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inner light gas back to the rotor and by feeding the enriched 
gas of uranium 235 with inert light gas to the rotor of the sub 
sequent centrifuge. 
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GAS CENTRIFUGES, THEIR ASSEMBLY AND A 
PROCESS FOR ENRICHIN G URANIUM 235 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
A gas centrifuge cascading system and a process for separat 

ing uranium 235 to enrich it for purposes from isotopes of 
uranium hexafluoride. 

2. Description of the Prior Art 
The prior art employs a process of centrifuging uranium 

hexafluoride having about 0.7 percent-uranium 235 comixed 
therewith in a rotor subjected to pressure diffusion and coun 
tercurrent separating and extracting thereby a gas of uranium 
238 comprising a mass larger than the uranium hexafluoride 
and a gas of uranium 235 comprising a mass smaller than that. 
By repetitions of this process, an enriched uranium will result. 
This system necessitates taking out the two kinds of gases 
under precautions, to avoid their comixing. To accomplish 
this some additional method has to be employed, which in 
creases the di?iculties and expenses of production and de 
mands on power. 

In U.S. Pat. No. 3,501,091, the same inventors Yoshitoshi 
Oyama and Yoichi Takashima disclosed an apparatus and a 
process for centrifuging and concentrating components of a 
gas mixture, including introduction of an inert light gas 
through pipes surrounding a ?xed outer cylinder, into an an 
nular space between the cylinder and a rotor, through neck 
portions provided near each of the upper and lower end plates 
of the rotor so that the inert light gas (for example, helium gas 
or hydrogen) is mixed respectively with uranium 238 rich gas 
and uranium 235 rich gas, jetted through holes of the upper 
and lower plates of the rotor, respectively. Thereby the mixed 
gases are taken out separately. In such a centrifuge, the outer 
surface of the rotor, rotating at a high velocity, will be sur 
rounded almost entirely by the inert light gas having a small 
mass. This serves to reduce the power required for the cen 
trifuge. In this prior centrifuge of the coinventors a separate 
cold trap must be provided to permit reevaportion of the 
remaining solidi?ed uranium hexafluoride and transfer 
thereof to a next centrifuging step; 
The centrifuging process depends, essentially, upon dif 

ferences between minute masses of isotopes (that is, small 
separation effect) and therefore, as a result, numerous operat 
ing steps of centrifuging are required in order to obtain 
moderately enriched uranium 235 (for example, about 5 per 
cent). Especially, as tremendous numbers of centrifuges are 
demanded in each early step, it is not desirable that the cold 
trap should be applied in each early process of centrifuging in 
which the gas will be close to natural. 

Summary of the Invention 

An object of the present invention is to provide a gas cen 
trifuging process and an apparatus for use directly in the 
process wherein uranium 235 is enriched and separated, 
without using a cold trap, from mixed gas of inert light gas 
with uranium hexafluoride which are fed as a starting material. 
According to the present invention, mixed gas of nearly an 

equal amount of uranium hexafluoride with inert light gas is 
fed into a rotor, rotating at a high velocity, so that the mixed 
gas may be separated into an enriched gas of uranium 235, 
depleted gas of uranium 235 and an inert light gas. The 
separated inert light gas of a high purity is taken out through a 
hollow center shaft of the rotor and is circulated again around 
the outer surface of the rotor. The pure inert light gas fed 
around the rotor is divided into an upper and a lower flow so 
that they are mixed respectively with the depleted uranium 
235. Enriched uranium 235is jetted out through holes of the 
‘end plates of the rotor. The mixed gas of enriched gas of urani 
um 235 with the inert light gas is fed to a rotor of the next step 
while the mixed gas of depleted gas of uranium 235 with the 
inert light gas is fed to a rotor of the former step as con 
structed to be cascade formation. 
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2 
Contrary to the parent case, with the present invention, the 

