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( 7 1 ) W e , GENERAL ATOMIC COMPANY, 
a partnership organised under the laws of 
the State of California, of 10955 John Jay 
Hopkins Drive, San Diego, California, 

5 United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par-
ticularly described in and by the following 

10 statement:— 
This invention relates generally to a 

method and an apparatus for producing 
microspherical particles. More particularly, 
the invention relates to such method and 

15 apparatus which are particularly useful in 
connection with the so-called sol-gel pro-
cess for the production of nuclear fuel 
kernels. 

The production of microspherical particles 
20 is important in various technical and indus-

trial applications. Examples of these are in 
the preparation of nuclear fuel for high tem-
perature gas-cooled reactors and in the pre-
paration of particulate catalyst materials 

25 used in petroleum refining and other chemi-
cal processes. In most cases it is preferable, 
and in some cases it is essential, that such 
microspheres be produced with a preselected 
uniform size and be of uniform spherical 

30 shape. 
Microspherical particles are conventionally 

manufactured by dispersing a suitable liquid 
feedstock, containing dissolved or suspended 
material, into small droplets and subse-

35 quently solidifying the droplets in a suitable 
manner, such as by chemically gelling the 
droplets and/or evaporating or otherwise re-
moving the solvent or liquid carrier from the 
droplets. 

40 A particular process which has been highly 
successful in connection with the prepara-
tion of microspheres of fertile or fissile ma-
terial is known as the "sol-gel" process. In 
this process, an aqueous sol liquid feedstock 

is dispersed into small droplets to fall down- 45 
wardly into a gelling column. In the gelling 
column, a gelling gas is provided which 
causes gelling on the surface of the droplets. 
The gelling provides sufficient strength and 
elasticity to allow the spherical droplets to 50 
impact on a liquid surface without suffer-
ing permanent deformation. A liquid is pro-
vided at the lower end of the gelling column 
and the spherical droplets enter the liquid 
and are decelerated thereby. The liquid is of 55 
a composition which causes further gelling 
of the droplets into spherical particles which 
are then transferred to a further processing 
step. In the further processing step, the 
spherical gelled particles are dehydrated or 60 
otherwise treated under controlled conditions 
and are then sintered to a high density. The 
particles may be subsequently coated with a 
refractory material, such as pyrolytic carbon. 

In the foregoing described process, some 65 
problems have been encountered with prior 
art apparatus and methods. In particular, 
insufficient surface gelling frequently occurs, 
resulting in impact damage and non-rounded 
particles. The cause of this is believed to be 70 
a_ dilution of the gelling gas with more dense 
air entering the gas-air interface. Gelling 
columns which are very long, for example 
several metres in length, may be used to in-
crease the residence time of the particles in 75 
the gelling gas. This solution to the prob-
lem, however, typically requires costly ele-
vated work platforms and support structures 
for the extensive gelling column length. In 
addition, a high flow of gelling gas may be 80 
utilized to further enhance the gelling pro-
cess. This, however, may result in cost and 
pollution control penalties. Finally, the nec-
essity to provide sufficient time and/or gel-
ling gas flow to provide a satisfactory gel- 85 
ling may produce a limitation on the rate at 
which droplets may be processed. 

It is an object of this invention to provide 
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a method and apparatus for producing 
microspherical particles without the afore-
mentioned problems. 

According to the invention, the method for 
5 producing microspherical particles com-

prises dispensing gellable droplets from a 
droplet generator into a vertical gelling 
column of which the lower end contains a 
gelling liquid, supplying a gelling gas to the 

10 gelling column in a region above the gell-
ing liquid, supplying a further gas of a dens-
ity lower than that of the gelling gas to the 
gelling column in a region above the gelling 
gas, and withdrawing the gelling gas and 

15 further gas from the gelling column at the 
interface between the region of the gelling 
gas and the region of the further gas. 

The invention allows the production of 
microspherical particles at a higher rate 

20 than possible with prior art apparatus and 
methods, and impact damage as a result of 
insufficient surface gelling can be minimized. 

