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DESCRIPTION DIFFUSED GAS AERATION APPARATUS TECHNICAL
FIELD The present invention relates to a diffused gas aeration 5
apparatus used for: water treatment and water purification of industrial
effluent, supplied water and sewage, lakes and marshes, rivers,
groundwater, and so on; removing and collecting foreign substances in
gas; and a bioreactor or the like. Specifically, the present invention
relates to an operation to mix and agitate gas and 10 liquid to make a
gas-liquid contact, and relates toF& difftiséelfgas aeration apparatus used
fqr: di_ssolving oXyge QQ[}QﬁDaEAQ ﬂ@ﬂﬁ%maﬁﬁ%ﬁl&%ﬁﬁfsi” the water;
diffusing a volatile substance such as ammonia, trichloroethane,
rrcigtthleremghloride, chlorine or trihalomethane that remains dissolved in
water; removing and 15 collecting a foreign substance in gas such as
hy@togerpehicride, Sulftirtdioxide oFaiist by edns Bt Féaeion abSorptipfrtion

and trappln%; ag further enzyn%atlc reac;flon micro-organic reracftllon and

apparatus - W reatment . arification  of
PPE5%on. BA OND ART Corventional diffuised gas aeration

inca@Ppasatusessaanr be classified: 20.araadly-into thase of an atediffusingnarsnes,
method (bubble) and those of a mechanical agitation method (surface

rivagitatiomoAsishown in FIG. B8, regardifrraniaeratidipréeessiigng foreign

aggaratus,llo bé/ m§§£530f the air- iﬁusiqg system 'rg_ﬁ 25

substances in gas; bioreactor o Ilc . Specifically, the
present invention relates to an operation te mix and agitate gas and
ligquid to make a gas-liquid contact, and relates to a diffused gas
aeration apparatus used for: dissolving oxygen in the air in water by
aerating air in the water; diffusing a wveolatile substance such as
ammonia, trichioroethane, methylene chloride, chlorine on
trihalomethane that remains dissolved in water; removing and
collecting a foreign substance 1in gas such as hydrogen chleride,
gulfur dioxide or dust by means of reaction absorption and trapping;
and further, enzymatic reaction, micro-organic reaction, and so on.
BACKGROUND ART

Conventional diffused gas aeration apparatuses can ke classified
broadiy into those of an air-diffusing method (bubble) and theose of a
mechanical agitation method (surface agitation). As shown in FIG. 16,

regarding an aeration processing apparatus 110 by means of the air-

diffusing system in
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1 particular, a large number of panel diffusers 112, diffuser pipes and the
like are disposed on the bottom of an aeration tank 111, and pressurized
air is supplied thereto through an air blower 113 and a pneumatic
dispatch line 114 to execute aeration processing. Further, 5 when a
nitrogen compound such as ammonia which remains dissolved in liquid is
diffused and then cleaned and collected, a packed column, a plate
column or the like is frequently used as shown in FIG. 17. In the case of a

o2rdifflisfh procesifig UpAratis F5 of thd bR coltimn iethet, Ikhas =<
the IS184RPlied from the upper part of a packed column 116,10 and 98s 1811 .4

supplied from the lower part of the column. While gas- liquid contact takes
prefiaee oy acountercetrantiteoungh paeking Adhplaced inside dhercalumngnd  a

a volatile substance such as ammonia (NH4'"), organic solvent, etc. in the
Preyipfiid 9s HiffseatonEtel theigds sRIE S8b%hat 1Ré ‘WeaRiifantiedlectifiy cher-

e e lquid are executed. 13 Eurther, g g.9as-liauid ?QQ%EE%eaSC}%%B%ed in

an apparatus of processing exhaust gas which contains dust an
1igsidfureus acid gas, s Cylingdrical @xhaustigas:diffuserpipeswithcadqrurabeinn, -
of gas blowoff holes is used. An exhaust gas treating method which uses
plaiRiscediBnst Had ifftised pife S HEeRELY iRSFapdtesePUblShet Patédt  In

the ﬁi%)aéé’pggaé{o'éi'\%%u'sﬂfaé0§§§§e§£‘9n%a%?%%%ff%ﬁ%b'ﬁ'ke%F aEEI{Qt £ “%?“90 umn
0. H9-865; however, gas-liquid contact efticiency between liquid an
metinyblesavhich postaitielaa muonberof gas blowet hales isdovsdncoiumn 118,
addition, there is a
and gas 1s supplied from the lower part of the column. While gas-~
liquid contact takes place by a countercurrent through packing 117
placed inside the column, a volatile substance such as ammonia (NH,),
organic solvent, etc. in the licguid is diffused toward the gas side,
so that the cleaning and collecting of the liguid are executed.
Further, as a gas-liquid contact reactor for an apparatus of
processing exhaust gas which contains dust and sulfurous acid gas, a
cylindrical exhaust gas diffuser pipe with a number of gas blowoif
holes i1s used. An exhaust gas treating method which uses this exhaust
gas diffuser pipe 1s disclosed in Japanesa Published Patent
Application No. H7-308536 and Japanese Published Patent Application
No. HS-865; however, gas-liguid contact efficiency betwsen liguid and

bubbles which pour ocut of a number of gas blowoff hcoles is low. In

additicn, there 1s a
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25 2 problem of blockage caused by the accretionary growth of calcium

sulfate, which is a reaction product. Further, regarding a diffused gas

aeration apparatus using a conventional static mixer, oxygen absorption

efficiency is low due to 5 structural reasons; also, it is difficult to

manufacture a diffused gas aeration apparatus with a wide bore (500mm

or more in diameter), and even if possible, gas-liquid contact efficiency

will be low. Further, the cost of production will be high. Furthermore, the
Propoie diimeter ofa4t aif BIsWof Avle igfean 2R EG-SUBPIing Bitéimatic calcium

<1 dispatch tube ltl‘swlg1 isrgfias&gh%%d ig (;tggcl wer part of a conventional static
mixer is in the range of 10 to 40mm. One or more blowoff holes are

pravidesken the yppeisurface:of thisspnewisatic- dispatch duper Sinse theng 2
diameter of each bubble supplied from the blowoff holes 15 is large,
conyRRiRqhRd cohtacteffitidticy RIGRamMPesRRictaime 1§ Ly oAs B résult,due to

th% tothI Iength of a striltic mixgr bec mes, lo and appa att{s cost .
tr ; ’ . dgiff
i cec%rr?les 1fﬁgﬁ.OFF%sate'?lwt Literature s1] %épaﬁté%e Published” Ig%‘feﬁf 5 @ diffused

gas Application Me:+2+20 188694 [Ratentidteratiyecjapanese Publishet:rer ,
Patent Application No. 544- 8290

and even 1f possible, gas-ligquid contact efficiency will be low.

Further, the cost of production will be high.

Furthermore, the bore diameter of an air blowoff hole of an air-
supplying pneumatic dispatch tube that is disposed in the lower part
of a conventional static mixer is in the range of 10 to 40mm. One or
more blowoff holes are provided on the upper surface of this pnesumatic
dispatch tube.

Since the diameter of each bubble supplied from the blowoff holes
is large, gas-~liguild contact efficiency is low and contact time is
leng.

As a result, the total length of a static mixer becomes long, and
apparatus cost becomes high.

[Patent Literature 1] Japanese Published Patent Application Ne. H2-
128624

{Patent Literature 2] Japanese Published Patent Application No. S44-
8290

[Patent Literature 3] Japanese Published Patent Application Ne. 853-

36182
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[Patent Literature 3] Japanese Published Patent Application No. 353-

36182 25 3 [Patent Literature 4] Japanese Published Patent Application

No. H5- 168882 [Patent Literature 5] Japanese Published Patent

Application No. H7- 284642 5 [Patent Literature 6] Japanese Published

Patent Application No. H7- 308536 [Patent Literature 7] Japanese

Published Patent Application No. H9-865 [Patent Literature 8] Japanese
p Pubtlislﬂeg Patent Application No. le%lsogﬂ 10 [Patent Lit§rature 9] —
[PayERanssePablisRed Patéhf Application NGeR162 88721 Rion-pateht o
1sgkiferature 1] S.J. Chen et al. "STATIC MIXING HANDBOOK" Chemical

Research Institute, published in June 1973 [Non-patent Literature 2]
[PaKdichird Matstmmea oY asiashinMorishiinbiehall FstSTATACOMIXEROn No. H7-
284F£&JNDAMENTALS AND APPLICATIONS" Nikkan Kogyo Shimbun, Ltd.,

Su%lished on September 30, 1981 DISCLOSURE OF THE INVENTION

[palRiablems.to, be,solved by thelnveption] A canventional diffused-gas wo. u7-

aeration apparatus requires a large 20 area, because oxygen dissolving
308éfficiency and gas absorption

[Patent Literature 7] Japanese Published Patent Application No. H9-865
[Patent Literature 8] Japanese Published Patent Applicaticn No. HICO-
80627

[Patent Literature 9] Japanese Published Patent Applicaticon Ne. ELG-
85721

[Non-patent Literature 1] S.J. Chen et al. “STATIC MIXING HANDBOOXK”
Chemical Research Institute, published in June 1973

[Non-patent Literature 2] Kiichiro Matsumura, Yasushi Morishima et al.
“STATIC MIXER - FUNDAMENTALS AND APPLICATIONS” Nikkan Kogyo Shimbun,
Ltd., published on September 30, 1981

DISCLOSURE OF THE INVENTION

{Problems to be solved by the Invention]

A conventional diffused gas aeration apparatus regquires a large
area, Dbecause oxygen dissolving efficiency and gas absorption
efficiency are low. Further, more air than necessary that contains
oxygen 1s pressurized and supplied teo panel diffusers and the like to
execute mixture and agitation in an aeration tank. Thus, a great deal

of electric power 1s consumed.



efficiency are low. Further, more air than necessary that contains oxygen

is pressurized and supplied to panel diffusers and the like to execute

mixture and agitation in an aeration tank. Thus, a great deal of electric

power is consumed. 25 4 Also, a conventional diffusion processing

apparatus such as a packed column or a plate column requires periodic
AlsmaiAtetaica tberalse d CHERIMIECHAPOURT MIKBBRGERISHHS At tife RReXed

corliliquid aéjhef’g%%% Ragking. plates, eic. ana grow, %%‘i%f—?gn%lgggln%ecause a
Euﬁher, a Cﬁ used gas aeratlo% apparatus using a conventional static

caldixer bagbeen lowin@agemabsorption efficienaeand itisgifficulidpere to
increase in size. Accordingly, embodiments of the present invention seek

racipipeovidelatdiffusett§as a6rhtiGH dppardtis ifnwhictPeffident andthelike 2

a1 278 g(lilrified and alcso foreign sugstances in gas are._remove anq . .

