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Reaction products of FeVO, with Mg,V,0; were investigated in the whole concentration range of the reacting substances. On
the basis of the results obtained a diagram of phase equilibria was worked out for the system FeVO,— Mg,V,O; for the solid
state. Methods applied in the investigations were XRD and DTA. The system FeVO, - Mg,V,0; is a real binary system in the
concentration range up to 50.00 mol% FeVO, in initial mixtures. For higher initial FeVO, ratio, one obtains an intersection
of the ternary system MgO — V,0s — Fe;Oj; crossing three subsidiary subsystems each being a three component solid phase

equilibrium system.

INTRODUCTION

The system FeVO, — Mg,V,0; constitutes an inte-
resting research object from the point of view of cataly-
sis. Both vanadates, components of the system, catalyse
oxidative dehydrogenation processes of a series of
organic compounds [1-3]. It is also known that in the
solid state FeVO, and Mg,V,0; react with each other at
a molar ratio of 1:1 and a solid product of this reaction
is Mg,FeV;0y, - a compound which has become known
only recently and is expected to become a promising
catalyst [4,5].

The aim of the presented work was to investigate
the reactivity of FeVO, towards Mg,V,0; over the
whole concentration range of reacting substances as
well as working out a phase diagram for the subsolidus
area of the system FeVO, — Mg,V,0;.

Physicochemical properties of the compounds of
the system FeVO, — Mg,V,0; are known. Iron(III)
orthovanadate(V) melts incongruently at 850°C with a
separation of solid a-Fe,O; [6]. Under normal pressure
FeVO, does not exhibit polymorphism, but three high-
pressure modifications of this compound are known
[7,8]. On the other hand, magnesium divanadate(V)
exhibits trimorphism under normal pressure [9].
According to our investigations, the temperatures of the
phase transformations of o-Mg,V,0; into B-Mg,V,0;
and of B-Mg,V,0; into y-Mg,V,0, amount to 760 +5°C
and 900 +5°C, respectively. Mg,V,0, melts incon-
gruently at 1135°C with a deposition of Mg;V,0Os crys-
tals [10].

EXPERIMENTAL

Reacting substances used in research were FeVO,
and Mg,V,0, obtained as a result of heating the stoi-
chiometric mixtures of V,Os (p.a., from Riedel-de Haén,
Germany) with Fe,O; (p.a., from POCh, Poland) or
V,0s with 3MgCO;-Mg(OH),-3H,0 (p.a., from POCh,
Poland) in the following stages:

- synthesis of FeVO,: 560°C (20 h) + 590°C (20 h)x2
- synthesis of Mg,V,0,: 560°C (20 h) + 680°C (20 h)

In order to follow the solid-state reactions occur-
ring between FeVO, and Mg,V,0;, 12 mixtures of the
reacting substances were prepared. Appropriate portions
of vanadates, after homogenization and forming them
into pellets, were heated in the atmosphere of air for
several stages. On each heating stage all samples were
slowly cooled in the furnace to ambient temperature,
ground and next their contents were determined by
using the XRD method. Some selected samples were
investigated also by DTA method.

For verifying investigations 4 additional mixtures
of compounds were prepared, comprising the com-
pounds that according to presented research results
ought to coexist at equilibium in the solid state. These
mixtures after forming them into pellets were heated at
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580°C in two 20-hour stages. On each heating stage the
samples were rapidly cooled to ambient temperature
and their contents were investigated by XRD.

The measurements by XRD method were carried
out using the X-ray diffractometer DRON-3 (Boure-
vestnik, Sankt Petersburg, Russia). The source of radia-
tion was a cobalt tube with an iron filter (Co Ka/Fe,
A = 0.179021 nm). Identification of phases was con-
ducted on the base of XRD characteristics contained by
the PDF cards [11] and the data reported in the works
[5,12].

The DTA measurements were performed by means
of the derivatograph Paulik-Paulik-Erdey (MOM,
Budapest, Hungary). Samples of 500 mg by weight
were placed in quartz crucibles. The measurements,
conducted in the atmosphere of air at a heating rate of
10°C/min., covered the temperature range 20-1050°C.

RESULTS AND DISCUSSION

Table 1 presents the composition of initial mixtures,
their heating conditions and XRD analysis results for the
first eight samples obtained after the final heating stage.

The presented results supply an evidence that
iron(IIl) orthovanadate(V) and magnesium divana-
date(V) react with each other with a formation of other
phases the kind of which depends on the composition of
initial mixtures.

