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¥iscellaneous aqueous waste containing Pu and am is
disposea of by converting it into a solid. Frior to the
solidification, the waste is decontaminated anu evaporated.

Decontamination: Pu and Am are dissolved with various kinds

of chemical species of Pu(III), Pu{IV), Pu(VI) and Am(III).

«hen the solution is made alkaline by Ca(OH‘)2 or FaOH, Pu(IIll),
Pu{IV) and am(III) precipitate as the hydroxides. Pul{vI)
frequently remains in the alkaline because it is amphoteric.

The oxidation states of Pu were studied in alkaline solution.
Pu(VI) is immediately reduced to Pu(IV) by H,0, at room temper-
ature, while the hydroxide of Pu(llI) is turned to that of
Fu{iVv) with the reagent. An agueous waste is made alkaline

with Ca(0H) Then, 30 % H,0, water is added in 20 ml per

PE
liter of the solution in order to adjust the Pu oxidation

states to Pu{lV), when a small cuantity of Ca02 forms in the
solution and carries the trace amounts of Pu(IV) and Am(III)
which are still in the solution. In the case of an alkaline
gsolution aaded NaOH, 30 % H202 water and_0.01 M ¥e(III) solution

are added (each 20 ml/1l), respectively. The fresh precipitate

Fe((}h).5 scavenges the solution. An agueous waste is thus made



alkaline with Ca(OH), (or NaOH), and then H,0,-water (and
Fe(III)~-solution) is added to it. The alkaline supernatant

is separated from the precipitate oy decantation after standing.
Both the precipitation techniques.are applied to decontaminate
+he solution containing trace to sizable amounts of Fu ana Am.
The initial soluticn generally contains about 10 mCi/1 of d-
radioactivity, and an average of 3 pCi/l remains in the processed

gsolution. Recovery of Pu and dm: Pu and Am are concentrated

in the small volume of hydroxide slurry. It is dissolved with
nitric acid. The resultant solution is a salt solution
containing Ca(IIl) or Na(I); from which Pu and Am are recovered
by DBP solvent extraction. From about 200 liters of the
agueous waste, approximately 15 g of Pu and 160 mg of Am are
recovered with the overall recovery efficiencies of 85 %.

Evaporation of the alkaline solution: The solution is evaporatea

with an infrared heater after removal of Pu and Am, when the
evaporated water is carried off with air and released to the
atmosphere after filtration. Feasibility of the methoa was

demonstrated by evaporating about 400 liters of miscellaneous

solution.
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INTRODUCTION

Alpha-bearing agueous wastes generated from a Pu handling
facility contain appreciable amount of Pu. In the solutions,
the element dissolves in some chemical species of Pu(III),
Pu(1IV) and Pu(VI)(l)m(s). Unfortunately, the laboratory aqueous
wastes are voluminous and miscellaneocus in nature(s). Under
the conditions, the oxidation states of Pu are hardly adjusted
to a given state. The recovery of Pu is thus difficult.

The solutions contain also trace amount of 2*'am. The

nuclide is the disintegration product of 2“!Pu, that is

241 3] 241 .
Pu Ty Am (Half life 433 vy).

Plutonium samples obtained by reprocessing of spent nuclear
fuels consist mainly of ?3*°pPu, ?*°pu and %2"'Pu. The content of
2%1py in them is <5 %(wt.). When the samples are used for various

2%1am is eliminated from them, and thus accumu-

experiments, the
lated in the aqueous wastes. The nuclide dissolves as Am(III)
in the solutions.

Plutonium and Am are both harmful and have long-lived a-
radiocactive nuclides. The agueous wastes containing them must
be stored for a long time. They are kept in a tank, when most
amount of Pu must be removed in order to avoid_the generation
of hydrogen gas. At Dow Chemical Company, the element is
removea as Pu-oxalate from miscellaneous aqueous wastes(7).

At Los Alamos Scientific Laboratory, the element has been
recovered from the dissolver solutions of Pu alloys, oxides,

casting residues, incinerator ashes etc.(S). Several techniques
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were employed historically to recover it: ethyl ether extraction,
sodium plutonyl acetate precipitation and TBP solvent extraction.
At the present, the recovery is carried out by anion exchange
method. After being treated, the solutions are stored in tanks,
since *"!Am and trace amount of Pu still remain in the solutions.
The aqueous wastes, however, are not favorable for a long-term
storage. The storage in tanks is considered to be a temporary
or interium approach.

