
Introduction

The literature survey has shown, that in the

Fe2O3–V2O5–WO3 system the phase of general for-

mula Fe8V10W16O85 is formed [1–3]. It crystallizes in

a tetragonal system, and its unit cell parameters are as

follows: a=b=1.9753 nm, c=0.3717 nm. This com-

pound is known to melt at 1103 K with depositing two

solid products, i.e. Fe2WO6 and WO3. Besides, a solid

solution of V2O5 in Fe2WO6 has been found to occur

in the three-component system [4]. On the other hand,

in the Fe2O3–V2O5–MoO3 system FeVMoO7,

Fe4V2Mo3O20 phases as well as a solid solution of

MoO3 in Fe2V4O13, are formed [5–9]. FeVMoO7 crys-

tallizes in a triclinic system and melts incongruently

at 953 K with the deposition of Fe4V2Mo3O20 as a

solid product. The compound Fe4V2Mo3O20 crystal-

lizes in a tetragonal system, and melts incongruently

at 1033 K with depositing two solid products,

i.e. Fe2(MoO4)3 and Fe2O3. The equal charge and ap-

proximate values of Mo6+ and W6+ ionic radii let one

expect the formation of solid solutions as a result of a

substitution of molybdenum for tungsten and tung-

sten for molybdenum in the quaternary

Fe2O3–V2O5–WO3–MoO3 system. The literature scan

has shown, however that despite these similarities (in

charge and ionic radii) there are considerable differ-

ences in the physico-chemical properties of Mo6+ and

W6+ ions affecting the crystal structure of the forming

phases. Numerous polymorphic modifications of

WO3 stable at different temperatures are built up from

highly distorted corner-shared octahedra forming the

framework analogous to this of ReO3 [10]. On the

other hand, the crystal lattice of the orthorhombic

modification of MoO3, which is stable to its melting

point at 1068 K, is built up from corner and edge-

shared highly distorted octahedral which leads to the

formation of the unique layered structure [10]. The

solubility of WO3 in orthorhombic MoO3, as well as

MoO3 in monoclinic WO3 is limited and does not ex-

ceed 3 mol% [11]. Besides, in the WO3–MoO3 system

several phases of the W1–xMoxO3 type differing in

composition are formed but always adopting a more

or less distorted ReO3 type structure [12]. The phase

relations in the V2O5–MoO3 and V2O5–WO3 systems

are the next examples of differences in properties of

Mo6+ and W6+ ions. In the V2O5–MoO3 system

[13–16] the V9Mo6O40 compound as well as the solid

solution of the V2–xMoxO5 type exist with 0<x<0.3,

whereas in the case of the V2O5–WO3 system only

solid solution of the V2–xWxO5 type with a x<0.07 or

x<0.15 solubility limit is formed [17, 18]. Also in the

case of Fe2O3–MoO3 and Fe2O3–WO3 systems differ-

ences can be found. It follows from the literature sur-

vey that in the Fe2O3–MoO3 system one compound,

Fe2(MoO4)3 exists, built up from MoO4 tetrahedra and

FeO6 octahedra [19]. On the other hand, in the case of

Fe2O3–WO3 system the solid state synthesis leads to

the formation of the Fe2WO6 compound, melting

at 1373 K, in the crystal structure of which both iron

and tungsten ions occupy sites in the octahedral envi-

ronment [1–3, 20, 21]. By using the solution method,

one can obtaine the Fe2(WO4) phase, isotypical with

Fe2(MoO4), which decomposes in the solid-state at

above 600°C to Fe2WO6 and WO3 [22]. The all above

mentioned facts make the investigation into the sub-

stitution of molybdenum for tungsten in the case of

the Fe2O3–V2O5–WO3–MoO3 system very interest-
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ing. This paper, the first from the planned group,

shows the results of works connected with the substi-

tution of molybdenum for tungsten in the case of the

Fe8V10W16O85 compound.

Experimental

The following reagents were used for the research:

α-Fe2O3, p.a. (POCh, Poland), V2O5, p.a. (POCh, Po-

land), WO3, p.a., (Fluka AG, Switzerland) and a pure

MoO3 (POCh, Poland).

For the experiments 7 samples were selected with

contents corresponding to Fe8V10W16–xMoxO85 for-

mula with x=0, 2, 4, 6, 8, 12 and 16. They represented

the whole component concentration range of the sys-

tem: Fe8V10W16O85 – hypothetical Fe8V10Mo16O85 (not

existing). The content of V2O5 and Fe2O3 in the mix-

tures was always constant and amounted to 20.00

and 16.00 mol%, respectively. The composition of the

samples prepared for investigations is listed in Table 1.

The samples were synthesized from oxides.

