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Two aqueous methods were followed for the synthesis. of MVO, (M = trivalent element).
The first, with vanadium pentoxide and M nitrate yielded crystalline InVO, III and amorphous
FeVO,. The second method, using ammonium metavanadate and M nitrate, led to amorphous
compounds with M = In, Fe, Cr or Al, and semi-amorphous compounds with M = Nd or Y.
The crystallinity and purity of these products were examined by DTA.

Starting with amorphous compounds, two irreversible effects appeared; the first, at about
100°, was endothermic and corresponded to a considerable loss of water; the second was
exothermic and corresponded to the crystallization of the compounds in the temperature range
from 250 to 550°. Only InVO, presented two more irreversible exothermic peaks, corresponding
to allotropic transformations, as proved by the X-ray diagrams.

A reversible effect then appeared, showing an invariant equilibrium corresponding to a
peritectic process for InVO, III, FeVO,, CrVO, and AIVO, at 1134, 870 - and 765°, respectively;
these temperatures agreed with the known M,0,—V,0; phase diagrams.

The DTA curves of the semi-amorphous Nd and Y compounds showed only a loss of water at
about 100°; crystallization then occurred gradually during heating; X-ray analysis confirmed
these results.

The dry preparation of orthovanadates MVO, and their ranges of existence in
the M,0;—V,0, phase diagrams have already been reported [1-4). Recently, the
wet synthesis of In orthovanadate and its thermal properties were published [5, 6].
In this paper, the DTA and TG results on some orthovanadates obtained from
aqueous solution (FeVO,, CrvO,, AIVO,, InVO,, NdVO, and YVO,) are
described. These measurements allowed a good control of the purity and the
crystallinity of the MVO, compounds.

* Paper presented at the World Conference on Thermal Analysis Amsterdam, 1984,

John Wiley & Sons, Limited, Chichester
Akadémiai Kiado, Budapest



118 TOUBOUL, POPOT: CONTROL OF PURITY OF MVO, COMPOUNDS

Experimental

DTA was carried out with a home-made apparatus [7]. Pt, 10% Rh-Pt
thermocouples were used in the range 20-1200° and the reference material was
magnesia (MgO). The measurement conditions were the same for all compounds:
the sample weight was 2 g and the heating rate was 2 deg/min, temperatures above
100° were given at +5°. The solid products were studied by X-ray analysis
(Guinier-de Wolff camera, Cu K, radiation), IR spectroscopy (Perkin—Elmer 580)
and TG (Setaram G70). Vanadium was determined quantitatively by chemical
analysis.

In order to prepare the orthovanadates, two different methods were used. In the
first (A), an aqueous nitrate solution of M3* was added to V,0; dispersed in
boiling water. In the second method (B), a solution of ammonium metavanadate
was mixed with a solution of M(NOQ,),. The resulting precipitate was dissolved in
concentrated nitric acid. The addition of ammonia solution led to the precipitation
of the sought orthovanadate [5].

Results

In a recent work [8] GaVO, - 3H,0 was reported to be obtained by keeping mixed
solutions of gallium nitrate and sodium vanadate at suitable pH for three months at
20°. Its thermal properties have also been studied. When the aqueous methods A
and B were used, GaVO, was not observed; we obtained only Ga(OH); and V,05
or NH,VO,-H,0. Our study of the binary system Ga,0;—V,0; confirmed the
absence of GaVO, and showed only one effect at 670°, which corresponded to an
eutectic process

lig E 2 V,0,+Ga,0;.
The orthovanadates we obtained by these two methods are given in Table 1.

1) With method A, only crystalline InVO, and amorphous FeVO, were obtained.
The DTA curve of FeVO, showed an important endothermic effect characterizing
the loss of water and then two phenomena: the first one, exothermic, at 421°,
corresponded to crystallization, and the second, endothermic, at 870°, corre-
sponded to the peritectic process liq P+ Fe,0; 2 FeVO,.