1 uﬁ 8&1.‘5. aeraciorl 4 alra lld? U.Sln% af.conventlona statlic mixer
collected with improving gas-liquid contact efficiency, and executing

hasaeadion. diffusion: ager eastions treatrat exsemely-effectively dbfn cult to
energy-saving and space- saving manner, at low cost and without the

incogeadfor-ndihtEnanéE CTUIREE emBHAMEIRR ST the pResdrmaRvehtionsntion
see%e%’étog%%‘l’i%’ee a bloreactor canable, of being.used for highly efliclent - ;e
enzymatic reaction and micro-organic reactlon.EfMeans for Solving the
andPrablemstdn aceokdanca with-adirstiaspect of the inventiondbereis gas are
removed and collected with improving gas-liquid contact
efficliency, and executing aeration, diffusion and reaction
treatment extremely effectively, 1in an energy-saving and space-
saving manner, at low cost and without the need for maintenance.
Further, embodiments of the present invention seek to provide a
bioreactor capable of being used for highly efficient enzymatic

reaction and micro-organic reaction.

[Means for Solving the Problems]

In accordance with a first aspect of the invention, there is
provided a diffused gas aeration apparatus corprising: a cylindrical
passage tube substantially disposed vertically in which fluid passes
in the longitudinal direction and in which a static mixer 1is
provided, and a gas blowoff portion on the lower end side of said
passage tube, which gushes and supplies gas to the inside of said
passage tube through a pneumatic dispatch line and in which a spray
nozzle 1is provided; wherein gas 1s supplied to said gas bloweff
portion, liquid i1s introduced into said passage tube from the
lower side of sald passage tube, said gas and liguid flow upward
in a parallel direction in said passage tube, and the gas and
liguid come in gas-liguid contact inside said passage tube to be
discharged from the upper end side of said passage tubke into

liguid.



provided a diffused gas aeration apparatus comprising: a cylindrical
passage tube substantially disposed vertically in which fluid passes in the
longitudinal direction and in which a static mixer is provided, and a gas
blowoff portion on the lower end side of said passage tube, which gushes
and supplies gas to the inside of said passage tube through a pneumatic
dispatcteline atrhirewhichha sprscoozziesisprovided; whereiregasds, there
. _supplied to said gas blowoff portion, liquid is introduced into said passage
o BHORThe Towtr SHETH sl hassade b, SRRPGAS Shd RABRFAGHAS: =
cy tpward-in aparallel direction,in;said passage;tubes and;the 9as:a9d; n wnicn
liquid come In gas-liquid contact inside said passage tube to be
Ileischargedsfrom théepperentuside:of saidgassagesube intovligaid. 5 Ifirst
accordance with a second aspect of the invention, there is provided a

ST Hiffliséd Gds aération’apparatis Gomptingt & "&lindHRal padsade ke tover
endubstantiadly disposed yertically:in wmﬁmcﬂuigmsam&h%wmnggs to

direction and in which a first static mixer is provided, and a gas blowo
theoktion on thé lowed erd side ofsarl passage tabepwhiel gushescandh line
upplies gas to the inside of said passage tube through a pneumatic
" Jisph 3

tcHhE ahd IR Whith 2°8&esnd sl mkePROBrOVIded Wheteth g&S 19
supp13upplied d0ispid gas Rlowelf portienliquidyis:introducad M9 SaId: neo said
passage tube from the lower side of said passage tube, said gas
passage tube from the lower side of said passage tube, said gas
and liguid flow upward in a parallel direction in said passage
tube, and the gas and liquid come in gas-liquid contact inside said

passage tube to be discharged from the upper end =zide of said

passage tube into liguid.



and liquid flow upward in a parallel direction in said passage tube, and

the gas and liquid come in gas-liquid contact inside said passage tube to

be discharged from the upper end side of said passage tube into liquid. 6

Further, in the embodiments, each of the static mixers disposed in the

passage tube and disposed in the gas blowoff portion has a plurality of

spir&Fbladas whigh dreceitlflPAgREhsted 7 &t twistet® fofifralc mixers

. plurality of fluid passages, and .the fluid passages are.joined through an

S Ao P o ihnal frean by Sacr Bt and e CLowos

poblades age formed.of perforatedsbeards. fEHeet ofitheclventionii ther right
According to the embodiments of the present invention, power
CWidorisinaptio? Ean e PéGAcED coRSMetabll BeehtisecgasHigtid edTiages, and
enefficiency,is improved, Further, fime reguied for geration. diffusion.and .
reaction treatment may bé feduced y |rﬁprovmg Eas- rﬁ%w contact
1orefficiencia IFurthernose, sincesgas-supplyingnability may besimprovedined or
the unit area with respect to the diffused gas aeration apparatus, a large
regrehintReItaEntal direction may not be required for installation,
leading to saving the space nd_to reducing construction engineering
cost %gr% %%p%r%%u%ecogt\éet%ath%ﬁgw. Further, the construction cost of

air-supplyingpipes anthectikednaynhe laweregk present invention, power
consumption can be reduced considerably, because gas-liquid contact
efficiency is improved. Further, time required for aeration,
diffusion and reaction treatment may be reduced by improving gas-
liguid contact efficiency. Furthermore, since gas-supplying
ability may be improved by the unit area with respect to the diffused
gas aeraticn apparatus, a large area in the horizontal directicon
may not be required for installation, leading tc saving the space and
to reducing construction engineering costs and apparatus costs to
be low. Further, the construction cost c¢f air-supplying pipes or the

like may be lowered.



7 Moreover, no shutdown of operation owing to clogging arises, so that
maintenance costs and manufacturing management costs may become
low. Further, since no stagnant part (dead space) of fluid exists,
enlargement of the apparatus is facilitated. BEST MODE FOR
CARRYING OUT THE INVENTION Hereinafter, embodiments of the
Moxresent invertion- dilbeo Bxphainelireatefrinigito five altaghibebdrvisrs, s

FIG. 1is agaﬁtgrncdla%rarr}lggowmgfa first embodiment accordlnsqtto the

E reL8h{ huishtion “Similarly FIG. 21 & patein ABGFITTof & second "=

pe&fOdimentysitilarly ElGcs isa paltgrn:diagkam shewinggsthind or fluig
embodiment, FIGS. 4A and 4B are perspective views of passage tubes
exigith blades relsdwing ah émbodimenesia statié asikér tseddn the present

BE%&V%Ic?g‘%g‘ngid}%ﬁé%ﬁfﬁea.8@%‘%%%”%5%8@%%"6‘9ram showing an

m atic mixer used in the present invention. FIG. 6 is a
schematic:diageam ofmdiffused-gass aeration apparatusacerdinghtod 11 be
first embodiment of the present invention, and FIG. 7 is a perspective

eXRAGW SITOWIRELAR EHb6EINTERt Gft beshrety WoaMénised L& first 1s a2 pattern
. embodiment of the present invention, . Similarly, FIG. 8 is a schematic
e of & IHHEgd dhs Aeraion HooAHIIE Ak HITSTe% sadond & present

inwmbosimentaiihespresentiigverntions FIS. Sbs@ partlyisehematic battogacond
view of a diffused gas aeration apparatus according to a second .
emltAbBETRent BF tHé rpresert inveritor? et 198 & panhpscidsmiiey a third

em@gég%%%t{\/,e \flfc\:% pf 4A and 4B are perspective views of passage tubes
with blades, showing an embodiment of a static mixer wused in the
present invention, and FIG. 5 is a basic constitutional diagram
showing an enmbcdiment of a static mixer used in the present
invention. FIG. 6 1s a schematic diagram of a diffused gas
aeration apparatus accerding to a first embodiment of the present
invention, and FIG. 7 is a perspective view showing an embodiment of
a spray nozzle used in a first embodiment of the present invention.
Similarly, FIG. 8 is a schematic wview of a diffused gas aeration
apparatus according te a second embodiment of the present
invention. FIG. 9 is a partly schematic bottom view of a diffused
gas aeration appaeratus according to a second embodiment of the
present invention. FIG., 10 is a partly schematic perspective view of
a gas blowoff portion according to a second embodiment of the

present
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a gas blowoff portion according to a second embodiment of the present 8
invention. FIG. 11 is a schematic sectional view of a diffused gas aeration
apparatus according to a third embodiment of the present invention. FIG.
12 is a block diagram showing an embodiment when a diffused gas
aeration apparatus according to the present invention is 5 applied to
aeration processing of an activated sludge method. FIG. 13 is a block
diagram showing an embodiment when the apparatus is similarly applied
1nved difftision ProcesdingsofeefiGBREAEIG. B4 1S HOMOCK diagram showhigasd gas
embodiment when the apparatus is similarly applied to an exhaust gas
g ABTAE, FIC T8 ok DIoCK 10 TSt SRS o oG mErE e
invivheRrdhe apparatus is similady appliess tabiclpgicalyeastiepiisingent when a
enzymes or microorganisms, FIG. 16 is a pattern diagram showing an
dif fevatdoagproeessingapparaiis of o cerwehtionat pairel BifaSer metfod;ion is
nd.FIG. 17 is a pattern diagram showing a. diffusion processin .
SR S e D e S SN C
is aspafiesnidiagragr showing.afirst ambediment-according tetbe prgsantus is
invention. In a cylindrical passage tube 1 substantially disposed vertically
s il eyhigh fivnd e ses iAitheup0dongroditaliditectiors & seeof statitl mixék2is a
105P10Mded: 3 gas, plowoff otion.  inwhich 2 spiey nozzle that suplies ..,
gas through a

applied to an exhaust gas treating apparatus, FIG. 15 is a block

ap

diagram showing an embodiment when the apparatus is similarly applied
to bhiclogical reaction using enzymes or microorganisms, FIG. 16 is a
pattern diagram showing an aeration ©processing apparatus of a
conventional panel diffuser method, and FIG. 17 is a pattern diagram
showing a diffusion processing apparatus of a coanventional packing
methaod. |
[Embodiment 1]