Weighed in suitable proportions preparations were

homogenized and calcinated at 873, 923, 973, 1023

and 1053 K in 24 h cycles. After each heating cycle

the samples were triturated and examined with the

help of XRD. The equilibrium state was confirmed by

comparing the results of two consecutive heating cy-

cles. The results being identical, the equilibrium state

was considered to be established. The samples ob-

tained after the last heating cycle were additionally

examined by the DTA and IR methods. Results of in-

vestigations by XRD, DTA and IR methods allow a

determination of composition of samples and

establishing of their melting temperatures [23–27].

The examination by the method of differential

thermal analysis (DTA) was performed using an ap-

paratus of Paulik–Paulik–Erdey type, (MOM, Hun-

gary). Samples of 500 mg were investigated in air up

to the temperature of 1273 K in quartz crucibles at a

heating rate of 10 K min–1.

The contents of the obtained preparations were

determined on the base of their powder diffraction

patterns measured by the DRON-3 diffractometer, a

product of Bourevestnik, Sankt Petersburg (Russia),

applying the radiation CoKα/Fe. The identification of

the individual phases was performed on the ground of

the PDF cards [28] and the literature data [1–22].

The IR measurements were made using a

Specord M 80 spectrometer (Carl Zeiss, Jena Ger-

many). The IR spectra were taken using the halide

disc technique. The samples were mixed with KBr in

a mass ratio of 1:300 and then pressed to pellets. The

measurements were made in the wavenumber region

of 1500–200 cm–1.

Results and discussion

The composition of the samples obtained after the last

heating stage, that means – having reached the equi-

librium state, is presented in Table 1.

The analysis of diffraction patterns recorded at

subsequent stages of synthesis showed that, with the ex-

clusion of the sample for which x=16, only after the cal-

cinations at 923 K, the diffractograms revealed, beside

the reflections due to initial oxides, also some new re-

flections, characteristic of the Fe8V10W16O85 type phase.

After the succeeding calcinations stages their intensity

increased significantly, which was accompanied by a

distinct decrease in the intensity of the reflections char-

acteristic of Fe2O3, V2O5, MoO3 and WO3.

Powder diffraction patterns of the prepara-

tions 1–3 (Table 1), where x∈<0;4>, after the last cal-

cination cycle at 1053 K, were similar to one another

and to the diffractogram of Fe8V10W16O85, both with

respect to the number and to the mutual intensity rela-

tions of the recorded diffraction lines. The angular

positions of these lines were shifted with increasing

the MoO3 content in initial oxide mixtures towards

higher angles 2θ, in comparison with the diffracto-

gram of pure Fe8V10W16O85, i.e. they corresponded to
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Table 1 The composition of the initial oxide mixtures (x/mol%) and the results of XRD analysis of the samples of the
Fe8V10W16–xMoxO85 type general formula after the last heating cycle

No.

The composition of the initial mixtures of
the Fe8V10W16–xMoxO85 type phases Phase detected after the last heating cycle

x Fe2O3/mol% V2O5/mol% WO3/mol% MoO3/mol%

1 0 16 20 64 0 Fe8V10W16O85

2 2 16 20 56 8 Fe8V10W14Mo2O85

3 4 16 20 48 16 Fe8V10W12Mo4O85

4 6 16 20 40 24 Fe8V10W12Mo4O85, Fe2(MoO4)3, V9Mo6–xWxO40

5 8 16 20 32 32 Fe8V10W12Mo4O85, Fe2(MoO4)3, V9Mo6–xWxO40

6 12 16 20 24 40 Fe2(MoO4)3, V9Mo6–xWxO40

7 16 16 20 0 64 Fe2(MoO4)3, V9Mo6–xWxO40, V2–xMxO5



smaller interplanar distances d. The obtained results

indicated that a substitutional solid solution of a gen-

eral formula Fe8V10W16–xMoxO85 is formed by an in-

corporation of the Mo6+ ions into the crystal lattice of

Fe8V10W16O85 instead of W6+. The formulae of ob-

tained solid solution were evaluated from the content

of initial oxides. The maximal solubility of MoO3 in

Fe8V10W16O85 at an ambient temperature is equal

to 16 mol% in terms of the oxides contents. It corre-

sponds to a replacement of 25 mol% of W6+ ions in

the crystal lattice of Fe8V10W16O85 by Mo6+ ions – the

fact confirming the Fe8V10W12Mo4O85 formula

(Table 1, sample 3).

