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I1.

-incomplete conversion and approximately a two-féld increase in pr

In the dry chemistry Process of the Metal Pabrication Bujilding, plutonium
oxalate as received from the Isolation Hnuilding is converted to plutionium
tetraflnofide and the flucride is then reduced to the metal.  The axalabe-
fluoride conversion involves oxidation of the oxalate and subsequent fludrination
of the oxide, utilizing anhydrous HF gas. mwepmticn is: practiced. Thé standard
bateh for the period covered by this report was 400 g. Pu.

®
Since startup of the RMA Iine in the 2345 Building, the time tG: esfwa the
oxalate-fluoride conversion in Task 1T has been. steadily reduced. The initial
Task II time.cycle of 8.25 hours has been cut to 4.33 hours primarily by
reducing the temperature of the fluorination cycle and the time required at .
that temperature. Both of these variables were reduced under controlled conditions .
in a stepwise manner. ‘The use of preheated process gages aided material'ty in
accomplishing these cycle reductions. The overall effects on %
been a large decresse in -the number of refluorinstions required

capacity for Task II. 'A moderate increase in the production of the trifT
occurréd but reduction yilelds have remained: high and product purities ha.ve not
been affected. The major cycle improvements and their effects are smmnarized
in Table I belows L]

1. Reduced the fluorination Deténber 1952
period at 606C from. 2
hours to 1 hour.

2. Reduced the drying period December 1952

at 190C from 1 hour to . °
15 mimutes. - '
. .
3. Reduced the furnace January 1953 . .
purging period after : .

fluorination from 1}
hours to 15 minutes.

. e e
4. Combined the drying and  September 1953 Reduced the time cycle from
oxidation steps. o 5.25 hours to 4.42 hours.
5. Instituted the use of  Pebruary 1954° Reduced the refluorination rat
. preheated process gases. by about 35%. o _
, o _
6. Reduced the fluorination April 1954 Reduced the reflucrination rate
temperature from 600C o by about 50% and decreased the
oto 450C. R ) time cycle from 4.42 hours to

. 433 hours,
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® The original cycle was arranded so as to effect the following steps during
the couversion of plutonium oxalate to plutonium tetrafluoride: (1) Drying
of the oxalate cake? (2) Oxidation of the oxalate; (3) Fluorination of th
° oxide, Heat and air were usgd to aid the drying step with some decomposit:
© to the oxide occurring. Additional heat in conjunction with the alr was
applied to cemplete the oxidation. During the last part of the cycls, the :
oxide was converted to the tetrafinoride bty contact \?if.h anhydrous HF gas.

o A small amount of oxygen was combined with the HF to insure an oxidizing
atmosphere and prevent redifttion of Pufb to Pug‘3 by any reducing atmosphere-
which may have been present. The amount of HF supplied dufing the cycle was
.approximate}y ten times,that necessary to stoichiometrically convert an
%verage size datch of the plutonium oxalate (400 g. Pu) to the tetrafluo:
Production of PBuF; could be visually confirmed by the pink colbr normally
associated with tetrafluoride powder. In the event any PuOp remalned af*

® completion of the cycle, as evidenced by a green cclor, the run was reproc
under an abreviated fluerination procedure.q .
. . L] L ]
Eguipment ,
° L J o9
° oo The fluorination equipment consists of furnaces equipped with service lin

for supplying HF, 02, and drying air (érying air is also used for furnace
purging after fluorinatitn). External resistance windings supply heat to-
o e fuirnaces. ‘¢The furneces and windings are surrounded by cooling jackets thrd
which cooling air can be forced to aid in cooling down from the fluorinat:
o vemperature, The oxalate is contained in platinum linelboats, which have
™ sintered platinum discs in the bottem poriion of the liners, Water jets
supply vacuum to the furnaces through offgas lines comnected to the bottom
of the bosis. Process gases which are dbntrolled by rotameters, enter the:
furnaces at the furnace door and are drawn down through the ceke, out throug
the sintered discs, and are then exhausted through the jets.
o .

