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ABSTRACT

An improved method for preclpltating manganese
dloxlde was demonstrated that significantly
increases the allowable feed rate of the Purex
head end centrifuge. The effects of several
process variables are discussed.
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IMPROVED METHOD FOR PRECIPITATING MANGANESE DIOXIDE
INTRODUCTION

A "head end" or feed preparation step 1s used prior to solvent
extractiocn in the Purex process to remove 60-80% of the filssion
product activity that accompanies the uranium and plutonium and to
remove any particulate matter that would interfere with solvent
extraction. The commonly used head end process conslsts of the
formatlon of a preclpltate of manganese dloxlde followed by the
removal of this precipltate by centrifugation. In this application it
18 deslrable that the precipltate be formed by addling potassium
permanganate te a golution to which an excess of manganous nitrate has
previocusly been added.

Previous work at SRL(l) satlsfactorlly demecnstrated on & large scale

a procedure for producing the manganese dicxide precipitate and showed
the effectiveness of a solld bowl centrifuge for removing this
precipltate from the solution.

Subsequent small-ascale Investigations in the laboratoryta) showed that
vigorous agitatlon of the reactant materials during precipitation
reduced the bulk volume of the manganese dioxide. This report covers
semiworks studles to determine the feasibillity of producling the more
dense precipiltate 1n large eguipment and to confilirm the centrifugling
characteristics of the precipltate.

SUMMARY

An 1mproved method for precipltation of manganese dioxide was
demonstrated in plant-scale equipment and was shown to increage the
procesalng capacity of the Purex head end step silgnificantly. The
equipment modifilcations to produce this preclpitate were; 1) a shroud
mounted around the upper of two paddles in the precipitation tank,

2) a line to feed potassium permanganate solution 1nto the shroud, and
3) an lncrease in the agitator speed. The results obtained are
summarized below:

1. The precipltate could be centrifuged at flve times the
rate t??? could be obtalined with the precipitate formed by the older
method .

2. The precipitate formed at 160°F by ghe new method could
be centrilfuged as readily as that produced at 190 F. Operatlon at
lower temperatures 1s desirable to reduce volatilization of ruthenium.

3. The total capaclity of the centrifuge bowl was increased
as a result of the lncrease 1n precipitate density, and the resulting
cake could be washed more efficilently. Three cake washes were
necessary for a cake of normal size; five washes were necegsary when
the size of the cake was doubled.




4, The cake was readily slurried from the centrifuge bowl
and remained in suspension while the slurry was discharged through
piping that simulated a waste dilsposal header.

DISCUSSION
EQUIPMENT

The semiworks installation, Figure 1, consists of a solid bowl
centrifuge plped to exlsting tanks to make a complete system. Details
regarding the equipment may be found 1n a previous report ). The
modificatlons made to the equipment previously described were the
addition of a shroud arcund the top paddle of the agitator and a feed
line for KMnO, solution leading into the shroud. These modifications
are shown in Figure 2. The hydraulic-pneumatic skimmer sysfem wasg
replaced with a manual skimmer to facilitate "cold" operations.
Various Jet changes were made as necessary to change feed rates.
Modificatlons were made so that the agitator speed could be Increased
to 130 rpm. Previous studles had been made at 8% rpm.
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FIGURE 1 - APPROXIMATE ARRANGEMENT OF SEMIWORKS HEAD END TEST EQUIPMENT




1

- KMnO, Feed

Line

Normal to Shroud

Flat Paddles
5'* High x 26'' OD

8. 6.’ X 9.
Tank "

12 Shrouds Equally Spaced
Tangent to 28" Dia. Circle
and Extending to 32%'' Dia.
Scribed Circle

FIGURE 2 -~ DETAILS OF THE AGITATOR IN THE STRIKE TANK

PROCEDURE

The several variables studled which mlght affect preclpltate propertiles
were; the solutlon temperature, agltator speed with and without the
shroud, KMnQO, addition rate, and point of addition of the KMnO4.
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Laboratory studles were made to determine the effect of salt
concentration and acidity.




The procedure used for precipitation of the MnO= 1s generally described
as follows. The simulated dissolver solutlon, approximately 2000 )
gallons of 1.3-1.4M UO=2(NOa)z adjusted to 0.1-0.4N HNOs, was added to
the strike tank. Sufficient Mn(NOs)z, about 85 pounds, was added, to
leave a 15% excess after MnOez precipltation. The solution was

agltated throughout the precipitation step. Approximately 4% pounds

of KMnO4, as a 5 welght per cent solution, was added at a rate of

4.20 pounds of scolution per minute to the strike tank. The temperature
of the strike tank was maintained at either 160 or 190°F. In each run
approximately 60 pounds of Mn02 wag precipltated. The strike tank was
subsequently cooled to 100° F, and the solution transferred by Jet to
the centrifuge. Thls tranafer was made at rates varylng from 5 to

25 gallons per minute, but the rate was kept constant durlng any one
run. The centrifuge speed was maintained at 1700 rpm. No simmer
period was incorporated elther after Mn{NOz)> additlon or after KMnO,
additlon.

