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[57] ABSTRACT 
A hydrolysis column, used to hydrolyze uranium hexa-
fluoride gas with water in an ammonium diuranate con-
version process, which includes a pipe having a water 
inlet, a connector inserted in the pipe intermediate its 
length, and a gas nozzle connected to the connector to 
feed uranium hexafluoride gas into the water. Since the 
uranium hexafluoride gas will freeze at 147° F, the gas 
nozzle is heated by steam which flows through internal 
passageways, thus imparting sufficient heat to the noz-
zle which then acts as a heat sink to maintain the gas in 
a fluid state. The gas-water mixture is then discharged 
through the pipe outlet to the next step in the process. 

3 Claims, 3 Drawing Figures 

r 39 



U . S . P a t e n t Nov. 21,1978 Sheet 1 of 3 4,126,420 

| WATER 



U.S. Patent Dec. 12, 1978 Sheet 2576 of 3 4,129,772 



U.S. Patent Nov. 21, 1978 Sheet 3 of 3 4,126,420 

FIG. 3 



4,111,833 

10 

15 

during the times of system operation and when the 
system may be shut down for extended time periods. 

It therefore is an object of the invention to provide an 
improved design of nozzle for a hydrolysis column 
which is of simple and economical design and which is 
effective in minimizing plugging of the passageways 
and minimizing contribution to impurity contamination 
of the uranium being processed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
While the specification concludes with claims partic-

ularly pointing out and distinctly claiming the subject 
matter of the invention, it is believed the invention will 
be better understood from the following description 
taken in connection with the accompanying drawings, 
wherein: 

FIG. 1 is a view in elevation, partly in section, of a 
hydrolysis column including the improved design of 
nozzle attached thereto; 

FIG. 2 is a view in elevation, partly in section, of the 
improved nozzle of this invention; and 

FIG. 3 is a side view of the nozzle illustrated in FIG. 
2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings wherein like refer-
ence characters designate like or corresponding parts 
throughout the several views, there is shown in FIG. 1 
a hydrolysis column 10 adapted for connection to a 
uranium processing system. The column includes a pipe 
12 having a water inlet 14 and air vent 16 in the upper 
end thereof. The lower end of pipe 12 includes a flange 
18 bolted or otherwise secured to a flange cross-connec-
tor 20. The lower end of the cross-connector likewise is 
fixed to a pipe 22 having a discharge outlet 24 in the 
bottom thereof. A liquid level controller outlet 26 con-
nected to other parts, not shown, maintains a desired 
level of liquid in the column and additionally provides 
for recirculation of a portion of column liquid from the 
outlet 26 via pump 27 to an inlet 29 located at the top. 

The cross-connector 20 carries a gas nozzle 28 cou-
pled to gas inlet 30 by a connector. A retainer 34 secures 
the nozzle to the cross-connector. Flanged pipe 36 
adapted for connection to a source of uranium hexafluo-
ride gas supplies the gas through the nozzle for delivery 
to the cross-connector and a steam inlet 52 supplies 
steam or other heated fluid to the nozzle for maintaining 
it at a predetermined temperature, as more fully de-
scribed hereafter. Cross-connector 20 also includes an 
opening to accommodate reverse installation in the 
system, if desired, and is closed by a blank flange 39. 

The nozzle design illustrated in FIGS. 2 and 3 in-
cludes a generally circular housing 40 of stainless steel 
having radially disposed passageways 42 which merge 
into a bored axial passageway 44. The stainless steel 
inlet pipe 36 is welded to the housing to provide a fluid-
tight fit while the axial passageway is screw threaded to 
accept a Teflon fitting 46 which supplies gas to cross-

art are overcome by providing an improved design of 60 connector 20. Plug 47 closes the axial passageway on 

HYDROLYSIS COLUMN FOR AN AMMONIUM 
DIURANATE CONVERSION LINE PROCESSING 

SYSTEM 

BACKGROUND OF THE INVENTION 
The invention described herein relates to nuclear fuel 

processing systems and more particularly to an im-
proved nozzle used in an ammonium diuranate (ADU) 
conversion line processing system. An ADU conver-
sion process utilizes a packed column to hydrolize ura-
nium hexafluoride gas with water to produce a uranyl 
fluoride solution containing hydrofluoric acid which 
subsequently is treated to extract uranium from the 
solution. In this kind of process, water admitted at the 
top of a column and gas into a side thereof mix to form 
a solution which eventually is discharged from the bot-
tom of the column. Since the uranium hexafluoride gas 
will solidify or freeze at temperatures below about 147° 
F., it is necessary that heat be imparted to a nozzle 20 
attached to the housing through which the gas flows to 
prevent such solidification dining system operation, and 
particularly when the system is shut down for repairs or 
other purposes. 

