(12) (19) (CA) Brevet-Patent

OPIC CIPO

OFFICE DE LA PROPRIETE (CANADIAN INTELLECTUAL

INTELLECTUELLE DU (CANADA “:k . PrROPERTY OFFICE (1 1) (21) (C) 2,001 ,162
22) 1989/10/20

. . . 43) 1990/04/21
(72) Tanimoto, Shigemi, JP 45y 2000/08/01

(72) Eguchi, Yoshiaki, JP
(73) Showa Aluminum Corporation, JP

51) Int.C1.°> BO5B 3/10

(30) 1988/10/21 (63-266674) JP

30) 1988/10/21 (63-266673) JP

54y DISPOSITIF SERVANT A LIBERER ET A DIFFUSER DES
BULLES DANS UN LIQUIDE

54) DEVICE FOR RELEASING AND DIFFUSING BUBBLES INTO
LIQUID

(57) The device of the present invention comprises a rotary shaft to be disposed 1n a liquid approximately vertically
and rotatable about 1ts axis, the rotary shaft having a gas channel axially extending therethrough, and a bubble
releasing-diffusing rotor fixedly attached to the lower end of the rotary shaft and having a plurality of liquid agitating
projections formed along 1ts periphery at a specified spacing circumferentially thereof, the rotor being formed 1n 1ts
bottom face with a plurality of grooves extending radially from the central portion of the bottom face to the outer ends
of the respective liquid agitating projections for centrifugally guiding the liquid when the rotary shaft 1s 1n rotation.
The rotor has gas discharge ports communicating with the gas channel of the rotary shaft via a communication passage
and equal 1n number to the number of the grooves for discharging the gas therefrom so that bubbles are entrained 1n
the liquid centrifugally flowing out from the outer ends of the grooves 1n the peripheral surface of the rotor.

I*I Industrie Canada  Industry Canada



10

15

20

2001162

ABSTRACT OF THE DISCLOSURE

The device of the present invention compriées
a rotary shaft to be disposed in a liquid approximately
vertically and rotatable about its axis, the rotary shaft
having a gas channel axially extending therethrough, and
a bubble releasing-diffusing rotor fixedly aﬁtached to
the lower end of the rotary shaft and having a plurality
of liquid agitating projections formed along its periphery
at a specified spacing circumferentially thereof, the
rotor being formed in 1ts bottom face with a plurality
of grooves extending radially from the central portion
of the bottom face to thg outer ends of the respective
liquid agitating projections for centrifugally guiding
the liquid when the rotary shaft is in rotation. The
rotor has gas discharge ports communicating with the
gas channel of the rotary shaft via a communication
passage and equal in number to the number of the
grooves for discharging the gas therefrom so that bubbles
are entrained in the liquid centrifugally flowing out
from the outer ends of the grooves in the'peripheral

surface of the rotor.
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TITLE OF THE INVENTION

DEVICE FOR RELEASING AND DIFFUSING BUBBLES INTO LIQUID

BACKGROUND OF THE INVENTION

The present invention relates to devices for
releasing a gas into a liquid in a container in the form
of finely divided bubbles and diffusing the bubbles
through the entire body of liquid.

The term "inert gas" as used herein includes
nitrogen gas which is inert to aluminum and aluminum
alloys, in addition to argon gas, helium gas, krypton
gas and xenon gas in the Periodic Table.

There are cases wherein a gas needs to be
released as finely divided into a liquid. For example,
a treating gas is released in the form of bubbles into
molten aluminum or aluminum alloy to remove from the melt
dissolved hydrogen gas, nonmetallic inclusions in the
form of oxides of aluminum, magnesium and like metals,
Or potassium, sodium, phosphorus and like metals.
Further to promote a chemical reaction, a gas is released
in the form of bubbles into a liquid and thereby brought
into contact with the liquid. To contact the gas with
the liquid effectively in these cases, it is required to
divide the gas as finely as possible and diffuse the

resulting bubbles through the liquid uniformly.
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Heretofore used for this purpose is a device
which comprises a vertical rotary shaft having a gas
channel extending through the shaft longitudinally thereof,
and a bubble releasing-diffusing rotor attached to the
lower end of the shaft. The rotor has a plurality of
liquid agitating blades formed on its peripheral surface
and arranged at a specified spacing circumferentially
thereof, gas discharged ports formed in the peripheral

