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ABSTRACT 

The method of decontaminating enriched U-AI fuel solutions 
from fission products by simultaneous treatment with gelatin and 
MnOi was investigated to determine the effects of AleNO,), and 
!lNO, concentrations and to optimize operating conditions. Heating 
at 70 to 80°C after KMnO, addition for differing periods of time 
had no significant effect on cake volume or the decontamination 
factor (DF). Cake volume and DF both decreased markedly with in
creased rlNO, and Al(NO,) , concentrations. The decreased particle 
size associated with the small cake volumes at high AlCNO,), con
centrations is a potential cause of problems in filtration and 
centrifugation of the cake. To achieve adequate decontamination 
and efficient cake removal, rlNO, and Al (NO,h should be adjusted 
to <1M before the gelatin-MnOz treatment and concentration of the 
feed for solvent extraction should be performed after the strike. 
Retention of uranium, neptunium, and plutonaum in the Mn02-gelatin 
cake is decreased to acceptable levels by five washes with O.lM [lNO,. 
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THE DECONTAMINATION OF DISSOLVED U·AI FUEL BY 
SIMULTANEOUS TREATMENT WITH GELATIN ANO MuO, 

INTRODUCTION 

MnO, precipitation ' _7 and gelatin treatment" have been ueed 
aa 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 MnO, and gelatin 
precipitates, has beeo employed st the Savannah River Plant (SRP) 
as a he8d-end treatment in processing enriched V-AI and V,O.-AI 
fuels . 

In miniature mixer-settler tests of a new (71;,% TBP) enriched 
uranium flowsheet ,;lith ae tual SRP feed solutions, the combined 
strIke produced a precipitate that settled quite slowly and fil
tered ineffiCiently. Plant operation with the same feed had 
sho,,'n nearly quantitative carryover of manganese into the feed, 
indicating that the MnO, cake either redissolved or centrifuged 
poorly. This study was therefore conducted to de1;ermine which 
process varJ.ables were responsible for the inefficient operation 
of the combined strike. The effects of simmer time, aluminum 
nitTate, and nitric acid concentration on cake volume and decon
tamination efficiency were investigated. In addition, retent ion of 
U, Np, and Pu in the ~ln02-gelatin cake was studied as a function 
of aluminum nitrate and ni tric acid concentrations. 

Previous studies include an investigation of MnOz precipita
tion (wi thout ge latin) in ni trl. c acid solutions containing al UDl

inum n1tr-llt.(c. o Also, several tests have been conducted at SRP to 
dHermine the effect of various operating conditions on Zr-Nb 
decontamination by MnOz precipitation and by the combined strike. 

EXPERH1ENTAL 

Combined ~!n02-gelatin strikes were conducted by adding 1.4 
ml of g gelatin and 1.8 ml of 2St Hn(NO,) 2 to 200 m! of the de
sired HNO,-Al(N03) 3-UOZ (N03h solution, heating the mixture to 70 to 
80"e with stirring at 800 rpm, and adding 10.6 ml of 3% KMnO, at 
a rate of 2 ml!min, The resulting slurry was maintained at 70 to 
80"e ("simmered") ~'ith 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 () .114 HN03 and diss01 ved 
in rm03-Na~02 for uranium and gross a(Np-Pu) analyses. 
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For measurement of decontamination factors, ENO.-AI (NO. h
UO.(NO s). solutions were prepared containing 10-iq each of cesium. 
ruthenium, zirconium, and cerium; these solutions were then spiked 
with diluted SRP feed solution containing ~lO' gamma dis/{min-ml) 
of mixed fission products. Decontamination factors were obtained 
from gamma pulse-height, crystal scintillation, and Geiger- Mueller 
counting (for beta emitters) of samples before and after precip
itation. Corrections were made for volume changes due to reagent 
additions, but volume changes due to evaporation were neglected 
unless prolongod simmer times were used. 

Gelatin, 50% Mn(NO.)., and 6% KMn04 were obtained from SRP. 
All other chemicals were reagent grade. 

