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Super-high Strength Low Alloy Steels Produced by Injection
Molding and their Heterogeneous Microstructures

4258 Vol.19 (2014) No.7

*BLEICRERE

— i
— %ﬁj: TUNKFR EBE Toeaffgebe Bk omiir Bz

Hideshi Miura

i

A
FHHIE, ThE TOMRIZHEOTH LW EE AR
BJE (Metal Injection Molding) 7" v & 2 T D2 S HlAH11Z
X B IRFBROMEFIELEEIEET 5 & & 312, {EROFAE
ik (GRIT L ZRIGOGE . W OB A SO 5 RS
131000 MPa#lt THIOT® 1 ~ 2 %) TI3E 6 hanslikig
J& 1800 MPa. {HU'3 ~ 4 % D) CiiPERe 2 Bk S, (5t
FESEOEM VLD 278 IR BIARIEIC K 2 BERSIKA-E8 (Fe-
2%6Ni-0.5%Mo-0.4%C #ALELHE) ZFHFEL 72V, ZHUCBEL T
13, EAIRIC K B BERSIORIRAA O IR I L2 o3 AMER} L 72
PHIARE (~7 ) JlRk (& < IZEEHENDRIO Fe B~ 0
ARA-25 2 PEBUZ K 0 L IRAKHIS NI RIS OEFH)IE U T B
FTEVLT VYA M RESEONEAREEA — 27 F A
M) AMEIRICEEZR L~IL T V44 M HAED Bl A 75
) DENEEARBRLTWEEDEEL TS, 27T,
RS N OB %&woﬁﬁﬁ%&&mmm&mm@
MDA EFNTREN/ZEDTH D AfiffdE FEAIZA
WCM%®k%é%ﬁ@én@ﬁ%~ﬁ%@%ﬁ&2%%
ABHZEIZ&oT, IHICENLREE (HEE : 515585 2000
MPall I, 05 %LU E, [z R % 9758 600 MPall 1)
ERBEEI R LNHICFTEL 26, AT uM
AR 2 BHOM S REA B LV ZEN S DFHIEA &
74 71 LN TOMBIZRED RIS DWW THRET 217>
720

B> FBITE

L 72BARIE, 77— R =gk (Fe-OM. “F¥akifE4.4 pm,
RHEEER T () ®) Th s, 72, mMT2Ni& L
T, K7 b4 TFER (AKT-Ni, =280 (kk) 81 % 35
DREIIR L TR, FERiIE6, 16, 24 pm ToH 1,
ZhZFh %, Fine, Medium, Coarse & #53 %., ¥R D SEM
B % Fig. 112, {b2# 43 % Tablel 2R $, 2 ZHDFIAK
. NiDOTIEA 4, 6. 8 massh & 7 5 K 5 IZIRA L THW
2 N Y RE LT, /8T T 4 VT U X% 69 massh, T X
7 Fy oK) Fa TV Y& 20 massh, AT TINT T
%10 massh B KA 7 7 U VikR% 1 masshlicd L 7z, KK
XU V& BIROEA 265 volk & 5% & 5 121k
AT, 1535 N0k 2 O THHIEIZC & 0 o 4~
ALY [RGB AR L 72, OBIRIE & 37 4 S
TOBRBBARIC LD /ST 7 4 9y o Z&MIL, Z D%,
INERBERR $5 & OVBERS & 385 1247 5 72, BEREIZ 101 Pa H
ZEd T, BERSIRE 1200 ~ 1350 °C T1HERIRRF L 72, 18
5 N7 RS IRIZ Ar SR (P CEVILER 247 5 72, 900 °CIZ T
303 PRFFL 22, WIS THEAN AT, Z D200 °CIZT
120 73 fRFF L 2 B2 ThES & L7z, 13 5 N7zakBR i
TILF AT AR K B ERERNE ., SR T, ML ESE.
EPMAIZ & % NiZsAnIRIAOMNT, #6 L OF RGBR I L 72,

* BBFB2 FICAMAFRFERTFMARKMASAELRIBLET. EBIC

FFE12ALVERAKRFTE

BB - BhEUR. TR 7 FICHERAME. FRI6FEICAMKETE

AMKFTZEE - ByFICEA. BBM61 F£7RICTEELSEMSE,

B - R ICERE. REICED,

| 479




4258 Vol.19 (2014) No.7

Fig.1 Secondary electron images of powders; a) fine Fe, b) fine Ni,

¢) medium Ni, and d) coarse Ni particles.

Tablel The chemical composition of Fe and Ni powders (mass%).

mass% | C Si Mn  Fe Ni (0]
Fe 0.76 - - Bal - 0.30
Ni 0.01 1.10 0.19 0.28 Bal 0.001
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Fig.2 Optical Microstructure of the steel compacts sintered at 1250
°C for 1 hour in vacuum followed by quenched and tempered:
(a) Fe-6Ni with different Ni powder size, and (b) Fe-4Ni, -6Ni
and -8Ni with fine Ni particle. The —f, -m and —c stand for
fine, medium and coarse particles, respectively. The arrows
show the bright area in Ni —rich area.

Fig.3 X-ray mapping for Ni by EPMA analysis for the steel compacts:
(a) Fe-6Ni with different Ni particle size and (b) Fe-4Ni, -6Ni and
-8Ni with fine Ni particle.
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Fig.4 Tensile strength of Fe-Ni compact with different Ni content
and particle size.
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Fig.5 Elongation of Fe-Ni compact with different Ni content and
particle size.
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Fig.6 Influence of tensile deformation on hardness of the Fe-6Ni-f.
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Fig.7 Influence of tensile deformation on volume of retained
austenite phase in the Fe-6Ni-f.
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