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Production of Rapidly Solidified Fe-C-Si Alloy Powder by the Rotating-

Water-Atomization Process and Its Structure

Isamu YAMAUCHI, Yasuhiko NOMURA, Itsuo OHNAKA and Yuji MATSUMOTO

Synopsis :

The rotating-water-atomization process (RWAP) developed by the authors was applied to produce rapid-
ly solidified powder of a large number of ternary Fe-C-Si alloys with 0.42 to 4.8 mass% C and 0 to 7.15
mass% Si. The particle shape was not spherical unless Si was free., The particle size was distributed in
logarithmic normal and the mean particle diameter was in the range of 100 pm and 150 um. Total oxygen
content of powder was about 1500 ppm for Si free alloys and it drastically decreased with increasing Si
content. It was about 400 ppm for alloys with 2 mass% Si. Rapidly solidified particles consisted of fer-
rite(d ), cementite, austenite and martensite which were achieved by conventional quenching techniques. In
addition to the above, metastable € (hcp) and new X; and X, phases were also formed at high carbon and
silicon contents. Crystallographic structures of X; and X, were not yet identified. The DSC curves of
X, and X; were quite similar to those of € and austenite, respectively inspite of having different crystal
structures. The formation of these phases depended on the cooling rate. In a Fe-2.79C-5.06Si alloy, au-
stenite and € phases were dominant at higher cooling rate, on the other hand at lower cooling rate X, were
preferentially formed. A large exothermic reaction of 84 J/g due to the decomposition of austenite to fer-
rite and cementite was observed upon heating Fe-1.89C-2.97Si powder.
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Fig. 1. Laboratory scale RWAP unit.

W23 1500 ppm FRETH 1, XHREIPTA S ERL
W) O KE 1L FeO T—3 FesOy BT 5 T & 25380
Shi. —F, Si#RmNTAZ ik oTCEMERER
AT L, X&EIFTH FeO & 513 Fes04 %D
BALY OEIFFE W ONLBEINTHFEL THLRHD T
METHLEBbN. THIEES CRFEMICEE S
AR AT S L, PIBR S CERILASE T L e hr2 72
LItk BEEZLND,

KWEFE L 72 Fe-5.39%Si 44 TEMERIH 29000
ppm 2727 & OB L KT 5 L REFEEICK D
TELNBEROEMERIBD TRV Z L2550 5.
¥ 7z, Fe-2.79C-5.06Si & & % iiEh/ v 7 7 4 ¥ IZMEH
LEBBEOEMEE I KEZOGAE L LT 70~
80% @ 300 ppm HIE T D, & A LEDL LN
REROB A ETHE ST 7 4 ¥ ITES L 2B TLE
BN CTHHERE DK & CBIRTOBICERE 25 < @S
PHls D Z & BIOKEFEDHETHEBHZEHI
BT #EULL 72D TKIZE B KEE LR DO ATIT E A L
ozl bR EICE O TIDX I IEKBERIILO
LbOrEbhsb,

AL A KB IL T o { BIRTAERT S FeO 2 & T
HHIEDSEBICIIETE - GEHERICERY £ v M2
22t B E TORKHTHELLZLDEEZLND DT,
BALOBELX XA T5 -0 IEEFHR * NG
HWIZTHIEH—D2DHETHA ).

3-1-2 HEROFIK

—fil X LT, Photo. 1 i&hBWbironzAEHEK
D S HLEFFE 74~110 pm OFFEFFH 2 B SR OTIR
% SEMBIE LAEELRT. SizagihwHiic
EWMABSH T, 2ORRIFIKRTH222%, Si 2 &

2000 T 1 1 1 1
1]
& L \ o——=o Fe-2C-XSi
~ 1500 O---0 Fe-3C-XSi
o I A—-—A Fe-4C~XSi
S
)
=
S 1000
fd
(d]
(o2
2
S 500
A
0 ! ! I ] I i
0 1 2 3 4 5 6 7
Sq / mass%

Fig. 2. Variation of total oxygen content with Si
in water-atomized Fe-(2-4)C-XSi particles.
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Fig. 3. Particle size distribution plotted on

« normal probability chart.

a: Fe-2.99C Water-atomized

b: Fe-2.93C-2.99Si Water-atomized

c: Fe-2.61C-7.15Si Water-atomized

d: Fe-2.79C-5.06Si

Liquid-paraffin-atomized
Photo. 1. SEM micrographs of
ato)mized particles (74 ym > d > 53
um).
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Photo. 2. Martensite in Fe-091C-2.94Si with
primary dendritic austenite trace (SEM).

Photo. 3. Ferrite dendrite in Fe-0.96C-7.10Si
(SEM).
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Fig. 5. Effect of Si content on the decomposition
of austenite in Fe-2C-XSi particles.
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of Fe-3.68C-1.98S1 (SEM).
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Table 1. Observed d values of unknown X; and X,

in Fe-2.57C~6.09Si particles. (nm)
X1 Intensity Xy Intensity
0.2052 Strong 0.2092 . Strong
0.1890 Medium 0.1988 Medium
0.1257 Weak 0.1229 Weak
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Left: Dark and uniform structure may be X; phase
Right : Dendrite structure may be Xy phase

Photo. 6. X; and X, phases in Fe-2.57C-5.98Si
particles (SEM).
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Fig. 7. Effect of particles size on DSC curves in
Fe-2.57C-5.98Si particles.
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Fig. 8. Effect of cooling media and rotating fluid
velocity on the phase formation and their

decomposition in Fe-2.79C-5.06Si.
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