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Two aqueous methods were followed for the synthesis of MVO4 (M = trivalent element). 
The first, with vanadium pentoxide and M nitrate yielded crystalline InVO 4 III and amorphous 
FeVO4. The second method, using ammonium metavanadate and M nitrate, led to amorphous 
compounds with M = In, Fe, Cr or AI, 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 InVO4 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 InVO4 III, FeVO4, CrVO4 and AIVO4 at 1134, 870 and 765 ~ respectively; 
these temperatures agreed with the known M203--V205 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 MVO4 and their ranges of existence in 
the M203--V205 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 (FeVO4, CrVO 4, AIVO4, InVO4, NdVO4 and YVO4) are 
described. These measurements allowed a good control of the purity and the 
crystallinity of the MVO4 compounds. 

* Paper presented at the World Conference on Thermal Analysis Amsterdam, 1984. 
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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 M 3+ was added to V20 5 dispersed in 
boiling water. In the second method (B), a solution of ammonium metavanadate 
was mixed with a solution of M(NO3) 3. 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] GaVO4.3H20 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 4 was not observed; we obtained only Ga(OH)a and V205 
or NH4VO 3 �9 H20.  Our study of the binary system Ga2Oa--V20 s confirmed the 
absence of GaVO4 and showed only one effect at 670 ~ which corresponded to an 
eutectic process 

liq E ~ V205 + Ga20~. 

The orthovanadates we obtained by these two methods are given in Table 1. 

1) With methodA, only crystalline InVO4 and amorphous FeVO4 were obtained. 
The DTA curve of FeVO4 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 + Fe20 3 ~ FeVO4. 

The temperature of the latter phenomenon was the same as that observed in the 
phase diagram Fe203--V205 [1]. The systems Fe2Oa--V2Os, Cr2Oa--V205 [2], 
AI203- -V20 5 [1, 3] and In203--V205 [5] presented the same aspect: a peritectic 
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Table I Physical aspect, nature and crystallinity of products obtained by methods A and B 

119 

InVO, FeVO, CrVO, A1VO, NdVO, YVO, 

Physical yellow brown black orange grains 
aspect grains viscous mixture 

mixture 

X-ray crystalline amorphous V205 -I- V205 V205 V205 
InVO, III Cr2Oa 

Physical yellow viscous dark orange very fine grains 
aspect blocks brown brown violet white 

mixture 
B 

X-ray 

Water* 
content 

amorphous amorphous amorphous amorphous semi- semi- 
amorphous amorphous 

r 9 

> > ~ > > 

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

process for MVO4 and an eutectic process between MVO 4 and V205; for example, 
Fig. 1 shows the In203--V205 diagram, where the orthovanadate was the same 
phase as that obtained in the aqueous method A (InVO~ III). 

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) 

m 150C ~ 

1134~ ~. 

50( - InVO 4 III. 
I 

o t I I J 
In203 20 40 60 80 V205 

mol */. 

Fig. 1 Phase diagram of In203--V205 binary system 
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Table 2 D T A  resuits on orthovanadates synthetized by method B 

M V O  4 InVO4 FeVO4 CrVO4 A1VO4 NdVO,~ YVO4 

D T A  

increasing 
temperature 

100 ~ 100 ~ 100 ~ I00 ~ 

endo- endo- endo- endo- 
thermic thermic thermic thermic 

330 ~ 

exothermic 
541 ~ 410 ~ 430 ~ 266 ~ 

exothermic exothermic exothermic exothermic 

682 ~ 

and 
716 ~ 

exothermic 
1134 ~ 

endo- 
thermic 

870 ~ 880 ~ 765 ~ 
endo- endo- endo- 

thermic thermic thermic 

100 o 100 ~ 

endo- endo- 
thermic thermic 

Five thermalphenomena 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 o f  the powders by X-ray diffraction. 

The compound obtained between 100 and 541 ~ was amoi'phous. The product 
formed above 541 ~ was crystalline and was identified as InVO 4. The effects at 682 
and 716 ~ corresponded to allotropic transformations. Above 716 ~ the product was 
InVO4 III and was the same compound as described above (method A and In20 3 -  
V205 diagram). All these effects were irreversible. The reversible phenomenon at 
1134 ~ related to the peritectic process 

lnVO 4 III ~ liq P +  I n 2 0 3  . 