FIG. 1 is a pattern diagram showing a first embodiment according
to the present invention. In a c¢ylindrical passage tube 1
substantially disposed wvertically in which fluid passes 1in the
longitudinal direction, a set of static mixer 2 1s provided; a gas
blowoff portion 5 in which a spray nozzle that supplies gas through a
pneumatic dispatch line 4 is provided is disposed in a space portion 3
below the static mixer 2; and a ligquid-introducing portion & which

introduces liguid (FL} is
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pneumatic dispatch line 4 is provided is disposed in a space portion 3
below the static mixer 2; and a liquid-introducing portion 6 which
introduces liquid (FL) is 25 9 disposed further below the gas blowoff
portion 5. In a diffused gas aeration apparatus 7 which is thus
constructed, gas (FG) is gushed and supplied in the upward direction
from the gas blowoff portion 5 to the lower end of the static mixer 2 in the
passage tube 1 through the 5 space portion 3, and by means of air-lift

dis%“fﬁa?ﬁ g@rféﬁiédktﬂ}ﬂ’?b %;é’?cfinﬂ%f%‘f’@é%f?ﬁéﬁﬁ‘(lﬁe), lfuid (BLy fgised gas

aeriiofuesdioning lauidintodyeng.portion 808 (NG Jowerend olhe s ana
passage tube 1 into the space portion 3 in the passage tube 1. The gas

supfEG)iand aceonpamying kquid (HLY How upwvardsinca paraliebdirections to the
through 10 the static mixer 2 to be made fine and in gas-liquid contact,

lowghd¥h@nCarerafschafded imbhiguid. TRustHerafisrn2affusitit of chémficalr the
igaction progresses bejween liquid and,gas with sufficient gas-liauid

*Fe Contact. In addition, g|§tJis %re erable that the g%s lowoff por%oneS e %Sby

ascéigspased in dbe sange of £-2 tqBstimes:the: dianreter of the static cauxerr3n the
away from the lower end of the static mixer 2. Further, the

Liangdidantodieing pottione nfayBe ted! Wit af Spehing prordesma® tiae 1

1 nefug, wall at the lower part of the pasgage fube £, With this, the cireulating 4
flow of liquid improves.

accompanying liguid (FL) flow upward in a parallel direction through

o+

he

the static mixer 2 to be made fine and in gas-liguid contact, and then
are discharged into liguid. Thus, aeration, diffusion or chemical
reaction pregresses between liguid and gas with sufficient gas-liquid
contact.

In addition, it is preferable that the gas blowoff portion 5 be
disposed in the range of 0.2 to 3 times the diameter of the static
mixer 2 away from the lower end of the static mixer 2. Further, the
liguid~introducing portion & may be used, with an opening provided in
the tube wall at the lower part of the passage tube 1. With this, the
circulating flow of liquid improves.

In this embodiment, by gushing and supplying gas (FG) from below
the static mixer 2 in the upward direction from the spray nozzle of
the gas blowoff portion 5 through the pneumatic dispatch line 4, the

ascending force of rising gas (FG)

10
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20 In this embodiment, by gushing and supplying gas (FG) from below

the static mixer 2 in the upward direction from the spray nozzle of the gas

blowoff portion 5 through the pneumatic dispatch line 4, the ascending

force of rising gas (FG) 25 10 generates air-lift effect, whereby gas (FG)

which rises involving liquid (FL) introduced from the lower part of the

passage tube 1 and the liquid (FL) flow in a parallel direction through the

static mixer 2. As a result, gas (FG) and liquid (FL) are made fine and in
IengER 5 giqaitFcontact BY R mixtiieraid agrtationFfinctibh dndthensarénvolving

14 qiseharged: o Jiquid, wherg aeration, diffusion or chemical reation fs, ; g

executed. Since the above gas-liquid mixture and agltatlo}rg] opegratlon are

thsexeguted without pawer andowithy high efficieneyrenergy.carbe savede 19: xer
[Embodiment 2] FIG. 2 is a pattern diagram showing a second

2. émBodififentof &7 prEsentitvention Sin(@ylindficarpdssageaubeds in gas-

113tbstantally. disposed vertically inwhich flid passes i e Jongitudinal, .,
Léllrectlon, a set of static mixer 9 Is prowde%llan agas %?OWO?F]_ portion

disdRathalssupplies gas: (FG)tharugh sapneymatic dispatehdine ddnisar reaction
disposed in a space portion 10 below the static mixer 9. In the gas

is preRei-pertion Bisprovitied abstatic witker 13v Flrtidr balow aive seatication

opeyyggggséﬁgpggggé%ggu%%@ygggugggégogg n%f%%"ﬂ?gh efficiency, energy

can be saved.

[FEmbodiment 2]

FIG. 2 is a pattern diagram showing a second embodiment of the
present invention. In a cylindrical passage tube B8 substantially
disposed vertically in which fluid passes in the longitudinal
direction, a set of static mixer 9 iz provided and a gas blowoff
portion 12 that supplies gas (FG) through a pneumatic dispatch lime 11
is disposed in a space porticn 10 below the static mixer 9. In the
gas blowoff portion 12 is provided a static mixer 13. TFurther, below
the static mixer 1is disposed a liguid-introducing portion 14 which
introduces liguid (FL}. In a diffused gas aeration apparatus 15 thus
constructed, gas (FG) is gushed and supplied from the static mixer 13
provided in the gas blowoff portion 12 on the lower end of the static
mixer 9 in the passage tube 8 through the space portion 10. Liguid

(FL) is introduced from the liquid-introducing portion 14 on the lower

end side of the passage tube

11
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introduces liquid (FL) . In a diffused gas aeration apparatus 15 thus 20
constructed, gas (FG) is gushed and supplied from the static mixer 13
provided in the gas blowoff portion 12 on the lower end of the static mixer
9 in the passage tube 8 through the space portion 10. Liquid (FL) is
introduced from the liquid-introducing portion 14 on the lower end side of
the passage tube 25 11 8 into the space portion 10 by means of air-lift
effect generated by the ascending force of the gushing gas (FG). Gas
(FG) which has been made fine and accompanying liquid (FL) flow
o sRyargdn 4 pagallel s diection raugh g Stale ML L0BEIN cuorazea by
gas-liquid contact and then to be discharged into liquid. Thus, aeration,
theddtusioniandfchemical reaction progress withcliquidand gas) ingasHiquid been
contact sufficiently. [Embodiment 3] 10 FIG. 3 is a pattern diagram

madghdwitty & irdeRTsdeRacttidiy (3 the predentpisiftiontInag parallel

o rEYINGLICR], passage, iWibe 16 in which, f'@'dtea%%esi%n%aasﬁ%%gf SLALC MIXeL g
17 is provided; and a plurality of gas blowoff portions 20 w ich supply gas
theFGpthreugh a-paeumaticn tispaich iine 19 aresdispesed in@, SpACEFusion and

portion 18 below the static 15 mixer 17. The pneumatic dispatch line 19 is
<heBiGiitetPREM 16p 6 °B6SM thridughtai Shetifig #3 the Torigittdiagprid contact
u fgg_rg%irﬁ)trl?‘f the static mixer 17.

[Embodiment 3]

FIG. 3 is a pattern diagram showing a third embodiment according
tec the pressent invention. In a cylindrical passage tube 16 in which
fluid passes and a set of static mixer 17 is provided, and a plurality
of gas blowoff portions 20 which supply gas (FG) through a pneumatic
dispatch line 19 are disposed in a space portion 18 below the static
mixer 17. The pneumatic dispatch line 19 1is provided from top to
bottom through an ocopening in the longitudinal direction of the static
mixer 17.

In a diffused gas aeration apparatus 21 thus constructed, by
gushing and supplying gas (FG) from under the static mixer 17 in the
upward direction from the gas blowoff portions 20 through the
preumatic dispatch line 19, liguid (FL) introduced from a liguid-
introducing portion 22 on the lower end side of the passage tube 16
and rising gas flow in a parallel direction through the static mixer
17, so that gas-licuid contact proceeds 1in the same manner as

described above.

12



In a diffused gas aeration apparatus 21 thus constructed, by gushing and
supplying gas (FG) from under the static mixer 17 in the 20 upward

direction from the gas blowoff portions 20 through the pneumatic dispatch

line 19, liquid (FL) introduced from a liquid- introducing portion 22 on the
lower end side of the passage tube 16 and rising gas flow in a parallel
dire&tlor? Hsotigh: thebstatic pivikeing 7, 156 thed yas-ieird tontactipistedds with

in.the same manner as 25 described above. 12 In addition,.b provi%in
e AL PSfior pARiOnE T i S ket o B GEeu SHRTAR S et =5

presesondiembediment g the ipresentinvention. gasdiquid-coptact effisiensy ne
will further be improved. The number of gas blowoff portions 20 can be
ingfRRiBly- deitfed) dependiig Gpenithepurposeriifher 2P passage tiexibly
dec]i%\évci:ith %é/vigedprqre SQqu:Lg og@o%es(ian diameter) can be used when
providing fpzllur‘aﬁctjy ot gas Towout portions 20, which enables
gassslpplying abiliy perpassage tuke to improve agreatdeatrsathatore in
processing time can be shortened. Further, since the number of
disgRéamatiedispaichiffies affthgBdctedesses, Pipiig Wotk costsvand blowout

oDalntenance, costs are aloq reduced. 19 be jow, Futher, the enlargement
Petoran apparatus can be - facilitated. Egl)gqsv AK and iJB ghgw an exa ple o
imestadie mixers:2:9,dk3 ands37 used ipibedirst iy thirdhembedinentsiof thened.
present invention;

Further, since the number of pneumatic dispatch lines arrangsd
decreases, piping work costs and maintenance costs are also reduced
to be low. Further, the enlargement of an apparatus can be
facilitated.