One design of gas nozzle used for this purpose in-
cludes a pair of concentrically disposed pipes secured at 
their midpoint to the column. The inner concentric pipe 
located outside the column is adapted for connection to 
a source of uranium hexafluoride gas which flows 
through the inner pipe into the column to be mixed with 
the water therein. The space between the concentric 
pipes carries steam which imparts its heat by conduc-
tion through the pipe walls to the gas to help assure 
maintaining the gas in a fluid state. The section of con-
centric pipes located inside the column turn down-
wardly toward the column bottom so that both gas and 
steam flowing through the pipes discharges from the 
nozzle end along the column axis. 

The major disadvantage encountered in this nozzle 
design is that variation in steam flow occasionally per-
mits the small sections of the nozzle pipes to drop below 
the gas freezing temperature. This action allows the 
uranium hexafluoride gas to freeze or solidify at differ-
ent points along the pipe length and especially near the 
exit end thereof, thus causing plugging along the pipe 45 
length. Further, fluoride in the uranium hexafluoride 
gas forms hydrogen fluoride gas during the reaction 
which occurs when the gas comes in contact with mois-
ture in the pipe. This further action corrodes the nozzle 
to such a great extent that the expected life is approxi-
mately two to three weeks, even though the pipe is 
constructed of stainless steel or other corrosion resistant 
materials of construction. Also, since the condition of 
the nozzle would cause steam flow to vary, the varia-
tion was suspected of causing detrimental effects to the 55 
uranium dioxide powder produced in the system. 

SUMMARY OF THE INVENTION 
Briefly stated, the above disadvantages of the prior 
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nozzle, which includes a housing adapted for connec-
tion to the column and having bored passageways 
therein for accommodating flow of uranium hexafluo-
ride gas from a supply source into the column. The 
housing further is provided with passageways for steam 
which act to impart heat to the nozzle housing, thus 
establishing a zone of relatively high temperature which 
serves to preclude the gas from freezing or solidifying 

the opposite side of the housing and upon removal, 
permits ready inspection of the passageways in the noz-
zle and serves as a clean-out area should plugging of the 
passageways occur. A Teflon gasket 48 is attached to 

65 the full face of housing 40. 
To overcome the gas solidification problem inherent 

in prior art structures, a separate steam circuit is incor-
porated in the housing by providing communicating 
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bores 50 shown in FIGS. 2 and 3. Both the steam inlet 
52 and outlet 54 are drilled to a larger size to accept 
couplings adapted for connection to the steam supply 
source. These bored openings are in a closed circuit 
with the steam source and the steam flowing therein 5 

does not enter the process stream. As steam flows 
through these bored openings, it imparts heat by con-
duction to the surrounding nozzle housing and main-
tains the housing temperature at a level higher than the 
solidification or freezing temperature of the uranium 
hexafluoride gas flowing through the gas passageways 
42. The particular benefits derived from this construc-
tion are that the hydrolysis column can be shut down 
for extended time periods without concern for the ura- 15 
nium hexafluoride gas plugging the nozzle because the 
steam circuit is completely independent of the process 
and needs only a steam source to maintain the nozzle 
housing at a desired temperature. Also, the indepen-
dence of steam flow from the process eliminates the 20 
entry of steam and impurities possibly contained therein 
which otherwise adversely affects the process. 

