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SCREW CALCINER MECHANICAL DIRECT DENITRATION PROCESS
FOR PLUTONIUM NITRATE TO OXIDE CONVERSION

ABSTRACT

This report describes a screw calciner
~ direct-denitration process for convert-
ing plutonium nitrate to plutonium
oxide. The information should be used
when making comparisons of alternative
plutonium nitrate-to-oxide conversion
processes, or as a basis for further
detailed studies. The report contains
process flow sheets with a material
balance; a process description; and a
discussion of the process including
history, advantages and disadvantages,
and additional research required.

INTRODUCTION

Plutonium (Pu) recovered from spent
nuclear fuel by the PUREX solvent-
extraction process is in the form of
plutonium nitrate [Pu(NO;3)x] solution,
‘whereas, the starting material for fab-
rication of fuel rods containing Pu is
solid plutonium oxide (Pu0,). It is,
therefore, necessary to convert
plutonium nitrate to Pu0,. In the event
that fuel fabrication plants are
separated geographically from reproces-
sing plants, shipping regulations
require Pu to be in a solid form(1).!?
Therefore, Pu0, is a logical product for
a fuel reprocessing plant.

Many different processes exist for
converting plutonium nitrate to oxide
(PNO); seven are considered in the Rocky
Flats PNO project. This report
describes the screw calciner mechanical
direct-denitration process. The others,
described in separate reports, consist
of the following: fluid bed direct-

INumbers in parenthesis refer to
references at end of text.

denitration, plutonium(IV) oxalate
precipitation and calcination,
plutonium(III) oxalate precipitation and
calcination, batch direct-denitration,
Sol Gel, and peroxide precipitation and
calcination.

Each time an industrial or government
organization considers building a PNO
facility, various candidate processes
are compared before making a final
selection. The process selected depends
on the information that organization has
about the process and the criteria
developed by that organization. This
report (and the others in this series)
will provide a body of information which

may be used as a basis for comparison.

For comparison, all of the PNO processes
are described for a fuel reprocessing
plant with a maximum throughput of 100
kilograms (kg) of Pu per day. This is
based on a 1500-metric ton per year fuel
recycle facility, with feed containing

1 percent Pu, and an average operation
of 300 days per year. ‘

Feedstock to the PNO conversion unit is
Pu(NO3)x from the PUREX process. Feed-
stock is expected to meet the ASTM ‘
C710-73, Standard Specification for
Plutonium Nitrate Solutions, 1973. This
should result in a product that will :
meet the Pu0: impurity standards des-
cribed in ASTM Standard C757-74a, listed
in Table I.

At this time, product specifications
have not been firmly defined. Some that
have been used in fuel fabrication are
listed in Table I, and include ASTM
C757-74a, the Fast Flux Test Facility,
the German ‘Alkem, and the Barnwell
Nuclear Fuel Plant. These can be com-
pared with the expected specifications
for feedstock from the PUREX process.
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A waste treatment plant is assumed to be
on site. Liquid wastes below discharge
1imits will be transferred to the waste
treatment plant. Discharge limits are
defined as 1 x 10”3 grams of Pu per
litre of solution. Liquid waste streams
that exceed this 1imit will be recycled
to the PUREX plant.

Solid recycle and waste streams will be
‘processed in one of two ways. Recycle
PuO, will be sent to the dissolution
unit. (A special Pu0, dissolution
module may be necessary if halogens are
to be kept out of the main process
stream.) Line-generated solid wastes
will be transferred to solid waste
disposal.

0ff-gas streams will be processed before
release to the plant filter plenum. A1l
required utilities are assumed to be
provided. Resources which can be re-
covered (such as nitric acid) will be
transferred by appropriate means to a
utility system. Where needed for design
calculations, standard plant values will
be assumed for utilities (e.g., cooling
water)avai]ab]e at 27 °C returned at

37 °C).

Remote "hands off" operation and main-
tenance will be performed on those Pu

streams which require protection from

radiation hazards. The plant facility
should be designed so as to limit the

whole body dose to 1 rem per year:

DISCUSSION
History

Mechanical direct-denitration was first
extensively investigated on a pilot-
plant basis in 1953 at the Hanford site
in Richland, Washington(2). The first
experimental studies resulted in the
development of an agitated-trough cal-
ciner(3). The performance of a paddle-
agitated 4-inch diameter by 44-inch
long reactor was sufficiently promising
to warrant construction of a 16-inch
diameter by 8-foot long semi-plant
scale model.

