
Introduction

Following the studies on the reactivity of iron(III)

orthovanadate(V) towards di- and orthovanadates(V)

of divalent metals a number of new phases, not de-

scribed earlier, have been obtained. The compounds

belonging to the M2FeV3O11 (M=Zn, Co, Mg) family

are the products of a reaction of FeVO4 with M2V2O7

[1–4]. The phases of the howardevansite type struc-

ture M3Fe4V6O24 (M=Zn, Mg) [5, 6] and

Co2.616Fe4.256V6O24 [7] are formed as a result of heat-

ing the mixtures of FeVO4 with M3V2O8.

It follows from the literature review that the re-

activity of FeVO4 towards cadmium vanadates(V) has

not been subjected of investigation so far. Also there

is no information on the compounds formed with all

the components of the CdO–V2O5–Fe2O3 system be-

ing involved. Hence it was interesting to check

whether the phases belonging to the phase families

produced in similar MO–V2O5–Fe2O3 (M=Zn, Co,

Mg) systems, are formed in this one.

In this work the physicochemical properties of a

new, not yet described phase, formed in the

FeVO4–Cd4V2O9 system, are presented.

Experimental

The following reactants were used in the experiments:

CdCO3 (p.a., Serva, Germany), V2O5 (p.a., Riedel-de

Haën, Germany), �-Fe2O3 (p.a., POCh, Poland),

FeVO4, Cd2V2O7 and Cd4V2O9. The vanadates were

obtained as a result of heating stoichiometric mixtures

of Fe2O3 with V2O5 or CdCO3 with V2O5 in the fol-

lowing stages:

• synthesis of FeVO4: 560°C (20 h)+590°C (20 h·2)

• synthesis of Cd2V2O7: 600°C (20 h·2)+

750°C (20 h)+790°C (20 h)

• synthesis of Cd4V2O9: 600°C (20 h)+

790°C (20 h·2)

The reactions were carried out by conventional

method of calcining samples [8–12]. The reacting

substances were homogenized by grinding and heated

for several stages under air. On completion of each

heating stage the samples were gradually cooled in

furnace to ambient temperature, ground and exam-

ined by XRD method, some selected samples also by

DTA. The process of heating the sample was finished

when its composition did not undergo any changes

after the next two heating stages.

The DTA measurements were performed by means

of the derivatograph Paulik–Paulik–Erdey (MOM, Hun-

gary), in the atmosphere of air, in the temperature range

20–1000°C. Samples of 500 mg were heated in quartz

crucibles at a rate of 10°C min
–1

.

The kind of phases occurring in the samples was

determined on the ground of their powder diffraction

patterns [13–15], obtained using the X-ray diffrac-

tometer DRON-3 (Bourevestnik, Sankt Petersburg,

Russia) and Ni-filtered Cu radiation. The identifica-

tion of the phases was conducted with the aid of XRD

characteristics given in PDF cards [16]. The powder

diffraction patterns were indexed by means of the Re-

finement program of DHN/PDS package, using

�-Al2O3 as the internal standard.

The IR measurements were conducted with the

use of the SPECORD M 80 spectrometer (Carl Zeiss,

Jena, Germany), in the wavenumber range of

1400–250 cm
–1

, applying the technique of pressing

pellets with KBr at a mass ratio 1:300.

SEM investigations were carried out by means of a

scanning electron microscope JSM-1600 (Jeol, Japan).
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Results and discussion

In order to investigate whether the compound belonging

to the M2FeV3O11 family (i.e. Cd2FeV3O11) is formed in

the CdO–V2O5–Fe2O3 system, the equimolar mixture of

FeVO4 and Cd2V2O7 was heated at 710°C in four stages,

each lasting 20 h. The sample’s diffraction pattern after

the last heating cycle, contained a set of lines typical of

CdV2O6 (the low-temperature form), Cd2V2O7 and also

a set of lines which could not be assigned to any known

compound crystallizing in lateral systems, building the

CdO–V2O5–Fe2O3 system. Thus it was assumed that the

set of these lines comes from the new phase that was

marked as X. After that another mixture, whose com-

position corresponded to that of the compound

belonging to the M3Fe4V6O24 family (i.e. Cd3Fe4V6O24),

i.e. 37.50 mol% CdCO3, 37.50 mol% V2O5 and

25.00 mol% Fe2O3, was prepared. Since cadmium

orthovanadate(V) is unlikely to exist [17], vanadates

could not be applied as the initial reacting substances.

