
Journal o f  Thermal Analysis, Vol. 3 (1971) 371--378 

DEHYDRATION STUDIES OF TITANIUM MOLYBDATE 

M. QURESHI, H . S .  RATHORE and R. KUMAR 

Department o f  Chemistry, Aliyarh Muslim University, Aligarh, U.P. India 

(Received August 10, 1970; in revised form April 10, 1971) 

Three chemically different samples (Ti : Mo ratios 1 : 2, 1 : 1 and 2 : 1) of titanium 
molybdate have been prepared by mixing the solutions of titanium(IV) chloride 

( 4 ~ 1 ,  titanium sulphate ( M ,  M _ ) a n d  sodium molybdate (2~0 , 4~ / in 

different volume ratios. Dehydration studies have been completed, which would seem 
to throw some light on the state of the water molecules present in the samples. 

During the last twenty years ion exchange, especially on synthetic inorganic 
materials, has become one of the most useful ways to achieve important and 
analytically difficult separations. Recently, we have reported that the stability 
and ion exchange properties of amorphous molybdate [1] and antimonate [2] 
of titanium depend on the pH at which they are prepared and on concentrations 
as well as the mixing ratio of the starting reagents. The reversal of the sequence 
of Kd values for inorganic ions has been discussed in terms of size of cavities [2, 3 ]. 
It has also been reported that selectivity of hydrated tin(IV) oxide [4] depends 
on the degree of hydration. Therefore, to test the degree of hydration and to postu- 
late a tentative structure of titanium molybdate, a thorough thermoanalytical 
study has been made for the three chemically different samples. 

Experimental 

Reagents: 15% titanium(IV) chloride solution (B.D.H.) and titanium(IV) 
sulphate solution (prepared by dissolving titanium dioxide in hot concentrated 
sulphuric acid containing ammonium sulphate), were used. All other reagents 
were of analytical grade. 

Apparatus: An electric muffle furnace was used for heat treatments. For X-ray 
studies a Philips X-ray unit (Holland) with Philips camera and diffractometer 
was used. Thermogravimetry was carried out with a Stanton thermobalanee. 

Preparation 

We have reported the synthesis and ion exchange properties of fourteen samples 
of titanium molybdate [1 ] under a range of conditions. Out of these samples we 
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have now taken into account three chemically different samples; their method of  
preparation is given below. 

M 
Sample 1 was prepared by mixing 40- titanium(IV) chloride solution with M 

40 
sodium molybdate solution with constant stirring in the volume ratio 1:1. A 
white precipitate appeared. Concentrated H2SO 4 was added dropwise to this mix- 
ture with constant shaking till the final acid concentration was 0.18N H2SO4. 

Sample 2 was prepared by mixing the 2~- titanic sulphate 
M 

solution with 
2O 

sodium molybdate solution in the volume ratio of 1:2 with constant stirring. A 
clear solution was obtained. Ammonia solution (sp. gr. 0.91) was added dropwise 
with constant shaking to this clear solution till the pH of aliquot was 2. 

3 and 4 were obtained when ~ titanium (IV) sulphate and sodium Samples m o -  

lybdate solutions were used in volume ratios of 1 : 1 and 2 : 1 respectively. The rest 
of the procedure was the same as for sample 1. The precipitates obtained in all 
the three cases were allowed to settle for 24 hrs, washed with distilled water by 
decantation, filtered and washed again with distilled water till the washing had a 
pH 6 - 7 .  The products so obtained were dried at 40 ~ They were immersed in 
demineralized water when they broke down to small particles. The particles were 
converted into hydrogen form by treatment with 2N HNOa. The excess of the 
acid was washed out and the products dried at 40 ~ were then ready for use. 
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Chemical composition: Titanium and molybdenum were determined in the sam- 
ples as reported in our previous paper [1 ]. The titanium to molybdenum ratio 
were found to be 1 : 1.94, 1 : 1.90, 1 : 1.11 and 1 : 0 . 5 0  for samples 1,2,3 and 4 
respectively. 

Ion exchange capacity: The ion exchange capacity of the samples was determined 
by saturation method [1 ]. The ion exchange capacity was found to be 1.60, 0.88, 
0.95 and 0.93 mEq/g for samples 1, 2, 3 and 4 respectively. 

Thermal treatment." 2 g of  each sample were keated in an electrical muffle 
furnace for 15 hrs at 90 -1000  ~ All the samples gave negative tests for molyb- 
denum after this treatment. The results are given in Table 1. 

