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Characteristics of Alloyed Steel Powder “KIP SIGMALOY 2010”
for Ultra High Strength Sintered Materials

and Its Strengthening Mechanism
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Synopsis:

The chemical composition of Ni- and Mo-containing composite-
type alloyed steel powder was optimized for the production of high
strength sintered comporents via compaction, sintering and heat
treatment. A powder with 29%Ni and 1%Mo, KIP SIGMALOY
2010, attained a high tensile strength of 1920 MPa, a high un-
notched Charpy absorbed energy of 53 J, a high endurance limit of
rotating bending fatigue strength of 390 MPa and a high endurance
limit of contact fatigue strength of 2 710 MPa, when double-pressed,
double-sintered, bright-quenched and tempered. These values
were much higher than those of a conventional composite-type al-
loyed steel steel powder. The strengthening was attributed to the
increase of sintered density and the strain-induced martensitic trans-
formation of the austenite phase.

The sintered compacts made from the new powder remaired soft
before heat treatment and showed a ten-times longer tool life in the
case of low cutting speed, compared with that of a conventional

composite-type alloyed steel powder,
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Table 1 Chemical compositions of composite-type alloyed steel
powder studied

{wt %)
Powder Ni Mo P S

A 1.56 0.99 0.006 0.003
B 2.09 1.02 0.007 0.003
C 2.04 0.52 0.007 0.003
D 2.10 1.48 0.006 0.002
E 2.50 0.99 0.007 0.003
F 2.99 0.99 0.006 0.002
G 3.92 1.02 0.005 0.003
H 2.00 0.98 0.013 0.012
I 2.10 0.98 0.011 0.012
J 1.92 (.93 0.001 0.002
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Fig. 1 Relationships between Nicontent and green, presintered
and repressed density for 1% Mo containing composite-
type alloyed steel powders with 0,69% graphite
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Fig. 2 Relationships between Mo content and green, presintered
and repressed density for 2% Ni containing composite-
type alloyed steel powders with 0.69 graphite
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Fig. 3 Relationship between Nicontent and Rockwell hardness
for sintered compacts of 1% Mo containing composite-
type alloyed steel powders with 0.69% graphite
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Fig. 4 Relationship between Mo content and Rockwell hardness
for sintered compacts of 29 Ni containing composite-
type alloyed steel powders with 0.6% graphite
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Fig. 5 Change in austenite amount of double-pressed, double-
sintered and heat-treated compacts with 0.6% graphite
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Fig. 6 Effect of amount of austenite decreased by deforma-
tion on tentile strength of double-pressed, double-
sintered and heat-treated compacts with 0.6% graphite
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Fig. 7 Effects of P and S contents on tensile strength of double-
pressed, double-sinterd and heat-treated 29%Ni-1%Mo
compacts with 0.6% graphite
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Photo 1 Scanning electron micrograph of fractured specimen
in double-pressed, double-sintered and heat-treated
29 Ni-1%Mo compact, and impurity contents in in-
clusion revealed by dispersive energy analysis
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Table 2 Characteristics of powders studied

Particle size distribution (%) Apparent Fi
Powder N _ density ow rate
=150 106~150 75~106 63~73 45~63 =45 Mg/mé (s/50 g)
pm #m pm pm pm pm (Mg/m?) 3OV E
KIP SIGMALOY 2010 {2Ni-1Mo) 2.5 27.7 25.2 14.9 14.9 14.8 2.90 18.5
KIP SIGMALOY 4158 {4Ni-1.5Cu-0.5Mo) 3.1 21.9 25.4 9.0 16.1 24.5 2.90 25.6
(165 BEEH Vol. 24 No. 4 1092 — -
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Fig. 8 Machinability test results of double-pressed, double-
sintered compacts made from 2%Ni-19%Mo(a) and
494 Ni-1,5%Cu-0.5%Mo (b} composite-type alloyed
steel powders with 0.6% graphite

Table 3 Mechanical properties of sintered and heat-treated
compacts made from a single-pressing, single-sinter-
ing, carburizing and tempering process (026Gr.,
sintered at 1 523 K)

Tensile | Absorbed Endu(xl'&:%(’::)limit
Power strength | energy Rt
(MPa) () bgn?ii;gg Contact
KIP SIGMALOY 2010
(2Ni-1Mo) 1500 21 460 2560
KIP SIGMALOQOY 4158
(4Ni-1.5Cu-0.5Moy | %80 20 410} 2430

Table 4 Mechanical properties of sintered and heat-treated
compacts made from a double-pressing, double-
sintering, bright-quenching and tempering process
(0.6%Gr., sintered at 1523 K)

Tensile | Absorbed Endu(n&r;::)limit
Power strength | energy 7 -
(MP2) | () | pengine | Contact
Klégl.ﬁ%ﬁgw" 2010 |y gg 53 390 2710
Klgﬁlﬁ{\géﬁgzﬁég’s 1720 39 350 2 330
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Fig. 9 Relationships between sintering temperature and tensile
strength of double-pressed, double-sintered and heat-
treated compacts with 0.6% graphite
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Fig. 10 Relationships between sintering temperature and
Charpy absorbed energy of double-pressed, double-
sintered and heat-treated compacts with 0.6% graphite
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Fig. 11 Wear resistance test results of single-pressed, single-
sintered and heat-treated compacts made from 2% Ni-
1%Mo and 49%Ni-1.5%Cu-0.5%Mo composite-type
alloyed steel powders
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Fig. 12 Amount of austenite near contact fatigue fractured
surface of double-pressed, double-sintered and heat-
treated compacts
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