It is generally recognized that, after the elimination of
Pu and Am, converting the aqueous wastes to a solid is safer and
highly desirable(g)(lo). For the disposal of agueous wastes
generated from the reprocessing of 'spent nuclear fuels, Pu, Am
(12)n(17%)

and Cm are recovered by solvent extraction or ion

exchange techniques(lﬁ)m(lgl In this case, the solution is of
nitric acid. The solution is nearly neutralized and further
added Al (NQ;); to make a salt solution in order to extract them
with TBP extractant(29)™(23),  1on exchange technigue is utilized
by denitration of the solution with sugar or formic acidf{2%)v(2e)
For solidification of the solution, Phosphate glass solidifica-
tion, Spray solidification and Pot solidification systems(QT)m(zg)
have been developed in large scales. However, a convenient
method must be developed for the disposal of the aqueous wastes
from a Pu facility, since they are miscellaneous.

In the present work. studies are conducted to the following
purposes by use of the agueous wastes from the Pu handling

facility at Japan Atomic Energy Research Institute (JAERI):

Decontamination of the solutions for oa-radiocactivity, Recovery
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of. Pu and Am, and Evaporation of the decontaminated solutions.

EXPERIMENTAL AND DISCUSSION
1. Analyses
The valency states of Pu were ideﬁtified in 0.1 M HNO;
sclution with a Shimazu—SOL autorecording photometer.
The precipitate, Ca0Q: was identified by comparing the
X-ray pattern with that represented in ASTM card, No. 3-0862.
Distribution ratio -(Kd) of a metal ion in a solvent

extraction system is defined as

K4 = Concentration of the metal ion in organic solution
" Concentration of the metal ion in aqueous solution.

The amounts of *??Pu and ?*'Am in the initial aqueous waste
were determined by the measurements of the gross oa-activity,
Ipy * Iapm, and the activity ratio, Ip,/Ipap. obtained from an
a-ray energy spectrum, where Ip, and Ip, were the activities of
Pu and Am, respectively. 1In this case, o-activity, after mounted
on a stainless steel plate, was counted with a 271 gas+~flow
counter and aﬁ o ray-pulse-height analyzer of Si surface barrier
type.

Alpha activity in a salt solution was measured by counting
the activities of several stainless steel disks on which 0.02 ml
aliquots from the solution were mounted, respectively. Fig. 1.
shows the influence of salt on a-activity measurement. Both Pu
and Am even in a salt solution of 7 M NaNO; or 3.5 M Ca{NO;);
can be determined radiometrically within 15 % error when 0.02 ml
aliguot is mounted on a disk (diameter, 2.5 cm). It is necessary
to measure several times in order to minimize sampling error.

The decontamination factor (D.F.) of a processed solution
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was estimated by
D.F. = Il / If r
where I; and If were the gross oa-activities in the initial and

the final solution, respectively.

2. Decontamination of alpha-bearing aqueous wastes
The main aqueous wastes generated in the facility are as
follows.

1) Nitric acid solution; It is the effluent from an anion
exchange resin column when a Pu sample is purified with
the column. The acidity is about 7 M. The solution
contains 3 mg/l of Am and a small amount of Pu.

2) Miscellaneous solutions containing H280., ﬁsPOu\and
HC1l0.,; These are generated when Pu in many samples are
determined. The acidity is about 1 M. The solutions
contain Fe(III), V(IV), Cr{(IIi), Cr(vi), Mn{II), Mo(VI)
and chelating reagents such as arsenazo III. They
contain also about 0.1 g/1 of Pu.

3) Sodium nitrate solution; It is generated when Pu is
purified by the precipitation technique.

4} Water} The waste occurs when tools, instrument, etc. are

washed or cocled with water.

These solutions contain generally about 10 mCi/l of a-
activity. When the solutions are converted into solid waste,
it is desirable that the volume of waste is reduced to less than

1/10 that of the initial solution. In order to keep a-activity
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was estimated by

D.F. = I; / Ig ,

where Ij and Iy were the gross o~activities in the initial and

the final solution, respectively.

2.

Decontamination of alpha-bearing aguecus wastes

The main agqueous wastes generated in the facility are as

follows.