Table 1 

Heat treatment of titanium molybdates 

Material  left after heat t reatment ,  
TiO 2 according to the s t ructures  p roposed ,  

Sample 1 Sample 3 Sample 4 

19.30 
18.40 

30.03 
28.00 

40.00 
37.30 

Thermogravimetry: Samples 1,2,3 and 4 were dried at 40 ~ 200 mg of  each sample 
in the hydrogen and potassium forms were analysed thermogravimetrically at a 
heating rate of 6~ The results obtained are reported in Figs la, lb, lc and 
ld. Thermogravimetry at the rate of 4~ for the hydrogen form of all the 
samples gave identical results with those for the same samples at a heating rate 
of  6~ 

X-ray studies: All the four samples were dried at 40 ~ and were studied by X-ray 
diffraction (Powder method) using Cu Kcz radiation with Nickel filter for ten hours. 
No line was observed in any photograph. Sample 2 was dried at different tempera- 
tures and the lines were observed as given below: 

No line at 100 ~ two lines at 245 ~ 3.506 (Sb) 1.854 (VVW); an additional line 
at 325 ~ 1.657 (m.w.b.); the same three lines at 420~ seven more lines at 500 ~ 
6.965 (w), 3.795 (m.b.), 3.253 (vs), 2.65 (w), 2.326 (m.w.b.); 1.894 (m.w.b.) and 1.728 
(m.w.) and eight more lines at 600 ~ 2. 517 (VVW), 1.685(VVW), 1.628(VW), 
1.597 (VW), 1.547 (VW), 1.476 (VVW), 1.445 (VVW) and 1.344 (VVW). The 
relative intensities of the lines based on visual estimation are given in parenthesis 
preceded by the corresponding d-values in A. Sample 3 dried at 600 ~ was studied 
quantitatively with a diffractometer. It was found that the pattern of lines observed 
is identical with those for titanium dioxide brookite (ASTM card No. 3 - 0 3 8 0 )  
and molybdenum trioxide (ASTM card No. 5-0508) .  
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Results and discussion 

The X-ray studies show that the formation of molybdenum trioxide and tita- 
nium dioxide is facilitated as the drying temperature of titanium molybdate in- 
creases. This process is completed up to 600 ~ . It seems that it may be due to loss 
of  water which is incorporated either in the form of OH groups or HzO as such 
within the exchanger (titanium molybdate). This behaviour of titanium molybdate 
is entirely different from that of phosphate [5,] and arsenate [6] of zirconium 
and titanium but resembles that of hydrous oxides [7] of zirconium, titanium, 
thorium and to other amorphous inorganic ion exchangers prepared in our la- 
boratory. 

At temperatures higher than 600 ~ volatilization of  molybdenum trioxide occurs 
(Table 1) which is responsible for the complete loss of molybdenum. On the basis 
of  these observations and those reported in our earlier paper [1] we may say 
that titanium molybdate is a combination of hydrated oxides of titanium and 
molybdenum in a gel form structure. These hydrated oxides form a network 
structure with different size of  cavities or surface area responsible for the selectivity 
of the exchanger towards the inorganic ions. The size of cavities or surface area 
seems to be dependent of the degree of hydration of these oxides [4]. To decide how 
these water molecules are attached to oxides of titanium and molybdenum, thermo- 
analytical results are used. Thermogravimetric curves of four samples of titanium 
molybdate (Figs la, b, c and d) are generally similar. The total per centweight 
loss up to 600 ~ in hydrogen form is always higher than that in potassium form. 
Hence we may say that water incorporated within the titanium molybdate is in 
two different forms: (i) in the form of OH groups whose hydrogen can be ex- 
changed by any other cations; (ii) in the form of free water molecules which do not 
play any role in ion exchange but are responsible for the cavity size. With the 
help of per cent weight loss up to 600 ~ in the potassium and in the hydrogen form, 
the following calculations are made: 

Sample 1 (Fig. la) 
TiO2(MoOz)l.9~ M.W. = 359.14 

Water molecules whose hydrogen is exchangeable = Total per cent weight loss 
in hydrogen form - total per cent weight loss in potassium up to 600 ~ = 9 % 

m 
1800 n 

359.14 + 18n 
= 9~ where n is number of water molecules 

n = 1.98 

TiO2(Mo O3)Lg~(H20)l.gs M.W. = 394.78 

water molecules whose hydrogen is unexchangeable = Total weight loss in potas- 
sium form up to 600 ~ = 15 % 
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1800n 
= 15 

394.78 - 18n 

n = 3.87 

Now the empirical formula is TiO2(MoO3)l.9~(H~O)1.9 s 3.87 H,,O 

Ion exchange capacity per dry gram of the exchanger 

1.98 x 2 x l0 s 
= = 8.50 mEq/g. 

464.44 

In this way calculations have been made also for the remaining three samples. 
Results are recorded in Table 2. 

The saturation ion exchange capacity determined experimentally is lower than 
theoretical ion exchange capacity (Table 2), owing to the fact that the samples 

Table 2 

Thermogravimetric results 

Sample  I Compos i t ion  Molecular  
weight  

Wate r  
molecules 

in the  f o r m  
of  O H  groups  

Wa te r  
molecules 

in the  fo rm 
o f  H20  

Ion  exchange 
capacity 

mEq/g .  

TiO2(MoO3)l.04 
TiO2(MoO3)1.00 
TiO2MoO 8 
TiO2(MoO3)0.~ 

359.14 
353.40 
206.23 
151.87 

1.98 
1.48 
0.48 
0.44 

3.87 
4.95 
2.27 
1.88 

8.50 
6.35 
3.70 
4.54 

are amorphous in which case replacemerA of all hydrogen atoms by other cations 
is not  possible. 

