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ABSTRACT

The method of decontaminating enriched U-Al fuel solutions
from fission products by simultaneous treatment with gelatin and
Mny, was investigated to determine the effects of AL{NO.). and
HNO, concentrations and to optimize operating conditions. Heating
at 70 to 80°C after KMn0, addition for differing periods of time
had no significant effect on cake volume or the decontamination
factor (DFY. {ake volume and DF both decreased markedly with in-
creased HNOy and AL{NO;)a concentrations. The decreased particle
size associated with the small cake volumes at high AJ{NO;)}; con-
cgntrations is a potential cause of problems in filtration and
centrifugation of the cake., To achieve adequate decontamination
and efficient cake removal, HNO; and Al (ND;)s should be adjusted
te <M before the gelatin-MnD; treatment and concentration of the
feed for solvent extraction should be performed after the strike.
Retention of uranium, neptunium, and plutopium in the MnO,-gelatin
cake iz decreased to acceptable levels by five washes with 0.1M HNG,.
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THE DECONTAMINATION OF DISSOLVED U-Al FUEL BY
SIMULTANEOUS TREATMENT WITH GELATIN AND MnQ,

IRTRODUCTION

Mn0y precipitation®~’ and gelatin treatment® have been used
as head-end operations to remove fission products and to clarify
solutions of nuclear fuels prior to solvent extraction processing.
The combined strike, simultaneous formation of Mad,; and gelatin
precipivates, has been emploved st the Savannah River Plant {(8RP)
as a head-end treatment in processing enriched U-Al and Uy0a-Al
fuels.

In wminlature wmixer—-settler tests of a new (7% TBP) enriched
uranium {lowsheet with actual SRP feed solutions, the combined
styike produced a precipitate that settled qulte slowly and £il-
tered inefficiently. Plant operation with the same feed had
shown nearly gquantitative carryovery of manganese intoe the feed,
indicating that the Mnl; cake either redissolved or centrifuged
poorly.  This study was therefore conducted to determine which
process variables were vesponsible for the inefficient operation
of the combined strike, The effects of simmer time, aluminum
nitrate, and nitric acid concentration on cake volume and decon-
tapination efficiency were investigated. In addition, retention of
Y, Np, and Pu in the MnQ;-pelatin cake was studied as g function
of aluminum nitrate and nitric acid concentrations.

Previous studies include an investigation of MnQ; precipita-
tion {without gelatin) in mitric acid solutions containing alum-
inun nitrate.® Alsc, several tests have been conducted at SRP to
determine the effect of various operating conditions on Zr-Nb
decontamination by MnO; precipitation and by the combined strike.

EXPERIMENTAL

Combined MnDg-gelatin strikes were conducted by adding 1.4
Bl of 1% gelatin and 1.8 ml of 25% Ma(NO:)z to 200 ml of the de-
sired HNOa~AI{NO3)3-U0p (NO3) 2 sclution, heating the mixture to 70 to
80°C with stirring at 800 rpm, and adding 10.6 ml of 3% MO, at
a rate of 2 mi/min. The resulting slurry was maintained at 70 to
B07C {"simmered") with stirring, usually for 15 min. Four samples
{10 to 15 m1) of each slurry were centrifuged 10 min at 1700 rpm,
and the four cake volumes were measured and averaged. Cakes were
washed five times with 2 cake volumes of 0.1M HNOj3 and dissolved
in HNOs-NaNO:; for uranium and gross o(Np-Pu) analyses.
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For measgurement of decontamination factors, HNO3-AL{NDy)g~
U0, (N0sY; solutions were prepared containing 10™*M each of cesium,
ruthenium, zirconmlum, and cerium; these solutions were then spiked
with diluted SRP feed solution containing V10® gamma dis/{(min-ml)
of mixed fission products. Decontamination factors were obtalined
from gamma pulse-height, crystal scintillation, and Geiger-Mueller
counting {for beta emitters) of samples before and afrer precip-
itation. Corrections were made for volume changes due to reagent
additions, but volume changes due to evaporation were neglected
unless prolooged simmer times were used,

Gelatin, 308 Mo(N0i3)z, and 6% XMn0, were obtained from SRP.
A1l other chemicals were reagent grade.

