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SUMMARY

A poorly crystalline titanium tungstate sample with a Ti: W ratio of 1:1.3 has
been synthesised by mixing 0.5 A7 solutions of titanic chloride and sodium tungstate
in the volume ratio r:1. After precipitation at pH o, the precipitate obtained was
refluxed with its mother liquor for 12 h. A comparison of the ion-exchange propertics
of the virious titanium tungstates shows that as the WeTi ratio increases, the chemical
stahility and ion-exchange capacity (at 4o” and roo”) ilso increase until the capacity
becomes a maximum at W:Ti = 1.1,

INTRODUCTION

Some studies have been reported carliert:® on the synthesis and ion-exchange
properties of titanium tungstate, It is difficult to say much about its structure until it
has crystallised or unless it is crystalline. However, despite persistent efforts, titanium
tungstate could not be crystallised, although a poorly crystalline phase was obtained.
The present report summarises our results on this sample and correlates its properties
with the other titanium tungstates svnthesised earlier.

EXPERIMENTAL

Reagents
All the chemicals used were AnalaR grade from B.D.H. asreported earlier' 2,

A pparatus

For IR, differential thermal and thermogravimetric analyses and flame photo-
metry, a Perkin-Elmer IR spectrophotometer, an Aminco thermoanalyser (U.S.A.),
and an Aimil flame photometer were used, respectively. Other measurements were
carried out as described earlier!.2,
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Synthesis of titaniwn tungstate
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So® separately (sample IV). They were immersed in 2 M nitric acid for 24 h. Exca
of the acid was then removed by washing with demineralized water, The precipita
were then dried again at their respective temperatures,
Propertics

(.?!ur.uz.fm./ analysis, The titanium and tangsten ratio was found to bhe 304

dle IV as described cm'lu 2
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S0 was to (:nnhrn that cdrving ¢ Hm ts t]w tabilitvE, so0 my sa mplv\ were dissoly
in 50 ml of water, nitric acid, hyd ,_(l_ wrlnnhn:r the earl
method?, The results are summarized in l.Ll le 1. The \'ahlm of (h«-mu‘ul stibil
used later in Fig, 10 are taken from Table 1 as 172 (amount of T dissolved 4 amom

of W dissolved), in order to simplify the figure.

TABLE

AMOUNT OF TITANIUM AND TUNGSTEN DISSOLVED IN WATER, FORMIC ACID, HYDROCHLORIC A
AND NITRIC ACID FROM TETANTUM TUNGSTATE (SaMpe IV) iy my ver 50 ml

Solveirt Aot of TPt noiiat of WY
elissolved issalved
Dvicd Diyicd Diried Dricd
at go” at So° at g’ al N ”

Wiater 0.00 0.00 0,00 0,00

6 M nitrie acid 2.05 0.55 0.80 040

1 A7 formic acid - 0,00 - 0.00

1 M hydrochloric acid . o6 e 0,00

The colour of the jon-exchanger beads was light vellow at the beginning |

beecame very dark after heating for 6 h with 1 AI lICl or 6 M HNO,.

Heal treatient. (2) Sample IV was further heated at zoo® (Sample C), 2
(“izunplc D), 460" (S:unplc I£), hc)()—;‘oo‘” (Samy ]L K ) 'md Soo° (Sample (:) in & mu
furnace for 1 h, (b) Sample IV in the hwh'nm-n lithium, sodium, nnt.;»mmi rubidi

:md ciesium forms was .subju,tccl to thurm(_)_g lwnnctru: tuml}m.s (TGA) at o heat
rate of 6°/min, 200 g of the samples being taken initially for the experiment.
results are .slmwn in Fig. 1. c‘) l')ichrvnti.'ll thermal analysis (DTA) of sample
in the hydrogen, sodium and potassium forms was carried out at the same heat
rite as in thcrmngrm 3 lhc plots of AT wersus T are given in Fig, 2.

Xerav studics. X-r;;y 1i Traction spectra for sample [V (dried at 40°) and samy
Cand IF, and for sample IV (dried at 80°) in the hydrogen, lithium, sodium and pot
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Fig. 1. Thermograms for titanium tungstite.

sium forms, using Cu-Ne radiation with @ nickel filter are <shown in Fig. 3. The
spacings for sample 19 as caleulated from the spectra are: 6.3203(w), 3.8035(vs),
3.7000(3), 3.05090(s), 3.5309(W), 3.3003(W), 3.1617(m), 2.0901(m), 2.6345(m), 2.4402(w),
2.I841(v.w), 2.1403(v.w), 1.0239(v.w), 1.8803(v.w), 1.8220(w), 1.0407(W), 1.5405(v.w)
and 1.4935(v.w) (v == very, s == strong, mo== medium and wo= wealk).