Phase analysis of the samples for which x=6 and

x=8 (Table 1, samples 4 and 5) showed that they con-

tained beside the solid solution Fe8V10W12Mo4O85, i.e.

the one with maximal extent of Mo6+ incorporation into

the structure of Fe8V10W16O85, also Fe2(MoO4)3 and

V9Mo6O40. The angular positions of the diffraction lines

characteristic of V9Mo6O40 was shifted towards higher

or lower angles 2θ, in comparison with the diffracto-

gram of pure V9Mo6O40, which is typical of solid solu-

tions of MoO3 and WO3 in V2O5 [13–18]. It means that

in this case a solid solution of the V9Mo6–xWxO40 type is

formed. In subsequent preparation, for which x=12 (Ta-

ble 1, sample 6), the intensity of the diffraction reflec-

tions of Fe8V10W16–xMoxO85 type solid solution was in-

creasing until the calcination stage at 973 K. The inten-

sity of these lines was however relatively low indicating

low content of this phase in the reaction mixture. This

diffraction pattern contained the reflections characteris-

tic of the V9Mo6–xWxO40 type solid solution and

Fe2(MoO4)3, as well. After the succeeding calcination

stage at 1023 K the reflections characteristic of the

Fe8V10W16–xMoxO85 type solid solution disappeared.

Phase analysis of this sample showed that it contained

beside V9Mo6–xWxO40 type solid solution also

Fe2(MoO4)3. The last heating stage at 1053 K did not

change the phase composition in this preparation. On

the other hand, the diffraction patterns of the preparation

for which x=16 (Table 1, sample 7), i.e. hypothetical

Fe8V10Mo16O85, recorded after any heating stage, did

not contain the reflections characteristic of the

Fe8V10W16O85 type phase. Phase analysis of this sample

after the last heating cycle at 1053 K showed that beside

Fe2(MoO4)3 it contained solid solutions of the

V9Mo6–xWxO40 and V2–xMxO5 type, where M=Mo,W. It

indicates that tungsten is an essential ingredient in the

process of the Fe8V10W16O85 type phases formation.

Moreover, taking the Fe8V10W12Mo4O85 formula into

consideration, i.e. the one with maximal extent of Mo6+

incorporation into the structure of Fe8V10W16O85, to pre-

serve this structure, no more than 25 mol% of molybde-

num ions can be substituted for the tungsten ones.

In the further part of the research, powder diffrac-

tion patterns of monophase samples of the obtained

Fe8V10W16–xMoxO85 type solid solution were indexed

(program Refinement) and the calculated unit cell pa-

rameters and unit cell volumes are presented in Table 2.

An analysis of the data compiled in Table 2 allows to

confirm the conclusion that the Fe8V10W16–xMoxO85

type solid solution with the structure of Fe8V10W16O85 is

formed. With increasing the incorporation extent of the

smaller Mo6+ ions into the Fe8V10W16O85 structure, the

unit cell parameters a=b are shortened whereas parame-

ter c being almost constant.

The obtained monophase preparations after the

last heating cycle, i.e. containing only the solid solu-

tion Fe8V10W16–xMoxO85 (Table 1, samples 1–3) were

subjected to the DTA investigation. In the DTA

curves of these samples two endothermic effects were

recorded up to 1273 K. The beginning temperature of

the first distinctly pronounced effect decreased with

increasing x in the phases Fe8V10W16–xMoxO85

from 1108 K for the sample where x=0 to 1083 K for

the sample where x=4. The second effect recorded in

the DTA curves of the monophase preparations began

at 1213 K for x=0, and its onset temperature, decreas-

ing for the subsequent samples with increasing x,

amounted to 1183 K for x=4. The second effect was

always much smaller than the first one and it was reg-

istered as a poorly pronounced remnant effect.

In order to explain the nature of these endother-

mic effects and first of all to establish the way of melt-

ing the solid solution Fe8V10W16–xMoxO85, the sam-

ples for which x=0, 2 and 4 were additionally heated

for 3 h at 1143 K, i.e. at temperature close to the

extremum temperatures of the first endothermic effect

registered in the DTA curves of these preparations.

After heating these samples they were cooled rapidly

to ambient temperature. Phase analysis of the prepara-

tions partially melted at this temperature showed that

they comprised a mixture of WO3, Fe2WO6 and solid

solutions of V9Mo6–xWxO40 and V2–xMxO5 type. Tak-

ing into account that both V9Mo6O40 and V2O5 at the

temperatures the heating of samples was conducted at

do not exist already as solid phases [13–18], so they

crystallize from the liquid, it was concluded that the
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Table 2 Unit cell parameters and volumes for the Fe8V10W16O85 [3] and the solid solution Fe8V10W16–xMoxO85 type phases

x Formula a=b/nm c/nm V/nm3

0 Fe8V10W16O85 1.9753(3) 0.3717(2) 1.4503

2 Fe8V10W14Mo2O85 1.9733(8) 0.3716(4) 1.4468

4 Fe8V10W12Mo4O85 1.9725(6) 0.3713(5) 1.4446



investigated solid solution Fe8V10W16–xMoxO85 melt

incongruently and their solid products of melting are

the WO3 and Fe2WO6.

The pure phase Fe8V10W16O85 as well as the so-

lution phases Fe8V10W16–xMoxO85 were also subjected

to an investigation with the use of infrared spectros-

copy (IR).

