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DESCRI PTI ON DI FFUSED GAS AERATI ON APPARATUS TECHNI CAL
FI'ELD The present invention relates to a diffused gas
aeration 5 apparatus used for: water treatnment and
wat er purification, of industrial effluent, supplied
wat er and sewage, |akes and nmarshes, rivers,
groundwat er, and so onPES@RDRTHgNand col |l ecti ng
forei gn substances in gas; and a bioreactor or the
l'i ke. Specifbicrpbsyp the PERSENON | AVEMERADESrel ates to
an operation to 10 mx and agitate gas and liquid to
TECHN?@KE argas-liquid contact, and relates to a diffused
gas aeration apparatus used for: di ssol vi ng oxygen in
gﬂgf lres!é}uﬁ’va&ﬁ{*?HF i8R’ Q_’Iélrég:ean r bn th&lff@ég&’ gas aeration
sing a vo e substance such as
trlchloro t hane, thyl ene_chl ori de, chlorlne or
apparp iR A hanb: 15 FERATHENH 08 VBHC PR itdEication of
renmovi ng and col | ecting, forei gn substance in gas
indusggéplasehfdregén cﬁpﬁpﬁa@d sHEftEr  dineki e IYustipyes  and
nmeans of reaction absorption and trapping; and
marshéart heverenz gmeundwagact i emd récc ran;orgrme ¢l ngaznd otnollectmg
and so on. 20 BACKGROUND ART Conventional diffused
foreigas 8ebathnbedppanat yaes candbea chbasseéitedrbroadl yhe 1like.
into those of an air-diffusing nethod (bubble) and

specikheae19f amEchpoical agihbathien mRhhed  sthfaee cperation to
agitation). As shown in FIG 16, regarding an aeration

mix a%g Bglq%?ﬁ%' E{%sg%gl?{alt Liﬁnjdloccp%&[@nf c_%slffquld contact, and

relates to a diffused gas aeration apparatus used for:

dissclving oxygen in the air in water by aerating air in the

water; diffusing a volatile substance such as ammenia,

trichloroethane, methylene chloride, chlorine or trihalomethane
that remains dissolved in water; removing and collecting a
foreign substance in gas such as hydrogen chloride, sulfur
dioxide or dust by means of reaction absorption and trapping;
and further, enzymatic reaction, micro-crganic reaction, and so
on.
BACKGROUND ART

Conventional diffused gas aeration apparatuses can be
classified broadly into those o0f an air-diffusing method
{bubble) and thecse 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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particul ar, a |large nunber of panel diffusers 112,

di ffuser 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 [ine 114 to execute aeration 5
partipnbeessiag.lafgd heumbetrencf pdragerdidoigssned d4déh agiffuser

ammonia which remains dissolved in liquid is diffused
pipesanthd heRecllgaredarandiepbkect esh ahpacket@ol Bin,arA aeration

plate colum or the like is frequently used as shown

tank U@lFlghdléres%ukﬁ%e@a%%fﬁléiéﬂﬂﬂiﬁ%&”khé&@@@s§hfgugh an air

apparat us 115 of the packed col'urm nethod, Tiquid is
0 e t of
blowe% %%%DB dggs ﬁ%ﬂ@%ﬁ%ﬁ %h%ﬁ%%t#?n$og£§ par%gé?HP% aeration
col, um. as-ljqu cont act takes gce b
proceggiifer cd~T 'hr%%ﬁ Badidi TP ey CBWBEEH i 7Sh Et‘fheammonla

colum, a volatlle subst ance such as anmonia (NH4),
Wthhoﬁ@@ﬁ%?%xﬁ%@#ﬁlv%@clnl#H9ﬂ§4|%®|élﬁ§uéﬁﬂf@§éﬂ fhsiar gleaned
15 the gas side, so that the cleaning and coll ecting
and afltddgdd,qua dpaakedexedutred. &uptlhére, @sluamgasz| itdpei dlike is
contact reactor for an apparatus of processing

frequexfaysiiseds awhistibweonirai#mss dust. anch sthd ks @i 8 diffusion
- gas, a cylindrical exhaust gas diffuser pipe wth a

proceBYABE’ 22220 1gRS PIPWOF f ROl 88 ke quRA-ur RNIAUSE OBSuid is

treating method mhlch uses this exhaust gas diffuser

suppl%p@eff% dH%Fl gaéégagfs a%@eﬁ§ngﬁm%feﬂ% and gas is

plicati apanese
suppLEGH; AEOt Flﬁ%?té#&nﬁrgbe@% S e o usﬁggfe@lfaﬁcﬁas-liquid
contaph- naakER o Latier BY oon 8&3?&2&??2& ough padking 117
placed inside the column, a volatile substance such as ammonia
(NH;"}, organic solvent, etc. in the liquid is diffused toward
the gas side, so that the cleaning and collecting of the liquid
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 blowoff holes is used. An exhaust gas treating method which
uses this exhaust gas diffuser pipe 1is disclosed in Japanese
Published Patent Application  No. H7-308536 and Japanese
Published Patent Application No. H9-865; however, gas-liquid

contact efficiency between liquid and bubbles which pour out of

a number of gas blowoff holes is low. In addition, there is a
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2 problem of bl ockage caused by the accretionary
gromh of calcium sulfate, which is a reaction
product. Further, regarding a diffused gas aeration
apparatus using a conventional static mxer, oxygen
absorption efficiency is low 5 due to structura
problamasbnsioaksge thubsddblf ittel bcoetdnubagt yrewth of calcium
di ffused gas aeration apparatus with a w de bore
sulfat &S00 € 140f erddcith b esduciand even if possi bl e,
gas-liquid contact efficiency will be |low Further,

h t ti-o ' i gh sEyrt r.e, :
REECE, ShaRiadts Phtblsdr DLl epriOEH LhOAAGs uoing

alr-supplyi neunatic dispatch,tube that s .di.sposed

= conPRhi URELGEADETHIRP LS ChRBRRE PrrtrBsit & TPy s Low
in the range of 10 to 40nm One or nore blowoff hol es

due tgr §tIMNGFIFEd FFAIMENpgerSCOsutFadd GEILRCESndthdtgntiacture
di spatch tube. 15 Since the dianeter of each bubble

a difduseid eda$ r emrend obl cdepdraties ey iitd |ar gddegdeors qupdlmm or
contact efficiency is |ow and contact tine is |ong.

more A adieswltter)theahdt advémngtth gbsaidflati cgasxkiquid contact
beconmes | ong, and apparatus cost becones high. 20

efficiEatgnivikit prativke lludapapresenBubldsshed Pateniction will be
Application No. H2-198694 |[Patent Literature 2]

high.Japanese Publ i shed Patent Application No. $S44-8290
[Patent Literature 3] Japanese Published Patent

%ngkg%ﬁggg,the beore 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 pneumatic dispatch tube.

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

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

[Patent Literature 1] Japanese Published Patent Application No.
H2-198654
{Patent Literature 2] Japanese Eublished Patent Application No.
S44—829C
[Patent Literature 3] Japanese Published Patent Application No.

S553-36182
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25 S53-36182 3 [Patent Literature 4], Japanese
Publ i shed Patent Application No. H5-168882 [ Patent
Literature 5] Japanese Published Patent Application
No. H7-284642 5 [Patent Literature 6] Japanese
Publ i shed Patent Application No. H7-308536 [ Patent
[Patehtt eiakuwageufe JdApalesendsd| PabedshatiematAppl igadliiaation No.
No. H9-865 [Patent Literature 8] Japanese Published
us-16Pagent Application No. 10 H10-80627 [ Patent
: Literature 9] Japanese Published Patent Application

eavell ERITE B ORERL WS St hane) AR ion o,

H7_28Ig§éitute, publ i shed in June 1973 15 [ Non- pat ent
EPférature 2] Kiichiro Matsumura, Yasushi Morishinm
et al. "STATIC M XER - FUNDAMENTALS AND APPLI CATI ONS"
[PateRfkkdteREGyE Shi ndapanesd. PubdbrhsHed 3 nSepiibitation No.
30, 1981 DI SCLOSURE OF THE | NVENTI ON [ Probl ens to be
H7-3086B%¢ed by the Invention] 20 A conventional diffused
gas aeration apparatus requires a |arge area, because
[Patenxyddncdizssalevihg ehipaseéeacpubidspas RhsetpPtAmflication No.
efficiency are low. Further, nore air than necessary
Hg_ggghatlcontains oxygen is pressurized and supplied to
pane :

[Patent Literature é] Japanese Published Patent Application No.
H10-80627
[Patent Literature 9} Japanese Published Patent Application No.
Hi0-85721
[{Non-patent Literature 1] S8.J. Chen et al. ™“STATIC MIXING
HANDBOOK” Chemical Research Institute, published in June 1973
[Non-patent Literature 2] XKiichiro 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 requires a
large area, because c¢xygen dissolving efficiency and gas
absorption efficiency are low. Further, more air than necessary

that contains oxygen 1is 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.
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diffusers and the |ike to execute m xture and
agitation in an 25 aeration tank. Thus, a great dea
of electric power is consumed. Al so, a conventiona
di ffusi on processing apparatus such as a packed
colum or a plate colum requires periodic
Also, nai ntenasceionbkcaiddus ical cpuwweanpoundpparatus such as a
m croorgani snms and the like in 1liquid adhere to
packefackiingn At 8Spleke Wl OWegGa¥eENeriFAIgYi fi@intenance,
Further, a diffused gas aeration apparatus using a
becauf nvgntdmm?t %dlr%dﬂrf&?,r RA% L8y aHAWrsN 9%%9€Phe 1like in
absorption efficiéency and it is difficult to increase
. _.I.n si,ze. Accardingly, the.present invention ai at .
llqulﬁro@ﬁé?ﬁﬁ a% ifpﬁgéghgés SFatan %gﬁbararﬁg fﬁﬁ%ﬁﬁchcaUSlng
effluent and the like are purified and also 10 foreign,
cloggiliBst afcdisti9t gad &k eB2AnFTANEL BPHRERLUS USING a
i mprovi ng gas-liquid contact efficiency, and executing
convenbianedn, stalii¢ ugiigieranbaseaketon tewatimenexggenengpyorption
effectively, in an energy-saving and space-saving
efficianagr andt ikowscddffandiwi thouthcreheenéedsfige. Accordingly,
mai nt enance. Further, the present invention ains at
the plesePiOVifidit b DIRACIOr peapabliagoh REIMLUSEGdHraeration
highly efficient enzymatic reaction and m cro-organic
appar5ff tion. il ABang s Eohe 50! UhAg e {19%' e8] A%y and also
I'ffused gas aeration apparatus of the present
. nvention_for solving_the above-described probl i S :
foreifhyy PRRSERICES gAY alPRt i Gt appaTat (e | rtud Fei aoted  with
) cylindrical passage tube suhsLantiaIu%ggisposed, ,
lmPIOVéPEi8&@F&%%¥%ﬂﬂQﬂQWQQE(Fﬁﬁ%ﬁ%ﬁPQXrt $HhgHtiY napration,
direction and in which a static m xer is provided,
diffugigna aad pleansitnporrsarmentpesddepelihecfbopiieady, in an
side of the
energy-saving and space-saving manner, at low cost and without

the need for maintenance. Further, the present invention aims at
providing a bioreactor <capable of being used for highly
efficient enzymatic reaction and micro-organic reactiocn.

