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ABSTRACT:

The selection of resin plays an important role in the
process of separation of boron isotopes by ion exchange
chromatography. The determination of (i) ion exchange capacity of
Duolite-162 resin for hydroxyl - chloride exchange, (ii)
hydroxyl - borate exchange, (iii) isotopic exchange separation
factor by batch method and (iv) effect of concentration of boric
acid on isotopic exchange separation factor to test the
suitability of the above resin for this process are discussed in

this report.
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SEPARATION OF BORON ISOTOPES BY ION EXCHANGE CHROMATOGRAPHY:

STUDIES WITH DUOLITE~162, A TYPE-II RESIN.

B.K.Sharma*, R.Subramanian*,

. R.Balasubramanian1 and P.K.Mathur2

I INTRODUCTION:

Because of the higher <cross-section of
105 for the reaction 10B(n,ol )7Li, boron compounds enriched in
the 10g isotope are generally used for control rods of Fast
Breeder Reactors (FBRs), neutron counters, neutron capture
therapy of malignant tissues and treatment of melanotic cancers
and brain_tumoursl'z. Natural boron has 18.8 at.% of 108 and 81.2
at.%s of 1lB. For efficient control of fast reactors, it is
required to use highly enriched boron invloB isotope. Ion
exchange chromatography is one of processes that is used for the
separation of natural isotopes of boron. In this process, a
strong base anion exchange resin in hydroxyl form is exchanged
with boric acid solution containing a complexing reagent. After
loading boric acid to the required band length, it is displaced
with an acid to achieve the desired enrichment.

Studies have been carried out earlier to enrich 198
isotope by ion exchange chromatography where a strong-base anion
exchange resin of Type-I in hydroxyl form and glycerol3 or
mannitol4”® was used as a complex1ng reagent for boric acid.
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The ~  increase in the isotopic exchange ‘separation
factor due to the addition of a complexing reagent has been
attributed to the  increased ionization of boric acid3+/%, The
major cost factor for the operation of the plant based on this
process depends upon the cost of NaOH, used as regenerant due to
the higher amounts required for the regeneration of the Type-I
resin from chloride form to hydroxyl form. However, a Type-II
resin is known to have much better regeneration characteristics
as compared to those of the Type-I resin. Hence, to access the
suitability of a Type-II resin for the operation of the plant
based on this process, batch experiments were carried out to
determine (i) OH~” - Cl~ exchange capacity, (ii) OH™ - borate
exchange capacity, (iii) the effect of concentration of boric
acid on the exchange capacity of the resin for boric acid and
10g.

(iv) isotopic exchange separation factor for 1ig exchange at

different concentrations of boric acid. In addition , isotopic
exchange separation factor for 10p- 1l1p exchange at 0.1 M boric
acid in presence of mannitol ( a complexing reagent for boric
acid) by using Duolite-162, a Type-II resin was also determined.
Results of these experiments are discussed in the present

report.

i1 EXPERIMENTAL METHODS:
Analar grade chemicals were used in this study.
Demineralized water collected from CA-20 unit with conductivity

of 1.5 microSiemens/cm was used throughout these experiments.

I1 a Preparation of boric acid solutions:

Approximate ©0.05M, 0.10M and 0.15M solutions of boric



acid were prepared and standardized alkalimetrically to
phenolphthalein end point with the addition of mannitol. A
solution of 0.1 M boric acid containing 0.1 M mannitol was

prepared and standardized in a similar manner.

IT b Pretreatment:

The Duolite-162 resin obtained from M/s Henkel
Ltd., Bombay was washed with demineralized water and was
pretreated prior to use by passing 1.0 N NaOH and 2.0 N HC1
thrice in a cyclic manner after washing of the resin in each
operation. This pretreated resin was used for subsequent
experiments. The characteristic properties of the resin (given in

Table-1) were determined using standard procedures7.

II ¢ Regeneration of the resin:

The required slurry of the pretreated resin in
chloride form was taken in a pyrexrglass column with int. dia. of
18.1 mm and height of about 50 cms. Regenerant 1.25 N NaOH was
passed through this column at a constant flow rate (4.0 ml/min).
The regeneration level was 300%. After the passage of the
required volume of NaOH, the resin column was washed with
demineralized water to remove the interstitial NaOH. The resin
thus obtained in hydroxyl form was stored in a reagent bottle and

was used for the batch experiments.

ITI d Determination of OH - Cl~ exchange capacity:
An aliquot of the resin in hydroxyl form, obtained as
above, was measured by using a 10 ml measuring cylinder and

transferred to an erlenmeyer flask. The supernéte water was



discarded. 10.0 ml aliquots of standard HCl1l solution (0.089 N)
were equilibrated for 25 times and the supernate was collected
in a reagent bottle. The excess of the acid was then washed with
demineralized water and the washings were also collected in the
same reagent bottle. The acid content of this solution was
determined by alkalimetric titration of the solution to
phenolphthalein end point. The volume of the effluent collected

was measured.

II e Determination of OH - borate exchange capacity:

An aliquot of the resin in hydroxyl form was taken in
an erlenmeyer flask. While maintaining 200% excess boric acid,
the required volume of the boric acid solution was equilibrated
in small lots and the supernate after each equilibration was
collected in a reagent bottle. The resin was then washed with
demineralized water and washings were collected in the same
reagent bottle. The volume of the solution collected was measured
and analysed for boric acid content after the addition of
mannitol.

Boric acid was analysed by titrating it against standard NaOH
solution after the addition of mannitol. 1In the mixture of boric
acid with HCl, the analysis was carried out alkalimetrically8
with standard NaOH by first titrating the sample to methyl red
end point and then to phenolphthalein end point after the

addition of mannitol.

