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UNITED STATES PATENT OFFICE 
2,463,975 

APPARATUS FOR CHARGING OR OTHER? 
WISETREATING L?QUIDS WITH GASES 

John Johnson deceased late of Morristown, N.J.? 
?y Ethel H. Johnson, executrix Morristown, 
N.J. assignorto John E.Johnson Morristown, 

Application April11?1945 Serial No.587,798 
(Cl.261-93) 14 CIaimS. 

1 
This invention relates to apparatus for efect 

ing a thOrough charging impregnation Or Other 
mixing or treatment of a liquid with a gas and 
has for itS general object to provide improved 
rneans that may be uSed for the aeration or Car? 
bonation of liquids for any purpose or for the 
hydrogenation Or other gaSeous treatment of 1iq 
uids in chemical processes, 
In order to bring about effective aeration?Car? 

bonation Orother charging?impregnation or miX 
ing of liquids with gases and also in order t0 
Carry on eficientiythose chemical reactions Which 
inVOlve the difusion of a gaSeous reagent 
through0ut a liquid as in hydrogenation?it is 
important not Only that the distribution Of the 
gas throughout the liquid be as Complete as p0S 
Sible but usually that the gas be disseminated 
throughout the liquid in as fine bubbleS as p0SSi? 
hle A particular object of the present inven 
tion, therefore?is to provide apparatus in which 
the bubble size can be SO Controlled as to secure 
the desired impregnation or Other treatment of 
a liquid With a gaS?the apparatus being par? 
ticularly adapted to effect a thorough diffusion of 
a gaS?in the form of very fine bubbles?through 
Out the HiQuid to be impregnated Or treated. 
An important feature of the invention is the 

provision of means for effecting a th0rough Com? 
imingling of the parts of a liquid which has first 
been Charged Or inpregnated With the deSired 
gas in the apparatus, Such treatment not Only 
insuriag thorough hornogenization Of the miX 
ture Of liquid and gas but inSuring alSO the Sep 
aration, for reCycling Or Other diSpOSition, Of those 
bubbles of the gas which may be of a Size not 
Suitable for the desired end. 
Another inportant feature of the invention is 

the provision Of mearas for inSuring a reCycling, 
after the Commingling or mixing Operation Of 
those parts Of the gas which have been intro 
duced into the liquid but not effectively diffuSed 
therein. 
Other Objects and irnportant features Of the 

inVention to Which Specific referenCe has not 
been made hereinabove will appear hereinafter 
When the following deSCription and Glaims are 
COasidered in COnneCtion With the aCCOmpanying 
drawings?in which? 
Figure 1 is a Vertical Section through Charging 

or difusing apparatuS embodying the present 
inVention; 
Figure 2 iS a vertical Section through a Slight 

modification of the apparatus Shown in Figure 1; 
Figure 3 is a detail Section On the liae 3?3 of 

Figure 1 Showing the arrangement of the two 
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perforated plates constituting the jet producing 
mechanism of the apparatus; 
Figure 4 ShOWS the invention embodied in a 

naultiple unit arrangement in which the liquid 
to be charged or treated with the gas travels 
in SuCCeSSiOra through a Series of difuSing units 
in One direction and any unabSOrbed or unmixed 
gaStravels through the UnitSin the opp0Site di? 
rectiGn; 

Figure 5 is a view similar to Figure 4 Showing 
a modified multiple unit Construction; 
Figure 6 is another vertical Section Similar to 

Figure 4 ShoWing Still anOther na0difiCation of 
the multiple Unit construction, and 

Figure 7 is a transverse section, on the line 
??? Of Figure 6?Showing the overflow arrange 
rnent for rnaintairaing the Water levels in each of 
the SuCCeSSive units Of the Structure. 
In the form of the inventionshown in Figure 1, 

