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METHOD FOR CLEANING SOLUTION USED IN NUCLEAR FUEL REPROCESSING

Baékground of the Invention

This 1ﬁventfon; which was made under a contract-wjfh the Uhited States
Departmeht of Energy, relates in general to a proéess useful in the recla-
mation of components of spent nuclear fuel and, more particu1ar1y,‘to a
method for removing degradation products from a solution common]y used for
reclaiming plutonium and uranium from a nitric acid solution in which spent
nuclear fue]nis dissolved.

The 30% tri-n-butyl phosphate (TBP), 70% dodecane solution used in
nuclear fuel reprocessing undergoes degradation in use, forming monobutyl
phosphate and dibutyl phosphate which then form comp]exeé with smé]]
quantities of plutonium, uranium, and their fission products that are
not removed from the solution in the primary nuclear fuel réc]aiming
process. Recycie'of TBP solvent for further use requires the removal
of these degradation prodUcts, and various methods have been proposed
for this purpose, including washing the'solvent with NasCO3 or
NoHg.H2C03 solutions or passing the solvent through a column containing
solid adsorbents such as macroreticular resiﬁs, hydfous Ti0p, and mixed
Si07 and Pb02; The use of NapCO3 produces large amounts of waste
material that causes a disposal problem. The NpHg.H2C03 method pke-

sents problems in the preparation and storage of the NoHg .H2C03 solution
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used therein. A resin adsorbent works well only with acid-free
solvents. Ti0p is présent]y used only on an experimental scale, and
mixed Si0p and PbO, have only been reported as being used for secondary
removal of degradation products from solutions previously treated by.
standard wash solutions.

Summary of the Invention

It is therefore an objgct of this invention to provide an efficiént
and convenient method ‘for decontaminating a nuclear metal extractﬁng
solution containing a hydrocarbon diluent, tri-n-buty] phosphate or
tri-2-ethylhexyl phosphate, and a degradation product of one of the
named phosphates. | |

Another object Qf the invention is to clean a TBP solution without
producing waste products that are difficult to dispose of.

These objects and other advantages are aéhieved, in accordance with
the invention, by contacting a contaminated actinide metal extracting
solution with silica ge] having alkali metal‘ions.such as sodium or
Tithium adsorbed thereon,vthereby adsorbing fmpurities in the solution
on the gel, whfth can then be disposed of as an easily handled solid or .
which can be washed and recyc1ed for further use as a c1ean1ng medium.

Br1ef Descr1pt1on of the Drawing -

The drawing is a graph showing the amount of U022+ and dibutyl
phosphate present in effluent obtained from a column of treated silica
gel through which is passed a contaminated extractant solution

described with particularity hereinafter.
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Detailed Description

The treated silica gel useful for the process of this invention
can be prepared by soéking the ge] in an aqueous solution of NaOH or
LiOH fo}‘about 24 hours, after which the gel is filtered, air dried,
washed with water, and agqin air dried. This treatment results in the
adsorption of Na*t, Li*, and OH- ions on the surface of the gel and
increases the gel surface Charge. Tests made by the 1n§entors have
shown thét the capacity of thé treated gel to clean TBP soivent

increases with the amount of sodium or lithium adsorbed on the gel, the

principal factor which determines the amount of the alkali metal

adsorbed on the gel being the specific surface area of the latter. It
is therefore preferable, so far as is practical while maintaining a
desired flow rate through a column, to use a silica gel having a small

particle - size, and concomitantly a large surface area, to increase the

-gel adsorption capacity. A number of commercially available silica

gels with mesh sizes up to '100-200 mesh have been effectfve]y used in
tests made by the inventors.

The principal impurities removed from TBP solvent by the process of

this invention are monobutyl phosphate, dibutyl phosphate, UOZZ*, pudt, and

fission products of plutonium and uranium complexed with monobutyl
phosphate or dibutyl phosphate. Nitric acid is also remerd from the TBP
solution by the treated silica gel. Conventional adsorption column tech-
niques are applfcab]e for the process of the invention. |

One option for disposal of silica ge],]oéded with the above-naﬁed
impurities by the process of the invention is to treat the gel as waste.
For example, the loaded gel can be incorporated into glass bricks for con-

venient handling and storage. Another disposal option is to wash adsbrbed
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impurities off the gel and then recycle it into further contact with
contaminated TBP solution. Suitable solutions for eluting the gel are
one containing 30% TBP and 70% hydrocarbon diluent, HNO3  and aqueous
HNO3, |
| Tri-2-ethylhexyl phosphate in a hydrocarbon diluent is being con-
sidered as an alternative to TBP for use in recovering Qranium and plu-

tonium from nitric acid nuclear fuel dissolving solutions. The

mono-2-ethylhexyl phosphate and di-2-ethylhexyl phosphoric acid degra-

"dation products formed from this alternative extractant are extremely

difficu]f to c]ean'?rom the extractant by use of conventional sodium
cérbonate washing due to emulsion problems. However, the treatéd
silica gel used in the process of this invention has been found to
be effective for removing the mono—Zéethy1hexy1 phosphoric acid and
the di-2-ethylhexyl phosphoric acid product from a tfi-z-ethylhéxyl

phosphate and hydrocarbon diluent so]gtion. The adsorption capacity of

" the treated gel for removing the 1ast-némed degradation products of

tri-2-ethylhexyl phosphate is less than that of the gel for removing
thé degradation products of TBP because of the larger molecular size of
the former compared to the latter.