2

The 8-foot long reactor was installed in
January 1956, to increase the denitration
capacity of UNH (uranyl nitrate hexa-
hydrate) at Hanford by 450 tons per
month(4). During the initial testing
period, the reactor operated for approx-
imately 310 hours, during which time
about 19,000 pounds of uranium trioxide
(U03) was produced. Production rates up
to 150 pounds per hour of UO; were
achieved over a short period of time.

The reactor was basically an enclosed
trough which contained a paddle type
agitator, as shown in Figure 1 at the
end of the text. The agitator was
driven by a 100-horsepower (hp) motor,
capable of speed variations in the range
of 20 to 50 revolutions per minute _
(rpm). During operation, the agitator
was maintained 50 to 100 percent sub-
merged in the UO; bed by an overflow
weir at the discharge end of the reactor.
Calcination of the UNH to UQ; was done
by introducing molten UNH (approximately
100 percent UNH solution) into the bed
of hot UO; powder at four feed points .
through pipes terminating inside the U0O;
bed. The temperature at the feed points
was maintained somewhere in the range
between 250 and 350 °C, and the UQ; was
discharged at 350 to 450 °C.

During the early part of the operation,
severe dusting caused frequent plugging
of the off-gas system and difficulties

were experienced in obtaining adequate

shaft seals. As the UQ; particle size

increased, dusting was alleviated.

To achieve continuous and rapid removal
of the reactor off-gas, the reactor
pressure was maintained between three
and five inches of water below atmos-
pheric pressure. The off-gas leaving
the reactor was filtered and sent to a
conventional nitric acid (HNO;) recovery
system. The dust collected in the
filters was returned to the reactor.

The UO; produced by the process was a
dense, free-flowing powder composed of
smooth surfaced, irregularly shaped
particles. The median particle size was
about 200 microns and only a small amount



of dust was present. Metallic impuri-
ties were within product specifications.

On the basis of design criteria devel-
oped on the 16-inch diameter reactor,
the decision was made to construct 26-
inch diameter calciners to be used in
the planned UO; expansion(5). The first
of the 26-inch diameter calciners was
operated as a prototype, and brought to
light, important structural and design
weaknesses peculiar to large massive
equipment. These were subsequently
corrected in the production calciners.

The production units were placed in
operation in October 1956. By the end
of April 1957, sufficient reliability
was developed in the continuous system
to permit a complete and permanent shut-
down of the pot calciners, thereby,
eliminating a costly and onerous mode of
UNH operation. »

Further progressive improvements made
during the course of full-scale produc-
tion operation of the agitated troughs
included ‘improved heat distribution and
feed delivery, wet scrubbing of off-gas
for fines removal, and automatic (pro-
grammed) start-up and shut-down.

Besides providing a near complete tech-
nology, Hanford's agitated trough pro-
gram had resulted in nearly a three-fold
increase in designed capacity, operating
efficiencies in the neighborhood of 90
percent, and one of the most reliable
and trouble-tfree processing steps in the
chemical processing department.

A study was made to compare the agitated
trough to the fluidized bed for use in
calcining UNH at Hanford. This study
included both technological and econom-
ical comparisons. At that time, it was
concluded that the agitated trough
offered the most reliable and effective
method of UNH calcination suitable for
use in the Hanford program. The
agitated trough had the advantage of
technology that had matured by years of
production and experience, and assured
a minimum of risk and investment.

_entrained in the off-gas.
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The agitated tfough process is presently
being used for UNH calcination at Oak
Ridge, Tennessee.

In the early 1960's, direct calcination
was investigated as a potential replace-
ment for the oxalate precipitation
process which was being used at the
Hanford site to convert plutonium -
nitrate to plutonium oxide(6). The
reasons for considering the rep1acement
were:

1. Simplification of the process with
an attendant reduction in the amount
of .process equipment and process o
instrumentation.

2. Improved nuclear safety through the:
use of closed, geometr1ca11y safe -
process vesse]s

3. Improved operation and housekeeping,
resulting in lTower radiation
exposure to operating personnel.

4. Elimination of precipitation
filtrates and associated f11trate ‘
proce551ng

The main disadvantage was the loss of
purification afforded by the precipi- .
tation step, but it was believed that
this d1sadvantage could be overcome by
suitable processing of the feed -
solution or by subsequent pyrochem1ca1
refining of the product.