which Shows a Single unit with provision for 
reCycling the unabSOrbed or unmixed part of the 
gas and a part of the liquid the diffusing ap 
paratus CompriSes meanS?including a liquid Con 
tainer and a multiple jet producing device, for 
CauSing the liquid which is to be charged im 
pregnated Or treated with a gas?to travel in 
nunlerOuS intinately Spaced jets through an at 
mosphere of Saidgasinto a body of the said liquid 
in Said COntainer; rneans for rnaintaining a Con? 
Stant head upOn the jetS; means for maintain 
ing the atmosphere through which the jetstravel, 
arad raeans for raaintaining a COnStant 1eVel of 
the bOdy Of liquid all in Cornbination with nneans 
foreffecting a thorough commingling of the parts 
of the Charged liquid As herein shown?the jet 
producing rneans and the means for effecting a 
COramingling Of the partS Of the Charged liquid 
are all COntained within a main container 2 pro 
Vided with a gas intake 4 and a liquidintake 6. 
No Substantial headis required on the gas flowing 
into the chamber2 through the gasintake or on 
the liquid flowng into said container 2 through 
the liquid intake tube 6. The hydraulic head 
for producing the jets hereinafter to be described 
is provided by maintaining in the chamber 2 a 
ConStant liquid level 8?8. 
Located within the container 2, which may be 

CylindriCal?is a hopper-like difuSer Structure I0, 
preferabiy COncentric with the wall of the Con 
tainer 2 and Supported therein by any Suitable 
braces or bracketS #2?Welded to the inside wall 
of the container and to the outside wall of the 
kaopper-like diffuser structure 10. The upper 
end of the diffuser Casing f0 is covered with a 
stationary perforated plate 12 having preferably 
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hundreds of jet-producing openings lá therein. 
There is preferably superimposed upon the plate 
I2 a Second movable perforated plate I6, the 
perforatioas I8 in which are preferably of ap? 
proximately the Same Size as the perforations i? 
in the Stationary plate 12 and may be moved into 
and out of complete register with the perforations 
I4 in the plate I2 for cleaning purposes. The 
plate i6 is rotatably mounted on the gas Conduit 
20 extending upwardly from the center of the 
perforated plate 12 and having near its upper 
end, intake Openings 22 through which gas to 
Supply a gas atraOSphere above the liquid in the 
diffuser casing IG can pass into the conduit 26 
and therethrough into the CaSing 10. 
In one position of the plate 16 its holes 18 will 

be in full register with the holes 140f the plate 
12 So that liquid Cara flow freely therethrough 
and rennove any material that may have Clogged 
the jet openings. Preferably however the jet 
openings will be Smaller than either the holes I? 
orthe holes 18 and therefore the plate 16 is pref? 
erbaly turned into a p0Sition So that Only rela 
tively narrow Slits are left through which the 
liquid Can paSS to form the jets 24. 
In Order that the jets 24 may travel through 

an atm0Sphere of the gas before Striking the 
liquid in the diffuser Casing 10, a liquid Circulat 
ing rotor is Connected With the outlet 26 at the 
reduCed end of the CaSing |0 in Such manner ? 
that it tends to draw down the level of the liquid 
in the casing I0 to provide a space 23, between 
the perforated plate I2 and the liquid level 3ü, 
in which the gas to be miXed with and difused 
throughout the liquid Can be brought into inti 
mate relation to the jets 24. 
The means for WithdraWing the liquid through 

the outlet 26 from the diffuser housing f0 at Such 
a rate as to Create the gas Space 28 above the 
liquid in the Casing I0 is preferably associated 
With means for inSuring a thorough Conamingling 
or mixing of the different parts of the charged 
liquid with each other as they are withdrawn 
from the Casing f0 and discharged into the body 
of the liquid in the container 2. 
means is preferably of the general type of those 
disclosed in the Co-pending application of John 
Johnson deceased Serial No.569,719 filed De 
Cember 26?1944, the particular form shown in 
Figure 1 Of this drawing being that disclosed in 
Figure 1 of the drawings of Said co-pending ap 
pliCation and Comprising a rotor having pro 
peller blades 32 mounted on a hub 34, Carried on 
a shaft 36 depending from a driving motor 38 
mounted upon a cover 40 for the container 2. 
Cooperating with the propeller blades 32 are 
Stator blades 42 which may be attached as shown 
to the bottom of the Container2. 
The propeller blades 32 Carry at their outer 