An overall fluorination cycle of 8.25 hours was in effect at startup of &
RMA Line in March of 1952 (see Fig.®l). It consisted of a 1.00 hour dryl

o Pericd at 190C, a 1.25 hour oxidation period at 300C, and a 2.00 hour fluo
period at » The HF-02 mixture was admitted after the indicated furnace
temperature had been at 300C for apprrximately one hour. After fluorinatio

P e had been completed and cooling had stareed, jacket cooling air was turned o
at 550C. The HF and 0y was turned off at 175C and a furnace air purge was

o started. FPurnace unloading was not performed until a 3 hour purge périod:

° elapsed. This cycle was utilized fow eight months,

o When, on several occasions water from the water jets backed up into the bhoas

an attempt was made to eliminate the pracfice of dpawing the process gases

- down through the boat, but merely imtroducing the gases into the furnaces -

© fluorinating by diffusion was not very successful. In spite of inecreasing

P2 ﬂugr:‘.x;atimo pericd to 4 hours at 600C, poor HF-cske contact resulted and
. : . °
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refluorination rate seldm‘t}mpped below 25%. By December of 1952 the
praetie"e of drawing the process gases down through the boat had been resumed,

° ° .

X o -
o °
Initisl Reducticns . ° o« ®
° ° ™ L v '
. ° In December of 1952 the first changes in the cycle were made. Portions of ©

the cycle were considered excessively long when combined®with the %rawing
ofgthe process gases through the cake. The oxalate cakegas.chiarged to the
furnace in most cases was of firm consistency and appeared to contain little
moisture. This suggested thatP & shorter drying period miglt-be feéasible.
In view of the large excess of HF utilized during ¥he cycle, a cut in the
high temperature fluorination period was planred as was a reduction in the
long furnac® purging peri®dd after fluorination. The relative. stability of
) PuF;®toward air at temperatures up to 300C indicafed that nc 11 effects
.0 would be observed by furnace plrging and unloeding at 250¢, (L} Pirst the
drying period %t 190C was reduced from one hour to 15 minutes-end the
furnsce purging period was reduced from 1# hours beginninmg &t 175C to a
l5-minute purge beginning at 250C, No increase in the reflucrination rate

was observed, and a month later in January of 1953 the high temperature °
fluorination pgrijod at 600C was cut one hour resultlng in the5.25 hour cycle
pictured in Fig. 2. ® ° °
L4 e @ . @
La rat
) o i ¢ o

FNo changes were mfde in the cycle for the next five monthz, While'no adverse
effect was noted on the refluorination rate utilizing the reduced cycle,
neithier was there any improvement. In an effort to more clesrly:understand
the changes in the cake that occurred during the cycle, in June snd July of .
1953 a series of cake tempersature measurements were carriéed«out. A platinum-
rhodium (90FPt~10%Rh) thermocouple was placed directly in the-cake and plots
were made (Figh. 3-7) of cake temperature versus furnsce teémpersture during '
the cycle. From these plots it was obvious that: (1) "There was & considerable -
varistion in the degree of wetness of the individual cikes: ' In all cases even
when -the furnace temperature had risen to-sbove 200C, th amperatire

®wes below 100C and in most cases leveled off at 75C for varisble amounts of

o Vime.-during the drying period; (2) During the 300C oxidation period (furmace
temperature) of the standard cycle (Figs.e3Y 6 & 7) the cake temperature actually
never reached 300C. Only when the oxidation period was extended for 80 minutes
(Pig. 4) did the cske temperature reach 300C in time for the HF-03 admission;
(3) Providing the cake temperature had reached about 250C a rapid cake,
temperature rise occurred on HF-0p admis§1¢n indicating an exothermic reaction
within the cake. This temperature rise decreased prd¥ressively with lower

. ‘cake temperatures at the time of HF-Op admission. °
L4
Past Drying and Oxidation Crcle . °
¢ o ° ° °

On, the basis of the cake temperature data a "fast drying" cycle wms tried out

in an attempt to rapidly dry and oxidize the cake before HF-Op admissien.