~'30 

<a 40 

T e m p e r o t  u r e ~ oC 

) 200 /.00 600 BOO 1000 1200  1200 

Endo 

Fig. 2 D T A  and TG curves of InVO4 " 2 . 6 H 2 0  

1000 
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b) CrVO4 and A1VO 4 (Fig. 3) 

Exo 
A 

AT 

I u 
Endo 99 I , I J I , I 

200 400 600 800 
II 

800 6 0 0  
T e m p e r a t u r e  , ~ 

Fig. 3 DTA curve of AIVO4- 3.3H20 and CrVOa- 3.2H20 

The DTA curves of AI 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 A1VO 4 and at 430 and 880 ~ for 
CrVO4. The firSt effect corresponded to the crystallization of these compounds. 
The highest temperature effect was characteristic of the equilibra liq P + A120 3 

AIVO4 and liq P + Cr203 ~- CrVO4, which were found in the respective phase 
diagrams A1203--V205 [1, 3] and Cr203--V205 [2]. 

C) F e V O  4 (Fig. 4) 

L 
o 

I I L L k I l 
~oo 200 3oo ~oo soo 66o 7~0 8oo ~00 900 800 

T e m p e r a t u r e  , ~ 

Fig. 4 DTA curve of FeVO4.3H20 
DTA curve of imPure FeVO4' 3H20 (dotted line) 

The DTA curve of Fe orthovanadate showed effects similar to those found for 
A1VO4 and CrVO4. 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) NdVO4 and YVO4 

For these 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 FeVO4 (method 13) 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 V2Os could be detected 
by a new endothermic effect relating to the eutectic equilibrium liq E ~ MVO4 + 
V~Os. The temperatures of this phenomenon were 678, 635, 665, 652 and 675 ~ for 
InVO4, FeVO4, CrVO4, AIVO4 and YVO4, respectively. 

Only when method B was used did a very exothermic sharp effect appear between 
230 and 260 ~ (Fig. 4 for FeVO4). 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 NH3. This exothermic phenomenon 
corresponded to the decomposition of NH4NOa [9]. The thermal effect intensities 
of the V205 or ammonium nitrate impurities were proportional to their amount in 

the sample. 
3) The crystalline orthovanadates MVO4 have already been studied by IR 

spectroscopy. Their infrared spectra [10-12] showed the characteristic absorption 
bands of' the VO4 and MO6 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 

123 

U s i n g  two  aqueous  m e t h o d s ,  o r t h o v a n a d a t e s  wi th  different  degrees  o f  

crys ta l l in i ty  were ob ta ined .  M e t h o d  A led to crys ta l l ine  InVO4 I I I  and  a m o r p h o u s  

F e V O  4. F o r  all the c o m p o u n d s  o b t a i n e d  by  m e t h o d  B, the D T A  began  with  an  

apprec iab le  loss o f  wa te r  near  100 ~ fol lowed for  a m o r p h o u s  InVO4,  FeVO4,  

C r V O  4 and  A1VO4 by their  c rys ta l l iza t ion  at  541,410,  430 and  266, respectively.  

W i t h  FeVO4,  an  add i t i ona l  effect a t  330 ~ has  been a t t r i bu ted  to a t r ans fo rma t ion  o f  

the a m o r p h o u s  phase.  On ly  InVO4 showed two i r revers ible  a l lo t rop ic  phenomena ,  

682 ~ 716 ~ 
at  682 and  716 ~ charac te r ized  by  the scheme InVO4 ! , InVO4 II  , 

I nVO 4 I I I .  InVO4,  F e V O 4 ,  CrVO4 a n d  AIVO4 presen ted  thei r  per i tec t ic  

equ i l ib r ium liq P +  M 2 0 3  ~ M V O 4  at  1134, 870, 880 and  765 ~ respectively,  in 

acco rdance  with the k n o w n  M 2 0 3 - - V 2 O s  phase  d iagrams .  The  rare  ea r th  

o r t h o v a n a d a t e s  Y V O  4 and  N d V O 4  were ob t a ined  in the s e m i - a m o r p h o u s  state and  

became crysta l l ine  wi th  increas ing t empera tu re .  The  pur i t ies  o f  the o r t h o v a n a d a t e s  

were con t ro l l ed  by  the rmal  analysis  and  these c o m p o u n d s  were examined  by  X - r a y  

di f f ract ion and  I R  spec t roscopy.  
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Zasamm~,nfassang - -  MVO~ (M = dreiwertiges Element) wurde nach zwei Methoden in w/issrigem 
Medium dargestellt. Die erste, bei der yon Vanadinpentoxid und dem Nitrat von M ausgegangen wird, 
ergibt kristallines InVO4 III und amorphes FeVO4. Die zweite, yon Ammoniummetavanadat und dem 
Nitrat yon M ausgehende Methode ergibt amorphe Produkte fiir M = In, Fe, Cr oder AI und 
halbamorphe f'tir M = Nd oder Y. Kristallinitfit und Reinheit dieser Produkte wurden mittels DTA 
untersucht. Bei den amorphen Verbindungen treten zwei irreversible Effekte in Erscheinung, n/imlieh bei 
etwa 100 ~ ein dureh Abgabe einer betr/iehtlichen 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 InVO, zeigt zwei weitere irreversible exotherme Effekte, die auf allotropische 
Umwandlungen zuriickzufiihren sind, wie durch r6ntgendiffraktometrie gezeigt werden konnte. 