surface each between the immediately adjacent blades

discharge ports (U.S. Patent No. 4,426,068). With this
device, the vertical rotary shaft is rotated while
supplying to the gas channel the gas to be released into
a liquid to thereby release the gas from the discharge
ports in the form of bubbles. At this time, the liquid
flows into the liquid channels via their openings in the
bottom of the rotor, then passes through these channels
toward the gas discharge ports in the rotor peripheral
surface and thereafter flows out from the ports, whereby
the bubbles released from the discharge ports are diffused
through the entire body of liquid and further divided
finely.

The conventional device, however, has
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the problem of being insufficient in the bubble dividing
and diffusing effect. When the rotor is rotated, the
liquid in the container also flows in the direction of
rotation of the rotor at a velocity lower than the
peripheral velocity of the rotor. At this time, the
greater the difference between the flow velocity of the
liquid and the peripheral velocity of the rotor, the
greater 1s the effect to finely divide the bubbles. The
above device neverthless fails to give a sufficiently
great velocity difference since each gas discharge port
1s formed in the recessed peripheral portion of the rotor
between'the adjacnet blades. Moreover, when the amount
of gas to be released increases, the recessed peripheral
portion of the rotor becomes filled with the gas, making
1t difficult to finely divided the bubbles, to fully
agitate the liquid and to diffuse the bubbles into the
liquid effectively. The bottom of the rotor has a flat
surface and therefore makes it difficult for the liquid
to flow into the liquid channels. Each of the ligquid
channels, which has a completely closed periphery in
cross section, offers great resistance to the ligquid
flowing into the channel, consequently giving a reduéed
velocity to the liquid when it flows out from the gas
discharge port. These difficulties or drawbacks impose

limitations on the effect of the liquid to finely divide

.....

Beve veyy ----'*~thuab«\omu(_u\wt.h- AL Sl A A Uil A v w AL s fY e T e e e . .. o ""\"’Wm“mm-‘“"“"‘ . thwr "



10

15

20

25

2001162

and diffuse bubbles when the liquid flows out of the
rotor.

Figs. 10 and 11 show another known bubble
releasing-diffusing device which comprises a vertical
rotary shaft 70 to be disposed in a liquid and having a
gas channel 71 extending through the shaft longitudinally
thereof, and a bubble releasing-diffusing rotor 72

provided at the lower end of the shaft 70. The rotor 72

circumferentially thereof, a gas outlet 74 formed in the
bottom of the rotor centrally thereof in communication
with the gas channel 71,'and a plurality of grooves 75
formed in the bottom face of the rotor 72, extending
radially from the gas outlet 74 to the outer surfaces

of the respective projections 73 and each having an open

outer end 1in the peripheral surface of the rotor 72 (U.S.

- Patent No. 4,611,790). With this device, the rotary

shaft 70 1s rotated while supplying to the gas channel 71
the gas to be released into the liquid, whereby the gas
1s fed from the gas outlet 74 to the bottom face of the
rotor 72. The gas then flows through the grooves 75
toward the periphery of the rotor 72, where the gas

comes 1nto contact with the peripheral edges of the

rotor 72 defining the openings of the grooves 75,
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whereupon the gas is finely divided and released.

The conventional device described above operates

while the amount of supply of the gas 1s small, whereas
when the gas supply increases, the following problem
arises. When the gas is fed through the gas channel 71
to the gas outlet 74 in the center of bottom face of the
rotor /2, a portion of the gas G collects around the

gas outlet 74 in the bottom of the rotor 72 as shown in
Figs. 10 and 11 owing to the pressure of the liquid.

In almost all cases, the bottom face of the rotor 72 is
not horizontal perfectly but somewhat inclines, so that
the gas portion G can not enter the grooves 7 wholly

but overflows from the grooves 75, rises along the
inclination of the bottom face and is released from the
upper end of the inclined bottom face collectively in
the form of large bubbles. Moreover, since the bubbles
themselves are small in weight, only a small centrifugal
force acts on the bubbles, which therefore move toward
the peripheral edge of the bottom of the rotaor 72 at a
low velocity. Consequently, the gas can not be finely
divided and diffused effectively.