From*%he results described above it was decided that when the cake temperature
¢ reached 250C it had dried sufficiently for }F-02 admission. A rapid heating

® °
) °
° [ J [ 4
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period o approximately 450C (furnace temperature) was %mployed followed by
aglrop to 300C in order to prevent the formation of high temperature plutonium-
oxides during the cake temperature riae occurring after HF-02 admission. High-
temperature .plutonium oxides are difficult to fluorinate(?) . :

L

Figures 8 and 9 are plots of the cake temf®rstures versus furnace temperstures.
obtained during this cycle. The cake temperature rose steadily to the point |
of HF-0O5 admission where it then rose more rapidly. After the completion of th
cycle both powders exhibited the characteristic pink color of PuF; and reduced:
with good yields. The net time savings of the new cycle was 30-45 minutes.
Nine more runs were processed utilizing the "fast drying" cycle without cske
temperature measurements. The data obtained were satisfactory and are
presented in Table T1 below:

]

® . °
Table I1
4 Reduction Yield
Bun No, Fowder. Color S Remarks .
.
e RMX 13-07-164 Pink 97.3 °
166  %ink | 95.9 &
170 Pink 95.3 ,
177 Green 95.6 Refluorinated®to Pink
181 Pink T e 86.1 ®
184 Pink 98.4 .
87 Pink — Reduced in the Development
92 Pink 97.6 Laboratory.
196  Pink ® 99.3 .
°

The good results suggested the possibility of further cycle reduc$ions by
using an even more rapid drying and oxidation cysle. Four runs which were
heated directly to 600C followed. On all runs the cake temperatures rose to .
at least 650C after HF-0p admission and on three of the runs some oxide remained
unfluorinated at the end of the cycle. 4t was apparent from the cxide produced
in the runs heated directly to 600C that some limiting factor had been exceeded;
High temperature oxides could have been formed when the cake temperature ros
past 600C.
: .

It was next decided to run a control study on the "fast dry" cycle depicted
in Fig. 10. The results obtained during August and September of 1953 are
summarized in Table I1II. (The Standard Cycle is the one described earlier
in Fig. 2). L4 :

[ ]

Table I1I° o
® [ ] ® .
. Fast Cycle

No. of Runs ® 33 . * 104

No. of Refluorinations e o 7 23
Percent Refluorinations e 21.2 22.1
Fluorination® Time/Run (min.) e 265 315
Refll.mrinacian TimesRun (min.) 145 200 '
Average Frocessing Time/Run (min.) e 296 359 s
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. While both cycles produced comparable refluorination rfites, an average
savings of.63 minutes per run was used as the basis for adoptin% the "fast
¥rying" cycle. This was done in September of 1953. e
: °
°
ea Proce;

At the same time that cycle reduction tests were geing made, an attack
on the refluorination rate was carried on from a different direction. It
was felt that during fluorination more efficient use could be gnade of the
HF gas if polymers which are known to exist at temperatures below about 60C (3)
could be dissociated by heating prior to furnace entry. Accordingly, a gas . i
preheater was designed and fabricated. The design is pictured in Flg. 13.
Monel had to be substituted as the material of comstruction because Hastalloy
e¢ Was unavailable at the time of fabrication. Calibration tests of the heater
using process gas flows and air as a stand-in gas mevealed an exit gas
:temperature of about 450C. The heater was evaluated in conjunction with the
cycle pictured in Fig. 10, All gases entering the furnace were preheated.
Out of fifty rumns processed during September and October of 1953, only %wo
required refluorination. This was & drastic improvement over the refluorination
rate of about 20% experienced during the same period through furnages not
utilizing prehcated process gases.

