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(57) ABSTRACT 

In a method of and apparatus for producing Sub-micron 
bubbles in liquids, Slurries, and sludges, gas is maintained on 
the interior of the gas permeable partition at predetermined 
preSSure. Relative movement between the gas permeable 
partition and the Surrounding material forms Sub-micron 
sized bubbles in the liquid, Slurry, or Sludge. 
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METHOD OF AND APPARATUS FOR PRODUCING 
SUB-MICRON BUBBLES IN LIQUIDS, SLURRIES, 

AND SLUDGES 

TECHNICAL FIELD 

0001. This invention relates generally to gas-liquid, gas 
Slurry, and gas-sludge reactions, and more particularly to a 
method of and apparatus for creating Sub-micron bubbles in 
liquids, slurries, and Sludges. 

BACKGROUND OF THE INVENTION 

0002 Gas-liquid, gas-slurry, and gas-sludge reactions 
(hereinafter referred to collectively as gas-liquid reactions) 
present unique problems not found in Single phase reactions. 
The rate and efficiency of gas-liquid reactions is dependent 
on the amount of contact between the gas and the liquid. The 
contact occurs at the interface of the liquid and the gas and 
is, therefore, dependent upon the Surface area of the gas 
bubbles in the liquid. For a given amount of gas, the Smaller 
the bubbles, the greater the surface area. It is therefore 
advantageous to produce Smaller bubbles in order to achieve 
the best reaction efficiency. 
0003. The efficiency of gas-liquid reactions is particu 
larly important in waste water treatment Systems. For 
example, one of the primary processes in treating municipal 
and Some industrial wastewater Streams is known as an 
activated Sludge System. In an activated Sludge System, 
incoming wastewater, typically under gravity flow condi 
tions, enters a large, typically rectangular aeration basin. 
Within the basin a manifold system of aerators served by one 
or more large air compressors puts air into the wastewater. 
The Oxygen in the air allows naturally occurring bacteria 
(the activated sludge) to oxidize contaminants in the waste 
Water. 

0004. The aerators used in conventional wastewater treat 
ment plants are typically disks with Small pores which are 
referred to as diffusers. Conventional diffusers are able to 
produce bubbles in the 100-500 micron range. These rela 
tively large bubbles tend to rise quickly in the aeration basin, 
limiting the amount of oxygen that can transfer from the gas 
bubble to the water. As a result, extremely large quantities of 
air must be passed through the diffuser in order to ensure that 
an appropriate amount of oxygen enter the water. 

0005 Conventional diffusers tend to plug over time. 
When a diffuser is plugged, the air pressure behind the 
diffuser can blow the diffuser head completely off of the riser 
pipe to which it was attached. If a diffuser head blows off of 
the riser pipe, the preSSure drop across the diffuser is 
eliminated. AS the diffusers and riser pipes are manifolded 
together, any reduction in pressure drop reduces efficiency 
acroSS the entire System. 
0006 Replacing a conventional diffuser requires that the 
activated Sludge System or a portion of the System be taken 
off line and drained so that the diffuser may be replaced. 
Thus, a need exists for improvements in the art of diffuser 
design which facilitate the generation of Sub-micron sized 
bubbles in the wastewater treatment systems. 
0007 Diffuser manufactures have heretofore attempted 
to generate Sub-micron sized bubbles in activated sludge 
Systems by fabricating diffuses having very unsuccessful 
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because the problem of diffuser plugging is exacerbated 
when diffuser outlet hole size is reduced. 

SUMMARY OF THE INVENTION 

0008. The present invention comprises a method and 
apparatus which overcomes the foregoing and other diffi 
culties that have long Since characterized the prior art. In 
accordance with the broader aspects of the invention there is 
generated a Stream of Sub-micron sized gas bubbles. Due to 
their extremely Small size, the gas bubbles have an 
extremely large Surface area which increaseS reaction effi 
ciency. Smaller pores in a gas permeable partition facilitate 
the formation of Smaller bubbles. Additionally, high velocity 
relative movement between a liquid and the partition Surface 
aids in shearing the bubbles off the surface while they are 
still Small. 

0009. In accordance with first, second, and third embodi 
ments of the invention, a gas permeable tube is positioned 
within an outer tube and water or other liquid is caused to 
continuously flow through the annular space between the 
two tubes. Gas is directed into the interior of the gas 
permeable tube and is maintained at a pressure high enough 
to cause gas to pass into the water or other liquid and prevent 
the flow of water or other liquid into the interior of the gas 
permeable tube. AS the water or other liquid passes over the 
gas permeable tube, gas bubbles are continually sheared off 
of its Surface. The gas bubbles thus generated are Sub 
micron in size and therefore present an extremely large 
Surface area. The gas permeable tube may also be rotated 
relative to the liquid. 