I.R. spectroplolometry. This study was carried out with NaCl dises and Nujol
mulls with an NaCl blank disc, The spectrum is shown in Fig. 4.

lTon-exchange capacity. Titanium tungstate shows cation-exchange properties.
The apparent ion-exchange capacity of sample [V for alkali metals (IFig. 3) and of
samples D (0.25 mequiv./g), 12 (0.1 mequiv./g) and IF (0.0 mequiv./g) for Cs*+ only
was determined at pH 3--0 by the ecarlier method!.

Ton-cxchange potentiomelric titrations, pH titrations of sample IV with lithium
hydroxide, sodium hydroxide and potassium hydroxide were performed as describ-
ced earlier®, The effect of hydroxyl ions on the pH of the ecquilibrating solution is
shown in Fig. 6.

Distribution studics. Kd values for 23 metal ions on sample IV in water and
L0.1 A formic acid were determined by the earlier method! (see Fig, 7).

Kd values for some alkali metals on samples 1, I, TIT and 1V are shown in
Fig. 8. The synthesis and ion-exchange properties of samples I and 1T (ref. 1) and
IIT (ref. 2) have been desceribed carlier. They have a Ti: W ratioof 21, 11t and 1: 1.1,

g (.Vmuua!ogr., 62 (1971) 39-4.48
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Figg, 3. Neray diffriction patterns for titanjium tungstate.
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Fig. 5. Plot of apparent jon-exchange capacitios of titaninm tungstate (sianple TV) 250 the atomic
numbers of alkali metals,

respectively, Lithium was determined by spectrophotometry® while sodium and
potassiun were estimated by flame photometry.

Some chemical separations. The following quantitative separations were achiceved
on the column (1.1, 0.6 em), using 1 g of sample IV, The column was washed with
dilute nitric acid and then with water.

(@) Separation of HfAY from 2, A mixture of Zrd+ (341 pg) and H3 (417.6 pg)
was applied to the column. The effluent was recyeled on the column, Hafnium was then
cluted with 25 ml of 0.1 A formic acid at a flow rate of 7--8 drops per minute. H i+
was determined volumetrically with EDTA after removing formic acid by evaporation
to dryness. Zirconium could not be eluted with 1 N nitric acid or with 4 W ammonium
nitrate in 0.5 A nitric acid.

To find out whether or not zirconium was sorbed by ion exchange several conical
flasks were taken containing 500 mg of the exchanger beads and 50 ml of zirconium
solution containing o~400 pg of Zrtt, After shaking for 0 h, Zr and Ti were determined
in the supernatant liquid. Both were found to be absent.

1. Chromatogr., 62 (1971) 4 30-q48
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Fig, 7. Distribution cocflicients of metal jons on titanium tingstate (sample V),

(b) Separation of rare carths La~Ce, La=Pr, La~Nd and La-Sm were quantita-
tively separated on sample IV (Fig. g). In every case, 248 pg of La were applicd while
the quantities of Ce, Pr, Nd and Sm applied were 883, 1410, 1442 and 1503 ug,
respectively. o.01 0, NH NO, solution was used as eluent for Ce, Pr, Nd and Sm.
La was stripped off with 1 9, HNO, (flow rate 7-8 drops per minute).

I Chromatogr:, 62 (1971) 430448
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Fig, g. Elution curves for Ce-La, Pr<La, Nd=La and Sm-La.
RESULTS AND DISCUSSION

The new phase of titanium tungstate has some unusual characterstics. It has
the highest W:Ti ratio and is poorly crystalline. All other samples were completely
amorphous, The other important points are discussed below.,
TGA and DTHA ‘

Thermograms for sample IV in the hydrogen, lithium, sodium, potassium and

caesium forms are shown in Fig. 1. The increase is sharp up to 160° and becomes

. Chromatogy., 62 (1071) 439-448
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very slow in the temperature range 100-260". No further weight loss oceurs up to
470" (in the case of samples in the potassium, rubidium and caesium forms, the weight
loss is constant from 2607 to 800"). Between 480 and 5107 the weight loss is very
sharp for the samples in the hydrogen, lithium and sodium forms. Above 5107, the
weight loss becomes constant, This can be explained as follows: we believe that up
to 1607, the weight loss is due to the elimination of the interstitial (or {ree) water,
and at higher temperatures (100-4807) condensation of exchangeable hydroxyl groups
takes place. Between g8o~ and 5107, the sharp weight loss is probably due to the con-
densation of hyvdroxy! groups attached to titunium, This is confirmed by the fact
that the order of the weight loss is H+ = Lit = Nat = K+ = Rb* - Cst according
to the hydrated radii. Above 3107, the constant weight loss is due to the formation of
the oxides of titanium and tungsten. The removal of interstitial water at 100-260"
is confirmed by the DTA curves (FFig. 2): there is an endothermic change in this
temperature range, The exothermic peak in the DTA curves also explains the for-
mation of the oxides between 3207 and 7007, A similar DTA curve is also obtained
for the hydrated titanium oxide (curve IV in Fig. 2). These structural changes in
TGA are supported by N-ray and jon-exchange capacity data: the ion-exchange

capacity at 400" is 0.1 mequiv./g for Cst,

Neray studies

The N-ray patterns do not give quantitative results because the sample is not
very crystalline. As the temperature increases, the jon-exchange capacity decreases
because of the slow formation of crystalline oxides. Sample FF, which shows a number
of lines in the N-.ray spectrum, is a mixture of oxides of titainium and tungsten,
since the d spacings of most of the lines coincide with the patterns of WOR(ASTM
card No. 5-0303) and TiO, (ASTM card No. 3-0380). The formation of oxides at this
temperature is also supported by the TGA and DTA results.

