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INFLUENCE OF THE CONDITIONS FOR THE
PREPARATION AND THERMAL DESTRUCTION
OF AMMONIUM TETRAVANADATE
ON THE COMPOSITION OF OXIDE-VANADIC
ELECTRO-FUNCTIONAL MATERIALS

K.B. JIyckanw, A.O. I'upenko, O.I1. Mucos, O.I1. Kiumenxo. BIUIMB yMOB OTPUMAHHS Ta TEPMOAECTPYKUIi aMOHiii TeTpaBaHaja-
Ty Ha CKJIaJ OKCHIHOBAaHATIEBHX eJeKTpo-(pyHKIioHaILHNX MaTepiaiiB. IIpHcBsYEeHO NOCIIPKCHHIO BIUIMBY TEXHOJIOTIYHUX CTafiit
OTPHUMaHHS aMOHIl TeTpaBaHaJaTy Ha KIHIEBUI CKJIJ IPOAYKTIB OKCHAIB BaHAil0. METO eKCIEPUMEHTAIBHHIX JOCIIKCHD € BU3HAYCHHS
TEXHOJIOT1YHUX IapaMeTpiB OTPHMAHHS BUCOKOAUCIIEPCHUX OKCHIIB BaHaito 3 pi3HuM cryneHeM okucienHs (V,03, VO,, V,0s). Ilpouec
OTpUMAaHHs aMOHii TeTpaBaHaaTy BKIIIOYAE TPU OCHOBHHUX cTaii: B3aemoito 3 r V,05 18,32 r H,C,04:2H,0 B 100 Mn1 Boau 3 ocakeH-
HSIM aMoOHii TeTpaBaHagaty 30 % pO34MHOM amiaky, BiZTiICHHs Ocaay LEeHTpUdyryBaHHsM abo cybuimaliiiHow cymkow. OKCHIN BaHAII0
YTBOPIOIOTHCS HA YETBEPTIii CTaAil TEPMIYHOTO PO3KIAJaHHsI aMOHIil TeTpaBaHanary. PeHrreHoda3oBuii aHasi3 BUKOHAHO HA JU(PAKTOMET-
pi «IPOH-3». JledepeHuianbHo TepMiuHHi aHai3 nmpoBoawin Ha nepuBarorpadi «Q-1500». BeraHOBIEHO BIUIMB YMOBH BHIIUICHHS Ta
TEPMIYHOTO PO3KIAIaHHs ocamy Ha ckiaj KinieBux mpoaykriB (V203, VO3, V;05). Perrrenoha3oBum aHamizoM BU3HAYEHO, 1[0 BHIIICH-
HsI OCaly METOIOM LeHTpH(YTryBaHHs NPH3BOIUTH 10 oTpuMaHHs VO, B iHepTHIN aTMocdepi, ToAi sk cyOnimMariiHo cynikor — 10 V203,
BucokoaucnepcHuit V,Os yTBOPIOETHCS B OKHCHIM aTMocdepi. BucokoaucnepcHi OKCHan BaHALIIO 3 PI3HUM CTYIICHEM OKHCHEHHS MOXYTb
OyTH OTpHMaHHI 32 PO3POOJICHHOIO TEXHOJIOTIEIO.

Kniouogi cnosa: okcun BaHaAio0, aMOHil TeTpaBaHa#aT, [EHTPUGYTYBaHHs, CyOniMaIiiiHa cymka

K.V. Luskan, A.O. Gyrenko, O.P. Musov, O.P. Klimenko. Influence of the conditions for the preparation and thermal destruction of
ammonium tetravanadate on the composition of oxide-vanadic electro-functional materials. The work represents the investigation of the
influence of technological stages of ammonium tetravanadate preparation on the final composition of vanadium oxide products. The purpose of
experimental studies is to determine the technological parameters for the production of highly dispersed vanadium oxides with different degrees
of oxidation (V203, V02, V205). The synthesis of ammonium tetravanadate comprises three main steps: the reaction of 3 g of V205 and 8.32 g
of H2C204 - 2H20 dissolving in 100 ml of water, followed by product precipitation with 30 % ammonium hydroxide, separation of the precipi-
tate by centrifugation or sublimation. VVanadium oxides are formed in the fourth stage of thermal decomposition of ammonium tetravanadate. X-
ray diffraction analysis samples was performed on “DRON-3". Differential thermal analysis (DTA) samples was carried out on a derivatograph
“Q-150". The influence of separation conditions and thermal decomposition of the sediment on the composition of the final products (V203,
V02, V205) was studied. With the X-ray analysis it was determined that when using the centrifugation the final product of thermodestruction in
an inert atmosphere is VO2, while sublimation drying leads to V203, and highly dispersed V205 is formed in an oxygen atmosphere. Highly
dispersed vanadium oxides with different degrees of oxidation can be synthesized according to the introduced manufacturing scheme.