Figure 1 shows the IR spectra of γ-Fe2WO6

(curve a), Fe8V10W12Mo4O85 (curve b) Fe8V10W16O85

(curve c), FeVO4 (curve d) and monoclinic modifica-

tion of WO3 (curve e). The IR spectra of γ-Fe2WO6

(curve a) and WO3 (curve e) differ distinctly from the

remaining spectra of the phases Fe8V10W12Mo4O85

(curve b), Fe8V10W16O85 (curve c) and FeVO4

(curve d) that are very similar to one another. In the

case of the solid solution Fe8V10W12Mo4O85 an evident

broadening of the absorption bands corresponding re-

spectively to each other is observed in comparison to

the IR spectrum of Fe8V10W16O85. This is undoubtedly

due to an appearance of numerous additional Mo–O

bonds in the structure of Fe8V10W12Mo4O85.

The IR spectrum of the Fe8V10W16O85 reveals the

presence of absorption bands with their maxima at

922, 654, 486, 368 and 320 cm–1 [2, 3]. With increas-

ing the incorporation extent of the lighter Mo6+ ions

into the structure of Fe8V10W16O85 a relatively small

shift of the respective absorption bands towards lower

wavenumbers is observed. Their maxima at 912, 640,

480, 366 and 320 cm–1 are not so distinctly pro-

nounced as in the case of Fe8V10W16O85 spectrum. A

broad absorption band lying at the range of

wavenumbers 1050–800 cm–1 with a maximum

at 912 cm–1 in the IR spectrum of Fe8V10W12Mo4O85

phase can be attributed to stretching vibrations of

V–O bonds in VO4 tetrahedra [2, 3, 29–31]. It is note-

worthy that broad absorption band in the IR spectrum

of WO3 (curve e) covering the wavenumber region

of 1000–700 cm–1 is caused by stretching vibrations

of W–O bonds in highly distorted WO6 octahedra.

Thus, the absorption band covering the wavenumber

region of 1050–800 cm–1 in the IR spectrum of the

Fe8V10W12Mo4O85 phase can be attributed to stretch-

ing vibrations of the W–O and Mo–O bonds in the

MO6 octahedra, as well. Another very broad absorp-

tion band covering the wavenumber region of

800–540 cm–1 with a 640 maximum can correspond

also to stretching vibrations of WO6 and MoO6

octahedra. A similar absorption band with a 640 cm–1

maximum was noticed in an IR spectrum of γ-Fe2WO6

phase, comprising WO6 and FeO6 octahedra in its

structure [20] (curve a). In this wavenumber range ab-

sorption bands can also occur corresponding to

stretching vibrations of Fe–O bonds in FeO5 polyhe-

dra, which was observed in IR spectrum of FeVO4

[29]. Another absorption band recorded in the range

of 540–400 cm–1 can be the most likely ascribed to

stretching vibrations of Fe–O bonds in FeO6

octahedra [29–31]. A similar absorption bands were

noticed in the IR spectra of γ-Fe2WO6 and FeVO4 in

the structure of which the FeO6 octahedra occur. On

the other hand, bands lying within the wavenumber

range of 400–250 cm–1 may correspond to bending vi-

brations of M–O bonds in VO4 tetrahedra and WO6

octahedra or be of a mixed character [29–31]. Analy-

sis of the IR specta of the Fe8V10W16–xMoxO85 type

phases permits assumption that these phases are built

up from VO4 tetrahedra as well as WO6 and FeO6

octahedra. One cannot also preclude occurrence of

FeO5 polyhedra in the crystal lattice.

Conclusions

• The solid solutions of Fe8V10W16–xMoxO85 type,

possessing the structure of Fe8V10W16O85 are formed

in the quaternary system Fe2O3–V2O5–WO3–MoO3.

The maximal solubility of MoO3 at an ambient tem-

perature amounts to 16 mol%, x=4.

• With the increase of x a decrease of the a=b param-

eters of the unite cell occurs, with c parameter be-

ing almost constant.

• The Fe8V10W16–xMoxO85 solid solutions melt in-

congruently. Their melting temperature decreases

with increasing the content of MoO3 and changes

from being equal to 1108 K for x=0 down

to 1083 K for x=4.

• The solid products of incongruent melting the

Fe8V10W16–xMoxO85 solid solutions are the Fe2WO6

and WO3.

• Analysis of the IR spectra of the Fe8V10W16–xMoxO85

type phases permits assumption that these phases are

built up from VO4, WO6, FeO6 and FeO5 polyhedra.
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Fig. 1 IR spectra of a – γ-Fe2WO6, b – Fe8V10W12Mo4O85,

c – Fe8V10W16O85, d – FeVO4 and e – monoclinic

modification of WO3
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