ratio of the inert light gas, for example, helium gas, to the 
uranium hexafluoride to be fed into the rotor as mixed gas is 
changeable. Preferably, the ratio of the helium gas to the 
uranium hexa?uoride is in the range of from 1 to l to 3 to I. If 
the amount of the helium gas is beyond this range, the cost for 
operating power cannot be disregarded. As the inert light gas 
in the rotor is to be collected in the center part of the rotor, it 
is taken out through another rotating hollow shaft from the 
rotor to the outside thereof so that it may be introduced into 
the space between the sidewall of the rotor and the fixed outer 
cylinder. On the other hand, the size and position of small 
holes in the end plates of the rotor are arranged so accurately 
that the ratio of amount of uranium hexafluoride from the 
upper plate to that from the lower plate, to be jetted out 
through holes, respectively, is almost perfectly I to 1. Each 
gas, is then, mixed with the inert light gas introduced into the 
space between the sidewalls of the rotor and the cylinder so as 
to provide equal amounts by means of valve operation of suc 
tion pipes above and below the rotor. The mixed gas of en 
riched uranium 235 with the inert light gas is fed to a rotor of 
the next step while the mixed gas of depleted gas of uranium 
235 with the inert light gas is fed back to another rotor of the 
former step. 
The gas material balance is such that the amount of the gas 

fed to a certain rotor is equal to the sum of the amount of the 
mixed gas of the enriched uranium 235 with the inert light gas 
from a rotor of the former step and that of the mixed gas of the 
depleted gas of uranium 235 with the inert light gas from a 
rotor of the next step. 
The present invention provides for a cascade formation 

comprising a supply step as a center thereof with a plurality of 
enriching steps for enrichment of uranium 235 and a plurality 
of recovery steps for depleting uranium 235. Thereby uranium 
hexafluoride gas of moderately enriched degree of uranium 
235 is obtained from the enriching step without using a cold 
trap. 
The uranium gas enriched to a higher degree gained from 

the successive enriching step is separated and may be enriched 
by using a cold trap because the amount of uranium gas han 
dled becomes much smaller in the successive steps. 
Other objects of the invention will become apparent to 

those skilled in the art as the disclosure is made in the follow 
ing detailed description of the preferred embodiment of the 
invention as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

FIG. I is a cross-sectional view of a gas centrifuge unit of 
the invention with portion between the broken lines omitted, 
which unit is self sustaining but also may serve as the first, the 
last, or an intermediate unit of a cascade system of such units; 

FIG. 2 is a view in cross section along lines II-II of FIG. I; 
FIG. 3 is a flow sheet explaining the method of the inven 

tion; and 
FIG. 4 is a diagrammatical representation of the cascade 

system of and method and apparatus of the present invention. 

Description of the Preferred Embodiment 

In the drawings like reference numerals designate like or 
equivalent parts throughout the figures thereof, of which 
FIGS. 1 and 2 are drawn to scale. 

In FIGS. 1 and 2, three helium gas feeding pipes 11 are 
shown radially connected at angular intervals of 120 degrees 
to ori?ces in the central part of a long, ?xed outer housing 10 
on the outside thereof. As shown in FIG. 2, each pipe 11 has a 
small nozzle 12 within the respective ori?ce for control of 
helium ?ow rate of an angle suitable for aiming the ?ow in the 
same direction as the rotation of a rotor 20 and tangentially to 
the outer surface thereof. Suction pipes 13 and 14, for 
separated gas having valve devices 15 and 16, respectively, are 
fixed respectively near both end regions of the ?xed outer 
cylinder 10. 
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An elongated rotor 20 is ?tted within said ?xed outer hous 
ing 10 and is supported with bearings 17 and 18, respectively, 
so as to be rotated in counterclockwise direction, indicated by 
the arrow, at such high velocity that its peripheral velocity 
reaches, for example, 350 meters/second. An upper shaft 23 
and a lower shaft 24 having a gas introducing port 23a and a 
gas pulling-out port 240 therein are integral with an upper end 
plate 21 and a lower end plate 22, respectively, so as to con 
nect the inside of the rotor with the outside of the housing. 
Conventional commutators are provided to connect airtight 
the rotating shafts with stationary feeding conduits. The upper 
and lower end plates 21 and 22 have gas jetting small holes 25 
and 26 therein, respectively. The inside wall surface of the 
outer housing 10 opposite to the respective end plates 21 and 
22 has circumferential flange-shaped projecting parts 27 and 
28 so as to form with the end plates annular narrow clearance 
31 and 32, respectively. A heating device 41 and a cooling 
device 42, respectively, are provided at the upper and lower 
ends of the rotor. 