ITI £ Determination of isotopic exchange separation factor:

To determine the isotopic exchange separation



factor by the batch method, a known gquantity of the resin in
hydroxyl form was taken in a stoppered bottle. To this, an
aliquot of the boric acid solution containing the required amount
of the complexing reagent was added. The solution was allowed to
equilibrate for 10 min with intermittené stirring of the
contents. The supernate was then discarded and a fresh aliquot
of the solution was added. This procedure was repeated 20-25
times to ensure the completion of isotopic exchange reaction.
The resin was thus converted to borate form. This resin was then
transferred to a small pyrex glass column and the loaded boric
acid was eluted with HCl. The effluent was isotopically analysed
for 108/118 ratios as described below:

To determine isotopic ratios, a sample of boric acid was
treated with sodium carbonate to obtain 1:1 atom ratio of sodium
to boron and was loaded on rhenium filament. Isotopic analyses
of boric acid were carried out by using a VG Micromass 30BK mass
spectrometer having a thermal ionization source and a Daly
detector. 10B/llB ratios were det;rmined by measuring the peak
heights at mass numbers 88 and 89 for sodium metaborate ion,

containing 105 ana 11z atoms respectively, produced by thermal

ionization of Na,BO,.

III RESULTS AND DISCUSSION:

The total exchange capacity of hydroxyl form of
the resin for boric acid was calculated as follows:
Let the volume of the resin in hydroxyl form = V ml

vVolume of boric acid solution equilibrated = V1 ml

Concentration of the acid solution N1 eq/ltr



Volume of supernate and washings collected = V2 ml

Concentration of the effluent collected = N2 eq/ltr
mEgs of boric acid put (M1) - ... _=N1.v1

mEgs recovered (M2) = N2.V2

mEqs exchanged (Mex) o = M1-M2 .
Capacity of the resin = Mex/V  mEq/ml

The values of the capacity of the resin for boric acid
obtained as above are listed in Table-2. The capacity of the
resin for OH~ - Cl~ exchange was found to be 0.704 mEq/ml. For

boric acid solution containing 0.1 M mannitol it was found to be

'0.720 mEq/ml. This shows that there was no significant difference

in resin capacity when boric acid solution containing mannitol
was equilibrated as compared to that observed for OH™ - C1~
exchange. 1In the absence of mannitol, however, the capacity of
the resin for boric acid increased and reached a steady value as
shown in Fig-1. This could be due to the exchange of polyborate

ions with hydroxyl form of the resin. Thus, it could be

inferrred that in presence of mannitol, the capacity of the resin

‘remained same due the exchange of mononuclear mannitol-borate

complex énion by reacting with polyborate ions? present in boric
acid solutions at higher concentrations.

The data obtained for isotopic ratios of samples
are presented in Table-3. From these isotopic ratios, the mole
fractions of 198 in the samples were calculated from the equation
X = R/1+R, where R is the abundance ratio i.e. 10B/llB for a
particular sample. The values of isotopic exchange separation

factor, K, were then determined from the following equation:



(Xg)

where X is the mole fraction of 9B in the resin phase
i.e. for solution obtained after elution of boric ‘acid from the
resin with HC1 and Xg in the solution phase(natural boron
0.1997). The values of isotopic exchange separation factor
obtained by equilibrating the Duolite-162 resin in the hydroxyl
form at different concentrations of boric acid are plotted in
Fig 2 and included in Table - 3. From this figure, it could be
observed that as the concentration of boric acid was increased,
the value of isotopic exchange separation factor decreased. This
could be due to the exchange of polynuclear complexes of boric
acid called polyborates with hydroxyl form of the resin. Thus,
from the present study it could be concluded that with the
increase in the concentration of boric acid , the exchange
capacity increases and separation factor value decreases which
could be due to the exchange of polyborate anions with hydroxyl

form of the resin.
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Table — 1

Characteristic properties of Duolite —162 resin

Physical Form . Macroporous Beads
Total exchange capacity : 0.974 mEq/ml
Water content : 41.39 %

Degree of cross— lmkmg . 8.0 %

Swelling . 17.03 7%

Dry density 0 1.175 g/ml

Wet resin density : 1.092 g/ml

Void Volume ;36 % ‘

Changes in volume: |

. Cl'to OH  : + 125 %

OH™ to borate : + 5.0 %
Functional group . R—CH N+(CH3)(C H,OH)OH




Table

2

Exchange capacity of“Duolite——162
resin for boric acid

Boric acid Mannitol Exchapge
concn. /M concn. /M ?r?gc?;lgl
0.041 nil 1.04
0.083 -, — 1.162
0.154 T 1.175
0.083

0.10

0.720




Table — 3

Isotopic exchange separation factor

— "B exchange at different
concentrations of boric acid

for 'B

Boﬂc Acid

Conen. ()| Comen. (M) | Ratie | Factor
0.041 nil | 0.2530 1.0136
0.083 | -, - | 02510 1.0055
0.083 | - , - | 02512 1.0064

0054 | - - | 02507 1.0045
0.083 0.0 | 02850 |  1.0216
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Fig-1: Effect of concentration of
boric acid on the exchange capacity
of Duolite-162 resin



Separation Factor

1.022
> Boric acid
—~ Mann. 0.1M
1.016-
1.010
1.004 ‘ * | !

000 004 008 012 0.16 0.20

Boric acid conc. /M

Fig-2: Effect of concentration
of boric acid on separation factor