[Means for Solving the Eroblems]

A first diffused gas aeration apparatus o¢f the present
invention for solving the above-described problems is a diffused
gas aeratioﬁ apparatus including: a cylindrical passage tube
substantially disposed wvertically in which fluid passes in the
longitudinal direction and in which a static mixer is provided,
and a gas blowcff portion disposed on the lower end side of the
passage tube, which gushes and supplies gas to the inside of the

passage tube through a pneumatic dispatch line and in which a
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passage tube, which gushes and supplies gas to the
i nsi de of the 25 passage tube through a pneumatic
di spatch Iine and in which a spray nozzle is provided,
wherein gas is supplied to the gas bl owoff portion of
t he pneumatic dispatch tube, liquid is introduced

sprayi moz2lke passageitdese fvioeréhe Ilgowerisi deicgflithie to the gas
passage tube, the gas and liquid flow upward in a

blowopar abbetidndi pecttna ipnéheapassagespabeh avgbé he Yaguid is
and liquid come to gas-liquid contact inside the

introB@ssage dibecha e discharged | phon IdHwi dofeemdne of the
upper end side of the passage tube. In such diffused

S ti a at IS .d] S S [ c,m.xer
passa%i cﬁgeﬁﬁ xce&gleaﬁggégi %%% eé uf#% g?loﬁi zllﬁﬁé]éf%e 3?1 oW parallel

) energy of fluid 10 requiring n ] Xxture agitation,
airechORRy Hind 1% BFSH08BA WDus 2R ohGFT % (FB1 DAGGRA fReme to

static mxer; and liquid is introduced fromunder the
gas-1gayig| eptRChoinisdAehFhre M3 seige Halhjust e @heehkgrged into
The gas and liquid flowin a parallel direction
liquihriough thée upassagend ubédeér onf t hbel pwersaged sude. t o In such
the upper end side 15 to be in gas-liquid contact and
diffubbdt Yee, aardtliben appaatkiten, isdidifipsin andstLeacs iRker which
treatnment are executed. Further, a second diffused gas

mixes@CLAd 1 QR RRRAAL ¥$ 0 LS 1 PIERENHNVENLLONdd gy of fluid
sol vi ng the above-described problens is a diffused

requi%%égaeﬁg;b%gdﬁﬁﬁgr%éﬁ%a%ﬁ%hrgkggéra g%&bgﬂ{:?%ﬁgf%qg a gas

age ube substantial I Sposé

blowo%%l%ggghgédgg S%ﬁ%ﬁ#&éﬂ%ﬁéﬁ!&$"%§g3§? ﬁ&h%i%%;gg fggroduced

bl owof f portion di sposed on the |lower part of the
from pazdege thebe Jawhi BhoyeSheParid Suppli edegas taf t ke gushing
energ;?SIgEe gas and liquid flow in a parallel directien through
the passage tube from the lower end side to the upper end side
to be in gas-liquid contact and mixture, and then aeration,
diffusion and reaction treatment are executed.

Further, a second diffused gas aeration apparatus of the

present invention for sclving the above-described problems is a

diffused gas aeration apparatus including: a cylindrical passage

“tube substantially disposed vertically in which fluid passes in

the longitudinal directicn and in which a static mixer is

‘provided, and a gas blowoff portion disposed on the lower part

of the passage tube, which gushes and supplies gas to the inside
of the passage tube and in which a static mixer is provided;

wherein gas is supplied to the gas blowoff portion, 1liquid is
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of the passage tube and in which a static mxer is
provi ded; 25 wherein gas is supplied to the gas
bl owof f portion, liquid is 6 introduced into the
passage tube fromthe | ower side of the passage tube,
the gas and liquid flow upward in a parall el
introdiicedt ilortd nthhe resTarre tube, Bnont Hédegadownd |5igld dot the
come to gas-liquid contact and m xture inside the

passa@a@ssage: t uhdet oghe S=rdi sdlangded flowm tiwwamperirend paralilel
side of the passage tube into Iliquid. Further, each

direc®{oh henstatd Cﬂﬁ%é@@é diupRoSethd Nthhe Rassage 1tbbedandne to
di sposed in the gas bl owof f portion has a plurality of

i ral i gh_ar ith - lght i I
g1 LT PR 1o 5 hethe e BaSiad Bl o e
. the fluid passages are jajned.thrqugh an openin f .
atschpfads hipd hE Fordritii F2R S PRc(Tonls SAAFRRerube into
. and the blades are forned of perforated boards.
liquiggffect of the Invention] 15 According to the diffused
gas aeration apparatus of the present invention,
boweheronsawpt icdh tdeh dHeateduvégeronsiigprablly in the passage
because gas-liquid contact efficiency is inproved.
tube EtAt R@sposiede i edid reds f bloaerat pertidnf hus on pharality of
reaction treatnment is reduced by inproving gas-I|iquid "

spiratoptaeksehficensy Smhder ppser 2Qi8tBRCor left twisted to
gas-supplying ability is inproved by the unit area

form ‘é’iltggirufﬁ tofofﬁtﬂﬁddgafs%sa%%ﬁgazaﬁ&r?Bieo'fl%ﬁ%arﬁ‘éé’ssages are

ge area 1 n € hdrizonta Irection 1's not
joine&eq%%E%%g%orgﬂ“né%éégégn’of blades in the longitudinal
direction to each other, and the blades aré formed of perforated
boards.

[Effect of the Invention]

According to the diffused gas aeration apparatus of the
present invention, power consumption can be reduced considerably,
because gas-liquid contact efficiency is improved. Further, time
required for aeration, diffusion and reactién treatment. ié
reduced by improving gas-liguid contact efficiency. Furthermore,
gsince gas-supplying ability is improved by ﬁhe unit area with
respect to the diffused gas aeration apparatus, a large area in
the horizontal direction is not required for iInstallation,
leading to saving the space and to reducing construction

engineering costs and apparatus costs to be low. Further, the

construction cost of air-supplying pipes or the like is lcwered.
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| eading to saving the space and to reducing

construction engineering costs and apparatus costs to

be I ow. Further, the 25 construction cost of

ai r-supplying pipes or the like is |owered. 7

Mor eover, no shutdown of operation ow ng to clogging
Moreowdt Sese ShutBbah ndE rdpenaicierc ostSn@ntdomaidotathyr iang ses, so

managenent costs beconme |ow. Further, since no

that Bi8gPaRinartobdsadngpacehrattiiriing nfX¥a%lehment costs become
enl argenent of the apparatus is facilitated. 5 BEST

CARRYI é}[l\{E i naf inid
tow. e%odf%’tsgg)%c{éﬁe%}:—esseﬁﬁlnvgﬁtglggnklg\;ﬁ%@bgp%rce) of flul
., . explajned referring to the attached_drawngs. . FIG |
existyy Gl BEIPReT drhgr At SHBRI G R 17 r ST b Hent
according to the resent invention. Simlarly, FIG 2
BEST MGQDR FeRteARRETNgr ait of ih HOVEREEMY enbodi nent,
simlarly FIG 3 is a pattern diagramshowing a third
Babethather, Fe@bodMmeans 48 atbeparsmsitt venverpsonf will be
passage tubes with bl ades, show ng an enbodi nent of a
explabhafli crefdxemgised | hhtheaprasesd idwssiitigen, argkidl Gl is a
5 is a basic constitutional diagramshowi ng an
pattefADOfi Sy ofsiRwstat | 8 NExest 1emsetiddhd haResaRly to the
invention. FIG 6 is a schematic diagramof a ,
Lft ae I par s Aaccordi fi.r '
presefiL! L45€d. 088 ackalli00-ARPALUS ACLOTdi RYLkO-A ik¥ran of a

nt of e present invention, an

seconfoESREHEERe n RN TRETY Erfoaimom I e B ALHon showing

invention, Sinila%%¥ FIG 8 js a 20 schematic view of
a thiydyj prpcey Rt  adr 5$on4%p6§Fbt%§ dcCorBpREPEEL1%e views of
second enbodi nent of the present invention. FIG 9 is

‘passagepdrtidgs with blades, showing an embodiment of a static

mixer used in the present inventicn, and FIG. 5 is a basic
constituticnal diagram showing an embodiment of a static mixer
used in the present invention. FIG. 6 is a schematic diagram of
a diffused gas aeration apparatus according 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 view of a diffused gas aeration apparatus according to
a second embodiment of the present invention. FIG. 9 is a partly
schematic bottom wview of a diffused gas aeration apparatus
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




