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Manufacturing Process of Cr-Alloyed Steel Powders

by YVacuum Reduction
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Synopsis:

Kawasaki Stee! is producing 1 to 3% Cr-alloyed steel powders,
that are charactristic of high wear and heat resistance, For the
purpose of responding to the increasing demand, No. 2 vacuum re-
duction furnace was newly constructed and its operation began in
July 1991. The authors investigated the effects of the pre-heating
temperature and thickness of packed Cr-alloyed steel powders on the
reduction time by the heat transfer analysis. No. 2 vacuum reduc-
tion furnace has a producing capacity of 200 t/month at an operation
cycle of 2.67 h, which is twice as much as that af No. 1. More-
over, such a fully-automated manufacturing system, including the
automatic feeder of raw alloyed steel powders, aulomatic conveyors
of powders and reduced alloyed steel powders was provided on this
line. The 19 Cr-alloyed steel powder (KIP 4100V} produced by
No. 2 vacuum reduction furnace shows a green density of 7.07 Mg/

m® (compacting pressure: 686 MPa).
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Fig. 1 Manufacturing process of Cr-alloyed steel powder
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Fig. 2 Schematic illustration of reduction process in vacuum
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Fig. 5 Simulation results of heating behavior for packed Cr-
alloyed steel powders on a graphite tray-
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Fig. 6 Simulation results of heating behavier for packed Cr-
alloyed steel powders on a carbon reinforced new mate-
rial tray
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Fig. 7 Effect of thickness of packed Cr-alloyed steel powders
on reduction time in vacuum reduction furnace

LR REBCIEETE UDEEES, B amc aEHIh
7o, EMRBTEEBEE L ATOREZSE, MBSO MBABRERS
T 500°C TH-tod 0p 100°C Ak X hig—Lihbd s LAl
hiefrot, COREOCH L, SEFHYERTELILEL
UHMTEELNE fno oo & THRACERERAmE LA LT
EELTVAY,

S¥rRBErHERTE TR EREAFEF LR L. £
OEOBETRIGHE Y Fig. TR+, @R TRE LLERD 1/2
Ao LT, BREGHEMYH % ORTEFL.

No. 2 HZe@miivit, Lbo L inlafalEs, THIOR
EEEY 800°C £ Lio, i, HE#HMSEGRFREREHOH
WA LT A EEAY SR I, B owTRERT5A
Bt ERT a2 &, FLORMIEIRERT ALV EAND
ABRLLTIBORAHAR—AeToIED LKL,

4 No. 2 FZ2BTTFERROMBE

4.1 HWBLAFTTE
Fig. 8 yz No. 2 ARBTF L FofHEREo L4 7 v kxmT,

Exthaust
gas

Vacuum pump

Pre-heating zone|  Heating 2one Coaoling zone

I XX

Graphite rack

Conveyar } [0 I |>.<1 D<]

Loading machine
of staintess steel tray

Belt conveyor
Container
Feeder of Container
raw iron powder

Grinding
cquipment

Reversing machine
of staintess steel tray

Fig. 8 Layout of No. 2 vacuum reduction equipment

TNE M EEE R Vol. 24 No, 4 1992



238 Bk 3 O ReeRhols

HEBRTHoBBcE =z v <7 -2 ERsh, @RYERLL
BENMNSENC O ERBETS, BR o v T7 B REER, K
B, GRERL IURBRHRE BB SN, chbofHERM L
b ERUSE~AORBORAL, BHLLUCELY —+D0H
MEEMC T3,

4.2 Mo Oo-—

Fig. 9 c HeB TR RMonl 7 v — %, BEETF THE
Ih-BHRUSEE, BE= 7 —CTHREE T TEIND. 25
BESETISHoAF  LARBFER S TRy, AFVIVARR
EEREET LS Eh, S6EEERICY - TRELY — 4
MbHahd, CORTr —%12, BRRHEC L - THREEZA TP
BA LD, —H, Bh-AT VY VARRKIR Y FF0b
o ahoBTiOMBE R HEEE, CRE I, X DEEE
R THUBRHEHEERAENG, O L5, @RoRE,
LAF, BTy —+0RIKLEIUBREc—ELAHINEE
Wrin-Tvb, BEUBTHFORBRMILIE 2.67h (v 215
A L) Thi,

Vacuum reduction
furnace

Loading machine of
stainless steel tray
T 3

Feeder of raw iron powder

1
H
ur

Grninding equipment |l—- Reversing machine of
stainless steel tray

——wepe (raphite rack
—— Stainless steel tray

------ » [ron powder

Fig. 9 Flow of vacuum reduction process

4.3 WERTIFOHE

HeuRnirsdEofmE4 Fig. 10, £ O i#% Photo 1T
Tt HERTIFE, FTHE, NEERIUVANELETI3IEx
s ALFRDETH D, FhEREAR, THER ICHLECE
SFATLCENTED, EEIEAHAEAFECERFARES
RTEh, T, FRERIOMERCRENO e — 7 —2REX
T30 T, FBCRECHT LIt -t F v EEN T —
VEBETED, No l HEBTF TR 18U v ENHAE LA
BEALTMEBL T8, No 2 EEEILFTIL 1 B4 0 B
MEHE?2E82EAL, RAUMERMETHERD 2 FOoMHEN*EHR
Tgfz, ¥, HEEOWEIIF L Vo074 — 2L 25ER
BTV, F a0l o7 5 — 2 DM BlWEa@y@aATs LY
B, RS DI WS L LT 2 SEABRZoEEESR ER
e, FoRRTHC oV No L ERERF LIBRERUTH
B0, ABEA2EL LS, HREN No. 1l RTFRITFD 2
&, e—z—ABL2BUEE LA,

Nk Vol. 24 No. 4 1992

Air
Le—"" cylinder =

Graphite
Heater rack
. Heating -
Pre-heating zone zone Cooling zone /

Carriage] —
fork
Entrance
gate

[ntermediate

Exit wat
gate Kate

[ntermediate
gate

Hydraulic cylinder

Fig. 10 Vertical sectional view of No. 2 vacuum reduction
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Photo 1 Appearance of No. 2 vacuum reduction furnace
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Table 1 Heat balance of No. 2 vacuum reduction furnace

Pre-heating | heating

zone zone

Heat up pericd (h} 1.08 0.67

Graphite rack 143 131

. Iron powder 111 79
Requisite .

calorie Stainless steel tray 12 11

(k¥Wh) Heat of reaction — 29

Total 266 250

Requisite output of heater (kW) 246 373

Radiation calorie (kW) 52 116

Heater capacity {output 85%) (kW) 351 575
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Table 2 Chemical compositior. and powder characteristics of Cr-alloyed steel powder

Chemical composition (wt %) Apparent | Green Rattler
density density value
C 5i Mn P S Cr Mo O {Mg/m?) | (Mg/m?) (%)
No. 1 VRF 0.012 0.02 .74 0.018 0.011 1.10 0.30 0.182 2.82 I 7.05 l 0.48
No. 2 VRF 0.008 0.02 0.76 0.018 0.012 1.12 0.31 G.156 2.80 | 7.07 l 0.46
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