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Segregation Free Premixed Iron Powder “JIP Clean Mix DL”
for High Density Sintered Parts with Excellent Fatigue Property
by Warm Compaction Method with Die Wall Lubrication
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Abstract:

JFE Steel has developed a warm compaction method with die wall lubrication (WD) and a segregation-free premixed iron
powder “JIP Clean Mix DL” suitable for this method. WD method, in which an electrostatically charged lubricant powder is
coated on the die wall before a warm compaction, can reduce the amount of lubricants mixed with iron powder (internal
lubricant), and provide high-density green compacts. JIP Clean Mix DL, using JIP SIGMALOY 2010 (Fe-2 mass%Ni-1 mass%Mo

partially alloyed steel powder) with a reduced amount of internal lubricant of 0.2 mass%, showed the high green density of

7.4 Mg/ m’ by WD method, and the high rolling contact fatigue strength of 4.4 GPa after sintering and carburizing treatment.
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Fig.1 Schematic diagram of warm compaction method with
die wall lubrication
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Table 1 Chemical compositions and compacting conditions of the studied powders for investigating the effect of compaction methods

Powder Compacting condition
Graphite | Internal lubricant Method Compacting temperature External lubricant
. Zinc stearate
Mixed powder 0.75 mass¥% CC method Room temperature
I B
JIP Clean Mix HW | 0.6 mass% KWowax WC method 130°C
0.6 mass%
I *
JIP Clean Mix DL KW-wax WD method 130°C WD2**
0.2 mass%

* Lubricant for warm compaction
** Lubricant for heated die
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Table 2 Chemical compositions and compacting conditions of the studied powders for investigating the rolling contact fatigue
properties of sintered and carburized compacts

Base powder
Partial alloy Graphite Internal Compacting condition
Symbol .
(mass%) Name (mass%) lubricant
Ni Mo Method Temperature Pressure | External lubricant
2Ni-1Mo/CC ) Zine steara(l’te CC method | Room temperature | 588 MPa -
JIP Sigmaloy 0.75 mass%
2 1
. 2010 0.5
2Ni-1Mo/WD KW-wax*
WD method 130°C 686 MPa WD2#**
0.2 mass%
IMo/WD - 1 Reference

* Lubricant for warm compaction
** Lubricant for heated die

: Specimen holder

: Specimen

: Bearing balls (SUJ-2)
: Ball holder

: Upper race

QTOmgQwp

: Lubricant

Fig.2 Loaded state in thrust type rolling contact fatigue test
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Fig.3 Taken out position of the specimen for microstructural
analysis

JFE £t No. 7 (2005 4% 2 J)

. Rotating axle (1 000 rpm)

L7tk Moz i L, SR 2 RICL 720 UK
Fig. 3 OfLEA SERINL, BLEE T OWiHZ 3%+ 4 ¥ —
VEHTIRAEL, BigL72.

3. KEBRER

3.1 HREDBLVEREE

N=2ZAFKELTIIP ¥ 7 ~u 4 4155 % v, 686 MPa
DENTHI L 7238 0 #IREIC BT M B X O
W% % Fig. 4 \R$ . WD #1281 23kih i, WC
OHE LKL, CCHEDBALIZIZMAEDETD 5o [
—BIBIENTHET 5, WD BI2B 2JER%EER, CC
BO¥ AT AR 0.2 Mg/m®, WC 312 H~#) 0.1 Mg/m”

Compacting pressure: 686 MPa

=

40—

30 -

Ejection force (MPa)
)
S
———

£ 7/

)

S 73k -

B

S 72

A l

=}

s

O 71k % -

7.0 : A

ccC wWC WD
method method method

Fig.4 Ejection forces and green densities of the compacts
made of JIP SIGMALOY 415S by several compaction
methods
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Fig.5 Tensile strength and Charpy impact value of the
sintered compacts made of JIP SIGMALOY 415S by
different compaction methods

Photo 1 Pore structure of sintered compacts made by WD
method
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Fig.6 The green and sintered densities of specimens
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Fig.7 S-N curves of rolling contact fatigue test in 2 mass%Ni-
1 mass%Mo and 1 mass% Mo
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Fig.8 Microhardness profiles of 2 mass%Ni-1 mass%Mo and
1 mass% Mo

Rolling direction
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Raceway
Pitting

(b) 1 mass%Mo (S 4 7 GPa N=3. 2 X 10° cycles)

Photo 2 Cross-sectional microstructure of the pitting in
2 mass%Ni-1 mass%Mo and 1 mass% Mo

Ty INHFELTBY, Thonr gy risgEL, Hi
OBV o72bDEEZ LN
22T, AFTIIPET T CTOMBEIIHEBLT,
ML OMREELET D, RN T ®, LSS
75ﬁrf”"@1@7&6 BWT, BHILET, &)L
. BEHRESER T A EBMONT WS, TNHD
%%?‘Eﬁ’kli [dark etching constituent(D. E. C.)J, [white
etching constituent(W. E. C.) |, & %W I3IEEIENLEW JE0
THEET LD [NF 774 ] LIFERTWE, Thb
O BRI NR S E B EREH Y, e o
A TN TG P,
2 mass %Ni-1 mass %Mo #§, 1 mass% Mo #§ @ BE# 132 i



I 7 HF IR BE L 72 R SRR PR D515 A 2 Tk (W) B TR e T2 T AT B AR S B Jedy [JTP 2 ) — > 3 v 7 A DL

Rolling direction

Rolling direction
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Photo 3 Microstructural change under rolling contact stress
of 4.4 GPa in 2 mass%Ni-1 mass%Mo
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Fig.9 Relations between number of loading cycles and area
fraction of white phase at the depth of 0.2 mm from
the rolling surface in 2 mass%Ni-1 mass%Mo and
1 mass% Mo
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Sum i
(a) Martensite before testing

Sum § rack |

(¢) White phase (Disc shape)

Photo 5 SEM pictures of martensite and white phases in
2 mass%Ni-1 mass%Mo
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(1) JIP ¥ 7 <= 1 A 415S(Fe-4 mass%Ni-1.5 mass % Cu-
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WHIEZ 02mass% T TR LAZZJIPZ Y -3y 7
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E L. BJEIEJ) 686 MPa T 7.4 Mg/m® O &5\ [T 43 %%
BN SN T20 8 S ITEERE T, BERS % 7.5 Mg/m’,
BRI S 1000 MPa, 3 % )V ¥ — 54l 40 J/cm® O
WD H 7z,

(2) JIP ¥ 7= u £ 2010(Fe-2 mass%Ni-1 mass% Mo 5
EE&LEp) ZEERE L2 =3Iy 7 ADLT
iF, WD B X BEREIE 74 Mg/m®, 8 5 2BERR
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R BLHLRR (B ) O B 2 Bl L 72 2 & N & & 2
Shb.
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