After completion of the centrifugation the remaining supernate was
glcimmed from the bowl. The cake was then subJected to five successive
washes. In each wash approximately 25 gallons of 0.1M HNOs, to prevent
peptization of the cake, was sprayed against the bowl at about 600 psi.
The resulting mixture was slurried by alternately rotating and suddenly
braking the bowl. The cake was then recentrifuged and the wash
solution skimmed from the bowl.

Following the last wash the cake was again slurried with 0.1M HNOs
and, whlle sti1ll a slurry, Jetted to a hold tank. This procedure was
repeated three more times to rinse all cake from the bowl. The
slurried solution from the centrifuge, containing approximately 10% by
welght of MnOz, was recycied at 100 gallons per minute through the
simulated waste header system shown in Flgure 3.
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FIGURE 3 - MOCKUP OF WASTE HEADER
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EXPERIMENTAL RESULTS

The Appendix shows a summary of the runs made on large-scale equipment.
In each run one or more varilables were changed from previous runs to
best determine the effect of each variable. The results from
observations during the runs and from the data are summarized below:

1. A faster-settling precipiltate, whlch can be fed to the
centrifuge at five to six times the original process rate of 4.5 gpm,
was produced by the addition of a shroud around the top agltator
paddle and a 1line to feed the KMnO, at the shroud. (Run 12)

2. The precilpitate when formed at 160°F at an agltator
gpeed of 120 rpm was as easlly processed as that preduced at 190°F
at an agitator speed of 100 rpm. (Runs 1, 2, 3, and 9)

3. The cake volume was approximately doubled when the KMnO4
addition rate was increased from 5 to 20 pounds per minute with good
agitation in each case. (Runs 7 and 8)

4., Decreasing the KMn0Os addition rate when striking with
moderate agltation was not, by itgelf, sufficlent to reduce the cake
volume. (Runs 10 and 11)

5. The decontaminatlon factors, based on UX; activity,
were found to be similar (approximately 3) to those obtailned by the
forward strike.

6. Tests in the semiworks and in the Savannah River
Laboratory showed that the degree of turbulence of the Mn(NOa)2z
gsolution in the 2zone to which the KMnO4 is fed and the feed rate of
the KMnO, are the two most significant varlables affecting precipitate
properties. (Figure 4)

7. The variables of temperature, acidity, and salt
concentration investigated in the laboratory, had slight effect on
the properties of the precipitate. (Flgure 5)

The effectliveness of the wash procedure iz controlled by two factors.
The first 1s the volume of the cake whilch, when large, reduces the
degree of dilution obtained by each fresh wash charge. The second
factor is the completeness of supernate removal after each wash. In
the semiworks test the skimmer was manually operated; therefore, in
some washes more supernate was removed than in others, depending on the
amount of cake beilng observed in the wash discharge.
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Figure 6 shows the different wash curves that are cbtalned on
eggsentially the same type cake. Since the modified procedure produces
a more compact cake, the skilmming cperation can be more effective in
removing supernate without removing any cake. An increase in wash
efficiency is also obtained by the greater dilution of each successlve
wash solution. Thls Increased efficiency is also shown in Figure 6.
The reduced volume of the cake not only permits hlgher capacity in

the head end equlpment but alsc yields the added advantage of 1mproved
cake washing. This washing improvement can be used either to reduce
losses to fthe cake or to reduce recycle volume by reducing the

number of cake washes. Fewer cake washes would also reduce the
operatlon time cycle.

Three rinses were shown to be sufficient to remove all cakes from the
bowl regardless of the caka propertles. One exception was the removal
of the double, 120-pound cake. Three rinses falled to remove all

cake from the wall due to the excess cake volume and the greater
degree of packing. Two or three further rinses would be necessary to
rinse the bowl clean.
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FIGURE 6 ~ EFFECTIVENESS OF WASHING

The uranium losses to the cake were determined by analysils of the
slurried cake sclution. The loss figures are shown in the Appendizx.
The variation 1n leoss 1s attributed teo the wash step and cake
properties and is not affected by the cake removal procedure.

The test made to determine the behavior of the more dense cake when
disposed of as a slurry through the simulated waste header sghowed no
accumulation of MnQz after several hours of recycling. Results were
gsimilar on both the dense and the more voluminous preclpitates.

2l Ol [,

H. J. Clark, Jr.
Separations Engineering Divlislon
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