During operation, a gas mixed in the ratio of 1:1 of uranium 
hexafluoride to helium gas is fed into the rotor through the gas 
introducing port 230 by a pump. The mixed gas in the rotor is 
subjected to pressure diffusion by means of rotation of the 
rotor at a high velocity and is subjected to countercurrent flow 
by means of a heating device 41 and cooling device 42. There 
fore, the arrangement in FIG. 1 forms a flow pattern as shown 
by arrows. A gas containing only a comparatively depleted 
uranium 235 mixed as it collects in the upper part of the rotor, 
a gas containing a comparatively enriched uranium 235 mixed 
as it collects in the lower part thereof and a helium gas collects 
in the center part thereof. The position of the gas jetting small 
holes 25 and 26 is drawn to scale. Their size is calculated so 
that the ratio of amount of the gas, containing depleted urani 
um 235 as mixed, to be jetted through the holes 25 to a 
chamber A in FIG. 1, to the gas, containing enriched uranium 
235 as mixed, to be jetted through the holes 26 to a chamber B 
is l to 1, By way of example, three or six holes of 0.2 millime 
ters in diameter are positioned at intervals of nine-tenths 
radius from the center of the end plates, respectively. The 
radial spacing of the holes on the upper end plates cor 
responds with that at the lower end plates accurately as shown 
in FIG. 2. The helium gas collected in the axially central part 
of the rotor is pulled out through the gas pulling-out port 24a 
at a high purity and is then jetted through a valve device 19, 
tangentially to the outer surface of the rotor, into the circum 
ferential chamber 50 through small ori?ces 12 at the tip of 
each feeding pipe so that the stability of the rotor, rotating at a 
high velocity is not disturbed and may be that the rotor is sur 
rounded on the greater part of its outer surface with the heli 
um gas. Optionally, the helium gas pulled out from the rotor to 
the outside thereof may be further puri?ed before it is fed to 
the outside of the rotor, for example, by using a puri?cation 
centrifuge. The valve device 19 is, preferably, an automatic 
regulating valve with an inlet pressure arranged at a ?xed pres 
sure so that the amount of the helium gas to be jetted through 
the valve device corresponds at a predetermined ratio with 
that of the helium gas fed into the rotor for the first time. Op 
tionally, metering means of the helium passing through the 
valve and of the newly introduced gas and means to control 
the supply by the output of the metering means may be inter 
posed. As the helium gas sweeps out through annular 
clearance 31 and 32 into the chambers A and B, respectively, 
it is mixed respectively with the gases jetted out through the 
holes 25 and 26 and is then evacuated by vacuum pumps 
through pipes 13 and 14. Means are provided to control the 
flow of the helium gas, divided into the upper and lower flow 
into amounts equal to each other by providing flow control ar 
ranging valve devices 15a and 160, respectively. 

FIG. 3 shows a flow sheet of the process of the invention in a 
cascade formation through a plurality of centrifuging ap 
paratus. Each supply step Cf, enriching step C0,, CCg and 
Ccm, and recovery step Cr,, Cr, and Crn are combined 
with one another, so that each step may be arranged in parallel 
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4 
having a great number of centrifuges, especially, greater 
number thereof in the vicinity of the supply step and a 
decreasing number in the direction toward the last step. These 
relations will be understood by those skilled from material 
balance. From the last step of the enriching steps, a gas con 
taining uranium 235 of desired enrichment will be obtained. 
The diagram of FIG. 4 represents schematically the system 