1)

2)

3)

Nitric acid solution; It is the effluent from an anion
exchange resin column when a Pu sample is purified with
the column. The acidity is about 7 M. The sclution
contains ~3 mg/l of Am and a small amount of Pu.
Miscellaneous solutions containing H280,, ﬁgPOu\and
HC10,; These are generated when Pu in many samples are
determined. The acidity is about 1 M. The solutions
contain Fe(III), V(IV), Cr(III), Cr(VvI), Mn(II), Mo(VI)
and cheiating reagents such as arsenazo III. They
contain also about 0.1 g/1 of Pu.

Sodium nitrate soluﬁion; It is generated when Pu is
purified by the precipitation technique.

Water; The waste occurs when tools, instrument, etc. are

washed or cocled with water.

These solutions contain generally about 10 mCi/l of a-

activity. When the solutions are converted into solid waste,

it is desirable that the volume of waste is reduced to less than

1/10 that of the initial solution. 1In order to keep o-activity
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in the solidified waste "“uCi/l, the agqueous wastes must be
scavenged to <1/10° for c-activity. The agqueous wastes contain
HNO;, H»804, HCl0O, and many metal.ions. It is, thus, difficult
to aguire a high scavenging effect by solvent extraction and
ion exchange techniques.

As one of chemical treatments for elimination of Pu and
Am, precipitation method is often applied to the various kinds
of waste solution. Most of Pu(III), Pu{IV) and Am(III) can be
removed as hydroxides from the aqueous wastes by making them
alkaline. Pu(VI) hydroxide has a few chemical species in
alkaline solution: [PuO;(OH)21°%, [PuO, (0OH)3] , [(PuD2).(OH)s] .
The first, forming in a solution of pH 7.57 8.25, is insoluble
(solubility product, 1.8 x 10725) (30) | mhe others are predominant
and soluble in a solution of pH>8.3. To precipitate Pu(VI} in
a solution as hydroxide, the sclution must be adjusted the pH
to the rangé of 7.548.25045) 1t is, thus, advantageous to
reduce Pu(VI) in an aqueous waste to Pu{IV) or Pu(III).

Sodium hydroxide or calcium hydroxide is used for
neutralization of the acids in the aqueous wastes. After removal
of Pu and Am, and volume reduction of the agqueous wastes, the
wastes are converted into solid waste as the final process.

The Ca- and Na-salts in the solidified waste might be stable in

storage for long periods of time.

2,1 Oxidation states of Pu
When a Pu-sample is purified with an anion exchange resin

column, Pu(IV) is adsorbed on the column from 7 M HNOs; solution.
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However, Pu(VI), if present, is washed out with the solution.
Thus, Pu is often dissolved as Pu(VI) in agueous wastes, which
is a stable state in the solution; In order to reduce Pu(vi)
to Pu(IV) in the 7 M HNO: solution, the sclution must be
allowed to stand overnight in the presence of 3 % HzOz(Sl)(Bz).
Generally, the oxidation and reduction of Pu, that is, the
valency wandering may occur in aqueous wastes. Unfortunately,
the adjustment of its oxidation states is difficult, since the
agueous wastes are miscellaneous and.of different acidities.
From this reason, the agqueous wastes are maae alkaline without
adjusting the oxidation states of Pu to a desired state.
Pu(III) and Pu(IV).will be fixed as hydroxides in the alkaline
solution, while most of Pu{VI) will remain in tﬁe solution.
There are few oxidizing and reducing agents reported for the
ion in the alkaline media. Attention is thus focussed on
oxidation or reduction of Pu-ions in ~0.,1 M NaOH solutions.

The 0.5 M HNda solution containing Pu{(VI) was made alkaline by
adding 1 M NaOH. To the alkaline solution, 30 % H;0; was added
to make 0.6% solution. After standing for 0.25 or 3 minutes at
room temperature (23 ~25°C), the solution was acidified with
HNO; to obtain the 0.1 M HNO:; solution. The Pu-valency states
were determined photometrically(33). Fig. 2 shows that Pu(VI)
has been completely reduced to Pu(IV}) in the alkaline solution
by standing for 3 minutes. Pu(III} was also studied under the
same conditions. In the alkaline medium, Pu(III) is in hydroxide,

but it is oxidized instantly to Pu(IV) with H;0., as seen in

Fig. 3. Therefore, Pu-ions can be adjusted to Pu(IV) in the
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alkaline medium only by adding H;0;.