10

15

20

25

schematic bottomview of a diffused gas aeration
apparatus according to a second enbodi nent of the
present invention. FIG 10 is a partly schenmatic
per spective view of a gas bl owff 25 portion according
to a second enbodi mrent of the present 8 invention.
inventlé&n. 11FIs. alschHenst i scls@ndt boakeytewvnal aidffofsed diffused
gas aeration apparatus according to a third enbodi nment
gas a@fralthen PLSSEPithHVERELRR:inG! Go 18 ithiadl epkodiRghaMosf the
showi ng an = enbodi nent when a di ffused gas aeration
preseggpa{§$¥$tfgﬁprd!QQGEO §2thfspﬂ§3§ﬂkxﬁPV%H%|9Q 1S howing an
appl1ed to aeration processing of an activar eélrl sFudge
ret hod. .FIG _13.i.s._a Ql ock diagram show n n .
embod{RERR WARC viher-ERESaRp s (o SELP i PRPRY2ADS ASFEERing to
di ffusion processing of effluent'. FIG 14 is a bl ock
the pfiesgdm SABW hECRan 1Se it Hedt tehettTHel UppRFAFESSEEY of an
simlarly applied to an exhaust 10 gas treating
activappdr atflusigeFmGthiHl.i s FA®| otk dkagr &hoskowimprzae showing an
enbodi nent when the apparatus is simlarly applied to
embodbinehegiwt@n theacipmarasiangienzyms aall ymappdoreghnisndiffusion
FIG 16 is a pattern diagram show ng an aeration
proceBEQAESYMNG APRALAL US pfca 1a0mvensi gnakkPanely @inf fis®fing an
met hod, and FIG 17 is a pattern 15 diagram show ng a

. o L 0CesS] APl Us. of . .
onvoa SRS ARPRISe L AT LB A ORI en canas
di agr.am showing a fir e di. ment ccordi.ng to the .
gas CHRRURG | IOBRERGHS | E1E-cyid ndPi hl PpsEagiotssh (oing an
substanti al | ){1 di sposed vertically in which fluid _ ,
embod@grg;g@s when the apparatus is similarly applied to biological

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 & diffusion processing apparatus of a
conventional packing method.
[Embodiment 1]

FIG. 1 is a pattern diagram showing a first embodiment
according to the present im}ention. In a cylindrical passage
tube 1 substantially disposed vertically in which fluid passes

in the 1longitudinal direction, a set of static mixer 2 1is

"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 épace portion 3 below the static mixer 2; and a

liquid-introducing portien 6 which introduces ligquid (FL) is
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in the longitudinal direction, a set of static m xer 2

is provided; a gas blowff portion 5 in which a spray

nozzl e that supplies gas through a pneunatic di spatch

line 4 is provided is disposed in a space portion 3

bel ow the static m xer 2; and a 25 liquid-introducing
dispopedt fanthenhbehownthedyeas Hlicguift (Fdyticn i spdseda diffused

further bel ow the gas bl owoff portion 5. In a diffused

gas a8§§t§§habb9%r@@@@71Lﬁhﬂ&ﬂwﬁﬁhthﬁstﬁ@&s@@ﬁ&kéd@t@%s (FG) is
gas (FG is gushed and supplled in the upward

gusheﬁiéﬁ&téﬁﬁgﬁ£88‘aﬁet%%3 y% 1ﬂ§HHLéH]fiéﬂ”%ﬂ§ SOVBE) owoff

of "t static m xer n t e passage b5

t hr h the pace por (e} nmeans _of, air-Jlift

eoreigh 8ot el Ve by heSBsEBRaPRG F6r B RoF et paaseas
SEG% uid (FL) is introduced fromthe 1 i

tube | %a%g g Lh6r t$IRCD BRIERED |%weﬁn€nd>3fofm?ﬁ%spé§%a@ér -lift
tube 1 into the space portion 3 in the passage tube

effect. g¥hergaed( EQ) el ascompmyi Agreeqaifd thrL)gad olFdD, liquid
upward in a parallel direction through the static

(FL) MisxemtZddmdesl fmde fheelandidrigaseliqind pemtdetn, 6 on the
and then are discharged into liquid. Thus, aeration,

lowerdishugiron ey ﬁ@ﬁi@'tﬁ@é‘cﬁ QAtoPLAY 8$SeS RRIMWERh 3 in the
l'iquid and gas with sufficient gas-liquid contact 15

ition, a
Passaé@ Hrge 15"ty FRELEHE RS etoagRy LR () flow
dlaneter of . t static fromthe
upwarfodEr R A @Hﬁ%l?ﬁlxsﬁ"rﬁughpﬁﬁch’éﬁt&ﬁe WRR @ to b
|ntrodUC|ng portion 6 may be used, with an openi g
made prbve deddi nik hdasahdar @PREReti owerd pRRen o Gthedsgcharged
passage tube 1. Wth this, the circulating flow of
into |lgoeidd. Thus, aeration, diffusion or chemical reaction

. progresses Dbetween 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 liquid-introducing portion 6 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 1line 4, the ascending force of rising gas (FG)

10
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i mproves. In this enbodi ment, by gushing and supplying

gas (FG from belowthe static mxer 2 in the upward

direction fromthe spray nozzle of the gas bl owoff

portion 5 through the pneumatic 25 dispatch |ine 4,

the ascending force of rising gas (FG 10 generates
generates| i kireflfiddct, ehteeby gabetPBy wgach riiEé% which rises

involving liquid (FL) introduced fromthe | ower part
involeinghe i passaqerubeniraddcéde dddgui dheFL) ofiédwhparta of the

paral l el direction through the static mxer 2 to be

passadBdeubkna ang; bend nlﬂ@ﬁldi' Qg %169”@@1‘3% byztd®lel direction

m xture and agltatlon unction and then are

throughsgggr %%%tl%t ?nllkieq:u' té{‘h}g% I&gs%.atfllglgo aq{J beES' Jgr{]uc?%s—llqu1d

Cal” "réaction’is execu Vé ‘gas-

m xture nd aqgitation peratlon ar e XeCUtedW
contaghudhy ard S fHAIgH e Pfo; SHEYA T fndin Gt a@éﬂ bhen are

saved. 10 [Enbodinment 21 Simlarly, FIG 2 |s a
dischpagedr niidiagranrsHow MiELe s8esad ioambodl Fibntien offe chemical
present invention. In a cylindrical passage tube 8
react$ohstantkaklyedi sphsedaveve i gastyiguiahnihtfitei dnd agitation
' passes in the longitudinal direction, a set of static

operali¥fl a%d Seddcproyi dednand dogas bdeawolfitporHign d2ficiency.
that supplies gas (FG through a pneunatic di spatch

Hencellgﬁe%%yléagl gRogsgdeljn a space portion 10 bel ow the
Static mxer 9. In the gas blowff portion 12 is

ed.a static mxer 13. Further, below the static
[Emboa xerg 9 dlsposed a |iquid- |ntrodu0|ng portion 14

Slmlqarly, 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 is
provided and a gas bloweff portion 12 that supplies gas (FG)
through a pneumatic dispatch 1line 11 is disposed in a space
portion 10 below the static mixer 9. In the gas blowoff portion
12 is provided a static mixef 13. Further, below the static
mixer is dispesed a ligquid-introducing portion 14 which
introduces ligquid (FL}. In a diffused gas aeration apparatus 15
tﬁus constructed, gas (FG) is gushed and supplied from the
static mixer 13 provided in the gas blowofi portion 12 on the
lower end of the static mixer 2 in the passage tube 8 through

the space portion 10. Liquid (¥FL) is introduced from the liguid-

introducing porticn 14 on the lower end side of the passage tube
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20 introduces liquid (FL). In a diffused gas aeration
apparatus 15 thus constructed, gas (FG is gushed and
supplied fromthe static mxer 13 provided in the gas
bl owof f portion 12 on the |ower end of the static

m xer 9 in the passage tube 8 through the space

8 dinporttbe 18patequpdrtiEtn i 800 nbyodmeadsfrom tdertigiid effect

25 introducing portion 14 on the | ower end side of the
generpbssape tiihre ddcéndbhe Ebecspace st gaBhlfgbyarkealEs). Gas
of air-lift effect generated by the ascending force

(FG) %BlEHeH¥§”BéEhEE§déF§ine Gas ak%@h '¢¥ﬁd“¥id%¥ﬁ‘ FL flow
made fine and acconpanying |iquid EL fl ow upmar

rall rect t c
upwarg R% %a§%ﬁ%%ﬁe d%n {gang@?% g? @%é 'aﬁﬁar %%Ib% to be
[ Thus, aeration, diffusion and chemc
in GAUMC TR pPOGEECE WA tPFRuith abl GRCSFRSBREI ey Liduid.
contact sufficiently. [Enbodinent 3] Simlarly, FIG 3
Thus, | & §atalor n ddirageants iowd ngharikardd reacehdddipmostress with
according to the present invention. In a cylindrica
liquigassdgeatube g6srhiwhidhcbhuadtpasséscandtayset of
static mxer 17 is provided, and a plurality of gas
[Embobliawatf 3portions 20 which supply gas (FG through a
pneumatic dispatch line 19 are disposed in a space

@9&&'1%1%8 bet@w theigtali ¢aMvegh 1dia lenl%rmtﬁ%@t l2C third
di spatch™line 19 is prOV|ded fromtop o bottom

embod%ﬂeggggc%%r%g% Q%.#%ﬁ:EEA%?&%tf§%£E¢1gﬁregbﬁOQ ggllndrlcal

tatl uséd gas aer
passaggp%r%}u%lg¥u§hw 1c§n§££¥§tpasses and a set of static mixer
17 is provided, and a plurality of gas blowoff porticons 20 which
supply gas (¥G) through & pneumatic dispatch line 19 are
disposed in a space portion 18 below the static mixer 17. The

pneumatic dispatch line 19 is provided from top to bottom

through an opening 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 ﬁhe upward direction from the gas blowoff portions 20 through
the pneumatic dispatch line 19, liquid (FL) introduced from a
liquid-introducing portion 22 con 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-ligquid contact proceeds

in the same manner as described above.
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by gushi ng and supplying gas (FG from under the

static mxer 17 20 in the upward direction fromthe

gas bl owoff portions 20 through the pneunatic di spatch

line 19, liquid (FL) introduced froma

l'i quid-introducing portion 22 on the |ower end side of
Theaddasdage byberitriandchg itsheigggasbibewfifnparpdoalsl 10 with
direction through the static m xer 17, so that

stati@afikkail d Lo agkedl @60AASr125 dd the samBnABRAPo@ESent of
descri bed above. 12 In addition, by providing the gas

g&e&ee&ft p%} #0 W%& ngi%&i& mcesgrcac&o he s8dney  will

|n1larly to e sécon nment o t he resent

nti.on, i d_cont act fICI C further
rurehig B iRse e Mot geat LPoRopRe és#‘?. BRE GG ¢arf0 can
e_flexibly deC|ded dependi ng upon the purpose.
be fl@aw%@rdealﬁeesaaepw%nqﬁuweh*g% EWaEPPSF e (500mm or
nore in dianmeter) can be used, which enables
fastbappl pi pgsabide thpbepekb p‘at@age vabde borenpiS\erm or more
great deal, so that processing tine can be shortened.
in dilmdtear), sencée hesadnbeniafh paealbts c gh@-duppatydlhg ability
| i nes arranged decreases, piping work costs and

per PJHIIHLNANEE:CAY Slrﬂﬁﬁo@és% rgduged dep1he sOWirhEH thefeessing
the ‘enlargenent of an apparatus can be facilitated.

