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ABSTRACT 

Usmg DTA and X-ray powder diffraction methods, the behavlour of MOO, m respect to 
Fe,V,O,, at 1OOO’C m a range of component concentrations has been studied The 
expenmental results are presented m the form of a phase diagram 

INTRODUCTION 

Two and three component systems of transition metal oxides and phases 
exlstmg m these systems have come mto use as catalysts m many organic 
processes [l] Especially mterestmg and so far little known m tbs respect are 
systems m whch V,O, and MOO, are two substantial components, urlth a 
third component bemg an oxide of the thrd oxldatlon number, e g Fe,O, 

We have found m our work on the Fe@-V,O,-Moo, system that MOO, 
forms, with Fe,V,O,,, one of the two compounds exlstmg m the bmary 
Fe@-V,O, system [2,3], solid solutions with solublhty hmlt of 18 mol% of 
MOO, at ambient temperature The solutions are formed by mcorporatlon of 
Mo6’ ions mto the Fe,V,O,, lattice, m the place of Vs+ Ions [4] 

Mossbauer spectroscopy results perrmtted us to theonze that compensa- 
tion of an excessive posltlve charge takes place by reduction of an equivalent 
number of Fe3+ ions to Fe2+ ions [5] Thus, the solid solutions form phases 
of the formula Fe~f,Fe~+V,_,Mo,O,, (X,,, = 0 60) The behavlour of 
these phases has not htherto been studied In screening tests of the 
Fe,V,O,,-Moo, system we have only established phase equlhbna m the 
sohd state [6] Investigations presented m ths work have m view to work up 
a full diagram of phase equlhbna of the system under conslderatlon 

The structure of Fe,V,O,, has not so far been refined Also the properties 
of the phase have not yet been comprehensively recognized However, It 1s 
known that Fe,V,O,, melts mcongruently (Fotlev et al [2] (692” C), Otsubo 
and Utsun-u [7] (715” C)) deposltmg FeVO,, the other compound arlsmg 
besldes Fe,V,O,, m the Fe,O,-V20, system [2,3,7] We have estabhshed 
through our study that the melting pomt of Fe,V,O,, 1s 665 + 5 o C [3] The 
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X-ray powder dlffractogram of the phase m the angle range of 28 Co K, 
lo-70°C 1s also known Density of Fe,V,O,, 1s 3 13 + 0 05 g cmP3 [3] 

The properties and structure of MOO, only will be dlscussed below, since 
the other components of the system of interest are well known [8,9] 
Molybdenum tnoxlde reacts with V,O, to form solid substitution solutions 
of MOO, m ths oxide [lO,ll] as well as a compound, V,Mo,O,, whch 
structurally belongs to a homologous series, Mn03n_l, with n = 3 [ll-131 
MOO, also reacts with Fe,O, yielding Fe,(MoO,), [14] In addltlon, we 
have found that MOO, reacts with FeVO, to form FeVMoO, [15] On the 
other hand, lron(II1) orthovanadate reacts with Fe,(MoO,),, Fe,V,Mo,O,, 
being the product of the reaction [16] Both the compounds anse from the 
reaction between Fe,O,, V,O, and MOO, [15-171 

EXPERIMENTAL 

Alpha-Fe,O,, V,O, (commercial products of p a grade), and MOO, ob- 
tamed by thermal decomposltlon of (NH,),Mo,O,, .4H,O at 150-550 o C 
m ar were used m the expenments. The oxides were weighed m appropriate 
proportions, ground, pastilled and heated m ar under condltlons established 
m screening tests [4,6] 400-500” C, 24 h, 550 o C, 24 h, 550 O C, 72 h, 
580” C, 24 h The preparations obtained were cooled slowly to ambient 
temperature, ground, studied by the DTA method and, finally, then phase 
composltlon was determmed The expenmental results from the DTA method 
showed that the temperature of the mltlal melting of some of the prepara- 
tions (72 5 and 75 0 mol% of MOO, m a starting nuxture) 1s lower (570 O C) 
than the final temperature of their obtentlon (580°C) Hence, it seemed 
advisable to venfy the phase eqmhbna being established m the solid state at 
a temperature close to the sohdus line temperature Therefore, all the 
preparations nuldly cooled from 580” C to ambient temperature were ad- 
ditionally heated at 550°C for 72 h and then rapidly cooled to ambient 
temperature After grmdmg the preparations were studied by the DTA and 
X-ray powder diffraction methods 