0010. In accordance with a fourth embodiment of the 
invention, there is provided a hollow disk which Supports a 
gas permeable partition. The disk is positioned within a 
water or other liquid filled container. Gas is directed into the 
interior of the disk and is maintained at a pressure high 
enough to cause gas to pass outwardly through the partition 
and into the water or other liquid and to prevent the flow of 
water or other liquid into the interior of the disk. The disk 
and the partition are moved at high Speed relative to the 
liquid. AS the gas permeable partition moves relative to the 
water or other liquid, gas bubbles are continually Sheared off 
of its Surface. The gas bubbles thus generated are Sub 
micron in size and therefore present an extremely large 
Surface area. 

0011. A fifth embodiment of the invention is particularly 
adapted to wastewater treatment. In accordance therewith, 
an activated Sludge System employs a rotating diffuser, 
rather than the conventional Static diffuser. Rotational power 
is Supplied by air pressure flowing through jets located along 
the circumference of the diffuser. The rotational motion of 
the diffuser, coupled with the water head pressure on top of 
the diffuser, produces a frictional force on the Small air 
bubbles emanating from the pores of the diffuser. This 
frictional force shears the air bubbles off the diffuser head 
before the air bubbles are completely formed, thus produc 
ing Sub-micron sized bubbles and higher oxygen transfer 
efficiency due to the larger overall Surface area. Further, the 
rotational motion tends to keep the pores in the diffuser 
cleaner than in a conventional diffuser, resulting in leSS 
plugging and thus leSS maintenance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0012. A more complete understanding of the invention 
may be had by reference to the following Detailed Descrip 
tion when taken in conjunction with the accompanying 
Drawings wherein: 
0013 FIG. 1 is a diagrammatic illustration of a method 
and apparatus for producing Sub-micron bubbles in liquids, 
Slurries, and Sludges comprising a first embodiment of the 
present invention. 
0.014 FIG. 2 is a diagrammatic illustration of a second 
embodiment of the apparatus of the present invention with 
a rotating gas permeable tube. 
0.015 FIG. 3 is a diagrammatic illustration of a third 
embodiment of the apparatus of the present invention with 
a rotating gas permeable tube with turbines. 
0016 FIG. 4 is a diagrammatic illustration of a fourth 
embodiment of the apparatus of the present invention. 
0017 FIG. 5 is an enlargement of a portion of FIG. 4. 
0.018 FIG. 6 is a diagrammatic illustration of a fifth 
embodiment of the invention. 

0019 FIG. 7 is a further illustration of the embodiment 
of FIG. 6. 

DETAILED DESCRIPTION 

0020 Referring now to the Drawings, and particularly to 
FIG. 1 thereof, there is shown an apparatus for forming 
Sub-micron bubbles in liquids, slurries, and sludges com 
prising a first embodiment of the invention. The apparatus 
10 includes a gas permeable tube 12 positioned within an 
outer tube 14. The tube 12 can comprise sintered stainless 
Steel, Sintered glass, or Sintered ceramic materials. AS illus 
trated in FIG. 1, both the gas permeable tube 12 and the tube 
14 comprise right circular cylinders with the tube 12 extend 
ing concentrically relative to the tube 14. Other geometrical 
configurations of and positional relationships between the 
gas permeable tube 12 and the tube 14 may be utilized in 
accordance with the requirements of particular applications 
of the invention. 

0021. In the operation of the apparatus 10, a quantity of 
water or other liquid is received in a reservoir 22. Water or 
other liquid from the reservoir 22 is directed into the annular 
Space between the gas permeable tube 12 and the tube 14 
through piping 24. During the operation of the apparatuS 10 
water or other liquid flows through the annulus between the 
gas permeable tube 12 and the tube 14 on a continuous basis. 
0022. A quantity of gas is stored in a reservoir 26. In the 
operation of the apparatus 10, gas is directed from the 
reservoir 26 into the interior of the gas permeable tube 12 
through piping 28. The gas within the gas permeable tube 12 
is maintained at a pressure high enough to cause the gas to 
pass through the walls of the tube 12 into the water or other 
liquid and prevent the flow of water or other liquid into the 
interior of the tube 12. 