time E@?P% ngﬂgrét]eng GS. gﬂﬁﬁﬂt%%édf% W @ﬂeemgbg‘sr&% %tgn@u_matlc

tatic mxer use present 1 nvention
ssopafyh S LG AT SOEELLte 1 o5 papssde (uhe
malntgr%a{qcs:ea ggshtesnatalr(e pae}r_ssgecrtéd\{lecevci{ e%vo()fbg p%%\rsageFurther, the
enlargement of an apparatus can be facilitated.
[Embodiment 4]

FIGS5. 4A and 4B show an embodiment of a static mixer used
in the present invention; FIG. 4A is a schematic perspective
view of a passage tube with right twisted spiral blades, and
similarly, F¥FIG. 4B is a schematic perspective view of a passage
tube with left twisted blades. 1In 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 Jjoined to each other in the whole longitudinal

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

similarly three left twisted blades 31 are provided in a static
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tube with left twsted blades. In FIG 4A, three right

twisted blades 25 are provided in a static m xer 24

di sposed in a 20 cylindrical passage tube 23. The

bl ades 25 are fornmed of perforated boards with a

nunber of holes 26. Further, there are provided three
mixer fBOI dippssagesn?®s eyihtidwel dd Ui dapassagesbz7 2&r.e The blades

continuously joined to each other in the whole

31 arbongiAid ng¢ pdickeckier ofodhes bl ades a2huid¥oughramoles 32.
opening 28. In FIG 4B, 25 simlarly three left

Furth%yAs{ggrglgggstﬁﬁ @r?lﬂﬁﬁvgggga sa3%t%§b ﬁﬁ%&%ﬁggk;ghd the

0séd ndrica assa t ube
re for 0 erforated
£1uid p5p8sdysS Turther COPRGRROUP LY, HAGBSH (i PRORagb0cEs in the
are provided, and the fluid passages 33 are
whole changhtibasiyl| diAegtioneséh tdendlades B Fhfridh an opening
| ongi tudi nal direction of the blades 31 through an
34. Dpephegrasdagéntthespidssand £Gbés 2% iahd 2@ istathiemizer 24
the static mxer 24 and 30 are di sposed, respectively
and 300RStr ulile i, shoydped €S, cdAsandcdBi whi lshown in FIGS.
flow ng through right twisted or left twisted spiral
4A angI ws’wlgﬁﬁe (FSbwand i Rh)gred ecwBgecl0 ohe lidrigaswisted
|qU|d contact by continuously repeating the

splra%uEﬂ ggsan Jo nr @fngn&nla Slﬁ'%&ﬁﬁﬂr lemé&ét%@f%e in gas-

i FECTI 0N, ng, turning over, shearlng stres

r.eact then a t I
llquladd.Cfv'P%ﬁct %yeram{f%%?%&?rgﬁpw 1 ndfiss” (oinipe  and
5 32) prOV|ded in the blades 25 and 31 is in the

leld?-aﬁgelﬁf theo TIOMAYAETD prief kbR The APEPEt@ r at JBining,
of the holes (26 and 32)
turning over, and shearing stress reaction; and then are

discharged into liquid.

In addition, 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 3Z)
is in the range of 5 to B0%. Further, preferably the rising rate
of gas in the passage tubes (23 and.29j is in the range of 0.1
to 10m/s, more preferably 0.5 and 5m/s. Furthermore, preferably

the twisted angle (spiral 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
bilades (25 and 31) of small twist angles such as 15° and 30°,

and to connect three blades with the arrangement of 30° + 30° +
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is in the range of 5 to 80% Further, preferably the
rising rate of gas in the passage tubes (23 and 29)
isin the range of 0.1 to IOnls, nore preferably 0.5
and 5m's. Furthernore, preferably 20 the tw sted angle
(spiral angle) of the blades 25 and 31 is 90', 1BO

30° =o0B0270'forheneseile 15 By 3@0ind55p, 6@rodudtiern] ideel gatpcessing
al so be used. In the case where a passage tube with a

can bW GRAROr&xs{ 508/ AmdDESst N o @fdtich "BdEomks N®w. It
possi ble to make blades (25 and 31) of small tw st

hon TS $helS s End oo 2hu g ko LaEEIAfY SSerccn o

‘azzangoiitnl cof, BT o PUHPLE il PRt o

production beconmes low. it should be noted that it is
[Embogiaen®h| @l t o accordingly select an arrangement of

bl ades of different tw st angles. 5 [ Enbodi nent 5]

FIG 55isia basi dasdmest icanstotalt idiregr andistgedmg sewing  an

enbodi nent of a static m xer used in the present
embodimyebtébna $batl& mbxerighbédt Whsted pndséeft ihwestidn.

spiral blades 36 and 37 having a plurality of fluid

pasgages sar & RVidetsti 4y aand016¥ki RLIsERlG PASSA0e blades 36
tube 35 with a cylindrical space portion 38 in

et Fur | i ndei ti i :
ond. VPR CHL e Ry 40751 E8h, BASREY 400 BRcbien i -
._arrangenment _of the right,tw sted.and l.eft tw _sted .
cy1indriGal “BRUARE=a PR (1 Vs agEoRabe ieals LS Portion 38
_ limted to this basic constitutional 15 di agram_ and
in betmessl-add e aihd 37 CYadTE 1aPLarRRAFRCEBFAEARI 2 15 formed

below the left twisted blade 37. HNote that the arrangement of
the right twisted and left <twisted blades 36 and 37 in the
passage tube 35 1is 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 + 1left; 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 portion 39, through the

left twisted blade 37, the space porticn 38 and the right

twisted blade 36, gas (FG) and liguid (FL) are made in gas-

- ligquid contact Dby continuously repeating the turning and

dividing in the Ileftward and rightward directions, joining,
turning over and shearing stress effect, and then are discharged

into liguid.
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for exanple, as follows: right + left + right; right +

left + right + left; etc. In the passage tube 35 thus

constructed, while flowing upward in a paralle

direction fromthe lower part of the passage tube 35

t hrough the space portion 39, through the 20 left
[Embotininsethed 6Bl ade 37, the space portion 38 and the right

tw sted blade 36, gas (FG and liquid (FL) are made in

gas- |d qyid Losdkmshabyc CANbLRHAUY LepeatriRed s aeration

turning and dividing in the leftward and rightward

krecti Lning, rnd; % ri r.es
appar g 2R Ren Bre ditcnaroid JEATSI qultg, TpE" Present
: Enbodi ment .61 _FI G, 6 is a _schematic_diagramof.a.
_mven%ilPPUSegagagl]gjé?%??ongasapﬁgrrgtt&gnac38?8?%%o ‘I%e includes a
. first enbodi nent of the present_ .invention. A diffused )

cylinggdcadr aPRBA2EPpat @RS iRl HBésha & cSHathiFi gHixer 41 1is

passage tube 43 in which a static mxer 41 is
provigegviaied andspaspaverpseni d¥ 42si pproldetbdbbébew tthe static

static mxer 41, and two supporting boards 46 in

mixerwhMich andaswhl aswfgortpiord i boaddsi L epriwvi dbflcho sbegas blowoff

connected to a pneumatic dispatch tube 45 which
portiSHPR4 ess 9agoviRedPROUMY | EofhepREGN thuke dpchRst10 dispatch
the gas bl owoff portion 44 provided with a spray
. tiha S S i h [ [ e} d
b B R P 98] o Tob et 15, AR B8 has
cl osed. The diffused S aeratio apparatus _40 thus
the GRBloutls RO EEDs 31 HTIARY, VIR V| Aorrdsghtizle that
to gas (FG, pressurized gas (FG is sup%I ied fromthe,
gushes gas 1n the vertical direction, and the side opposite to

. the side where gas enters is closed. The diffused gas aeration

apparatus 40 thus constructed is dispesed in liquid, and with
respect to gas (FG), pressurized gas (FG) 1s supplied from the
gas blowoff porticn 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 ligquid (FL) from a liguid-introducing portion 47 on

the lower end of the passage tube 43 and making the ligquid (FL)

accompany the gas (FG} by means of air-lift effect generated by

the ascending force of the gas (FG) supplied, the gas (FG) and
the liquid (FL) flow in a parallel direction through the static
mixer 41 to be in gas-ligquid contact, and then are discharged
inte liguid, where aeration, diffusion and reacticn treatment

are performed. Using the spray nozzle for the gas blowoff
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15 gas bl owoff portion 44 to the inside of the space
portion 42 of the passage tube 43 through the
pneunati c di spatch tube 45 by neans of a bl ower,
conpressor or the like. The gas (FG involving liquid
(FL) froma liquid-introducing portion 47 on the
portidowan  engkof (FBe passayspénbed43dantigekd ndFihe ¢iffdidently,
(FL) 20 acconpany the gas (FG by neans of air-1lift
there®§f eGinBRRENAL edydy-11dei @scendicBgtl orgerdiddwygas 1t is
(%—G) supplieg,t the gas (FG and the liquid (FL) flow
' papat! eh; di LEELLORLBRQUAR e $Aldfe R Al r1c. 7,
PIEfle%b%% ?ﬁ%aghfgq%?g gontoact,% a%d then are dischar gled
. .into liquid,  where aeration, diffusion and,r.eactiaqn. .
whichy TEopneArio8lar BUAROTREaT GUTH THE SHRE) i ygie in @
t he gas bl owof f 16 portion 44, gas (FG is dispersed
blowoff FFgtifd (FL) efficiently, thereby inproving
gas-liquid contact efficiency. It is preferable that
[Embodhinsnspray nozzle 48 be the one shown in FIG 7,
which is a conical, multilayered structure capabl e of
Fecng 8 nia ab5 difteweftfict dat egrhlnioeddi aredti £7sEHGga6s i seration
a schematic diagramof a diffused gas aeration
appar8PPar alsSoASLs itk taet heeses@ndeithotidrent o the present
present invention. Simlarly to FIG 6, a diffused
: aer at §.on. p t 9 ipcludes Ladrical :
inven¥88n® éjcb}ﬁe]l%r igtaéa ust49 1§ ? a2r£¥5&@Arjgal aeration

passage tu ch” has™ at its ower part a space
coracBZpl 98 BAed L AU Ly QTG 8014100 501 cf has ac
its i%gtﬁiéftggn%ﬂgter aslsgggea 83?1:?'03\'\’055 %%rdti gn Js.ffqu?ggi%%oducing
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 plurality of right twisted spiral
blades. Gas-liquid contact effect between gas (FG) and liquid