of the invention in the combination of a plurality of cen 
trifuges, showing the interconnections from the first supply 
centrifuge to the ?rst recovery centrifuge, to the last recovery 
centrifuge with broken line indicating a chain of additional in 
terposed recovery centrifuges and from the ?rst supply cen 
trifuge to the ?rst enriching centrifuge and to the last en 
riching centrifuge with a broken line indicating a chain of ad 
ditional interposed enriching centrifuges, each centrifuge hav 
ing an additional helium puri?cation centrifuge interposed 
between the output of its parent centrifuge and its feedback to 
it. Every of these centrifuges is provided with its own three 
evacuating pumps, an enriched U-235 evacuating pump, a 
depleted U-235 evacuating pump and a helium pump, as 
shown in greater detail schematically in FIG. 1 only. 
The mixing chamber shown in FIG. 4 is provided only for 

the ?rst centrifuge. Only the last recovery centrifuge and the 
last enriching centrifuge each have an enriched Uranium out 
put means and depleted uranium output means, respectively. 
While there have been described herein what are at present 

considered preferred embodiments of the invention, it will be 
obvious to those skilled in the art that many modi?cations and 
changes may be made therein without departing from the 
spirit of the invention. It is therefore to be understood that the 
exemplary embodiments are illustrative and not restrictive of 
the invention, the scope of which is de?ned in the appended 
claims, and that all modi?cations that come within the mean 
ing and range of equivalency of the claims are included 
therein. 
What is claimed is: 
1. A gas centrifuge for separating and enriching mixtures of 

gases in accordance with minute differences between mass 
numbers ofisotopes, comprising: 

a. an outer housing, 

b. a rotary chamber coaxially situated within said outer 
housing, mounted rotatably thereto having an upper and 
a lower end-plate; the radius of said housing being larger 
than the radius of said rotary, the said housing and said 
rotary chamber thus providing a circumferential chamber 
in between their walls; said housing provided internally at 
the levels of said upper and lower end plates with flanges, 
forming with said plates an upper and lower jetting con~ 
tainers with jet inlets; 

c. a ?rst duct means including a ?rst ori?ce in said housing 
to feed a mixture of gases into said rotary chamber 
through the upper end-plate thereof; 

d. a ?rst jet means to jet enriched gas of a smaller mass 
number of said mixture of gases from the internal axially 
peripheral region of said rotary chamber into said lower 
jetting container; 

e. a second ori?ce in the lower container of said housing 
and a second duct means including a pressure valve con 
nected to said second ori?ce to duct the enriched gas 
from said lower jetting container to the outside of said 
housing; 

f. a second jet means to jet depleted gas of a smaller mass 
number of said mixture of gases from the internal axially 
peripheral region of said rotary chamber into said upper 
container; 

g. a third ori?ce in the upper container of said housing and a 
third duct means including a pressure valve connected to 
said third ducting ori?ce to drain gas from said upper 
container to the outside of said housing; 

h. a fourth ori?ce and a fourth duct means to pull out light 
gas collected in the axially central part of said rotary 
chamber through said lower end plate and said lower con 
tainer out of said housing; 
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i. a ?fth duct feeding means to feed said light gas into said 
circumferential chamber and from there from the upper 
and lower regions thereof into said upper and lower con~ 
tainers, respectively; 

j. a fifth ori?ce in said outer housing in the middle portion of 5 
said circumferential chamber and a ?fth duct means con 
necting said ?fth ori?ce with said fourth ori?ce. 

2. A centrifuge as claimed in claim 1, further comprising a 
heating device adjacent‘ the upper region of said rotary 
chamber and a cooling device adjacent the lower region of 
said rotary chamber. 

3. A centrifuge as claimed in claim i, each said end plate 
provided with an integral shaft axially protruding to the out 
side of said rotary chamber through a ?rst and fourth ori?ce, 
respectively, for rotation through the said housing, and means 
connected to at least one of said shafts to rotate said rotary 
chamber. 