2.2 Coprecipitation with Ca(OH), and CaO,

Approximately 30 liters of 7 M HNO; solution containing
Pu and Am were scavenged. The experiment is designated as Run
I. The solution was made alkaline by adding an excess of Ca(OH):
powder. Fresh precipitate of Ca(OH); forms in the solution
because of its low solubility. After standing for several
minutes, the alkaline supernatant'solution was separated by
decantation: Solution I and Precipitate I. Solution I was
allowed to stand overnight in the presence of 1 % H,0,. About
4 g of Ca0, precipitated per liter of Solution I‘**). The
supernatant solution was separated from the precipitate by
decantation: Solution II and Precipitate II.

The gross a-activity in the initial HNO; solution is ~9
mCi/1l, while the Solutions I and II are ~100 and ~10 uCi/1,
respectively, as shown in Tabkle 2, Run I. Decontamination
factors (D.F.) of Solutions I and II are 90 and ~103%,

respectively.

The agueous waste can thus be scavenged for a-activity by
the two steps. Most of the activity is removed along with the
precipitate of Ca(OH},. The rest coprecipitates with Ca0,, when

the oxidation states of Pu are possibly adjusted to Pu(IV),

2.3 Scavenging effect of Fe(OH); in alkaline solution

When sodium hyvdroxide is used for the neutralization of

acid in the aqueous wastes, the reagent does not act as the
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carrier of Pu and Am like Ca(OH); because of its high solubility.
Other carrier is required to scavenge the solutions (357 (38)
Some aqueous wastes contain weighable amounts of Pu and Am.
Most of them will be precipitated as the hydroxides when the
solution is made alkaline. Trace amounts will remain in the
alkaline solution, however. In order to enhance the fixation
process, the coprecipitation technique with Fe(III) was used in
the present experiment. It is necessary for eliminating metal
ions that the amount of a carrier should be greater than those
of the ions to be carried. FHowever, one of the important
factors for the treatment of precipitates is to keep the amount
of the carrier as small as possible. Here, the coprecipitation
technique was applied to scavenging the alkaline solution after
most of Pu and Am had been precipitated as hydroxides.

The scavenging effects of Fe({III) carrier were studied in
the alkaline media for Am(III), Pu(III), Pu(IV) and Pui(VI).
Four 0.1 M HNO; solutions containing the respective eiements
were converted to V0.1 M NaOH solutions by adding 1 M NaOH.
Then, 20 ml portions of 0.01 M FeCl; solution were added to one
liter fractions of the alkaline solutions, respectively. The
solutions were allowed to stand overnight. In Table 1, the
D.F.-values for the four supernatant scolutions are compared
with those without use of the Fe-carrier. The carrier is
effective for scavenging Am{III), Pu(III) and Pu{IV) in the
alkaline medium (D.F.-value, ~10%). On the other haﬁd, it is
hardly effective for scavenging Pu(vI), (D,F.—value, ~v2). The

alkaline solution containing Pu(VI) was thus allowed to stand
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for another 30 minutes after additon of 30 % H20: (20 ml/1).
D.F.-value of the supernatant solution was improved to ~10?
by addition of Fe-carrier.

On the basis of the preliminary experiments described, a
procedure was devised for fixation of Pu and Am in the aqueous
waste. The flowsheet is shown schematically in PFig. 4.

A 5-l1iter fraction of the agueous waste is made alkaline with
NaOH in a tub (pH >7). -Then, 30 % H,0; (20 ml/1) and 0.01 M
FeCl; solution (20 ml/1) are added. After the batch has been
stood for several minutes, most of the supernatant solution is
poured into a decanter leaving the precipitate in the tub.
Several fractions are treated in the same way. After being
allowed to stand for about 5 hours, the mixed supernatant
solution is decanted to an evaporator described in Section 4.

The procedure was applied to the decontamination of some
agueous wastes containing about 7 mCi/l of a-activity. The
obtained results are summarized in Table 2, as Runs II, III
and IV. The agqueous wastes in Runs II, iII and IV contained
HNO;, H,SO, and water, respectivelv. They were made alkaline
with NaOH, and H,0: and Fe-carrier were added. Some aligquots
from the alkaline solutions were sampled before adding H,Q0; and
the garrier. It was found from the ratio of Pu/Am in the aliquots
that most of the activity in the alkaline solutions were due to
that of Pu, regardless of its content in the initial solution.
The Pu in the alkaline solutions should be adjusted to Pu(IV)
with H»0,, and carried with Fe(OH);. The activity in each

Sclution I obtained in three runs was reduced to ~3 uCi/l. The
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D.F.-values of Solutions I were estimated to be ~10°%.