SUMMARY OF THE INVENTION
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for finely dividing and diffusing bubbles more effectively

than the conventional devices.

The present invention provides a bubble-releasing
diffusing device for releasing a gas into a liquid in a form
of finely divided bubbles and diffusing the bubbles through an
entire body of liquid, the device comprising: a rotary shaft
to be disposed in the liquid approximately vertically and
rotatable about an axis, the rotary shaft having a gas channel
axially extending therethrough; a bubble releasing-diffusing
rotor attached to a lower end of the rotary shaft and defining
therein a gas chamber which is in communication with said gas
channel, said rotor having a plurality of liquid agitating
projections formed along a periphery at a specified spacing
circumferentially thereof, the rotor formed in a bottom face
with a plurality of grooves extending radially from a central
portion of the bottom face to outer ends of respective liquid
agitating projections for centrifugally guiding the liquid
when the rotary shaft is in rotation; and gas discharge ports
of the rotor communicating with the gas channel of the rotary
shaft via communication passages connected to said gas chamber
for discharging the gas therefrom so that in operation gas
bubbles are entrained in the liquid centrifugally flowing out
from outer ends of the grooves in a peripheral surface of the
rotor.

The invention also provides a bubble releasing-
diffusing device for releasing a gas into a ligquid in the form

of finely divided bubbles and diffusing the bubbles through

25088-81
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the entire body of liquid, the device comprising: a rotary
shaft to be disposed in the liquid approximately vertically
and rotatable about its axis, the rotary shaft having a gas
channel axially extending therethrough, a bubble releasing-
diffusing rotor fixedly attached to the lower end of the
rotary shaft and having a plurality of liquid agitating
projections formed along its periphery at a specified spacing
circumferentially thereof, the top surface of the rotor being
downwardly inclined from its central portion towards the
peripheral edge thereof, the rotor being formed in its bottom
face with a cavity, grooves extending radially from the cavity
of the bottom face to the outer ends of the respective liquid
agitating projections for centrifugally guiding the liquid
when the rotary shaft is in rotation, the rotor having gas
discharge ports communicating with the gas channel of the
rotary shaft via communication passages, the discharge ports
being equal 1in number to the radial grooves and projections,
the gas discharging ports discharging the gas therefrom so
that bubbles are entrained in the liquid centrifugally flowing
out of the outer ends of the grooves, characterized in that
the discharge ports are formed in the outer end of each of the
liquid agitating projections.

When the rotary shaft is rotated with the device

immersed 1in a liquid while supplying to the gas channel of the

rotary shaft the gas to be released into the

25088-81
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liquid, the liquid passes through the groove radially
outwardly of the rotor and flows out from the outer ends

of the liquid agitating projections. On the other hand,

The bubbles are finely divided by the flowing liguid
and released. Moreover, the bubbles released into the
liquid as entrained in the outgoing liquid are diffused
through the entire body of liquid and further divided
more finely. Even if the amount of gas supplied to the
gas channel of the rotary shaft increases, the effect to
finely divide and diffuse the bubbles will not be 1mpaired
but a large quantity of gas can be brought into contact
with the ligquid at a time. Accordingly, it is possible
to treat a large amount of molten metal at a time for
the removal of hydrogen gas and nonmetallic inclusions
therefrom or to effect a chemical reaction between large
quantities of liquid and gas to achieve a high removal
Or reaction efficiency.

The present invention will be described in
greater detail with reference to Figs. 1 to 9.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view showing a first embodi-
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ment of the invention, a container being shown in
section and the other portion being partly broken away;
Flg. 2 is an enlarged fragmentary view in

vertical section of the same:

Fig. 3 shows the first embodiment like Fig. 1
and 1s a bottom view of a rotor:;

Fig. 4 is a view in vertical section correspond-
ing to Fig. 2 and showing a second embodiment of the
invention;

Fig. 5 is a view in vertical section correspond-
ing to Fig. 2 and showing a third embodiment of the
invention;

Fig. 6 shows the third embodiment like Fig. 5
and 1s a bottom view of a rotor:

Fig. 7 is a view in vertical section correspond-
1gn to Fig. 2 and showing a fourth embodiment of the
invention;

Fig. 8 is a front view showing the first
embodiment as it is used in an apparatus for treating
molten aluminum or aluminum alloy, a melt treating
container being shown as partly broken away;

Fig. 9 is an enlarged view in section taken
along the line IX-IX in Fig. 8.

