This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471
AND TECHAOLOGY Role of Hydrous Titanium Oxide on the Uptake of Several Tracer Cations,
L e | and Separation of Carrier-Free '*<*™<*Te from 'Sb and "I from **Te
D. K. Bhattacharyya* N. C. Dutta®

* NUCLEAR CHEMISTRY DIVISION, SAHA INSTITUTE OF NUCLEAR PHYSICS, CALCUTTA,
INDIA

To cite this Article Bhattacharyya, D. K. and Dutta, N. C.(1992) 'Role of Hydrous Titanium Oxide on the Uptake of Several
Tracer Cations, and Separation of Carrier-Free '*<*™<*Te from '*Sb and "I from "*Te', Separation Science and
Technology, 27: 3, 399 — 408

To link to this Article: DOI: 10.1080/01496399208018889
URL: http://dx.doi.org/10.1080/01496399208018889

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conmplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399208018889
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12: 37 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNOLOGY, 27(3), pp. 399-408, 1992

Role of Hydrous Titanium Oxide on the Uptake of
Several Tracer Cations, and Separation of Carrier-Free
125mTe from '2Sb and '3 from 32Te

D. K. BHATTACHARYYA and N. C. DUTTA

NUCLEAR CHEMISTRY DIVISION

SAHA INSTITUTE OF NUCLEAR PHYSICS
SECTOR 1, BLOCK AF, BIDHAN NAGAR
CALCUTTA 700064, INDIA

Abstract

Hydrous titanium oxide of good column quality was prepared from a solution
of titanic chloride by precipitation with ammonia. The composition of the exchanger
was ascertained by TGA to be TiO,:0.73H,0 with an IEC value 0.29 meq/g. Study
on the uptake of 21 tracer cations over titania showed high adsorption for
many cations. Radiochemical separations of carrier-free '*~Te and ™ from '*Sb
and "Te, respectively, have been carried out on a titania exchanger column by
applying very simple chemical procedures. Radionuclidic purity of the separated
products '*"Te and *I were ascertained by y-ray spectrometry. Overall separation
procedures took less than half an hour, and the yields were quantitative.

INTRODUCTION

The use of hydrous titanium oxide in column operations is well known
(7). It has been utilized for studying the affinity series (2) for alkali metal
and a few transitional metal cations, determining selectivity of sorption of
certain metal ions (3), thermodynamic equilibrium constants (4, 5) of
Cs*-H* and Na*-H* exchange, kinetic measurements (I) on Cu**-H*,
etc. Because of high chemical and radiation stability as well as good me-
chanical properties, it has been applied (6) for the removal of Pu from
highly radioactive solutions and the concentration of uranium (7) from
seawater. Paper impregnated with hydrous titanium oxide has been utilized
(8) for the separation of U, Ni, Co, Cu, and Fe(III) cations. Application
of crystalline hydrated titania fiber for adsorption of divalent transition
metal ions (9) and some rare earth metal ions (10) has been also described.
Sasaki et al. (11) reported the ion-exchange and structural behavior of K*
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in respect of titanium dioxide. The number of cation separations performed
over a titania column is very small. With a view to obtain more information,
it was decided to undertake an investigation on the uptake of various metal
cations such as Na*, K*, Rb*, Cs*, Ca’*, Zn?>*, Sr?*, Cd?**, Ba?*,
Fe3*, Y3+, Ce3t, Sm?*, Tb**, Yb**, Zr**, Te*t, Nb°*, Sb’+, Mo®*, and
W¢* at tracer concentrations and to utilize this information for the sepa-
ration of certain tracer cations over this exchanger material.

Tellurium has been reported to be separated from other metal cations
by precipitation (12); volatility (13, 14); electrolysis (15, 16); solvent ex-
tractions (17); ion-exchange columns of Dowex-1 (18), Dowex-50 (19), and
Dowex-2 (20); paper chromatography (21, 22); and by a few other methods.
Separation of carrier-free tellurium radioactivity from antimony and fission
products has long been a problem. The method reported by Meinke (23)
was complicated, contained several steps, and had an unsatisfactory yield.
An attempt was therefore made to utilize a titania column for the separation
of carrier-free »"Te from '»Sb by applying a somewhat simple chemical
procedure.

The use of a TeO, column in an '] generator for the *?Te-'3] system,
originally patented by Tucker et al. (24), was subsequently replaced by
Al,O; where I was retained and *?Te passed out unadsorbed. Other
methods such as distillation (25-27), CCl, extraction (28, 29), and ion
exchange (30-32) have been described. There is still need for a less-com-
plicated chemical procedure for the recovery of carrier-free 21 activity
from ¥Te.

EXPERIMENTAL
The radioisotopes *Na, 2K, ¥Rb, ¥’Cs, Ca, ¥Zn, 'Cd, “Ba, 5+%Fe,
oY, 1Ce, 3Sm, %Tb, ¥Yb, *Zr, **Te, *Nb, »Sb, Mo, and *W were
supplied by B.A.R.C., Bombay, India, and *Sr was procured from
A.E.R.E., Harwell, England. Titanic chloride and the other reagents were
of A.R. grade.