The aqueous wastes can be deCOntaminated with a small
quantity of the carrier, regardleés of the initial quantities
of Pu and Am. After decantation of the supernatant solution,
the Pu and Am are recovered from the slurry obtained. The Pu
in the slurry is adjusted to Pu(IV) with H»0:, which makes the

recovery processes of Pu easy.

3. Recovery of Pu and Am

Plutonium(Iv) and Am(III) are recovered from the slurry
obtained in the flowsheet of Fig. 4. If it is necessary to
remove sulfate ions, the slurry is dissolved with 7 M HNO; and
again made alkaline with NaOH or Ca(OH):. The fresh precipitate
is dissolved by adding 7 M HNO; to make an acid solution of
<0.3 M. The resultant solution is a salt solution of NaNO; or
Ca(NOs3;),. The Pu(IV) and-Am(III) are separated from the large
amounts of impurities in the salt solutiqn by batch solvent
extraction with 50 % TBP-dodeécane or 30 % DBP-dodecane solution
(Di{n-butyl) phosphoric acid).

The extraction behavior of Am(III) in the systems of
TBP (or DBP)-Ca({NO;); and DBP-NaNO; are shown in Fig. 5.
Am{III) is readily extracted with both extractants from the
aqueous salt solutions containing <0.3 M HNOs;. Pu(IV) is also
extractable from the nitrate salt solutions in the systems(aﬂ(381
The Pu(IV) aﬁd Am(IIT) extracted are stripped with 1 M HNO;j;

solution containing 0.05 M ferrous sulfamate. The Pu(III) in

the crude product is separated from the Am(III} by an ion
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D.F.-values of Solutions I were estimated to be n10°.

The aqueous wastes can be.dec0ntaminated with a small
quantity of the carrier, regardleés of the initial quantities
of Pu and Am. After decantation of the supernatant solution,
the Pu and Am are recovered from the slurry obtained. The Pu
in the slurry is adjusted to Pu(IV) with H;0., which makes the

recovery processes of Pu easy.

3. Recovery of Pu and Am

Plutonium(IV) and Am(III) are recovered from the slurry
obtained in the flowsheet of Fig. 4. If it is necessary to
remove sulfate ions, the slurry is dissolved with 7 M HNO; and
again made alkaline with NaOH or Ca(OH):. The fresh precipitate
is dissolved by adding 7 M HNO; to make an acid solution of
<0.3 M. The resultant solution is a salt solution of NaNO: or
Ca(NO3),. The Pu(IV) and-Am(III) are separated from the large
amounts of impurities in the salt solutiqn by batch solvent
extraction with 50 % TBP-dodecane or 30 %VDBP—dodeCane solution
(Di(n-butyl) phosphoric acid).

The extraction behavior of Am(III) in the systems of
TBP (or DBP)-Ca(NO;): and DBP-NaNO; are shown in Fig. 5.
Am(ITI) is readily extracted with both extractants from the
aqueous salt solutions containing <0.3 M HNOs;. Pu(IV) is also
extractable from the nitrate salt solutions in the systems(3ﬂ(3al
The Pu(IV) aﬁd Am(III) extracted are stripped with 1 M HNO;

solution containing 0.05 M ferrous sulfamate. The Pu(III} in

the crude product is separated from the Am(III) by an ion
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exchange technique, after it is adjusted to Pu(IV) with NaNo, .
Acidity of the crude product solution is made about 7 M by
adding concentrated HNO;. The resultant solution is poured

onto an anicn exchange resin column. The Pu(IV) is thus
separated from Am(III). The Am(III) in the effluent from the
column is coprecipitated with Fe(OH)s;. The precipitate is
dissolved in dilute HNO: solution, which is poured onto a cation
exchange resin column.’ Thé column is washed with 0.01 M oxalic
acid solution to remove Fe{III). The Am(ITI) is eluted with

3.5 M HNO; solution.

3.1 Separation from Ca(NO;), solution by TBP-extraction

Plutonium and Am were extracted with 50 % TBP-dodecane in
Run V. The yields were about 90 % for Am but 60 % for Pu, as
shown in Table 3. For the extraction of Am(III) from the salt
solution, the use of such a high concentration of TBP was
necessary to obtain a recovery efficiency of >90 % in a single
extraction when the organic solution wasicontacted with an equal
volume of agueous solution. It was, however, difficult to
reduce Pu(IV}) in SO%VTBP—dodecane solution to Pu(III) with
0.05 M Fe(II)-sulfamate aqueous solution. Another problem was
the phase separation. After being contacted, the organic
solution separated hardly from the agueous solution in the

extraction system.