0023. In the operation of the apparatus 10, the water or 
other liquid flowing through the annular space between the 
gas permeable tube 12 and the tube 14 causes gas bubbles to 
be continuously stripped off the exterior Surface of the tube 
12. In this manner the size of the gas bubbles is maintained 
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in the Sub-micron range. The Sub-micron size of the gas 
bubbles provides an enormous Surface area which in turn 
results in unprecedented reaction efficiency. 

0024. The water or other liquid flowing from the annulus 
between the gas permeable tube 12 and the tube 14 having 
reaction products contained therein may be directed to a 
distillation apparatus 30 through piping 32. If used, the 
distillation apparatus 30 may separate the outflow from the 
space between the tube 12 and the tube 14 into one or more 
streams 34, 36, 38, and 40. 

0025 The present invention further comprises a method 
of producing Sub-micron bubbles in liquids, Slurries, and 
Sludges. In accordance with the method, a gas permeable 
tube is positioned within an outer tube. Water or other liquid 
is directed through the annulus between the gas permeable 
tube and the outer tube, and gas is directed into the interior 
of the gas permeable tube. The water or other liquid flowing 
between the gas permeable tube and the Outer tube continu 
ously strips sub-micron size bubbles from the exterior 
Surface of the gas permeable tube. 
0026. The use of an internal gas permeable partition 
cylinder is shown in FIG.1. One skilled in the art would also 
recognize that a vast number of shapes and orientations 
could be used to accomplish the same purpose. For example, 
the tube 14 does not need to be shaped as a tube in order to 
be functional as a housing. Additionally, the orientation of 
the gas inside an inner tube with water or other liquid 
between the inner tube and a housing is not required. One 
skilled in the art could envision a housing bisected by a gas 
permeable partition creating a water or other liquid chamber 
and a gas chamber. The only requirement of Such an 
embodiment is that the chamber has a Source of water or 
other liquid and a product outlet, which leads to an isolation 
apparatus, for example, a distillation apparatus, the gas 
chamber has a gas Source; and the gas permeable partition 
allows the penetration of gas bubbles that are sheared off by 
the relative movement between water or other liquid in the 
chamber and the gas permeable membrane. 
0027 Referring now to FIG. 2, there is shown an appa 
ratus for producing Sub-micron bubbles in liquids, Slurries, 
and Sludges comprising a Second embodiment of the inven 
tion. The apparatuS 50 comprises numerous component parts 
which are Substantially identical in construction and func 
tion to the apparatus 10 for producing sub-micron bubbles in 
liquids and slurries shown in FIG. 1 and described herein 
above in conjunction there with. Such identical component 
parts are designated in FIG. 2 with the same reference 
numerals utilized in the description of the apparatus 10, but 
are differentiated therefrom by means of a prime () desig 
nation. 

0028. In the apparatus 50, the gas permeable tube 12" is 
supported for rotation relative to the outer tube 14' by sealed 
bearings 52. Those skilled in the art will appreciate the fact 
that bearing/seal assemblies comprising Separate compo 
nents may be utilized in the practice of the invention, if 
desired. 

0029. A motor 54 is mounted at one end of the tube 14 
and is operatively connected to the gas permeable tube 12 
to effect rotation thereof relative to the glass tube 14'. The 
tube 14 includes an end portion 56 which is isolated from 
the remainder thereof by a seal 58. The portion of the tube 
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12' extending into the end portion 56 of the tube 14' is 
provided with a plurality of uniform or nonuniform aper 
tures 60. 

0.030. In the operation of the apparatus 50, gas is directed 
from the reservoir 26' through the piping 28' through the end 
portion 56 of the tube 14' and through the apertures 60 into 
the interior of the gas permeable tube 12'. Water or other 
liquid flows from the reservoir 22' through the piping 24 
into the portion of the tube 14 that is isolated from the end 
portion 56 by the seal 58. Water or other liquid flows out of 
the tube 14 through piping 32 to a distillation apparatus 30', 
or other receiving apparatus. 
0031. The operation of the apparatus for producing Sub 
micron bubbles 50 of FIG. 2 differs from the operation of 
the apparatus 10 of FIG. 1 in that in the operation of the 
apparatus 50, the relative movement between the bubbles 
forming on the Surface of the gas permeable tube 12" and the 
water or other liquid contained within the tube 14 is 
controlled by the motor 54 rather than the flow rate of the 
water or other liquid as it passes through the tube 14'. This 
is advantageous in that it allows the gas permeable tube 12" 
to be rotated at a relatively high velocity relative to the water 
or other liquid contained within the tube 14, thereby assur 
ing that sub-micron size bubbles will be sheared from the 
surface of the gas permeable tube 12". Meanwhile, the 
Velocity of the water or other liquid passing through the 
interior of the glass tube 12" can be relatively slow, thereby 
assuring a maximum number of Sub-micron size bubbles 
entering the water or other liquid per unit volume thereof. 