ends a flow directing Shroud 44 which extends 
Over the Stator blades 42 and carries attached to 
a flange 46 on its periphery a cylindrical per 
forated plate or screen 48. The screen 48 is sub 
stantially Contiguous to an inner Cylindrical per 
forated plate Or SCreen 50, the perforations in 
Which are adapted to register with the perfora 
tions in the screen 48 in Certain parts ofthe rela 
tive movements of the two screens. The screen 
50, as Shown is attached to the stator blades 42 
and therefore the screen 48 moves over the screen 
50 as the rotorturns. 
From the foregoing description it will be seen 

that the propeller blades 32 of the rotor as the 
rotor turns create a down flow of the Iiquid 
through the rotor which, by reason of the shape 
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4 
of the propeller blades, is a Combined downward 
and outward flow and that the liquid asit strikes 
the stator blades 42 is subjected to a thorough 
mixing action even before it is discharged 
through the Screens 50 and 46. After passing 
through the Spaces between the stator blades 42 
the liquid firSt Strikes the screen 50 and passes 
through the perforations therein and then passes 
through the perforations in the screen 43, which 
iS moving Over the Screen 50, so that the size 
of the reSultant jet producing Openings in the 
tWO SCreens Varies constaatly the liquid being 
thus Subjected to a hydraulic Shearing action as 
it is Withdrawn frorn the difuser casing |{ and 
disCharged into the body of the liquid in the 
container 2. - 

The liquid level 8?8 in the Container 2 is main 
tained by proViding an outlet pipe 52 in the Con 
tainer 2 through which charged liquid is with 
drawn at a rate Substantially equal to the rate 
of its introduction through the intake pipe 6. 
It Will be Seen however that, by reason of the 
action of the liquid Circulating rotor a consider 
able part Of the liquid in the container 2 will be 
re-CirCulated and again pass through the jet 
produCing Openings 44 and ?3in the plates 12 and 
19 thus passing again through the gas atmos 
phere in the space 23 in the diffuser casing 10. 
It Will further be seen that the outlet pipe 52 
eXtends into the Container 2 a Sufficient distance 
SO that the liquid discharged from the container 
Will be that in the relatively inactive Zone 54 be 
tween the upper surface of the shroud 44 and 
the Conical lower surface of the hopper-like dif 
fuser Casing 10. The liquid thus discharged 
through the discharge pipe 52 will be that which 
has had the gas thoroughly diffused throughout 
it in the form of small bubbles any large bubbles 
having a Chance to escape and pass along up to 
the upper part of the container 2?where the 
bubbles are again discharged into the incoming 
Stream Ofgas and recycled. 
The rate of withdrawal of the charged liquid 

through the discharge pipe 52 is as above stated, 
gauged SO that it will maintain a constant level 
3?3 in the Container 3. The speed of rotation of 
the rotor propeller blades 32 is so determined 
that with the head provided by the liquid ievel 
6?8 and the rate of flow of the liquid through 
the jet Openings & and f8in the plates I2 and 16, 
the level of the liquid in the casing i0 will be 
maintained at the level 36-30. It has been 
found in practice that with a head of about 12” 
from the plates l2 and f6to the liquid level 3-3 
and With a drop of3”to4”from the plate 2 to 
the liquid level 30?36, the jets 24 will carry 
the gas from the space 28 into the liquid in the 
CaSing 10 in the form of a very large number of 
Very fine bubbles e.g. about ?” in diameter. 
These bubbles are then drawn into the rotor of 
the mixer or homogenizer hereinabove described 
and forced through the screens or perforated 
plates 50 and 48 which further tend to reduce 
the bubble size and to diffuse the gas thoroughly 

5 throughout the liquid The fine bubbles which 
are mixedwith orabsorbed by the liquid asabove 
Stated Will be those which are eventually car 
ried Out through the discharge pipe 52 with the 
1iquid Also as above stated the large bubbles 
Will rise through the liquid level 8-8where they 
Will break and the gas thus released wil1 be re 
Cycled through the openings 22 in the gas con 
duit 20 through which they are led back into 
the gas atmosphere in the space 28 in the difus 
ing Casing I0. 
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into the gas atmosphere maintained in the space 
I f8 in said chamber. 
It Will be noted that the means for efecting 

the circulation and maintaining the level 93-90 
in the Casing 92 in the form Of the invention 
Shown in Figures 4 and 5 is a simple propeller 
rotor I 46 of the type Shown in Figure 1 0f the 
CO-pending appliCation of John Johnson de? 
Ceased Serial No. 563,500 filed November 15, 
1944 now Patent 2.450,802 dated Oct. 5?1948, 
this rotor having a flow-directing shrotad I22 
COnnected to its propeller blades but having no 
stator blades associated therewith This rotor, 
like that Shown in Figure 1 of the present ap 
pliCation?may be driven fron a driving shaft 
?2? Connected to any suitable motor not shown, 
mounted upOn the top of the multiple unit struc 
ture. 