The first attempts to calcine Pu(NO,;)x
continuously on a 100-gram scale were
made in a four-inch diameter trough -
calciner similar to those used in UNH
calcination(7). A serious reactivity
problem was recognized, which required
additives to overcome. (Reactivity is
the rate and extent of halogenation of
the PuO; during the subsequent produc-
tion of plutonium metal.) In addition,
it was found that shaft seals rapidly
wore out when they were submerged in
powder — even those employing lantern
rings. Also a great deal of oxide was
A vertical
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‘calciner appeared to be the solufion to
“these mechanical problems, as well as
alleviating the reactivity problem(8).

Before the continuous vertical calciner
was built, a less sophisticated mockup
was made and tested. This was done both
to check on the mechanical feasibility
of the proposed design and to assure
that reactive powder would be produced.
The mockup was a large, stainless steel
beaker containing an inverted smaller
beaker, and was heated with a heating
mantle. Plutonium oxide was prepared
on a batch basis by dropping nitrate
solution onto a stirred bed of oxide
powder at 250 °C. The duration of each
run was two hours with a feed rate of
approximately 300 millilitres (ml) per
hour. Large, spherical agglomerate-
type particles were produced with a
density of 3.0 g per cubic centimetre
(cm®). The chemical reactivity of the
oxide was reported to be satisfactory.

The vertical calciner, shown in Figure
2, was actually a combination calciner
and off-gas filter. The solution was
calcined in the lower-unit, and the
vapors were filtered in the upper unit.

Essentially, the calcination unit con-
sisted ot an 8-inch length ot b-1nch
diameter stainless steel pipe, a capped
piece of 3-inch diameter stainless

steel pipe 6 inches long, and three
flange plates. The 3-inch pipe was
inserted into the 5-inch pipe to form a
concentric annulus, in which calcination
occurred. Product powder was discharged
through a slot in the 3-inch pipe, down
an overflow tube, and into a receiver.
The product receiver had to either be
heated or vented to prevent vapor
condensation. ‘The height of the adjust-
able overflow tube determined the bed
volume. Thermocouples and feed 1ines
were located in the annulus and entered
the bottom of the calciner through
drilled-out tube fittings. Feed
solution was pumped into the calciner by
an adjustable pump at 0.046 to 0.068
gallons per hour.

The bed was stirred by a U-shaped
agitator fitted over the capped-pipe
insert, and which was driven by a 1/4-hp
gearmotor at speeds up to 155 rpm. Heat
was supplied by three 1000-watt strip
heaters wrapped around a 5-inch pipe,
and a 1000-watt tubular heater, which
was coiled and inserted into the 3-inch

pipe.

The denitrator functioned by calcining
solution on a stirred bed of powder at
300 °C. The powder produced overflowed
the adjustable weir in the hollow center
of the denitrator and was collected in a
receiver. Cerami¢ filter elements for
the off-gas were blown back alternately
and periodically. Capacity for the
calciner was one litre per hour.

The operating temperature of the cal-
ciner was maintained in the range of

250 to 480 °C. Plutonium nitrate was
not completely decomposed at tempera-
tures below 250 °C and the reactivity of
the oxide decreased at temperatures
above 480 °C.

The ratio of heat transfer to bed volume -
was about 30 percent larger tor the
vertical cdalciner than a comparable
trough calciner. Because plutonium
processing equipment is Timited in Ssize
due to criticality considerations; a
larger area to volume ratio meant that
the vertical calciner had a greater
throughput capacity than the trough
calciner.

The characteristics of the vertical
calciner which differed from calciners
previously designed were:

1. The agitator shaft seal was not
" submerged in powder — an overhead
‘seal minimized both powder leakage
and maintenance.

2. The Pu was contained in a thin,
cylindrical annulus, which was a
favorable configuration from a
criticality view point.



3. The ratio of heated surface to bed
volume was relatively large.

4. The off-gas filters permitted
entrained fines to be per1od1ca1]y
returned to the bed.

5. Particle size classification
occurred in the bed with fine
particles settling on the bottom,
and large particles overflowing.

During the construction phase of the
vertical calciner, development work was
well advanced on the horizontal screw
calciner, and tests showed it to be
"superior to the vertical calciner.