¥FIGS. 4A and 4B show an example of static mixers 2, 9, 13 and
17 uvsed in the first to third embodiments of the present invention;
FIG.4A is a schematic perspective view of a passage tube with right
twisted spiral blades, and FIG. 4B 1s a schematic perspective view
of a passags tube with left twisted blades. In'FIG. 47, three right
twisted blades 25 are provided in a static mixer 24 disposed in a
cylindrical passage tube 23. The ©blades 25 are formed of
perforated boards with a number of holes 26. Further, there are
provided three fiuid passages 27, and the fluid passages 27 are
continuously Joined +to each other in the whole longitudinal

direction of the blades 25through an opening 28. In FIG. 4B, three

left twisted blades 31 are provided in a static

13



10

15

20

25

FIG.4A is a schematic perspective view of a passage tube with right
twisted spiral blades, and FIG. 4B is a schematic perspective view of a
passage tube with left twisted blades. In FIG. 4A, three right twisted
blades 25 are provided in a static mixer 24 disposed in a cylindrical
passage tube 23. The blades 25 are formed of perforated boards with a
number of holes 26. Further, there are provided three fluid passages 27,
. and the fluid passages 27 are continuously joined to each other in the
"X Ghole IShiififat tife o 6t thedabdes25throtgh 4n opehing28dff 3! are
rorkdG. 4B Hree. leftdwisted;blades, 31 are.prqvided:in,a staic 13:mixet 30 .y
disposed in a cylindrical passage tube 29. The blades 31 are formed of
arepeiforatetilbodrds:witiyasnuiiber of holes 32< Further, there lareithreesfigics 33
passages 33 are provided, and the fluid passages 33 are continuously

2rejoiffedHE Bt SthéP it ife WiRolé figitditt 5 diredtith ofthebladfgy3iudinal
a1 rHuough an opeping 34. In the passage tuhes23.angd 29,inwhichthe, .. o.qe

static mixer 24 and 30 are disposed, respectively constructed as shown in
tub 4G 33 4Anana 4 B iwhileiftGwinge throughoright4wisted os:left twisted spiraposed,

blades, gas (FG) and Iilguid (FL) are made to be in gas-liquid contact by
reSpBRthlfously 10°fepEatifg Bfe flinifg iTthBightwHrd Brieftard dirkctionowing

tnr806h dividing, jojning, furning gver, and.shearing stresg 1egetion, and then 4
are discharged into liquid. In addition, preferably the diameter of the holes
1iq(26 and@32)are made to be in gas~liguid contact by continuously
repeating the turning in the rightward or leftward dirsction and
dividing, Jjoining, turning over, and shearing stress reaction; and
then are discharged into ligquid.
In additicn, preferably the diameter of the holes (26 and 32)

provided in the blades 25 and 31 is in the range of 5 to 30mm, and

preferably the aperture ratio of the holes (26 and 32) is in the range

0f 5 to BO0%. Further, preferably the rising rate of gas in the

passage tubes ({23 and 29) 1is in the range of 0.1 to 10m/s, more
preferably 0.5 and 5m/s. Furthermore, preferably the twisted angle
{turning angle) of the blades 25 and 31 is 90°, 180° or 270°; however,
15°, 30°, 45°, 60° or the like can also be used. In the case where a
passage tube with a wide bore (500mm or more in diameter) is made, it
is possible to make blades (25 and 31) of small twist angles such as
15° and 30°, and to connect three blades with the arrangement of 30° +

30° +

14



10

15

20

25

provided in the blades 25 and 31 is in the range of 5 to 30mm, and 15
preferably the aperture ratio of the holes (26 and 32) is in the range of 5 to
80%. Further, preferably the rising rate of gas in the passage tubes (23
and 29) is in the range of 0.1 to IOm/s, more preferably 0.5 and 5m/s.
Furthermore, preferably the twisted angle (turning angle) of the blades 25
and 31 is 90, 180 or 270; however, 20 15, 30, 45, 60 or the like can also

-be used. Ip the case.wherg a passage e with.a wide bore (500mm or
30°0 ; 1d. ’
more in dia?neter) ig made, ﬁ is possible t% make blades (2§%nctfs313no% can be
nadsmadbtwistangles stieit ast 15rand 30,c@and4ocanneetthreethlages withe noted

the arrangement of 30 + 30 + 25 14 30 = 90, for example. By doing so,
thaproductibrPantt précessing Cartbed tWadé €udy, Fhd ire ettt protuetivies of

41 £Recomes low. 'Eﬁ??&q be noted that it is possible to accordingly select
an arrangement of blades of different twist angles. 5 FIG. 5 is a diagram

showing another example of static mixers 2, 9, 13 and 17 used in the first
to third embodiments of the present invention. In the static mixer shown in
FIG5 rightfvidtedFandadh 10riREed3piat bI&deEB6 andB7 Kasiganixers

2, Blurality of fluid pagsages are provided in g oylindrical passage ke 35 ene
with a cyﬁndrlca space
invention.

In the static mixer shown in FIG. 5, right twisted and left
twisted spiral blades 36 and 37 having a plurality of fluid passages
are provided in a cyllndrical passage tube 35 with a c¢ylindrical épace
portion 38 in between. Further, a cylindrical space portion 32 is
formed below the left twisted blade 37. Note that the arrangement of
the right twisted and left twisted blades 36 and 37 in the passage
tube 35 iz not limited teo this basic constitutional diagram, and the
blades 36 and 37 can be arranged accordingly, for example, as follows:
right + left + right; right + left + right + left; =stc. Iin the
passage tube 35 thus constructed, while flowing upward in a parallel
direction from the lower part of the passage tube 35 thrcugh the space
portion 38, through the left twisted blade 37, the space portion 38
and the right twisted blade 34, gas (FG) and ligquid (FL) are made in
gas~liguid contact by continuocusly repeating the turning and dividing
in the leftward and rightward directions, Jjoining, turning over and

shearing stress effect, and then are discharged into liguid.
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portion 38 in between. Further, a cylindrical space portion 39 is formed
below the left twisted blade 37. Note that the arrangement of the right
twisted and left twisted blades 36 and 37 in the passage 15 tube 35 is not
limited to this basic constitutional diagram, and the blades 36 and 37 can
be arranged accordingly, for example, as follows: right + left + right; right
+ left + right + left; etc. In the passage tube 35 thus constructed, while
flowing upward in a parallel direction from the lower part of the passage
- tube 35 through the space 20 portion 39, through the left twisted blade 37,
thespace portion 38 aritkthe tightdnistednblade 36, gas (&danddiguideration
(FL) are made in gas-liquid contact by continuously repeating the turning
APPAAA VTGO RTRE |etfvaratard Fiht#aRE Hifetition’E joHfimgP ieAfing owvsiention
-3 oAy oiiess elfeghandlien e dydaged I 20 o Sieittes
6 is a schematic dlagram of a diffused gas aeration apparatus accordi
cyltinthe fisst embedimenbef e preseat-invention: (teferdef1G. 1k /E»romded and
diffused gas aeration apparatus 40 includes a 5 cylindrical passage tube
2 APRPWRIEH 2P8tafié rrﬁferRFPVs‘«B?évlé’éél‘éhdt]aesp%?‘e%tpértWQ igtl, and two
Sup%ror\@ggg l%elow (%fgtatlc 41 and two, ortl boar S st ovided &
Wwhich a gas lowo portion ﬁ4 IS pr%wde o be b nneccfed% provided to
be maumaﬁadtspa:rcbﬁableaéaavmsapatpmh%gasﬂhenpaeumapmgp@&@h The
tube 45 has the gas blowoff portion 44 provided 10 with a spray nozzle
PR iGiisHESBash thevertical Hiectidn, afrftheloweff portion 44 provided

with a spray nozzle that gushes gas in the vertical direction, and the
side opposite to the side where gas enters is closed. The diffused
gas aeration apparatus 40 thus constructed is disposed in.liquia, and
with respect te gas (FG), pressurized gas (FG) is supplied from the
gas blowoff portion 44 to the inside of the space portion 42 of the

passage tube 43 through the pneumatic dispatch tube 45 by means of a

blower, compressor or the like. The gas (FG) involving liguid (FI)

from a liquid-introducing portion 47 on the lower end of the passage
tube 43 and making the liguid (FL) accompany the gas (FG) by means of
air-1ift effect generated by the ascending force of the gas (FG)
supplied, the gas (FG} and the liquid (FL) flow 3in a parallel
direction through the static mixer 41 to be in gas-liquid contact, and
then are discharged into liguid, where aeration, diffusion and
reaction treatment are performed. Using the spray nozzle for the gas

blowoff
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side opposite to the side where gas enters is closed. The diffused gas
aeration apparatus 40 thus constructed is disposed in liquid, and with
respect to gas (FG), pressurized gas (FG) is supplied from the gas
blowoff portion 44 to the inside of the space portion 42 of the 15 passage
tube 43 through the pneumatic dispatch tube 45 by means of a blower,
compressor or the like. The gas (FG) involving liquid (FL) from a

iquid-introducin rti ‘ r end aof th ssage tube 43 an
pogr{f%dl)gng %ﬁe #ﬁ%ug (F )%%%%n%g%%#ogy ggaj?lg(%ﬁ y?r%gjaneg%)% “air-i tlgffeég ereby
impgenerated-y the.ascendingdores of thegas (FG):20 suppliegkihe gasnat this
(FG) and the liquid (FL) flow in a parallel direction through the static mixer
SPIAY td*Bé3hyastlighfid CoftatPeand Wen afe disEharged s liquid, whepenical,

L13gration, diffusion.and reac ign treaiment are perfqrmeg U§Lin the spray
" nozzlié%fo? the éggtgfgw%??i ]e.GOporti%ﬁn&,laag (lf—'(gjw% isspgrgeed in liquid
(FL) efficiently, thereby improving gas-liquid contact efficiency. It is
preferable that this spray nozzle 48 be the one shown in FIG. 7, which is

a c8nftal, multlayeredrstiztire capaniedf beingdin abl6woffistates 5 asration
o L e oL S O PR T v
sinthesfiest embodiment shownninb klGe6: adiffused gasrc. 6, a aiffusea gas
aeration apparatus 49 includes a cylindrical passage tube 50 which has
at its lower part a space portion 52 and a liquid-introducing portion
53, a cylindrical pneumatic dispatch tube 55 which has a static mixer
51 and a gas blowoff portion 54, and two supporting boards 56 which
support the passage tube 50 and the pneumatic dispatch tube 55, At
the gas bklowoff portion 54 is disposed a static mixer 57 formed of =a
plurality of right twisted spiral blades. Gas-liquid contact effect
between gas {FG} and liguid (FL) is omitied on the grounds that it is
similar to the above-described FIG. 6é; since the static mixer 57 has
been disposed at the gas blowoff portion 54 of the pneumatic dispatch
tube 55, gas (¥G) flows upward together with liguid (FL) in the space
portion 52 of the passage tube 50 made to be fine by means of the
occurrence of turbulence. The gas (FG) which has been made into fine

structure and the liquid (FL)} flow through the static mixer 51 to be

in gas-liquid contact highly efficiently, and
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aeration apparatus 49 includes a cylindrical passage tube 50 which has

10 at its lower part a space portion 52 and a liquid-introducing portion 53,

a cylindrical pneumatic dispatch tube 55 which has a static mixer 51 and

a gas blowoff portion 54, and two supporting boards 56 which support the

passage tube 50 and the pneumatic dispatch tube 55. At the gas blowoff

portion 54 is disposed a static mixer 57 formed of a 15 plurality of right

twisted spiral blades. Gas-liquid contact effect between gas (FG) and
thegiquid EFLY S BRTieePon theCgrourntis that it5¢ tSimikitottre, diffusion and
real b:palne- esggirg)eth‘lagé G'Qseirgcgﬁtge static mixer 57 has been disposed at

the gas }r)?owo?fnportlon %‘4 of the pneumatic dispatch tube 55, gas (FG)

flowscupward togethes with liguickilk) in thewspace 2Q portion 52 of thesea  gas

passage tube 50 made to be fine by means of the occurrence of
aeriiismeneaa THe §as (ES)WhicH has eeparrd intodihersstructlireanderesent

. the liguid (EL) flow through the static mixer 51 tqg be in gas-liquid contact
i Illgﬁfg}éffic%r%tl)%géﬁgﬁg%#ﬁ%en Cé?eaoliéf: g%see irﬁ%sliqwa?%vlﬁélreapparatus >

incRefalioRnditusioniand: reactiondreatgentareroperaied: FG:d is apartivricar
schematic bottom view of a diffused gas aeration apparatus according to
rasthesetdhd embddithent of thedwesent Béinwertion. dise PottonyEiafade of The
diffg&ed as u udes three right twisted blades

bla . . f%egaaétiion ?p g‘E%%JrSa%gcjngoa gs ithTa nw
%Sprovﬁe%msﬁeacym fical  passage tube 59'and & cyifidncact Betes €2
bordeumatic digpatchdubefleINn and have an opening 63 in the whole
longitudinal direction of the blades 60.