Fig. 10 is a view in vertical section corre-

sponding to Fig. 2 and showing a conventional device; and
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Fig. 11 is a bottom view showlng the same.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Throughout the drawings, like parts are
designated by like reference numerals.

Figs. 1 to 3 show a device as a first embodi-
ment of the invention. The device comprises a tubular
rotary shaft 10 having a gas channel 11 extending axially
therethrough and disposed vertically in a container 2,
and a bubble dividing-diffusing rotor 20 in the form of
a disk and fixed to the lower end of the rotary shaft 10.
The container 2 is, for example, a rectangular parallele-
pipedal or cubic tank for accommodating therein a liguid
1l such as molten aluminum or aluminum alloy, or a liquid
for use in a gas-liquid contact process.

The rotary shaft 10 extends upward through a
closure 3 of the container 2 and is rotatable by an
unillustrated known drive device disposed above the

container 2. The lower end of the shaft 10 is positioned

externally threaded as at 12. The upper end of the gas
channel 11 is in communication with an unillustrated

known gas supply device. 1In the case where the present
device is used for removing hydrogen gas and nonmetallic
inclusions from molten aluminum or alluminum alloy, the

gas supply device supplies an inert gas, chlorine gas or
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ahaid WML el midnpmuaii i 401 ST e I U St L o | e R B et T N v e Ve AN A0 TR KIS 44 S 1 1 ’ ‘



10

15

20

25

2001162

a mixture of inert gas and chlorine gas. Alternatively
when the present device is used for removing alkali
metals from molten aluminum or aluminum alloy, the gas
supply device supplies chlorine gas or a mixture of
chlorine gas and insert gas.

The rotor 20 has a peripheral surface of a
predetermined height and is provided on its periphery with a
plurality of, preferably at least three, liquid agitating
projections 21 formed over the entire height of the
peripheral surface and arranged at a specified spacing
clrcumferentially thereof. A circular gas discharge port
22 communicating with the gas channel 11 of the rotary
shaft 10 is formed in the outer surface of each agitating
projection 21. The top surface of the rotor 20 is
gradually inclined downward from its center toward the
peripheral edge thereof and is therefore upwardly tapered.
A recessed portion 23 is formed in the top of the rotor
20 centrally thereof. The approximate upper half
of the periphery of the recessed portion 23 is internally
threaded as at 24. The externally threaded lower end por-
tion 12 of the rotary shaft 10 is screwed in the
internally threaded portion 24, whereby the rotor 20 is
fixed to the shaft 10. With the rotor 20 fixed to the
shaft 10, the remainder of the recessed portion 23 serves

as a gas chamber 25. The rotor 20 is formed with a

-10-



10

15

20

25

projections 21. The outer end of the passageway 26 is
the gas discharge port 22. The bottom face of the rotor
20 is gradually slanted upward from its center toward the
peripheral edge thereof and is thus tapered downward.
Preferably, the angle of inclination, 861, of the bottom
surface of the rotor 20 is approximately equal to the
angle of inclination, 62, of the top surface thereof.

The angle of incliation, 81, which is approximately equal
to the angle of inclination, 62, includes an angle of
inclination, 61, of the bottom surface which is about 2 to
3 degrees greater than the angle of inclination, 62, of
the top surface. The 1nclination angles 81 and 82 of
the bottom and top surfaces of the rotor 20 are determined
suitably by experiments in view of the size of the
container 2 for the liquid, the kind of liquid, etc.