3.2 Separation from Ca(NO,;), or NaNO; solution by DBP-extraction

Run VI was carried out in the 30 % DBP dodecane-Ca{NO,).,
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system. The yields of Pu and Am were about 85 %, respectively.
In Run VII, the elements were recovered from an agqueous waste
containing H,S0,, H3PO, and HCqu; In this case, the reagent
NaOH was used for neutralization of the acids. The obtained
slurry might contain various salts. After removal of the sulfate
and phosphate as described, the slurry was acidified with HNOs;.
The resultant salt solution was of NaNOs;, from which Pu and Am
were extracted with DBPwdodecahe. The yields of the elements
were both approximately 87 %, respectively.

Generally, the Pu and Am in the aqueous wastes must be
separated from large amounts of metal ions and other contaminants.
Furthermore, some amounts of Fe(III) ion and other substances
are brought into the precipitate because large amount of an
alkaline reagent is used for neutralization of the acids in the
waste solution. The reagent, especially Ca(OH): powder contains
considerable amounts of impurities, even if it is of reagent
grade. Unfortunately, some of them are insoluble in a dilute
acid solution. They must be removed before extraction of Pu
and Am,

Approximately 15 g of Pu and 160 mg of Am were recovered
from about 200 liters of the agueocus wastes treated in Runs

I~VVIT.

4. Evaporation and solidification of agqueous wastes
'Radiocactive sewages are usually distilled for disposal by
. . (39)’\1(41) . ' . . .
boiling . Difficulty in this case is control of the

forming which causes generation of the mist{*?) . When the mist
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occurs in an evaporator, the distilled water is contaminated
with radioactive substances. The permissible levels for a-
radiocactive waters are so low that extreme cautions must be
paid for distillation of the aqueous wastes.

Alpha radiocactive aqueous wastes must be treated in the
limited space of a glove box. When the wastes are distilled for
volume reduction in the glove box, the same volume of distilled
water as the original waste is produced in the box. Thus, a new
problem occurs to dispose the water. A simple method is pro-
porsed. That is, the water vapor from an evaporator is not
qondensed but carried off with air.

The simple evaporator made of steel is installed in a glove
box as shown schematically in Fig. 6. A 30-liter fraction of
the alkaline agueous waste is fed to the evaporator and checked
with pH test paper (pH >7). It is then heated day and night
with infrared heaters set on the ceiling of the top cover. The
water vapor carried in the ventilating air of the glove box is
filtered by steel-wool prefilter and high efficiency particulate
air filters, I and II (H.E.P.A.), and led to the main duct of
facility. A dust monitor is set at outlet of the filter box I
for continuous check of a-activity. About 30 m’/hr. of air are
ventilated through this route.

About 400 liters of various aqueous wastes were treated in
the evaporation system. The results are shown in Table 4.

The acqueous wastes evaporated in Runs VIII and IX contained
about 2 mCi/l of a-activity, while the agqueous wastes treated

in Runs X and XI were decontaminated to <0.1 mCi/l, before the

- 13 -
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evaporation. After evaporation, salts remained in the evaporator.
They appeared to be the viscoﬁs solution of Ca{NO;)., the cake

of CaS04, the paste of NaNO; and.the conglomerate of sodium
phosphate. The residue was transferred as slurry to a poly-
ethylene waste vessel witﬁ a ladle, and mixed with the equal
volume of anhydrous gypsum. The mixture was allowed to stand

for one night to convert it into a solid waste. The volume of

the solidified waste was I/10 v1/5 of the original solution.

The water evaporated in the apparatus was carried off with
air passing over the surface of the agueocus waste at rate of
30 m® per hour. The air was heated to about 50 °C at ocutlet of
the glove box. Therefore, it was expected that the ventilating
air would carry 1.8 liters of water an hour(“?). The aqueous
wastes were evaporated in the system at the rate of 30 liters
per two days, that was 0.6 liters per hour. During the evapora-
tion, no condensed water was observed in the air-filter boxes,
even in rainy seasons.