4. A centrifuge as claimed in claim l, the shaft of said upper 

5. A centrifuge as claimed in claim 48, wherein said light gas 
is inert. 

6. A centrifuge as claimed in claim 1, said ?rst duct means 
comprising a pressure control valve and a pump means. 

7. A centrifuge as claimed in claim 1, said ?rst duct means 
including a pressurized source of a mixture of first gases to be 
separated and enriched; a pressurized source of a second gas 
to be admixed to said ?rst gases, a pressurized comixing 
chamber and a conduit leading from said comixing chamber to 
said ?rst feeding means. 

8. A centrifuge as claimed in claim 1, said ?rst jet means 
comprising ori?ces spaced in said lower end—plate. 

9. A centrifuge as claimed in claim 1, said second jet means 
comprising ori?ces spaced in said upper end-plate. 

10. A centrifuge as claimed in claim 1, said second duct 
means comprising a pressurized valve and a pump means. 

11. A centrifuge as claimed in claim ll, said third duct means 
comprising an evacuating pump and pressurized valve means. 

12. A centrifuge as claimed in claim 1, said fourth duct 
means comprising a pump and conduits between said shaft of 
said lower end-plate and said pump. 

13. A centrifuge as claimed in claim 1, said circumferential 
chamber comprising an ori?ce to the outside, said second duct 
means comprising a pump and conduits between said ori?ce 
and said pump and between said pump and said second duct 
means. 

M. A centrifuge as claimed in claim 1, said circumferential 
chamber comprising a third and fourth jet means connecting it 
with said upper container and with said lower container, 
respectively. 

115. A centrifuge as claimed in claim 14, said third jet means 
comprising means to control the amounts of gases to be 
drained respectively to the outside of said upper and lower 
containers to be equal to each other. 

16. A centrifuge as claimed in claim 1, said fourth duct 
means comprising a helium puri?cation means. 

117. A centrifuge as claimed in claim 1 said ?fth duct includ 
ing means of ?owing the ducted light gas in vector directions 
parallel to the velocity vectors of said cylindrical surface of 
said rotary chamber. 

18. A centrifuge as claimed in claim 1 further comprising 
means of providing a thermal gradient within said cylindrical 
chamber. 

19. A centrifuge as claimed in claim 1, said mixture of gases 
including uranium 235 mixed with uranium hexa?uoride. 

20. A centrifuge as claimed in claim 1 as a ?rst centrifuge in 
an assembly with several additional intermediate centrifuges 
and a last centrifuge, each said centrifuge as de?ned in claim 
1, said ?rst centrifuge functioning as a ?rst supply centrifuge 
further comprising: a ?rst source of a mixture of natural urani 
um hexafluoride comixed with uranium 235; a source of heli 
um; a pressurized mixing chamber of said ?rst mixture of gases 
with said helium; ?rst conduit means to connect said mixing 
chamber with said first duct means; a ?rst, a second of a plu 
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rality of successive and a last enriching centrifuge, each as 
de?ned in claim 1; said supply centrifuge having a supply joint 
connecting its ?rst duct means, the duct means from said mix 
ing chamberv and the third duct means of said ?rst enriching 
centrifuge, said ?rst enriching centrifuge further comprising 
an enriching joint connecting said ?rst duct means of said ?rst 
enriching centrifuge with the second duct means of said ?rst 
supply centrifuge and with the third duct means of the next ad_ 
jacent successive enriching centrifuge, said successive en 
riching centrifuges interconnected in an analogous manner, 
the second duct means of said last enriching centrifuge further 
comprising a collecting container of enriched uranium 235 gas 
output; a ?rst, a second, a plurality of successive and a last 
recovery centrifuges, each as de?ned in claim 1, said second 
duct means of said ?rst recovery centrifuge connecting with 
said supply joint, said ?rst recovery centrifuge further com 
prising a recovery joint connecting said ?rst duct means of 
said ?rst recovery centrifuge with the second duct means of 
the successive recovery centrifuge and with the third duct 
means of the ?rst supply centrifuge, said successive cen 
trifuges interconnected in analogous manner, the third duct 
means of said last recovery centrifuge further comprising a 
collecting container of depleted uranium 235 gas output. 