. These tests showed that the vertical
calciner had a lower throughput and an
oxide product not as reactive as that
from a screw calciner(9).

The development work that had been done
on the agitated trough calciner and the
vertical calciner firmly established the
necessary design criteria for the design
of the horizontal screw calciner. These
criteria were conveniently categorized
as plutonium processing requirements and
equipment design requirements. The
proper balance between criteria was -
established after two unsuccessful
designs of the horizontal screw calciner
were tested.

The horizontal screw calciner differed
from the stirred bed calciners in that
the 1iquid phase was continuous
throughout the major working portion of
the calciner. Figure 3 shows a flow
diagram for a horizontal screw calciner.
Since wall-to-1iquid heat transfer

coefficients are much greater than wall-

to-powder heat transfer coefficients,
the screw calciner was inherently more
.efficient than the stirred-bed calcin-
ers. Thus, calciner wall temperatures
could be lower and the inventories in
the calciner could be smaller with,
consequently, shorter residence times.

The disadvantages of the liquid-phase
continuous calcination relative to
powder-phase continuous calcination
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were the possibility of sticking,
plugging, etc., and increased corrosion.
In the case of plutonium nitrate and in
contrast to UNH, the oxide is insoluble
in the liquid phase, and therefore, the
liquid-to-solid transition was smooth,
and no extensive caking, scaling, or
sticking to the screw was observed.
Corrosion was minimized by the proper
choice of materials of construction.

The body of the horizontal .screw cal-
ciner was a 38-7/8-inch long U-shaped
trough, 2-inches in diameter. The
trough height was 3-inches with a wall
thickness of 3/16 inch. End plates and
leg assemblies supported each end of the
calciner trough. Graphite bearings,
centered in each end plate, supported
the screw.

The screw can best be described as a
single flight screw conveyor having a
2-inch diameter, a pitch of 2 inches, .
and a flight thickness of 3/32 inch.

A chopper disk, welded to the screw,
meshed with a comparable stationary disk
bolted to the calciner body. This was
intended to grind any large lumps of
oxide in order to get a more un1form
product. :

The conveying screw was rotated in a

clockwise direction to move the
calcined oxide toward the outlet port
at the end of .the calciner. A 1/8-hp
DC gear-head motor with a speed range.
of 0 to 72 rpm-was used to turn the
screw. This drive mechanism was located
outside of the calciner hood, and was
connected to the calciner through a
shaft seal. The screw speed was regu-
lated by a DC control unit to give an
operating speed range of 0 to 40 rpm. .

The calciner trough was enclosed by a
rectangular top plate containing the
exit port for the off-gas filter and

the feed inlets. The bottom half of the
calciner was heated -by two tube furnaces
having rated capacities of 825 and 1287
watts. The top plate was heated by two
500-watt heating elements.
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The calciner body, screw, and top plate
-were all fabricated from type ASTM
B-348 titanium. Titanium had been
demonstrated as a safe material for all
nitric acid-water systems. Corrosion of
titanium by boiling HNO; was found to be
undetectable; and to insure that
titanium corrosion products (which

could be pyrophoricg were not accumu-
lating, the Pu0, was constantly analyzed
for titanium. The additional effects of
calcination additives such as ammonium
sulfate were also considered.

An off-gas filter was mounted on the top
plate at the teed end of the calciner.
The filter consisted of a porous ceramic
thimble-cartridge and was mounted in a
glass filter housing.

The adequacy of the horizontal screw
calciner was verified during 200 hours
of operation in which 67.5 kg of Pu0.
were produced. Operating parameters
and capacities were established at:

1. Feed rate, 0 to 500 g Pu per hour.
Temperature, 400 to 500 °C.

Screw speed, 10 to 20 rpm.

£wWw N

Calcination additive, 0.25 moles
per mole Pu.

A satisfactory oxide could be produced
by direct -calcination in the screw
calciner, and the oxide product showed
Tittle impurity pickup across the
_calciner(10). By using an activating
agent, the oxide could be halogenated
to better than 95 percent under optimum
operating conditions. The optimum
direct calcined oxide was found to be
equal in reactivity with the oxide
produced from the oxalate precipitation
process. '

In recent years, interest has been
shown in the screw calciner for use in
the reprocessing of spent reactor fuel.
" Exxon Nuclear Company, Incorporated,
submitted a Preliminary Safety Analysis

Report (PSAR) to Nuclear Regulatory
Commission, Washington, D.C., for
approval of a reprocessing facility to
be built in Oak Ridge, Tennessee(11).
In this facility, they propose to use
the screw calciner for the direct-
denitration of plutonium nitrate. Exxon
indicated in the PSAR that development
work is planned to confirm the reli-
ability of the unit before a decision
will be made to use it. The
plutonium(IV) oxalate precipitation and
calcination process will be the backup
process if the screw calciner proves to
be unreliable in the pilot tests.