The expenmental results permitted us to precisely state the coexistence 
ranges of mdlvldual phases m the subsohdus area After rapid cooling, the 
preparations obtained at 550 O C were additionally heated for 2 h at 605,640, 
670, 700, 740, 800 and 830” C, respectively, and also rapidly cooled to 
amblent temperature On grmdmg, then phase composltlon was studied 
Based on experimental results the types of solid phases remaining at 
equlhbnum wth hquld at temperatures hgher than the sohdus lme tempera- 
ture were estabhshed 

The phase composltlon of preparations was determmed by X-ray powder 
dlffractlon (DRON-3, Co K,) and on the data from the ASTM cards as well 
as from several sources [3,15-181 
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DTA was performed usmg a denvatograph (F. Pauhk-J. Pauhk-L Erdey) 
m quartz crucibles m air at 20-1000 o C and with a heating rate of 10” C 
mm-l The weight of the samples under study was 1000 mg Constructmg a 
phase diagram, the sohdus lines were assigned based on the DTA mltlal 
effect temperature, whereas the hqmdus curves on the grounds of the apex 
effect temperature Accuracy of the temperature reading, +5”C, was de- 
termmed via repetltlons 

RESULT AND DISCUSSION 

Table 1 shows the composltlon of starting nuxtures and X-ray powder 
dlffractlon results of preparations obtained after the second cycle of heating 
at 550°C for 72 h and on rapid coohng The expenmental results complied 
m Table 1 show that MOO, does not remam at permanent equlhbnum with 
Fe,V,O,, because it does not occur m the phase composltlon of specimens at 
equlhbnum Moreover, X-ray powder diffraction of preparations, whch 
comprised 2 5-40 0 mol% of MOO, m a starting mixture, showed that they 
do not contam other molybdenum compounds Thus, the phase composltlon 
of the preparations proves that MOO, builds mto Fe,V,O,, lattice by 
dlslodgmg V,O, from it 

FeK%~,, + MO%,) + FeU& s ) + W4,,, (1) 

Molybdenum trloxlde forms a solid solution with the resultant V,O, [11,12] 

%05(S) + Moo,,,, + V& s ) (2) 

When preparations include more than 40 mol% of MOO, m then starting 
nuxtures, besides the two solid solutions, VIZ Fe,V,O,,(, s ) and V,O,(, s ), a 
third stable phase, FeVMoO,, appears m the system The appearance 

TABLE 1 

The composltlon of startmg nuxtures and the X-ray powder diffraction results of 
preparations at equlhbnum 

of 

the 

The composltlon of samples m 
terms of the system component (mol’% MOO,) 

2 5, 5 0, 7 5, 10 0, 12 5, 15 0, 20 0, 

25 0, 30 0, 35 0, 40 0 

45 0, 50 0, 55 0, 60 0, 65 0, 67 5, 70 0 

72 5, 75 0 

775, 805, 825 

85 0, 90 0, 95 

Phases found 

FezV,%, V205(s s ), s ) 

Fe2V4%(ssj, V2Q(ssj~ FeVMoO, 

V205(S T FeVMoO,, V,Mo,O, s ) 

FeVMoO,, V,Mo,O,,, Fe,(MoO,), 

VJ&%,, Fe,(MoOd),, MOO, 



FeVMoO, m addition to Fe,V,O,,(, sj supports the statement that a reaction 
takes place m the system, m summary 

Fe*V,O,,(S, + 2MoO,,,, + 2FeVMoO,,,, + V*O,,, \ ) (3) 

The mechamsm of ths reaction requires special mvestlgatlon but wlthout 
doubt a decomposltlon of Fe,V,O,,(, SJ occurs when the MOO, content 1s 
greater than 40 mol%, whch 1s proved to be the case by the formation of 
FeVMoO, X-ray powder diffraction shows that ths decomposltlon 1s 
termmated at - 72.5 mol% of MOO, m the starting rmxture X-ray powder 
dlffractlon results of specimens comprlsmg ca 45 O-70 0 mol% of MOO, m 
their starting rmxture show that the decomposltlon of Fe,V,O,,(, sj 1s accom- 
pamed by formation of the solid solution of MOO, m V,O, It 1s proved by 
the increase m the V,O,,, Sj content m preparations with increasing MOO, 
content m the starting mixtures 

