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INrROPUCTIQN 

Document HW-3364.8̂  ' states the anticipated need for increasing the 
H.A.P.O. denitration effective in January 1956, 
and also recommends tentatively that the increased capacity be obtained by 
employing continuous calcination units under development by the Separations 
Technology Section. 

Accordingly, this document presents the design and technical specifica
tions for the equipment necessary to carry out continuous denitration. The 
process and equipment details are based oi' operating conditions and features 
evolved during the operation of semi-plant scale 16-inch diameter by 8 foot 
long reactor. Although the test operation of the 16-inch diameter unit will 
continue for several months if necessary to firm up optimum operating condi
tions, the performance of the process as demonstrated to date justifies the 
inclusion of said process in the planned calcination facilities. 

Process Oondition.g 

As shown diagramatically in Figure 1, the continuous calcination of 
UNH to UOo is accomplished by introducing molten UNH (approximately IOO56 
UNH solution) into an agitated bed of hot UOo powder contained in a trough-
shaped reactor. Salient dimensions of the reactor and its paddle-type agitator 
are shown in Figure 2. The agitator should be equipped with 100 horsepower 
drive capable of speed variation in the range between 20 and 50 rev./min. 

During operation the agitator is maintained 50 to lOOJt submerged in the 
UOo bed by an overflow weir at the discharge end of the reactor. The molten 
UNH is added to the reactor at four feed points through pipes terminating 
Inside the UO^ bed. It is expected that the temperature of the bed at the 
feed points will be maintained somewhere in the range between 250 and 350°C., 
and the UO^ will be discharged at 350 to 45OOC. 

To achieve continuous and rapid removal of the reactor off-gas which 
contains air in-leakage, water vapor, nitric acid, nitrogen oxides and some 
extrained UO-j dust, the reactor pressure is maintained between 3 and 5 inches 
of water below atmospheric pressure. The off-gas leaving the reactor is 
filtered and sent to a conventional nitric acid recovery system. The dust 
collected in the filters is returned to the reactor. 

(1) HW-33648 4X Program - UOo Plant Expansion, by W. P. Ingalls and 
J. 0. Ludlow, November 3, 195-4 mmm 
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The UOo produced by the process outlined above is a dense, free-flowing 
powder composed of smooth surfaced, irregularly shaped particles with a median 
particle size of about 200 microns and contains only small amounts of dust. 
Milling is required to meet K-25 particle size specifications. 

Rftftnmwftnrtefl D-JmeriflloTifi 

Baaetor. It is recommended that the trough-shaped reactor be 26 inches 
in diameter, 36 inches high and twelve feet long. A unit this size Is 
expected to have a calcination capacity of 3 tons of uranl\im per day. 

Agitator. As shown In Figure 2, the agitator should be equipped with 
paddles 1-1/2 inches wide and having a leading edge angle of 90® or less. 
The paddles, as pairs XBQfi apart, are located on 3 inch centers with alternate 
pairs being rotated 90®, thus making each set of four paddles a symmetrical 
unit. The tips of the paddles should clear the ]?eactor shell by 3/l6 inch 
when the unit Is cold. It Is expected that the agitator will require at least 
50 horsepower during operation, and that a 100 horsepower drive will be necessary 
to take care of starting torque and surges. 

Heating. Electrical heating of the reactor (such as by Calrods) is 
suggested based on the satisfactory demonstration of this means of heat-
input employed on the 16-ln. diamater semi-plant scale unit In 321 Building. 
To provide proper teinperature control for all operating conditions, 175 
kilowatts infinitely or stepwise variable from 0 to the maximum should be 
available. If Calrod heating elements are used, they should be grouped in 
5 sections to permit proper control of the heat input at each feed point, and 
to the "drying" section ImmBdlately prior to powder discharge. It is highly 
desirable that separate heat input control be provided for each section. 
It Is suggested that cost of such provision be investigated. 

Feed point Location. The feed should be introduced through the top of the 
reactor at four points approximately 2.4 feet apart along the longitudinal axis, 
the first feed point being 3•6 feet from the powder discharge end. 

Fiftad Uateriny System. Transmitting rotameters shoxild provide satisfactory 
control of the UNH feed rate. 
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SPECIAL FEATURES 

1. The portions of the feed pipes which extend into the reactor must be 
cooled by means of steam or hot water Jackets to prevent denitration 
from proceeding inside the feed pipes. 

2. As indicated on Figure 2, provision for thermal distortion is made by 
providing a flexible coupling on each end of the agitator shaft inside 
of the reactor. 

3. Alignment of the shaft is maintained by means of two stub shafts, 
each provided with double bearings and located outside the reactor, 
one at each end. Tlae double bearing assemblies are mounted 
integrally with the end plates. 

4. It is suggested that the stuffing boxes which provide seals around 
the stub shafts as they enter each end of the reactor be bolted to 
the end plates, to facilitate removal if necessary. 

5. The reactor must be in a horizontal plane to maintain a level powder 
bed. 
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