and are preferably about 5 to about 40 degrees. A liguid
inlet cavity 27 is formed in the bottom surface of the
rotor 20 centrally thereof. Also formed in the bottom
surface of the rotor 20 are a plurality of radial grooves
28 extending from the inlet cavity 27 to the peripheral
edge of the bottom surface and each having an open end
in the outer end of the agitating projection 21 at the

periphery of the rotor. The open ends of the radial

-11-



10

15

20

25

2001162

grooves 28 1in the rotor peripheral surface are positioned
immediately below the respective gas discharge ports 22.
The greater the diameter or the peripheral
velocity of the rotor 10, the greater is the effect to
finely divide bubbles. The diameter and the peripheral
velocity are determined suitably by experiments 1in view
of the size of the liquid container 2, the kind of liquid,
etc. The size of the gas discharge ports 22, the cross
sectional area of the grooves 28, and the size and number
of the agitating projections 21 are also sulitably
determined by experiments in view of the size of the liquid
container, the kind of liquid, etc. We have found that
the smaller the gas discharge ports 22, the better is
the result achieved. When the ports are circular, the
diameter thereof is preferably about 0.5 to about 7 mm .
It 1s desired that the outer surface of the
rotary shaft 10, as well as of the rotor 20, be covered
with a material inert to the liquid, and that the inner
surface of the gas channel 11 of the rotary shaft 10 and
the inner surface of each passageway 26 holding the
gas channel 11 of the shaft 10 in communication with the
gas discharge port 22 be covered with a material inert
to the gas. For example, when the liquid is molten
metal such as aluminum or aluminum alloy, the device is

entirely made of a ceramic material inert to the metal,

-12-
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such as graphite, silicon nitride, silicon carbide,
alumina, carbon ceramic or the like. The gas to be
released and diffued into the liquid is preferably an
inert gas, chlorine gas or a mixture of chlorine gas

5 and inert gas when hydrogen gas and nonmetallic inclusions
are to be removed from molten aluminum or aluminum alloy,
or 1s chlorine gas or a mixture of chlorine gas and 1inert
gas when alkali metals are to be removed from the molten
metal.

10 The device described above is placed into the
liquid to be treated, and the rotary shaft 10 is rotated
about its axis at a high speed by the drive device while
supplying from the gas supply device to the gas channel
ll the gas to be forced'into the liquid. The gas enters

15 the gas chamber 25 from the lower end of the gas channel
11, dividedly flows into the passageways 26, passes
throught the passageways 26 and is forced out from the
gas discharge ports 12 in the periphery of the rotor 20,
l.e., in the outer end faces of the agitating projections

20 21. The gas is finely divided into bubbles upon striking
on the port (22) defining edge of each projection 21 and
1s released. Since the peripheral velocity of the rotor
20 1s greater at the outer end of the projection 21 than
at the portion between the adjcent projections 21, the

25 difference between the peripheral velocity and the flow

-13-
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velocity of the liquid is great to result in an enhanced
gas shearing action, whereby the bubbles are finely
divided before release.
On the other hand, the liquid above the rotor
5 20 flows along the tapered top surface of the rotor 20
as indicated by arrows A in Figs. 1 and 2. The liquid
pelow the rotor 20 flows into the inlet cavity 27, passes

through the grooves 28 and is released from the outer

10 Filgs. 1 and 2. The two streams indicated by the arrows
A and B join together at a position a predetermined
distance away from the periphery of the rotor 20 and
further advance toward the centrifugal direction. The
finely divided bubbles released from each discharge port

15 22 advance centrifugally as entrained in the two streams
of liquid indicated by the arrows A and B and are
diffused through the entire body of liquid. At this time,
the bubbles are further divided finely by the streams of
liquid. Since the liquid flows centrifugally

20 while revolving in the same direction as the direction
of rotation of the rotor 20 owing to the agitation by
the projections 21, the bubbles are diffused through the

liquid also by this flow of liquid.

Because the grooves 28 are open downward, the

25 resistance offered to the liquid through the grooves 28

-14 -
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the two prior-art devices already described. Accordingly,
the present device is superior to the prior-art device
in the effect to finely divide bubbles and the effect
5 to diffuse the bubbles.

When hydrogen gas and nonmetallic inclusions
are to be removed from molten aluminum or aluminum alloy,
they are removed by the same method as disclosed 1n the
specification of U.S. Patent No. 4,611,790.

10 With reference to Fig. 4 showing a second
embodiment of the invention, a rotor 30 fixed to the lower
end of the rotary shaft 10 has a flat bottom surface.