Samples containing in their initial mixtures up to
~50.00 mol% FeVO, comprise in equilibrium state a
mixture of Mg,FeV;0,, and Mg,V,0;. This is a proof
showing that in this concentration range of the reacting
substances FeVO, reacts till completion with Mg,V,0;
according to the equation:

FeVO4(5) + Mg2V207(S) = MgZFeV3011(s) (1)

The reacting substance that remains in excess with
respect to the occurring reaction is Mg,V,0;. The quan-
titative course of reaction (1) is corroborated by a sam-
ple obtained by heating a mixture of 50.00 mol% FeVO,
and 50.00 mol% Mg,V,0; (table 1).

Samples containing in their initial mixtures more
than 50.00 up to 72.73 mol% FeVO,, were heated at
600°C in six stages. Diffraction patterns of these sam-
ples after the individual heating stages indicated the
presence of Mg,FeV;0,;, FeVO, and small amounts of
Mg;Fe,V0,,. Figure 1a presents XRD pattern of sample
comprising 72.73 mol% FeVO; (in initial mixture) after
heating at 600°C. With an elongation of the heating time
a small increase of Mg;Fe V0,4 content was observed
together with a slight decrease in the contents of FeVO,
and Mg,FeV;0,,. The obtained results indicated that
Mg,V,0, had reacted till completion with FeVO,, and
Mg,FeV;0,, formed as a result of the reaction (1) reacts
with iron(IIl) orthovanadate(V) forming Mg;Fe,V¢O,,.
On an assumption of a complete use-up of FeVO, in its
reaction with Mg,FeV;0,, or with Mg,V,0; the other
product of the occurring reaction should be V,0s, which
can be expressed by the equations:

3 MngeV3O“(S) +5 FeVO4(S) =2 Mg3Fe4V6024(5) + V205(s)

)
or:
8 FCVO4(5) + 3 Mg2V207(5) = 2 Mg3Fe4V6024(5) + V205(5)
3)

Because a long-term heating of the samples at
600°C did not cause the complete use-up of FeVO, in
the reaction, all samples from the considered range of
components concentration were melted and next cooled
very slowly to ambient temperature. After this stage of
samples preparation a distinct change of their contents

Table 1. Composition of initial mixtures, their heating conditions and XRD analysis results of first eight samples obtained after

final heating stage.

Composition of initial mixtures (mol%)

No.

Heating conditions Detected phases

FeVO, Mg, V.0,
1 10.00 90.00
2 20.00 80.00 680°C (20 h) + 720°C (20 h) + Mg,FeV;0,
3 30.00 70.00 + 820°C (20 h) + 920°C (20 h) x2 Mg, V.0,
4 40.00 60.00
5 50.00 50.00 680°C (20 ) +750°C (20 ) + Mg,FeV;0,
920°C (20 h) x2
6 60.00 40.00 600°C (20 h) x6 + Mg,FeV;0,, Mg;Fe VO,
66.67 33.33 800°C (3 h) V,0:s
g 773 2797 600°C (20 h) x6 + Mg;Fe, VO,
800°C (3 h) V.05
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occurred. In the samples comprising in their initial mix-
tures from ~50.00 to ~72.73 mol% of iron(IIl) ortho-
vanadate(V) a complete use-up of FeVO, in the reaction
was determined. In accordance with the expectations
three phases were identified in these samples,
Mg,FeV;0,,, Mg;Fe, V0,4 and V,0;s. Thus as a result of
a reaction between the previously formed Mg,FeV;0,,
and FeVO, the yielded products were Mg;Fe, VO, and
V,0:;. The contents of a sample obtained after heating a
mixture containing 72.73 mol% FeVO, and 27.27 mol%
Mg,V,0; in the initial mixture proves that this reaction
can be described by the equations (2) or (3). XRD pat-
tern of this sample is presented in figure 1b. Mechanism
of this reaction is not yet established. Most probably the
intermediate product is Mg,FeV;0;, that reacts with an
excess of FeVQ,, but it cannot either be excluded that
Mg;Fe,V40,4 is formed also directly as a result of a
reaction between FeVO, and Mg,V,0;.

Samples comprising more than 72.73 mol% FeVO,
in their initial mixtures were also heated at 600°C for
several stages, but under these conditions we did not

&b

intensity (a.u.)