In the form of the invention shown in Fig 
ure 5?Which Sh0Ws another multiple unit struc 
ture the means for maintaining the liquid level 
in each compartment Comprises a pipe ?26 ex 
tending to the desired level 166?!?0 in each 
COmpartment and draining any exCess liquid in 
this Compartment either into the next compart 
ment below or to the outside of the apparatus. 
In this form of the invention there is also pro 
vided a Second down pipe 23?surroundiag the 
driving shaft (24 and having a funnel-like top 
130 into Which foam accumulating on the sur 
face of the liquid above the 1evel 99-#9@ Can 
be drawn by the rotor I 16 and recirculated to 
inSure its diffusion throughout the liquid. 
As shown the down pipe 126 may be formed 

by Welding a Strip V-shaped in section?to the 
inner Wall Of the Casing 60. Since the apparatus 
Shown in Figure 5 is provided with a foam col 
lector the gasseparator ring I 10 is omitted from 
this apparatus. 
In the form of the invention shown in Fig 

ure 6the Circulating unit is provided with the 
disperSing or homogenizing means shown in 
Figure 1 in Order further to break up and dif 
fuse the gas bubbles. In this form of the in 
Vention as in Figure 6, the overflow or liquid 
1evel maintaining pipes in each compartment are 
Of the form Shown in Figure 5. This form of 
the invention differs from that shown in Figure 
4 in that the gas separating ring I32?shown in 
Figure 6 is of much smaller diameter and the 
gaS COnductor 84 leading the gas to the next 
COmpartment above opens into the space above 
the liquid in the annular space 134 outside the 
gaS ring I32. 
From the foregoing description it wil1 be seen 

that the apparatus for charging or otherwise 
treating a liquid with gas of the present inven 
tion provides Simple and efficient means for in 
Suring a thorough dissemination of the gas 
throughout the liquid in the form of very fine 
bubbles and that the apparatusis ofsuchasimple 
construction and naturethatitis practically self 
Cleaning and Cannot readily get out of order. 
Although the homogenizing or dispersing 

means which is combined with the rotating pro 
peller or liquid circulator of the illustrative em 
bodiment Of the invention is of the form shown 
in Figure 1 of the drawings of the copending 
appliCation of John Johnson deceased?Serial No. 
569,719 filed December26?1944?it wiII be under 
Stood that Other forms of homogenizing or dis 
perSing means such as shown in other figures of 
Said COpending application may be combined 
With the liquid Circulator without departing from 
the Spirit of the invention and that other forms 
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8 
of liquid circulating means may also be employed. 
What is Claimed as neWis: 
1 Diffusing apparatus comprising?in combi 

nation a Container completely enclosing the 
liquid to be treated, a multiple jet producing de 
Vice including a CaSing loCated in said Container 
belOW the normal liquid level therein and having 
a jet producing top Wall, a bottom discharge 
and liquid Withdrawing rneans connected to Said 
bottorn discharge for rnaintaining a liquid leVel 
in said CaSing Sufficiently below Said jet pro 
duCing top Wall So that liquid in Said container, 
Which is to be Charged, impregnated or treated 
With a gaS, may travel in numerous intimately 
Spaced jets through an atmosphere of the said 
gas into Said liquid and a gas intake into said 
CaSing through Which gas may be introduced to 
Inaintain the gaS atraOSphere therein, Said liquid 
WithdraWing naeans including rneans foreffecting 
a thorough COmmingling of the parts of Said 
Charged liquid With each Other during with 
draWal Said liquid Container being Shaped to 
prOVide recycling of Said liquid through the jet 
deviCe and Said gas intake having Openings 
therein above the liquid level in Said Container 
to reCeive and Cause the reintroduction into the 
gaS atm10Sphere in Said CaSing of gas carried out 
Of Said CaSing by Said liquid that has not be 
COme diffuSed therein, 

2. Diffusing apparatus according to claim 1 in 
Which Said Conamingling means includes means 
for breaking the charged liquid up into many 
individual strearns and effecting a mechanical 
Shearing action On each Of Said Streams. 