With further increase m the MOO, content m the substrates, an eqm- 
hbnum phase, V,Mo,O,, , appears m the system In the range 72 5-75 mol% 
of MOO, m the startmg rmxtures a decomposltlon of the solid solution of 
MOO, m V,O, takes place to deliver free MOO, and V,O,, which enables the 
formation of V,Mo,O, 

4 5V,O,,,, + 6MoO,,,, --) V,Mo,O,,(,, + 0.250, (4) 

In the range 77 5-82 5 mol% of MOO, m the starting nuxtures, FeVMoO,, 

V,Mo,O40 and Fe,( Moo,) 3 remam at eqmhbnum Appearance of 
Fe,(MoO,), m the system m ths component concentration range, 1 e with 
excess of MOO, compared to FeVMoO, and V,Mo,O,, shows that the 
htherto stable FeVMoO, starts to react with MOO, according to the 
equation 

18FeVMoO,(,, + 21MoO,(,, + 9Fe,(Mo0,)3(sj + 2V,Mo,O,(,, + 0 50, (5) 

In the other component concentration range, MOO, remains at permanent 
equlhbrmm with Fe,(MoO,) 3 and VgMo604,,, respectively Figure 1 shows 
the phase diagram of the Fe,V,O,,-Moo, system constructed on the DTA 
curves and X-ray powder dlffractograms of 26 preparations at equlhbrmm at 
55OOC and on the basis of X-ray powder dlffractograms of preparations 
heated, addltlonally, at temperatures higher than the sohdus line tempera- 
ture. The ranges of solid phases coexistent with liquid were determmed using 
the DTA results of preparations at eqmhbnum, whereas the types of phase 
were established based on the X-ray powder diffraction results of samples 
wbch were addltlonally heated for 2 h at chosen temperatures, 605-830 O C, 
and cooled rapidly to ambient temperature 

It follows from the diagram presented m the Fig 1 that the 
Fe,V,O,,-Moo, system m the whole range of component concentrations 
studied 1s not a real binary system, not even m the subsohdus area It 1s 
supported by the presence of fields m ths area m which three solid phases 
remam at equlhbnum Above the sohdus lme m appropriate fields of the 
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- ,81,ts lndlcate DTA \ 

O-X- ray mvestlgatlon after air guenchlng \ 
\ 

Fe2Vb013 10 20 30 40. 50 60 70 80 90 MOO3 

w,mo\% ------) 

Ag 1 Phase diagram of the Fe,V,O,,-MOO, system 1, Fe2V401Jc, s ) + V,O,,, s ) + hquld, 2, 

FezV401,(, s ) + FeVO+) + hqmd, 3, FeVO,,, + FeVMoO,,,, + hqmd, 4, F~,V,MO~O~~~) + 

FeVO,,, + hqmd, 5, Fe4VIMo,01ws, + a-Fez03(,) + liquid, 6, Fe4V,Mo,0,,c,, + liquid, 7, 
Fe,(Mo04)3csJ + Fe4VzMo,0,w,, + hquld, 8, Fe4V,Mo302wsj + FeVMoO,(,, + liquid, 9, 
Fe, (MoO,),~,, + FeVMoO,(,, + hqmd, 10, FeVMoO,(,, + liquid, 11, FeVMoO,(,, + V205cs s ) 
+ llqmd, 12, FeVMoO,,,, + V,MO,O,~,, + hquld, 13, Fe, (MOO,) 3csj + V,MO,O,~~, + hquld, 

14, V205(ssj + FeVMoOTc,, +VgMo,04,,,, 15, FeVMoO,c,, + V,Mo,O,,,, + F~,(MoO,),~,, 

phase diagram, there exist at equlhbnum solid phases whch are not present 
m the subsohdus area The phases, FeVO, and Fe,V,Mo,O,,, occur above 
the sohdus line due to mcongruently melting Fe2V4013Cssj and FeVMoO,, 
respectively 

Fe,V,O,,C, s ) --) FeVO,,, + liquid (6) 

FeVMoO,(,, + Fe,V,Mo,O,,~,, + liquid (7) 