FIG. 10 is a partly schematic perspective view of a gas blowoff
portion according to the second embodiment of the present invention.
A pneumatic dispatch tube 64 has an inverted T-shape, a gas blowoff
portion 65 is provided with three right twisted spiral blades 66 to
form three fluid passages 67, and the flulid passages 67 are
continuously Joined to each other in the whole longitudinal direction
of the blades 66 through an opening 63. The blades 6¢ are formed of
perforated becards with a number of holes 63 that have been bored in
the thickness direction. In this pneumatic dispatch tube 64, with
respect to the flow of gas (FG), turbulence is caused by stralght flow
which moves straight through the opening 68, spiral flow which flows
along the three spiral blades 66, and divided flow which passes

through the holes 6% of the blades 66, so that gas (FG)
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blades 60 are formed of perforated boards with a number of holes 62
bored in the thickness direction and have an opening 63 in the whole 10
longitudinal direction of the blades 60. FIG. 10 is a partly schematic
perspective view of a gas blowoff portion according to the second
embodiment of the present invention. A pneumatic dispatch tube 64 has
an inverted T-shape, a gas blowoff portion 65 is provided with three right
. twisted spiral blades 66 to 15 form three fluid passages 67, and the fluid
13 Ias8ages67 Arecothitiously-joinéd 16 ety othet irtfie Whble of the fine
longitudinal direction, of the blades 66.through a ening 68. The blade
e Tortad 3T B OrAed o P AL BF nCTa i hgesroa1
be beesdoreg:intthe thickness direction.dn thisspneumadic dispatch tube 64angle
with 20 respect to the flow of gas (FG), turbulence is caused by straight
thefigif whith AT8Ves stighe throtigh thé operifgBsrspiral fowiwhicieflows the

: alqngtheftrl;rge sr[i)ir | bl qles 66, and divided flow which passes through
d t z, . ) .
R 60 0t AL B 5 it el TR (0 amimic gy hoses
thestibicturRnUtilizingdhegas (RG)-efdhedine strugture, gas-ligwd contagtamples .
efficiency further improves. It should be noted that the twist direction of
Furfieblades 66,thePifisteaigle thiérdof, Hie comilsinatibrief the awidtion 65 be
posggzrleggigg %ncd %n%lecghe[eofd the I5 dgrfll?ett%r o% the, holesttpere(%)]‘, and the

£ f th
aperture ratio o? he hiofés thereof can be se ec%éﬁ?ccorcﬁng )l/aﬁlgmeﬁ © €

pas¥aHety f£xampleSom the lower end side of the static mixer provided

in the above described passage tube 589.

FIG. 11 is a schematic secticnal view of a diffused gas aeration
apparatus according to the third embodiment of the present invention.
With respect to a diffused gas aeration apparatus 70, two or more 9%0°
right twisted blades 72 are provided in a cylindrical passage tube 71
in which fluild passes to form a static mixer 73; a cylindrical
pneumatic dispatch tube 75 which supplies gas 1is disposed through an
cpening 74 in the static mixer 73; two gas blowoff portions 76 ara
disposed; and static mixers 77 are provided in the gas Dblowoff
portions 76. The blades 72 are formed of perforated boards with a
number of holes 78. In the diffused gas aeration apparatus 70 thus
constructed, gas (FG) pressurized by gas-supplying means such as a

blower, compressor, gas cylinder {(not shown in the figure},
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Further, it is preferable that the gas blowoff portion 65 be positioned at

the distance of 0.2 to 3 times the diameter of the passage tube away from

the lower end side of the static mixer provided 10 in the above described

passage tube 59. FIG. 11 is a schematic sectional view of a diffused gas

aeration apparatus according to the third embodiment of the present

invention. With respect to a diffused gas aeration apparatus 70, two or

more 90 15 right twisted blades 72 are provided in a cylindrical passage
etetybl® 7 PP Rhi AP AuitpRssEs to-forfta sfaﬁéﬁﬁ*ixéiﬁvscaieyﬁn@f%l below the

arsPl gumatlc dls,@atcch tube 45 gylhlchpggg es.gag.i S d|§@gse hrou7g5h an, . sas
opening 74 in the static mlxer 73;two gaslblowo portions 76 are

1odisposed |ane stadic saxers 7shate praddeshin the gassblowefh20 portions 1isc
76. The blades 72 are formed of perforated boards with a number of

eIippled 78RR HFfuSEE g9&°§8%‘?‘éﬁ6n Epparatifs FORhE3scoistructed gas (FL)
ressurized b als -su pl ng means such as a hlower, compressor
is g %)do e cy‘izom cﬁ ¥¥. $1§5gl§>etc 2 QUGQE & I’le_% end of

gas cyln er (not shownin t igure andesuppFed in

thethe sipward direction:frem belowthee static mixer 73ithroaughdbesage tube 71.
pneumatic dispatch tube 75, the gas blowoff portion 76 and a space
Thep@ifon! 78! By mhean gkaiiift efféciigeherbted by the wseaiding forcesspliel

os 807 SO LS s oot o I ipgickagonr .. oo
madthe;passagedubs #lctures and to be made in gas- liguid contact by
means of mixture and agitation, and then are discharged into liguid.
Thus, aeration, diffusion or chemical reactlon continuously proceeds
with‘ liguid and gas being in gas-liguid contact with high efficiency.
It should be noted that, similarly to the above described embodiments,
the twist direction of spiral blades used in the embodiment; the twist
angle thereof; the number thereof; the diameter of the holes thereof;
the apsrture ratio, diameter and height of perforated pboards: etc. can
be decided accordingly to the use. Since the bore of the passage tube
71 has been enlarged a great deal (500mm or more in diameter}, it is
possible for the diffused gas aeration apparatus 70 to obtain enesrgy
saving due to improvement in gas-providing ability per piece of
apparatus, leading to reaction management time to be shortened, space

savin due to decrease in the velume of an aeration tank and
14

maintenance-free nature with a construction in which stagnant
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The gas (FG) and accompanying liquid (FL) flow upward in a parallel
direction in the passage tube 71 through the static mixer 73 to be made
into fine structures and to be made in gas-liquid contact by 10 means of
mixture and agitation, and then are discharged into liquid. Thus, aeration,
diffusion or chemical reaction continuously proceeds with liquid and gas
being in gas-liquid contact with high efficiency. It should be noted that,
similarly to the above described embodiments, the twist direction of spiral

Pariiad8'itséaifthe 8mbodintent thetwist i%-angle thereof; the number

[ Apé?%%%fi thediameter of the holes thereof; the aperture ratio, diameter and
eight of perforated boards; etc. can be decided accordingly to the use.
Sinoe the hote ok thedpagsage sibeidd has beenerlargedea greatidéaked gas
(500mm or more in diameter), it is possible for the diffused gas aeration

ae T Hparafii® TOMG bR BriEhyy 20 savifig Btk 68 improteihetit it s appiied to
e 983RQViding ahility pex piece of, apparalis.leading o reaction

management time to be shortened, space saving due to decrease in the
volume tif.anaeradion tank cand pmaiaterancefee@ ngiuse gvith athe bottom of
construction in which stagnant 25 20 parts (dead spaces) of fluid do not

3N ARt pRppickticR BXAhPIE 1 FIG A% s a tidgrarii shiswiy 8h°ERaniple™ 2
ene1E02 diflsed.gas  geralion apparally agearding (IO BIRSYaxe of his
Invention is applied to 5 aeration’processing of an activated sludge
difmedndgas aeration apparatus 81, a raw water supplying line 85
supplving raw water, and a processed water dlscharging line B86
discharging processed water. Further, it is preferable that a liguid-
introducing portion of the diffused gas azeration apparatus 81 be
positioned at the distance of 50 to Z00mm away from the bottom of the
aeratlion tank B82. In the diffused gas aeration apparatus 81 thus
constructed, by means of air-1ift effect generated by the ascending
force of air supplied from the lower part of the diffused gas aeration
apparatus &1 through the blowser 83 and the pneumatic dispatch line 84,
while flowing in a parallel direction through the diffused gas
asration apparatus 81, raw water and air are mixed and agitated, with
oxygen in the air dissolved in the raw water and the raw water cleaned

the number of times intended or repeatedly by aercbic microbes, and

then are discharged from the processed water discharging line 86.
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A diffused gas aeration apparatus 81 is disposed at the bottom of an
aeration tank 82 storing raw water, and includes a blower 83 and a
pneumatic dispatch line 84 supplying air to the lower part of this diffused
gas aeration apparatus 81, a raw water supplying line 85 10 supplying raw
water, and a processed water discharging line 86 discharging processed
water. Further, it is preferable that a liquid- introducing portion of the

diffused gas aeration apparatus 81 be a}%sitiongd at the distance gf 50 tof _
200 aRAY 8m i botfdihiof the dataition ARk In thE diftfiiséF g8 #**

whi@gratignanparatyg 81 thus 15 canstiucted, bymeans:of aifslitefiedt 4 rruseq
generated by the ascending force of air supplied from the lower part of

gas theedidfused gagaeration sapparatusi 8 throaghitee blower88-and theide the
pneumatic dispatch line 84, while flowing in a parallel direction throu

h
aerghd Yifuselgadaetition apfardils 81 raktfatdfaAd aifarethixed %nd 21000

wn® Aditated, with 20.oxygen in the air dissolved i the rayy water agghthe ¥aw 12009
water cleaned the number of times intended or repeatedly by aerobic

Nm’ microbes; and Fthehare disshargedffosetheyproeessed watarrdischarghig with
line 86. 25 21 Additionally, preferably the supply rate of the amount of air

2 HTER HouRs frorff e t5we? lde T8 thé tishet Sidé Tsite ther Bitised gas™ =~

picRErationapnaratus 81 is, wheg the depth.af water inside the, aerationdank, o«
82 is 2 to 6m, in the range of 1800 to 21000 5 Nm3/(m2hour), and more

the prieferably #Btheaange of 3600 te 12600-he underwater pressure and the

pressure loss of the pneumatic dispatch line 84. Hereupon, symbol N

denotes a normal state of the wvelume {(m?®) at a pressure egual to or

less than 1 atm at 0 degree centigrads.

