GENERATI ON OF FI NE BUBBLES The present invention is directed toward the
introduction of gas into a liquid anbient in such a way as to generate :
smal | er gas bubble sizes at gas to liquid ratios greater than heéb q;QL: '
possi bl e. The chem cal industry utilizes numerous processing technquES
which intimate contact of physically disparate phases is of necessity
pronmoted to optim ze the chenical reactions_sought to be achieved.
Typically, these reactions take place in the liquid phase, and consequently
~a wde variety of devices have been devel oped for dispersing gases in
~liquids. In typical gas-liquid reactors, a gas is introduced into the
bottom of a reactor through an open- ended standulce a horizontally
perforated pipe, a perforat~l»h= oLON OF JFI) BERBedSspar ge ring. At
ordinary gas rates, the size of the bubble generated is relatively large,
for exanple in the range of about 1/4 inch (6.4 mm to about 1 inch (2.54
cm in dianeter, for orifice sizes in the range of fromabout 1/4 to 1 inch
(6.4 nmto 2.54 cnm). Asphei presenst lavenbtden lmddinecﬁédpe:mdm atlgas in
a liquid. In thgse huRes of o‘ieya%es ft %Uiﬂ’q deEB&Q rsﬁﬂérf’ é%&
t hrough a nozzle an hé "gas asprrate venturi, Tor exa
and t hereby diaperted qen%rateuﬁ;n%ueamgam Migﬂ?]ﬂ/stsé-m?s hakevaas t'ﬁ@ gas

to liquid ratipjganar #hitidss tdPrtieaR "RePet 8BeEorad .
02316900 AN s igenar #hltidsS gra RRéPetdBe Posslivie

The chemical industry wutilizes numerous
processing techniques " in which intimate contact of
?5 physically disparate phases is of necessity promoted to (
optimize the chemical reaEtions sought to be achieved.
Typically, these reactions take place in the 1liguid
phase, and consequently a wide variety of devices have
been developed for dispersing gases in liquids.

In typical gas-liquid reactors, a gas is
introduced into the bottom of a reactor through an
open-ended standpipe, a horizontally perforated pipe, a
perforated plate, or a perforated sparge ring. At
ordinary gas rates, the size of the bubble generated is
relatively large,'for example in the range of about 1/4
inch (6.4 mm) to about 1 inch (2.54 cm) in diameter, K
for orifice sizes in the range of from about 1/4 to 1
inch (6.4 mm to 2.54 cm).

Aspirators also have been used for dispersing
a gas in a liquid. In these types of devices a liQuid'
is pumped at a rapid rate through a nozzle and the gas
is aspirated through a venturi; for example, and
thereby dispersed in a liquid stream. In such systems,
however, the gas to liquid ratio generally is low, for
example, up to about 1:1.
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-m-cordi ng to the invention fromone aspect there is provided a nethod
for generating gaseous bubbles in a |iquid anbient, conprising: forcing a
gas through,and along the axis of, one (or nore) orifice(s) located in the
l'i qui d™ambi ent whil e simultaneously forcing a liquid through, and along the
axis of, a respective opposed orifice (or respective, opposed, orifices)
within the liquid anbient so that the axi g streamof liquid intersects the
axi al gas streamwithin the liquid anbient at a velocity sufficient to
generate | ocal shear fields whereby gas bubbles are generated that have a
di aneter smaller than gas bubbles fornmed when no liquid is ejected at said
velocity. In this way, the production of fine bubbles is permtted even at
hi gh voi umetric gas A9GAFdingi && ¢he odnvention from, ane vaspeet: ithers
flowto |iquidil g¥dvided adndthivd 85k lgdnkbatink YadBbls HRBMINL%AO
t he invention from anpther gspect there i3 provide a?lqwﬁ-gas contacti ng
appar at us conp® sfl@.‘l‘a 9@@@“‘?0&9@3&'&5% a feyaoing a ggascdhweugh,
havi ng at | eastande iy Okhéi 8815068, cérie) (¥ thorafe .gfgaqfs '
orifice(s) will, be in acolu of ,liquid n% pondft#g?fgio s’e?’%ﬁ?ﬁ%i d
condui t having iR | FRgi 4igus ce%e c¥hile Simnltangensly | foxging casel
so that the orilichifte( threiigh beahd aalohymtiné labdi doe)des uufddense Of
use, said orifice(s &)ei g ﬁ Siti (zned SQ _as té)i be substantially co-fl anar
with, and oppoSPPofed ,Pr 8?3' or respective, opposed, ‘orifices)
o within the liquid ambient so that the axial stream of
liquiad intgrsects the axial gas stream within the
liquid ambient at a velocity sufficient to generate
/ _ - local shear fields whereby gas bubbles are generated
that have a diameter smaller than gas bubbles formed