The present invention also includes appa-
ratus for producing microspherical particles 

25 in accordance with the method defined 
above, comprising a droplet generator for 
dispensing gellable droplets, a gelling col-
umn positioned for receiving the droplets 
from the droplet generator and of which the 

30 lower end is adapted to contain a gelling 
liquid, a source of gelling gas, a passage for 
introducing the gelling gas to the gelling 
column in a region above the gelling liquid, 
a source of a further gas of a density lower 

35 than that of said gelling gas, a passage for 
introducing the further gas of a density 
lower than that of the gelling gas to the 
gelling column in a region above the region 
where the gelling gas is introduced, and an 

40 exhaust passage for withdrawing gases from 
the gelling column at the interface between 
the region of the gelling gas and the region 
of the further gas. 

The invention will be explained further by 
45 way of example with reference to the ac-

companying drawings, wherein:— 
Figure 1 is a partially sectioned perspec-

tive view of apparatus constructed in ac-
cordance with the invention; and 

50 Figure 2 is a partially sectioned perspec-
tive view illustrating a further embodiment 
of the invention. 

Figure 1 shows a droplet generator 11 for 
dispersing uniform spherical droplets of a 

55 chemicalfy gellable sustance. A gelling col-
umn 12 is positioned for receiving droplets 
13 from the droplet generator. The gelling 
column is closed at both ends to prevent 
entry of air thereinto. The closed lower end 

60 14 of the gelling column confines a gelling 
liquid 15. A source 16 of a gelling gas is 
provided as well as a passage 17 for intro-
ducing the gelling gas from the source there-
of to the region 18 within the gelling column 

65 immediately above the gelling liquid. A 

source 19 of a further gas is provided, the 
further gas being of a density which is lower 
than that of the gelling gas. The further gas 
from the source thereof can be introduced 
into the region 22 (the spheroidization re- 70 
gion) within the gelling column immediately 
above the gelling gas through a passage 21. 
A plenum 23 is provided for withdrawing 
gases from the gelling column at the inter-
face between the region 18 of the gelling gas 75 
and the region 22 of the further gas. 

The term "gas" as used herein and in the 
appended claims refers to a single gas or to 
a mixture of gases having the properties 
appropriate to the use described. 80 

Referring now in greater detail to Figure 
1, the droplet generator 11 operates to dis-
perse a liquid feedstock into uniform spheri-
cal droplets. The droplet generator 11 may 
be of any suitable type but preferably em- 85 
ploys a capillary dispenser tube 25 which 
extends vertically downward and which 
ejects a series of droplets from its lower end 
in a direction axially of the tube. A co-axial 
passage 26 is also preferably provided 90 
surrounding the capillary tube 25. A flow of 
gas concurrent with the flow of droplets is 
supplied to the co-axial passage 26 through 
the passage 21 from the gas source 19. The 
concurrent flow of gas through the passage 95 
26 enhances varicose instabilities in the jet 
stream in order to cause break-up of the jet 
into uniform spherical droplets. A droplet 
generator of the type described is shown and 
described in U.S. Patent 3,731,850. 100 

The uniform spherical droplets 13 pass 
downwardly through the gelling column 12 
and are collected in the gelling liquid 15 
contained in the region at the frustoconical 
closed end 14 of the gelling column. The 105 
liquid 15 typically may be an ammonium 
hydroxide solution or an alcohol or the like 
which causes deceleration and sufficient 
gelling of the spherical particles 30 so as to 
enable further processing thereof. The settled 110 
gelled particles are removed from the gelling 
column through a valve 29 and outlet pas-
sage 31 at the lower end of the gelling col-
umn Alternatively, the lower end of the 
gelling column may remain open and be 115 
sealed by immersion beneath the free surface 
of the gelling liquid. An under-liquid con-
veyor may be used to remove particles. A 
further alternative is to seal the lower end 
of the gelling column by a liquid trap and 120 
remove the particles by pumping the liquid 
through a screen. 

As the droplets 13 strike the surface of 
the liquid 15, certain physical stresses occur. 
To prevent permanent deformation of the 125 
droplets, a gelling gas is supplied to the re-
gion 18 within the gelling column which 
causes gelling on the surface of the droplets. 
The gelling is insufficient to provide the 
strength and elasticity which wfll allow the 130 
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spheres to impact on the surface of the liquid 
15 without suffering permanent deforma-
tion. The gelling gas may be of any suitable 
type, such as ammonia, and is applied to 

5 the region 18 through the passage 17 from 
the gas source 16. 

