418 |7 10°91 0°16 1+79 -—
B 0-83 0-14 0-49 | 0-°024 0-004 0-05 370 1224 02 1-82 4+35
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Table 2. Metallographic analysis of carbides and matrix (No. A)

Heat ftrfno(;‘x;’fi "Composition of carbides (%) Composition of matrix (f%)
bides | . T

treatment (wlt a/sa) L cC Cr w v Fe C Cr w v Co
Annealed at]| ot | A . cin o . L. o .
860~-870°C 20-21 l 4-01 10-88 49-10 , 7°72 27 3§ -—— “ 2748 , 1 2%. | 0+29 —
Q‘;‘;%’?gdat' 844 | 2°73  3°47 © 2691 | 2-09 | 6048 | 063 . 425 | 9+44 | 176 —
’8 300°C1 9+13 ! 460 3+95 3854 2°+51 46;'75 0-42 4+20 813 1°72 —
b 500°C | 10°24, 575 493 44-14 3°51 37-87 023 4+10 7412 1°59 —
2 575°C, 14°46 | 4-64 879  46°05| 6738 | 3042 | 0°15 | 340 . 4+97 | 1:02 —
gu 650°C . 16°59 r 4-40 G-02 | 47-92 7°69 27°27 0-08 326 3+55 0461 —
& | 750°C, 18°80, 4'10 | 10°56 | 49°53 | 7°60 | 26777 | 004 | 2770 | 1797 | 044 —

Table 3. Metallographic analysis of carbides and matrix (No. B) .
0
Heat 1%)1—?0;:2?. Composition of carbides (%) Composition of matrix (%)
b_ - SRS : e = T
treatment (v;tdi/s) | c e W |V | Fe c | o | w v | o
! o 3 ! ! t
Annealed at . I . i . : . S . ! . . . .
880~890°C 2175 ; 388 | 8°53 5255 | 714 1 2537 — : 2°35 1+04 0-35 5+25
‘Q‘;gg‘g?gdat; 9°80 2°24 295  37+64 2°67 | 49°71 | 068 | 3°79 | 9'50 ; 1°73 | 4-58
. o i v

g 300°C|  9-86 | 4-78 3°13 | 4257 | 2°98 | 40°61| 0740 | 3+77 | 893 | 170 | 4-59
5 500°C 1085 | 5°85 4112 ‘ 46°71 396 35+48 022 365 8-01 156 4+63
=) 575°C 1754 4+13 l 7°26 | 48°30 5-87 27°75 0+13 2°95 4+57 096 5+00
g.,_, 650°C 1| 19°20 | 4-00 ! 7°56 ' 50°03 7-02 26496 007 | 2+78 3+25 058 5°10
= o 750°CE 21+04 - 3+87 | 801 5140 | 7°09 | 25'78| 0°03 , 2°55 | 181 | 042 | 5°21
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Fig. 3. Relation between tempering tempera-
ture and concentration 9% of elements
in carbides. (Specimen No. A)
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ture and concentration % of elements
in carbides. (Specimen No.B)
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Table 4. Results of X-ray diffraction of carbides.
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A MC 6 - 5 L5 © 6 6 6
M;:3Cs 12 —_ — . — — — —
L M, C ' 1 83 100 95 95 94 | 94 | 94
B : MC 6 — 5 5 6 6 | 6
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Photo. 2. Electron-micrograph of carbide " Photo. 5. Electron-micrograph of carbide
isolated from quenched high-speed steel isolated from tempered high-speed steel
(specimen No. A) ‘at 1270°C. (specimen No. A) at 750°Cx 1h.
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