when no liquid is ejected at said velocity.

_ In this way, the production of fine bubbles is
permitted even at high volumetric gas flow to liquid
flow ratios; ‘i.e., at volumetric gas flow to liquid
flow ratios __r:anging from 1:1 to 20:1 or more. |

According to the invention from another aspect

‘there is provided a liquid-gas contacting apparatus
comprising: -

a vessel for conta'ihing a liquid;

a gas conduit having at least one gas orifice
located in said vessel so that said orifice(s) will be
- in a column of liquid under conditions of use;

a liquid conduit having a liquid orifice for each
gas orifice located in. said vessel so that the ori-
fice(s) will be in a column of liquid under conditions
of -use, said orifice(s) being positioned so as. to be
substantially co-planar with, and opposed at an angle



-3- of from20-to [err] to,

means for
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contact wit

the respective .or a respective gas orifice(s);

forcing gas through, and along the axis of, said gas orlflce(s)

or forcing liquid through, and along the axis of, said{i
so that the axial stream & Tiquid intersects the axi al
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gas _liguid m X vi.ce is. provided in whi-ch concentric
Bﬁr'gé""#flr%a%o%#?gﬁsgﬁ)n a MRing vessel for separately

in a-liquid-ambient;. a | i qui‘d -and a‘gas streaminto the
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. shear the . gas,; whereby gaseous hubbles will be

generated . and flow upwardly in contact with a liquid in

said vessel the bubbles generated having a ‘diameter

smaller than ‘the gas bubbles tormed when no liquid is
ejected at: said velocity. - '

The method' and apparatus "defined' above, of

deifbal'®o20PigR 8" idieaslstal | ehd. SEELE" WolemioOh O B e

course, ~have wide applicahility to the intinate'
- contacting .of 1liquid: and gaseous phases. 'rhus, in a
particularly - preferred - embodiment of the present

invention, a gas liquid nixing device is provided in.

which concentric ring-type spargers are positioned in'a

- mixing vessel for separately introducing, in a liquid
~ambient, ~a liquid- ‘and - a gas stream into the vessel.

The orifices in the spargers are opposed so that the

liquid and gas emitted from the orifices create a high"

localized shear field at the gas sparger orifices,

thereby generating bubbles that- are finer than what
_would be generated in the absence of the shear field;
Preferably. recycled liquid is 'used in . the liquid_“

sparger.

3 The . present invention will be more readily
understood upon readingthe following description given
hy way example* and with ‘reference to the
accompanying draw1ngs, wherein:— o



by -way of exanple and with reference to the acconpanying draw ngs,
wher ei n: - -4- Flgure 1is a schematic illustration of one form of
bubbl es~generator in accordance wth the present invention. Figure 2 is
a scheddtic illustration of another form of a bubble generator in
accordance with the present invention. Rigur€ 3 is a schematic sectional
view, partly in perspective, illustrating a double ring sparger bubble
generator in accordance with the present invention. Figure 4 is a side view
of an enbodi nent of the present invention illustrating a double sparger
arrangenent, including nmeans for recirculating liquid fromthe liquid

