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1. Introduction

Small garins can be produced by the gas evaporation technique, in
which a material is heated in an atmosphere of inert gas (Kimoto et al.,
1963). Since the crystallite grains are grown in an atmosphere without
any substrate in many cases, they form three-dimentional solid grains from
the gas phase. The grains concerned in the astrophysical interest were
not always produced by the direct evaporation method, because the direct
evaporation of materials was not always given by the same component of the
evaporant (Kaito, 1983). We proposed some production methods to control
the growth condition of grains using the convection flow and coalescence
phenomenon (Kaito, 1981), which predominantly takes place in the gas
evaporation method.

Particularly important minerals in the paleomagnetic research of the
primordial solar system by the use of a large number of meteorites are
tetrataenite (Nagata and Funaki, 1983) and pyrrhotite (Nagata et al., 1991).
In a previous paper, we showed that the tetrataenite grains can be produced
above 200°C by the use of the coalescence between Fe and Ni grains (Kaito
and Saito, 1989).

In the present paper, the collection method and growth condition of
tetrataenite, and the pyrrhotite production method are described.
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2. Collection and formation condition of tetrataenite

The most commmon method used is through the collection of grains
deposited on the wall of the chamber or collection plates set in a chamber,
in the closed system. However, the collection efficiency is not good, because
the grains adhere everywhere in the chamber.

The schematic view of the gas flow system and collection device of the
smoke grains is shown in Fig. 1. The chamber was first evacuated at 10~ 3Pa
closing the cock on the top of the chamber. After this Ar gas of 13kPa was
introduced from the bottom of the chamber. The gas was allowed to flow
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Fig. 1. Schematic representation of the collection method. The smoke grains produced
the direct evaporation of alloy from the tungsten boat in Ar gas pressure of 13kPa
was collected at the place on the glass funnel by introducing the disturbance flow in
this region.



Experimental Demonstration of Formations of Tetrataenite and Pyrrhotite 107

through the top of the plate keeping the gas pressure of the chamber at
about 13kPa. The evaporation source of the tungsten boat charged alloy
powders was heated at 1600 ~ 1900°C. The smoke rose along the convection
flow in the chamber and a turbulent flow took place at a collection space
constructed by means of a glass funnel, setting an element of disturbance
at the existence of the flow of gas, as shown in Fig. 1. The grains collected
on the glass funnel were scratched by blush.

If boats of large size were used, the ordered phases would have not been
obtained as shown in Fig. 2a. The typical grain of the disordered phase was
inserted in Fig. 2a, i.e., spherical grains were obtained. Therefore, the size
of the boat was fixed as a tungsten V-boat (length 50mm, width 2mm and
depth 1mm). Figure 2b shows, also the X-Ray diffraction pattern of the
collected sample produced by the evaporating F5oNiso powder. The diffrac-
tion pattern shows the ordered phases. The evaporation temperature was
of about 1700°C. The atmospheric temperature and convection flow in this
case are shown in Fig. 2c. The temperature distributions was measured
with a chromel-alumel thermocuple 20pum in diameter which had been pre-
viously developed by one of the present authors to elucidate the growth
of smoke grains (Kaito, 1978). If the evaporation condition gradually de-
parted from that shown in Fig. 2c, the appearance of the disordered phases
increased. The smoke temperature needed to be kept at about 500°C near
the evaporation source, this may be related to the Curie temperature of
the tetrataenite phase (Nagata and Funaki, 1982). In the above mentioned
condition, Fey5Nis5 and Fes;Niys powders were also used as the starting ma-
terial. If the powder of FeysNis5 evaporated, the tetrataenite phase could be
predominantly produced over any other powder synthesized from FesqNisg
and FessNigs.

3. Production method of pyrrhotite phase

In this section, the method to produce sulfide grain due to the coales-
cence of Fe and S grains and the formation condition of pyrrhotite are shown.
The present experimental method was first introduced in the BisO3-MoOg
system (Kaito, 1981), and recently used for the ordered phase formation of
the Fe-Ni system (Kaito and Saito, 1989).

Two tungsten V-boats A and B were placed 40mm apart parallel with