21. A centrifuge as claimed in claim 20 wherein said light 
gas pulled out from the rotor to the outside thereof may be 
further subjected to puri?cation before it is fed to the outside 
of the rotor by using another type of centrifuge. 

22. A centrifuge as claimed in claim 20, wherein said 
cascade formation has a greater number of centrifuges in the 
vicinity of first a supply and a decreasing number toward the 
last centrifuge. 

23. A process for separating and enriching uranium 235 in 
accordance with minute difference between mass numbers of 
isotopes using a greater number of centrifuges arranged in a 
cascade formation and each of which includes an outer 
chamber and a rotary chamber situated within said outer 
chamber and mounted rotatably thereto, comprising the steps 
of centrifuging a gas including uranium 235 and a light gas 
thereby separating an enriched gas of uranium 235, a light gas 
and a depleted gas of uranium 235 from each other into 
separate spatial regions lower, axially central and an upper, 
respectively, evacuating said light gas collected in the central 
region, ducting said light gas into a separate circumferential 
region therefrom sweeping it into an enriched gas and a 
depleted gas region, mixing said light gas with said enriched 
gas of uranium 235 and with said depleted gas of uranium 235 
respectively, draining respectively said mixed gases from said 
different regions and thence subjecting said mixture of en 
riched gas of uranium 235 with said light gas to analogous sub‘ 
sequent centrifuging step simultaneously repeating the steps 
of ducting said mixture of depleted gas or uranium 235 with 
said light gas to a centrifuging former step, said centrifuging 
steps arranged in a cascade formation. 

24. A process for separating and enriching mixture of gases 
in accordance with minute difference between mass numbers 
of isotopes, using a centrifuge, 

said centrifuge including an outer chamber and a rotary 
chamber situated within said outer chamber and mounted 
rotatably thereto; 

said process comprising the steps of feeding the mixture of 
gases with a light gas into said rotary chamber through 
one end plate thereof; 

jetting enriched gas of a smaller mass number of said mix 
ture of gases from the internal axially peripheral region of 
said rotary chamber into one between said outer chamber 
and said rotary chamber; 

jetting depleted gas of a larger mass number of said mixture 
of gases from said internal axially peripheral region of 
said rotary chamber into another region between said 
outer chamber and said rotary chamber; 

pulling out the light gas collected in the center axial part of 
said rotary chamber through another end~plate thereof; 

feeding the light gas into a circumferential space between 
said rotary chamber and said outer chamber; 
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sweeping said light gas into the one region and the other re~ 
glon; 

mixing said light gas with said enriched gas within said one 
region; 

mixing said light gas with said depleted gas within said other 
region; 

draining the mixed gas within one region to the outside of 
said outer chamber, 

and draining the mixed gas within said other region to the 
outside of said outer chamber. 

25. A process as claimed in claim 24 wherein said mixture 
of gases includes uranium 235 and uranium 238, and the ratio 
of amount of said mixture of gases and said light gas to be fed 
into the rotary chamber is substantially in the range of from I 
to l to 3. 

26. A process as claimed in claim 24, wherein an amount of 
gases to be jetted respectively to the said different regions is 
equal to each other. 

27. A process for separating and enriching uranium 235 in 
accordance with minute difference between mass numbers of 
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8 
isotopes using a great number of centrifuges arranged in a 
cascade formation and each of which comprising a cycle of 
steps of: 

pressurizing said gas mixture; 
centrifuging said gas mixture into a first (upper) and second 

(lower) region; 
heating said gas in said ?rst region; 
cooling the gas in said second region; 
jetting said gas from said ?rst region into a depleted gas 

zone and said gas from said second region into an en 
riched gas zone; 

providing an intermediate gas zone; 
simultaneously centrifuging the gas from said second zone 

to said intermediate zone, and withdrawing gas from said 
lower region to said intermediate zone; 

withdrawing gas from said ?rst zone; and 
repeating said cycle using the last mentioned step of said 
withdrawing said gas as the initial step of pressurizing said 
gas mixture in said subsequent cycle. 