(FL) is omitted on the grounds that it is similar to the above-

described FIG. 6; since the static mixer 57 has been disposed at

- the gas blowoff portion 54 of the pneumatic dispatch tube 355,

gas (FG) 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 liguid (FL) flow through the static

mixer 51 to be in gas-liguid contact highly efficiently, and
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boards 56 which support the passage tube 50 and the
pneumatic 15 di spatch tube 55. At the gas bl owoff
portion 54 is disposed a static mxer 57 formed of a
plurality of right twisted spiral blades. Gas-liquid
contact effect between gas (FG and liquid (FL) is

then @Fd t@lb@airtded giavadd ildidld,i twhersi Aekratiba,t kB ffusion and
above- described FIG 6; since the static m xer 57 has

reactPBANtHLSPASAE Abe28pthgrgas bl owoff portion 54 of the
pneumati c di spatch ?ube 55, gas (FG flows upward

et her, W i d LNt c or ;

?ﬁ& pgsgﬁbéit %fﬂg% S&5é$?£E%eB§FEgﬁb%lﬁgaﬁg?g? éﬁﬁﬁﬁsed gas
ccurrence of turbul The s h S been

aeratﬁﬁae aHRﬁ%??#?ua%?FP&?E&ﬁé B%d % éFﬁh OfiRp - ©of the
through the static 25 m xer 51 to be in_gas-liquid )

presepgniBEENRILGRE Y %¥¢|%@%ﬁ@mysuﬁﬁ@cq70¥h%ndhféuaegc%eﬁgeeratlon
into Iiquid, where aeration, diffusion and reaction

apparateatdﬁhtiacQUdperatEUequnighi i swaspadt |yl sddenm@tli cprovided
bottom view of a diffused gas aeration apparatus

insidaceorgiligdrd chhe psecere adiedidEendfa tdeliddpt€senpneumatic
i nvention. The bottom surface of a diffused gas

dlspa%%haEbQE gaRar ahus M deaRclaides d it @edd Wt pak Bt egteq boards
| ades 60 provided inside a cylindrical passage tube

w1th 5&\9 rgfe}ga%bcg% f 'Eda%a r}?%’%%' £n g pEf:th E:ktnlé%es 6&11‘(;'- ion and

ar e orne orate boar W th
nunmber of holes red in the thickness dlrectl
heve ik SBERAVE & GHontRG G4 (IR RHOFE T ohgFLagErarn of the
di rection of the blades 60. FIG 10 is a partly
bladegckE@mati c perspective view of a gas

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 fluid passages 67 are continuously Jjoined to each other in

the whole longitudinal direction of the blades 66 through an
opening 68. The blades 66 are formed of perforated beoards with a
number of holes 62 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 straight 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 69 of the blades 66, so that gas (FG)
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bl owof f portion according to the second enbodi nent of
the present invention. A pneunmatic dispatch tube 64
has an inverted 15 T-shape, a gas bl owoff portion 65
is provided with three right tw sted spiral blades 66
to formthree fluid passages 67, and the fluid
is mafassages féhecake reenirauouskyljaingdthe each (@derod rthe fine
the whol e I ongitudinal direction of the bl ades 66
structBFOuUgh-an iepari Neobcdherpliades 6 arerHor Mfebves. It
perforated boards with a 20 nunber of holes 69 tﬁat
a [ he. t.hi.c .di.recti (S
snoul 768 MERLERUE cheufuidh TR ek Pl PlatERSge the
, ,of s (FGQ, twrhbylence .is caused by straight flow _.
cwist RS et ai g STPOURAC . Bpoithy M8 st et ion and
flow which flows along the three spiral bl ades 66,
angleanehefeefed Pow WRRATSS pdsséde h?@&@ﬁ t hBergpés 63nd the
of the blades 66, so that gas (FG 18 is made into
apertbraerstioctafr echathdles nghehecfasapF®Ge ofeltdmldd neccordingly
structure, gas-liquid contact efficiency further
from BNMp=Qvesy |df shanbledbe nphedhéhat ithe st wWrsifediatdet ithat the
of the blades 66, the tw st angle thereof, the :
gas bgﬁmef@abb%i%_ e plWindls 14iieEld Qi ak BNYHfee of 0.2 to 3

ereof, the dianmeter of the holes thereof, and the

times al%%gat g:l[iﬁagx{e?gé]f " (S)f EHS E)%ls%% gtep edé%géﬂp%g%y b ﬁﬁ??‘lh §¢le ithoweJ: end

accor om a varirety-o er
, [ eferahl.e that the a | owoff partion.65 b
side pisbffortd HE THESH & 1§ 1% APOYF nisSghabed passage

di aneter of the passage tube away fromthe | ower end
tube $8.side of the static mixer provided in the above
descri bed passage tube 59.
[Embodiment 8]

FIG. 11 1is 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 aeraticn
apparatus 70, two or more 80° right twisted blades 72 are
provided in a cylindrical passage tube 71 in which fluid passes
to form a static mixer 73; a-cylindriéal pneumatic dispatch tube
75 which supplies gas 1is disposed through an opening 74 in the
static mixer 73; two gas blowoff porticons 76 are disposed; and
static mixers 77 are provided in the gas blowoff 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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[ Embodi nent 83 FIG 11 is a schematic sectional view
of a diffused gas aeration apparatus according to the
.third enbodi ment of the 15 present invention. Wth
respect to a diffused gas aeration apparatus 70, two
or nore 90 right twisted blades 72 are provided in a

etc. 6%l iidHecalamdssagplivhe ial ine wapehrd| didepassas fiom below
forma static mxer 73; a cylindrical pneumatic

the s@h%@@t &wab% A iah supPhbhesmgasc algpa@ege%be 75, the
rough an openi ng 74 |n t he™ 20 statlc m xer 73; two

l.owof orti.o t
oes offfaPL ISP BRRGES Wbl P Wit o oo
. The bl ades 72 are for d of perforated board

Lift RSt Aenei e 787 04 neSHERELRaa oatoatitt LB dhs (PG,
apparatus 70 thus constructed gas (FG pressurized

liquidy (§as- sipphipragdweans fsweh as 12guadpikepducing portion 80
conpressor, gas cylinder (not shown in the figure), 19

at thet Govexr gashedf antles geEsaert i talbde’ Lpwartd dheectpare portion
frombelow the static m xer 73 through the pneumatic

79 indiksRateRshdke tihe the gae W{FGPand clcdémpaty fing liquid

space portion 79. By neans of air- lift effect
i t (
) PG R SRR BRI 0 (g v 7

througgg- ort%%% pggggpgr |€$B%6e%gd%hlkﬁ% %ﬂﬁﬁ?gg%fggﬁures and

! € passage tu

. The gas (FG and acc anyin id FL) fI

to bep Iaaﬁ‘ér al? el 9&ft 1 rjécqug %’Q%e‘:tpag%}’ag@ " HBRLEe  and
through the static mxer 73 to be nmade |nto flne

agitagtipoet Gnes thsd Fre circhamzed niybe- 1iguid- cohbagt Bgration,
means of m xture and

" diffusion or chemical reaction continuously proceeds with liquid

and gas being in gas-liquid contact with high efficiency. It
should be rnoted 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 aperture ratio, diameter and

height of perforated boards; 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 energy saving due
to improvement in gas-providing ability per piece of apparatus,
leading to reaction management time to be shortened, space
saving due to decrease in the volume of an aeration tank, and

maintenance-free nature with a construction in which stagnant
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agitation, and then are discharged into liquid. Thus,
aeration, diffusion or chem cal reaction continuously
proceeds with liquid and gas being in gas-liquid
contact with high efficiency. it should be noted
that, simlarly to the above described 15 enbodi nents,

partsth@e&c\ﬂ spackspctfopleigsabrabt bhatdes. used in the
enbodi ment; the twi st angle thereof; the nunber

" [EmbolgELRf &) the dianeter of the hol es thereof; the

aperture ratio, dianmeter and height of perforated

BBt Tro Bore BFOTke Tictagt Fbeitd kit pabdfulisfe when o

enl ar ed 20 a great deal (500mm or nore in dianeter),
Ai EEuREd] s UgGss ARE J&Ptheppeﬁmeedaasgraépat.%ﬁ the " 'present
apparatus 70 to obtain energy saving due to
inventgprovesre®PHid aghs Lpr 0P ERREORDIRFASETEMND| &fe g activated
apparatus, leading to reaction nmanagenent tinme to be
sludgshmetbodd, space saving due to decrease in the volune
of an aeration tank, and 25 nmi ntenance- free nature
W tdy Bresetst gHet | psrd i whi ehpsiragnant3 20 igarisspoead at the
spaces) of fluid do not arise. [Enbodiment 9] FIG 12

: bottohso% %!OQ%faﬁﬁHﬁﬁﬁéﬁﬁmBQgs@Br@HBOQbWE@%ﬁ@¥H1éhd includes a

fused gas aeration apparatus according to the

choeol g & eaﬂ*%%%gél%é?#%dlﬁﬁaf"%@ﬁ?g BLRPSEL0%0 cne
aeration a rat osed gt t he bottomog1

