1 DESCRIPTION Title of Invention: APPARATUS FOR WASTEWATER TREATMENT 5 Technical
Field [0001] The present invention relates to an apparatus for wastewater treatment (which will be
referred to wastewater treatment apparatus hereinafter) which treats the wastewater with anaerobic
microorganism. 10 Background Art [0002] As a high $peed wastewater treatment method with the aid
of anaerobic microorganism, UASB (viz., Up-flow Anaerobic Sludge Bed) method has been known.
This method is a so-called anaerobic microorganism used wastewater treatment method in 15which
self-granulated microorganism granules, whi %] ach being 1 to 5 mm in diameter made
of mutually entangled anaerobic filamentous methanogen and exhibit excellent settling properties, are
held in a treatment apparatus. The feature of the UASB method is that the microorganism is held 20 as

the microorganipielgrafuiafve ALISANFAIPPRRATIS FORMWASTEW ATEReNt efficiency. [0003]
In the up-flow t robic microorganism used wastewater treatment method like the UASB
RERIVENT

method, self-gr rganism substances like the granules and 25 substances produced by
putting andsfixirkeakrnicabRighdnto carriers are held, as microorganism granules, in a treatment

apparatus there{@o@liTcre@ﬁ% GHPEW piveaiemMateJeatmse dn I\é% HidhgdFsroorganism granules

are held in a lower part of the treatment apparatus t_? form a sludge bed. In this method, 30 growth and
maintenance ofYARt6¥EERTsHheaHA &% ‘é’t?Hﬁ QB FELREbarater WRSIRY AfRFoorganism are

carried out in atsiegtercemtra@papptustire réi i {3 wsigle dnea teatievatas tevaaterobic
microorganism yith anaerobic microorganism.
10 Background Art

[0002] As a high speed wastewater treatment method with the
aid of anaerobic microorganism, UASB (viz., Up-flow Anaerobic
Sludge Bed) method has been known. This method is a so-called
anaerobic microorganism used wastewater treatment method in

15  which self-granulated microorganism granules, which are
granules each being 1 to 5 mm in diameter made of mutually
entangled anaerobic filamentous methanogen and exhibit
excellent settling properties, are held in a treatment apparatus.
The feature of the UASB method is that the microorganism is held

20 as the microorganism granules in concentrated form thereby to
increase the treatment efficiency.

[0003] In the up-flow type anaerobic microorganism used
wastewater treatment method like the UASB method, self-
granulated microorganism substances like the granules and

25 substances produced by putting and fixing microorganism onto
carriers are held, as microorganism granules, in a treatment
apparatus thereby to increase efficiency of wastewater treatment.

Most of the microorganism granules are held in a lower part of
the treatment apparatus to form a sludge bed. In this method,

30 growth and maintenance of microorganism, and separation
between treated water and the microorganism are carried out in
a single common apparatus.



used wastewater treatment, organic substances and nitrogen oxides in the wastewater undergo
biodegradation by the microorganism granules including anaerobic microorganism, 5 thereby to
produce various gases such as methane gas, carbon dioxide gas and nitrogen gas, etc.,. Because the
sludge bed has a large amount of microorganism hell therein, once the wastewater is led into the
sludge bed, the biodegradation treatment is actively carried out, so that the gases in the form of io
bubbles rise from the sludge bed toward an upper portion of the treatment apparatus. Some of the

bubbles are of gpeinat risgs UVARLIAGERGALEANEMINS Sidaa hedr Fh PG AL fhe bubbles

are of a type th esto oorganism granules to growde the same wi oyancy and rises

upward in the 16SeEbwRSICAPERAEICRIGERE \AIY BT Gr7ttBsEgAGS M FREhDIEEOEEBrder to prevent

the microorganisgideanHles & oua gteshatein @ e i ek e tatigie Biagparatus together with
treated water after the wastewater has been tr aé_F y the tre aratus, the treatment

b
apparatus has (HRFETPL ORISR P58 B AT R RS Bl BAS T AP Blibbles from the
microorgarfism ranelns tohergaki/selivadpasigas ae vt (Gesne tbaneddaspwargasiliquid interface

in the treatmentfppRIatYS LOAPHIE ReaMiErRe GaRIST gFn RS EtAE Yaeiger HAM RyBbles

adherent thereto and separate the bubbles fromthe 2 é?irﬁ)norganlsm ranyles by practically using

the upward flovf oPIRELEBIRSNS R CONLIBRGIRESTa R ¢S RIBEREN®he microorganism
granules havingvihstbuaties & pedaietiobrefstud getieedadiselidiseleyeidgtienice (GSS) settle (or

sink) into the S'@ﬁﬂ?&?ﬂ@%&? %WEEWFQJ“&W‘"‘%?W&EGJ {REYYLRUEA 30 Fag Hqgegradation

i .
treatment. [0005]In the up-flow type ahaerobic micrdorganism used wastewater treatment method like

the UASBYhetHdbBesIisadianvitiif gasianib e utig RNt Res PREtRBsPinthS tant in view of
treatment operatieatiaes fai pipe raethod. [BORRHdFiENeah nBeloaMg e doapief theatvastewater

treatment, mini%tgéiéattlig\gvg}i Fn%pé%aer%]esn%w rom .%Ceres ueéjge bed, and some of the

bubbles are of a type that adheres to the microorganism granules
to provide the same with buoyancy and rises upward in the