With this structure as in the case of the first embodiment,
the gas is released into the liquid as finely divided in

15 the form of bubbles and diffused through the whole liquid.

With reference to Figs. 5 and 6 showling a
third embodiment of the present invention, each groove
28 in a rotor 40 is formed, in the bottom of a lengthwise
intermediate portion thereof, with a circular gas discharge

20 port 41 in communication with the gas channel 11 of the
rotary shaft 10 via a passageway 42. We have found that
the smaller the port 41, the better as in the first
embodiment. When circular, the discharge port 41 is
preferably about 0.5 to about 7 mm in diameter.

25 The device described is placed into the liquid

-15-
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to be treated, and the rotary shaft 10 is rotated about

grooves 28. The gas is forced against the port (41)
defining edge of each grooved portion 28 by the liquid
flowing therethrough, finely divided into bubbles and
released into the groove 28. The bubbles are transported
centrifugally as entrained in the flow of ligquid through
the groove 28 and released from the outer end of the groove
28 into the ligquid. At this time, thé bubbles are
further finely divided by the edge around the open end

of the groove 28. Consequently, finely divided bubbles
are diffused through the entire body of liguid in the
Ssame manner as in the first embodiment.

With reference to Fig. 7 showing a fourth
embodiment of the invention, a rotor 50 fixed to the
lower end of the rotary shaft 10 has a flat bottom
surface. With this device as in the third embodiment,
the gas is released into the liquid as finely divided

in the form of bubbles, which are then diffused through

the entire body of liguid.

-16-
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Example 1

The device shown in Figs. 1 to 3 was used
in this example to check the bubbles produced for fine-
ness and state of diffusion. Water was placed into a
rectangular parallelepipedal container 2 of transparent
acrylic resin, 800 mm in length, 800 mm in width and
/50 mm in height, to a depth of 600 mm. The rotor 20
was 200 mm in diameter (from the outer end of projection
21l to the outer end of another proejction diametrically
opposed thereto) D, 70 mm in height H, 6 in the number
of agitating projections 21, 6 in the number of gas

discharge ports 22, 15 degrees in the inclination angle

82 of the top surface, 15 degrees in the inclination angle

61 of the bottom surface, 4 mm in the diameter of the

gas discharge ports 22, 8 mm in the width of the grooves 28

in the bottom surface, and 8 mm in the depth of the.
grooves 28. Ar gas was supplied to the gas channel 11
from a gas supply device at a rate of 30 liters/min,

60 liters/min, 120 liters/min or 200 liters/min. The
bubbles diffused through the water were checked for size
and the state of diffusion in the water. The table below

shows the results.

Examgle 2

Ar gas was introduced into water in the same

manner as in Example 1 with the exception of using the

-17-
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device of Figs. 5 and 6 wherein the rotor 40 was 200 mm
ln diameter (the same as above) D, 70 mm in height H, 6
in the number of agitating projections 21, 6 in the
number of gas discharge ports 41, 15 degrees in the
inclination angle 62 of the top surface, 15 degrees in
the inclination angle 61 of the bottom surface, 4 mm in
the diameter of the gas discharge ports 41, 8 mm in the
width of the grooves 28 in the bottom surface, and 8 mm
in the depth of the grooves 28. The bubbles diffused
through the water were checked for size and the state
of diffusion in the water. The table below shows the
results.

Comparative Example

The conventional device shown in Figs. 10 and
1l was used in this comparative example to check the
bubbles produced for fineness and state of diffusion.
More specifically, the bubbles diffused through water
were checked for size and the state of diffusion in the
water 1n the same manner as in Example 1 except that the
rotor 72 used was 200 mm in diameter, 70 mm in height, 6
in the number of grooves 75 in the bottom, 6 in the
number of projections 73 on the periphery, 15 degrees in
the inclination angle of the top surface, 8 mm in the

width of the grooves 75 and 8 mm in the depth of the grooves

75. The table below shows the results.

-18-
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The table reveals that when the supply of gas
ls small, the devices of both the invention and the
prior art exhibit an excellent effect to finely divide
and diffuse the gas but that at increased rates of
supply of gas, the devices of Examples 1 and 2 are