0032. As will be understood by those skilled in the art, 
relative movement between the exterior Surface of the gas 
permeable tube 12" and the water flowing through the tube 
14" depends both on the speed of rotation of the tube 12" 
under the action of the motor 54 and the rate of flow of the 
water through the tube 14'. Thus, the tube 12" must rotate 
faster when the water flow rate is relatively low and need not 
rotate as fast when the water flow rate is relatively high. 
Feedback component for controlling the rotational Speed of 
the tube 12" as a function of the water flow rate may be 
utilized in the practice of the invention, if desired. 
0033. An apparatus 61 for producing sub-micron bubbles 
comprising a third embodiment of the invention is illustrated 
in FIG.3. The apparatus 61 comprises numerous component 
parts which are Substantially identical in construction and 
function to component parts of the apparatus 10 illustrated 
in FIG. 1 and described hereinabove in conjunction there 
with. Such identical component parts are designated in FIG. 
3 with the Same reference numerals utilized in the descrip 
tion of the apparatus 10, but are differentiated therefrom by 
means of a double prime (") designation. 
0034. The apparatus 60 comprises a gas permeable tube 
12" which is supported for rotation relative to the outer tube 
14" by sealed bearings 62. Those skilled in the art will 
appreciate the fact that the apparatus 61 may be provided 
with bearing/seal assemblies comprising Separate compo 
nents, if desired. 

0035. The gas permeable tube 12" is provided with one or 
more turbines 64. The pitch of the turbines 64 is adjusted to 
cause the tube 12" to rotate at a predetermined Speed in 
response to a predetermined flow rate of water or other 
liquid through the tube 14". 
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0036) Similarly to the apparatus of FIG. 2, the use of the 
apparatus 61 is advantageous in that the gas permeable tube 
12" can be caused to rotate relatively rapidly in response to 
a relatively low flow rate of water or other liquid through the 
glass tube 14". This assures that sub-micron size bubbles 
will be Stripped from the Outer Surface of the gas permeable 
tube 12" and that a maximum number of bubbles will be 
received in the water or other liquid flowing through the 
glass tube 14" per unit volume thereof. The use of the 
apparatus 61 is particularly advantageous in applications of 
the invention wherein water or other liquid flows through the 
System under the action of gravity, in that the use of the 
turbines 64 eliminates the need for a separate power Source 
to effect rotation of the gas permeable tube 12" relative to the 
glass tube 14". 
0037 Referring now to FIGS. 4 and 5, there is shown a 
method of and apparatus for producing Sub-micron bubbles 
in liquids, slurries, and sludges 70 comprising a fourth 
embodiment of the invention. In accordance with a fourth 
embodiment of the invention, there is provided a tank 72 
having a quantity of water or other liquid 74 contained 
therein. Water or other liquid us supplied to the tank 72 from 
a source 76 through piping 77. 
0038 A hollow disk 78 is mounted in the lower portion 
of the tank 72. As is best shown in FIG. 5, the disk 78 
includes a gas permeable partition 80 supported on a tube 82 
for rotation within the tank 72 under the operation under the 
motor 84. The partition 80 may comprise sintered stainless 
Steel, Sintered glass, or Sintered ceramic materials depending 
upon the requirements of particular applications of the 
invention. Gas received from a supply 86 is directed through 
piping 88 and a suitable commutator 90 into the tube 82 and 
through the tube 82 into the interior of the hollow disk 78. 
The tube 82 has a hollow interior 90 and the disk 78 has a 
hollow interior 92 connected in fluid communication there 
with. 

0039 The disk 78 is supplied with gas at a pressure just 
high enough to overcome the head pressure of the water or 
other liquid 74. The disk 78 is rotated by the motor 84 at an 
appropriate Speed in contact with the water or other liquid 74 
Such that a shearing phenomen occurs at the Surface of the 
gas permeable partition 80 thus producing bubbles of 
extremely Small, i.e., Sub-micron, size. The extreme Small 
Size of the bubbles thus produced results in a Surface area to 
volume ratio of small bubbles which significantly improves 
the efficiency of the reaction. Liquid is recovered from the 
tank 72 through outlet 92 and gas is recovered from the tank 
72 through outlet 94. 
0040. Referring to FIGS. 6 and 7, there is shown a 
diffuser for activated sludge systems 100 comprising a fifth 
embodiment of the invention. The diffuser 100 includes a 
hollow disk 102 which is supported on a tube 104 for 
rotation about a nominally vertical axis 106. The hollow disk 
102 is provided with a gas permeable partition 108 which 
may be formed from Sintered Stainless Steel or other mate 
rials depending upon the requirements of particular appli 
cations of the invention. A plurality of propulsion jets 110 
are located at Spaced intervals around the periphery of the 
hollow disk 102. 