15 treatment apparatus together with the microorganism granules.
In order to prevent the microorganism granules from discharging
into outside of the treatment apparatus together with treated
water after the wastewater has been treated by the treatment
apparatus, the treatment apparatus has therein a gas/solid

20 separating device (GSS) that separates the bubbles from the
microorganism granules. The gas/solid separating device (GSS)
is located below a gas/liquid interface in the treatment apparatus
to capture the microorganism granules rising together with
bubbles adherent thereto and separate the bubbles from the

25 microorganism granules by practically using the upward flow of
the bubbles and collision of the granules with the bubbles. The
microorganism granules having the bubbles separated therefrom
at the gas/solid separating device (GSS) settle (or sink) into the
sludge bed again to contact with the wastewater to contribute to

30 the biodegradation treatment.
[0005] In the up-flow type anaerobic microorganism used
wastewater treatment method like the UASB method, the



5 water quality, a treatment apparatus as an apparatus having an improved gas/solid separating
device (GSS) has been proposed in which partition walls that constitute the GSS in the treatment
apparatus have characteristic combination (Patent Document-1). [0007] For providing the
microorganism granules with a io certain strength to prevent the microorganism from being damaged
by shocks attacked thereto in the GSS, a method has been proposed in which for carrying out
biodegradation treatment holding in a treatment apparatus granules composed of anaerobic ammonia

oxide mlcroorgaﬂﬁge ggp%g_o ||§jasd%§£lrl%t wgdmgrﬁgéi%tr&%t ent apparatus to

increase adhesio Ween mlcr anisms strong a ely packed granules that
exhibit excenerim@métm@hﬂah\ahamafsﬁteeiéf@ﬂm@aﬁaémm)use@rfﬁrttd?@cm@eth@cto Patent

Documents [Oop@ﬂﬁﬁé?nt DOQH”Wéwloﬁﬂf@é@%#—ﬁ Reendricst Anelinaiirawkaldrai) 2001-187394
Patent Documen anese. Lai Pate @g Ilcatlon g’ okkai),2003-24988 25 Summary of
Invention Probeg EBﬂ'é’Q oP“éH'Bgliﬁf?#ﬂ fg% ﬁor?ﬁ%q% b\ﬁn@n oM qléﬂgr?@&%ﬁque and
problems rﬁ)ssdﬁaéﬂrbquhét)ona@rﬁ@tahMlquemltLlSeaﬂléﬂvmaﬂbé'dS JBENOWRINASB (viz.,
Up-flow Anaerqpig, zéaﬁﬂ‘%% b%?a“t@rf&"&?élz?é@‘%@é@%*ﬁ%@%@éﬂ'%?dﬁ@géﬁaStewater

treatment method in WhICh self-granulated microorganism s, which are %ran les each being 1

to 5 mm in dladﬁtmgﬁ?%lﬁﬂa}?@ lscthah e %HE%FSb‘] A1 FreniButnd ERGind exhibit
excellent settlingopapattissharehetichiraateersticec abapbaratisn TRaddna hayrous featlye of the UASB

method is that theyRiF{oorgapisM AN RENE IS MR FBSFIY RN BIHRINES Wit a
10 certain strength to prevent the microorganism from being
damaged by shocks attacked thereto in the GSS, a method has
been proposed in which for carrying out biodegradation treatment
holding in a treatment apparatus granules composed of anaerobic
ammonia oxide microorganism, organic flocculant is added into
15 the interior of the treatment apparatus to increase adhesion
between microorganisms to produce strong and closely packed
granules that exhibit excellent settlement characteristic (Patent
Document-2).
Prior Art Documents
20 Patent Documents
[0008] Patent Document-1: Japanese Laid-open Patent
Application (Tokkai) 2001-187394
Patent Document-2: Japanese Laid-open Patent
Application (Tokkai) 2003-24988
25 Summary of Invention
Problems to be solved by Invention

[0009] In the following, conventional technique and
problems possessed by the conventional technique will be briefly
described.