Preparation of Hydrous Titanium Oxide

20 g TiCl, in 100 mL of 4 N HCI was treated with ammonia with constant
stirring, followed by dropwise addition of ammonia solution until a pH of
approximately 7 was attained. A white precipitate appeared which was
allowed to settle for 2 h. The precipitate was filtered and washed with
water until it was free of chloride. The precipitate was dried in an oven at
70°C for 24 h, powdered, and again washed with water to remove colloidal
and suspended particles, and then dried as before. The solid obtained was
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of the wet and amorphous type. It was insoluble in cold dilute HCI, H,SO,,
HNO,, and of good column quality.

The water content of the solid substance thus obtained was studied by
TGA and the thermal stability by DTA with a DT-40 Thermal Analyzer,
Shimadzu (Japan) (Fig. 1). The composition of the material was determined
to be Ti02'0.73H20.

The uptake of several cations (radioisotopes) was then studied with
0.5 g exchanger samples, shaken separately with each cation solution
(containing ~10,000 cpm) at pH ~ 7 (volume of solution/exchanger =
60 mL/g) at room temperature for 24 h. The solution part was then
analyzed for B activity by a Phillips type G.M. liquid B counter (mica
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FiG. 1. (a) TGA curve (range 20 mg). (b) DTA curve (range 100 mV) of titania. Temperature
rise rate of 20°C/min up to 1200°C.
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window 2.5 mg/cm?, diameter 27.8 mm) and K, values were calculated in
the usual way (31).

The ion-exchange capacity of the exchanger was determined by passing
0.1 M NaCl solution through the exchanger column and by titrating the
eluted acid in the usual way (31). The value was found to be 0.29 meq/g.

The pH titration behavior of the exchanger was studied by equilibrating
0.5 g samples in varying proportions of 0.1 M NaCl + 0.1 M HC1/0.1 M
NaOH for 24 h at room temperature, and pH was measured in the super-
natant liquid by a glass electrode in the ELICO digital pH meter (Fig. 2).

1255b_125m"'e

125Sb in equilibrium with '*"Te (10 mL containing ~15,000 cpm) as
chloride in HCl was repeatedly evaporated with water to remove acid as
far as possible, cooled, taken in 10 mL water (pH ~ 6.5), and poured into
a glass column (10 x 0.5 cm?) half-packed with titania material. The col-
umn was then washed with 50 mL water (at a flow rate of 16 dpm), and
the collected eluate was found to contain no B activity, thus indicating that
both the »Sb and »"Te activities were adsorbed in the column. The
column was next washed with 0.04 N HNO,. Aliquots from this washing
were separately analyzed for the y-spectrum in an ORTEC-HPGe detector
of 130 active volume, 27% efficiency coupled ND66E, 8K-MCA, and an
elution curve was drawn [Fig. 3i, (a)]. It was observed that 70 mL of 0.04
N HNO; could completely wash out all of the "Te activity from the
column and analyzed for the y-spectrum (Fig. 4a). The retained *Sb was

12|
8 -
pH
L
1 I 1 | 1
1-6 0-8 o 0-8 1.6

~—H" added meq/gm OH added meq/gm-

FiG. 2. pH titration curve of titania.
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FiG. 3. (i). Elution curves of (a) "Te and (b) '*Sb. (ii). Elution curves of (a) I and (b)
132Te.

later removed from the column by washing with 50 mL of 1:4 HNO; [Fig.
3i(b)] and confirmed by vy-spectrometry. A separate y-spectrum was also
taken with a point source of the original »Sb~'*"Te solution for compar-
ison (Fig. 4b).

132Te_132|

132Te (~12,000 cpm) in equilibrium with '*I (supplied as sodium tellurite
in NaOH) in 20 mL water was taken, acidified with dilute HCI, repeatedly
evaporated with water until a solution pH of approximately 7 was achieved,
taken in 10 mL water and cooled. A 0.05% Pb(NOs), solution was added
dropwise until a very faint turbidity appeared. The solution was then
poured into a glass column (10 x 0.5 cm?) and half-packed with exchanger
material when both the activities were found to be adsorbed. Elution of
either of the activities was attempted with 1 N HCI, and it was observed
that 100 mL of 1 N HCI [Fig. 3ii(a)] could wash out all *1 activity, con-
firmed by -y spectrometry (Fig. 5a), and the retained **Te could be removed
from the column by washing with 60 mL of 1:6 HCl solution [Fig. 3ii(b)].
A separate +y-spectrum was also taken with a point source of the original
132Te-13] solution for comparison (Fig. 5b).

In a separate experiment after the first stage separation of I from the
column, fresh ' activity was allowed to grow for 2 days and an attempt
was made to eluate this newly grown '*?I by the same procedure. y-Spectrum
analysis of the collected washings showed an identical observation (Fig.
5a), and milking of the *’I activity was appreciable.
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FiG. 4. Gamma spectrum of (a) '*"Te separated from *Sb. (b) The equilibrium mixture of
15§b-15Te before separation.

DISCUSSION

A study of the pH titration curve (Fig. 2) showed that the titania ex-
changer used had an amphoteric and monofunctional character, and the
tracer cation separations under investigation could be best carried out in
the pH 6-7 range.