The prepared mixture was heated in the following

stages: 580°C (20 h)+710°C (20 h·3). In the sample,

after the last heating stage, the presence of CdV2O6 (the

low-temperature form), Cd2V2O7 and the X phase, were

detected. The type of the phases produced in both

samples is then the same, only in the second sample the

quantity of the X phase, in relation to the amount of

CdV2O6 and Cd2V2O7, is higher.

The obtained results indicate that in the

CdO–V2O5–Fe2O3 system, the Cd2FeV3O11 and

Cd3Fe4V6O24 compounds are not formed. However, a

new phase demonstrating a different composition and

likely to be formed on the cross-section of

FeVO4–Cd4V2O9, is produced.

With the view to establishing the composition of

the new phase, 7 mixtures of FeVO4 with Cd4V2O9 were

prepared. The compositions of these mixtures, the way

of their heating and the XRD results of the samples after

the last heating stage, were presented in Table 1.

The data gathered in Table 1 point out that FeVO4

reacts with Cd4V2O9 in the solid-state, resulting in the

formation of a new phase. Samples 1 and 2 revealed the

presence of Cd2V2O7 and Fe2O3, besides the X phase,

whereas in samples 6 and 7, the presence of FeVO4,

apart from the X phase, was identified. The intensity of

the lines coming from FeVO4 (in sample 6) and

Cd2V2O7 and Fe2O3 (in sample 2) is negligible. The

powder diffraction patterns of samples 3–5 contain only

the set of the lines, assigned to the X phase.

On the basis of the presented results it can be as-

sumed that the obtained new phase demonstrates vari-

able composition. Additional tests of FeVO4 as well

as Cd2V2O7 and Fe2O3 detectability towards the X

phase were performed by means of XRD method.

Sample 4 was mixed with FeVO4 in such proportions

so that its composition corresponded to that of the

sample 5. On the diffraction pattern of the mixture

prepared in this way were recorded the reflections

originating from FeVO4. Next sample 4 was blended

with Cd2V2O7 and Fe2O3 in such proportions that its

composition corresponded to that of sample 3. The re-

flections derived from Cd2V2O7 and Fe2O3 were re-

corded on the diffraction pattern of this mixture.

The presented results prove that the new phase is

characterized by a changeable composition which can

be characterized as Cd4Fe7+xV9+xO37+4x, where

–0.5<x<1.5 (x= –0.5 corresponds to sample 2 and

x=1.5 to sample 6). The compositions of the mono-

phase samples 3–5 correspond to the x=0

(Cd4Fe7V9O37), x=0.5 (Cd4Fe7.5V9.5O39) and x=1

(Cd4Fe8V10O41) values.

Also the synthesis of the new phase was per-

formed by heating the stoichiometric (that is corre-

sponding to the compositions of samples 3–5) mix-

tures of CdCO3, V2O5 and Fe2O3 in the following

stages: 600°C (20 h)+710°C (20 h).

The DTA curve of Cd4Fe8V10O41 (Fig. 1) reveals

one endothermic effect with its onset temperature

equal to 770�5°C. In order to determine the kind of

transition beginning at this temperature, sample of

Cd4Fe8V10O41 was heated at 860°C for 2 h and subse-

quently cooled down rapidly to ambient temperature

(at the moment of removing the sample from the fur-

nace it was melted) and subjected to tests by XRD

method. The obtained results indicate that

Cd4Fe8V10O41 melts incongruently at 770�5°C.

Cd2V2O7 and Fe2O3 are the solid products of this

melting. On the basis of the DTA curves of samples 3
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Table 1 Composition of initial mixtures, heating conditions and the results of XRD analysis of samples after the final heating stage

No. Composition of initial mixtures Heating conditions Phases detected

1 Cd4V2O9+6FeVO4

730°C (20 h·3) X, Cd2V2O7, Fe2O3

2 Cd4V2O9+6.5FeVO4

3 Cd4V2O9+7FeVO4

730°C (20 h·4)

X4 Cd4V2O9+7.5FeVO4

5 Cd4V2O9+8FeVO4

6 Cd4V2O9+8.5FeVO4

X, FeVO4

7 Cd4V2O9+9FeVO4



and 4 one can state that the melting temperature of the

examined phase decreases following the decline of

cadmium content in it, that is from 790�5°C

(sample 3) through 780�5°C (sample 4) to 770�5°C

(sample 5).

Figure 2 presents the SEM image of

Cd4Fe8V10O41, whereas Fig. 3 shows the SEM image

of the same sample heated for 2 h at 860°C and rap-

idly quenched. In the latter case, the crystals have a

different morphology from those observed in the sam-

ple which was not previously melted.