The upper portion 33 of the gelling col-
umn 12 is of slightly less diameter than the 
lower portion 28, and extends a slight dis-

10 tance coaxially within the lower portion 28. 
An annular plenum 23 is in sealed engage-
ment with the upper edge of the lower por-
tion 28 of the gelling column 12 and also 
with the outer surface of the upper portion 

15 33 of the gelling column 12. The upper end 
of the upper portion 33 is closed against the 
lower end of the passage 26 by an annular 
wall 37. Thus, the entire gelling column 12 
is sealed at both ends and is sealed through-

20 out its length so as to prevent entry of air 
from the region surrounding • the gelling 
column into its interior. Accordingly, entry 
of denser air into the gelling gas causing di-
lution of the gelling gas is prevented to 

25 maximize the surface gelling of the drop-
lets which occurs in the region 18 of the 
gelling column. 

The gas entering spheroidization region 
22 within the gelling column 12 from the gas 

30 source 19 is selected to have a density lower 
than that of the gelling gas. Thus, the gas 
entering from the source 19 to the region 
22 may, for example, be helium. The pre-
sence of the lighter gas above the region 18, 

35 and the exclusion of air from the gelling 
column 12, prevents dilution of the gelling 
gas and consequently assures maximum gel-
ling effect in the length of the gelling col-
umn devoted to gelling of the droplets. 

40 In order to remove the gelling gas and the 
less dense gas in the upper region of the 
gelling column, the gelling column is pro-
vided with an annular orifice 41 at the inter-
face between the regions 18 and 22. The 

45 annular orifice need not be continuous, as 
shown, but may also be comprised of a series 
of openings arranged to be the substantial 
equivalent of a continuous opening. In the 
illustrated example, the gelling gas is re-

50 moved from the region 18 and the lighter or 
less dense gas in the region 22 is also re-
moved through the annular passage 41. Col-
lection is accomplished by means of the an-
nular plenum 23 surrounding the annular 

55 orifice 41. A discharge passage 43 is pro-
vided in the plenum 23 and such passage is 
coupled to a suitable exhaust system in order 
to withdraw the gases from the plenum 23. 

In operating the apparatus of the inven-
60 tion in accordance with the method of the 

invention, the droplet generator operates to 
discharge droplets from the capillary 25 
downwardly into the region 22 within the 
upper portion 33 of the gelling column 12. 

65 The less dense gas, such as helium, is dis-

charged into the region 22 through the co-
axial passage 26 from the source 19. At the 
same time, the gelling gas is introduced to 
the region 18 from the source 16. Both gases 
are withdrawn through the annular passage 70 
41 into the plenum 23 and from thence 
through the passage 43 to the unillustrated 
exhaust system. As the droplets fall down-
wardly through the gelling column, they 
become spherical and then enter the region 75 
18 where gelling at the surface of the drop-
lets occurs. By the time the droplets enter 
the liquid 15, sufficient gelling has occurred 
to prevent permanent deformation of the 
droplets as they strike the surface of the 80 
liquid. The gelled particles are then re-
moved through the valve 29 and passage 31. 

Referring now more particularly to Figure 
2, a further embodiment of the invention is 
shown. Elements of the embodiment of Fig- 85 
ure 2 which are similar In design and func-
tion to elements of the embodiment of Fig-
ure 1 have been given identical reference 
numbers preceded by a 1. In the embodi-
ment of Figure 2, the lower portion 128 of 90 
the gelling column 112 is formed in two sec-
tions, the lower one of which is slightly 
larger in diameter than the upper one, the 
sections being joined by an annular hori-
zontal wall 151. The upper portion 133 of 95 
the gelling column 112 is of substantially 
larger diameter than the two sections of the 
lower portion 128. Two additional ports 153 
and 155 are provided for introducing a gas 
of a lighter density than the gelling gas to 100 
the region 122 in addition to the gas intro-
duced thereinto through the co-axial pas-
sage 126. A plate 157 separates the interior 
of the upper portion 133 from the plenum 
123. A hollow cylinder 159 projects down- 105 
wardly from the plate 157 co-axially within 
the plenum 123 and is spaced from the upper 
end of the upper section of the lower por-
tion 128 to form the annular passage 141. 

A sliding gate valve 161 is provided for 110 
isolating the region 122 from the region 118. 
The gate valve 161 includes a plate 162 
sealed by seals 163 at the walls of the upper 
portion 133 of thes liding column 122. An 
annular seal 165 is provided at the upper 115 
end of the hollow cylinder 159. A hollow 
cylinder 167 projects from an opening in 
the gate valve plate 162; the cylinder 167 is 
of the same diameter as the hollow cylinder 
159. When the cylinders 167 and 159 are in 120 
alignment, the apparatus is in an operative 
condition and the droplets fall from the cap-
illary 125 axially down through the aligned 
cylinders 167 and 159. 