3. Difusing apparatUS aCCording to Claim 1 in 
Which the WithdraWing means Comprises jet pro 
ducing SCreenSinterrupting the discharge tocause 
6aid Charged liquid to Stream therefrom in 
Iaumerous intimately spaced jets. 

4. Diffüsing apparatus acCording to claim 1 in 
Which the withdraWing naeans includes both 
raeans for effecting a thorough commingling of 
the partS Of the Charged liquid and means for 
Causing the Charged liquid to stream therefrom 

; in numerous intinately spaced jets. 
5. DiffuSing apparatus in Which the apparatus 

Of Claim 1 Comprises One of a series of like de 
Vices which are so arranged that the liquid to be 
impregnated or treated travels in succession 
therethrough in one direction, 

6. Diffusing apparatus in which the apparatus 
Of claim 1 Comprises one of a series of Connected 
like devicesso arranged one above the other that 
the unabSOrbed Or unnixed impregnating or 
treating gas may travel in succession upwards 
therethrough. 

7. Diffusing apparatus in which the apparatus 
Of Claira 1 Comprises one of a series of connected 
like devices SO arranged one above the other that 
the liquidto beimpregnated ortreated maytravel 
in SuCCeSSion downwardly therethrough in one 
direction aad the unabsorbed orunnaixedimpreg 
nating or treating gas may travel in succession 
12pWardly therethrough. 

3. Difusion apparatus according to claim 1 in 
Which the multiple jet producing device com 
priSeS rneans arranged for actuation from out 
Side the apparatus for simultaneously varying 
the CrOSS-Sectional area of each of Said jets. 

9. Diffusing apparatus according to claim 1 in 
Which the multiple jet-producing device comaprises 
perforated plates one superimposed upon the 
Otherand constructedtobe movedrelativelyfrom 
a position in Which the perforations of the two 
plates registerintovarious perforation restricting 
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relations and means for effecting such relative 
movements of Said plates automatically. 

10. Diffusing apparatus according to claim 1 
in which the multiple jet-producing device com? 
prises perforated plates one superimposed upon 
the Other and Constructed for angular relative 
movernent from a position in which the per? 
forations of the two plates register into various 
perforation restricting relationS. 

11. Diffusing apparatus according to claim 1 
in which the multiple jet-producing device com? 
prises perforated plates one Superimposed upon 
the Other and Constructed for angular relative 
movernent from a position in Which the per 
forations of the two plates register into Various 
perforation restricting relations and in which 
?here are means extending to the exterior of the 
apparatus for effecting such relative movement. 

12. DiffuSing apparatus aCCOrding to Claim 1 
in which the commingling means comprise sub 
stantially Con?iguous Screens arrangedinthe path 
Offlow of the liquid fron the Withdrawing means 
and relatively movable to bring the openings in 
each gradually into and out of complete register 
with Openings in the other as the charged liquid 
is driven therethrough by the withdrawing 
?Y16a.I1S. 

13. Diffusing apparatus according to claim 1 
in which the withdraWing means comprise aliquid 
propelling rotor and in which Stator blades adja 
cent to the rotor constitute a part of the Com 
mingling meanS. 

14. Diffusing apparatus according to claim 1 
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in which the withdrawing means comprise aliquid 
propelling rotor and in which StatOr blades adja? 
Cent to the rotor Constitute a part Of the COrn? 
mingling means?substantially contiguous Screens, 
Oae connected to Said Stators and the Other t0 
said rotor being So constructed and arranged that 
the relative movernent thereof thus produced 
gradually brings the Openings in each into and 
Out of Complete register With the Openings in the 
G?her as the charged liquid directed thereto by 
the Stator blades is driven therethrough by the 
propelling rotor. 

ETHEI? H. JOHNSON. 
Epectltria of the Estate of John Johnson, 

IDeceased. 
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