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Strengthening Mechanism of Cr Alloyed Steel Powder for High Strength Sintered Parts

T % (Shigeru Unami) FE/ I (Satoshi Uenosono)

Cig=

JEREPED B <, BERE E E OBMLERZ L CHEBEE NS 5D 1Cr-0.3Mo-0.3V (mass%) #H%
DT VLT aA Gk [KIP 103V]) ZB% L7z, Z OFRLR O IZ B % 0.9 mass% ¥
MU 7o BERE I, BERS £ £ OBULIRZ2 LT, BVLEAIEO5[IEERE 1 000 MPa, [=ldxdh
FENR S 310 MPa 2§67, Z O mEssE T, FRE O mmWARD TR ~— 7 A i
ik, Mn BRLP ORIE L O V RE(OFTHICER T 5,

Synopsis :

A prealloyed 1Cr-0.3Mo-0.3V (mass%) steel powder, KIP 103V, has been developed to
obtain the high compressibility of powder and the high strength of sintered compacts
without heat-treatment after sintering. The as-sintered steel without heat-treatment
made from this new powder with 0.9 mass% graphite addition gives as high strength as
heat-treated sintered steel. Tensile strength is 1 000 MPa and the endurance limit of
rotating bending fatigue strength is 310 MPa. The improvement of the strength is
attributed to a narrow pearlite lamellar spacing, a decrease in manganese oxide and a

precipitation hardening by vanadium carbonitrides.
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Strengthening Mechanism of Cr Alloyed Steel Powder

for High Strength Sintered Parts
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Synopsis;
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A prealloyed 1Cr-0.3Mo-0.3V {mass%) steel powder, KIP 103V, has been developed to obtain the high compressibility of
powder and the high strength of sintered compacts without heat-treatment after sintering. The as-sintered steel without
heat-treatment made from this new powder with 0.9 mass% graphite addition gives as high strength as heat-treated sip-
tered steel. Tensile strength is 1000 MPa and the endurance limit of rotating bending fatigue strength is 310 MPa. The
improvement of the strength is attributed to a narrow pearlite lamellar spacing, a decrease in manganese oxide and a pre-

cipitation hardening by vanadium carbonitrides.
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Table 1 Chemical compositiens of powders used

(mass%)

Cr Mn Mo v Nt Cu
0.5Cr 050 005 001 — — —
1Cr 1.09 002 001 — — —
2Cr 205 004 001 — — —
3Cr 318 005 001 — — —
1Cr-0.3Mo-0.7Mn 093 064 032 — - —_
1Cr-0.3Mo0-0.3V 1.07 001 032 029 — —_
1Cr-0.25Mo 099 002 024 — — _
1Cr0.3Mo 097 008 035 — — —
1Cr-0.4Mo 098 002 040 — — —
4Ni-1.5Cu-0.5Mo* — — 050 — 4.2 1.5
*Partially-alloyed
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Fig. 1 Effect of Cr content on compressibility of Cr alloyed steel
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Fig. 2 Effect of Mn and V contents on compressibility of Cr
alloyed steel powder
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Fig. 3 Effect of Mn on the rejationship between cooling rate and
tensile strength of Cr-Mo sintered steels
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Photo 1 Microstructures of 1Cr-0.3Mo sintered steel at cooling
rates of (a) 1°C/min, (b) 15°C/min, (¢) 24°C/min, and
(d) 47°C/min
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Fig. 4 Effect of Mo on the relationship between coocling rate and
tensile strength of Cr-Mo sintered steels

WHGEE A 15°C/min AW KE L aB &, BIEBAMNETL,
30°C/min LI ECIIFEICHIRM E O2£IT 2 Hh 572, 1Cr-03Mo #
DEREEOMMIL, Photo 1 [ZRT L3412, 2hH THEL/ -7
4 F, BREESNA T4 FOREBERES 20 I FhE ORAME
Lo THED, MHEENAE{ LBRIILAS, 8—F4 L DF
BRRA D, ki L84 74 P OHESHHOL .

Mo B4 b4 Mn #&8%F LA 1Cr SEHERSEOSIER X &
AHEEORRE, Fig. 4 1ORT. iz, REEMETHEEL
AR EHICL 2. 0.25Mo #M T, HlEE S 50°C/min & Th
E{ B TLWMM S —54 r#lEETH D, 1~50°C/min DFEHE T
RBHRREAKRE KBS LSS EM X A mL 7=,

FRIZRL, 04Mo BT, HHBEHNREL K-> TLFIRRME
EEML Ao, Thid, BHEES 17°C/min Bl ETEEKL
EEARAFA P E RS CERTB S EZ LGRS,

HiZ, 1Cr-03Mo-0.3V M &, Hhledt & L T 1Cr-03Mo #13 L U
BERIZIESHAVSR TS ANi-1.5Cu-0.5Mo M OFHES & L /A
EEOMH% Fig. 5 107, 1Cr0.3Mo03V # T3, BriLmes s
RELEBIZLEMNONGEEE XML, 33°C/min T3 HE, -
74 FHEET 1000 MPa OBEAE SN, 1Cr-0.3Mo ¥ L3
&, EEMICEEA A LEL, 7 800MPa M IOEBEAELA
SWHEERBEOL AL L, 2/, 1—30°C/min OHE T 4N;
1.5Cu-05Mo M L D BV EE B O h -,

BlEXY, 1Cr-03Mo-03V 313, BhAFEwEELE L, 1O
M AW THRERORENBOIEMNRO S L 1,

Nled & E5155 Vol. 32 No. 1 2000

® 1Cr0.3Mo0.3V
O 1Cr-0.3Ma
® 4Ni-1.5Cu-0.5Mo
1100 P Pearlite
UB: Upper bainite
1‘.1‘1000 - P
1) P
2 o0 -
5 P/ p+uB
o
E 800
;‘E P P+ UB
%’ 700
]
600 [ uB vB
sm 1l 1 1 1 1

0 10 20 30 40 3 60
Cooling rate (°C/min)

Fig. 5 Relationship between cooling rate and tensile strength of
Cr-Mo and 4Ni-1.5Cu-0.5Mo sintered steels
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Fig. 6 Rotating bending fatigue strength of Cr-Mo sintered
steels
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Fig. 7 Relationship between wear volume and wear distance for
Cr-Mo sintered steels by the Ohgoshi wear test
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Fig. 8 Inclusion content analysis by Br; -methanol method of Cr-
Mo sintered steels

Photo 2 SEM micrographs of fractured surfaces of Cr-Mo
alloyed sintered steels; (a) 1Cr-0.3Mo, (b) 1Cr-0.3Mo-
0.7Mn
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Fig. 9 CCT diagrams of Cr-Mo sintered steels
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Fig. 10 Relationship between peatlite lamellar spacing and ten-
sile strength of Cr-Mo sintered steels
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Fig. 11 Relationship between cooling rate and pearlite lamellar
spacing of Cr-Mo sintered steels

Photo 3 TEM micrograph of extractive replica of 1Cr-0.3Mo-
0.3V sintered steel at a coocling rate of 24°C/min
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Photo 4 Electron diffraction pattern of the precipitate (B) in
Photo 3
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