—

22 24 26 28 30 32 34
— 26(°)
Figure 1. Fragments of XRD patterns of selected samples:

a) comprising 72.73 mol% FeVO, in initial mixture after hea-
ting at 600°C; b) comprising 72.73 mol% FeVO; in initial mix-
ture after heating at 800°C; c¢) comprising Mg;Fe,V40,, and
Fe,V,0,; (sample 2 - table 2) after heating at 580°C.
Mg:Fe,V,O,, - @ ; FeVO, - ®; Mg,FeV,;0,, - ¥ ; V,0; - O;
Fe,V,0,; - Q.

succeed either in obtaining the equilibrium prepara-
tions. It is known from our other investigations that
FeVO, remains at equilibrium with Mg;Fe, VO, [13]. It
was expected therefore that the excess of FeVO, with
respect to Mg,V,0-, being completely used up in accor-
dance with the reaction (3) for the formation of
Mg;Fe V40,4 and V,0s, reacts with V,0s formed in the
reaction (3) until its using up, with a formation of
Fe,V,0,;5:

V205(5) + 2FeVO4(S) = F32V4013(S) (4)
Thus in this concentration range the phases coexis-
ting at equilibrium should be Mg;Fe,V40,4, V,0s and

Fe,V,O,;. The formation of Fe,V,O,; could also be
ascribed to the reactions:

10F6V04(s) + 3Mg2VZO7(S) = 2Mg3Fe4V5024(5) + F62V4013(5)

(5)
or:
7FCVO4(5) + 3Mg2FeV3011(5) = 2Mg3Fe4V6024(5) + F62V4013(5)
(6)

that ought to occur quantitatively at a molar ratio of
FeVO4/Mg,V,0; equal to 10:3 or of FeVO.,/Mg,FeV;0,,
equal to 7:3. Such molar ratios correspond to the sam-
ple containing 76,92 mol% FeVO, in the initial mixture.
Thus in the samples comprising more than 76.92 mol%
FeVO, in their initial mixtures, i.e. samples richer in
FeVO,, the presence of this compound should be expec-
ted beside the presence of Mg;Fe,VO,s and Fe,V,0,3
formed according to the reaction (5) or (6).

In no sample from this concentration range of the
reacting substances taken either after heating at 600°C
or after subsequent melting and next slow cooling, the
compound Fe,V,0;; was formed. The reasons of this
fact can be ascribed to low detectability of the Fe,V,0,;
phase in its mixture with Mg;Fe,V40,,, which was cor-
roborated by performed XRD tests of detectability as
well as by incongruent melting of this phase at 665°C
with a separation of FeVO, [6]. These experiments
proved to be insufficient for describing the phase equi-
libria established in the investigated system in the con-
centration range above 72.73 mol% FeVO, in the initial
mixtures. In order to check which phases coexist at
equilibrium in this components concentration range,
some additional verifying investigations were perfor-
med. Four mixtures of compounds were prepared that
according to the presented reasoning should contain the
compounds coexisting at equilibrium in this concentra-
tion range of the reacting substances. The composition
of these mixtures is listed in table 2. They were heated
in two 20-hour stages at 580°C (several dozen of °C
lower than their melting temperatures). The contents of
the prepared mixtures did not change after the heating.
Figure 1lc presents XRD pattern of mixture of
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Mg:Fe, V40,4 and Fe,V,0,; (sample 2 - table 2) after
heating at 580°C. This proves that the phases contained
by the mixtures do not react with each other and the
contents of their initial mixtures corresponded to the
phases coexisting at equilibrium in the verified concen-
tration range of the investigated system components.

In a subsequent stage of work a phase diagram was
constructed for the system FeVO, — Mg,V,0, (figure 2)
in the subsolidus area, based on DTA and XRD investiga-
tions results of equilibrium samples (up to 72.73 mol%
FeVO, in the initial mixtures) as well as of additional
verifying samples (above 72.73 mol% FeVO, in the ini-
tial mixtures). The solidus line temperatures were deter-
mined on the base of the onset temperatures of the first
endothermic effects being not due to polymorphic trans-
formations, recorded in DTA curves of corresponding
samples. The polymorphic transformation lines for
Mg,V,0, were also marked in the diagram, correspon-

ding to thermal effects recorded in DTA curves of
appropriate samples.