Loveragiani off: BN BoULEERPRG 1380 WAEGR L Gid ARRAARIGE

water supplying line 85 supplying raw water, and a processed

a raw

water discharging line 86 discharging processed water. Further,
it is preferable that a liquid-introducing portion of the
diffused gas aeration apparatus 81 be positioned at the distance
of 50 to 200mm away from the bottom of the aeration tank B82. In
the diffused gas aeration apparatus 81 thus constructed, by
means of air-lift effect generated by the ascending force of air

supplied from the lower part of the diffused gas aeration

~apparatus 81 through the blower 83 and the pneumatic dispatch

‘line 84, while flowing in a parallel direction through the

diffused gas aeration apparatus 81, raw water and air are mizxed

and agitated, with oxygen in the air dissclved in the raw water

and the raw water cleaned the number of times intended or
repeatedly by aerobic microbes, and then are discharged from the

processed water discharging line 86.
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bl ower 83 and a pneumatic dispatch |ine 84 supplying
air to the 10 lower part of this diffused gas aeration
apparatus 81, a raw water supplying line 85 supplying
raw wat er, and a processed water discharging line 86
di scharging processed water. Further, it is

pagl erahberyhatord fdrawie- i tHe ogu_@'pmg peridd off ok heheimount of
di ffused gas aeration apparatus 81 be positioned at

air w%EdeE‘LB@QC?r%ﬁ ¢he5Q R r2A0mI0 avay Hd amdde botd omefde the

e aeration tank 82. In the diffused gas aeration
. apparatus 81 thus constructe Vi aiy-|ift
aieengobas S SPTRe" LS ol (o1 TG of P, ePEH lof water
. supplied frgmthe |l ower part of the diffysed gas
insidgePhei 6T hppin Ak & (i o%ghot RB/ bAEWe BT P 1P 1800 to
pneumati ¢ di spatch 20 line 84, while flowing in a
21000pafm-lhefrdi r eadi owThr BIGHETRSLYdi FRudd® gagnger a@f o600 to
apparatus 81, raw water and air are m xed and
12000ad/ated,r W tFlurahegen when ke diffuisdojyedaenathenr apparatus
water and the raw water cleaned the nunber of tines
81 wiltht endedaéteF epeatisdinn bys agsedj CrtAkCcrokes, f@ndaéhetion and
: are discharged fromthe 25 processed water
: Lsghargi ng line. 86 LtizQnad | efer
agltaghégl%e%;?%i%egtﬂg gﬁééﬁggg? l%i?iﬁ%?cﬁﬁf1omgg%?%%?$%ge’ the
l.ower side_to the er_side inside the, diffuse as
blowoé%ra??%ﬁs%ﬁarggus iRIOUHen The Hept K%1 tv%t e%ugﬂ of the
inside the aeration tank 82 is 2 to 6m in the range .
underyptegooPEsS5u82000MT 3 AR -HRFSULMd e ;ﬂ-{:f é'rﬁ]&m preumatic
in the range of 3600 to 12 000MB/ M2 -hour. Further,
dispafsbniangi fused gas aeration apparatus 81 with a
di ameter of 150mmis used, the area for aeration and
When comparing air-flow resistance of a conventional panel

diffuser method to that of the method according to the present

invention, the resistance by the method of the present invention

~is 1/5 to 3/5. Further, the compared results of performance of

conventional methods A, B, and C in 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 air-supplying ability
per piece of apparatus is 100Nm®/m®-Hr, whereas the conventional
methods are 80, 12, and 17Nm® /m? - Hr. Similarly, regarding the
oxygen absorption efficiency: 13.5% against 8.3, 10.5, and 13.0%.

[Table 1]
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agitation per piece of apparatus is 3 to 8nR.
Furthernore, the blowoff pressure of the bl ower 83
may be the sum of the 10 underwater pressure and the
pressure | oss of the pneumatic dispatch |line 84. Wen
conparing air-flow resi stance of a conventional pane
di ffuser nmethod to that of the nethod according to the
present invention, the resistance by the nethod of
the present invention 15 is 1/5 to 3/5. Further, the
conpared results of perfornance of conventiona

nr‘nf hnrlc AN ] and reh ot nt 1~ l vAr o rovii-ded

LAAY] Iy wATTU III VVIIILII SO ACTT O T NANCTT I 71 ovITa

i nsi de diffuser pipekregté gsegvenionn! | herviretarid b?"ﬁ?@mna’l
present invention|is show) in Table 1._As showp in
Tabl e 1, accordi ng| fvenpar nd¥pdad 6  hMephadRny  Method C
invention, the airrsupplying ability PO per piege of

Volume of GaplpandtMstire Pog@iun 3/ M2 - Hf, whereas fhe conventji ona

met hods are 80, 12| Oan@ O1&Nm &/ NROSHr| Sinil0a¥ly, ©. 124

redarti ng the oxygen absor|ption effigiency: 13./5%
against 8.3, 10.5,|and 13.0% [Table|l 1] 25 22

(Nm®,/m¥ XUl € /Repiiaom) 0. | 0060. 0050. 1050. {124 (nB) Ailr

Air- Bagseing @dtent | onal Convent ijonal Conventi onal
I nvent i onMet hod AMet hpd oBMEt hods @ Vol une af2 Gas-|Li quid?

supplying Ability 100801217%

Oxygen Absorption Efficiency %

(Absorbed Amount ,/Supplied 13. 5 8. 3 10. 5 13.0

AmountX 1 0 0)

10

15

[Embodiment 10]

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

As is similar to the embodiment of the above described 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 8% and a pneumatic dispatch line 80
which supply air to the lower part of this diffused gas aeration
apparatus 87, an effiuent-supplying line 91 which supplies
effluent, and a processed water discharging 1line 92 which
discharges processed water that has been cleaned are provided.

Further, an exhaust line 93 is provided with a cooling apparatus
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(NnB/n2 mi n/apparatus) Oxygen Absorption Efficiency
% ( Absor bed Anmount / Suppliedl3. 58. 310. 51 S. O
Amount X 1 0 0) [Enmbodinment 10] 5 FIG 13 is a bl ock
di agram showi ng an enbodi nent when a diffused gas
aeration apparatus according to the present invention
or anl Sakappipteidt oappherdtfif usindrehproskbstty obletfileerndubsAsances.
is simlar to the enbodi mrent of the above descri bed

In tHed Gdif¥dsed dghéused-Hasoelfd-0RtaRPaBAt UsSh8d constructed,
according to the 10 present invention is disposed at

volat%?%mggﬁgg%ﬁ o8 Cyly ”déffﬁﬁeﬂffgﬁ&ﬁ” ta%gg %cl:l'gjlhoromethane,

a pneumatic dispatc i ne

. upply air to the | ower, part of this diffused gas

erinalgheiiages JpRuParas &7 LA | FORNtTIRESTYI REe | AR egy tovard
whi ch supplies effluyent, and a processed water

the SEPRR&FAY #L | iTRe 22 Wi P ABUH YEhRI§EESHEBFesst then are
wat er that has been cl eaned are provided. Further, an

colleekedusnd| cheagsdi bypikbei dod liinch appregelitivsg cappdrataizsorption
23 or an absorption apparatus which collects volatile

apparstbst atteesaogh | tHdhe editfafusted 1gae aéBat i Dheappheahdd 87ir is
thus constructed, volatile substances in effl uent

releaS8&ht@sathd shhOr peipane, tri hal onet hane, ammoni a,
chlorine and krypton are noved toward 5 the supplied

] r sth%ukigi e di kUG Oy i OERSSING,q g thaen éﬁﬁ%lié is not
col l'ected and cl eane y the cooling apparatus or the

Lims ¢ ZROQLPLLON. ; 20PALAL ys throuoh the cexhayst, Jing 93, The ),
argon and ;arbon monoxide gas can be used accordingly. For
example, diffusion processing can be performed with respect to
oxygen which remains dissolved in liquid, by using nitrogen gas.
Preferably, the supplying 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 18000m*/m®-hour, and more preferably in the
range of 7200 to 15000m®/m?-hour.

[Embodiment 11]

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

A plurality of diffused gas aeration apparatuses 854 are
disposed in predetermined positicns in a cylindrical reaction

tank 95, and below the diffused gas aeration apparatuses 94 is
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rel eased to atnospheric air. It should be noted that

the kind of gas supplied is not 10 limted to the

air, and inactive gasses such as nitrogen, helium

argon and carbon nonoxi de gas can be used accordingly.

For exanple, diffusion processing can be perforned
providédhar eseeehttiec dOd(GstiW Ofe retakhs cdissgellied idkhaust gas

liquid, by using nitrogen gas. Preferably, the

throu§HPB! Hng,dat 860f 9R5 4 onbR URPliiLdsE 9o Png}5lhﬂé' % which
of the diffused gas aeration apparatus when t he

supplgggtQaegﬁm@&f%ﬁggﬁgﬂi%ﬁgbgg ag§oggé%ﬁa§gﬁﬁglﬁjgﬁ%qﬂo which
7200 .15 0 .
aischiRgts  PERGod Hen L S SoTP &0 1415 o4t 5198k °g1 dgbrFeaction

show ng an enbodlnent.mhen di ffused gas aeration

tank &%c@%gi AG a®¥bREFhg Wias helpr edemh gh%@hﬂ%si gxhaust gas
applied to exhaust gas treatnment. A plurality of

that diekf bsedth galssarezdt Foomappar atops st Odhar ecadicsposaankn 95 are
predeterm ned positions in a cylindrical reaction 25

provitiank 95Irmandheel i fitheed f usedagaataenat kpparatus 94 thus

apparatuses 94 is 24 provided a pneunatic di spatch

constkh8€e§7 éﬁﬁéu§€p@hbe§0ﬁ¥Q§H§ﬁggﬁ§I tBbegﬁoﬁ-ﬁhgmeﬁzs dust,
6, and a neM/Iqu|d supplying line suppl i es

%{%1 %ll%%sofpo%l ﬁc%' dthél ﬁ' g%ﬂ%reglhg]%oult%% gc%ﬁm%égaratus

ges absorptlon |qU|d

5 tank 95 haust_| 101 whigh .,
4 thg,%gg e AR 10 Gatn a1 A PR UBBGACC I GSRET T drie? and

top of the reaction tank 95 are
is made to be in gas-liquid centact with an absorption ligquid

made of an alkaline solution such as NaOH, CaC0s, Ca(CH}s,
Mg (CH):, etc. or of an acid solution such as H,504, BCl, etc.,
making chemical reaction treatment proceed, then the result is
dissolved or trapped in 1ligquid, and waste gas cleaned is
discharged into atmospheric air through the exhaust line 101.