Use of the herein disclosed treated silica gel for removing con-
taminénts from a solution of a hydrocarbon djluent and either tri-n-butyl
phosphate or tri-2-ethylhexyl phosphate provides the following advantages:

1. The gel minimizes the problem of waste disposal associated '
with the sodium carbonate wash method of decontaminating a DBP |

solution.
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2. The use of the gel eliminates the problems of gassing,

emulsion, slow phase separations, formation of insoluble material at

interfaces of phases, and entrainment between phases that occur when
wash solutions are used for decontaminating extractant solutions.

- 3.° The gel requires a much smaller stdrage volume than a wash
liquid. |

4. ~ Wash methods require neutralization of aéid in the éxtractant
solution, which results in precipitation problems thét‘are eliminated by
use of the ge1'of the invention. Furthermore, thé freated silica gel acts
as a filter for the extractant solution so that other fi]tefﬁ are not
needed.

5. Treated silica gel is less subject tb chemical and radiation
damage than the macrbreticu]ar‘resins previously used as adsorbents for the
contaminants in extractant solutions, and the gel can easily be eluted
whereas ﬁacroreticu1ar resins are eluted with difficulty. |

6. The column flow rate usable with the method of this invention is -
at least twice that reported for hydrous titanium decontamination columns.

7. The use of treated silica gel for cleaning an extractant solution
eliminates problems of toxicity and explosion that are involved with the
use of hydrazine compounds as cleaning agents.;

8. Lastly, the gel used in accordance with this invention is more
effective for cleaning an extractant solvent than the‘wash or macro- |
reticular cléaning means.

The following test examp]és specifically illustrate the process of

this invention.
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Example I
The following is a description of a solvent cleanup test using silica
gel treated with LiOH in which silica gel column loading, elution, and
regeneration ake'démonstrated.

A batch of 6-16 mesh silica geT (Fisher Scientific Grade 05) was

soaked for 24 h in a volume of 1.0 M NaOH solution such that 2 millimoles

of LiOH were present in the solution per gram of silica gel. The gel was
fiftered, air dried, washed with a volume of water equal to the initial
volume of LiOH solution, and égain air dried. Analyses showed that the
treated silica gel solids contained 250 mg of water énd 7.3 mg of Tithium
per gram of gel. A 30% TBP approximately 70% hydrocarbon feed solvent
containing 1.5 x 103 M U0o2*, 2.70 x 10-3 M dibutyl phosphate (DBP),
approximately 3.0 x 10-4 M monobutyl phosphate (MBP), and slightly less
than 5 x 10-3 M HNO3 was fed at a rate of 0.4 ml/min into a 1.0 cm diameter
column containing 17.5 m1 (15.7 g) of the above described pretreated
silica gel at approximately 40°C. Slight breakthrough of the DBP into
the eff]uent'began after 1250 ml of feed had passed through the column,

and slight breakthrough of U0,2* occurred after-1500 ml of feed had

_passed through. The column was drained after the UOg2+ began to break

through and eluted with 150 m1 of 0.25 M HNO3 aqueousisolution at a 0.4
ml/min flow rate. It was found that 13 ml of the organic solvent which

had adhered to the gel surface came off the column with the 150 ml of

. aqueous elution. At this point, the silica gel in the column was re-

generated by a treatment in which each of two 25 ml volumes of 0.5 M

Li0H were allowed to stand in the column for 4 h. Any DBP not eluted
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pfevious]y is eluted in this step. The column was drained, lightly .
dried with a stream of air, and filled with pure 30% TBP--70% normal
paraffin hydrocarbon solvent (hefeinafter referred to as NPH). The
column was used in two additional loading, elution, and regeneration
;yc]es similar to the above except that the elutions were with 100 ml
volumes of 30% TBP, approximately 70% NPH, 0.6 M HNO3 solvent.

The average Toadihg on the silica gel cofumn in the three cycles
was approximately 0.19 millimoles of U022+ and 0.29 millimoles of DBP
per gram dry weight of the si]ica gel. On the average approximately
98% of the U0p2* and 92% DBP was éluted in each cycle. In the re-
generation step, an average of approximately 1.0 millimole of lithium
Was adsorbed per gram of moist silica gel. This is approximately the
quantity of lithium adsorbed per gram in the origiﬁal preparation of -
the solid sorbent;

Example II

The following is a description of a solvent cleanup test which is
typical of several tests conducted using silica gel treated Qith sodium
hydroxide (NaOH) solutions.

