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Abstract—Oxidation of granulated polycrystalline zinc selenide (grain size-®.2 mm) with atmospheric
oxygen at 436700°C was studied. The optimal conditions for the oxidation were found. An installation
for the oxidation of kilogram amounts of zinc selenide was designed and fabricated.

Published data on the oxidation of zinc selenide asonditions were far from equilibrium, the thermo-
single crystals, polished plates, and powders includdynamic analysis is important for the estimation of
estimates of the oxidation rate at 3®b0°C, com- the relative contents of products both in gas and con-
position of the reaction products, and suggested equdensed phases. The calculation was carried out at
tions for the oxidation [45]. However, there are a various stoichiometric ratios of the initial reactants.
number of contradictions in the determination of com-The calculated equilibrium concentrations of com-
position of the nonvolatile oxidation products. Forponents (in moles per total number of moles of atoms
instance, according to {B], zinc oxide is the only in the initial substances) for the system zinc selenide
nonvolatile product, but in [4] significant amounts ajr in excess oxidant (molar ratio zinc selenide
(up to 18%) of zinc selenite were found in the rangeyxygen in the experiments was 1 :4.5) are given in

490-560°C along with zinc oxide. According to [5], Fig. 1. Apparently, within the whole temperature
zinc selenite is the main product of the oxidation

at 300C; as the temperature increases, its fraction
appreciably decreases as compared to zinc oxide. @)

Volatile oxidation products either were not inves- 0
tigated at all [1, 2, 5] or only their qualitative com- /

position as a mixture of selenium and selenium di- _,
oxide [3, 4] was established. The effect of the grain

size of the initial zinc selenide on the rate of its oxida- © SeO”
tion is still obscure, and probable oxidation mech- §D_4 i
anisms were not discussed.

In this work the study was concerned with waste Se,
polycrystalline zinc selenide of various grain size, -6 /
formed from production of optical parts for IR tech- , , an
nique [6]. One of the ways of processing waste prod-
ucts is their oxidizing calcination. In this connection, | (b)
the aims of this work were to study the oxidation ) ZnO
kinetics of granulometric zinc selenide samples of
various grain size, to identify the products of the oxi-

dation at 430700°C, and also to study the mech- 0
anism of the oxidation with atmospheric oxygen.
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EXPERIMENTAL Fig. 1. Temperature dependence of the equilibrium com-
) ) ] ) position of the system zinc selenigexygen. C) Equilibri-
First we carried out a thermodynamic analysis of um concentration [mol (mol of atond). Phase: (a) gas
the system zinc selenidair. Though the oxidation and (b) condensed.
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with sodium thiosulfate, thiourea, and a mixture of
concentrated potassium iodide and hydrochloric
acid [7].

We found that the main nonvolatile product in the
temperature range under study is zinc oxide, with the
total content of zinc selenide, selenite, and selenate
being lower than 5%. The volatile product is a mix-
ture of selenium and its dioxide. To determine the
amounts of individual components, the volatile prod-
ucts were dissolved in distilled water, the solution was
Fig. 2. Kinetic curves of zinc selenide oxidationx)(con- flltc—;red, and the precipitated selenlur_n was d”ed-and
verlsio.n and §) time. Temperature°C): (1) 700, @) 600, Welghed' We fou.nd that.the proportion o.f Se.lemum
(3) 550, @) 500, and §) 430. and its dioxide in volatile products varies in the
course of reaction [8]. This allowed us to offer the
following equation for oxidation of zinc selenide:

100 200 300 t, min

1.0

ZnSe + (0.5 +y)O, — ZnO + xSe + ySeO,

0.6 . . .
3 In this equation factorg andy change in the course of
the process, but the sum of them is equal to unity [9].
The variation of the molar ratio selenium : selenium
0.2 dioxide in volatile oxidation products requires an in-

dependent study and was not considered in this work.
. . . To estimate the kinetic features, we studied only the

0.2 e 0.6 1.0 nonvolatile oxidation products. The prevalence of zinc
Fig. 3. Variation with relative oxidation timet/t' of oxide in these pr_OdUCtS a”_OW_Ed l_JS to esymate the
the zinc selenide conversian. Temperature°C): (1) 550 degree of conversion of the initial zinc selenide by the
and @) 700. gravimetric analysis. The time dependence of the zinc

selenide conversion at 43@00°C is shown in Fig. 2.
range (5081500 K) the main reaction product in the L L
gas phase is selenium dioxide. The content of the 'O réveal the kinetic features of the oxidation, we
other selenium species (Se,,S&ey, etc.) is lower eéxamined the variation of the zinc selenide conversion
by several orders of magn’itude. In the condenself) With the relative oxidation time/t' (t is current

phase selenium dioxide exists only within a narrowf!M€ and ' is time of complete conversion). The
temperature range. dependences for 0-8.5-mm particles at 550 and

_ . o _ . 700°C are shown in Fig. 3When studying the kinet-
_The installation for oxidation consisted of an in-jcs of processes in gasolid systems, in particular of
clined quartz reactor (30 mm in diameter and 400 MM |cination of solid materials, it is common to take the
in length) and a condenser for volatile oxidation prod-yggel of a spherical particle with unreacted nucleus

ucts. When the reactor is heated in a tubular electri 0] as a basic model. According to this model, the

fumace, a steady-state convection air stream ar'?‘e§ﬂiting stage is characterized by the dependence of
The temperature in the oxidation zone was variefhe conversion on the contact time, particle size, and
from 430 to 706C during experiments. The accuracygmperature. The comparison of theoretical curves and

of temperature determination did not exceed 3%. Thg, oxnerimental data (Fig. 3) suggests that the oxida-
granulometric compositions of powders were deterg,, nrocess under consideration is controlled by
mined by sieving. The particle size of zinc selenldeInternal diffusion [10]

varied from 0.20 to 6.50 mm. Samples of powders '
(18.00+0.01 g) were placed in quartz boats ¢626x The dependence of the time of 90% oxidation of

15 mm). The composition of the nonvolatile productszinc selenide (i.e., the reciprocal of the oxidation rate)
remaining in the decomposition zone was determinedn the particle size of the initial zinc selenide is

by X-ray phase analysis. The qualitative compositiorplotted in Fig. 4. Particle sizes correspond to the mean
of the volatile products condensed in the receiver wagalues within the ranges (mm) 0.2.3, 0.3-0.4, 0.4-

determined by chemical methods based on reactiors6, 0.6-1.5, 1.5-2.5, 2.53.5, 3.5-4.5, and 4.55.5.
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an installation for the oxidation of kilogram amounts

2 4 6 d, mm

Fig. 4. Rate of zinc selenide oxidation as a function of its
particle sized: (zg9g) time of 90% conversion.

It is evident that the reaction rate grows considerably?2.

with decreasing particle size (the right branch of the
curve), which also confirms the assumption on the

internal diffusion control of the process. 3.

At the particle size decreased further (the left
branch of the curve), the oxidation rate decreases,
which seems to be due to the effect of another limit-
ing stage, namely, diffusion of oxygen through a bed
of the solid product [10]. This mechanism was dis-
cussed in the literature as applied to oxidation of feS
in the industrial production of sulfuric acid [11].

From our experimental data we plotted the tem- 6.

perature dependence of the reaction time in the coor-
dinates log (W)-1/T and determined the apparent ac-

tivation energy of 83 kJ mot for the range 430 7.

700°C. It follows from the theory of diffusion kinetics
of gassolid phase interactions that the activation

energy of processes controlled by internal diffusion is 8.

approximately a half of the activation energy of a
chemical reaction [10]. The activation energy for the

oxidation of polycrystalline plates of zinc selenide is 9.

known to be 170 kJ mot [2]. In this case the activa-
tion barrier seems to be caused by the proper reaction
between zinc selenide and oxygen, i.e., the reaction is
kinetically controlled. The obtained apparent activa-

tion energy is approximately half of the value given in
[2], which supports the assumption on the internal
diffusion mode of the process.

The kinetic features allowed us to find optimal
conditions for the oxidation of polycrystalline zinc
selenide. This made it possible to design and fabricate

11.

5 | o0 I (0.6-1.5 kg) of zinc selenide [8].

CONCLUSION

Zinc oxide was found to be the main nonvolatile
product of zinc selenide oxidation at 43000°C.
The oxidation is apparently controlled by internal dif-
- fusion. The temperature of 680 and the particle size

of 1.5-4.5 mm are the optimal for the oxidation of
" powdered polycrystalline zinc selenide by atmospheric
oxygen.

REFERENCES

1. Korneeva, L.V. and Novoselova, A.VZh. Neorg.

Khim., 1960, vol. 5, no. 10, pp. 2263268.

Gunchenko, N.N., Dronova, G.N., Maksimova, |.A.,
et al, Izv. Akad. Nauk SSSR, Neorg. Matet988,
vol. 24, no. 1, pp. 3640.

Pinaev, G.F., Murashkevich, A.N., and Gorya-
chev, V.M., Izv. Akad. Nauk SSSR, Neorg. Mater
1976, vol. 12, no. 7, pp. 1361304.

4. Stepanova, N.D., Kalinkin, 1.P., and Sokolov, V.A.,

Izv. Akad. Nauk SSSR, Neorg. Mater975, vol. 11,
no. 6, pp. 10361034.

5. Kulakov, M.P. and Fadeev, A.Vizv. Akad. Nauk

SSSR, Neorg. Mater1983, vol. 19, no. 3, pp. 347
351.

Gaivoronskii, P.E., Khlopochkina, E.L., Elliev, Yu.E.,
and Gavrishchuk, E.MYestn. Nizhegorod. Gos. Univ,,
Khim., 1998, no. 1, pp. -36.

Nazarenko, I.I., and Ermakova, A.Mnaliticheskaya
khimiya selena i tellura(Analytical Chemistry of
Selenium and Tellurium), Moscow: Nauka, 1971.
Gaivoronskii, P.E., Khlopochkina E.L., Elliev, Yu.E.,
et al, Vestn. Nizhegorod. Gos. Univ., Khinil998,
no. 1, pp. #9.

Gaivoronskii, P.E., Khlopochkina, E.L., Elliev, Yu.E.,
et al, Abstracts of Papers{ Konferentsiya po khimii
vysokochistykh veshcheg¥ Conf. on the Chemistry
of High-Purity Substances), Nizhni Novgorod, May
2000, pp. 5354.

10. Kiperman, S.L.,Osnovy khimicheskoi kinetiki v ge-

terogennom katalizéPrinciples of Chemical Kinetics
in Heterogeneous Catalysis), Moscow: Khimiya, 1979.
Mukhlenov, I.P., Averbukh, A.Ya., Tumarkina, E.S.,
and Furmer, |.E.,Obshchaya khimicheskaya tekh-
nologiya (General Chemical Technology), Moscow:
Vysshaya Shkola, 1977, part 1.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 74 No. 7 2001



