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Abstract Two types of advanced cold-work tool steels were characterized and compared. A higher-alloyed
ledeburitic steel with primary carbides (denoted as 9Cr) and a lower-alloyed steel without primary carbides (5Cr)
were fabricated by vacuum induction melting and subsequent hot forging. They were spheroidizing-annealed at
870°C, quenched at 1030°C and tempered at 180 or 520°C. Their machinability after annealing and hardness,
impact toughness, wear resistance after tempering were compared and interpreted in association with their char-
acteristic microstructures. After annealing, 5Cr showed higher resistance to machining due to higher ductility and
toughness in spite of lower strength and smaller carbide volume. Owing to smaller carbide volume fraction and
the absence of coarse primary carbides, 5Cr showed even better impact toughness although the hardness was
lower. The improved toughness of 5Cr resulted in excellent wear resistance, while smaller volume fraction of

retained austenite also contributed to it.
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Table 1. Chemical composition of the alloys (wt.%)
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9Cr 1.00 0.69 0.36 9.04 2.54 0.01 0.21 0.001 0.001
5Cr 0.69 0.19 0.41 5.24 2.46 0.52 0.22 0.002 0.001
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Fig. 1. Cutting tools for machinability test: (a) ball end mill for round surface, (b) flat end mill for flat surface, (c) YG-1
ball insert, (d) Hitachi ball insert, (e) Walter ball insert (YG-1, Hitachi and Walter represent the tool makers).

Table 2. General description on the cutting tools in Fig. 1

Designation Material Purpose C;gt;rslg Cgrrlgct
a . . General shapes Small
. Fine machining — - - Small ——
b TiAIN on WC-Co Trimming die outline / Flat surface Large
c
d TiSiN on WC-Co Rough machining | General shapes Large Large
e AlL,O, on WC-Co-Ti (C,N)




184 74 -

Al XA 3PS o] 83l S8ttt o SA-E o-
20 27 (scan)?] 3A A= Z 231 (profile) Aol A]
FIEEIRLOIE (200) R (211), =HURIE (200),
(220) % (311) T|=(peak)e] &F7JI=(integrated
intensity)E ©|-83) ZHF QAHUO|E By B85

AESISAT

3.

[

2}

3.1 AIERe] 71AY S

A7) AR FdstEAE $ 7 o 4
ZE Fig. 20 Yehilth. ARSSH 372 FE}
A zolel 7|/1ste] FHol] FaEE dlee] A7)
7} Wshs ZS E 4 oy, BE 9l 5Cr]
2o e = Bl dah 7k AgHAo)
9Crel M3l =2 A& & 4 Utk Fig. 3= 9Crt

ac
s07.6 510.8

500

400 4

Load (N)
g

2004 F

100422 N\

Tool designation

Fig. 2. Load imposed on the tool dynamometer during
the machinability test of the spheroidizing annealed
specimens (The tool designation is referred to Fig. 1).

Table 3. Tensile properties after spheroidizing annealing
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Fig. 3. Tensile stress-strain curves of the spheroidizing
annealed specimens.

Yield strength Tensile strength Elongation Absorbed energy
(MPa) (MPa) (%) (MPa-%)
9Cr 404.4 801.0 19.03 14117
5Cr 283.6 693.7 28.91 18387
Table 4. Mechanical properties after hardening
Hardness (HRC) Impact toughness (J/cm?) Wear resistance (g7
Tempering temperature (°C) 180 520 180 520 180 520

9Cr 61.8 63.0 61.5 38.8 8.66 45.25
5Cr 61.5 61.5 1783 144.5 20.92 45.05
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Fig. 5. Microstructures after high-temperature tempering (observations at low magnification): (a) 9Cr, (b) 5Cr.
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Fig. 7. Microstructures after low-temperature tempering: (a) 9Cr, (b) 5Cr.
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Table 5. Volume fraction of retained austenite after
tempering (%)

Tempering temperature (°C) 180 520
9Cr 26.46 14.51
5Cr 20.14 4.1
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Fig. 8. Volume fractions of equilibrium phases according to temperature: (a) 9Cr, (b) 5Cr (L: liquid, a: ferrite, g:

austenite).
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Fig. 9. Equilibrium volume fraction of total carbides
according to temperature (This corresponds to the
summation for all the carbides at each temperature in
Fig. 8).
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