Figure 3 presents fragments of DTA curves of
selected samples at equilibrium. Curve a) and b) are
connected with the same sample comprising at equilib-
rium Mg,V,0; and Mg,FeV;0;;. On curve a) (sample
after heating at 720°C) were recorded three thermal
effects. The first and the second are due to the polymor-
phic transitions o-Mg,V,0; — B-Mg,V,0, and
B-Mg,V,0; — y-Mg,V,0;, respectively. The third effect
is related with melting of mixture Mg,V,0; and
Mg,FeV;0,. On curve b) (the same sample after
heating at 920°C) effect with onset temperature 760°C
was not recorded. First effects recorded on curves c), d)
and e) are due to melting of mixtures of appropriate
phases coexisting at equilibrium (tables 1 and 2). Fur-
ther effects are related with phase relations establishing
above solidus line.

A A
1000 - 980 +5°C - 1000
Mg,FeV;0,¢ + v-Mg,V,07,
900 890 +5°C - 900
g Mg,FeV;04y + B-Mg,V,0 g
800 - - 800
T 760 +5°C T
700 - Mg,Fe,VeO,ys + V055 + FE,V,045 | 700
Mg,FeV,0 MaNO O OB ETD | 0 28C
g.re + a-Mg g o
2 3™11(s) 2V 2M7(s) E 630 +5°C
600 g Mg,FeV,0, + Mg,Fe,Ve0,yq + - 600
= + Mg;Fe,VeOyy + +Fe,V 0,5 +
+ V205(s) + FeVO4(s)
T T T T T T T T
Mg,V,.0;, 10 20 30 40 50 60 70 80 90 FevO,

—>» FeVO, (mol %)

Figure 2. Phase diagram of FeVO, — Mg,V,0, system up to solidus line.

Table 2. Composition of verifying mixtures and their recounting for system components.

Composition of verifying mixtures on their recounting

No. Composition of verifying mixtures (mol%) for system components (mol%)
FeVO, Mg,V,0;

1 Mg;Fe, V0.4, V,0s, Fe,V,04; 75.00 25.00

2 Mg;Fe,V(O,4, Fe,V,0y3 76.92 23.08

3 80.00 20.00

Mg;Fe, VO, Fe,V,0,5, FeVO,

4 90.91 9.09
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The presented diagram (figure 2) implies that in the
system FeVO, — Mg,V,0; up to 50.00 mol% FeVO,
there coexist at equilibrium two solid phases, so in this
concentration range the system is in the subsolidus area
a real binary system. In the remaining components con-
centration range the investigated system is an intersec-

Figure 3. Fragments of DTA curves of selected samples at
equilibrium comprising in initial mixture: a) 30.00 mol%
FeVO, after heating at 720°C; b) 30.00 mol% FeVO, after hea-
ting at 920°C; ¢) 60.00 mol% FeVO,; d) 75.00 mol% FeVO,; e)
80.00 mol% FeVO.,.

tion of the ternary system MgO — V,0s — Fe,0; crossing
three subsidiary subsystems in which there coexist three
solid phases in each case:

Mg2F€V3O“ — Mg3F€4V(,024 — V205

Mg;Fe4V6024 — V205 — F62V4013
Mg3Fe4V6Oz4 — F62V4013 - FeVO4
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CONCLUSIONS

1. FeVO, and Mg,V,0; are not inert towards each
other. The kind of their reaction products depends on
the composition of the initial mixture.

2. The system FeVO, —Mg,V,0; is in the solid state a
real binary system in the components concentration
range up to 50.00 mol% FeVO,. Above 50.00 mol%
FeVO, the investigated system is an intersection of the
ternary system MgO — V,0s — Fe,0s.
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REAKTIVITA FeVO, A Mg,V,0, A FAZOVE POMERY V
SYSTEMU FeVO, — Mg,V,0, V OBLASTI SUBSOLIDUS

ANNA BLONSKA-TABERO, MARIA KURZAWA

Technical University of Szczecin,
Department of Inorganic and Analytical Chemistry,
Al. Piastow 42, 71-065 Szczecin, Poland

Studovali jsme produkty reakce FeVO, a Mg,V,0, v
celém koncentra¢nim rozsahu. Na zakladé ziskanych vysledki
jsme zkonstruovali fazovy diagram systému FeVO, — Mg,V,0;
v oblasti tuhych fazi. Ke studiu byly pouZzity metody rtg difrak-
ce a termalni analyzy DTA. Systém FeVO, — Mg,V,0; je pravy
binarni systém v koncentra¢nim rozsahu do 50 mol% FeVO, ve
vychozi smési. Pti vy$$i pocateéni koncentraci FeVO, jsme
dostali fez ternarnim systémem MgO — V,0; — Fe,O; protinajici
tfi vedlejsi podsystémy, z nichz kazdy je rovnovaznym sys-
témem tii tuhych fazi.
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