anbi ent of ‘the liquid sparger. The drawings illustrate a vari ety of bubble
generat or confi gurati onsFigune dh iswafsehemagie fddmstration gfsaned t he

other a-liqui deokhr odgh BEBMIY € geiditiitor oaFh b daRBe COWILNUKNY Of
opposed orifices e |I?Ehd ejected fromthe liquid orifices generates

so th
| ocal i zed sheaP¥ ?F@Pg iy OFas orifices, thereby producing fine,
uni formy sized gaseous bubbles in a surrounding |liquid anbient. Figure 1
shows open-ended conduits 12 and 14, respectively which are arranged w thin
a contacting vessel or: aFiguxreor 210isAsashschemabiequillustiratiahn o or

more orifices dnsefdrl®cth G¥ U bibbiée §8fleldtor in accordance with

the present invention.

'Figﬁre '3 is a schematic séctional view,
partly in perspective, illustrating a double ring
'sparger bubble generator in accordance with the
present 1nvent10n. |

- Figure 4 is a side view of an embodiment of
-the present invention illustrating a double sparger
arrangement, including means for recirculating liquid
from the liquid ambient of the liquid sparger.

The drawings illustrate a variety of bubble
generator configurations in  which two fluids are
forced, one a gas and the other a 1liquid, through

o separate conduits, each having an equal number of
- opposed orifices so the liquid ejected from the liquid
~orifices generates localized shear fields at the gas
~orifices, thereby producing fine, uniformly sized

gaseous bubbles in a surrounding liquid ambient.

Figure 1 shows open-ended conduits 12 and 14,
respectively wh'ﬂi'ch are arranged within a contacting
vessel or a reactor 10. As shown, an equal number of
one or more orifices 15 and 16 of conduits 12 and 14,



respectively, are opposed so that |ocalized.shear fields will be generat ed
at the orifices. Thus, in general, the orifices are so opposed as t.0 be at
“an angle of from-about [err] to about [err] with respect to each other.
Preferably, the orifices are planar and orthogonally opposed, i.e. at ﬁa»bout
[err] with respect to each other. <H® <eonduits are |ocated near the
bottom of the liquid anbient columm so that the gas introduced into the
liquid mediumvia conduit 12 will flow upwardly through the |iquid anbient.
" Means are prp&gssét&wiyshow&)af podled N&c? ERAOUIotaligad highady condui t
12 for ejectlonthr orifice I Simlarly, negns are provided for
forcing a | i L rdAs; “(—:’%ﬂtﬁFoﬁF%‘E%@t at, 1?%? Orddiicss + hrBRBR - orif i ce 16.
The liquid fgenetallhr agh oplticeslareysbe dppostireasr to dvé f aterdn | i qui d

have. or 11 ccanSYB, St bags apouf 720 ko ankily, (7847 i Al <o BRYE ed' Lo

4 inches (1l0e@chmotherl anereferabdy,f |tive omificesf’ a:ts)tplagar and _
liquid throu t optral vy Pa&g: t he
like. I rrpog{gantgﬁy, g@}ciw éﬁ’ Q, ?’sge ec‘% %bpﬁ)"m tqge orrtice

vel oci ty suf tpcieacht otthery at g‘he osgndudiegrarei clocated tnear gdherfice,

~ thereby genepgtiam fof‘ethﬁa%.%ﬁd’uaﬂbiénth%m dse! 'ﬁ{a‘& Sehefl 4B When
gas is emtt{ed fromt

gas. or] f_|ce Tynpi cal | | i s _ejected from

T |l ourh oinProgugia, dngd She' 1haRiy medssnivis endudtr 22 ha s o "

nmsec) to glewt aipwdrdly Bheough3GHd /k£quid9.ambient. Means are =
proVided (not shown) for forcing a gaseous stream

through conduit 12 for ejection through orifice 15.