Keywords: vanadium oxides, ammonium tetravanadate, synthesis, centrifugation, freeze drying

Introduction. Vanadium salts (IV) have properties that open up great opportunities for using
them as a precursor for the synthesis of highly dispersed vanadium oxides of varying degrees of oxida-
tion (V205, VzO3, VOQ)

The final synthesis products are widely used in optical switches, memory elements, energy-
saving coatings for glass, surfaces of optical media information, catalysts, cathode materials in
lithium batteries [1 - 3].

The analysis of recent researches and publications presented in the scientific literature on methods
of synthesis of vanadium oxides has shown that in the last decade the authors devote considerable atten-
tion to high-temperature decomposition of precursors — nano dispersed salts of vanadium (1V) [2, 4 - 6].
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It should be noted that this method allows to carry out the process of synthesis in optimal condi-
tions in terms of the effectiveness of management of the properties of the final product, energy costs
and productivity. It is likely that the composition and quality of the final products of vanadium oxides
will depend from the conditions of synthesis and thermal decomposition of the precursor. In this re-
gard, it is relevant to conduct comprehensive research on the choice of the salt of vanadium (I1V), the
methods of its synthesis and thermal decomposition.

A number of papers have been published on the use of the following precursors: ammonium va-
nadite NH4H3V,06[4], ammonium hexavalentate (NH,),V¢O1s [6], tetravanadienate ammonium
(NH4),V40g [7]. The use of the first two compounds leads to the production of initial products with
impurities of other compounds, which requires additional treatment of vanadium salts before thermal
decomposition. Application of the latter contributes to obtaining finite nanocrystalline vanadium ox-
ides with a high degree of chemical purity.

Thus, based on the analysis of the disadvantages and features of various vanadium salts, the
choice of tetravanadate ammonium as the precursor for the most effective synthesis of vanadium ox-
ides is theoretically justified.

One of the first studies on the properties and composition (NH,4),V 409 was published in 1876
[8]. Despite the high interest in this topic until recently full research of physical and chemical proper-
ties and the development of technology for the production of ammonium tetravanadate was not con-
ducted.

The purpose of the study is to determine the technological parameters for the production of ox-
ides of vanadium with different degrees of oxidation (V,03 VO, V,0s).

To achieve the goal you need to solve the following tasks:

— to establish the physical and chemical properties of the precursor;

—to determine the influence of sedimentation (NH,4),V4O¢ on the composition of final products
VzO3, VOz,

to establish conditions for the thermal decomposition of the precursor.

Materials and methods. The process of obtaining salt of vanadium (1V) includes three main
stages: obtaining an aqueous solution of oxovanadium (IV), precipitation of the product with a solu-
tion of ammonia, separation of the precipitate.

The solution was obtained by dissolving 2.4...3 g of V,05 (reagent grade) and 8.32 g H,C,0,
(reagent grade) corresponding to the molar ratio of V,05:H,C,0, from 1: 4 to 1: 5 in 100 ml. Water
under heating to a temperature of 330...340 K. The product was precipitated from a solution of oxy-
anodium (1V) with 25 % ammonium hydroxide to pH = 10.2 with form a dark brown precipitate sepa-
rated by two methods: centrifugation and sublimation drying.

At the final fourth stage of technology, the dried salt of tetravanadate ammonium was thermally
decomposed in air and in a neutral atmosphere of argon.

To determine the phase composition of ammonium powders of tetravanadate and vanadium ox-
ides, an X-ray diffraction analysis performed on the DRON-3 installation in monochromatized copper
radiation of CuKa was used.

He differential-thermal analysis of vanadium dioxin was carried out on the derivatograph “Q-1500"
of the system F. Paulik, 1. Paulik, L. Erdey of the MOM company.

Results. As a research object, salt of ammonium tetravanadate was selected. This choice is due to
the fact that when regulating the conditions of salt synthesis and its thermal decomposition, chemically
pure products of vanadium oxides of different phase composition are obtained. That is why it is im-
portant to determine the physical and chemical properties, the influence of sedimentation methods and
the conditions for the thermal decomposition of tetravanadate ammonium in order to create the bases
for the technological process of obtaining V,03, VO,, V,0s.

The product obtained after the interaction of the solution of oxovanadium (IV) with ammonium
hydroxide is a dark brown precipitate (NH;4),V 40,4, which shows high solubility with decreasing pH
and is characterized by high oxygen oxidation rate.
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To obtain vanadium dioxide, the precursor should C(v*),
contain a minimum amount of compounds of vanadium,  mol/l
5-oxide and oxalate ions. There is an assumption that the 0,040
high-temperature treatment of ammonium tetravanadate 0,032
salt, the presence of impurities of oxalate ions can lead to '

the formation of V,0s. 0,024
Taking into account the above, an important stage in

the technology for the production of tetravanadate ammo- 0,016

nium is the separation of the precipitate. For this purpose, ’ | -ﬁ

it was advisable to use two methods — centrifugation and 84 88 92 96 PH

sublimation drying which, unlike filtration, aimed at min- Fig.1. The curve of solubility of freshly

imizing the contact of a precipitate with oxygen, which  deposited (NH,),V,Oq in water, depending

prevents oxidation of V (IV) to V (V), and, more likely, on the pH at a temperature of 293 K

helps to remove impurities of oxalate ions.
The first method is aimed at separating the excess of oxalate ions by three to four rinsing opera-

tions with distilled water, minimizing contact with oxygen in the air. The solubility (NH4),V4Oq in
water is significantly dependent on pH (Fig. 1).

