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Bismuth ltellurate; an inorganic ion exchanger J 

In contrast to organic ion-exchange resins, inorganic ion exchangers are very 
stable under high temperatures and high doses of radiation. As a result, inorganic 
ion exchangers can be used in the recovery of highly radioactive fission products. 
During the last decade different inorganic compounds, especially zirconium salts, 
have been investigated as ion-exchange materials lv2, Our recent study” on zirconium 
tellurate prompted an investigation of other tellurates. The composition and some 
ion-exchange properties of bismuth tellurate are reported in this paper. 

E+hmwtal 
.Pm~avatio+z. The sample was prepared similarly to zirconium tellurate3. Bis- 

muth nitrate (goo ml of o.i M solution in 0.5 N ,HNO,) was added to goo ml of 
0.2 M sodium tellurate solution of pH I, adjusted with nitric acid; and refluxed for 
30 11. The precipitate was separated by filtration and washed with 0.1 N H.NO, and 
dried at go” until it broke into coarse ,particles. These particles were converted to 
the H-I- form by passing o.I,N HNO, until there was no Na+ in the effluent, and then 
washing free from acid and again drying at go”. ,) 

Analysis; The sample ,is insoluble in alkali solution and in dilute acid ‘solution 
up to 0.5 N. However, the sample is soluble in more’. concentrated acid solutions 
especially on warming. Analysis of the sample for tellurium and bismuth was made 
directly and indirectly; The indirect. analysis was made by using known amounts of 
bismuth and tellurium while precipitating and then estimating the excess tellurium 
by a gravimetric method4, involving reduction of the tellurate ion to tellurium The 
direct, analysis was carried out by dissolving r-g samples in IOO ml of 4.0 N HNO, 
solution, separating bismuth from tellurium by precipitating it as bismuth oxybro- 
mide, neutralizing the filtrate and analysing for tellurium by reducing it to metallic 
tellurium with sodium sulphite 4. Bismuth was estimated in the precipitate; but the 
results were always low, As an alternative, bismuth was estimated by separating it 
from tellurium’ as bismuth oxalate precipitate. The precipitate was then redissolved 
and titrated against standard potassium permanganate solutionb. In’the absence of a 
thermobalance the weight loss at temp.eratures up to 200~ ‘was recorcled by a Griffin- 
i;rundy 2/300 electric_,oven and ‘above 200’ by’s Karl IColb KMR170 electric muffle 
furnace. The temperature” fluctuation was within & 5” and the constant vireight at 
the given. temperature was recorded each time. 

Exch&ge cufwcity and $H titration. The total exchange capacity of the sample 
was determined by a batch method in. strongly alkaline solution. The solid (0.5 g) 
was first’ equilibrated with 25 ml of distilled water to which 25 ml of strong sodium or 
potassium hydroxide solution was added and equilibrated. The strength of the so- 
diurnhydrdxide in contact with the solid was o-43, N ‘and that of. the potassium 
hydroxide was,o.28 N, The amount of H+ released was determined by estimating’the 
amount of alkali~‘neutrali~d~; ,During the experiment and ‘the’ pH titration ‘described 
below, due precaution %CS taken ‘to ,keep the’.system -‘free f&n atmespheri’c carbon 
,dioxide. / , .I’ ‘, .:p. 

,, , ,To study ,.the.mode of dissociation, of, the, ex,changeable. II+, z.o,g ,of ,the solid 
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ANALYSIS ItOR Bi AND -1~3 

Method l3i in 7-e ,iaa Molav ,vatio %e :Ri 
sanq!de (g) sample (g) 

Indirect 
analysis 

.T)irect 
analysis 

0.54 0.23 o-705 

0.50 0.21 O.Gf3f.5 

was ecluilibrated by shaking at room temperature (25”) with 50 ml of 1.0 M NaCl 
or ICC1 solution and the equilibrium pH was recorded. After that a known amount 
of the standard solution of sodium or potassium hydroxide was added over a .period 
and the pH ‘was recorded after each addition. Sodium hydroxide solution was used 
in the sample/sodium chloride solution system and potassium hydroxide solution in 
the. sample/pot;;L$sium chloride solution system. The pH reading was taken to be 
constant, when variation was less than 0.01 pH scale per 30 min. It took several 
minutes to several hours to obtain equilibrium readings:This ,experiment was carried 
out with, a Beckman Electroscan TM3oP. Before starting, the electrode system was 
calibrated using standard buffer solutions and the pH readings were corrected 
according to the calibration curve obtained. 