&

Similarly,. means are prov1ded for forcing a 1iguid | d

o stream through conduit 14 for ejection through orifice
16. The 1iguid forced through conduit 14 may ‘be the
same or a different liquid from the liquid of the

- liquid ambient. Typically, ‘the conduit will have
orifices - arranging - in 'size  from about 1/8 inch
(3.2 mm) to about 4 inches (10.2 cm) in diameter.

The flow rates of both gas' and liquid
through the,_conduitsftmay_'be- controlled by wvalves,
pumps . and - the 'like..i Importantly, hthe liquid is
.ejected - from the orifice at a velocity sufficient to.

generate local . shear fields “at: the  gas: orifice, a v

thereby_generatimg,finer,gaseous bubbles than,would
otherwise . form .when';gasv_isr.emittedquromr'ther gas
orifice.. Typically, liquid-is ejected from the liquid
orifice at velocities in the range of ‘about .10 ft/sec_
(3.0 m/sec) to greater than about 30 ft/sec (9.1
m/sec) while gas is emitted from the gas orifices at
velocities of about 5 ft/sec (1 5 m/sec) to .about 100
ft/sec (30 5 m/sec) In a very typical operation,
liquid is ejected through the liquid orifices .at about
20 ft/sec (6 1 m/sec) while gas is ejected through the
gas orifices at about 75 ft/sec (22.9 m/sec).



ﬁisec)_ while gas is emtted from :the. gas orifices at velocities of about
5 ft/sec (1.5 m'sec) to about 100 ft/sec (30.5 misec). |In a very typical,
Qperatgn, . lI'iquid is ejected through the liquid orifices at about 20 ft/sec
(6.1 mesec) while gas is ejected through the gas orifices at about 75 .
ft/sec’ (22.9 m sec). -6- In sonme instances, it will be preferred to have
the gas orifice be significantly larger thangthe liquid orifice. For
exanple, the ratio of gas orifice area'to liquid orifice area may be in the
range of from about 1:1 t @mbgoheSihstanted) sitegdld, becpreteetied | Yo

Figure 2, which C g syand. o j o [ a 24,
reapecti vel'y. TRAVS: e P D8r T RRC b S R LLHIEEY 2 o Kol e,
shape, as can bdicuddl loritice. |Fomecexamplehothe ratigasofogas mritice
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orifice has a significantly larger area than the
orifice for the liquid conduit 24. Both conduits, of

_ course, are cd-planar and orthogonally arranged. The

\_/ larger area for the gas orifice permits discharging
gas at lower velocities into the liquid ambient, but
nonetheless at flow rates that are greater than the

liquid flow rate from conduit 24.

In the embodiment shown in Figure 3, two
concentric tubular rings 32 and 34 are provided with a
plurality of orifices 36 and 38. As can be seen, the
orifices are aligned so as be orthogonally disposed
fiith_ respect to each other. Ring 32 as shown is for
the gas stream and ring 34 is for the liquid stream.

. Figure 4 shows ring-type spargers 42 and 44
" located in the bottom of a column of ambient liquid
contained, for example, in a contactor or a reactor
having cylindrical sidewalls 10. The orifices 46 and
cylindrical sparger 42 are aligned relative to the
orifices 48 and the cylindrical liquid sparger 44 so
as to be orthogonal with respect to eac: other. Gas
is fed to sparger 42 and is injected into the liquid
ambient via orifices 46. Liquid is pumped through the
ring sparger 44, vents through orifices 48 at
velocities sufficient to shear the gas being injected



Figure 4 shows ring-type spargers 42 and- 44 .l ocated in the bottomof a

. colurm of anbient liquid contained, for exanple, in a contactor or a

" reactor having cylindrical sidewal s 10. The orifices 46 and cyllndrlcar
sparger 42 are aligned relative to the orifices 48 and the cyIrndrrcaP~’