A removable container 171 is provided on 125 
the plate 162 set in a recess therein in the 
upper surface thereof. When the gate valve 
is moved to the closed condition, the con-
tainer 171 is aligned axially with the cap-
illary 125 and therefore catches any drop- 130 
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lets falling therefrom. Suitable doors, not 
illustrated are provided in the upper por-
tion 133 for removing the removable con-
tainer 171 therein and for facilitating clean-

5 up and maintenance. 
Operation of the apparatus of Figure 2 is 

substantially the same as that described in 
connection with the operation of the appa-
ratus of Figure 1. In both of the embodi-

10 ments of Figures 1 and 2, operation of the 
gelling gas and the lighter gas is preferably 
at a slightly positive pressure relative to the 
atmospheric pressure immediately surround-
ing the column. This precludes inleakage of 

15 air and ensures that dilution of the gelling 
gas will not occur. 

The illustrated apparatus can be operated 
in accordance with the invention to produce 
particles with virtually total elimination of 

20 non-round particles. The consumption of 
gelling gas is reduced significantly over prior 
art structures. A stable, well-defined inter-
face is provided between the gelling gas and 
the lighter gas above the gelling region and 

25 inleakage of air is virtually eliminated. 
WHAT WE CLAIM IS:— 
1. A method for producing microspheri-

cal particles, comprising dispensing gellable 
droplets from a droplet generator into a ver-

30 tical gelling column of which the lower end 
contains a gelling liquid, supplying a gelling 
gas to the gelling column in a region above 
the gelling liquid, supplying a further gas of 
a density lower than that of the gelling gas 

35 to the gelling column in a region above the 
gelling gas, and withdrawing the gelling gas 
and further gas from the gelling column at 
the interface between the region of the gelling 
gas and the region of the further gas. 

40 2. A method according to claim 1, 
wherein the supplied gases in the gelling 
column are maintained at pressures in ex-
cess of the ambient pressure outside the gel-
ling column to preclude inleakage of air. 

45 3. Apparatus for producing micro-
spherical particles in accordance with the 
method of claim 1, comprising a droplet gen-
erator for dispensing gellable droplets, a 
gelling column positioned for receiving the 

50 droplets from the droplet generator and of 
which the lower end is adapted to contain 

a gelling liquid, a source of gelling gas, a 
passage for introducing the gelling gas to 
the gelling column in a region above the gel-
ling liquid, a source of a further gas of a 55 
density lower than that of said gelling gas, 
a passage for introducing the further gas of 
a density lower than that of the gelling gas 
to the gelling column in a region above the 
region where the gelling gas is introduced, 60 
and an exhaust passage for withdrawing 
gases from the gelling column at the interface 
between the region of the gelling gas and the 
region of the further gas. 

4. Apparatus according to claim 3, 65 
wherein the exhaust passage comprises an 
annular plenum surrounding the gelling col-
umn at said interface, the gelling col-
umn having at least one opening therein 
communicating with the plenum. 70 

5. Apparatus according to claim 3, in-
cluding a gate valve positioned in the gelling 
column proximate said interface for isolat-
ing in its closed position the further gas from 
the gelling gas. 75 

6. Apparatus according to claim 5, in-
cluding a removable container positioned on 
the valve plate of said gate valve and adap-
ted to receive droplets from the droplet gen-
erator when the gate valve is closed. 80 

7. Apparatus according to claim 3, 
wherein the droplet generator includes a 
capillary dispenser tube, and wherein the 
passage for introducing a further gas in-
cludes a co-axial passage around the cap- 85 
illary dispenser tube, the co-axial passage 
communicating with the gelling column 
above said interface. 

8. A method for producing micro-
spherical particles as claimed in claim 1 90 
and substantially as described with reference 
to the accompanying drawings. 

9. An apparatus for producing micro-
spherical particles as claimed in claim 3 and 
substantially as described with reference to 95 
the accompanying drawings. 

R. C. ROGERS, 
Chartered Patent Agent, 

Shell Centre, 
London, S.E.I. 

Agent for the Applicants. 
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