Process Description

The screw calciner mechanical direct-
denitration process is designed to
convert Pu(NO3;)x solution directly to

a Pu0, solid suitable for blending with
U0, and fabrication into fuel pellets
for Light Water Reactor (LWR) fuel.

The main process stream and the waste
streams are shown in Figure 4. The main
stream starts with a storage of the feed
solution. It is then evaporated, with
the bottoms stream from the evaporator
being sent to storage tanks. The more
concentrated solution is then fed to the
calciner where it emerges as the PuO;
solid. This is then screened and
packaged as the finished product.

A more detailed description is given
below. A description of the equipment
and a material balance are shown on the
equipment flow sheet, Figure 6 (con-
sisting of three sheets). The process
lines and items of equipment are
identified numerically, with the process
lines being referenced by number in the
material balance.

Detailed Process Description

1. Plutonium nitrate from the PUREX
process is piped into storage at a
plutonium concentration of 250 g



per 1 and a molarity of 3M in nitric

. acid, at a flow of 400 1 per day(12)

with-a decay heat of 60 BTU per hr
per kg of Pu.

. The‘féed solution is'then‘evaporated

*-to a nitric acid concentration of

. +'4,7M,- with a plutonium concentration -

of 373 g per 1. - The distillate is

‘0:6M in nitric acid, with a flow of
.. 132 1.per day. The bottoms stream

. flow is 269 1 per day.

The evaporator bottoms stream is fed
to the electrically heated screw
calciner where the water and nitric
acid are evaporated The .reaction
is: . :

PU(NO )z,—* PUOZ + 3 4N02
+ 0.6 NO + 1.30,(13)

The reactor has a 6-inch inside
diameter and a 38-inch length
(scaled-up from the pilot unit as
reported by R. E. Fe]t)(9) '

. The product p]utonium dioxide is

. discharged from the calciner,
cooled, and screened. The screened
product 1is packaged and sent to
storage or.transferred to the fuel
fabricator.. The screen overs are
. processed in a ball mill and re-
~ cycled to the screen.

. The overhead product from the cal-

ciner is condensed. The condensate
is sent to an evaporator where it is
concentrated. The evaporator’
bottoms stream is discharged to
contaminated waste disposal. "The
noncondensables from the evaporator,
including some water vapor, are ‘
scrubbed in a venturi type scrubber.
The bottoms stream.from the scrubber
joins the condenser condensate for
evaporation. = The scrubber off-gas -
discharges to the filter plenum.

The distillate from feed evaporation
and waste evaporation are sampled
for plutonium and, if below discard
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- Timits, are transferred to Waste

Treatment, If the distillates are
.- above discard limits, they are re-

- cycled, with the feed evaporation
distillate being sent to feed
storage, and the waste evaporation
distillate being sent to the con-
denser bottoms storage.

Advantagés and Disadvantages

The following advantages and disadvan-
tages were obtained from literature
research and conversation with individ-
uals who have had operating experience
with the screw calciner process. A
separate report will be published at a
later date which will compare the seven
denitration processes relative to the
advantages and disadvantages as they
exist in present technology.

Advantagés

1. No feed preparation is required in
‘the process. No valence adjustment
is needed as in some-other denitra-
tion processes. A]though an
evaporation step is shown on the
flow sheets, it is an optional step
and could be bypassed.

2. The screw calciner is simple and
- reliable to run because it has only
two operating parameters; screw
speed and temperature, which are
both easy to control.

3. No hazardous chem1ta1s are used in
. the process other than the HNO; and
the Pu being processed.

'4. There are no'precipitation fi]trates

and associated filtrate processing.

5. Because the throughput per unit is
high, only two process trains are
needed in a 100 kg per day plant.

6. Because of fewer process trains,
less equipment and process instru-
mentation will be needed. This
should mean that fewer maintenance
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problems should be encountered in
the process operation.

