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Sintering and Cold-Forging Process for High Density Sintered Materials

A i NAKAMURA Naomichi JFE A F— )V kbt 2 & —i#f  FARHHE GRE) - T

/Wi & UENOSONO Satoshi ~ JFE A F—)v  AF— ) VAFSERT  $8) - MM ERRZEE FAEAFZE R (RIEEER)
B B FUJINAGA Masashi JFE 2 F— v BHARGGT by - AR - s A
Nt #  KOIZUMI Shin (BR) HSZBUERT A —bETA TV AT AT N—T EHEREAEARLE
HEABsE 7 v — 7 EALH

(B HAL BT A — b ET A T AT AT V=T EHERBAEEAR
BATERBANBHTE 7 v — 7" $li

7 #2 ANMA Hiroyuki

FHH FEd& YOSHIMURA Takashi (k) HSL8UERT F— M BT 4 TV AT AT NV—T T HERIA FEARE
Hlr i Bl Bse 7 v — 7 FARHL
R

Mo RILE EHB QBRI RSEZ /T2 210k, B 7.8 Mg/m’ (BEED 99%) F TR SN ME2H5 2
ENTEL, ZOME % 860°C T MM L7-1%, BEABED L LEZMT I EICXD, &R IUBEM I VCHs 5 2% il B
60 HRC 251% & 7z 2GS M FE CHIANR T OBERE X v 7 25T 508475 2 2 L AR S L lze BEANED & LILELR O
[ s Bl U AU BB 313 600 MPa (2 EI3E L 7z

Abstract:

A Mo-alloyed sintered steel was successfully cold-forged to a density of 7.8 Mg/m’ (99% of the theoretical density). After a
carburizing, quenching, and tempering (CQT) heat treatment, this high density material showed a surface hardness of 60 HRC,
which is comparable to that of a wrought steel. It has been confirmed that the inter-particle sintering connection grows to its
saturation level at the carburizing temperature of 860°C. The rotating bending fatigue strength of the CQT treated material was

improved to as high as 600 MPa.
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Fig.1 Basic process flow of the sintering and cold-forging
technique
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Photo 1 A sintered preform (a) and a densified material (b)
through a frictionless compression test

Table 1 Summary of the sample preparation conditions

Number leensmns of the Cold—forglng Area reduction rate Machining
sintered preform deformation mode
| $30 X 14 mm Frlctlonless axial _ 3
compression

2 $30 X 14 mm Bacloward 80% -
extrusion

3 75x55% 17mm  Dackward 77% 5 mm bars
extrusion for tensile tests

4 75X 55X 17mm  Dackward 77% ¢8 mm bars
extrusion for fatigue tests
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Photo 2 A sintered preform (left) and a backward extruded
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Fig.2 Relationship between Poisson ratio vs. density
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Photo 3 SEM images of the tensile fractured surfaces of the
cold-forged material re-sintered at 500°C(a) and
1130°C(b)
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Fig.3 Relationship between dimple area fraction vs.
re-sintering temperature
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Fig.4 Schematic illustration of the connection between two
particles
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Fig.5 Arrhenius plot according to Eq. (6)
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Fig.6 Relationship between density vs. fatigue strength
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