Several devices were necessary to treat the radiocactive
aqueous wastes safely. Corrosion of the ducts in the Pu handl-
ing facility and chemical explosions in the glove box were
prevented by evaporating in alkaline media. Even hydrochloric
acid and perchloric acid solutions could be treated in the
system. Bumping of a salt was prevented by heating over the
solution in the evaporator. Another problem was the generation
of a mist. The degree of mist formation which occurred in the
evaporator was judged from the a-radicactive contamination of

several stainless steel disks hung in the evaporator. These
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were measured for a—éctivity, after hanging for a week. Usage
of infrared lamps caused generation of a mist and sublimation
of a salt because the surface of solution might be partly
overheated in the evaporator. Thus, six electric resistance
heaters sheathed with quartz tubes (total, one kilowatts) were
set on the whole ceiling of top cover; radiocactivities on the
disks hung in Run VIII were on an average 1.2 x 107" uCi/cm?.
Ventilating air of the glove box was filtered with filter boxes
I and ITI, successively and led to the main duct. The dust
monitor set at outlet of the filter box I indicated that o-

-12

activity in the ventilating air was <4 x 10 LCis» hr/cm?® which
is the minimum detection limit of the monitor. The activity in
the air was estimated to be ~107!'° uCi/ecm® after the filter
paper of the dust monitor was allowed 3 days to stand for the
disintegration of radon and measured for a-activity. After 200
liters of agqueous wastes had been evaporated, the filter box II
was dismantled and surveyed for a-activity; no activity was
observed in the filter paper (the limiting value was 5 dpm for
the measurement of a-activity by 2m gas-flow counting).

The residue had to be removed from the evaporator at the
end of the evaporation. 1In order to keep the apparatus clean,
the inner walls were coated with polytetrafluorcethylene, Teflon.
Furthermore, four concave parts were made in the floor. They
were useful for removal of the residue.

During 2 vears, miscellaneous agueocus wastes have been
evaporated safely without such trouble as explosion and the con-

tamination of the air released to the atmosphere. The residual
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sludge of salts, after evaporation, is solidified with anhydrous

gypsum{**} | Weighable quantities of Pu and Am are removed from

- the resultant sludge, so that the éalts in it is not subjected

to the a-radiation. The solid wastes were sent to the Desposal
Section in JAERI and cemented in waste vessels. The enclosed

wastes should be stored virtually forever.

5. CONCLUSION

Aqueous wastes containing Pu(IiI), Pu(Iv), Pu(vi) and
Am(IITI) were decontaminated by precipitation techniques. When
the solutions were made alkaline with Ca(OH) , or NaOH, most
amounts of Pu(III}, Pu(IV) and Am(III) precipitated as their
hvdroxides, but Pu(VI) often remained in the solutions, since
Pu(VI) is amphoteric and its hydroxide is soluble in a solution
of pH >8.3. Oxidation and reduction of Pu were studied in
alkaline solution. Pu(VI) could be instantly reduced to Pu(IV)
at room temperature in alkaline solution containing dilute H:20:z.
Pu(III) precipitates as hydroxide in alkaline solution, though
it could be immediately oxidized to Pu(IV) by the same conditions.
Hence, the oxidation states of Pu are adjusted to that of Pu(lV)
in alkaline solution by adding H,0,. TwO coprecipitation
techniques were developed, in ordsr to scavenge trace amounts of
Pu(IV) aﬁd Am(ITI) in alkaline solution containing Ca(OH), or
NaQH; To an alkaline solution containing Ca(OH),, a small amount
of 30 % H,0, was added (20 ml/1l) to adjust oxidation states of

Pu to Pu(IV), when Ca0; precipitated at the rate of w4 g per liter.
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The precipitate was effective as carrier for Pu(IV) and Am(III).
In the case of NaOH solution, 30 % Hz0; and 0.01 M FeCl:; solu-
tions were added at the rate of 2b ml per liter of a solution to
be decontaminated, respectively. The precipitate of Fe(OH);
formed gradually in the alkaline solution and scavenged the
solution. Hence, a fraction of agueous wastes was made alkaline
to make hydroxides of Pu and Am, and decontaminated in the batch
by adding H;0, (and diluté'FeCla solution). The solution could
be decontaminated up to low level by standing, regardless of
the initial amounts of Pu and Am. The a-bearing aqueous wastes
discarded from the Pu handling laboratory wefe mainly HNO: and
H;80, solutions. About 10 mCi/l of a-activity contained in the
initial solution, while on the average 3 uCi/1 ih the processed
solutions.

The decontaminated solution was separated from precipitate
by decantation. The precipitate was a slurry of hydroxides.
The slurry was dissolved by adding concentrated HNO:; to make a
dilute acid solution ([H+} < 0.3 M). PFrom the solution, Pu(IV)
and Am(III) were recovered by DBP éolvent extraction. They were
separated each other and purified by ion exchange techniques.
Approximately 15 g of Pu and 160 mg of Am were successfully
recovered from about 200 liters of the aqueous wastes with the
overall recovery efficiency of 85 %.

Generally speaking, the agueous waste containing Pu and Am
is stored in tanks unless the Pu and Am are extremely eliminated
from it {(permissible levels: Pu, 5 x 10~° uCi/cm?®, Am, 4 x 107%).

Many difficult problems remain to be solved for disposal of the
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aqueous waste, as well as the aqueous waste generated from spent
nuclear fuel reprocessing(“s)m(szl At the present time, solvent
extraction and ion exchange methods(sa)m(ssy are investigated to
remove Pu and Am from the aqueous waste of nitric acid, though a
satisfactory decontamination for the elements (decontamination
factor, 10%) is not expected by them; Pu dissolves in the solu-
tion as Pu(III), Pu(IV}) and Pu(VI) having their different
behaviors. It forms often polymer or colloid in the solution!58) .
Am(III) is less extracted and adsorbed by solvent extraction and
ion exchange methods, respectively. The solution is nearly
neutralized ([H+]ﬂ50.l M) and made into a salt solution by adding
Al(NO;);, to enhance the elimination of it(!3’. However,

some precipitates often form in the low acid solution and carry

a part of Am value. In the case of solvent extraction, an
emulsification is caused in the aqueous solution by contacting

it with an organic solution since the acidity is low. The fact

is a severe problem for the treatment of volumenous solution.

It is considered to be very difficult that solvent extraction
and ion exchange methods are applied to the decontamination of
miscellaneous solutions for the removal of Pu and Am. A precipi-
tation method was investigated in the paper, Various kinds of
aqueous wastes can be decontaminated by the methed of low level
(v1073% pCi/cm’®), regardless the contents of Pu and Am. Further,
the advantage of it is to be performed on a single process. Pu
and Am are concentrated in a small volume of hydroxide slurry.

The elements are thus successfully recovered in the scale.

The decontaminated alkaline solutions were evaporated with



JAERI-M 6423

infrared heaters in the paper, when the evaporated water was
carried off with air and released to the atmosphere by filtering.
In-general, high-level radiocactive agueous wastes are
evaporated by boiling(ST). The condenSed water generated as
by-product is still contaminated with the activity. It is
decontaminated by ion exchange resin columns. The effluent from
the columns can be disposed as low-level aqueous waste. However,
a particlar attention for monitaring of radiations, especially
of a-radiation is required since any leakages of Pu and Am to
the environment are not substantially allowed. In the developed
method, the aqueous wastes are evaporated without boiling in
order to prevent the generation of mist. The evaporated water
is carried off with air and directly disposed by releasing to
the atmosphere. The method is ensured by evaporating about 400
liters of miscellaneous solutions.
It is emphasized that the decontamination and evaporation

methods developed in the paper are convenient and safe for the

disposal of w-bearing agueous wastes.
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Fig.l Influence of salt on o-activity measurement:;
After a series of different aliquots from a
solution are mounted on disks, the disks are
measured for ac-activity.
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Fig.3 Pu-absorption spectra in dilute HNOj. Oxidat}on

of Pu(III) with E:0, in an alkaline medium(®!
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| ]
Solution I Precipitate I
To an infrared -ray ~ Pu, Am
evaporator recovery

Fig.4 Flowsheet for Pu and Am recovery

from a-radioactive aqueous wastes(®1!)
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(?) 30% DBP — the same above
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Fig.5 Am(III) extraction from Ca-
and Na-nitrate solutiong(8°)}
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Fig.6

Infrared evaporating system for
the treatment of a radicactive wasteg(59)
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