When comparing air-flow resistance of a conventional panel
diffuser method to that of the methoed according to the present
invention, the resistance by the method of the present inventicn 1s
1/5 to 3[5. Further, the compared results of performance of
conventional methods 2, B, and C 1in which static mixers provided
inside diffuser pipes are used, with the method by the present
invention is shown in Table 1. As shown in Table 1, according to the
method of the present invention, the alr-supplying ability per piece
of apparatus is 100 Nm’/(m®-hour), whereas the conventional methods are
80, 12, and 17 wm®/(m*-hour). Similarly, regarding the oxygen
absorption efficiency: 13.5% against 8.3, 10.5, and 13.0%.

[Table 1}
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Nm3/(m2hour). Further, when a diffused gas aeration apparatus 81 with a
diameter of 150mm is used, the area for aeration and agitation per piece
of apparatus is 3 to Sm2. Furthermore, the blowoff pressure of the blower
83 may be the sum of the underwater pressure and the 10 pressure loss
of the pneumatic dispatch line 84. Hereupon, symbol N denotes a normal
state of the volume (m3) at a pressure equal to or less than 1 atm at 0
degree centigrade. When comparing air-flow resistance of a conventional

paner diffuser metriod 1o {Halaf e Teor AeeoLH e IR e e S ek tional
invention, the resistance hy the method of the present invention is 1/5 to

3/5. Further, the comparedresukis:of pyiécisdance afvzeRv@BtionalMethod C
methods A, B, and C in which static mixers provided inside diffuser pipes

Volume a@é uSed; Mdgridhe Yhstthisd by the present invention|is shown in Table 1.

Portion

shown in Table 1, accorflingé the 20 nfethéd of te présént inventibif, 4
t%}é gur supplylng ability per piece of apparatus is 100 Nm3/(m2hour),

whetreas-the-conventionalmethods-ate 80’ 121 and-17 I\‘!mgll(m’)hnnr\

MTICTtrroudy roett

Air- suppgx}%ﬁgﬁni;gr%'g;‘r’al"n‘a the ';;y%eg]gabso rplion efficiendy; 13.5% against 8.3,

(Nm® AR5, a0d 135, ITahle 1|

2 Presen Conventlona Conventional
Conventional Invention Method A Mathod B Method C Volume of

Oxygen A%@cﬁﬂﬂgﬂlﬁfﬁ%wﬁ %

(Absorbed Amount . Supplied| 13. 3 8. 3 10. 5 13. 0

AmountX 1 00}

10

15

[Application Example 2]

FIG. 13 is a diagram showing an example when a diffused gas
aeration apparatus according to the present invention is applied to
the diffusion processing of effluent.

Similarly to the example shown in FIG. 12, a diffused gas
aeration apparatus 87 according to the present invention is disposed
at the bottom of a cylindrical diffusion tank 88; a blower 89 and a
pneumatic dispatch line 90 which supply air to the lower part of this
diffused gas aeration apparatus 87, an effluent-supplying Iline 91
which supplies effluent, and a processed water discharging line 92
which discharges processed water that has bean cleaned are provided.

Further, an exhaust line 93 is provided with a cooling apparatus
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0. 006 0. 005 0. 105 0. 124 Portion (m3) Air- supplying Ability 100 80 12
17 (Nm3/mz m i n/apparatus) Oxygen Absorption Efficiency % (Absorbed
Amount /Supplied 1 3.58.310. 51 3. 0 Amount X 1 0 0) [Application
Example 2] FIG. 13 is a diagram showing an example when a diffused gas
aeration apparatus according to the present invention is applied to 5 the
diffusion processing of effluent. Similarly to the example shown in FIG. 12,
a diffused gas aeration apparatus 87 according to the present invention is
disposed at the bottom of a cylindrical diffusion tank 88; a blower 89 and
a pneumatic dispatch line 90 which supply air to the lower part of this 10

or AFfISER s ARraRBAEPAratis BT can EitentstpplyhgiRe GRokhich 1o the

airippAes effluent, and a progessec ‘d"satersq's‘:@%{;%'”gé'é‘nes?%u"%%'&f‘ volatile

discharges processed water that has been cleaned are provided. Further,
subabz@xBaust lineS3 is:pravidad-with=a cooling.apparatiisids, 23 f @R L omethane,

absorption apparatus which collects volatile substances. In the diffused
ammgRia o FAHGR Hpatatud BYPIHTS e5ASREERSH, AlaaRk the supplied air to be

in diffusicn processing, and then are collected and cleaned by the
ceoling apparatus or the absorption apparatus through the exhaust line
83. The cleaned alr is released to atmospheric air,

It should be noted that the kind of gas supplied is not limited
to the air, and inactive gasses such as nitrogen, helium, argon and
carbon monoxide gas can be used accordingly. For example, diffusion
processing can be performed with respect o oxygen which remains
dissolved in liquid, by using nitrogen gas. Preferably, the supplyving
rate of gas to be supplied to the inside of the diffused gas aeration
apparatus 87 is, when the depth of water inside the diffusion tank 88
is 1 to 3m, in the range of 3600 to 18000 Nm°/(m*-hour), and more

preferably in the range of 7200 to 15000 Nm®/ (m®-hour).

[Application of Example 3]

FIG. 14 is a block diagram showing an embodiment when diffused
gas aeration processing according to the present invention is applied
to exhaust gas treatment.

A plurality of diffused gas aeration apparatuses 94 are disposed
in predstermined positions in a cylindrical reaction tank 895, an&

below the diffused gas aeration apparatuses 84 is
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substances in effluent such as trichloromethane, trihalomethane, 5

ammonia, chlorine and krypton are moved toward the supplied air to be in

diffusion processing, and then are collected and cleaned by the cooling

apparatus or the absorption apparatus through the exhaust line 93. The

cleaned air is released to atmospheric air. It should be noted that the kind

of gas supplied is not limited 10 to the air, and inactive gasses such as

nitrogen, helium, argon and carbon monoxide gas can be used
pro@ceerdinglypiorexample; diffusion 1pracessing:.ean be parfoemedwithust  gas

respect to oxygen which remains dissolved in liquid, by using nitrogen
thrgagh prefdrilly, fife stppIFinge Yate 8t At Bevstigphéd o theihside Bicrl ies
the diffused gas aeration. 15 apparatus 87 is, when the % pth.of water
e e o (b 1o, 3 S e gb of 3800 15 15008, °crare=s

abs NM3{EAzhaun)i andamere prefesably intherrange 0k220040 15000 95 and an
Nm3/(mzhour). [Application of Example 3] FIG. 14 is a block diagram
exh3hpving dh émbodimeht Wichanffaged =204 s deratigiprocesshfgn cleaned

froz%c%%%d'@%fgto_t € rSS%Qta!:”éﬁ%r}}'ot”aﬁ{a%"%‘l'_ﬂetoﬁ%’é%é&%tdgas gr?. ment: A¢used
plurality of diffused gas aeration apparatuses 94 are disposed”in

gaspregdetermined-pasitions ina eylindrical reactiendank 95 and belowtheaining
diffused gas aeration apparatuses 94 is 25 24 provided a pneumatic
HCI gisisatch'fine g%t,héfggupgnég,emsti@a§upplied from under the diffused

gas aeration apparatus 94 through the blower 96 and the pneumatic
dispatch line 97 and 1s made to be 1in gas-liquid contact with an
absorption liguid made of an alkaline solution such as NaOH, CaCOs,
Ca{OR),, Mg(OH);, etc. or of an acid solution such as H;80,, HCl, etc.,
making chemical reaction treatment proceed, then the result is
dissolved or trapped in liguid, and waste gas cleaned is discharged
into atmospheric air through the exhaust line 101.

In the case where this diffused gas aeration apparatus 94 is
applied to the removal or trapping of foreign substances in waste gas,
waste gas and liquid are mixed and agitated highly efficiently making
short-time ©processing possible, in comparison with a gas-liquid
contact method by means of conventional panel diffusers, diffuser
pipes, etc. Further, improvement in processing speed leads to saving
space and reducing apparatus costs. Furthermore, disposing the
diffused gas aeration apparatus 94 with a wide bore (500mm or more in

diameter)
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through a blower 96, and a new liquid supplying line 98 which supplies

water or absorbed liquid, a discharging line 100 which discharges

absorption liquid 99 to the outside of the reaction tank 95 and an 5

exhaust line 101 which discharges exhaust gas that has been cleaned

from the top of the reaction tank 95 are provided. In the diffused gas

aeration apparatus 94 thus constructed, exhaust gas containing HCI, SO;

;» NO,, NH3, H2S, dust, etc. is supplied from under the diffused gas
impaeraton apparatus 94abeptgh:-the blawes 961 a8d the paetwpaticdfe saving.

dispatch line 97 and is made to be in gas-liquid contact with an
Mo r aBERFptiATIRfuIG nTAdE 6 an BlinEisBRitiBRrRSGEh @5 NABH, EacBikely to

oce Q(erzl)%hl\élg(cg@%%sg&c é’és‘?f ggr%qgo%m%tliaga% gg’@ as9ll_l|,289ﬂ'a’ Hacc::ld ee;[gaonary

making chemical reaction treatment procee en the result 1s dissolve
groweirapreddailiguid, antkwaste gas eleaned istdischasged:-db, int@rich iowers
“atmospheric air through the exhaust line 101. In the case where this
121 gRiSEd &S aetation apparatus 94 is applied to the removal or trapping