superior in the effect to finely divide and diffuse

bubbles.
Example 3

In this example, the device of the i1nvention
was used for removing hydrogen gas from molten aluminum
alloy. Figs. 8 and 9 show a hydrogen gas removing
apparatus which includes a molten aluminum alloy treating
container 60 comprising é body 61 having an open upper
end, and a removable closure 62 closing the open upper
end of the body 61. The body 61 is provided at its upper
end portion with a melt inlet 63 and a melt outlet 64.
At a position opposed to the melt outlet 64, a partition
wall 65, U-shaped in horizontal section, extends downward

from the lower surface of the closure 62 to cover the

the outlet portion. The lower end of the partition
wall 65 is positioned close to ‘the bottom wall of the
body 61. The bubble releasing-diffusing device is

disposed in the container 60 with its rotary shaft 10
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extending through the closure 62. With the treating
apparatus, molten aluminum alloy flows into the container
60 through the melt inlet 63, descends the portion
surrounded by the partition wall 65 and flows out of the
5 apparatus via the melt outlet 64. During the passage
through the container 60, the melt is treated by the
bubble releasing-diffusing device for the removal of
hydrogen gas therefrom.
The bubble releasing-diffusing device used in

10 Example 1 was used as such. While passing molten AA6063
alloy through the treating container 60 at a rate of
9 tons/hour and rotating the rotary shaft 10 at a speed
ot 700 r.p.m., Ar gas was supplied to the gas channel 11
at a rate of 80 liters/min to remove hydrogen gas from

15 the molten aluminum alloy flowing through the container
60.

The hydrogen gas content of the molten aluminum

alloy flowing into the container 60 via the inlet 63
and the hydrogen gas content of the melt flowing out

20 from the outlet 64 were found to be 0.43 to 0.46 c.c./

100 g Al and 0.07 to 0.10 c.c./100 g Al, respectively,

as measured by TELEGAS device.

Example 4
The device used in Example 2 was employed in
25 this example for removing hydrogen gas from molten AA6063

-21~
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The hydrogen gas content of the molten aluminum
alloy entering the container 60 through the inlet 63
and that of the melt flowing out from the outlet were
found to be 0.43 to 0.46 c.c./100 g Al and 0.07 to
0.10 ¢.c./100 g Al, respectively, when measured by the
TELEGAS device.

The device of the present invention is used
not only for removing hydrogen gas, nonmetallic inclusions
or alkall metals from molten aluminum or aluminum alloys
but 1s usable in gas-liquid contact processes to effect
an accelerated chemical reaction and also for other
purposes.

The present invention may be embodied
differently without departing from the spirit and basic
features of the invention. Accordingly, the embodiments
herein disclosed are given for illustrative purposes only
and are 1in no way limitative. It is to be understood
that the scope of the invention is defined by the appended
claims rather than by the specification and that all
alterations and modifications within the definition and

scope of the claims are included in the claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS :

1. A bubble-releasing diffusing device for releasing a
gas 1into a liquid in a form of finely divided bubbles and
diffusing the bubbles through an entire body of liquid, the
device comprising:

a rotary shaft to be disposed in the liquid
approximately vertically and rotatable about an axis, the
rotary shaft having a gas channel axially extending
therethrough;

a bubble releasing-diffusing rotor attached to a
lower end of the rotary shaft and defining therein a gas
chamber which is in communication with said gas channel, said
rotor having a plurality of liquid agitating projections
formed along a periphery at a specified spacing
circumferentially thereof, the rotor formed in a bottom face
with a plurality of grooves extending radially from a central
portion of the bottom face to outer ends of respective liquid
agitating projections for centrifugally guiding the liquid
when the rotary shaft is in rotation; and

gas discharge ports of the rotor communicating with
the gas channel of the rotary shaft via communication passages
connected to sald gas chamber for discharging the gas
therefrom so that in operation gas bubbles are entrained in
the liquid centrifugally flowing out from outer ends of the

grooves 1n a peripheral surface of the rotor.

2. A device as defined in claim 1 wherein one said gas

-23 -
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discharge port is formed in each groove at a lengthwise

intermediate portion thereof.

