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ABSTRACT. Product ion methods of Fe304 g ra in and MgS g ra in have been 
introduced. Fe^O^ grain was produced in an Ar gas pressure range of 25 
to 100 Torr by e v a p o r a t i n g FeO powder. The growth of Fe304 have been 
discussed as the r e s u l t of oxidation of Fe grains. MgS grain produced 
by the r e a c t i o n of Mg and S vapors grew in the c o a g u l a t i o n of t i n y 
cubic su l f ide . 

1. INTRODUCTION 

The most advanced method for producing grains of metal or oxide i s the 
s o - c a l l e d "gas e v a p o r a t i o n method", in which a m a t e r i a l i s heated in 
i n e r t gas atmosphere(Kimoto e t a l . (1963) ) . The heated vapor i s subse ­
quen t ly cooled and condensed in the gas a tmosphere, r e s u l t i n g in a 
smoke which looks l i ke that of a candle. The d i rec t evaporation of the 
oxide or su l f ide in the gas was not always given the same components of 
the evaporant, i .e. decomposition took place (Kaito(1983)). We proposed 
va r ious methods for producing compounds(Kaito (1981), Kaito e t 
al.(1989)), by using the convection flow of ine r t gas. New attempts for 
product ion of FeoO^ g ra in and the produc t ion of MgS g ra in a re de s ­
cribed in t h i s paper. 

2. EXPERIMENTAL PROCEDURE 

The s a m p l e p r e p a r a t i o n chamber i s a g l a s s c y l i n d e r of 17 cm i n i n n e r 
d i a m e t e r and 33 cm i n h e i g h t . A t a n t a l u m v - b o a t ( l e n g t h 50 mm, w i d t h 
2mm and d e p t h 1 mm) c h a r g e d w i t h powder of FeO (99.9%) was p l a c e d i n 
the chamber. Ar gas a t 10-100 Torr was i n t roduced i n t o t h e chamber and 
t h e b o a t h e a t e d up a t a b o u t 1800°C. G r a i n s i n t h e p r o d u c e d smoke were 
c o l l e c t e d on t h i n carbon f i l m suppor ted by e l e c t r o n mic roscop ic g r i d s 
a t v a r i o u s p o s i t i o n i n smoke and observed wi th a H i t a c h i H-800 e l e c t r o n 
microscope. The t h r e e - h e a t e r method which has been shown i n a p r e v i o u s 
pape r ( K a i t o e t a l ( 1990) ) was a p p l i e d f o r t h e p r o d u c t i o n of MgS 
g r a i n s . 
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3. RESULTS AND DISCUSSION 

Typical smoke which formed by evaporating FeO in Ar gas at 100 Torr is 
shown in Fig.1(a). The evaporation source was almost perpendicular to 
the photographic plane. Figs. 1(b) and 1(c) show electron microscopic 
image and electron diffraction(ED) pattern from the grain collected in 
smoke shown in Fig.1(a). ED pattern shows the formation of magnetite. 
External shape of the well-grown grains was cubic octahedron. 

Fig.l. (a) Smoke of Fe-^ grains formed by evaporating FeO powder in Ar 
gas at 100 Torr, (b) and (c) show electron microscopic image and elec­
tron diffraction pattern. 

TABLE 1. Results of analyses of iron oxide grains 

Ar Gas Pressure (Torr) 10 15 17-20 25-100 
Produced Grain a -Fe a -Fe FeO FeoO/ 

(FeO) _ 
() means the oxide produced on the surface of a-Fe 

A summary of the produced grains due to gas pressure is shown in 
table 1. The magnetite grains were predominantly produced above 25 
Torr. At 10 Torr gas pressure, iron grains were produced. At 15 Torr 
gas pressure, FeO oxide (Wustite) was produced on the surface of iron. 
The grain of wustite predominantly appeared in gas pressures of 17-20 
Torr. Produced grains were changed by the gas pressure of inert gas. 
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These r e s u l t s show that the evaporated FeO powder was decomposed and 
oxidation took place in the atmosphere. The temperature of the grains 
became a few hundred degrees a t a point about 10 mm above the evapora­
t i on source . The ox ida t i on of i r o n g ra in took p l a c e near the heat 
source. Therefore the formation of various oxides by the gas pressure 
i s due to var ia t ion of the oxygen gas density per unit volume in smoke. 
The shape of the smoke changes d r a s t i c a l l y below the gas pressure of 25 
Torr. The width of the smoke at 100 Torr a t 10 mm from the evaporation 
source i s about 7 mm as seen in F i g l ( a ) , but the v a l u e s become about 
1.7 and 3 t imes g r e a t e r a t gas p r e s su re of 20 Torr and 10 Torr , t h e r e ­
fore the dens i t y of the decomposed oxygen vapors per u n i t volume 
becomes smaller . Sine the melting point of iron i s 1536°C, the decom­
posed i ron gas was condensed as the i ron g ra in near the e v a p o r a t i o n 
source . The decomposed oxygen can be in the s t a t e of gas in the flow 
of Ar gas. Therefore the oxidation of iron took place and oxide grains 
can be produced in a high gas pressure. 

Fig.2. (a) Schematic r e p r e s e n t a t i o n of the product ion method for 
MgS.(b) Electron microscopic image. 

Fig.2(b) shows MgS grains produced by using the three-heater method 
which indicated schematically in Fig.2(a). The temperature a t locat ions 
5mm above and 5 mm below the heater H which was heated a t 1200°C in Ar 
gas p r e s su re a t 100 Torr became 500°C and 300°C (Kaito and Sa i t o 
(1990)). Heaters M and C which were used as the e v a p o r a t i o n 
source of Mg and S were set at the above locat ions . In order to control 
the vapor p re s su re of both the Mg and the S to br ing them c l o s e r to 
the same l e v e l , the boat M was hea ted . When the tempera ture of the 
boat M was maintained a t about 650°C, the vapor p r e s s u r e of Mg was 
2.04 Torr which was n e a r l y same of the vapor p r e s s u r e of the S a t the 
boat C (350°C). The evaporated sulfur vapor rose due to the convective 
flow from the hea t e r H and r eac t ed with the Mg vapor around hea t e r M. 
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The shape of the smoke was s imi la r to tha t shown in Fig.1(a). Since MgS 
has the c r y s t a l s t r u c t u r e of NaCl type , the e x t e r n a l shape of the 
su l f ide became a cubic form (Kaito et al.(1988)). The melting point of 
MgS was higher, therefore the surface melting coalescence predominantly 
took place(Kaito, (1985)). Then the small c r y s t a l l i t e s were coalesced 
as seen in Fig.2. 
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