
Special Review 

PHYSICO-CHEMICAL PROPERTIES OF CATALYSTS: 
THERMAL ANALYSIS, INFRARED SPECTROSCOPY, 

X-RAY DIFFRACTION AND MAGNETIC SUSCEPTIBILITY 
OF THE VANADATES OF ZINC, MANGANESE AND SIL.VER 

P. K. SINHAMAHAPATRA* and S. K. BHATTACHARYYA 

Department of Chemistry, Faculty of Science, 
Banaras Hindu University, Varanasi-221005 (India) 

(Received October 10, 1975) 

Thermal characteristics of the vanadates of zinc, manganese and silver have been 
studied by DTA and TG techniques and the different transition products thus obtained 
have been characterised by IR, X-ray diffraction and magnetic susceptibility data. 
Chemical analyses indicate the following compositions of these vanadates: (1) 
Zn~V207.5H20, (2) Znz(VO4)2.3H20, (3) Mn(VOa)2.2H20 and (4) Ag3VO 4. The DTA 
curves indicate that zinc pyrovanadate undergoes endothermic changes at 110--195, 
265, 365, 440, 660 ~ and one exothermic change at 485 ~ This system is diamagnetic 
which becomes completely paramagnetic after 660 ~ Zinc orthovanadate exhibits 
a number of endothermic peaks at 300, 470, 700, 815 and 930 ~ respectively. This 
system is feebly paramagnetic and retains this property up to 930 ~ Manganese meta- 
vanadate undergoes endothermic changes at 240, 280--590, 830 and 880 ~ respectively. 
This vanadate is paramagnetic and paramagnetism increases appreciably at 590 ~ and 
remains constant up 830 ~ Silver orthovanadate exhibits three endothermic changes at 
180, 455 and 640 ~ , respectively. 

Bhattacharyya et al. have made exhaustive studies on the structural properties 
of a large number of solid catalysts by using the thermal analysis techniques 
(DTA, TG and DTG) supplemented by X-ray diffraction technique. The results 
were published in various journals and the important findings have recently been 
summarized in two review articles [1, 2]. 

In the present paper, the thermal characteristics of the vanadates of zinc, man- 
ganese and silver are presented. 

Broun et al. [3] found zinc vanadates as the best catalysts for the synthesis 
of  acetone from C2H2 at 450 ~ and Miyazawa et al. [4] reported that zinc vanadate 
was quite active for vinyl acetate manufacture. Kurichika [5] and Nozu [6] noticed 
zinc orthovanadate to be effective catalyst for the synthesis of pyridine bases 
firom C2H 2 condensation with ammonia at 250-350 ~ 

Broun et al. [3] found manganese vanadate as one of the selective catalysts 
fi)r acetone synthesis from C2H2 at 450 ~ and Sherman [7] reported that the com- 
pound could be used as a catalyst for the oxidation of anthracene to anthraquinone. 

* Present Address: Catalyst Section, Indian Institute of Petroleum, Dehra Dun (U. P.), 
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Atarashi and Fukumo [8] used manganese vanadate as a catalyst for the formation 
of polythene by the polymerization of ethylene at 80-200 ~ 

Fester et al. [9] reported that silver orthovanadate was quite efficient catalyst 
for the oxidation of ethyl alcohol to AcH, AcOH and CO~ etc. at 360 ~ and Yatani 
et al. [10] found it to be fairly active for the vapour phase oxidation of anthracene 
to anthraquinone. Ingrain [11] used silver orthovanadate as a catalyst for micro- 
combustion of organic compounds and Stiles [12] reported it to be efficient for 
removal of thiophene from benzene. Lewis et al. [13] observed this catalyst to be 
of importance for the oxidation of picolines to nicotinic acid. 

Studies on the thermal characteristics of the above vanadates using DTA and 
TG techniques have not been reported so far. Characterization of the different 
phases of the four vanadates when thermally treated at different temperatures by 
IR and X-ray diffraction techniques have also not been studied properly except 
the reports made by Brisi [14] that the crystal structure of silver orthovanadate 
is orthorhombic and by Bhattacharyya et al. [1] that silver metavanadate does 
not undergo any substantial change up to 350 ~ i.e. before melting of the sub- 
stance. 

The object of undertaking this problem was to study the thermal characteristics 
of these vanadates by DTA and TG techniques and to identify the phase changes 
if any, by IR, X-ray diffraction and magnetic susceptibility measurements when 
the vanadates are subjected to various thermal treatment. An attempt has also 
been made to correlate, whereover possible, the structural properties of these 
vanadates with their catalytic activity. 

Experimental 
Preparation of the catalysts 

All the chemicals used for the preparation of the catalysts were of Anala R 
quality. 

Zinc pyrovanadate: 100 ml of 20~ zinc sulphate solution (20 g/100 ml water) 
saturated at room temperature was slowly added (5 ml at a time) by stirring to 
a hot saturated solution of 5 ~ ammonium metavanadate (10 g/200 ml water) 
at 80-90 ~ (pH 5.2-6.7) followed by digestion for 45 rain [15]. 

Zinc orthovanadate: Cold saturated solution of zinc sulphate (86.2 g/liter) was 
added slowly by stirring to a hot saturated solution of sodium orthovanadate 
(87.2 g/liter) at 80-85 ~ (pH. 2-9.9) followed by digestion for 30 min. 

Manganese metavanadate: 150 ml of manganese sulphate solution (15.1 g/150 ml 
water) saturated at room temperature was slowly added by stirring to a hot satu- 
rated solution of ammonium metavanadate (23.4 g/1500 ml water) at 70-80 ~ 
followed by digestion for 30 min. 

Silver orthovanadate: A dilute solution of silver nitrate was slowly added to a- 
hot saturated solution of sodium orthovanadate with stirring until a little excess 
of the former was present in the solution. 
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All the substances were allowed to settle, filtered in a Buchner funnel, washed 
repeatedly with hot water until they were free from adsorbed soluble impurities, 
then: dried in an air-oven at 110 ~ for at least 24 hs. 

Chemical analysis 

Vanadium: V ~+ in solution was analyzed in all the cases by redox titration 
with Mohr's salt in sulphuric acid medium using diphenyl-aminephosphoric acid 
indicator. 

Zinc: Zn 2+ in solution was analyzed in both the cases either as ZnNH~PO~ by 
precipitation with ammoniacal diammonium hydrogen phosphate and calcination 
at 105 ~ or as Zn2PzO 7 by calcination at 700-800 ~ 

Manganese: Mn 2+ in solution was determined as Mn2P207 by precipitation 
'with diammonium hydrogen phosphate and calcination at 800 ~ 

Silver: Ag + in solution was analyzed by titration of the nitric acid solution o f  
silver orthovanadate with a standard ammonium thiocyanate solution, using 
ferrous ammonium sulphate as indicator. 

Miscellaneous: Water was estimated in all the cases using Coleman Carbon- 
Hydrogen Analyser by absorption of water on anhydrous magnesium perchlorate. 
Zinc pyrovanadate and manganese metavanadate were subjected to the usual test 
of nitrogen, using Nitrogen Analyzer for detection of ammonia whereas ortho- 
vanadates of zinc and silver, to the usual test with zinc-uranyl acetate for detection 
of sodium ions. However, no ammonia or sodium ions were detected. 

Differential thermal analysis (DTA) 

DTA of all the catalysts were carried out in air using a manually operated DTA 
apparatus. The details of the experimental set up, furnace, sample holder, method 
of measurements, etc., were described by Bhattacharyya earlier [16, 17]. 

Thermogravimetric analysis (TG) 

TG of all the vanadates were carried out in Stanton Mass Flow Thermobalance, 
Model MFH-5 with programmed heating rate 6.5~ in an air atmosphere. 
The weights of the different catalyst samples for DTA and TG studies are given 
as follows: 

Sample weight DTA TG 

Zinc pyrovanadate 500 mg 149.85 mg 
Zinc orthovanadate 500 mg 12.09 mg 
Manganese vanadate 500 mg 150.15 mg 
Silver orthovanadate 500 mg 27.55 mg 
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Infrared studies (IR) 

The infrared absorption spectra of  these catalysts preheated to following differ- 
ent transition temperatures at least for two hours in each case, were taken using 
a Perkin-Elmer Spectrophotometer in nujol medium. The IR spectrum was scanned 
in the region 625-4000 cm -1. The samples were examined at the following tem- 
peratures: 

Zinc pyrovanadate: 1 l0 ~ 340 ~ 440 ~ 550 ~ 710 ~ 
Zinc orthovanadate: 110 ~ 340 ~ 580 ,770  ~ 1000 ~ 
Manganese metavanadate: 110 ~ 280 ~ 590 ~ 830 ~ 
Silver orthovanadate: 110 ~ 260 ~ 380 ~ 510 ~ 620 ~ 

X-ray diffraction studies 

The X-ray diffractograms of  the above-noted samples were obtained using 
a Philips Diffractometer with nickel filtered CuK radiation. The setting of  the 
instrument was 50 KV/16 ma; gain 8/0.85; beam slit 3~ detector 0.2; EL = 0.96 V; 
E and Eu out; range 200 C. P. S. (Linear); time constant 2 sec; scanning speed 
20/min; paper 12"/h. 

Magnetic susceptibility measurements 

Magnetic susceptibility measurements of  the afore written samples were carried 
out in Cahn Electrobalance (a Faraday magnetic balance) at room temperature 
(24 ~ using mercuric cobalt tetrathiocyanate Hg Co [(NCS)]4, as calibrant. 

Results and discussion 

The compositions and the results of  thermal analysis of all the vanadates are 
shown in Table 1. 

Zinc pyrovanadate 

Thermal analysis: DTA and TG curves of this compound are shown in Fig. 1. 
The DTA curve records a flat endothermic peak within the temperature range 
110-195 ~ followed by two sharp endothermic changes at 265 ~ and 365 ~ Then 
there appears a very small endothermic dent at 440 ~ followed by one sharp exo- 
thermic peak at 485 ~ and one sharp endothermic peak at 660 ~ The T G  curve 
registers a total weight-loss amounting to 35.38 % within 110-740 ~ The weight- 
loss registered in the T G  curve up to 340 ~ was calculated and found to be 21.90% 
which corresponds to the removal of five molecules of water from one molecule 
of Zn2VzOT.5H20. The TG curve does not give any clear indication about the for- 
mation of intermediate stages in the course of  dehydration. However, the DTA 
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peak at 110-195 ~ is significantly smaller than the 265 ~ peak, which, in general, 
would indicate more water loss at the higher temperature. While the T G  crave 
does not show a clear break under the experimental conditions, the break does 
appear at less than 10% and the subsequent plateau at 2 1 - 2 2 % .  This again indi- 

. E 

oe, 

.10 

DTA 

- 110~195~ V 3~05 o 

20, 

3o o 

100 200 300 aO0 

660 ~ 

I I I 
5OO 6OO 7O0 ~0 

Temperature, ~ 

Fig. 1. DTA and TG curves of zinc pyrovanadate 

cates more water loss in the second step i.e., a higher % of a smaller quantity. 
The T G  curve did not record any weight-change within the temperature range 
340-460  ~ which reveals that the endothermic changes at 365 ~ and 440 ~ are not 
due to dehydration. The weight-loss registered in the T G  curve even after 460 ~ 
is not considerable up tO 520 ~ which :amounts to only 0.4%. Therefore, the exo- 
thermic change at 485 ~ can be attributed to disorder-order transition (a process 
which does not accompany any weight-change of the substance). However,  the 
weight-loss recorded within the range 610-675  ~ is quite significant, amounting 
to 7.6 % which suggests that the endothermic change at 660 ~ is due to the decom- 
position of the pyrovanadate to some oxides of  vanadium. 

Infrared studies: The original catalyst sample displays in its IR  spectrum a 
number of  significant bands which can be assigned as follows: 3200 cm-1  band 
to H - O - H  bending, 1140 and 1090 cm -1 bands to V - O - H  bending, and 960 
and 805 c m -  ~ bands to V - O  stretching, characteristics of pyrovanadates.  The 
spectrum of the 340 ~ preheated sample offers the bands at 1010 and 860 cm -~ 
with the significant absence of the 960 and 805 cm -a bands. This observation 
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reveals that even partial dehydration causes a change in structural characteristics 
of  the catalyst. The catalyst appears to be completely dehydrated at 440 ~ as the 
440 ~ preheated sample exhibits two strong bands at 1020 and 865 cm -1 instead 
of' 1090, 960 and 805 cm -1 bands observed for the original one and the bands 
characteristic of  water are absent. It is quite established that the metavanadates 
which contain bo th  long and short types of VO bonds undergo structural changes 
during dehydration. The pyrovanadates in which VO bonds are of longer type, 
cc, mpared to metavanadates are not reported to undergo such type of changes 
so far. But it is evident from our studies that zinc pyrovanadate undergoes some 
basic structural changes during the course of dehydration. Therefore, the two 
bands at 1020 and 865 cm-  ~ can be assigned to the V - O  stretching vibration of 
pyrovanadate, although these characteristic frequencies are reported for V - O  
stretching of V205 by Frederickson and Hauson [18]. 

The 550 ~ preheated sample offers the relevant bands at 1060, 1020, 950 and 
840 cm -1 which reveals that up to this temperature, the catalyst does not undergo 
any major change although 990 cm-x band can be assigned to the V - O  stretching 
of  V203 in rough accord with Fredrickson et al. [18]. This characteristic band 
becomes more intense with the absence of  1020 and 840 cm -~ bands when the 
catalyst is heated at 710 ~ suggesting the endothermic change at 660 ~ to be due to 
decomposition of zinc pyrovanadate into zinc oxide and V203. The conclusion 
gets substantiated by the registration of considerable weight-loss in the TG  curve 
within the temperature range 610-675  ~ amounting to 7 .6~.  

X-ray diffraction (XRD) studies: X-ray analysis of the original catalyst sample 
exhibits a number  of faint lines with a strong line at d = 4.179 ~ indicating the 
crystal structure of  the zinc pyrovanadate to be very near to amorphous state. 
Tile XRD patterns of the 340 ~ preheated sample are almost the same as obtained 
earlier excepting that the d-values of  few lines are shifted and the intensities of the 
lines are little enhanced. X-ray analysis reveals that the crystal structure of the 
catalyst heated at 440 ~ is slightly ordered with the characteristic lines at d =  3.491 
and 3.126 A. XRD patterns of the 550 ~ preheated sample are little improved than 
the earlier ones with relevant line at d = 3.042 A suggesting that the crystal 
structure of  the pyrovanadate is almost ordered at this stage and the exothermic 
change at 485 ~ is due to phase changes. X-ray diffraction studies do not indicate 
the decomposition of  this zinc pyrovanadate at any stage of thermal treatment 
up to 550 ~ . 

Magnetic susceptibility measurements: This study reveals that the original 
catalyst sample is diamagnetic of  gram susceptibility 0.5512 x 10 -6. At higher 
temperatures, e.g. at 340 ~ this value is still less, whereas at 440 ~ it is 0.07015 x 10 -5. 
But at 550 ~ the catalyst is appreciably paramagnetic of  gram susceptibility 
4.422 x 10 -6, whereas at 710 ~ this value is 17.62 x 10 -62. These observations clearly 
indicate that the endothermic change at 660 ~ may be responsible for this abrupt 
increase of  paramagnetic susceptibility and the formation of V~O3 is quite likely 
at this stage. Therefore, the thermal changes in zinc pyrovanadate can be expressed 
as follows: 

J. Thermal Anal. 9, 1976 
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Zn2V2OT. 5H20 

(disordered form, yellow) 

ZnO + V~03 675~  Zn2V207 
< 

(blackish grey) (ordered form, 
deep brown) 

110-335  ~ 
Zn2V207 

- 5H~O 
(slightly ordered form, violet) 

I 

I 340-440~ I 

550~ Zn2V207 
(almost ordered 

form, brown) 

As it appears from literature survey that zinc pyrovanadate is fairly active at 450 ~ 
for many reactions [3], it can be suggested from our studies that it is the relatively 
amorphous state of  this catalyst which acts as the vehicle of catalytic activity. 
As this catalyst undergoes crystallization (which is detrimental to catalytic activity) 
beyond 460 ~ and complete dehydration at 335 ~ it is very reasonable to conclude 
that zinc pyrovanadate should be catalytically active within the temperature range 
335-460  ~ and it would appear activity would be associated with disorder. 

Zinc orthovanadate 

Thermal analysis: DTA and T G  curves of this catalyst are shown in Fig. 2. 
The DTA curve shows a sharp endothermic peak at 300 ~ followed by a flat endo- 
thermic change at 340-675 ~ and two successive endothermic peaks at 700 ~ 
815 ~ and one exothermic spike near 815 ~ and the last endothermic peak at 930 ~ 
The TG curve registers a total weight-loss amounting to 13.81 ~ within 110-  660 ~ 
A well defined plateau is observed in T G  curve within 110-335 ~ suggesting the 
dehydration course to proceed through single step reaction. However, the weight- 
loss recorded within this temperature range amounts to 11.50 ~ which corresponds 
to the removal of almost three molecules of water from one molecule of  
Zn3(VO4)2.3H20. Therefore, the endothermic change at 300 ~ is clearly due to the 
following reaction: 

110~ ~ 
Zn3(VO32.3H~O , Zn3(VO32. 

- 3 H 2 0  

There appears a very weak endothermic peak at 470 ~ in the DTA curve which on 
projection to the TG curve is seen to follow a less well defined plateau suggesting 
this peak to be due to the removal of strongly adsorbed trace of water from the 
compound. There is, however, no substantial weight-change registered in the T G  
curve within the range 480-700  ~ 

Infrared studies: The characteristic band observed in the spectrum of the original 
catalyst sample are at 925 and 805 cm -1 which are assigned to the V - O  stretching 

d. Thermal Anal. 9, 1976 
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in addition to a number of bands representing different modes of water. The bands 
corresponding to water of  crystallization are still present in the spectrum of  the 
1340 ~ preheated sample although too weak with the significant missing of  the 925 
cm -1 band. This change is simply due to dehydration. The 580 ~ preheated sample 
offers the relevant bands at 905, 860 and 800 cm -1 which are indicative of  V - O  
stretching (as in the case of orthovanadates) and the substance appears to be almost 
dehydrated. The original crystal structure is observed to undergo appreciable 
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Temperoture, ~ 

Fig. 2. DTA and TG curves of zinc orthovanadate 

transformation at 770 ~ as the sample preheated at this temperature displays its 
spectrum very weak bands in the characteristic region 920-725  cm -1. However, 
the 10130 ~ preheated sample offer all the bands at 920, 870 and 780 cm -z which are 
characteristic of V -  O stretching (as observed in the case of (VOa) 3-) indicating 
thereby the retention of original orthovanadate character even at this very high 
temperature. 

X-ray diffraction studies: X-ray analysis of  the original catalyst sample shows 
a well defined diffraction pattern indicating the crystal structure of  the compound 
to be crystalline (characteristic lines are at d = 7.291, 3.000, 2.659, 2.505 A etc.). 
XRD patterns of  the 340 ~ preheated sample are entirely different than those 
obtained earlier. The few faint lines appear at d = 2.575, 2.115 and 1.492 A. 
The crystal structure of  the compound is reasonably disordered at this tempera, 
ture. Therefore, it is apparent that dehydration causes a substantial structural 
change of  the catalyst molecule. XRD patterns of  the 580 ~ preheated sample are 
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even more distinct and well defined than observed in the case of  original catalyst 
sample. The crystal structure of  the compound seems to be completely ordered 
at this stage. The characteristic lines are seen at d -- 3.042, 2,575, 2.477, 2.086, 
1.470 ~ etc. Therefore, the endothermic changes within 340 -580  ~ are due to 
phase changes. X R D  patterns of  the sample heated at 770 ~ are not similar to those 
obtained in the just preceding case as very less number  of  lines appear in the 
diffraction pattern with low intensity. The crystal structure of  zinc orthovanadate 
seems to be relatively disordered at this stage ensuring the endothermic change 
at 700 ~ to be due to order-disorder transition. X-ray analysis, however, does not 
indicate the decomposition of zinc orthovanadate into its component  oxides at 
any stage of thermal treatment. 

Magnetic susceptibility measurements: This study indicates that zinc ortho- 
vanadate is feebly paramagnetic of gram susceptibility 1.240 x 10 .6 and at higher 
temperature of  calcination, this value remains almost unchanged. 

Therefore, the thermal changes in zinc orthovanadate can be summed up as 
follows: 

110 -335  ~ 3 4 0 - 5 8 0  ~ 
Zna(VO4)2.3H20 - 3 H 2 0  ) Zn3(VO4)2 ~ Zn~(VO4)~ 

(ordered form) (disordered form) (ordered form) 
l 
I 
t 
I 

Melting 930 ~ Zn3(VO4)2 815 ~ Zn3(VO4) 2 

(Sintering) (relatively 
disordered form) 

Literature survey reveals that zinc orthovanadate is catalytically active within 
the temperature range 2 5 0 - 4 5 0  ~ . It  is very clear f rom the structural studies of  
this catalyst that order-disorder transitions are the determining factor for catalytic 
activity. 

Manganese metavanadate 

Thermal analysis: DTA and T G  curves of this catalyst are shown in Fig. 3 . 
The DTA curve shows one sharp endothermic peak at 240 ~ followed by a long 
flat endothermic peak at 280 -815  ~ Again there appears a very poor  exothermic 
dent at 515 ~ followed by an endothermic change at 880 ~ The T G  curve records 
a total weight-loss amounting to 12.32.% within 110-600  ~ which corresponds 
to the removal of  two molecules of  water from one molecule of  Mn(VO3)2.2H20. 
The continuous weight-loss registered in the T G  curve within 110-275  ~ amounts 
to 9.5 % which corresponds to the removal of one and a half molecules of  water 
from one molecule of  Mn(VOz)2.2H20. At 600 ~ the weight loss is in excess o f  

3.. Thermal Anal. 9, 1976 
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12% and accelerating. There is definitely a transition in rate loss between 275 
and 600 ~ which could be two-step loss. 

110-275 ~ 
(i) Mn(VOa)2.2H20 _ 1.1/2Hz6 Mn(VO3)2.1/2H20 

2 7 5 - 5 9 0  ~ 
(ii) Mn(VO3)2.1/2H~O , Mn(VO3)2 

- 1/2H20 

~5 

5 
o 

L -5  o~ 

E 
Or 

-~ -}0 
LO 

0 

2 

4 

6 

8 

o 

_DT  
2LOo 

[ I I I I I 
100 200 300 400 500 600 

880 o~ 

I ! 
7O0 9OO I000 

Temperature, ~ 

Fig. 3. DTA and TG curves of manganese metavanadate 

Infrared studies: In addition to the bands characteristics of  O - H  stretching, 
H - O - H  bending and V - O - H  bending, the spectrum of the original catalyst 
sample offer the bands at 970 and 830 cm -1 which are assigned to the V - O  
stretching, as in the case of metavanadates [18]. At 280 ~ the compound appears 
to be almost dehydrated which is revealed by the absence of bands characteristic 
of  water as well as presence of  a single strong band at 850 cm -1. The catalyst does 
not undergo any appreciable change within 280-590  ~ . However, two significant 
bands although weak, are noticed at 1020 and 830 cm -1 in the spectrum of  the 
830 ~ preheated sample which can be assigned the V - O  stretching as in the  case 
of  V20~. Therefore, the endothermic behaviour beyond 590 ~ can be attributed 
to slow decomposition. 

X-ray diffraction studies: X-ray analysis of  the original catalyst sample exhibits 
a diffused diffraction pattern with characteristic lines at d = 6.525 and 3.193 /~ 
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indicating the crystal structure of the catalyst to be poorly crystalline. XRD pat- 
terns of the 280 ~ preheated sample are considerably poorer than observed in the case 
of original sample which reveals that the dehydration causes crystal transforma- 
tion. The crystal structure of the catalyst appears to be less crystalline at this stage 
with only characteristic d-value, 3.193 /~.. X-ray analysis of the 590 ~ preheated 
sample exhibits a relatively improved XRD pattern with relevance at d = 3.171/k 
indicating the crystal structure of the catalyst to be more crystalline. The 830 ~ 
preheated sample, however, displays different diffraction pattern and the charac- 
teristic d-values compare to those reported for standard patterns of MnO2 and 
7202. 

Magnetic susceptibility measurements: This study reveals that the manganese 
metavanadate is appreciably paramagnetic of gram susceptibility 59.02x 10 -6, 
which is found to increase considerably at higher temperatures, e.g. at 590 ~ 
the value is 65.97 • 10 .6 and at 830 ~ it is 64.63 x 10 -6. Thus, the paramagnetism 
of manganese metavanadate increases with calcination temperature. 

Therefore, the thermal changes in manganese metavanadate can be expressed 
by the following scheme of reactions: 

110-275 ~ 
Mn(VO3)z. 2H20 -1.I /2H2()  Mn(VOz)z. 1/2H90 

(poor crystalline) 

Melting 880 ~ MnO + V205 

275-590 ~ 
Mn(VOz) z 

- I/2H20 
(relatively more 

crystalline) 
J 
L 
I 
1590-830~ 

Silver orthovanadate 

Thermal analysis: DTA and TG curves of silver orthovanadate are shown in 
Fig. 4. The DTA curve shows a sharp endothermic peak at 180 ~ followed by two 
endothermic peaks of different magnitudes at 455 ~ and 640 ~ The TG curve of 
this catalyst registers a total weight-loss amounting to 1.307 ~ within the temper- 
ature range 110-  500 ~ Chemical analyses indicate the complete absence of water 
of crystallisation with this catalyst. The same observation was reported by Bhat- 
tacharyya et al. [1 ] in the case of silver metavanadate. Therefore, the negligible 
weight-loss may be due to the removal of moisture which has been accumulated 
on the substance due to its easy susceptibility towards absorbing atmospheric 
moisture. The weight-loss registered is the TG curve within the temperature range 
110-  225 ~ is found to be 0.508 ~o which in indicated by a sharp decline from straight 
line behaviour of the TG curve. Thereafter, the weight-loss is very slow 
and almost constant. For comparison, the DTA and TG of silver metavanadate 
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prepared by the method reported by Bhattacharyya et al. [1 ] were also carried 
out. DTA curve of  AgVO3 indicates that silver metavanadate does not undergo 
any thermal change when heated up to 450 ~ These two vanadates of  silver exhibit 
almost similar TG curves with minor difference in the DTA curve. 
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Fig. 4. DTA and TG curves of silver orthovanadate 

Infrared studies: The spectrum of the original catalyst sample displays two very 
weak bands at 3330 and 1150 cm-  1 characteristic of  loosely held water and one 
very strong band at 735 cm -~ which is assigned to the V - O  stretching vibration. 
The 265 ~ preheated sample offers almost all the same bands with the shifting of  
735 cm -a. However, the samples heated at 380 ~ and 510 ~ exhibit in their spectra 
a very weak broad band at 730 cm -~. This change in intensity of  the band may be 
due to complete removal of  moisture. The 620 ~ preheated sample does not indicate 
any considerable change in its spectrum excepting a little shifting of  the weak 
730 cm -~ band to 720 cm -~. It is very clear from the IR studies that the charac- 
teristic strong band of  the original sample undergoes severe changes in course of  
thermal treatment and that band no longer exists at higher temperatures. 

IR studies of  silver metavanadate heated at 350 ~ reveal the presence of a very 
'weak band at 1600 cm -1 and a number of  strong bands at 840, 890, 920 and 
960 cm -z. The latter bands are indicative of  V - O  stretching motion as observed 
in the case of  metavanadates [1, 18]. IR spectral studies of silver metavanadate 
reveal that this catalyst undergoes no thermal change before fusion whereas 
silver orthovanadate seems to undergo some changes on thermal treatment. 

V-ray diffraction studies: X-ray analysis of  the original catalyst sample exhibits 
a distinct diffraction pattern with the well defined lines at d = 4.6, 2.87, 2.75, 2.55, 
2.48, 1.69 A etc. revealing the crystal structure of  the original catalyst to be crystal- 
fine. These d-values compare excellently to those reported for standard patterns 
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of both- silver orthovanadate and silver pyrovanadate Ag~V~O7 (A. S. T. M. Card, 
1-0946) .  XRD patterns of 260 ~ 380 ~ and 510 ~ preheated samples are almost 
the same as obtained earlier with the relevant lines at d = 4.6, 2.88, 2.76, 2.17, 
1.78, 1.77 A_ etc. It is thus very clear that beyond 260 ~ the catalyst is no longer 
orthovanadate (Ag3VO~) but purely silver pyrovanadate AgaV20 7. However, 
the XRD patterns of the sample heated at 620 ~ are little changed than earlier 
as is indicated by the presence of new lines at d = 3.48, 2.79, 2.7, 2.13 as well as 
missing of the lines at d = 2.17, 1.78, 1.77 A_ etc., although all the characteristic 
lines are retained at this stage. 

X-ray diffraction studies of silver metavanadate indicate that this catalyst does 
not undergo any structural change before fusion although minute traces of Ag, 
AgO, V2Oa etc. could be detected in the silver metavanadate when heated at 350 ~ 
This observation is substantiated by very small oxygen chemisorption of this 
catalyst which is due to the minute traces of  V~05, present in it. Therefore the 
thermal changes in silver orthovanadate can be summed up as follows: 

AgaVO4 110-275 ~ Ag4V207 415-500  ~ 

(crystalline) crystalline) 

Melting 640 ~ 
< 

Ag4V207 

(crystalline) 

1500-620~ 

Ag~V207 

(less crystalline). 

However, the presence of  minute traces of V205 on the silver orthovanadate 
could not be ruled out when heated around 275 ~ . This may be the reason for the 
transformation of orthovanadate into the pyrovanadate in the following way: 

4AgaVO~ + V205 (trace) = 3Ag~VzO7 

The authors are grateful to the Physical Research Wing and Catalyst Research and Devel- 
opment Section, F. C. I., Sindri and also the Analytical Physics Division and Catalyst Sec- 
tion, I. I. P., Dehradun (India) for their help in getting TG and X-ray patterns of the catalysts 
studied. 
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RI~SUMI~ -- On a 6tudi6 par ATD et TG les caract6ristiques thermiques des vanadates de zinc, 
de mangan6se et d'argent. La caract6risation des divers produits de transition ainsi obtenus a 
6t6 effectu6e ~t partir des donn6es fournies par IR, rayons X et susceptibilit6 magn6tique. Les 
analyses chimiques indiquent les compositions suivantes de cesvanadates: (1) Zn2V2OT.5H20, 
(2) Znz(VO4)~.3HeO, (3) Mn(VOa)z.2H20 et (4) Ag3VO 4. Les courbes ATD du pyrovanadate 
de zinc montrent des effets endothermiques ~ 110--195, 265, 365, 440 et 660 ~ ainsi qu 'un 
ph6nom6ne exothermique ~ 485 ~ Ce corps est diamagn6tique; il devient compl~tement para- 
magn6tique au-dessus de 660 ~ L'orthovanadate de zinc donne des pics endothermiques 
/t 300, 470, 700, 815 et 930 ~ I1 est faiblement paramagn6tique jusqu'~t 930 ~ Le m6tavanadate 
de manganese est le si6ge de ph6nom~nes endothermiques ~t 240, 280--590, 830 et 880 ~ I1 est 
paramagn6tique et son paramagn6tisme augmente de mani6re appr6ciable ~t 590 ~ pour rester 
constant jusqu'~t 830 ~ L'orthovanadate d'argent montre trois effets endothermiques ~t 180, 
455 et 640 ~ 

ZUSAMMENFASSUNG - -  Die thermischen Charakteristika der Vanadate von Zink, Mangan und 
Silber wurden dutch DTA- und TG-Methoden untersucht und die auf diese Weise erhaltenen 
verschiedenen (3bergangsprodukte dutch Daten aus IR-, R~Sntgen- und magnetischer Suscep- 
tibilit/it charakterisiert. Die chemische Analyse deutet auf folgende Zusammensetzung dieser 
Vanadate: 1) Zn2V2OT.5HzO, 2) Zna(VO4)2.3H~O~ 3) Mn(VOa)2.2H20 und 4) AgaVO c Die 
lDTA-Kurven zeigen endotherme Ver/inderungen des Zink-pyrovanadats bei 110--195, 265, 
365, 440 und 660 ~ und eine exotherme Ver/inderung bei 485 ~ Dieses System ist diamagnetisch 
und wird nach 660 ~ vollst~indig paramagnetisch. Zink-orthovanadat zeigt eine Anzahl exo- 
thermer Peaks bei 300, 470, 700, 815, bzw. 930 ~ Dieses System ist schwach paramagnetisch 
und beh/ilt diese Eigenschaft bis zu 930 ~ Im Manganmetavanadat vollziehen sich endotherme 
Ver~inderungen bei 240, 280-- 590, 830 und 880 ~ Dieses Vanadat is paramagnetisch, der Para- 
magnetismus steigt zusehends bei 590 ~ und bleibt bis zu 830 ~ konstant. Silberorthovanadat 
zeigt drei endotherme Ver/inderungen bei 180, 455 bzw. 640 ~ 
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Pe3ioMe - -  ]~bi~lrI nayqermi c rlOMOII~IO ~ T A  rt T F  TepMriqecKrte xaparTeprlCTgKVI Bal~a~aTOB 
In~HKa, MapraHI~a r /cepe6pa.  Iloay~Iermble iip~ 3TOM nepexo~able IIpO~yKTbI 6blJIH oxapaKTep~l- 
3oBam, i c IIOMOml, IO I/IK-cneKTpoc~onrlri, peHTreHocTpyKTyprloro ana~rI3a ri ~ammlx no Mar- 
rmTitO~ BocnpmlM~HBOCTn. ~anm,  ie XrlMri~ec~oro anaarlaa yi~aBbmamT Ha caeRymmn~ COCTaB 
aT~IX Baaa~aToB: Zn2VzOT. 5H20 , Zna(VO4). 3HzO, Mn(VOa)zo2HzO AgaVO a. KpHBI~Ie ~ T A  
IIOKa3l, IBarOT, tlTO ImpoBaI~a~aT I~rlrlKa IIO~BepraeTc~ aHRoTepMI~eCKnM H3MeHeI-1I~I~IM IIpI~I 
110--195 ~ 265,365, 440 n 660 ~ a O~HOMy 3K3OTepMltqeCKOMy ~i3Mer=ierll~IO i/pl~ 485 ~ ~Ta CUCTeMa 
JtBJISteTC~ ~II~aMaFHItTHO~, KOTOpa~I nocae 660 ~ CTattoBI~TC~ IIO3IHOCTI, IO ImpaMarrmTHOR. OpTo- 
Bana~aT l~arma iio~a3l, IBaeT pzR 3n~oTepMa~ecrnx rmKoB COOT~elcTBeaHo IlprI 300, 470, 700, 
815 ~ 930 ~ ~3~a CrlCTeMa l~pO~BJI~leT c~aS~m napaMarH~tTnbie CBO~CTBA a coxpaHaew nx ~o 
930 ~ MeTaBaHaRaT Mapralma iio~BepraeTcfl 9H~oTepM~IeClCrlM Vt3MeHertnnM COOTBeTCTBeHHO 
Ilpa 240, 280--590, 830 a 880 ~ ~TOT aa~a~aT o6aa~aeT napaMarneTn3MOM, roTop~IA 3aMeTHO 
ycrtSlHBaeTc~l r~pH 590 ~ ~I ocTaeTc~I IIOCTO~IHHblM ~O 830 ~ OpToBa~ia~aT cepe6pa IIpO,qBYLqeT 
an~orep~n~ec~ne rmrm irpa 180, 455 ~ 640 ~ 
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