3. A device as defined in claim 1 wherein one said gas
discharge port is formed in the outer end of each of the

liquid agitating projections.

4 . A device as defined in claim 1, 2 or 3 wherein each

gas dilscharge port is circular and 0.5 to 7 mm in diameter.

5. A device as defined in any one of claims 1 to 4

wherein the bottom face of the rotor is inclined upward from

the central portion toward a peripheral edge thereof.

6. A device as defined in claim 5 wherein the bottom
face of the rotor has an angle of inclination of 5 to 40

degrees.

7 . A device as defined in claim 5 or 6 wherein a top
surface of the rotor is downwardly inclined from a central

portion toward a peripheral edge thereof.

8. A device as defined in claim 7 wherein the top
surface of the rotor has an angle of inclination of 5 to 40

degrees.

S. A device as defined in claim 7 wherein the angle of
inclination of the bottom face of the rotor is equal to the
angle of inclination of the top surface thereof.

24 -
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10. A device as defined in any one of claims 1 to 9
wherein a cavity is formed in the bottom face of the rotor,

and each of the grooves has a radially inward end opened to

the cavity.

11. A device as defined in any one of claims 1 to 10
wherein outer surfaces of the rotary shaft and the rotor are

covered with a material inert to the liquid.

12. A device as defined in any one of claims 1 to 11
whereln an inner surface of the gas channel of the rotary
shaft and an inner surface of each communication passage
holding the gas channel in communication with each gas

discharge port are covered with a material inert to the gas.

13. A bubble releasing-diffusing device for releasing a
gas into a liquid in the form of finely divided bubbles and
diffusing the bubbles through the entire body of liquid, the
device comprising:

a rotary shaft (10) to be disposed in the liguid
approximately vertically and rotatable about its axis, the
rotary shaft having a gas channel (11) axially extending
therethrough,

a bubble releasing-diffusing rotor (20,30) fixedly
attached to a lower end of the rotary shaft (10) and having a
plurality of liquid agitating projections (21) formed along
its periphery at a specified spacing circumferentially
thereof, a top surface of the rotor being downwardly inclined
from its central portion towards the peripheral edge thereof,

-25 -
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the rotor (20,30) being formed in its bottom face with a
cavity (27), grooves (28) extending radially from the cavity
(27) of the bottom face to outer ends of the respective liquid
agitating projections (21) for centrifugally guiding the
liquid when the rotary shaft is in rotation,

the rotor (20, 30) having gas discharge ports (22)
communicating with the gas channel (11) of the rotary shaft
(10) via communication passages (26), the discharge ports
being equal in number to the radial grooves (28) and
projections (21), the gas discharging ports (22) discharging
the gas therefrom so that bubbles are entrained in the liquid
centrifugally flowing out of outer ends of the grooves (28),

characterized in that the discharge ports (22) are
formed in the outer end of each of the liquid agitating

projections (21).

14. A device as claimed in claim 13, characterized in
that the gas discharge port (22) is circular and 0.5 to 7 mm

in diameter.

15. A device as claimed in claim 13 or 14, characterized
in that the bottom face of the rotor (20,30) is inclined
upward from its central portion toward the peripheral edge

thereof.

16. A device as claimed in claim 15, characterized in
that the bottom face of the rotor has an angle of inclination

of 5 to 40 degrees.

25088-81
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17. A device as defined in any one of claims 13 to 16,

characterized in that the top surface of the rotor (20,30) has

an angle of inclination of 5 to 40 degrees.

18. A device as claimed in claim 17, characterized in
that the angle of inclination of the bottom face of the rotor

(20,30) is equal to the angle of inclination of the top

surface thereof.

19. A device as claimed in any one of claims 13 to 18,
characterized in that the outer surfaces of the rotary shaft

(10) and the rotor (20,30) are covered with a material inert

to the ligquid.

20. A device as claimed in any one of claims 13 to 18,
characterized in that an inner surface of the gas channel (11)
of the rotary shaft and an inner surface of each communication
passage (26) holding the gas channel in communication with a

gas discharge port (22) are covered with a material inert to

the gas.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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FIG.11
Prior Art

s T T e —




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings

