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Microstructures and Mechanical Properties of Sintered, Hot-Forged
High-Carbon High-Molybdenum and High-Carbon High-Chromium

Tool Steels

Hisashi ANDO, Akira OxavaMA, and Ki SOENO

Synopsis:

Steel powders containing (2.28, 2.65)%C—(13.23, 17.32)%Mo0-8.9% Cr-7%W-3.5%V-9.4%Co and

(3.12, 3.61)%C-(12.69, 12.31)%,Cr-1.0% Mo have been produced by water—atomization.

Fully densified

steel bars have also been made by sintering in a vacuum, hot-extrusion and hot—forging. Microstructures
and mechanical properties of the dense steels have been investigated as a function of heat treatment.
In the high—carbon and high-molybdenum steels, fine nodules of M;C (Mo, W-rich) type carbide and fine

rods of M,C (Mo-rich) type carbids are uniformly distributed.
C; (Cr-rich) type carbides are uniformly distributed in the high—carbon and high—chromium steels.

hardness is easily obtainable by heat treatment.

It is also observed that fine nodules of M,
High

Grinding is also easy because of the uniform distribution

of the fine carbides. However, transverse rupture strength and notch.toughness are relatively low. Wear

resistance of the steels is improved by increasing the diameters of the unsoluble carbides.

Strength and

toughness may be improved by sufficient reducing of the oxygen contents of the dense steels.
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Table 1. Chemical compositions of the alloys used (wt%).

No. Cc Si Mn Cr Mo w \Y% Co
1 2.28 0.24 0.40 3.92 13.23 7.06 3.50 9.41 Sintered and hot-forged tool
2 2.65 0.25 0.48 3.86 | 17.32 7.01 3.44 9.39 - . .
3 312 0.39 0.58 12.69 0.98 o o i steels,” atomized with water
4 3.61 0.35 0.59 12.31 0.99 —_ — —
5 1.24 0.31 0.38 4.58 3.08 | 10.88 3.32 7.86 | Bar stock
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1150°C 1hr |
a) 2.28C-13.23Mo steel
powders(Nolin Table 1)

Photo. 1.

water. Etchant : Nital
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HEAE LI TS, 1150°C Tix—ERo RibinhstEikiz
5. COBRKEDEs o ABREREAERXCHE Y
HoBhY © 7h YKBERTHRED b2 & 25

noo*’cos hr
b) 312C-12.69Cr steel
powders( No.3)

(x 1000)

Micrographs of the high-carbon tool steel powders atomized with

M,C ¢z b6h%. &5CH G ZRITASIHRKE 900°C
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a)2.28C-13.23Mo tool b) 3.12C-12.69Cr tool
steel(No.1 in Table 1) steet ( No.3)
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Photo. 2. Micrographs of the sintered, hot-forged high-carbon tool steels, quenched from
indicated temperatures into oil. Etchant : Nital
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Fig. 1. Grinding test results of the sintered, hot-
forged high-carbon tool steels and the high

speed tool steel bar stock.
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Fig. 2. Mean carbide size and volume vs. austeni-
tizing temprature of the sintered, hot-forged

high-carbon tool steels,

(a) Murakami’s reagent etch
superimposed on Nital etch.

BHDS. X TR FETEELMTIT 100%
OECE MoRBIUECHE Cr R ETokki 2 2%
L. TRLIDWTER T LIEBOBRINT AWAE» Y5
PEBETTS & L DI BARE Lic e o mse: 2 i)
EL, BEELREESRBUM(No. 5) ke L. #hk
FLLABCEMoRKIUECE CrZTESSER
TFHETEISE CERINT U728, PIEIRHEMESTHD
o BREEN ¥~ XUV ThAEEETR
TRBHM LD DU LR T VW L2RBRLTWS. &
ABEREDOHMEIM: 2 TSR TRM L B2 Fig. 12
TTH, mOCEMoRkIUECH CrR2gknasT A
MOWHIHIME A HA (No. 5)it LRTRIFTHS.
ThbbIRE LTERLTCEsRBLESELDT, &
hHOMEICDWT, MR, Zomisk, HiRh, W
iR 2 ket Ui,

Photo. 2 3 2.28C-13.23Mo ¥ X 8 3.12C-12.69Cr
FHREBSETEMS Nital CEE LA —Fl%
Y. B G G REkBeE TR MG, MRLH
BH—ICHHmT 55, BARESEL L2 TEF
HALT 5@ CHS. 2ok 5l R"TECHECr
FRLEMRO RO, FHNESIOHESfHL

80 80

-~ 70+ /900°c-oustenmzing 70l
= 1000 C-austenitizing K
E 60 60 900°C-austenitizing
g 50 50F 1000“C-custeniuzing
@ 40 40
30 30
po |
£ 20 20}

10 10

0

0 7 2 3 4 56 0 1 2 3 4 5 6
Carbide size(H) Carbide size( M)
a)312C-12.69Cr toct nicel  b)3.61C-12.31Cr tool steel

Fig. 3. Qarbide size distribution of the sintered,
hot-forged high-carbon tool steels.

(¢ ) Alkaline KMnO, etch
(x 1000)

Photo. 3. Effect of etching on coexisting MC, M,C and MC.
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Fig. 4. Hardness vs. austenitizing temperature of
the sintered, hot-forged high-carbon tool
steels and the high speed steel bar stock.
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Fig. 5. Hardness vs. tempering temperature of the
sintered, hot-forged high-carbon tool steels
and the high speed tool steel bar stock.
Time of tempering is lh.
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661 66}
o62t 62}
at
s g | T=
wegl D
281 1000 S8y
c L
T
L5y, 541
501 1. Austenitizing s0r
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Fig. 6. Hardness vs. tempering temperature of the
sintered, hot-forged high-carbon tool steels.

Time of tempering is lh.
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Fig. 7. Bend test results of the sintered, hot-forged
high-carbon tool steels, subjected to three
repeats of tempering for 1h after quench-
ing into oil.
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Fig. 8. Bend test results of the sintered, hot-forged
high~carbon tool steels. Time of tempering

is 1h.
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Fig. 9. Notched bend test results of the sintered,
hot-forged high-carbon tool steels.
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Fig. 10. Wear test results of the sintered, hot-forged
high-carbon tool steels and the high speed
tool steel bar stock. (dry wear, sliding
speed : 3.6m/ sec, sliding distance : 400m)
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