IR spectra

There are three peaks in the IR spectrum of titanium tungstate (sample I'V)
(¢f. Fig. 4). The first peak lies between 2800 and 3ooo em~! (maximum at 2goo cm-),
the second occurs between 1500 and 1650 ecm-! (maximum at 16zo cm-!), and the
third is a broad band which lies between 4oo and Soo ecm-1, On the basis of the data
for hydrated titanium oxide? and sodium tungstate?®, we can sayv that the first peak
is due to the interstitial water and hvdroxyl groups, the second corresponds to the
interstitial water only, and the third broad band is due to the metal--oxyvgen bonds,
From the above results and the aqueous chemistry of titanium and tungsten, we can
postulate the formula of sample IV as follows:

[CTHO M) ala [WORHO] [WOROH* ], 5,51 H20

The water of crystallization was calculated by the method of ALnErrr of al®,
The exchangeable hydrogen ions are marked with an asterisk.

lon-cxchange capacity and plI titrations :
The ion-exchange capacity of sample IV for alkali metals is
Cs > 'K > Rb > Na > Li. This may be explained in terms of the |

of the ions, The ion-exchange potentiometric titrations show that ion exchange in-

in the order
wdrated radii

S Chroniatogr., 62 (1971) 439-448
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creases with increase in the pH of the solution. The ion-exchange capacity as calculated
from these titrations is the same as that obtained experimentally.

Distribution studies

The adsorption behaviour of alkali metals and alkaline earths depends on the
hydrated radii of the cations, Thus the smaller the radius, the larger is the Kd value
in the order K+ = Nuat+ = Lit and Ba?t > Sr3+ > Ca?t > Mg+, The decrease in
the Nd values in o.1 A7 formic acid may be due to the fact that in acidic medium
(or low pH), the exchange and adsorption decreases?. This is further confirmed by
the ion-exchange potentiometric titrations (Fig. 6).

M paration /wh nlial

This ion exchanger is very useful for the scpamtmn of Hf** from Zrit, Zrit+ is
irreversibly adsorbed. However, the uptake of Zri+ is not followed by the release of
titanium and it appears that zirconium-titanium tungstate is formed. Owing to a
large difference between the Kd values of La%t and those of Cedt, Pr3+, Nd3+ and
Sm?#+, the separation of lanthanum from these metals has been achieved (Fig. 9).
The other possible separations are Ba®t from Sri+, Ca?t+ and \Ig“‘ Sc3t+ from Y+,
Cr3+ from VO+, [Fe3+ and Cu?t and AP+ from Gad+, In%+ and Hg?t

OS5

Chemical stability
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Fig. 10, Plot of chemical stability in water and 6 A7 FINO, versus WU ratio of titanium tungstate,

It is uscful to compare the various titanium tungstate samples synthesized in
our laboratories, Such a u)mparlson illustrates the effect of composition on the ion-
exchange properties of the inorganic ion exchangers (Figs. 8, 10 and 11). It is clear
from Tig. 10 that as the tungsten content increases, the sample becomes more stable
in water and in 6 N HNOy. The Ti: W ratio also affects considerably the ion-exchange
capacity of the sample. At 4o° and 100°, the chemically most stable sample has the
highest ion-exchange capacity. Above 100°, the sample with the smallest W content
has the highest ion-exchange capacity. This may be explained as follows, Up to 100°,
the loss in weight is due almost entirely to the removal of water of hydration. Hence
there is a net gain in ion-exchange capacity (curves 1 and 2 of Fig. 11). The maxima

J Chromatogr., 62 (1971) .;39—.;48
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in curves 1 and 2 are due to the fact that the ion-exchange capacity depends on the
tungsten content of the sample. At 200° and above, condensation of hydroxyl groups
begins. The larger the number of hydroxyl] groups, the easier is the condensation and
hence there is an abrupt fall in the jon-exchange capacity as the W:Ti ratio increases.
The W :Ti ratio also affects the Kd values (Fig. 8). Although the order is not affected,
there is a considerable difference in the magnitude. Sample II can be very useful for
the separation of K+ from Na* and Li+,

1.0r

Ion-exchange capacity (mequiv. /g)

0.0 0.2% 0.50 075 100 110 130 150
99) (m W

W:Ti ratio
Fig. 11, Ton-exchange capiacity as o function of Wi rati
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