The temperature of the latter phenomenon was the same as that observed in the
phase diagram Fe,0;—V,0; [1]. The systems Fe,0,—V,05, Cr,0,—V,05 [2],
Al,05—V,0, (1, 3] and In,0,—V,0; [5] presented the same aspect: a peritectic
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Table 1 Physical aspect, nature and crystallinity of products obtained by methods A and B

InvVO, FevVO, CrVO, AIVO, Ndvo, YVO,
Physical yellow brown black orange grains
aspect grains viscous mixture
mixture
A
X-ray crystalline  amorphous V,05+ V,0, V,0; V,0;
InVO, 111 Cr,0,
Physical yellow viscous dark orange very fine grains
aspect blocks brown brown violet white
mixture
B
X-ray amorphous amorphous amorphous  amorphous semi- semi-
amorphous  amorphous
Water*
content

InVO, -2.6H,0
FeVO,-3H,0

Crvo,-3.2H,0
AIVO,-3.3H,0)

NdVO,-1.6H,0
YVO,2H,0

* The water content was measured by TG on several preparations.

process for MVQO, and an eutectic process between MVO,, and V,0s; for example,
Fig. 1 shows the In,0,—V,0, diagram, where the orthovanadate was the same
phase as that obtained in the aqueous method A (InVO, II).

2) With method B, the orthovanadates were obtained with different degrees of
crystallinity.

The temperatures of the thermal effects which appeared in the DTA heating
curves of the orthovanadates obtained by method B are given in Table 2.

a) InvO, [5] (Fig. 2)
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Fig. 1 Phase diagram of In,0,—V,0; binary system
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Table 2 DTA results on orthovanadates synthetized by method B

MVO, InVO, FevVO, Crvo, AIVO, NdvVO, YVO,
100° 100° 100° 100° 100° 100°
endo- endo- endo- endo- endo- endo-
thermic thermic thermic thermic thermic thermic
330°
exothermic
DTA 541° 410° 430° 266°
exothermic  exothermic  exothermic  exothermic
increasing
temperature 682°
and
716°
exothermic
1134° 870° 880° 765°
endo- endo- endo- endo-
thermic thermic thermic thermic

Five thermal phenomena appeared: an appreciable effect at 100° showing the
loss of water, followed by three exothermic effects, at 541, 682 and 716°, and an
endothermic one at 1134°. The DTA was interrupted at 300, 541 and 716°,
respectively, to permit examination of the powders by X-ray diffraction.

The compound obtained between. 100 and 541° was amorphous. The product
formed above 541° was crystalline and was identified as InVO,. The effects at 682
and 716° corresponded to allotropic transformations. Above 716°, the product was
InVO, Il and was the same compound as described above (method A and In,0,—
V,0; diagram). All these effects were irreversible. The reversible phenomenon at
1134° related to the peritectic process

InVO, HI 2 liq P+ 1n,0,.
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Fig. 2 DTA and TG curves of InVO, ~2.6H,0
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b) CrvO, and AIVO, (Fig. 3)
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Fig. 3 DTA curve of AIVO, -3.3H,0 and CrvVO,-3.2H,0

The DTA curves of Al orthovanadate and Cr orthovanadate showed an
endothermic effect at 100°, corresponding to the loss of water. Exothermic and
endothermic effects appeared at 266 and 765° for AIVO, and at 430 and 880° for
CrVO,. The first effect corresponded to the crystallization of these compounds.
The highest temperature effect was characteristic of the equilibra liq P+ Al,O,
2 AIVO, and lig P+ Cr,0; 2 CrVO,, which were found in the respective phase
diagrams A1,0,—V,0; (1, 3] and Cr,0,—V,05 [2].

c) FevVO, (Fig. 4)
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Fig. 4 DTA curve of FeVO,-3H,0
DTA curve of impure FeVO,:3H,0 (dotted line)

The DTA curve of Fe orthovanadate showed effects similar to those found for
AIVO, and CrVO,. The temperatures of these two phenomena were 410 and 870°,
respectively. However, at 330°, an additional small exothermic effect appeared,
which will be discussed below.
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d) NdVO, and YVO,

For thgse rare earth orthovanadates, only an endothermic effect appeared near
100°, relating to the loss of water. Since the melting points of these compounds are
above 1200°, they were not studied further.

