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THERMAL REACTIVITIES OF POTASSIUM
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L. Ulicka

DEPARTMENT OF INORGANIC CHEMISTRY, FACULTY OF NATURAL SCIENCES
KOMENSKY UNIVERSITY, 842 15 BRATISLAVA, CZECHOSLOVAKIA
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The thermal reactivities of KHV 0, 3H,0 and Cd(HV,O,4), - 12H,0 were investigated.
By means of IR spectroscopy and X-ray phase analysis it was found that, after dehydration, both
compounds decompose to vanadium pentoxide and the corresponding metavanadate.
Potassium metavanadate and vanadium pentoxide react together to form bronzes of different
compositions. In contrast, vanadium pentoxide and cadmium metavanadate are the predomi-
nant components of the reaction products obtained within the temperature range from 300° to
800°C.

Hydrogenhexavanadates have become the subject of detailed research only in the
past few years. X-ray diffraction examinations of polycrystalline spccimens reveal a
lower degree of arrangement in the structure of these compounds. It is evident that
information on the structural aspects of hydrogenhexavanadates can be obtained
only by means of several mutually complementary methods. A study of the thermal
reactivities of the given type of polyvanadates may contribute to an explanation of
their nature [1--3].

The present paper deals with the thermal reactivities of the compounds
KHV.O,¢-3H,0 and Cd(HV,0,,), 12H,0

Experimental

KHV0,¢-3H,0 and Cd(HV,0,),  12H,O were prepared by the acidic
hydrolysis of the corresponding metavanadates at 80° [4].

The potassium contents of the prepared substances were determined by flame
photometry [5]. and the cadmium contents complexometrically [6]. Vanadium(V)
was estimated volumetrically by titrating with 0.05 M iron(II) sulphate using
diphenylamine as indicator [7], and vanadium(IV) by titrating with 0.01 M
potassium permanganatc [7]. The amount of crystal water was estimated by DTA.
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334 ULICKA: THERMAL REACTIVITIES OF POTASSIUM

For KHV 0,4 3H,0 (655.79 gmol ) 5.96% K, 46.61% V and 9.61% H,0*
were calculated, and 5.90% K, 46.80% V and 9.21% H,O were found. For
Cd(HV40,6),- 12H,0 (1453.88 gmol 1) 7.73% Cd, 42.05% V and 16.11% H,0*
were calculated, and 7.76% Cd, 41.87% V and 15.87% H,0 were found.

Thermal analysis of the compounds was performed on a Q 1500 derivatograph in
air atmosphere, at a heating rate of 10 deg/min, with a weighed amount of 150 or
200 mg. In order to explain the individual endo- and exoeffects, the heating of the
studied compounds was interrupted at chosen temperatures (according to the DTA
curve). In some cases, isothermal heating of the substances was applied at definite
temperatures in a crucible furnace. The products obtained were cooled to room
temperature and identified by X-ray phase analysis and IR spectroscopy.

X-ray powder diffraction patterns were taken on a Philips PW 1050 diffracto-
graph, equipped with a copper anticathode and a nickel-filter.

The infrared spectra were taken on a Perkin—Elmer 180 spectrophotometer, with
the Nujol technique.

Results and discussion
The results of differential thermal analysis of KHV O, - 3H,0O are shown in Fig.

1. The first endothermic process is connected with continuous dehydration within
the temperature range from 20° to 330°. The chemical nature and to some extent
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* crystal and constitutional water.
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also the crystal structure of the given hydrogenhexavanadate are not influenced by
the loss of 3 molecules of water the X-ray powder patterns of the trihydrate and the
anhydrous salt are almost the same. The decomposition of KHV¢O,¢ and the
complex thermochemical reactions connected with this proceed only after the loss
of constitutional water. These processes are indicated by a relatively broad
deviation with a maximum at 390°. The results of isothermal heating permit the
conclusion that potassium hydrogenhexavanadate decomposes primarily to KVO,
and V,0, which react together to form bronzes of various compositions. The
product obtained by heating to the temperature of the exothermic maximum
contains brones K, ;,V,05, KV,0,;, an admixture of K,V40,, 4 and residual
V,0, (Tables 1 and 2). The given components are present in all the products
obtained within the temperature range from 390° to 505°. However, the content of
K,V0,, ¢ increases with temperature rise.

Within the temperature interval from 505° to 615°, endothermic processes take
place. These are indicated in the DTA curve by the deviations with minima at 530°,
560° and 600°. These processes firstly involve a small loss, and immediately
afterwards a small increase in mass of the heated substance, which points to redox
reactions. Further, in the product obtained at 550°, the new component K, ,,V,05
was identified instead of K, 3,V,05. It is presumed that this bronze is formed
according to the equation:

2.7 K437¥,05+V,05 = 3.7 K ,,V,05 ()

The possibility of this transformation of K, 5,V,05 also follows from the fact that
V,0, is absent from the product obtained at the above-mentioned temperature.
Within the temperature interval from 505° to 550°, melting of one component
occurs, too. According to [8] this component could be K,Vg0,,5. When the
studied substance is heated to 570°, a further change of the composition of the
reaction product takes place. Bronze KV,0,; decomposes with simultaneous
oxidation to K,Vg0,, s and V,0,, probably according to the equation:

2 KV(0,5+0.4 0, = K,V40,05+2 V,04 )

This assumption is in agreement with the low thermal stability of KV O, [8], as
well as with the identification of V,0, in the product obtained at 570°.

Increase of the temperature of the heated substance above 570° causes total
melting of the reaction mixture. The final products of the thermal reactions, i.e.
K,V30,0.5, Ko 27V205 and V,0;, crystallize from the melt obtained within the
temperature range from 600° to 800°.

In the course of heating of the studied compound, a further, as yet unidentified
admixture indicated by X-ray powder patterns is present in the products.

7™ J. Thermal Anal. 31, 1986
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The thermal curves of Cd(HV40,4), - 12H,0 are shown in Fig. 2. In contrast to
the previously-discussed compound, the dehydration of cadmium hydrogenhexa-
vanadate dodecahydrate proceeds in two steps. The weight loss in the first step
(11.75%) corresponds to 10 molecules of crystal water. According to the IR spectra,
the partially dehydrated substance preserves its original chemical nature and can be
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Fig. 2

formulated as Cd(HV4O ), - 2H,0.The X-ray powder pattern of the dihydrate is
almost the same as that of the dodecahydrate (two of the highest intensity
diffractions shift to higher angles 0). The remaining 2 molecules of crystal water, as
well as constitutional water, are lost within the temperature interval from 180° to
300°. Total dehydration of the heated substance results in its decomposition. The
decomposition of the hydrogenhexavanadate, together with the ensuing formation
of new phases, is indicated by the exothermic effect with maximum at 340°. The X-
ray powder pattern (Table 3) indicates that at least a three-component mixture is
formed, i.e. V,05, 2-Cd(VOs3), and a further, so far unidentified substance. The
presence of the unknown component in the mixture is also indicated by two
absorption bands at 1000 and 1060 cm ™! in the IR spectra (Table 4) and by the
presence of vanadium(IV) in the product (1.97%). Vanadium pentoxide and
cadmium metavanadate are present in the reaction mixture until they melt in the
temperature interval from 645° to 715°. These two compounds also crystallize from
the melt, but cadmium metavanadate changes its crystal structure to the g-
modification [9] (Table 3). From the given results it follows that, under the studied
conditions, cadmium metavanadate and vanadium pentoxide do not react together
to such an extent as observed in the case of potassium metavanadate.

A small admixture of a different compound was indicated in the product

J. Thermal Anal. 31, 1986
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crystallizing from the melt. From the IR spectrum (Table 4), the X-ray powder
pattern (Table 3) and the vanadium(IV) content in the product (1.43%), it can be
assumed that the composition of this admixture is different from those mentioned
above. It is probable that a small amount of bronze is formed during the
decomposition of cadmium hydrogenhexavanadate. The composition of the
primarily formed bronze is obviously changed on increase of the temperature.

It follows from the results that the main primary products in the thermal
decomposition of the two hydrogenhexavanadates have analogous compositions,
i.e. vanadium pentoxide and the corresponding metavanadate. It is stated in [10]
that these compounds can react together to form bronzes. With respect to the
different thermal stabilities of potassium and cadmium bronzes, it is apparent that
the final products formed as a consequence of the thermal decompositions of the
two hydrogenvanadates have different compositions.
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Zusammenfassung — Die thermische Reaktivitit von KHV O, -3H,0 und Cd(HV,O,,), - 12H,0
wurde untersucht. IR-Spektroskopie und Rontgenphasenanalyse ergaben, daB beide Verbindungen
nach der Dehydratisierung zu Vanadinpentoxid und dem entsprechenden Metavanadat zersetzt
wurden. Kalium-metavanadat und Vanadinpentoxid reagieren miteinander unter Bildung von Bronzen
unterschiedlicher Zusammensetzung. Dagegen sind Vanadin-pentoxid und Cadmium-metavanadat die
im Temperaturbereich von 300-800 °C in den Reaktionsprodukten vorherrschenden Komponenten.
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Pesiome — MHccienoBaHa TepMHyeckaf peakuuonsas cnocobHocts KHVO,-3H,O w
Cd(HV¢0,¢), - 12H,0. Meronom MK cnekTpockomHH H ¢a3oBoro asanusa HaiineHo, 4To nocie
geruppatanuy o6a coeqHHERHs pa3aralTcs ¢ 06pa3oBaHNHeM NSTHOKHCH BaHAAHA H COOTBETCTBYIO-
IIEro MeTaBaHagaTa. MeTaBaHAaAaT KanHs PEArHPYCT 3aTEM C MATHOKHCBIO BaHAAHS ¢ 06pajoBaHHEM
6poH3 pa3nuyHOro cocrapa. B ciyyae kHMCioro rexcapawagaTra KaAMHS, NATHOKHCL BaHAONA M
METaBaHAJAT KaJMHS SBJIAIOTCA [JaBHBIMM (POJAYKTAaMH DE3aKUHH B HHTEpBaJie TEMICPATYD
300-800 °C.
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