0041. In the operation of the fifth embodiment of the 
invention, a plurality of hollow disks 102 are situated in a 
quantity of Sludge comprising Suspended Solid matter pro 
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duced by wastewater treatment processes, Sewage treatment 
processes, industrial wastewater treatment processes, etc. 
Compressed air is continually directed through the tube 104 
into the hollow disk 102. Compressed air continually flows 
outwardly from the hollow disk 102 both through the gas 
permeable partition 108 and the discharge jets 110. Dis 
charge of compressed air from the discharge jets 110 causes 
rotation of the hollow disk 102 and the tube 104 about the 
axis 106, it being understood that the hollow disk 102 may 
be supported for rotation independently of the tube 104, if 
desired. 

0042. The discharge of compressed air through the gas 
permeable partition 108 produces sub-micron sized bubbles 
in the liquids surrounding the hollow disk 102. The rotation 
of the gas permeable partition 108 under the action of the 
propulsion jets 110, coupled with the water head pressure on 
top of the gas permeable partition 108, produces a frictional 
force on the Sub-micron sized bubbles emanating from the 
gas permeable partition which shears the bubbles from the 
gas permeable partition before they are completely formed. 
In this manner there is produced Sub-micron sized air 
bubbles and higher oxygen transfer efficiency due to the 
larger overall Surface area. Additionally, the rotation of the 
gas permeable partition 108 tends to keep the pores thereof 
cleaner than is the case in the conventional diffuser, resulting 
in a Substantial reduction in plugging and in turn a Substan 
tial reduction in maintenance. 

0.043 Although preferred embodiments of the invention 
have been illustrated in the accompanying Drawing and 
described in the foregoing Detailed Description, it will be 
understood that the invention is not limited to the embodi 
ments disclosed but is capable of numerous rearrangements, 
modifications, and Substitutions of parts and elements with 
out departing from the Spirit of the invention. 
I claim: 

1. An apparatus for producing Sub-micron bubbles in a 
quantity of sludge comprising: 

a hollow chamber positioned in the water and including a 
gas permeable partition engaging the sludge, 

apparatus for maintaining gas within the interior of the 
hollow chamber at a predetermined pressure Sufficient 
to cause gas flow through the gas permeable partition 
while preventing liquid flow therethrough; and 

at least one propulsion jet mounted on the hollow cham 
ber and connected in fluid communication therewith for 
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discharging a gas jet and thereby causing relative 
movement between the gas permeable partition and the 
liquid. 

2. The apparatus according to claim 1 wherein the gas 
permeable partition comprises a sintered StainleSS Steel 
partition. 

3. The apparatus according to claim 1 wherein the gas 
permeable partition comprises a sintered glass partition. 

4. The apparatus according to claim 1 wherein the gas 
permeable partition comprises a sintered ceramic partition. 

5. The apparatus according to claim 1 wherein the hollow 
chamber comprises a hollow disk. 

6. The apparatus according to claim 1 wherein the pro 
pulsion jet causes rotation of the gas permeable partition 
relative to the liquid. 

7. A method for producing Sub-micron bubbles in liquids 
comprising: 

providing a quantity of Sludge, 
providing a hollow chamber including a gas permeable 

partition; 

positioning the partition of the hollow chamber in the 
Sludge, 

maintaining gas within the interior of the hollow chamber 
at a predetermined pressure Sufficient to cause gas flow 
through the gas permeable partition while preventing 
liquid flow therethrough; and 

discharging a gas jet from the hollow chamber and 
thereby causing relative movement between the gas 
permeable partition and the liquid. 

8. The method according to claim 7 wherein the gas 
permeable partition comprises a sintered StainleSS Steel 
partition. 

9. The method according to claim 7 wherein the gas 
permeable partition comprises a sintered glass partition. 

10. The method according to claim 7 wherein the gas 
permeable partition comprises a sintered ceramic partition. 

11. The method according to claim 7 wherein the hollow 
chamber comprises a hollow disk and wherein the gas jet is 
discharged relatively tangentially thereto. 

12. The method according to claim 7 wherein the step of 
causing relative movement between the gas permeable par 
tition and the liquid comprises rotating the gas permeable 
partition relative to the sludge under the action of the gas jet. 

k k k k k 