The solid products of merltectx reactions also melt mcongruently 

FeVO+, + a-Fe,O,(,, + liquid (8) 

Fe,V,Mo,O,,C,, -+ a-Fe,O,C,, + Fe, ( MoO,),~,, + liquid (9) 

On the basis of presented results it was not possible to precisely state the 
existence of all fields m which the solid phases remam at equlhbnum with 



hquld Thus the maxlmum temperatures of existence of fields 11,12, 13 (Fig 
1) were determmed based on the results of our other mvestlgatlons, that IS, 
on the phase diagrams of the systems FeVMoO,-V,O, [19], FeVMoO,- 
V,Mo,O,, [20] and Fe,(MoO,),-V,Mo,O,, respectively [21] The existence 
ranges of fields, FeVMoO,(,, + hqmd as well as 6, 7, 9, were assigned 
exclusively on the X-ray powder diffraction results of preparations heated 
addltlonally at temperatures hgher than the sohdus hne temperatures and 
cooled rapidly to ambient temperature On the other hand, the existence 
ranges of fields 1, 5, 8 and of the field m which FeVO,,,,, Fe,V,O,,C, s ) and 
liquid coexist at equlhbrmm faded to be confirmed experimentally because 
of quite small parameter ranges, 1 e either temperature or component 
concentration, by whch they are described Their existence 1s Justified by 
the posltlon of nelghbourmg fields whose presence on the phase diagram of 
the Fe,V,O,,-Moo, system IS definite Therefore some curves bordermg 
these fields have been drawn on the phase diagram with dotted lines 

REFERENCES 

1 T Wolkenstem, Physlco-chmue de la surface des sen-uconducteurs, Mu Moscou, 1977, p 
250 

2 A A Fotlev, S M Cheshmtsku and L L Surat, Zh Neorg Khlm , 28 (1983) 988 
3 J Walczak, J Z&kowslu, M Kurzawa, J Osten-Sacken and M Lyslo, Polish J Chem , 

59 (1985) 255 
4 J Walczak and M Kurzawa, J Therm Anal, 31 (1986) 531 
5 J Walczak, J Fqckowlak, T Panek and M Kurzawa, J Mater Sa Lett , 5 (1986) 1224 
6 J Walczak, M Kurzawa and L TrzeSmowska, Thermoctim Acta, 92 (1985) 567 
7 Y Otsubo and K Utsurm, J Chem Sot Jpn Pure Chem Section, 92 (1971) 737 
8 N Z Wooster, Z Krlst , 80 (1931) 504 
9 0 Kubaschewsh, EL Ewans and C B Allock, Metallurgxal Thermochenustry, Per- 

gamon Press, London, 1967 
10 E Burzo and L Stanescu, Mater Res Bull, 13 (1978) 237 
11 A Bdahslu, K Dyrek, J P6imczek and E Wenda, Bull Acad Polon Scl Ser Scl 

Chum , 19 (1971) 507 
12 R H Jarman, P G Dickens and A J Jacobson, Mater Res Bull, 17 (1982) 325 
13 R H Jarman and AK Cheetham, Mater Res Bull, 17 (1982) 1011 

14 W Jager, A Rahmel and K Becker, Arch Elsenhuttenw , 30 (1959) 435 
15 J Walczak, M Kurzawa and E Flhpek, J Therm Anal, 31 (1986) 271 
16 J Walczdk, J Zltikowslu, M Kurzawa and L Trzeimowska, J Therm Anal, 29 (1984) 

983 
17 J Walczak, J Zlskowslu, M Kurzawa and L TrzeSmowska, Polish J Chem , 59 (1985) 

713 
18 Jomt Comnuttee of Powder Dlffractlon, File 20-526, 20-1377, 24-541, 25-418, 31-642, 

33-661, 34-527 
19 J Walczak and M Kurzawa, Proc 31st Int Cong Pure Appl Chem , IUPAC ‘87, 13-18 

July 1987, Sofia, Posters 1, p 5 172 
20 J Walczak, M Kurzawa and P Tabero, Workbook, 4th Europ Symp Therm Anal Cal , 

23-28 August 1987, Jena, p C56 
21 J Walczak, M Kurzawa and K Wasgzmk, Thermochm Acta, 92 (1985) 571 