- liquid sparger 44 so as to be orthogonal with respect to each other. Gas is
fed to sparger 42 and is injected into the liquid anbient via orifices 46.
Liquid is punped through the ring sparger 44, vents through orifices 48 at
vel ocities sufficient to shear the. gas. beishg.knjected -7- from sparger
42, thereby generatrng fine, _.unrfornrgaseous bubbl es. As i.s showmn in
Figure 4, a cofictom spargm:rrumz;at e:%lenehyrlggxezrmtrga; 4211xvea dant Eolrm or
arnms 45 which. §égggg fromconduit 47: 1n  a particularly
preferred .enbodrnment |qurd'|s recycled fromthe | i quid. anbi.ent col um
via conduit 47 for shearrng the gas ejected vra orrfrces 46. Means are

al so provi ded for depl oyi g 0gs t %Hd‘ﬁg 42 3 arm 49.
particularly preferred.enbodinent of | sagresens i nventi.on, §¢§hbﬁbbﬁg

ring sparger iSOPBY &GQQ$e¥%ﬁﬂmF%P%r BﬁeEOF&nﬂiaTH§Stﬁ¥h4%ﬁwngrms
exanpl e  wil |- 4sfuwhleh i ektendgt &aﬁi%laygnlfrdiantccfrﬁﬂiil& esﬂ’f ONgn. a
enbodi ment. of tB.:@E%%i%Efi“S%Ekerred embodlment, llquld 1s recyclad
from the 11qu1d amhlent column v1a'condu1t 47 for
'shearlng the ‘gas ejected via oriflces 46." Means .are
also prov1ded for deploylng gas to rimg 42 such as

arms 49. R

In a part:.cularly preferred embodiment of_ _
the present lnventlon, the bubble r1ng sparger is
located 1n a bubble or drop column |

N | The" follow1ng example - .will . further
_111ustrate the 51gn1f1cant features of .one. embodlment
~of the present invention. - '



-8- EXAMPLE This exanple illustrates the advantages of one form of bubble
gener-ator in accordance with the present invention. For this denonstration,
a3 foat, (0.9 n diameter tank containing water was used. The tank was
eqU|ppbd to recirculate the water. Also, at the bottom of the tank two
concentric rings were provided for introducing gas and |iquid,
respectively. The outer ring had slots-1g2inch (1.3 cn) high by 1/8 inch
(0.3 cm wide facing inwardly through which gas entered the tank. The
inner ring had slots 1/4 inch (6.3 mm long and 1/8 inch (3.2 nm w de
orthogonal | y di sposed with respect to the gas slots, for introduc- ing

sheari ng quuigzéﬁgggﬁas fed through the gas ring at 150 SCF/ m n (4248
litres/mn) an through the liquid ring at 50 gal/mn (189.3

litres/mn) to 100 gal/mn (378.5 litres/mn). After a steady state was
reached, the gas and liquid flows to the bubble generator were shut off.

Si mul taneously, a video record was_nade .of .th the level of _the
tank's contents. Using s@gﬁﬁhrﬂx?geﬁﬁ|d§é¥' qg‘??ﬁ?%ﬁ%p of,

| evel as a funehiorfc¥mt bffe bulhledgeneratoes iv abeoludlauce sizeh the

di stri but d

ur g oper ai i BReeBh ini4dt fahe . nor” ik dehBRstiatin 002 Osbolr
steps but not i(0tBowm)cidiamekar | t@mk|qgnualnnnuayaﬁgnnwash@gedhatTbﬁe
bubbl e gener at panke e LdifpPedts $eeirbud@ed thddter S4aTBb ke it

'the bottom of the tank two concentric rings were
| prov1ded for introducing gas and liquid, respectlvely.
\;; """ The outer ring had slots 1/2 inch (1.3 cm) high by 1/8
T inch (0.3 cm) wide facing inwardly through which gas
entered the tank. The inner ring had slots 1/4 inch
(6.3 mm) long and 1/8 inch (3.2 mm) wide orthogonally
diéposéd with respect to the gas slots, for introduc-
ing shearing liquid. Gas was fed through the gas ring
at 150 SCF/min (4248 litres/min) and 1liquid through
the liquid ring at 50 gal/min (189.3 litres/min) to
100 gal/min (378.5 litres/min). After a steady state
was reached, the gas and liquid flows to the bubble
generator were shut off. Simultaneously, a video
record was made of the drop in the level of the tank’s
- contents. Using standard techniques, an analysis of
R . the darop in 1level as a function of time yielded
estimates of the bubble size distribution. The steady
state level indicated the average gas hold-up during
operation.

