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STUDY ON CARBIDES IN COMMERCIAL SPECIAL STEELS
BY ELECTROLYTIC ISOLATION (V)

(On Carbides in Several'Cold-'working Die Steels)
Tomo-o Sato, Dr. Eng., Taiji Nishizawa and Kousuke Murai

Synopsis:

The nature of the carbides in several cold-working die steels were studied by the electrolytic
isolation, subsequent chemical analysis and X-ray examination, and the following results
were obtained:

(1) The carbides in annealed high-C high-Cr die steel are M;C;, as reported in the pre-
vious paper. (Tetsu-to-Hagané, Vol. 42 (1956) p. 1118) While, the carbides in ‘the steels,
modified by the addition of W (395) or Mo (1%), are pfincipally My3Cq. The high-C high-W
die steel contains very large amounts of M;y;Cs, accompanied some MgC.

(2) The most of Cr, W and Mo in the annealed steels are tied up in the carbides.
"After usual quenching treatment of these steels, the considerable carbides are undissolved
in austenite, so that at such a quenching temperature, C, Cr, W and Mo contents of the

austenite are less than those of the steel as a whole.

(3)

In the course of tempering of these steels, ¢ and @ carbides precipitated in marten-

site change to another special carbides, depending on the time and temperature of tempering.
That is, in the high-C high-Cr-W steel, carbide reactions proceed as ¢ — ¢ >M;Cy—>M23Cs,
and in the high-C high-W steel, as ¢ — § >MgC—M3;Cq.
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Table 2. Carbides in annealed specimens.
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Fig. 3. Cr, W and Mo concentration in car-
.bides in the quenched die steels.
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Fig. 4. C. Cr and W concentration in matrix
in the quenched high-C high-Cr-W die

steel.

Table 4. Amounts of undissolved carbides, and chemical composition of matrix
in the quenched die steels.
Steel ~ Quench.invg' Hardness of Undissolved . Composition of matrix (%)
designation tem °C steel (HRe carbides (wtg}) - : R

g p (°C) 1 (HRe) | ( A); [c1 [Cr] | [W] ! [Mo]
SKD 1 950 | 63 19 o6 o4 | - —
SKD2 980 64 21 07 |, 64 17" —
SKDit 1000 ' - 63 16 05 - 60 .— - 0°5
SKD3 850 . £6 35 05 ! 10 ! 25 —
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Fig. 5. C, Cr and Mo concentration in mat-
rix in the quenched high-C high- Cr—Mo
die steel.
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Fig. 6. C, W and Cr> concentration in matrix
in the quenched high-C high-W die steel.
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Fig. 7. Hardness of cold-working die steels,
after quenching and tempering for 1h.
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Table 5. Chemical composition of matrix steels, prepared as s'imiclar to the matrix .
in quenched SKD 2 and SKD 3, respectively.

Steel designation C Si ‘ Mn l P | S ‘ Cr { w
SKD2—M "60 *19 *59 *026 .021 646 1°97
SKD3—M *51 =25 “40 *019 *024 1°15 2°67

WHEDT, THEBRULICEERZITS &, BRICLD — n
T L 2RI &, RiBMxRbE SEEaL T%E}E_‘S — M0 —)
NERL, GERICIDTIE L cRIEW D HIT2 T, F e Oy
. ) a
ZDOHFMEEFRAT L LB TER. 6 s
L7242, WD CHiT 5 & Rk, BAEmho 3 /,./‘/ %
-3 7.y X
BHE &< A—HROEMEGERL T, ThzpERE 37 < i / 3
w>
ERDEtELE L7, TableS yx SKD2 7500 SKD3 Ny / A i
OEHIME L THRLARE (SKD2-M, 5V S /" / =
b
SKD 3 -M) {2 55k T 3 C, Table 4 1257 L7-SKD p // ' ,S
2 LT SKD3 oA hoIEE o MkLiEs - i $=—"F (SKD3-M) :
C—FLAEMEEE LTS, Chb0iiNE 1050°C O e =’

Jempering  Temp. (°C) )

Fig. 10. Chemical and X-ray analysis of
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SKD 1 (950°C :A): 0°69,C, 4°49, Cr

SKD 2 (980°C gEA): 0°79%C, 649, Cr, 179 W
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SKD3: ¢ — 8 ->MgC—o-MyCyq
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