7. Inventory of the Pu should be simple
because of the fewer process trains
and lesser equipment needs.

8. Pilet plant experience for the screw
calciner using Pu has demonstrated
reliability of the equipment for a
hands-on operation.

9. The process generates small volumes
of liquid waste, and off-gases
consist mainly of the oxides of
nitrogen.

Disadvantages

1. -The process does not purify the
product. A feed solution of
sufficient purity will be needed to.
obtain an oxide that will meet
specifications.

2. There could be considerable diffi-
culty in detecting the controlling
process upset conditions because of
the lag time between the intro-
duction of the feed and the
emergence of the calcined oxide. If
the oxide emerged not completely
calcined, then the calciner would
probably be full of the faulty
product, which would then present a
"significant recycle problem.

Research and Development

Before a denitration facility is built,
some development work will have to-be
done. In the case of the screw calciner
.direct-denitration process, the need for
this work was defined as a result of a

- Titerature search and discussions with

- individuals who have studied and/or

have had experience with the process.
The suggested development work for the
screw calciner is as follows:

1. It should be determined that
acceptable LWR fuel can be manu-
factured using PuO, from this

process, The equipment design
should be studied to determine what
the optimum equipment character-
istics should be to produce the
desired oxide. This would include
determination of the optimum length
of the calciner to achieve complete
calcination. Also, a method should
be developed for detecting and
controlling the percent moisture,
nitrate, etc. This should be a feed-
back control for continuous opera-
tion.

2. Work should be done on verifying

"~ process parameters such as feed
rates, screw speed, and temperature.
Although operating parameters have
been reported for the denitration
of Pu(9), a pilot facility is needed
to confirm the proper operating
conditions and point out potential
problems.

3. A remotely operated denitration
facility will introduce unique
equipment and operational problems.
A better understanding of these
problems are needed before a
production size plant can be built.

SUMMARY

This report described a screw calciner
mechanical direct-denitration process
for the conversion of plutonium nitrate
to plutonium oxide. A history of the
process was given to provide background
information for the process and to pro-
vide a perspective as to it's stage of
development. The process description
provided a guide for better understand-
ing of the block flow diagram and equip-
ment flow sheets. The advantages and
disadvantages were listed to provide an
insight as to the various assets of the
process and problems that will be
encountered. Some suggestions for
development work were listed, and should
be implemented before any plant scale
unit is constructed.



No conclusions are reached at this time
as to how this process compares with

other denitration processes.

The com-

parison of the processes will be made in

‘a separate report which will be issued

later.
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TABLE I.
Element/Property
U3 ppm®
Th; ppm
Am; wt %

Pu; wt %, dry
0/Pu ratio

C

N_

Cl1+F

g

Fe + Cr + N

Zr + Nb; uCi/g Pu

Gamma emitting;
uCi/y Pu

Moisture; wt %

Total of below; ppm
Al, Be, C, Ca, Cd,
c1, Co, Cr, Cu, F,
Fe, Li, Mg, Mn, Mo,
N, Ni, P, S, Si,
Sn, Ta, Ti, W

Particle Size; max,
avg, micrometers

Surface Area; m2/g

Bulk Density; g/cm?

10

e MR -

Plutonium Oxide Powder Speqifications

Specification

ASTM? FFTF ALKEMC BARNWELL®
5.000 2,000 <2,600 5,000
30 - -- --
See ASTM See FFTF  0.25, 6 months 0.28
87.5 - 87.5 . 87.6 87.2
1.95 to 2.0 1.96 to 2 2 ==
200 200 150 500
200 200 50 200
125 75 .75 125
300 300 - 300
1,000 850 600 1,000
5 - - 5
- 40 - <8 40
0.5 - - 0.3
5,000 5,000 2,500 5,000
90, 10 90, 10 40, -- 76, --
-- 2.5 ->5 m?/g --
>1 - 2 ¥0.3 >
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TABLE I. Plutonium Oxide Powder Specifications (Cont.)