Discussion

1) The DTA for all the amorphous orthovanadates showed two similar initial
effects: the loss of water and compound crystallization. As mentioned above, for
the amorphous FeVO, (method B) an additional exothermic phenomenon
occurred at 330°, before the crystallization. The hypothesis of a vitreous
transformation could not be made because of its endothermic nature. This effect
was attributed to a modification of the amorphous phase.

2) The DTA also allowed examinations of the purity of each of the or-
thovanadates obtained by methods A and B. An excess of V,0;5 could be detected
by a new endothermic effect relating to the eutectic equilibrium liq E & MVO, +
V,0;. The temperatures of this phenomenon were 678, 635, 665, 652 and 675° for
InvO,, FevO,, CrVO,, AIVO, and YVO,, respectively.

Only when method B was used did a very exothermic sharp effect appear between
230 and 260° (Fig. 4 for FeVO,). As this phenomenon disappeared when more
water was used during the preparation, an ammonium salt seemed to be obtained.
A gravimetric study showed the presence of NH,. This exothermic phenomenon
corresponded to the decomposition of NH,NO; [9]. The thermal effect intensities
of the V,05 or ammonium nitrate impurities were proportional to their amount in
the sample.

3) The crystalline orthovanadates MVO, have already been studied by IR
spectroscopy. Their infrared spectra [10-12] showed the characteristic absorption
bands of the VO, and MO polyhedra. The vibration ranges of all of the
orthovanadates were similar. In order to compare with the published results, an
infrared study of the same amorphous compounds was performed. The difference
between the two spectra was the typical broadening of the bands and a decrease in
their intensity at the crystalline-amorphous phase transition.
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Conclusion

Using two aqueous methods, orthovanadates with different degrees of
crystallinity were obtained. Method A led to crystalline InVO, III and amorphous
FeVO,. For all the compounds obtained by method B, the DTA began with an
appreciable loss of water near 100°, followed for amorphous InVQ,, FeVO,,
CrvVQ, and AIVO, by their crystallization at 541, 410, 430 and 266, respectively.
With FeVO,, an additional effect at 330° has been attributed to a transformation of
the amorphous phase. Only InVO,, showed two irreversible allotropic phenomena,

at 682 and 716°, characterized by the scheme InVO, 1—682—0—» InvO, Ilﬂ;

InvO, IlIl. InVO,, FeVO,, CrVO, and AIVO, presented their peritectic
equilibrium lig P+M,0,; 2 MVO, at 1134, 870, 880 and 765°, respectively, in
accordance with the known M,0;—V,0; phase diagrams. The rare earth
orthovanadates YVO, and NdVO, were obtained in the semi-amorphous state and
became crystalline with increasing temperature. The purities of the orthovanadates
were controlled by thermal analysis and these compounds were examined by X-ray
diffraction and IR spectroscopy.
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Zusammenfassang — MVO, (M = dreiwertiges Element) wurde nach zwei Methoden in wiissrigem
Medium dargestelit. Die erste, bei der von Vanadinpentoxid und dem Nitrat von M ausgegangen wird,
ergibt kristallines In\(94 111 und amorphes FeVO, . Die zweite, von Ammoniummetavanadat und dem
Nitrat von M ausgehende Methode ergibt amorphe Produkte fir M = In, Fe, Cr oder Al und
halbamorphe fiir M = Nd oder Y. Kristallinitit und Reinheit dieser Produkte wurden mittels DTA
untersucht. Bei den amorphen Verbindungen treten zwei irreversible Effekte in Erscheinung, nimlich bei
etwa 100° ein durch Abgabe einer betriichtlichen Wassermenge bedingter endothermer Effekt und ein
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exothermer im Temperaturbereich von 250-550°, der der Kristallisation der Verbindungen zuzu-
schreiben ist. Nur InVOQ, zeigt zwei weitere irreversible exotherme Effekte, die auf allotropische
Umwandlungen zuriickzufiihren sind, wie durch réntgendiffraktometrie gezeigt werden konnte.
Danach tritt ein reversibler Effckt ein, der ein invariantes Gleichgewicht eines peritektischen Prozesses
fir InVO, II1, FeVO,, CrVO, und AIVO, bei 1134, 870, 880 bzw. 765° anzeigt. Diese Temperaturen
stimmen mit den bekannten Phasendiagrammen von M,0;,—V,0; iiberein. Die DTA-Kurven der
halbamorphen Nd- und Y-Verbindung lassen nur den Wasserverlust bei 100° erkennen, die
Kristallisation erfolgt dann nach und nach wahrend des Aufheizvorganges, wie dusch Rontgenanalyse
gezeigt werden konnte.