Danach tritt ein reversibler Effekt ein, der ein invafiantes Gleichgewicht eines peritektischen Prozesses 

fiir InVO, III, FeVO,,  CrVO4 und A1VO4 bei 1134, 870, 880 bzw. 765 ~ anzeigt. Diese T emperaturen 

stimmen mit den bekannten Phasendiagrammen von MzO3--V20 5 iiberein. Die DTA-Kurven der 

halbamorphen Nd- und Y-Verbindung lassen nur den Wasserverlust bei 100 ~ erkennen, die 

Kristallisation erfolgt dann nach und nach wiihrend des Aufheizvorganges, wie dusch Rfntgenanalyse 
gezeigt werden konnte. 

Pe3ioMe - -  ~aa  CrmTe3a a ao~Hofi cpe~e coe~nneHrifi MVOa (M - -  Tpexaa~enTHbix MeTaJIJI) 6bl.qH 

ncno~b3OBaHU asa  MeTOlla. B nepBoM MeTOlle, npa a3arlMoaefic~anrl rtaTnOKnCl~ aana~rla rt UnTpaToa 

nH~ria n xe:le3a, no~yna.aca rpncTa~nqec~rih [nVO, n aMopqbau~ FeVO 4. Bo aTOpOM MeTO~Ie, 

a3anMo~leficxaae MeTaeaaa~axa aMMOHna n nnTpaTo8 un~lnfl, ~xeJ1e3a, xpoMa n a-rlIOMHHFLq 

npHBo~ltl~O K o6pa3o~anmo aMop~nblX coe~naennfi, Torjla KaK ana.qornqnoe B3anMo~le~CTBMe C 

FIHTpaTaMH neo~14Ma 14 rlTTplIa - -  r noayaMopqbabIM coe~trlaeHl4aM, qrlCTOTa 1t gprlCTa.rlallqaOCTb 

no~yqeHHb~X coennHeHnfi 6blaa a3yaeHa MeTOaOi ~TA. B c~y~ae aMopdplfblX coe~aneHafi Ha6mo~a- 

BHCb )IBa TepMHqecrrlX 3~b(~eKTa: IlepBl, I~ H3 HriX rlpH TeMiiepaType 100 ~ RBJDIJIOI 9H~tOTepMItqecKtlM 14 

COOTBeTCTBOBa.rI noTepe 3HaqHTe.qbHOFO KO.rIHqeCTBa BO~bl, a BTOpOI4, Ha6~Ilo~aatutt~c~ a O6JIaCTH 
TeMIIepaTyp 250-550 ~ aBJI~LqC~ :~KCOTepMHqeCKiiM I4 COOTBeTCTBOBa.rI KpHcTa21~H3aIIHH 3THX coe~I- 

HeHI4H. mO.rlbKO ~JDI coe~[IlHeHH~I InVO, Ha62IIO~ia.qocb 60JIblIle 3KCoTepMHtleCKIIX IIHKOB, o6yc.rIOB.rleH- 

ablx, Kar norasano nx peHTrenorpamMaMrl, aytrloTponal,IMrl npeapameaaaMn. ,/2~a coe~maenafi InVO,,  

FeVO,, CrVO, n AIVO, npn TeMneparypax, COOTBeTcTaenno, l 134, 870, 880 n 765", Ha6alo~a:~ca 

o6paTHMbI~ ~b(I)eKT , OTHOC~III1H~C~I K neptfTeKTnqeCKOMy npotieccy ~ a  3THX coe~IHHeH~. YKa3aHHble 

TeMrlepaTypbl coraacy~oTc~ c HBBeCTHbIMH, yCTaHOBYleHHbIMtt Ha OCHOBe qbaBOBhlX ~J4arpaMM C~ICTeM 

M203--V20 s . }~TA-Kp~B~e no~yaiopqbH~lX coe~mneHn~ HeO}IHia H riTTpt4~l noraaa_q~! TO~IbrO 

noTeplo BO~bl HpH 100 ~ tl)aBOBbl~ aHa2IH3 9THX coe~tltHeHtt~ iloKa3a~I HX HOCTeI/eHFIylo KpHCTadl~Ilt3a- 

Un~O B npottecce HarpeBa. 
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