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Metallic cobalt was selenidized at temperatures of
550-700 °C in selenium vapor at 4.5 kPa. The products were
Co3Segq and CoSejs. All the selenidization reactions pro-
ceeded according to a parabolic rate law, and the component

which diffused was cobalt.

The metal selenides become important as fine inorganic materials.
Particularly noteworthy is the zinc monoselenide as a blue LED(Light Emit-
ting Diode). However, kinetics of the selenidization of cobalt has not
been reported up to the present. This study was undertaken to elucidate
(1) the relationship between compositions of selenides formed and the
conditions in the reaction of cobalt with selenium vapor, (2)its kinetics,
and (3)its diffusing species.

A cobalt sheet 0.5 mm thick with a purity of 99.9wt% was cut into
rectangles of approximately 6 mm x 25 mm. These rectangles were vacuum-
annealed at 1000 °C for 7 h, then polished with emery papers, and finished
with finely divided chromium (III) oxide on a wet polishing cloth.

A sample sheet and an excess of selenium shots with a purity of
99.999wt% were each placed at an end of the silica tube. This tube was
sealed wunder vacuum. The apparatus and experimental methods employed 1in

this study were the same as those in phosphidation of metals.l’z)

6) 3,7) 6)

An existence of CoSe,3'4) C03Se4,3’5) CoySes,
7)

CoSey, CosSe,

and CogSeg has been known as cobalt selenides 1in the literature.
According to the X-ray diffraction of the product films, all of the
diffraction peaks belonged to Co3zSey and CoSep. By means of the EDTA
chelatometric titration of cobalt with xylenol orange as an indicator, it
was concluded that generally Co3Sey was the main product and CoSe, also was
slightly formed, and that an amount of CoSe,; decreased with an increase in
temperature.

Plots of the mass gain per unit area vs./time are shown in Fig. 1.

Each point represents the selenidization of individual specimens. At all
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of the reaction temperatures, the plots 100
yield straight lines, showing that the ~
selenidization proceeds according to a ]E 80 T
parabolic rate law; hence, the rate- :’60 i
determining step is apparently a diffu- fi
sion process of cobalt or selenium in the E 40 |
selenide films. 0o

Values of the parabolic rate con- a 20 R
stants, Ky obtained from the slopes of g
these straight 1lines were as follows: (0] L . L L
(l.80i0.ll)><102 at 550 °C, (4.07 £0.43)x% 0 0'5/—**—."0 1.5 2.0
102 at 600 °c, (l.47i—O.lO)><lO3 at 650 °c, T'me/h
(3.83t0.32)x103 mgcn™%h~! at 700 °c. an Fig. 1. Selenidization of

cobalt in selenium vapor at

Arrhenius plot of Kp gave a straight line 4.5 kPa. O550 °C, @600 °C,
in the range of 600-700 °C, which may ge50 °c, B700 °C
be approximately expressed as follows ‘Resiq"‘ Selenide

Kp=1.01x1012exp(-156.8 kJ mol~l/RT) oo o B

mg2 em™4 nol,

A marker experimentg) was carried
out with use of silica fiber as a maker.
Figure 2A shows the composition image of
the cross section of the specimen seleni-
dized, which was examined by an electron

probe micro analyzer(EPMA). Four black

parts indicated by arrows were confirmed

to be the silica makers by SiKa image

shown in Fig. 2B. Since the markers are : 20um

Fig. 2. Cross section of cobalt

situated near the selenid etal inter-
“ e/m selenide film formed at 650 °C

face, the reaction can be regarded as for 1 h in selenium vapor at 4.5

limited by diffusion of cobalt.
marker by EPMA.

kPa and position of silica fiber
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