In the case whgre this diffused gas aeration apparatus 94
is applied to the removal or trapping of fﬁreign substances in
waste gas, waste gas and liguid are mixed and agitated highly
efficiently making short-time processing possible, in comparison
with a gas-liguid 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, dispecsing the diffused gas aeration

apparatus 24 with a wide bore (500mm or more in _diameter)
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provided. In the diffused gas aeration apparatus 94
thus constructed, exhaust gas containing HCl, SOx,
NOx, NH3, H2S, dust, etc. is supplied fromunder the
di ffused gas aeration apparatus 10 94 through the
bl ower 96 and the pneumatic dispatch line 97 and is
improvage poobessihngasedpapi i oontaet wddulas alhsor ptréher space
liquid made of an al kaline solution such as NaCH,
savin§aCh&b r &) 25ind (O ZagRise PErof (dPadchFasd) UbFORILid is
such as H2SO4, HC1, etc., making chem cal reaction
: a rogeed,, it Ahe t.d 5 di r
o A 0 b eS| ot o S| SPERdEtuOl0e, the
Lscharged into atnmospheric air ro t he_exhaust
zcereft 3 THAr e S Eate IrERe THY s HFF (oSt (AT 4 aPFBRenEed,
. _apparatus 94 is applied to the renoval or trapping of
whicht bpupga BapBT8REBSS| AOShAst e gas, waste gas and |iquid
are m xed and agitated highly 20 efficiently making
[Embodhwentt i@ processing possible, in conparison wth a
gas-liquid contact nethod by neans of conventi ona
pacel 1% ituser plodkf fdiseyram pehpwehg. drur éliBodiment when a
i nprovenent in processing speed | eads to saving space
diffudBd reduci g APPadat UsppEestss FukkbBennnge, td SpEsd Ndpresent
the diffused gas aeration 25 apparatus 94 with a w de
. (5Q0 0 € L f@qg}- [ S
lnveng?égesggng%) &ébl iﬁ?pa%l reé&#%sgé% pﬁ%t %r %%ac%nzymes ot
\ savi ng. Mreover, since a stagnant part (dead space)
mlC;D8FgPPgFﬁsrs unlikely to occur in the diffused gas
aeration apparatus 94, the accretiona&y grow h of _
éal @FtRNaRE (975 | PRE2EARThAPRRVRHERD, 10 HAi cCH-FRWERS in 2
mai nt enance costs.
predetermined position in a cylindrical bioreactor 103, and a

pneumatic dispatch line 104 that supplies gas to the lower part
of the diffused gas aeration apparatus 102, a raw 1liguid
supplying line 105 which supplies raw liquid, a reaction product
discharging line 106 which discharges reaction products, an
exhaust 1line 107 which discharges gas from the top of the
bioreactor 103 and a circﬁlating liguid line 108 which
circulates raw 1ligquid from the liquid 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 microorganisms, or a biccatalyst exists in
ligquid. In the diffused gas aeraticn 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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[Eirbodinment 12] FIG 15 is a bl ock di agram show ng an
enbodi nrent when a diffused gas aerati on apparatus
according to the present invention is applied to
reacti on by neans of enzynes or 10 m croorganisnms. A
di ffused gas aeration apparatus 102 is disposed in a
104 Hir edeteprbiedipgsintd=0rs | BuahCyds ndr ishbwdn Or eaaip@iessor, gas
103, and a pneumatic dispatch |ine 104 that supplies
cylin8@s t@dtheshewar partheof riberdiffused gasnaerddboniquid is
apparatus 102, a raw liquid 15 supplying line 105
c [ r [ ; qa ; taduct -
suppLifyCRusURR! Fhel Mot Do GeLBREPLAE BAB0 T0s by supplying
products, an__exhaust |ine, 107, which di scharges gas
meansfFBﬁﬁtﬁé £opUBP PhePTBPOrEAEELF®103 and a circul ati ng
liquid Iine 108 which circulates raw liquid fromthe
ReaGtdcsupradecteyeinhfddhed?d HisFBasgsH 103 ks thetside by
| ower part are provided. Further, in the bioreactor
the rE@¥tient heroducatdiyshasgppor tliimg blddy a08 whiechexhaust line
supports enzymes or mcroorgani sns, or a biocatalyst
107. erustBeirp rhiwqliduibn foltesdidiftsadtgasy adrat i Hiom the liguid
apparatus 102 thus constructed, gas is supplied from

surfaEQeleﬁgrt%a@héﬁléﬁgkdaéfﬁsgg 25035 AYARMHAN 103 using the
apparatus 102 through the pneumatic dispatch |ine 26

circu%géigé gﬂfdﬁgé“”fyn%?.ggéps SH%Q Ahd EEQMBiiguid low in a

conpréssor, gas cylinder (nof shown in the frgure),
tc.,..and raw ljiquid is_  supplied through the raw

parallpd iR g PHER 168 Sy St EET SR ngeomA I Gh agparatus
a punp or pressurization..

102, and biclogical reaction proceeds by means o©of the

biocatalytic function of enzymes or microorganisms in raw liquid.

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 b5m/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 prevented 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 liguid can be
improved. Furthermore, improvement in reaction speed leads to

space-saving and energy-saving, and so the cost of production
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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 fromthe liquid surface level to the
| ower part of the bioreactor 103 using the

can b&l FE&ah@tdNg 1n quaditise 408. appsraddsr avnl bauitdd @w a gas-
in a 10 parallel direction through the diffused gas

liqui@erféé@@i@@paéﬂbﬂ§a$ﬁgz’WQQQOQEO|%@ﬂH§ 'B%%EiﬁHl%sts. In

proceeds by means of the biocatalytic function o

-additﬁﬁi¥g§$h%rag%%%gggggghsgﬁbb er%WlLEQUi%he!éhﬁ%#%#ﬁﬁgi speed

gas aeration apparatdus

~present invention is s$ﬂ as $ i oreactor, the gas
of gaf | by Fate® ra%It net uf of ak? of - ¥ be operated in a
high gas flowrate range of 0.1 to 5m's, in )
EbApatPsdA @ PRtESEoNFERGIGHTalSHOWIBIde adol afmRt il fpgRcessing
and hi gh oxygen noving rate can therefore be obtained.
appar&tns ey , msameecf he oooygent bowva hgpamt e dsf Bgsat i methdy.
agitating and nmaking a flow rate distribution in the
ABI 9EgAEHSr atveRvededdndd SRACRS ot ©riYEEitref dpwHRatus 110,
occurring to enable a | arge-sized apparatus to be

a n A %%d’péﬁeihadifdﬂ%@f@uﬁtlzofaPéOng‘Eéx}ﬁdei ld¢  the bottom

urther be 1 nprove Further, the channeling of gas

can,be__prevented, .an di rsion i i_.ghl
surtagfoiBuen] PRED Bhn CBB" (g VB Nt CrerTORe L2 to a mumber
i mprovenent in reaction speed |eads to space-savin .
of pafiRf eAat§PSeLvi nhlZ ak r§&g$heac RS pigaug?? nap7Pnéumatic
can be reduced. In addition the apparatus can be used
dispahehalgas- Lléqui Bhredenedn dagpassarss Wid i IRfwRA of minute
bi ocatal ysts. In addition, in a conventional bubble
perfoeatadn, bddie superhiesizalingperinute bubbles. The amount of

blowoff air by conventional panel diffusers 112 is 50 to
400L/min. Also, the air-flow resistance is 1000 to 3000Pa.

FIG. 17 is a pattern diagram showing a diffusion processing
apparatus by means of a conventional packing method. Regarding a

conventional diffusion processing apparatus 115, packing 1is

.packed regularly or ih irregular manner in a cylindrical

diffusion column 116. Gas and raw water pass through packing 117,

- flowing in opposite directions to each other to be in gas-liquid

contact, and diffusion processing is thus executed. In the case
of a conventional packing method, the supplying rate of gas is

in the range of 10 to 100m®/m®-hour.

" BRIEF DESCRIPTION OF DRAEWINGS

FIG. 1 is a pattern diagram showing a first embodiment of
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of gas is in the range of 0.01 to 0.1ms. 5 FIG 16 is
a pattern diagram show ng an aerati on processing
apparatus by nmeans of a conventional panel diffuser
met hod. As regards a conventional aeration processing
apparatus 110, a nunber of panel diffusers 112 are

the ppéovmbethdénthenpottom surface in an aeration tank
111, and air is supplied to a nunber 10 of pane

figiusens L1y oughy A bE OpeEndd3ngnd a e Bidodiment of

dispatch line 114. The panel diffusérs 112 are forned

of mnute rforated bodies, generating m nute
the PB%%%?QS}D ggh%%Unt of blowoff air by conventiona

anel diffusers 112 is 50 to 0OL/ mi n. S0,. th .
BPR%t Fovis 2 eshean Sigoon o HUGCRE 21878FE PRt of
pattern diagram show ng a diffusion processing
the pappanht LBVeYtREANS of a conventional packi ng net hod.
Regarding a conventional diffusion processing
appar atas abhds 4Bpacle i ews ghackiedy raagumebddiment i 2 static
irregular manner in a cylindrical diffusion colum

mixerlhfsedasnanehé awaieart passehbiodgh packimghll¥ic20 4 is a
flowng in opposite directions to each other to be in

schemd@Sz! Fgg_isﬂiec%g%a%ti’ewa@f di f EUSE9RPHOBRSSIiNG, | SiddWStwisted

execu n the case of a conventional packing

opirafEtiBbes I FUBILIA 000 0" GRS UL LRI A00R Bloccrive
view BfnadPreRruss CuBot Hothr CEEht EThBREI BRI R PI20FE! 4

pattern di agram showi ng a second enbodi nent of

FIG. 5 1is a basic constitutional diagram showing an
embodiment of a static mixer used in the present invention;

FIG. 6 1is a schematic diagram showing a diffused gas
aeration apparatus according to a first. embodiment of the
present invention;

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

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

FIG. 9 is a partly schematic bottom view cf a diffused gas
aeration apparatus according tc¢ the second embodiment of the

present invention;