: ,., ; 
Heszclts and discussion 

.‘, The supernatant liquid of the bismuth tellurate gave a negative test for his-’ 
muth but a ,positive test for tellurium. This indicates that during precipitation tellu- 
rium, was in excess. Table I shows the estimated molar ratio Te :Bi. The lesser amounts 

1 1 

Temperature 9~ 
, 

I?@ ‘I. ThBrmo@tmsSfok’ INTo estiplg ~(ma~imutti eprcacl bf’idpccctccl obscr&tioni’ is shckwn). 
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of bismuth and tellurium per gram of the sample as estimated by direct analysis are 
probably due to absorption of moisture by the stored sample. 

Fig. 1 shows the thermogram of bismuth tellurate. If the composition corres- 
ponding to constant weight at temperatures above 650” is assumed to be z&O,* 
3TeO,, then the calculated composition of the procluct reported in this paper becomes 
213i,0a~3Te03~12Hz0. 

Considering that the recently proposed formula of oxytelluric acid is H,TeO, 
and that it forms monoclinic salts such as KH,TeO,, Li,H,TeO, and Ag,TeO,, 
where more than two protons of the acid are substituted0, it is likely that the molecular 
formula of the compound reported in this paper is Bi,(H,TeO,),~nH,O, where u is g. 
However, this will vary wit11 absorbed moisture, This formula best explains all the 
experimental_ results. According to this formula the molar ratio Te :Bi should be 
0.75, which is in agreement with the observed value of about 0.7. 

Fig. I. shows that there has been continuous water loss up to 18oO, with a 
loss of four .moles of water. The constant compositions at different temperature 
ranges are 210-370~ for Bi.,(H,TeO,),*3H,O; 410-600~ for Bi,(H,TeO,),; above 
650” for zBi,O,*3TeO,. The thermogram, has some similarity to that of zirconium 
tellurate, except.tliat up, to,450°, water loss was continuous in the case of zirconium 
tellurate while in the case.of the present compound water loss in this range was 
in two stages. The distinct weight loss at .600--650~ is probably due to loss of water 
of constitution, and this is identical with the loss of water of constitution of zirco- 
nium tellurate at 650-670”. Water loss of three molecules at 600--650~ indicates the 
transformation of Bi,(H,TeO,), to 2Bi,0a~3Te0,~3Hz0. The residue above 700~ 
was a homogeneous liquid mass. Most, probably there would be further weight loss 
if. the temperature could be raised above goo’, due to decomposition of zBi,O,* 
3TeO,, followed by evaporation of both BiaO, and TeO,. 

ESCY-IANGE CAPACITY 

Room tcmpcraturc: 25'. Chpncity in mcquiv./g. 
-_ 

Ions Total capacity Plateazc capacitya at pH ranges 
-- -_ 

II-12 . 12-13 
_... ____.-._..-_.-~.__-_.~-____~.-.--~_..I_ -.-. - 

Nn+ 3.2 1.G I.% 

I<+ 3'4 I,6 I.9 
Pm 

85 Calculntcd from the titrntizm curves. 

qccording to the composition of the compound proposed above tl1.e ,total ,ex- 
change &&city should be six moles per mole and there should be two plateaux in 
the pH titration curves. Considering the proposed formula the capacity of six:moles 
per mole should yield a capacity of 3.5 mequiv./g and 1.7 mequiv./g should corre- 
spond to each plateau of the titration curves. .“.:’ ” ” :. 

The observed total capacities shown in Table II are 3.4 and, 3.2 mequiv./g for 
Na+ and K+, respectively. These values are in agreement witli the theoretical values. 
Fig. 2 also shows two plateaux for both Na* and K+ ions and the capacity corre- 
sponding to each plateau is also in agreement with the expected theoretical values. 

J. t%WmatOgv., 67 (1972) 389-392 
.* 



NOTES 

Pig. 3. Titration curves of bismuth tcllurstc with cliffcrcnt salts .ancl alkalis: 0, KC1 .+ KO3jl; 
A, NslCI’ +. NaOH. , I, : ‘. .’ 

The titration curves indicate’ that each stage of the dissocistion 6i the exchangeabi& 
H+ ion takes place at a slightly higher pI+I for KC1 and’ KOH &y&ems coinpar+ t6 
that for NaCl and NaOH systems. 

” : : 

Comprehensive investigations for evaluating the distribution of different ions, 
especially those which constitute fission products are under way. 
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