The Cd4Fe7+xV9+xO37+4x, (–0.5<x<1.5) phase has

the olive-brown colour. The new phase crystallizes in

the triclinic system, the number of stioichiometric

units per unit cell is Z=1. Table 2 presents the rela-

tionship between the primitive unit cell’s parameters

and the composition of the tested phase. The volume

of the unit cell of the investigated phase decreases to-

gether with the decline of the cadmium content. The

results of indexing the powder diffraction pattern of

Cd4Fe8V10O41 are given in Table 3. The similarity of

both the powder diffraction patterns and the parame-

ters of the unit cell to those typical for the howard-

evansite type of structure [5] indicate a possible type

of structure for the new phase. This assumption is

confirmed by the similarity of the IR spectra. Figure 4
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Fig. 1 Fragment of the DTA curve of Cd4Fe8V10O41

Fig. 2 SEM image of Cd4Fe8V10O41

Fig. 3 SEM image of Cd4Fe8V10O41 heated for 2 h at 860°C

and rapidly quenched

Table 2 Lattice parameters of the X phase

Sample 3 4 5

Composition Cd4Fe7V9O37 Cd4Fe7.5V9.5O39 Cd4Fe8V10O41

a/nm 0.6746(2) 0.6743(2) 0.6734(2)

b/nm 0.8337(4) 0.8335(3) 0.8323(3)

c/nm 0.9886(5) 0.9883(4) 0.9880(4)

�/° 106.14(7) 106.12(5) 106.29(6)

�/° 105.78(6) 105.79(5) 105.69(5)

�/° 103.13(6) 103.11(5) 103.06(5)

Volume/nm
3

0.4856 0.4852 0.4836

Fig. 4 IR spectra of a – Cd4Fe8V10O41 and b – Zn3Fe4V6O24



(curve a) presents the IR spectrum of Cd4Fe8V10O41 in

comparison with the spectrum of the compound of the

howardevansite type structure, i.e. Zn3Fe4V6O24 [5]

(Fig. 5, curve b). Additionally crystals of

Cd4Fe8V10O41 (Fig. 2) resemble by morphology the

crystals of the compounds of the howardevansite type

structure, presented earlier [5]. Since the new phase

most likely adopts the howardevansite-type structure

its formula can be presented as Cd2.34Fe4.68V5.85O24

(for the composition Cd4Fe8V10O41).

Conclusions

Cd2FeV3O11 and Cd3Fe4V6O24 does not exist in the CdO

– V2O5–Fe2O3 system. FeVO4 reacts in the solid-state

with Cd4V2O9 yielding the new phase whose composi-

tion can be described as Cd4Fe7+xV9+xO37+4x, where

–0.5<x<1.5. This phase melts incongruently depositing

solid Cd2V2O7 and Fe2O3 and its melting temperature

declines together with the decrease of cadmium content

in it and comprises from 790�5 to 770�5°C. The new

phase crystallizes in the triclinic system and its unit cell

volume declines together with the decrease of cadmium

content in it. The new phase is likely to be of the

howardevansite type structure, but is formed in the other

cross-section of the three-component system than the

phases of the same structure obtained previously.
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Table 3 Indexing results for the Cd4Fe8V10O41 powder diffraction pattern (sample 5)

No. dobs/nm dcalc/nm h k l I/% No. dobs/nm dcalc/nm h k l I/%

1 0.7563 0.7550 0 1 0 3 11 0.3775 0.3775 0 2 0 10

2 0.7173 0.7181 0 –1 1 9 12 0.3708 0.3709 1 –2 1 6

3 0.6159 0.6175 –1 0 1 10 13 0.3418 0.3419 1 –1 2 11

4 0.4969 0.4967 –1 1 1 20 14 0.3278 0.3280 –2 0 1 19

5 0.4708 0.4711 1 –1 1 14 15 0.3231 0.3230 2 –1 0 6

6 0.4615 0.4613 –1 –1 1 7 16 0.3168 0.3169 0 –1 3 47

7 0.4426 0.4429 0 0 2 5 17 0.3122 0.3118 –1 –2 1 20

8 0.4150 0.4142 1 1 0 7 18 0.3093 0.3090 0 2 1 100

9 0.4046 0.4043 –1 –1 2 5 19 0.2936 0.2936 –2 1 2 17

10 0.3814 0.3819 1 –2 0 4 20 0.2884 0.2884 2 –2 0 12



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