.
t uorinatio ature Reduction ’

The success experienced with preheated process gases offered hope of solving
another problem which was causing concern in the fluorination operation.

High temperature HF corrosion had begun t: show its effects on the equipment.
Flange welds on the furnace faces were principally affected. ZExpensive
repairs and loss of production time were the result. It®was felt that since®
oFuF, obtained by fluorinating at 500C had been successfully reduced in the .
Development Laboratory 4) s & lover fluorination temperature in conjunction with

preheated Jrocess gases would be feasible and would aid in reducing furnace
.corresion. :

On a test basis, in November of 1953, fifteen runs were fluorinated under the
cycle pictured in Fig. 11. Two refluorinations resulted. The preheater then
failed due to a weld separation. The test was continued for 49 runs, however,
without the preheaters and only one refluorination resulted. Plans were
immediately made to Sauip all furnaces with preheaters capable of heating the
gases to about 500C and to reduce the fluorination temperature below 500C.
o[n the interim the cycle In Fig. 10 was retained as standard. The improved

. preheater design is depicted in Fig. 14, Calibration runs:showed an exit gas
temperature of about 52C. For information purposes two heaters were connected
in series during one of the tests resulting in a 45C exit temperature increase,

Effect of the Preheaters
[ ] ®

In Pebruary of 1954 all furnaces were equipred with preheaters. Their effect

on the process was immediately noticeable. A decrease in the refluorindtion

rate of 42% occurred on the first 66 runs processed. At this time considerable

scaling of the pr&heater internal surfaces was discovered and in order to reduce

the scaling problem, the power input to the heating elements was reduced tc

effect a calculated drop of about 180C in the fin temperature., The resulting fin
o Lemperature of about 420C was approximate]*‘?oc below the maximm recommended

temperature for monel exposed to HF and 0%/,

»
-
- -

® -
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Furth educti th uo tiop T rature ° .
.
* Now that the prehgat.ers had proven themselves to be of value and.a 500C

. fluorination temperature had been tested with good results, a further reductibn
° in this temperature was made., Laboratory work on a small scele reductions had.

previously® shown that ifefluorination takes place at too low a t8mperature, a
significant increase in bomb pressure occurs during reducticm to the ﬁetalté) .
This increase was noted during the reduction of 300C and 400C fluorides. For
- this reason a 450Cgfluorination temperature was decided upon. 3By April of 1954
®all runs were .being processed under the cycle in Fig., 12. For comparison purpos
° e  data covering®n extended period of time from runs processed unfier the cycles
in Figs. 10 and 12 are presented in Table IV. The effect of preheaters is alsg-

brought out, 4All1 I;uns are normal 400 g. Pu batches. .

Zable IV
P ) ® ® :
o L] Cycle -~ Fig, 10 Cycle - Fig. 10 Cycle -~ Fig, 12
° oNO Preheatear With Prehester With Preheater

No. Runs 240 e 189 421

Refluorination Rate 0% ° L% o . 6%

The new cycle virtually eliminated reprocessing caused by unfluorinated PuCs.

An increase did occur, however, in the productiocn of PuF3.e This was not
® considered importaent in that Laborat(g work had shown the reduction of PuFy to =

metal in good yields to be feasiblel’). This was borme out in actual operatlon..

During the period covered by Table IV intermittent double batches (800 g. Fn)

of oxalatewere processed through Task II. A refluorination rate of about

, 35% was experienced on these runs. gBecause future production will consist of
an increasing number of doutle batches, some cycle changes will have to be ‘
made, but it is not felt that big changes will be necessary. Slightly increased
HF flows and/or furnace time will probably suffice. The net effect of the
described cycle reductions, refluorinstion rate improvement, and batch changes
will eventually become a four-fold incwmease in productive capacity for the
fluorination stef® of the 234-5 Buildin. ‘

o | A

P . R. B. Guenther, Process Engineer
® . Separations Sectiln

P Manufacturing Depagtment
e

S0 ®
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