These calculations show that all the four samples contain different amount  of 
free water as well as water containing replaceable hydrogen ions. The varying 
amount  of water seems to be responsible for the change in the ion exchange prop- 
erties and the stability of the exchanger. The pH titration curves for all the four 
samples show a monofunctional behaviour similar to other amorphous inorganic 
ion exchangers. On the basis of these observations and the reported [8] species 
of titanium and molybdenum the following tentative structure (similar to hydrated 
antimony pentoxide [9] and titanium antimonate [2]) for titanium molybdate 
(Sample 3) may be postulated (see page 377). 

Similar structures may be drawn for the rest of the samples. Hence it is clear 
that the size of the cavity within the exchanger depends on the composition and 
water of hydration. 

o r. T h e r m a l  A n a l .  3, 1971 



Q U R E S H I  e t  a l . :  D E H Y D R A T I O N  S T U D I E S  377 

f 
0 
I 

- - O - - T i  

0 0 

/ 
/ 

/ 
0 
I 

- - 0  Ti / I  

] / 
O O [ /  

- - O  Mo-~- O - 

/ 0  0 0 \ .  

\ / /  

H H \ /  
0 / \ \  

/ Xx 
J x 

"tU CAVITY H \x / 

0 
/ \  

t t  tt 

", ~ ?/o 
0 - - N o  ~ -  0 - -  / /  \ \  

0 0 0 

/ I \ 

The authors are grateful to Dr. F. Rahman, to Dr. B. R. Rao, R. R. Lab (Hyderabad) 
and to the Director of Defence Science Lab. (Delhi) for research, X-ray and thermogravi- 
metric facilities, respectively. Financial assistance of H. S. Rathore from the C.S.I.R. (India) 
is gratefully acknowledged. 

References  

1. M. Q U R E S I - I I  and H. S. R A T I K O R E ,  J. Chem. Soc. (A), (1969) 2515. 
2. M. QURES:aI and V. KUMAR, J. Chem. Soc. (A), (1970) 1488. 
3. M. QURESHI, H. S. RATHORE and R. KUMAR, J. Chem. Soc., (A), (1970) 1986. 
4. J. D. DONALDSON, M. J. Ft;LLER and J. W. PRICE, J. Inorg. Nucl. Chem., 30 (1968) 1083. 
5. G. ALBERTI, P. CARDINI-GALLI, U. CONSTANTINO and E. TORRACCA, ibid., 29 (1967) 571. 
6. G. ALB~RTI and E. TORRACCA, ibid., 30 (1968) 3075. 
7. C. HIETNER-WIRGUIN and A. ALBrr-YARoN, ibid., 28 (1966) 2379. 
8. F. A. COTTON and G. WILKINSON "Advances in Inorganic Chemistry" Second edi- 

tion, Interscience Publishers, New York, 1966, pp. 779--808 and 930--960. 
9. M. ABE and T. ITO, Bull. Chem. Soc. Japan, 41 (1968) 2366. 

J. Thermal .Anal .  3, 1971 



378 Q U R E S H I  et al . :  D E H Y D R A T I O N  S T U D I E S  

RI~SUMI~ - -  Pr6parat ion de trois 6chantillons diffdrents de molybdate de t i tane ( rappor t  
Ti  : Mo = 1 : 2, 1 : 1 et 2 : 1) par  m61ange en proport ions variables de solutions de chlorure 
de t i tane(IV) (M/40), de sulfate de t i tane (M/20, M/40) et de molybdate de sodium (M/20, 
M]40). Obtent ion de renseignements sur l '6tat des mol6cules d 'eau pr6sentes dans l '6chantil lon 
h part i r  de l '6tude de la d6shydratation. 

Z U S A M M E N F A S S U N G -  - -  Drei chemisch verschiedene Ti tanmolybdat-Pr~parate  wurden durch 
Mischen yon Titan(IV)chlorid- (M/40), Titansulfat-  (M/20, M/40) und Natr iummolybdat-  
16sungen (M/20, M/40) in versehiedenen Volumenverhfiltnissen hergestellt. Das T i : M o  
Verh/iltnis betrug 1 : 2, 1 : 1, 2 : 1. Mit  den Pr~iparaten wurden Dehydrat ionsversuche untero 
nommen,  um den Zustand der Wassermolekiile in den Proben zu bestimmen. 

Pe3mMe -- HpnroToB~eno Tpr~ XIIM!4xleCKII pa3Yi!l':iHI,IX o6paat~a MOJm6~laTa Tn:Tarm (Ti : Mo/1 : 2, 
1 : 1 H 2 : 1) nyTeM cMemeHrm paCTBOpOB xsIopaaa TnTana (IV) (M/40), cyai, dpara zn rana  

(M/20, M/40) rI raoan6~ara HaTpa~ (M/20, M]40) B pa3m, rx o6~eMn~ix cooTrmmeHnnx, tt3y~IeH 
npouecc jlern~parattHn c uensro BblItCHeHIIIt nono~eHn~ Monexy~ BOClbI, co~lepx~atUe~ca B 
o6pa3~ax. 
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