RESULTS

Effect of Simmer Time

The effect of varying the simmer time following KMaO,.
addition was Investigated; a time of 1 to 2 hr at 70 to 80°C is
normally used in plant operations.” As shown in Figtre 1, simmer
time had no significant effect on the cake volume,* and no effect
on filtering or centrifuging efficiency would be sxpected. Alse,
the data in Table 1 indicate that decontamination factors (DFs)
are not strongly affected by the length of the sgimmering period,
in avtual feed sclutions contalning high levels of activity, DFs
have been ohserved to decrease with prolonged simmer times,?
Therefore, an extended simmer time is unnecessary and possibly
delatericus. A& simmer time of 15 min was used in this study,

The choice of cother operating conditions, such as temperature
and stirring speed, was based on previous studies® - and/or
experimental sguipment limitations.

Effact OF AT(NO;). And HNOs Concentrations On Cake Yolume

Increased A1{NCs)s and HNO, concentrations resulted in
decressed MnO-gelatin cake volumes (Figure 2). In a previous
investigation of MnO, precipitation without gelatin, cake
volumes also decreassed as HNO, Increased, but, in contrast to
the rvesults of the present study, cake volumes were observed
to increase as AL(NOs)s increased.® This difference cannot be
attributed to the presence of gelatin because our results for 2M
HHOs were eszsentlally unchanged when gelatin was omitted.

*Cake volume is a useful criterion for judging performance of the
precipitation because it is velated to the density, structure,
and surface area of the Mnl,.
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FIGURE 1. Effect of Simmer Time on Mn0,-Gelatin Cake Yolume
[Precipitated from 1.0M HNOs-Z.5M AT(NOs¥s]

TABLE 1

Effect of Sfmmer Time on Decontamination”

Degontepnination Footor

E?wwgr T, Fu g g A nb
min
5 1.3 1.0 1.0 4.6 3.7
15 1.7 1.0 1.0 4.3 3.6
30 1.4 1.0 1.1 3.8 3.4
120 1.5 1.2 1.3 3.7 3.9

2. Bolution composition was 1M HNO,-2M A1(NOs)s-4 g U/E,

-
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FIGURE 2. Effect of Aluminum Nitrate and Nitric Acid
Concentrations on Mn0,-Gelatin Cake Volume

A decrease In cake volume offers some advantages. For
gxanple, in cake washing, small cake volumes increase the degree
of dilution caused by each fresh wash solution.® In addition,
precipitates with small volumes have been centrifuged more easily
in Purex processing. However, the latter sffect does not apply
to the type of solutions used in this study; precipitates with
small czke volumes settled very slowly in the viscous, concen-
trated AY{NOs}s solutions, and the solutions were often cloudy
after centrifugation. The small particles produced at aluminum
concentrations »IiM often passed through medium frit filters in
laboratory tests. In plant operations, small particle size
could result in increased carryover of Mn0; into the centrifuge
run tank and possible rveaction during storage with radiolytically
produced nitrite. Subsequent valence adjiustment could be less
efficient due to the reaction of entrained Mn0; with the reductant.

Both occurrences are possible explanations for the recently observed
high manganese concentration in SRP solvent extraction feed.