RESULTS 

Effect of Simmer Time 

The effect of varying the simmer time following KMn04 
addition was investigated; a time of 1 to 2 hr at 70 to eo°c is 
normally used in plant operations.' As shown in Fighre 1, simmer 
time had no significant effect on the cake volume,· and no effect 
on filtering or centrifuging efficiency would be expected. Also, 
the dats in Table 1 indicate that decontamination factors (DFs) 
are not strongly affected by the length of the simmering period. 
In actual feed solutions containing high levels of activity, DFs 
have been observed to decrease with prolonged simmer times,' 
Therefore, an extended simmer time is unnecessary snd possibly 
deleterious. A simmer time of 15 min was used in this study. 
The choice of other operating conditions, such as temperature 
and stirring speed, was based on previous studies S -

7 and/or 
experimental equi.pment limitations, 

Effect Of A1(NO,), And HN0 3 Concentrations On Cake Volume 

Increased Al(NO,), and RNO, concentrations resulted in 
decreased MnO,-gelatin cake volumes (Figure 2). In a previous 
investigation of MnO, precipitation without gelatin, cake 
volumes also decreased as RNO. increased, but, in contrsst to 
the results of the present atudy, cake volumes were observed 
to increase as Al(NO.). increased,' This difference cannot be 
attributed to the presence of gelatin because our results for 2M 
RNO. were essentially unchanged when gelatin was omitted. 

'Cake volume is a useful criterion for judging performance of the 
precip:ltat ion because it is related to the density, structure, 
and surface area of the HnOz' 
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FIGURE 1. Effect of Simmer Time on MnOz-Gelatin Cake Volume 
[Precipitated from 1.OM HNOs-2.5M Al(NO.'.] 

TABLE 1 

Effect of Simme,· Time 00 Decontamioationa 

Deeontamir'tation FactoX' 
Si.:mw.'Y' Time:> rr" C:s Ce Zr Nb 
rwin 

5 1.3 1.0 1.0 4.6 3.7 

15 1.7 LO LO 4.3 3.6 

30 1.4 1.0 1.1 3.6 3.4 

120 1.5 1.2 1.3 3.7 3.9 

,I. Solution composItion was 1M HNO,-2H Al(NO,),-4 g U/t. 
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FIGURE 2. Effect of Aluminum Nitrat~ and Nitric Acid 
Concentrations on Mn02-Gelatin Cake Volume 

A decrease in cake volume offers some advantages. For 
example, in cake washing, small cake volumes increase the degree 
of dilution caused by each fresh wash solution,' Ln addition, 
precipitates with small volumes have been centrifuged more easily 
in Purex processing. However, the latter effect does not apply 
to the type of solutions used in this study; precipitates with 
small cake volumes settled very slowly in ~he viscous, concen
trated Al(NO,), solutions, and the solutions were often cloudy 
after centrifugation. The small particles produced at aluminum 
concentrations >lM often passed through medium frit filters in 
laboratory tests. In plant operations, small particle size 
could result in increased carryover of MnOz into the centrifuge 
run tank and possible reaction during storage with radiolytically 
produced nitrite. Subsequent valence adjustment could be less 
efficient due to the reaction of entrained Mn02 with the reductant. 
Both occurrences are possible explanations for the recently observed 
high manganese concentration in SRP solvent extraction feed. 

Effect of Al(NO s ), and HNO, Concentrations on Decontamination 

The effect of HNO. concentration on decontamination effi
ciency is shown in Figures 3 and 4. Decontamination factors for 
zirconium and niobium are very sensitive to RNa. concentration, 
but PYs for the other fission product~ are almost unchanged by 
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varying the UNO, concentration from 0.5 to 2M. Similar effects 
were observed when the Al(ND.). concentration was increased in 
IN ENO, (Figure 5). In this case, the OF for ruthenium also 
decreased markedly, although somewhat irregularly. as Al(NO.), 
increased. The results of this work are in agreement with those 
of previous plant tests on decontamination of enriched uranium 
solutions with the combined strike (Table 2). The plant test 
data indicate that a Zr-Nb OF of >10 can be attained with a 
combined strike in a sufficiently dilute raw metal solution. 
Increasing the RNO. and Al(NO,), concentrations by evaporation 
before the strike aeverely decreased the attainable OF. 

Renry' previously investigated the effect of Al(NO.l. con
centratiDn on DFs obtained in O.SM RNO. by MnO, precipitation 
without gelatin. DFs reported for O.SM UNO. in the present report 
are comparable to those of the previous work for Zirconium, niobium. 
aud ruthenium, but the gross gamma and gross beta DFs are lower. 
Tbe lower results may be caused by the use of different fission 
product mixtures in the experiments rather than from an effect of 
the presence of gelatin. 
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FIGURE 3. Effect of Nitric Acid Concentration on Decontamination 
Factors in 1M Al(N0 3 ), Solutions 
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FIGURE 5. Effect of A1uminum Nitrate Concentration on 
Decontamination Factors in 1M HN0 3 Solutions 