Pestome — J1ns cunTe3a B BOAHOH cpese coenuuenuit MVO, (M — TpexsateHTHBIX MeTat) ObuIH
UCTIOIB30BaHBI IBa METOAA. B meppoM MeToie, NP B3aHMOIECHCTBUHM IATHOKHCH BaHAIUS ¥ HUTPATOB
MHIMS M Xele3a, Nojy4daics kpucTasumueckuit InVO, u amopduniii FeVO,. Bo sTopoM MeToze,
B3aUMOJCHCTBHE METABAHAJATAa AMMOHHMS M HHMTPATOB HHIMSA, XKeje3a, XpoMa M ATIOMHHUA
OpHBOAMIO K 0oO6pa3oBanmio aMOpP(HBIX COCAMHEHMH, TOrJa KaK aHAaJOrMYHOC B3aHMOJCHCTBHE C
HUTPATAMH HEOJUMA H MTTPHA — K NOJIYyaMOPQHBIM COeHHEHHAM. UHCTOTa M KPUCTAILIHYHOCTh
HOJIYYEHHBIX COEIMHEHMH Oblna u3y4ena metonoM JITA. B ciyyae amopdusix coennrennit Habmopa-
JIMCh Ba TEPMUYECKHX 3QPeKTa: NepBbId U3 HUX npH Temiepatype 100° ABIsUICS 3HAOTEPMUHYECKHM H
COOTBETCTBOBAJ NOTEPE 3HAYMTEILHOIO KOJIMYECTBA BOILI, 8 BTOPOH, HabmoaaBLuMiica B obiacTa
Temrepatyp 250-550°, ABIANCS 3KCOTEPMHYECKAM H COOTBETCTBOBAJ KPHCTAJUTH3ANMH 3THX COCIH-
uenuit. Tonbko s coeaunenna InVO, Habmroaanocs 60biLe IKCOTEPMAYECKUX ITHKOB, 00YCIOB/ICH-
HbIX, KaK TOKA3aHO HX PEHTTEHOTPAMMAaMH, aJUTOTPONHKIMH NpeBpaiieHusMu. Jing coequnennii InvO,,
FevO,, CrVO, u AIVO, npu Temmeparypax, cooTBeTcTBeHHO, 1134, 870, 880 u 765°, Habmomaics
00paTUMBIit 3PPEKT, OTHOCAIIMHCS K IEPUTEKTHICCKOMY TIPONECCY NS ITHX COCAMHEHHH. YKa3aHHbIE
TEMIIEPATYPhI COTJIACYIOTCA C U3BECTHHIMM, YCTAHOBJICHHBIMHA HA OCHOBE (a30BBIX AMATrPaAMM CHCTEM
M,0;—V,0,. ATA-kpussic monyaMopHbIX COEAHHEHHH HEOZUMA H MTTPHA MOKA3AIH TONBKO
notepto Bogbl Ipu 100°. Da30BbIi dAHAJIM3 3THX COSHIHHEHHH T0KA3aJI HX IOCTENEHHYIO KPUCTAILTH3a-
UMIO B MPOLECCE HATPEBA.

J. Thermal Anal. 31, 1986