Effect of AT(HOs); and HNO, Concentrations on Decontamination

The effect of HNO, concentration on decontamination effi-
clency is shown in Figures 3 and 4, Decontamination factors for
zivconium and olobium are very gensitive to HND, concentration,
but D¥s for the other fission preducts are almost unchanged by

-



varying the HNUO:; concentration from 0.5 to 2M. Similar effects
woere observed when the AL{NQ,) s concentration was increased in
1M HHOy (Figure 5). In this case, the DF for ruthenium also
decreased markedly, although somewhat irregularly, as AL(NOg),
increased. The resulis of this work are in agreement with those
of previcus plant tests on decontamination of enriched uranium
solutions with the combined strike (Table 2., The plant test
data indicate that a Zr-Nb DF of »10 can be attained with a
conbined strike in a sufficiently dilute raw metal solution.
Increasing the HNO, and AL(NOs),s concentrations by evaporation
before the strike severely decreased the attalnable DF,

Henry® previously investigated the effect of AL(NOs); con-
centration on DPe obtalned in G.5M HNO, by MnO, precipitation
without gelatin., DFs reported for 0.5 HN); in the present report
are comparable to these of the previous work for zirconium, nioblum,
and ruthenium, but the gross gamma and gross beta DFs are lower.

The lower resulis wmay be caused by the use of different figsion
product mixtures in the experiments rather than from an effect of

the presence of gelatin,
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CIGURE 3. Effect of Nitric Acid Concentration on Decontamination
Factors in 1M AT{NO;); Solutions
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TABL

Decontamination Factors in 1M HNO; Solutions

£ 2

Filant Tests of Combined Mnl,-Belatin Strike

Tagt

Solutiom YO, M

a 2.3

i 0.6

b 0.6

o 1.4

& 1.4

@, Conventrated disscolver solution

Dlluted disscliver solution

AL(NGs ey M

1.8
0.4
0.4
0.8

0.8

Haw mersal solution as recelved from dissolver

wll~

Zr-¥b DF
1.9
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Retention of Uranium, Neptunium, and Plutonium in the Mn0,-Gelatin
Cake

Hetention of wranius and peptunium-plutonius in the wnwashed
Malz~gelatin cake varied from 2 to 4.3% and 2.4 rto 5,17 respec-
tively, In agreement with a previous study,’ uranium vetention
decreased as the HNU, concentration increased, WNo definite
relationship could be established between product retention and
£1{N04}s concentration. As shown in Figure 6, four to five
washes with 0.1¥ HNO,; were sufficient to remove nearly all of
the adsorbed uranium. This procedure decreased uranium retention
to <0.15% and neptunium~plutonium retention to <0.2% for all
solutions tested. Similar losses have been reported in MnOa
precipitations with ne gelatin present.®

t ! 1 H

Cave Precipitated from
O 1 HNOy ~ O.5M AKNGsly -4 g UdZ

o 1M HNOz - 2.5M AHNOglz~ 4 g UM

Uranwm Retention in Coke, %

H §
o t 2 3 4 5
Wash Number

FIGURE 6. Washing of Centrifuged MnO.-Gelatin Cake
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CORCLUSTONS

Eaged on previcus studies znd the results of this work, the
optimm conditions for conducting the combined MnO,-gelatin strike
at SRP ave:

BNy <iM

AL{NO,) 4 <1M

Temperasture: 70 to BOC

Stirring Speed: Maximum rTate commensurate

with safe operation

Sipmer Tige: Minimwm permitted by operating
requirements

Cake Washes; 5 washes with 0.IM BNOj;

Current plant operation dncludes concentrating the dissolver
solution to 1,84 A1°Y before conducting the combined strike.
Then, after slight dilution by jet transfers, the feed sclution
iz adjusted for solvent extraction processing. To achleve the
cptimum HNOy and AL(HOy)s concentrations, either the strike must
be performed before concentration of the dissolver solution, or
the goluzion wmust be diluted before the strike, Both apprraches
have been shown in plant tests to lmprove decontamination from
Zr-¥b, Also, carrvover of MnOp into the feed sclution may be de-
cressed by improved centrifugation of the cske in the morve dilute,
lase viscous solutions. Concentration of the feed as required for
solvent extraction would be performed after the strike. Operation
in this manner should remove wost Zr-Nb from the soclution, while
the current mode of operation is much less effective in this
respeck.
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