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Synopsis :

Composite-type alloy steel powders, KIP SIGMALOY, have been developed for the
production of high density and heavy duty structural parts. The powders are
characterized by metallurgically bonding fine particles of alloying elements on the
surfaces of soft iron particles, and satisfy both compressibility at compaction and alloy
diffusivity during sintering. SIGMALOY Cu powders, which contain 2 to 20% Cu as an
alloying element, suppress "copper growth" during sintering and hence improve sintered
strength by 10% and dimensional accuracy by 30%, when compared with conventional
powder mixes. SIGMALOY 215, 315 AND 415 powders with compositions 2 to 4%Ni-
1.5%Cu-0.3 TO 0.5%Mo attain compressibility equal to or higher than that of pure iron
powders and improve the homogeneity of sintered specimens, resulting in over 10%

higher strength and toughness than those of sintered powder mixes.
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Properties of Composite-Type Alloy Steel Powders
“KIP SIGMALOY” with High Compressibility

e g

A FEEA T“ii HRE A
Kuniaki Ogura Teruyoshi Abe Yukio Makiishi
AT YRR BE AT SRR R M T/NRF FE
Hifx vy 2 —4BE HlRerr-&BE Hiiterz-&EBH
RI—T EEWR ko7 FAN—7

HEE)

* A

(=T - W ek

mE Hea
Eiji Hatsugai
A F 7 TRRFE R TIERERAT EEEEk  TIEMEAT 803 - E

Shigeaki Takajo Toshiyvuki Mmeglshi
MRty & -40BE $EHE

A NA—T EEFR

BGRE) - 1

FEVERRERES - TAREIBIR
frE Fi R

1 F

R M RN R 4 F o MARIEE AT TR b, BEARES 2
hEREO OAERIRTGEY, R EoEANRTRI
LEHTEROBMEARBEOHMTH Y, TOEMCERLLA
S~ DRI R E V.

SG4&TEROEML, ThETkic 2 @oRE—REE (Mixed)
BT &4 (Pralloy) 5—m X » Tl B, S&H8CE
UCEEROSERATET S NEN R (HETES LA, ¥R
OEHELBIFTHHI, FETENEN LTV E, R
ELTENERLIEL L, BRNTHEOBRATESTHL I ERE
DRENS D, EERED DI IEN TR R M Tk
AEDTHLY, BERRYOTREIAMEShLY, £HTH
BOREENET LAY LT, BREEOCHL2ENRE (aHH
maEn, —H, HESRELAEMR ARV TESER, Bk

* RG24 4 F20HRRAER

£E

EEE, SHESLAOMEL LT, HEEEARKIP L ST
O4 #BE%L, FOMEE2RA~, EEaSRREHgnh 7
CHHETASTERRYASES S Lo T, EifE & RSN
HETELSENSE <, TR, SEAOEE, HERE BK
MiEEcBh v 5, 2~20% D Cu R FETRLETH VY Vv g
Culd, PEROREBEICS T, BEEHFOMEL 10%, HEH
REAL30% BT3B, * i, 2~4%Ni-1.5%Cu-0.3~0.5%Mo % &
ETD v rwr 215, 315 36 X0 415 B £ I E L E o FEE
MR L, BREEAGoH—HEEVD, BRERCHGTHE
LSS 10% B R BT 5,

Synopsis:

Composite-type alloy steel powders, KIP SIGMALOY, have been
developed for the production of high density and heavy duty struc-
tural parts. The powders are characterized by metallurgically bond-
ing fine particles of alloying elements on the surfaces of soft iron par-
ticles, and satisfy both compressibility at compaction and alloy dif-
fusivity during sintering. SIGMALOY Cu powders, which contain
2 to 20% Cu as an alloying element, suppress ‘‘copper growth’ dur-
ing sintering and hence improve sintered strength by 10% and dimen-
sional accuracy by 30%, when compared with conventional powder
mixes. SIGMALOY 215, 315 and 415 powders with compositions 2 to
494 N1-1.5%Cu~0.3 to 0.5%Mo attain compressibility equal to or
higher than that of pure iron powders and improve the homogeneity
of sintered specimens, resulting in over 109% higher strength and

toughness than these of sintered powder mixes.
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Photo 1 Scanning electron micrographs of particie of SIGMA-
LOY Cu (2%Cu)

Table 1 Chemical composition of SIGMALQOY powders

ey
Ni Cu Mo
SIGMALOY Cu — om0 | —
SIGMALOY 215 2 1.5 0.3
SIGMALOY 315 3 1.5 0.5
SIGMALOY 415 4 1.5 0.5
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Table 2 Apparent density, flow rate, and green density of
powders used for Fe-2% Cu compacts

Apparent Green
Powder density flox}r56ate): density*
(Mg/m?®) | ¥R (Mg/m?)
Composite-type Fe- _
294,Cu 2.95 20.6
Base Fe Powder 3.03 20.6 —
Composite-type Fe-
29/ Cu + 1% Zn-StH 3.10 26.4 6.93
Mixed powder Fe-
294 Cu -+ 1% Zn-Spi* 3.07 29.0 6.87

* Compacted at 490 MPa
** 7n-St: Zinc stearate as lubricant
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Fig. 1 Dimensional change of Fe-29Cu compacts sintered at
1120°C for 30 min
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Fig. 2 Dilatometric curve of Fe-29,Cu compacts during heat-
ing
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Photo 2 Copper distribution in Fe-294Cu compacts heated up
to 950°C and 1 050°C
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Photo 3 Pore distribution in Fe-29%Cu compacts sintered at
1120°C for 30 min
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Fig. 3 Transverse rupture strength of Fe.2%Cu compacts sin-
tered at 1 120°C for 30 min
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Fig. 4 Compressibility of Ni-Cu-Mbo composite-type steel pow-
ders SIGMALQY 215,315 and 415
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Table 3 Chemical composition of powders used for Fe-Ni-Cu-

Mo compacts (%)
Grade Ni Cu Mo
Mixture 4 1.5 0.5
Composite-type Pmd 1.5~3.5 0.3~0.6
Prealloy 1.45 0.53 0.47
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Fig. 7 Tensile strength of sintered and heat-trested compacts
made from 2~4%Ni-1.5%Cu-0.5% Mo composite-type
alloy steel powders
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Fig. 8 Impact value of sintered and heat-treated compacts made
from 2~49Ni-1.5%Cu-0.5%Mo comnpesite-type alloy
steel powders
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Fig. 10 Concentration of retained austenite in the surface area
of sintered and heat-treated compacts made from
249 Ni-1.5%Cu-0.5% Mo composite-type alloy steel
powders
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Table 4 Coelficients of regression equations*! for the effect of
alloying elements on sintered and heat-treated proper-
ties of Ni-Cu-Mo composite-type alloy steel powders

Correla-
Property ay Qo Qo Const. tion
coeflicient
Dimensional _ o _
chage®? (%) 0.0479 | 0.298 | 0.0961 0.805 G.989
Radial erush-
ing strength 134 76.1 303 1110 0.814
(MPa)
Charpy impact | 5 ) | g.686 | 9.66 | 3.79 | 0.913
value (J}

*L Property = ap; (% Ni} + acw (% Cu) + 20 (%Mo) + Const.

*#2 Dimensional change from green to heat-treated compacts
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Photo 5 Microstructure and distribution of alloying elements in sintered and heat-treated compacts
made from 4% Ni-1.5%Cu-0.5%Mo compasit-type alloy steel powders
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