Comparative data was obtained following the
. proceeding steps but not introducing shearing liquid.
"It was established that the bubble generator reduced
the bubble size from 0.42 mm to 0.34 mm while it
increased the average gas hold-up from 24.8% to 29.6%.

05318902 .AM/mp



I ncreased the average gas hold-up from24.8%to 29.6% 05318902 AM mp
-9- CLAIMS: 1. A nethod for genherating gaseous bubbl es in a ‘liquid .
anbi ent, conprising: forcing a gas through, and along the axis of , airig,
nore) orifice(s) located in the liquid anbient while sinul taneousl-

forcing. a liquid through, and-along the axis of, a respective, opposed
orifice (or respective, opposed, ergfi<ces) wthin the liquid anbient
so that the axial stream of |liquid intersects the axial gas stream

within the liquid anbient at a velocity sufficient to generate | ocal shear
fields whereby gas bubbles are generated that have a dianeter small.er t han
gas bubbl Wd when no liquid is ejected at said velocity. 2. A .

nmet hod as d in claiml1l, wherein said liquid is ejected at a veIOC|ty_
in the range of from10 ft/sec (3.0 msec) to greater t han 30
ft/sec (9.1 nmsec) and wherein said gas is ejected at a velocity of fromb5.
ft/sec (1.5 msec) to 100 ft/sec (30.5 msec). 3. A nethod as clai rr__e-d
inclaim 1 or 2, wilareiAthethedi o genexating cgaseouds| ibpbdlesl ure is

Db range g o et LRS- 2O rbrston o (BRI DGR M0

in a gas dakongbther axics vmﬁz; eonet fex lmprei) |oréﬁeceq5)t Hrozabedr in die
that are oppo3ed !Qnmbientds ﬁﬁiiéceﬁﬁuﬂhﬁ&%ﬁﬂf %9-@1[:?&” a'°14%fkia
"~ through, and along the axis of a respectn.ve, opposed_
‘- orifice (or respect:.ve R opposed, orifices) with:.n the'
" liquiad’ ambient so “that the axial stream of liquid -
intersects the axial gas stream wztlun the lJ.un.d ambient -
| at a veloc:.ty sufflcient to generate local shear fields- -
' whereby gas bubbles are generated that have a. diameter
 smaller than gas bubbles formed when no. liqu:.d is ejected
at sa:Ld velocity. | '

2. a method as. clamed in claim 1, - -wherein
'sald llquld is ejected at a veloc:.ty in the range of from
10 ft/sec (3 0 m/sec) to - greater than 30 ft/sec
(9 1l m/sec) and wherein said gas is ejected at a: veloc:.ty_'
of from 5 ft/sec (1.5 m/sec) to 100 ft/sec. (30 5 m/sec)

3. A method as clan.med in clainm - 1 _or 2, :
where:.n the ratio of  the gas to. ejected liquid volume is
in the range of from 1:1 to greater than 20:1.