TA8LE 2 

Plant Tests of Combined MnO,-Gelatin Strike 

'refit 
So li.!.ti(,r, f1/'J(J :l., " ,>:) 4!(!JO?')l.l' /} Z:J;.-Nb DF 

a 2.3 1.6 1.9 

h 0.6 0.4 12 

b 0.6 0.4 14 

() 1.4 0.8 27 

(~ 1.4 0.8 14 

u~ Concentrated dissolver solution 

D"ilut.ed dissolver solution 

" Raw metal solution as received from dtssolver 
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Retention of Uranium, Neptunium, and Plutonium in the Mn0 2 -Gelatin 
Cake 

Retention of uranium and neptunium-plutonium in the unwashed 
MnO.-gelatin cake varied from 2 to 4.5% and 2.4 to 5.1% respec
tively. In agreement with a previous study,' uranium retention 
decreased ss the RNO, concentration increased. No definite 
relationship could be established between product retention and 
Al(NO.). concentration. As shown in Figure 6, four to five 
washes with c.lM 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 MnO. 
precipitations with no gelatin present.' 
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FIGURE 6. Washing of Centrifuged Mn02-Gelatin Cake 
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CONCLUSIONS 

Based on previous studies and the results of this work, the 
optimum conditions for conducting the combined MnO.-gelatin strike 
at SRP are: 

!lNO,: <1M 

Al(NO,),: <1M 

Temperature: 70 to aooe 

Stirring Speed: 

Simmer Time: 

Cake Washes: 

Maximum rate commensurate 
with safe operation 

Minimum permitted by operating 
requir emen ts 

5 washes with O.1M !lNO, 

Current plant operation includes concentrating the dissolver 
solution to "'1. 8M Al'+ before conducting the combined strike. 
Then, after slight dilution by jet transfers, the feed'solution 
Is adjusted for solvent extraction processing. To achieve the 
optimum !lNO, and Al(NO,). concentrations, either the strike must 
be performed before concentration of the dissolver solution, or 
the solution must be diluted before the strike. Both approaches 
l,ave been shown in plaut tests to improve decontamination from 
Zr-Nb. Also, carryover of MuO. into the feed solution may be de
creased by improved centrifugation of the cake in the more dilute, 
less vJscous solutions. Concentration of the feed as required for 
solvent extraction would be performed after the strike. Operation 
in this manner should remove most Zr-Nb from the solut'ion, while 
the current mode of operation is much less effective in this 
respect. 

ACKNOWLEDGMENT 

The author would like to thank J. H. Dickson of the Works 
Technical Department of the Savannah River Plant for supplying 
plant test data on decontamination of enriched uranium feed 
solutions. 

-13-



REFERENCES 

1. H. G. Hicks, C. G. McCormack, and W. E. Roake. Laboratory 
Demonstration of Redox Feed Head-End Treament, Ruthenium 
VolatiUzaUon and Manganese Dioxide Scavenging. USAEC 
Report HW-22076, Hanford Atomic Products Operations, 
Richland, WA (1951). 

2. An Investigation of the KMnO,,-MnO, Head-Bnd Procedure for 
RemovaZ of Ruthenium and Niohiwn-Zi1'conium. USAEC Report 
KAPL-795, Parts T, II, and III, Knolls Atomic Power 
Laboratory, Schenectady, NY (1952-56). 

3. D. G. Karraker and S. G. Parker. Evaluation of the Reve1'se 
StPike Head-Bnd Procedure. USAEC Report DP-259, E. I. du Pont 
de Nemours & Co., Savannah River Laboratory, Aiken, SC (1957). 

4. J. T. Grace, H. E. Henry, and D. G. Karraker .• Precipitation of 
Manganese Dioxide. USAEC Report DP-346, E. I. du Pont de 
Nemours & Co., Savannah River Laboratory, Aiken, SC (1958). 

5. H. E. Henry. Manganese Dioxide Precipitat'ion in Uraniwn
Aluminum Nitrate Solutions. USAEC Report DP-347, E. I. du Pont 
de Nemours & Co., Savannah River Laboratory, Aiken, SC (1959). 

6. H. J. Clark, Jr. Improved Method for Precipitating Manganese 
Dioxide. USAEC Report DP-444, E. I. du Pont de Nemours & Co., 
Savannah River Laboratory, Aiken, SC (1960). 

7. A. A. Kishbaugh. 
Head-End Step in 
E. 1. du Pont de 

Semiworks Evaluation of the Manganese Dioxide 
the Thor'ex Process. USAEC Report DP-982, 
Nemours & Co., Aiken, SC ·(1965). 

8. H. J. Groh. Removal of Silioa from Solutions of Nuclear Fuels. 
USAEC Report DP-293, E. I. du Pont de Nemours & Co., Savannah 
River Laboratory, Aiken, SC (1958). 

-14-