Qreign s bsta ces, 5[n waste gas, waste gas and liquid are mixed and

2 Qf
"Apggft%%e hig Tfré iciently making short-time processing possible, in

comparison with a gasHisyiid20scemntact metheddny naeans of conventtignal gas

panel diffusers, diffuser pipes, etc. Further, improvement in processing
aergphber| |EABSTRSEVIAGCSPRERIari rédcing BpErafusy eBsiSIFURharRdied to

dLsposiQSg the diffused gas aeration apparatus 94 with a wide bore
rea 681’1 neans oL §.nn¥ﬂ’ll33 Or micC CIgani sms.,

((:5 mm~or more in" diameter) 25

A diffused gas aeration apparatus 102 is disposed in a

predetermined position in a cylindrical bicreactor 103, and a
pneumatic dispatch line 104 that supplies gas to the lower part of the
diffused gas asration apparatus 102, a raw liquid supplying line 105
which supplies raw liguid, a reaction product discharging line 106
which discharges reaction products, an exhaust line 107 which
discharges gas from the top of the bioreactor 103 and a circulating
liguid line 108 which circulates raw liquid from the liguid surface
level of the bioreactor 103 to the lower part are provided. Further,
in the bioreactor 103, either a catalyst supporting body 109 which
supports enzymes or micrcorganisms, or a bilocatalyst exists in liquid.
In the diffused gas aeration apparatus 102 thus constructed, gas is

supplied from the lower part of the diffused gas aeration apparatus

102 through the pneumatic dispatch line
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25 improves processing capability and results in further space saving.

Moreover, since a stagnant part (dead space) of fluid is unlikely to occur

in the diffused gas aeration apparatus 94, the accretionary growth of

calcium and the like can be prevented, which lowers 5 maintenance

costs. "Application Example 4] FIG. 15 is a diagram showing an example

‘when a diffused gas aeration apparatus according to the present

invention is applied to reaction by means of enzymes or microorganisms.
10416A glifusecvgasacrationsapparatus b is-disposethipras psedetgrmioet nder

position in a cylindrical bioreactor 103, and a pneumatic dispatch line 104

(nofh ASIids GHE tS HHET6Wer Dt of fHE difftised GakladratiBieapparatherouch
the 19%« a tawliquid sypplying line 105 ﬁ!‘ﬁh'gﬂ%a%'h%s rawligud, a reaction . .

product dischargingline 106 15 which dischargesreaction products, an
preexhaustdine 107 which discharges gas from the top of the bioreactor 103
and a circulating liquid line 108 which circulates raw liquid from the liquid

SURBRE" GVl RIfP bioréatoP TD PPt RWET At dre providet FaRhBr, the
reallL NG bioreactor 103, gither,a catalyst sypportng bady 109.whieh 20, . - 14,

supports enzymes or mlcroorganlsms or a biocatalyst exists in liquid. In
rurthe giffused gagwaeratier-apparatis 402nthus construsied; igas isqsupplied face

from the lower part of the diffused gas aeration apparatus 102 through
levﬁkaBﬁeﬁﬁ%ﬂk?d%$a@ﬂ#ﬁn@f the bioreactor 103 using the circulating

liguid line 108. Gas and raw liguid flow in a parallel direction
through the diffused gas eeration apparatus 102, and biological
reaction proceeds by means of the biocatalytic function of enzymes or
microorganisms in raw liguid. In the case where the diffused gas
aeration apparatus 102 of the present invention is used as a
bioreactor, the gas flow rate in the bioreactor can be operated in a
high gas flow rate range of 0.1 to bm/s, in comparison with a
conventional bubble column method, and high oxygen moving rate. can
therefore be obtained. Further, since the oxygen moving rate is
equalized by agitating and making a flow rate distribution in the
bioreactor even, dead spaces are prevenited from occurring to enable a
large~sized apparatus to be obtained, so that the amount of production
will further be improved. Further, the channeling of gas can be
prevented, and gas dispersion in highly wviscous ligquid can be
improved. Furthermore, improvement in reaction speed leads to space-

saving and energy-saving, and so the cost of producticn
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25 26 104 by gas-providing means such as a blower, compressor, gas

cylinder (not shown in the figure), etc., and raw liquid is supplied through

the raw liquid supplying line 105 by supplying means such as a pump or

pressurization. 5 Reaction products and gas are discharged to the outside

by the reaction product discharging line 106 and the exhaust line 107.

Further, raw liquid forms circulating flow from the liquid surface level to

the lower part of the bioreactor 103 using the circulating liquid line 108. .
canGas ascuraw liquid flawin ipatakiekgisections1@ hroughihe difuseggasiquid

aeration apparatus 102, and biological reaction proceeds by means of the

reapigCatalgiiesfmiction B eItAfmes BrImittB6FGanisthE in raWliRAd i the in 2
con%gggi\g’rqgl[e E@%ﬁgusc%q%% a@ﬁ%“"!hg@?ﬂ@&%% 1g%e%fdth%ﬂ3r%§%ntis in the

invention Is used as a bioreactor, the gas flow rate in the bioreactor can
ranbe eperated inaolbdigh gas flow rate range of 0.1 to 5m/s, in comparison

with a conventional bubble column method, and high oxygen moving rate.

car Mfherdfbre’Be dbtamedPurthery Sifce theroRYgefr magiRy tafe i§rocessing

appSaralized by agitating and making a flow rate digtribution in.the, bioreactor
even, dead spaces are prevented from Occurring to enable a 20
large-sized appasatusHo-he nbiained; 5o that thecamountofpraduation 110, a
will further be improved. Further, the channeling of gas can be prevented,
nunkipg Gaskfspersiontinshihly Visédds figeiid €&t pé the bottom surface in an

aeration tank 111, and ailr is supplied to a number of panel diffusers
112 through a blower 113 and a pneumatic dispatch line 114, The panel
diffusers 112 are formed of minute perforated bodies, generating
minute bubbles. The amount of blowoff air by conventional panel
diffusers 112 1is 50 to 400L/mimn. Alsc, the air-flow resistance is
1000 to 3000Pa.

FIG. 17 1s a pattern diagram showing a diffusion processing
apparatus by means of a conventional packing method. Regarding a
conventional diffusion processing apparatus 115, packing is packed
regularly or in irregular manner in a cylindrical diffusion column
116. Gas and raw water pass through packing 117, flowing in cpposite
directions to each other to be in gas-liguid contact, and diffusion
processing is thus executed. In the case of a conventional packing
method, the supplying rate of gas is 1n the range of 10 te 100
N/ {m® - hour) .

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a pattern diagram showing a first embodiment of
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improved. Furthermore, improvement in reaction speed leads to space-
saving and energy-saving, and so the cost of production 25 27 can be
reduced. In addition the apparatus can be used as a gas-liquid reaction
apparatus without using biocatalysts. In addition, in a conventional bubble
column, the superficial speed of gas is in the range of 0.01 to 0.1m/s. 5
FIG. 16 is a pattern diagram showing an aeration processing apparatus
by means of a conventional panel diffuser method. As regards a

theC@RYEBHONA) aaration processing apparatus 110, a number of panel
diffusers 112 are provided at the bottom surface in an aeration tank 111,
andFafr-is supplied 26 t& pemmisepef panahdiffdsers 192112 thephghladlowef the

prel%gtanglgeggggrmatic dispatch line 114. The panel diffusers 112 are
ormed of minute perforated bodies, generating minute bubbles. The

amewst okblowoff airhyeanventional panek diffusers L2 i5:5040ment of the
400L/min.. Also, the air-flow resistance is 1000 to 3000Pa. 15 FIG. 17 is a
pregafierakiiagianishowing a diffusion processing apparatus by means of a

conygntiong| %%%k‘{%? method; Regardin aaCOQMEQfSi?”e?Jtd?g%SLO% atic mixer
processing appara Gs 15, packing 15 packéd regufary of in wregutfar

use@anper ina cylingical diffusion cojumm, 116: Gas@ard ray Water pass-hematic
through packing 117, flowing in opposite 20 directions to each other to be

perﬁp@ggﬂkﬂ“dtgwn@@;an@qﬁﬁggﬁnﬁube with right twisted spiral blades

and similarly FIG. 4B is a schematic perspective view of a passage
tube with left twisted spiral blades;

FIG. 5 is a basic comstitutional diagram showing an embodiment of
a static mixer used in the present invention:

FIG. 6 i1s a schematic diagram showing a diffused gas aeratien
apparatus according to a first embodiment of the present_invention;

FIG. 7 is a perspective view showing an embodiment of a spray
nozzle used in the first embodiment of the present invention;

FIG. 8 is a schematic diagram of a diffused gas aeration
apparatus according to a seccnd embodiment of the present invention;

FIG., ¢ is a partly schematic bottom view of a diffused gas
aeraticn apparatus according to the second embodiment of the present
invention;

FI1G. 10 is a partly schematic perspective view of a gas
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processing is thus executed. In the case of a conventional packing

method, the supplying rate of gas is in the range of 10 to 100 Nm3/ (m'-

hour) . BRIEF DESCRIPTION OF DRAWINGS 25 FIG. 1 is a pattern

diagram showing a first embodiment of 28 the present invention; FIG. 2 is

a pattern diagram showing a second embodiment of the present

invention; FIG. 3 is a pattern diagram showing a third embodiment of the

5 present invention; FIGS. 4A and 4B are views showing an embodiment
bloeb arstatic mixer useddiibe peesent invention, iemvhichdd6. 4A i@ present

schematic perspective view of a passage tube with right twisted spiral
Invgrdde&/and similarly FIG. 4B is a schematic perspective view of a

passage ;10 fybg %'EQASL%E"%'SE%%§PJ>G%LP'%‘§%% BIC:58APASIC 5o aeration

constitutional diagram showing an embodiment of a static mixer used in
appthe preseatirvention; FG.r6 is a-schematic diagram shewing aidifiisadn;

gas aeration apparatus according to a first embodiment of the present

mvéﬁﬁon 1?5 HGa7 |sdé%?ér§beéﬁ9€%ﬁ@w%hoﬁﬁﬁ§p&ﬁ elfi5odimefit bfuped gas

aerSPERY, NQzzle used inthe firg (?G'PS’OQ!@ oLthe presentinvention. F1G. 8, .,
Is a schematlc diagram of a diffused gas aeratlon apparatus accordlng to
aerawsecond erabodimernt ahthe presest invemtieninethod;

FIG. 13 is a diagram showing an example when the diffused gas
aeration apparatus according to the present invention is applied to
the diffusion processing of effluent;

FIG. 14 is a diagram showing an example when the diffused gas
aeration apparatus ac;:ording to the present invention 1s applied to
an exhaust gas treating apparatus;

FIG. 15 is a diagram showing an example when the diffused gas
aeration apparatus according to the present invention is applied to
biclogical reaction using enzymes or microorganisms;

FIG. 16 is a pattern diagram showing an aseration processing
apparatus of & conventional panel diffuser method; and

FIG. 17 is a pattern diagram showing a diffusion processing
apparatus of a conventional packing methed.