A column the same size as ip Example 1 was filled with 17.0.g of .
silica gel the same as Example_l except that it was pretreated with
NaCH solution instead of LiOH solution. The pretreafed'gei contained
236'mg of Hp0 and 20.4 mg of sodium per gram of gel. A 30% TBP
approximately 70% NPH feed solvent containing 4.6 x 10-3 M U0,2*, 8.0 x
10-3 M DBP, and less than 5.0 x 10-3 M HNO3 was fed into the column at
40°C at a rate of 0.3 mi/min. The U0»2*.and DBP effluent breakthrough
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curves are shbwn in the accompanying dréwing. As can be seen, 400 ml
of solvent was put through the column before there was significant
bregkthrough of the'U02‘2+ and DBP in the eff]uent.- Averégé Toading on
the column amounted to 0.14 millimoles of U0p2* and 0.23 hi]]imq]es of
DBP per gram dry weight of the silica gel. It is eétimated from extra-

polation of the data in the drawing that 0.22 mi]]imo]és.ofAU022+ and

- 0.31 millimoles of DBP would be:Ioaded'per gram dry weight of silica

' gel at 100% breakthrough of these constituents into the effluent.

The approximate 26,000 liters of solvent used in processing one

metric ton of nuc]éar fuel is estimated to contain approximately 26 mol

each of U0»2* and DBP. The estimated amount of sodium required to
c]ean‘up 26;000 Titers of éuqh solvent using the silica gel method
based‘on the above loading values would be apbroximate]y 3 kg. It has
been estimated that 25 kg of sodium or approximately 100 kg of sodium
nitrate is produced as waste using the sodium carbonatevwash‘solvent
cleanup method. |

Other tests were conducted identically to'the above test except at
faster feed flow rates. From these tests, it was shown that the capa-

city of the silica gel to lToad U0,2* and DBP was anhanged at flow

‘rates up to. 1.1 ml/min. The capaéity was decreaséd by approximately

40% at a rate of 1.7 ml/min.
Example III
This is a description of tests to clean up irradiated so]veht (30%
TBP appfoximate]y 70% NPH). The test so]vent had been used to extract

uranium and plutonium from a dissolver solution of H. B. Robinson-2
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reactor fuel. After the extractions, the loaded solvent was contacted
with'hitrous acid solution to remove easily stripped plutonium and with
0.0i M HNO3 solution to remove easily stripped uranium. In a process

the stkipped solvent at this point would be sent to solvent cleanup.

‘The respective gross alpha and gross gamma activities retained in the

stripped solvent were 4.8 x 104 and 7.4 x 103 c/m/ml and the respective

DBP, UOp2+, and H* concentrations were 3 x 10-% M, 4.45 x 10-3 M, and

1.0 x 10-2 M. The alpha activity was primarily from 23%y and the

gamma’activity primarily from fiésion product metal ions. A 270 ml
volume bf théAstripped solvent was passed thrdugh al.0 cm diameter
column cdntaining 15 ml of.sifica gel (pretredted‘as described in
Example II) at a rate of approximately 1.0 m/min. The gross alpha and
gross gamma activities 16 the effluent soivent were decreased to less
than 26'c/m/m1 and less than 400 c¢/m/ml, respectively. The DBP con-
centration was decreased fo'5 x 10=> M and the MBP concentratibn was

below the limits of detection (less than 1 x 10‘5_M). Decontamination

factors obtained for the solvent in the silica gel column are shown in

Table 1. Decontamination factors for sodium and hydrazine carbonate
equal volume wash tests are also shown. The gross alpha decontamination
factor obtained by the column treatment was approximately 1200 fimés

greater than that obtained in the wash tests. The gross gamma decon-

tamination factor was only slightly greater in the column tests.
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Table I

Comparison of column testsd with aqueous wash

testsP for solventC cleanup -

Sodium Hydrazine

Decontamination carbonate carbonate Silica gel treated

factor - 0.23 M 0.23 M with NaOH <
Gross alphad 2.0 1.9 2.4 x 103
Gross .gamma 16.5 ‘ 6.9 18

acolumn gontained 15 ml of treated silica gel, flowrate =
1.3 ml/min/cm¢ of column cross section surface area, temperature 40°C.

quua] volume aqueous-organic equilibrations for 5 min, temperature
25°C. -

Csolvent -from tests using feed from H. B. Robinson fuel under LMFBR

. fuel processing conditions.

dGross alpha approximately 98% 23%uy and 238py,
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METHOD 'FOR CLEANING SOLUTION USED IN NUCLEAR FUEL REPROCESSING
| ABSTRACT OF THE DISCLOSURE '

A nuclear fuel processing solution containing (1) hydrocarbon diluent,
(2) tri-n-butyl phosphate or tri-2-ethylhexyl phosphate, and (3) monobutyl
phosphate, dibutyl phosphate, mono-2-ethy1hexy1 phosphate,
di-2—ethy1hexy1 phosphate, or a complex formed by plutonium, uranium,
or a fission product thereof with monobutyl phosphate, dibutyl
phosphate, mono-2-ethylhexyl phosphate, or di-2-ethylhexyl phosphate.is
contacted with silica gel having alkali ions absorbed thereon to remove
any one of the degradation products named in section (3) above from

said solution.
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