The formula of titania, as ascertained from the TGA-weight loss curve
(Fig. 1a) was TiO,-0.73H,0. The DTA curve (Fig. 1b) showed one en-
dothermic peak at ~100°C, one sharp exothermic peak at ~400°C, and a
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FiG. 5. Gamma spectrum of (a) ] separated from ®Te. (b) The equilibrium mixture of
2Te—13] before separation.

few insignificant small humps nearby. The endothermic peak appears to
be due to the loss of moisture, and the exothermic reaction at ~400°C is
related to the modification into the intermediate phase.

The value of the ion-exchange capacity (0.29 meq/g) and the data shown
in Table 1 indicate that the titania material used in the investigation could
adsorb many tracer cations under similar experimental conditions to those
used earlier for SnO, (34) and ZrO, (35) materials. The uptake and K,
values for alkali metals follow the order Na < K < Rb < Cs and Cs
for very high adsorption; the uptake values of Ca?*,Zn?*, Cd**, Ba?*,
Fe**, Y3+, Ce**, Sm®*, and Yb** are very high; and those of Zr**, Te**,
Nb°*, and Sb°* are fairly high. It was also noted that the uptake values
for Sr**, Tb**, and W®* are comparatively low, while that of Mo%* is
negligible. It is apparent that the titania material used here is a good
adsorbent for a number of mono- and multivalent tracer cations. A detailed
and similar study with other cations, including determination of the extent
of adsorption by way of coprecipitation, may reveal much interesting in-
formation on adsorption characteristics in general and the mechanisms.
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TABLE 1
Distribution Coefficients of Several Tracer Cations over a Titania
Exchanger, Measured Radiochemically

Cations taken Uptake (%) K, (mL/g)
%*Na (as chloride) 4.90 3.09
“K (as chloride) 12.90 8.88
%Rb (as chloride) 84.90 337.35
¥Cs (as chloride) 97.19 2075.23
“Ca (as chloride) 93.46 857.43
©Zn (as chloride) 94.60 1051.11
%Sr  (as nitrate) 52.75 66.98
WC4 (as nitrate) 99.30 8511.43
“Ba (as chloride) 98.45 3810.96
%5+%Fe (as chloride) 97.80 2667.27
%Y  (as chloride) 90.28 557.28
“Ce (as sulfate) 90.75 588.64
3Sm (as chloride) 91.56 650.90
1°Tb (as chloride) 60.97 93.73
¥Yb (as chloride) 95.49 1270.37
*Zr (as chloride) 88.16 446.75
132Te (as tellurite) 88.59 466.19
*Nb (as chloride) 81.86 270.76
158b (as chloride) 87.63 425.04
%Mo (as molybdate) 3.79 36.62
SW  (as tungstate) 23.74 18.68
1236 —125mTe

In Fig. 4(a), »"Te of high radionuclidic purity is shown to be separated
from its parent !5Sb. The separated > Te (58d) is mainly in the isomeric
state. The y-spectrum of »"Te indicates the presence of 35 keV v-ray.
The absence of 176 keV +y-ray and the strong group of <y-rays in
the 400-700 keV range for °Sb in Fig. 4(a) shows that »"Te has been
clearly separated from 12Sb. The y-spectrum obtained for »Sb—*"Te (Fig.
4b) containing the y-peaks for both Sb and »"Te is shown for compar-
ison.

The chemical procedure adopted was very simple and no steps for chem-
ical reaction or complexation with either of Sb or Te was required. Removal
of ¥"Te from the titania column required only 70 mL 0.04 N HNO; [Fig.
3i(a)]. The overall procedure was quick and the yield was quantitative.

132Te_132|
Figure 5(a) shows that the '*I separated from *?Te was of high radio-
nuclidic purity. **Te was decayed by B emission to produce a strong 228.6
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keV «y-ray which finally decayed to ground state 2. *’ in turn decayed
by B8 emission to various levels of 1¥?Xe, producing strong 667.8 and 772.7
keV wv-rays. The presence of the 228.6 keV y-peak is enough to indicate
132Te, while the presence of 667.8 and 772.7 keV peaks clearly identifies
13271, The existence of both *?Te and * is evident in the y-spectrum shown
in Fig. 5b.

The daughter *I activity was separated in a very simple manner which
required only the formation and adsorption of lead tellurite in the column.
1371 could be selectively stripped off by washing with 100 mL 1 N HCI [Fig.
3ii(a)]. It has already been pointed out that after the first stage of separation
of 1 activity, a further quantity of freshly grown '*I could be taken from
the titania column where 'Te had been retained. The milking yield of '*I
activity was ~80%, but that yield required delayed washing of the column.
The cowing procedure should be carried out more carefully to make the
state of affairs comparable to that of the *2[ generator of alumina. The
desorption mechanism should also be studied in detail.

The separation procedures took less than half an hour, are very simple,
and produce a quantitative yield. .

It is concluded that when hydrous titanium oxide is suitably prepared,
it may act as a versatile adsorbent for many metal cations. It can also be
utilized for many interesting chemical separation problems.
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