DESCRIPTION OF REFERENCE NUMERALS

1, 8, 16, 23, 29, 35, 43, 50, 5%, 71: PASSAGE TUBE
2, 9, 13, 17, 24, 30, 41,

51, 57, 73, 77: STATIC MIXER

3, 10, 18, 38, 39, 42, 52, 79: SPACE PORTION
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FIG. 9 is a partly schematic bottom view of a diffused gas 20 aeration
apparatus according to the second embodiment of the present invention;
FIG. 10 is a partly schematic perspective view of a gas 25 29 blowoff
portion according to the second embodiment of the present invention;
FIG. 11 is a schematic sectional view of a diffused gas aeration
apparatus according to a third embodiment of the present invention; 5
FIG. 12 is a diagram showing an example when a diffused gas aeration
5, dppamtusaccarding tothe present invention isEIpEEdHeTaePaionoN
rocessing of an activated sludge method; FIG. 13 is a diagram showing
¢ Ly ehampilb whi B8 diffused gas aeration apPardt i BUGSPATIGHS (™ 2oM
7, fyesent i@ggnggp igga}p%gd to 10 the diffusion processing of effluent; FIG.
14isa diagram showing an example when the diffused gas aeration
81, gpparatusiaccording to the present invention istapplisdtto and@shaushgasTIoN
treating apparatus; FIG. 15 is a diagram showingpan example when the
diffused gas 15 aeration apparatus according to'tHe preSent invention is
s, Ppplied tg  bialggicy) reggfion using enzymes orpigrorganismsrElG: 16;
is a pattern’diagram showing an aeration processing apparatus of a
45, comventjoral, panel diffuser method; and PNEUMATIC DISPATCH TUBE
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FIG. 17 is a pattern diagram showing a diffusion processing 20 apparatus

of a conventional packing method. DESCRIPTION OF REFERENCE

NUMERALS 1, 8, 16, 23, 29, 35, 43, 50, 59, 71: PASSAGE TUBE 2, 9,

13,17, 24, 30, 41, 51, 57, 73, 77: STATIC MIXER 25 3, 10, 18, 38, 39,

42,52, 79: SPACE PORTION 305, 12, 20, 44, 54, 65, 76: GAS

BLOWOFF PORTION 6, 14, 22, 47, 53, 80: LIQUID-INTRODUCING

PORTION 7, 15, 21, 40, 49, 58, 70, 81, 87, 94, 102: DIFFUSED GAS
cL2aAERATION 5 APPARATUS 4, 11, 19, 84, 90, 97, 104: PNEUMATIC

DISPATCH LINE 45, 55, 61, 64, 75: PNEUMATIC DISPATCH TUBE 31 |

CLAIMS G174 Hifts6d JadHératith APParafus’caimiprishigd cyfindficarar*eat

pas PARSage tube substantially, disposed yettically in which), fluid: passes s iR thesses

longitudinal direction and in which a static mixer is provided, 5 and a gas
in blewothpottianon the tewer endsideofgaidpassage tubei which gushes ded,
and supplies gas to the inside of said passage tube through a pneumatic

and (i FAERARE 2id RPWHIER o Sprdy nbZ#18 i€ tovided Awherefn §agigse =2
Whié’ypel&%getg S%%g%%ﬁ’é‘i‘ﬁ’é’éf pgoggor%b“q%% inside of said passage tube

through a pneumatic dispatch line and in which a spray nozzle is
provided; wherein gas is supplied to said gas blowoff portion, liquid
is introduced into said passage tube from the lower side of said
passage tube, said gas and liguid flow upward in a parallel direction
in said passage tube, and the gas and liquid come in gas-liguid
contact inside saild passage tube to be discharged from the upper end

side of said passage tube into liguid.

2. A diffused gas aeratlon apparatus comprising: a cylindrical
passage tube substantially disposed vertically in which fluid passes
in the longitudinal direction and in which a first static mixer is
provided, and a gas blowoif poertion on the lower end side of said
passage tube, which gushes and supplies gas to the inside of said
passage tube through a pneumatic dispatch line and in which a second
statlc mixer is provided; wherein gas is supplied to said gas blowoff
portion, liguid is introduced into said passage tube from the lower
side of said passage tube, sald gas and liquid flow upward in a

parallel direction in said
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is introduced into said passage tube from the lower side of said 10
passage tube, said gas and liquid flow upward in a parallel direction in
said passage tube, and the gas and liquid come in gas-liquid contact
inside said passage tube to be discharged from the upper end side of
said passage tube into liquid. 15 2. A diffused gas aeration apparatus
comprising: a cylindrical passage tube substantially disposed vertically in
which fluid passes in the longitudinal direction and in which a first static
pasBixer isbprovded; andagasbdloweffiportior oirthesloviernend sidecotsaithside
_passage tube, which gushes and supplies gas to the inside of said 20 .
813885584 tbe htoigh 8prietifiafitHispdfchiine andiR%thichc Séégng*® said
pas§5%tjec g@ig(grjj%goﬂgﬁgawherein gas is supplied to said gas blowoff
portion, liquid is introduced into said passage tube from the lower side of
said passage tube, said gas and liquid flow upward in a parallel direction
in said 25 32 passage tube, and the gas and liquid come in gas-liquid

contact ifsideé FS4RFPadsdgé tahE Y bE TRScarge dPGRT theLpfer efd™ * o
?2, %JQSx%E%a'QaPc?S%Q@&’b&E@éQ "H}i@d'as %‘lﬁqiify%ed&assgﬂgggo%lades which

apparatus according to claim 1 or 2, wherein said static mixer has a
arepluralityrefrspirat blades which cate either sight twisted (elockwisedtor leftwisted

twisted (counterclockwise), a plurality of fluid passages are formed inside
{counterclockwise), a plurality of f£iuid passages are formed inside
sald passage tube, said fluid passages are continuously Joined to one

ancther through an opening of blades in the longitudinal dirsction,

and said blades are formed of perforated boards.

4, A diffused gas aeration apparatus accerding to claim 3,
wherein the diameter of holes bored in said blades are in the range of

5 to 30mm.

5, A diffused gas aeration apparatus according to c¢laim 3,
wherein the aperture ratloc of holes bored in said blades is in the

range of 5 to 80%.
6. A diffused gas aeration apparatus according to any one of

claims 1 to 5, wherein the rising speed of gas in sald passage tube is

in the range of 0.1 to 10m/s.
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said passage tube, said fluid passages are continuously joined to one 10
another through an opening of blades in the longitudinal direction, and
said blades are formed of perforated boards. 4. A diffused gas aeration
apparatus according to claim 3, wherein the diameter of holes bored in
said blades are in the range of 15 5 to 30mm. 5. A diffused gas aeration
apparatus according to claim 3, wherein the aperture ratio of holes bored
in said blades is in the range of 5 to 80%. 20 6. A diffused gas aeration
apparatus accerdingito;any onesef claimed-to-bs Wwherehuthg risingispeeds o
of gas in said passage tube is in the range of 0.1 to IOm/s. 2533 7. A
Claawms%&@a% aéF&t?@ﬁ%ﬁﬁ@ra%%jdébo?ﬂﬁ?@t@%rﬁﬁénélbfs%iéirﬁ§slsﬁg% tube is
ereln the rkAs sgeeg of gas in said passage tube is in the range of 0.5
%m/zé ) f?used gas aeration apparatus according to any one of
clalms 3 to 7, wherein the twist angle (turning angle) of blades is 15, 300,
45, 60, 90, 180 or 270. 9. A diffused gas aeration apparatus according to
anyfone df $Ofdaind 1966 Iawicrent tiesupphingaate ofithe amoumy ofne of
,.air wtych f|C}WS fglom the Igh er S|de to the \UPper, side inside isavd djfff%s!

clalms ereln Turning an
gas
15°, 30°, 45°, 60°, 50°, 180° or 270°.

is

9. A diffused gas aeration apparatus according to any one.of
claims 1 to 3, wherein the supplving rate of the amount of air which
fiows from the lower side to the upper side inside saild diffused gas
aeration apparatus is, when the water depth inside an aeration tank is

2 to 6ém, in the range of 1800 to 21000 Nm?®*/ (m?-hour).

10. A diffused gas aeration apparatus according to any one of
claims 1 to 3, wherein the supplying rate of the amount of air which
flows from the lower side to the upper side inside said diffused gas
aeration apparatus is, when the water depth inside an aeration tank is

2 to 6ém, in the range of 3600 to 12000 Nm® /(m?-hour).
11. A diffused gas aeration apparatus according to any one of

claims 1 to 3, wherein the supplving rate of gas which flows from the

lower side to the upper side inside saild diffused gas
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aeration apparatus is, when the water depth inside an aeration tank is 2
to 6m, in the range of 1800 to 21000 Nm3/(m2.hour). 15 10. A diffused
gas aeration apparatus according to any one of claims i to 3, wherein the
supplying rate of the amount of air which flows from the lower side to the
upper side inside said diffused gas aeration apparatus is, when the water
depth inside an aeration tank is 2 to 6m, in the range of 3600 to 12000
Nm3/(m2 hour) 20 11. A diffused gas aeration apparatus according to
aer@ByANeQfaelaims 140 Jnwherein the skpplying rateiobgaswhich flows ank s
from the lower side to the upper side inside said diffused gas 25 34
1 tgefationrapparatesds, when thetwatsaepiirinsiderer diffusion tank is 1 to
3m, in the range of 3600 to 18000 Nm3/(mzhour). 12. A diffused gas
aeration apparatus according to any one of 5 claims 1 to 3, wherein the
supplyingxrate of.gas inadiqeactos, whigh-flows fromdthe; lowersidetoyne o=
the upper side inside said diffused gas aeration apparatus is in the range
cladf® 1itoBm/fs: 35herein the supplying rate of gas in a bioreactor,

which flows from the lower side to the upper side inside said diffused

gas asration apparatus is in the range of 0.1 to Sm/s.