Specification

Element/Property ASTM® . FFTE ALKEMC  BARNWELLY
Sinterability Test: o S
Cold Pressure, KPSI' . See ASTM 30 to 50  mechanically .= --
Soak Temp & Time 1550 °C, 1550 °C, blendable, = . -
Thr T T U0,
Sintered density; Y 90 __ L

% theoretical

a. ASTM Standard C 757-74a, 1974. The Pu(NOs)x from the PUREX Process is expected
to have less impurities than those Tisted in this ASTM specification. -

b. Fast Flux Test Facility Ceramic Grade Plutonium D1ox1de, Reactor Deve]opment
Technology Standard, RDT E13-1T, June 1971.

c. Standard Specification of Pu0, for Fabr1cat1on of M1xed Oxide Rods, A]kem GmbH
Grassauheim be: Hanau, West Germany, 1972.

d. Barnwell Nuclear Fuel Plant, License Application, PSAR, Allied-General Nuclear
Services, Barnwell, S.C. Docket-50332-38, July 1974.

e. ppm refers to parts per‘mi]]ibn parfs by weight of plutonium element.

1}



RFP-2601

12

- TLLUSTRATIONS

Figures 1 tHrough 6
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‘ ' * by.3/16” When Cold
13" R) ; A ‘

Sect. A— A

FIGURE 1. Trough-Type Reactor for Continuous Caicination of
Uranyl Nitrate Hexahydrate (UNH). ‘
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FIGURE 2. Vertical Calciner.
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4 ‘Additive
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Source Cooling

f-. r-— Feed Tank
q_l . Water : '

* Pu Nitrate

Feed Tank

i O

Vac. : )
‘Trap

nu.un.] .
d,t : Pu Nitrate
w Condenser

Feed Pump

Scrubbing

Column
Off-Gas — ,\';“"‘P
Filter otor

_Additive
Feed Pump
Oxide Furnace
DC Gear

Furnace Furnace

Product
Receiver

FIGURE 3. Flow Diagram for Horizontal Screw Calciner.
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400L /DAY
2506 Pu/L

3M HNO3

FEED FROM PUREX

STORAGE
SAFE
GEOMETRY

10,000L
CAPACITY

AiR-1.15 X 108 L/DAY

AIR-5.74X10 L/DAY

DIRECT DENITRATION (SCREW CALCINER)

3736 Pu/L
4.7TM HNO3

FEED
STORAGE
" SAFE
GEOMETRY
2000L
CAPACITY

OFF~-GAS VOLUME@ STP
AIR-1.15 X108 L/DAY
H20 - 3X 105 L/DAY
HNO3 -25,000 L /DAY
NO -5,600 L/DAY
NO2 -32,000 L/DAY

SCREW

CALCINER
450°C 02 = 12,000 L /DAY
5"iD X 8'LO ———

2 UNITSIN
PARALLEL

.

Pu(NO3)e S pPuoO2+ . sNoL 3.4N02* +1.3 Oz’

113.5 Kg Pu0O2 /DAY

STORAGE
SAFE
GEOMETRY

H20- 33 L/DAY

H20-26 L/DAY

1000L
CAPACITY

285 L /DAY
4.3 M HNO3

OFF GAS
CONDENSER
21°C

CWRe€ 20°C

-
OFF— GAS VOLUME @ STP

AIR~LIS X108 L /DAY
Hz0- 24,000 L/DAY
NO -5,600 L/ DAY
NO2-32,000 L/DAY
02-12,000 L/DAY

SCRUBBER
L/G=zlLi
18°C

"

!

COOLER

SCREENING

PACKAGING

OFF-GASES - oo
T TO PLENUM
VOLUME ¢ STP
AIR«1.T3 X108 L/DAY
H20-33,000 L/DAY
NO-5,600 L /DAY
‘NO2-32,000 L/DAY
02-=12,000L /DAY

AIR-5.74 x10% L/DAY

SCREW CALCINER M

‘'PACKAGED PRQDUCT
"113.8 Ko/ DAY PuO

(EVAPORATOR 132 L/DAY CONDENSAT EVAPORAT! CONDENSATE
SAFE .6M HNO3 STORAGE Ml SAFE STORAGE
GEOMETRY SAFE e SAFE TO WASTE
25 L/HR GEOMETRY | GEOMETRY GEOMETRY [ 374 70ay TREATMENT
1000L 1000L | 5,4 uNos
CAPACITY 20L/HR CAPACITY
278 L/DAY o
269 L/DAY 494 M HNO3 -

BOTTOMS

STORAGE
SAFE BOTTOMS TO
36 L/DAY CONTAMINATED
GEOMETRY WASTE

11 M HNO3

FIGURE 4.
ECHANICAL DIRECT-DENITRATION
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