When the pH approaches up to 8.8, the solubility of the ammonium salt of tetravanadate increas-
es dramatically, so that in order to avoid costs, it is necessary to rinse with a weak solution of ammo-
nium hydroxide. The precipitate is dried in an atmosphere of argon at a temperature of 453...473 K for
a further 120...180 minutes.

The second method is aimed at the decomposition of an excess of oxalate ions at a set tempera-
ture of 453...473 K for 50...70 minutes in vacuum conditions. Due to the peculiarities of the rotational
evaporator, a simultaneous separation of the sediment occurs due to distillation of the filtrate and its
drying, which greatly reduces the synthesis time of (NH,4),V ;0.

As seen from X-ray diffraction (Figure 2), dried ammonium powders of tetravanadate, obtained
by two methods, have a pronounced crystalline structure with diffraction peaks, which are inherent to

the phases (NH4)2V409 and (NH4)4V6016.
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Fig. 2. X-ray diffraction pattern of ammonium powder of tetravanadate, obtained by the following method:
centrifugation (a); sublimation drying (b)

When thermally treated, structural compounds (NH,;),V 409, (NH;),V¢O1s exposed decomposi-
tion processes and do not affect the composition of vanadium oxides, which is confirmed by qualita-

tive identification using the method of X-ray diffraction analysis.
For final products nanodispersed vanadium oxide powders the ammonium tetravanadate, ob-

tained by both methods, was heat treated in two steps: at a temperature of 873...923 K for 50...60
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minutes with subsequent exposure at a temperature of 1123...1173 K for 10...15 min. in an atmosphere
of argon.

The result of such a heat treatment of ammonium precursor, synthesized by centrifugation, is a
chemically pure crystalline powder of vanadium dioxin. This is evidenced by the diffractogram
(Fig. 3, @) and the expressive endothermic peak on the curve obtained by differential thermal analysis
(DTA) at a temperature of 341 K (Fig. 3, b), corresponding to the characteristic of vanadium dioxide

semiconductor-metal transition.
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Fig. 3. Diffraction diagram of vanadium dioxide powder obtained by thermal decomposition of tetravanadate
of ammonium, synthesized using a centrifugation method at a temperature of 873 K - 60 min and with
subsequent exposition 1173 K - 10 min in the atmosphere of argon (a) and the DTA VO2 curve obtained
from (NH4) 2v409 (b)

Identical heat treatment of the powder (NH,),V 4Oy, obtained by sublimation drying results in the
production of V,0; (Fig. 4).

1.70V,0,

2.71V,0,
2.48V,0,

3.66V,0;

Fig. 4. Diffraction diagram of vanadium dioxide powder obtained by thermal decomposition of tetravanadate
ammonium, synthesized using sublimation drying at a temperature of 873 K for 60 min. and heat treatment at a
temperature of 1173 K for 10 minutes. in an atmosphere of argon

This is explained by the fact that an excess of oxalic acid, present in the precipitate is not re-

moved and helps restore VV** mo V*2.

To obtain nanocrystalline pentaoxide vanadium (Fig. 5), precursors synthesized by both methods
were thermally treated at a temperature of 643...663 K for 50...60 minutes in the atmosphere of air.

It has been shown that nanosized crystals of vanadium pentoxide have improved electrochemical

properties, which makes it possible to use them as a cathode material for lithium batteries [2].
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Conclusion. Thus, the influence of the conditions of obtaining and thermo-destruction of tetra-
vanadate ammonium on the composition of vanadium oxides (V,03, VO,, V,0s) is investigated. The
synthesis process of (NH,),V 4Oy involves three basic steps: obtaining an aqueous solution of oxo-
vanadium (IV), precipitating the product with a solution of ammonia, and separating the salt precipi-
tate. The corresponding vanadium oxides are formed at the fourth stage of the thermal decomposition

of the resulting precipitate.
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Fig. 5. Diffractogram of powder of vanadium pentoxide obtained by thermal decomposition of tetravanadate
ammonium at a temperature of 653 K for 50 min. in the atmosphere of air

The possibility of separating the sediment by methods of centrifugation and sublimation drying
was investigated taking into account the physical and chemical properties of the precursor (high solu-
bility and high oxygen oxidation rate),

It is shown that VO, is formed as a result of thermal decomposition in an inert atmosphere of a pre-
cipitate obtained by centrifugation at the third stage of the technological process. At the same time, it is
possible to obtain only V,05 as a result of thermal degradation in an inert atmosphere from a precipitate
containing the salt of tetravanodate of ammonium separated from the solution by sublimation drying.

Separation of a precipitate by heat treatment in an oxidized atmosphere, regardless of the method,

allows for the production of highly dispersed V,Os
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