4. A method as claimed in claim 1, wherein the
gas 'is ejected into a liquid column' through orifices in a -
gas distributor and wherein the liquid 'is ejected through
orifices that are opposed to the gas or:.f:.ces at an angle
"of from 20° to 160°, - '

R 00 G
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06078901 AMnp  -10- 5. A nethod as clainmed in claim4, wherein said
liquid is ejected at a velocity in the range of from 10 ft/sec (3.0

nd sec) ~, to "greater than 30 ft/sec (9.1 msec). 6. A nethod as
claime¥< in claim 4 or 5, wherein said gas is ejected at a velocity of
fromb5 ft/sec (1.5 nisec) to 100 ft/secl938.5 msec). 7. A net hod as
claimed in claim4, 5 or 6, wherein the ratio of the gas to ejected liquid
volune is in the range of from1:1 to 20:1. 8. A | i qui d- gas _
contacti ng apparatus conprising: a vessel for containing a liquid; a gas
conduit having at |eas®.onelAgamethofli casl ockainedn iri dclaimel 450 whetresni d
orifice(s) \wall Al I I guli dist .0 ; | 2 qui d
condui t h_av}yri{jldab‘ﬁ%%g grgi %&%‘? ggc% Sggsjf%?gg?celu P%(?:eat %8“?5%5% dfg&h
vessel -so tifat BHiseri fi 62¢0)myisec)be 0 a grleatenmf |thamd wW@er f£t/sec
condi tions Qfg Usey s@kfl, Orifice(s) being positioned so as to be -
substantially co-planar wth, and opposed at an angle of fromJ[err] to
[err] to, the respective or _a respective said gas orifice(s); neans for
forcing gas through, ad al Bngmethadi Aasf claimedasimyi g );4ar@E 5,

06078901. AMyHerein said gas is ejected at a velocity of from 5 ft/sec
(1.5 m/sec) to 100 ft/sec (30.5 m/sec).

7. A method as claimed in claim 4, 5 or 6,
- wherein the ratio of the gas to ejected liquid volume is

s . in the range of from 1:1 to 20:1. .
8. A liquid-gas contacting apparatus
comprising:

a vessel for containing a liquid;

a gas conduit having at least one gas orifice
located in said vessel so that said orifice(s) will be in
a column of liquid under conditions of use;

a liquid conduit having a 1liquid orifice - for
\_ ‘each gas orifice located in said vessel so that the
orifice(s) will be in a column of liquid under conditions
of use, said orifice(s) being positioned so as to be
substantially co-planar with, and opposed at an angle of
from 20° to 160° to, the respective or a respective said

gas orifice(s); '

means for forcing gas through, and along the
axis of, said gas orifice(s); and
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- 11 - means for forcing liquid through, -and along the axis of, said liquid I
orifice(s), so that the axial streamof liquid intersects the axial stream ,
of gas within the liquid colum at a velocity sufficient to shear."gas,;: 4
whereby gaseous bubbles wll be generated and flow upwardly |nf~/
~contact with the liquid in said vessel, the bubbles generated having a _

di ameter 'small er than the gas bubbl e§ fidr Ted when no liquid is ejected at

said velocity. 9. ApparatUs as clainmed in claim8, wherein the or each
said liquid orifice is opposed at an angl e of [err] to the or each
respective said gas orifice. “Apparatus as- clainmed in claim8 .or 9,

80 e axial stream
of liquid 1ntersects the ax1al stream of gas w1th1n the
lquld column at a velocity sufficient to shear gas,

_whereby ‘gaseous - ‘bubbles will - be qenerated and flow
upwardly in contact with thé-;iﬁdid_in.said vessel, the
bubbles generatedﬁﬁaViﬁgta'diaﬁeter smaller than the gas
bubbles formed when no liquid is ejected at said velocity.

~ wherein the gas condugaris goflm@guxmgell d&ﬁtﬁbbu H,d a3 daléngs the
concentrlcall %catedts Eg spa{ger 1 % 11 11 111 1111111121 111111
' 06078901. A¥HP Or. sSal quic 1f1ce s

| 9. . Apparatus ‘as "c'rai'inéd" in claim 8, wherein
the or each sa1d liquid orifice is: opposed at an angle of © NS
90° to the or each respectlve said gas orlflce. '

| 10. Apparatus as clazmed in clalm '8 or 9,
. wherein the gas conduit is a ring sparger and said liquld
~conduit is a concentrzcally 1ocated ring sparger. |
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