FIG. 10 is a partly schematic perspective view 0f a gas
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the present invention; FIG 3 is a pattern di agram
showing a third enbodinent of 5 the present
i nvention; FIGS. 4A and 4B are views showi hg an
enbodi nent of a static mxer used in the present
invention, in which FIG 4Ais a schematic
blowoper spectioe Wewrding passages t ubscond h anilgldidendist etf the
spiral blades and simlarly FIG 4B is a schenmatic
presePel SPRCHH Mh; 10 view of a passage tube with |eft
twisted spiral blades; FIG 5 is a basic

st iht,ut j onal 'Rggggﬁ hQw enpodi pent, ofj &+ d
ﬁs;?(gti c::urri %(é(;r%usg(@e(E in r?se %\rglé:s@'gr??l%ilnventl oﬁ? FEi G l6 iuge Jas
a schematic diagﬁ;ams owng a diff gas_, aerati.on

d
2Tt Lo R St QG RO 1 1Tt Brbott ent oGO Hi- 15 of  the

present invention;, FIG 7 is a perspective view
preser’pol HRf ek ®hbodi ment of a spray nozzle used in the

first enbodi ment of the present invention; FIG 8 is

BEIGchdatis @i apgiawk odiagdiehf uskavies asr gnlppdipent when a

apparatus according to a second enbodi nent of the
diffupe@sephs | Reanttion Rfparktissa pacvtygisghensati che present

bottom view of a diffused gas aeration apparatus

invenBfERr iy AR 1tkike sesonte expogh Mo fs iRy RBFeSeAt activated
invention; 25 FIG 10 is a partly schematic

e lve view of a gas 29 bl owoff portion according
Sludg?oﬁéﬁggéécond enbodi nent of the

FIG. 13 is a block diagram showing an embodiment when
similarly applied to the diffusion processing of effluent:

FIG. 14 is a block diagram showing an embodiment when
similarly applied to an exhaust gas treating apparatus;

FIG. 15: is a block diagram showing an embodiment when
similarly applied to biological reaction using enzymes oOr
microorganisms;

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

| FIG. 17 is a pattern diagram showing a diffusion processing
apparatus of a conventional packing method.
DESCRIPTION OF REFERENCE NUMERALS
1, 8, 16, 23, 29, 35, 43, 50, 58, 7i: PASSAGE TUBE
2, 9, 13, 17, 24, 30, 41,
51, 57, 73, 77: _ STATIC MIXER

3, 10, 18, 38, 39, 42, 52, 789: ' SPACE PORTION
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present invention; FIG 11 is a schematic sectiona
view of a diffused gas aeration apparatus according
to a third enbodi nent of the 5 present invention;
FIG 12 is a block diagram showi ng an enbodi nent when
a diffused gas aeration apparatus according to the
5, 1iz2present4,in¢entbpn7és applied to aer@if OBLOWOEESBORYION
of an activated sludge nethod;* 10 FIG 13 is a bl ock
6, 14di agragyshewi ngpan embodi ment when sightaLiNTREPBbE ELG
to the di ffusion processing of effluent; FIG 14 is a
bl ock di agram show ng an enbodi nent imlarly
applied to an exhaust gas treating apparatus; FIG 15
IS bl ock ,di agram,show ng an enbodi nrent when 15
7 15$iﬁivaﬁﬁy égplggdnbg'biological reacti on using enzymes
or mcroorganisns; FIG 16 is a pattern diagram
81, 8dmowitmgl8R:aeration processing appaPafbdSBpP g GAS  AERATION
conventional panel diffuser nethod; and FIG 17 is a
pattern di agram show ng a di ffusi on HPPBBRATUAG 20
: apparatus of a conventional packing nethod.
4, 11DESCRI BZI OBloOFSREFEBENCE NUMERALS 1, PSEUMATI@3DIZPATCH LINE
35, 43, 50, 59, 71: PASSAGE TUBE 2, 9, 13, 17, 24,

45, 530, 641, 21, 78¢, 73, 77: STATI C M XERpnpOMBT1&0p13BATCH TUBE
38, 39, 42, 52 79: SPACE PORTI ON 30
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5, 12, 20, 44, 54, 65, 76: 6, 14, 22, 47, 53, 80: 7,
15, 21, 40, 49, 58, 70, 5 81, 87, 94, 102: 4, 11, 19,
84, 90, 97, 104: 45, 55, 61, 64, 75: GAS BLONOFF
PORTI ON LI QUI D- | NTRODUCI NG PORTI ON DI FFUSED GAS
AERATI ON APPARATUS PNEUNATI C DI SPATCH LI NE PNEUVATI C
DI SPATCH TUBE 31 CLAIMS ciathsdi ffused gas aeration
apparatus conprising: a cylindrical passage tube
ubst,ant i LSp d v «cally | ' f 1y .
, %éss£§ i%P%%%Sg%nggéém|éﬁféﬁﬁ%iti%gpg%%t?% wﬁ#@%ﬁisa?g° @
. _Static mxer is provide nd._a s bl.owoff portion .
evrindhitef, HEGRrS; BuBs PRt tabl Nt vpidiediy in
. and supplies gas to the inside of said passage tube ,
whicht fA-Bdgh PESERSundt i eR%i $pREEhUPAL HAESFRLRR Sy 1n which a
spray nozzle is provided; wherein gas is supplied to
statigandxgasibl pwortdednt 2o a iGRA PIyvaik roeiticeer | ¢ oth® lower
sai d passage tube fromthe | ower side of said passage
end stdbeofsaald gassangke | tgued fhovhupwahdsi rral parEplisds gas to
direction in said

the 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, ligquid 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
passage tube, and the gas and ligquid come in gas-ligquid contact
inside said passage tube to be discharged from the upper end

side of said passage tube into liquid.

2. A diffused gas aeration apparatus comprising: a

jcylindrical 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 dispatch
line and in which a static mixer is provided; wherein gas is
supplied to said gas blowoff porticn, liguid 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
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passage tube, and the gas and liquid conme in

gas-liquid contact inside said passage tube to be

di scharged fromthe upper end side of said passage

tube into liquid. 15 2. A diffused gas aeration

apparatus conprising: a cylindrical passage tube
passadelbstvs} i ahlly ttiesppsedarvertigal diycofie Whi Gfaddldighid contact

passes in the longitudinal direction and in which a

lnsmét @ta'le MBx&Lads RLGW ded, b@n%ﬁsm@é@w%mp%é OQpBBr end
I ower 20 end side of said passage tube, whic

shes I i nsi de of said passage
side ?ﬁbe %g§£5%§§%3%§%581 %é&%h line and in which a
statlc n1xer is provided; wherein gas is supplied to
said gas blowoff portion, liquid is introduced into
sai d passa%e tube fromthe | ower side of said passage
Bube, AsdiidIpsegagasngcriaddica FERRIENE GaPrdipar 419 ¢flaim 1
direction in said 32 passage tube, and the gas and
or 2,|whatrdinoseidnsgasiki quxeérchatsact plivrsildeysaifl graissdlgeblades
tube to be discharged fromthe upper end side of said
whichpassages e | itigHd qiwd st2d3. (Aldickitised gas apspti Ofwisted
apparatus according to claiml or 2, wherein said

(counSL L1 S ¥8L) has; applpnal h&y oF %ﬂiﬁ&ﬁ @a%@%%esWhéEQ formed

are elther rlght twmsted (Clockwise) or left tw sted

s | ock I I f
i1 SHTLETEL BN el BLALE! 87 LU pBR35R0%5 8 By

. are continuousl 10 oined to one anot her t
joinedidht nds - BRRERET nERROIShouER L RESTAnA et Pygdedn jin  the

sai d bl ades are forned of perforated
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 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%.

6. A diffused gas seration apparatus according to any one
of claims 1 to 5, wherein the rising speed of gas in said

passage tube is in the range of 0.1 to 10m/s.
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boards. 4. A diffused gas aeration apparatus according
to claim3, 15 wherein the dianeter of holes bored in
said blades are in the range of 5 to 30mm 5. A
di ffused gas aeration apparatus according to claim 3,
wherein the aperture ratio of holes bored in said
bl ades Bifinzed0gtbe aeaagd cof dpriara8% F&cokdirfd usedteny one
gas aeration apparatus according to any one of clains
of clhit® 51 Where,n {herkisi nghspaatiofy 98pekh S84 d gas in said
passage tube is in the range of O.f-to |Os. 25 33 7.
j S ratj par at rding to any one
passaﬁ?dtﬁé#ngglg?ztﬁé g%%ggiﬁﬁtﬁégr?gi%gﬁgbeed of gas in
said passage tube is in the range of 0.5 to 5m's. 8.
A diffused gas aeration apparatus according to any one
of clains 3 to 7, wherein the twist angle (spira
@ngl e GfEfpPsHedasSs 2FF2t3®N APPHERIWD 2oFF G AP any one
9. A diffused gas aeration apparatus according to any
of cleias 19 d¢fo clai mherain 3thaherwist t Bagdepplsphrpt akagle) of
of the anmount of air which flows fromthe | ower side
bladetois hestipped® si 4g°) nshtle 98a) d1elDf fasedl7gas aerati on
' apparatus is, when the water depth inside an aeration
tank is 2 to.6m in the range of 1800 to 21000
nBhour. 15 ’ -

9. A diffused gas aeration apparatus .accc;rding to any one
0of 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 tc 6m, in the range of 1800 to

21000 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 6m, in the range of 3600 to

12000 m®-hour.

11. A diffused gas aeration apparatus according to any one
of claims 1 to 3, wherein the supplying rate of gas which flows

from the lower side to the upper side inside said diffused gas
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10. A diffused gas aeration apparatus according to any
one of clains 1 to 3, wherein the supplying rate of
the anmount of air which flows fromthe |ower side to
t he upper side inside said diffused gas aeration
apparatus is, when the water depth 20 inside an
aeratoer akppartank iis,2 wleelnthen wiherr ahgetlof 18600et @ diffusion
12000 nB-hour. 11. A diffused gas aeration apparatus
‘tank BECDIr€b MGt oi@nyhOnean®d &f ai om0 1t 01 B0 0T BiPPnbhe.
supplying rate of gas which flows 25 fromthe | ower
side to the upper side inside said diffused gas 34
aeration apparatus is, when the water depth inside a
LT fusi Qe K L t . in_t range of 3600 t
T000% v BIRGE o0 “A3TpP e A Sortia hd Yo any one
apparatus according to any one 5 of clains 1 to_ 3, )
of clfidi%id the sg'ppl‘”ﬂ}ﬁ'fbelrpat %th §aEPt K189 57 Rty , 985 in a
which flows fromthe | ower side to the upper side
bioreagisprie whighdiffarsedigas adeatlorcrppadsat Use i Shenupper side
range of 0.1 to 5nfs. 35

inside said diffused gas aeration apparatus is in the range of

0.1 to 5m/s.
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