OPERATION 
In operation, steam is introduced into the inlet 52 and 25 

flows in a closed loop through the bored openings 50 
prior to discharge from the outlet 54. During such pas-
sage through the openings, the steam imparts heat to the 
nozzle housing 40 which serves as a large heat sink and 
steam flow continues until the temperature thereof is 30 
raised above 147° F. As indicated previously, uranium 
hexafluoride gas will freeze or solidify at a temperature 
below 147° F. However, with the complete nozzle 
housing at a temperature greater than 147° F . , freezing 
of the gas accordingly will not take place. 35 

As water is introduced through the inlet 14 and flows 
downwardly through pipe 12 into the cross-connector 
20, it is contacted by the uranium hexafluoride gas flow-
ing through outlet 49 and promptly mixes with .the 
water to produce uranyl fluoride solution containing 4 0 

hydrofluoric acid. This solution is discharged through 
the hydrolysis column outlet 24 and supplied to other 
parts of the system where it is subsequently treated. 

In the event it is desired to shut down the system for 
any reason, the flow of steam is continued through the 
bored openings 50 to maintain the nozzle housing at a 
temperature greater than 147" F. By doing so, any resid-
ual gas contained in the gas passageways 42 or 44 will 
not solidify and the open channel thus maintained 5Q 
throughout the nozzle housing will be ready for subse-
quent flow of gas therethrough. 

The effectiveness of the nozzle described herein is 
substantially greater than that available with the prior 
designs. During the course of operation of the complete 55 
conversion system, it was found that during a time per-
iod of 18 months prior to the development of this inven-
tion, the hydrolysis column was out of operation for 756 
hours. This down time was attributable to extreme dete-
rioration of the prior art nozzle, which resulted from 60 
the corrosive atmosphere in which it operated, and to 
plugging of the nozzle because steam flow in the space 
between the two pipes varied during system perfor-
mance. 
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After installation of the nozzle described herein it was 
found that over a period of approximately 7 months, 
there was no down time in the system. This remarkable 
improvement in operation is primarily attributable to 
the different method used for maintaing the uranium 
hexafluoride gas at a prescribed temperature. By con-
ducting steam through the nozzle housing in a com-
pletely separate circuit from the gas process stream, 
eliminates the possibility of impurities from pipe corro-
sion entering the product stream. Also, it is possible to 
maintain the nozzle housing at a constant level and at a 
precise temperature, which completely eliminated the 
possibility of gas plugging in the nozzle; and it has been 
found that process temperature fluctuations are re-
duced. 

It will be apparent that many modifications and varia-
tions are possible in light of the above teachings. It 
therefore is to be understood that within the scope of 
the appended claims, the invention may be practiced 
other than as specifically described. 

I claim: 
1. A hydrolysis column used in an ammonium diura-

nate conversion line process comprising: 
a column including a pipe having an inlet adapted for 

connection at one end to a source of water supply 
and having a discharge outlet at its other end; 

a cross-connection inserted in said pipe between said 
inlet and outlet; 

a gas nozzle comprising a housing connected to said 
cross-connection, said housing having a radially 
disposed passageway adapted for connection to a 
gas source and communicating with an axial pas-
sageway therein; 

a Teflon fitting removably connected to the dis-
charge side of said axial passageway, said fitting 
halving an axial duct therein positioned in align-
ment with said axial passageway, and being of a 
length sufficient to extend into said column so that 
gas flowing through said passageways and duct 
may be discharged directly into and blend with 
water flowing in said column; 

heating means in said nozzle housing, said nozzle 
housing being constructed and arranged to act as a 
heat sink so that heat imparted thereto by said 
heating means is substantially uniformly conducted 
thoughout the mass of said nozzle; and 

said heating means being sufficient to maintain the 
temperature of said housing at a level which pre-
cludes freezing of gas flowing therethrough. 

2. The nozzle according to claim 1 wherein said heat-
ing means comprises fluid passageways in said housing, 
said passageways connecting with each other to form a 
closed circuit therein, thereby providing an unob-
structed avenue for steam adapted to flow there-
through. 

3. The nozzle according to claim 2 wherein the end of 
said axial passageway opposite from said fitting is 
equipped with a removable plug, whereby upon plug 
removal, the axial passageway and pipe may be in-
spected and cleaned as necessary, and 

piping means including a pump interconnecting the 
outlet of said column with said inlet for permitting 
the recirculation of liquid through said column. 


