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In the spent nuclear fuel processing procedures the significant quantity of high level
liquid waste containing long-lived high toxic radionuclides of cesium, strontium,
promethium, americium, curium, etc. is generated. Separation of those radionuclides
from the waste not merely simplifies the further safe waste handling but also reduces
the waste processing operation costs due to the market value of certain individual
radionuclide preparations. Recovery and separation of high grade pure long-lived
radionuclide preparations is frequently performed by means of chromatographic
techniques.

Recovery of cesium-137 from Purex waste

Recovery of >137Cs by sorption from the nitric acid solutions - Purex raffinates - is
based upon the application of the inorganic sorbents containing transition metal
ferrocyanides of the general formula of Ki.oMei.5(II)Fe(II)(CN6)*nSi02, where Me(II)

denotes Ni, Zn, or Cu. Those sorbents possess the high sorption capacity and the
complete desorption capability of Cs from the solid phase composition.

Processes of sorption, desorption, and regeneration for the above sorbents,
respectively, are described by the following equations:

Ki.oMei.5Fe(II)(CN6) + Cs+ -» Csi.0MeuFe(ir)(CN6) + K+ (Eq. 1)

Cs,.oMei.5Fe(II)(CN6) + [Ox] -> Cs+ + Ki.oMei.5Fe(m)(CN6) (Eq. 2)

Ki.oMei.5Fe(III)(CN6) + K+ + [Red] -> KI.0Me1.5Fe(II)(CN6) (Eq. 3)

where [Ox], [Red] denote the solutions of an oxidant and a reductant, respectively.

Sorption of cesium occurs due to the substitution of K+ ions in the sorbent solid phase
composition. Desorption of the absorbed cesium is performed due to oxidation of the
Fe(CN6) groups. Regeneration of the sorbent is achieved by treating the oxidized
sorbent form with the solution of a reductant in the presence of potassium ions.

Along with the uranium fission products of Cs, Sr, REE, TRU the Purex raffinate
solutions contain the nitric acid in up to 3 mole/L concentration. The latter, in its turn,
contains the nitrous acid and nitrogen oxides that perform as oxidants.

To prevent oxidation of the Fe(CNg) groups in the process of cesium recovery from
the nitric acid solutions it was suggested to introduce in the feed solution the
hydrazine nitrate additive capable of fast interaction with the nitric acid and the
nitrogen oxides. Introduction of the additive allowed to attain the high soiption
capacity with respect to cesium.

Desorption of cesium is performed by 8 mole/L nitric acid, Regeneration of the
sorbent is conducted with the solutions of sodium nitrite in the presence of potassium
nitrate.
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Developed technique allowed to recover over 50 million Curie of 137Cs from solutions
of different composition. Major part of the separated cesium has been converted in the
phosphate glass. Cesium glass based gamma radiation sources are sold in the
international market every year [1].

Recovery of strontium-90 from Purex raffinates

Selective separation of 90Sr from the Purex raffmate solutions was conducted with the
polyvinylpyridine ampholite of VPK brand revealing high sorption capacity towards
the alkaline earth elements and possessing the high radiation stability [2]. To provide
conditions for the preferable sorption of strontium and to suppress the competitive
strong complex formation of Fe , Ni2+, Cr3+, Mn2+ ions it has been suggested to
scavenge those ions in the form of soluble non-sorbed complexes by means of the
addition of complexing agents such as citric or chromotropic acid into the feed. Molar
ratio of a complexing agent to the gross of polyvalent metals has been discovered to
be within the range of 0.5 - 1.0. Sorption of the alkaline earth elements was
conducted from the feed neutralized to the pH of 7 - 9 on the VPK in Na-form.
Desorption of Sr was performed by 2 mole/L nitric acid solution. Regeneration of the
sorbent was conducted by sodium acetate solution. Yield of 90Sr from the feed into the
concentrate exceeded 98%. Gross decontamination factor Df from gamma and alpha
emitting radionuclides exceeded 50. Decontamination from different chemical
impurities varied within the range of Df = 10-50.

Recovery of high grade pure radionuclides of strontium, promethium,
americium, and samarium by the displacement complexing
chromatographic technique

Separation of elements with the closely related properties aimed at the fabrication of
high grade pure valuable components in radiochemistry is performed, basically, by
means of the displacement chromatography. Usually the technique is used to separate
elements belonging to the alkaline earth, rare earth, and transuranium groups.
Essentially, the technique assumes the separated elements to form soluble complexes
of different stability that are successively washed out of the chromatoghraphic column
according to the values of the stability constants. Efficiency of the above process is
governed by the thermodynamic and kinetic factors and depends on the values of the
separation coefficients and the height equivalent to the theoretical plate (HETP).

Those values are connected by the equation used in the countercurrent extraction:

HETP = lg aA/B*l/lg (Ca/Cb) (Eq. 4)

where Ca and Cb denote concentrations of the separated ions and 1 - the distance
counted from the middle of the element overlapping (mixed) zone along the column
axis. Having HETP and OCA/B values determined experimentally, one can calculate the
mixed zone length and, hence, the purity of the separated elements. However, the
above described calculation is true only under the conditions of the sufficient
separation band length, i.e. if the length of the separation band is sufficient for the
elements to be separated. The separation band length is calculated by the Helferich
theory [2] using the separation factors for the elements in question.

The most efficient complexing reagents for the fission product separation are EDTA
(ethylenediaminetetraacetic acid), DTPA (diethylenetriaminepentaacetic acid), NTA
(nitrilotriacetic acid), mixtures thereof, as well as solutions of the above in the
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presence of different buffering additives such as acetates, citrates, reductant solutions,
etc.

Processes of separation are conducted on different in size (in volume and the number
of columns) facilities located in the radiochemical canyons, hot cells, and heavy boxes
[4,5,6].

In Table 1 results of the pilot and full scale runs are presented on the recovery of long
lived radionuclides by the chromatographic and sorption methods.

Table 1

Recovery of long-lived radionuclides by chromatographic and sorption
methods

Radio-
nuclide

137Cs

90Sr

90Sr

147Pm

I5 'Sm

241 ;243A m

244Cm

Technique of recovery,
basic sorbents and
reagents

Sorption on FS-10,
HNO3, hydrazine nitrate

Sorption on VPK, citric
acid

Chromatography on KU-
2, EDTA, DTPA,
hydrazine nitrate

Chromatography on KU-
2, DTPA, NTA, acetic
acid

Chromatography on KU-
2, DTPA, citric acid

Chromatography on KU-
2, DTPA

Chromatography on KU-
2, DTPA

Purity by
radiochemical
contaminants,
%

< 10"'

< 10"'

<10"3

< 10"7

<10'12

< 510"2

<510 ' 2

Purity by
chemical
contaminants,
%

< 10"2

< 10"'

<10"4

<10"8

< 10"12

—

—

Yield into
the final
preparation,
%

95

99

70

90

70

80

80
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