30 [0010] UASB (viz., Up-flow Anaerobic Sludge Bed) method is
a so-called anaerobic microorganism used wastewater treatment
method in which self-granulated microorganism granules, which
are granules each being 1 to 5 mm in diameter made of mutually



5 concentrated form in a treatment apparatus thereby to increase the wastewater treatment efficiency.
[0011]With increase of load of the wastewater led into the treatment apparatus, biodegradation
wastewater treatment using organic substances is actively carried out in the sludge bed where io the
microorganism granules are collected, so that the amount of various gases such as methane gas,
carbon dioxide gas and nitrogen gas, etc., increases in accordance with microorganism metabolism.
Some of the bubbles of the gases are of a type that rises upward independently from the sludge bed

and some of th%r}?aﬁ:éq’gbesa RE@FO%?(?.% ﬁ%qt%ﬁ%)?ﬁgﬁ‘ﬁ egagérﬁ[[lséﬂ ahgé‘éi&;&organism granules to

provide the same witirbuoyancy and rises upwar eatment appara ogether with the
microorganism ex&eliest IsesdaaPprReMI 8% AiErbeighiismh demtnReHforPaRERBKSing into outside

of the treatment R@ aRPAsAlRgIOOaE e Al &reteH avalRSaftaf diR ypsiewiEthas been treated by the

he GSS | ided i ition bel /liquid
intertace o conlils 0 ARUISSIL AR SUARIREEHENG LU AGT ORP B QIS TARGrAAL thereto and

separate the buisbieenratéd farniciocagenesmigatiepby rastidadiyaiyniptieareased flow of the
bubbles and cofligiop, QEEEAREs W@éfh@é@ﬂb@f@@&'ﬁ@ﬁicroorgamism granules having the bubbles

separated the the GSS settle into the sludge bed again to contact with the wastewater to

refrom :
contribute the &Qgégﬁdatioryvﬂégtméﬁﬁ%ﬁ[@@ll% HethfciiBRIGWEESrGRIBE R SN6us substances
are known whidireaiérfos reixampia-atbsiabiceste tka dadinnes gstelvedd byredtpr@ntlasidg
. . . g : ! s In &
Case of contineg QR e e B B R e e

wastewatéP tretifeMiFiaRogaRMGIRNMiearga R gFaHuIeS il heaarearabiratus, the

following problayasitans! ¢xseeusuzi08s 3¢ the KeSGal)ecanitionrafoisteasaruiasdo which bubbles
have adhered arfac sub(%:ected to agbubble separation and then settle.l':n the. water in the treatment

apparatus. As HE188T Br95e trE&mie s Eetﬁérb%(a% [E8Sh YEMUST BREGRIS Altive and thus
the amount of gasda hwlieazesSacaerahgne e bblaacintie mrsesgarioh griyeshast remain in

the GSS togethgsudthy BuRias AdBRERH EINGIFHS iArBse BRIGEIE dha i gerigaprsegranules that

have the bubbles arat nd are settling, and thus, a larger amount of microorganism granules
15 u%%qes o) tﬁe gases arego?a type t%atgacliherers to {He g g

microorganism granules to provide the same with buoyancy and
rises upward in the treatment apparatus together with the
microorganism granules. In order to prevent the microorganism
granules from discharging into outside of the treatment

20 apparatus together with treated water after the wastewater has
been treated by the treatment apparatus, the GSS is provided in
the treatment apparatus at a position below a gas/liquid interface
to capture the microorganism granules rising together with
bubbles adherent thereto and separate the bubbles from the

25 microorganism granules by practically using the upward flow of
the bubbles and collision of granules with the bubbles. The
microorganism granules having the bubbles separated therefrom
at the GSS settle into the sludge bed again to contact with the
wastewater to contribute the biodegradation treatment.

30 [0012] As the microorganism granules, various substances
are known which are for example substances, like granules,
produced by self-granulated microorganism, and/or substances
produced by putting and fixing microorganism onto carriers. In



remains in the GSS disturbing the GSS from making normal 15operation. Thus, the microorganism
granule holding capacity of sludge bed is reduced bringing about such a problem that the wastewater
treatment efficiency is lowered. Furthermore, since the microorganism granules that have the bubbles
separated and settle from the GSS are forced to collile against bubbles and 20 bubble streams that
are being actively produced by the sludge bed, the microorganism granules are fragmented into
smaller granules deteriorating settlement characteristic, so that fragments of the smaller granules rise

to the surface o {#%t%f'%%ﬁfﬂﬂl@dgi}g 8£ H] %WléhﬁWﬁt|ng %tﬁgﬁgHsu}%@ %%charge of the

fragments from reatment apparatus Wh creasing stance value resulting in
that the quality PRI aBiged Wﬁ@é}r@a&ﬁéfbéllﬁﬁﬁldﬁ%@mmérﬁrﬁﬁméﬂﬁd@mmg settling of the

m'CVOOFQanlsmIQ&@LH@SﬁW'ﬁQdF@dMéHﬁﬁ'ﬁ e hrTafrem fetrien® SBpthesBagnicroorganism

ve the bubbles adherent thereto, so that the

granules may ¢ t rising bubbles and ha
microorganism Wﬂi&gr%e %z) g%uﬂbtlg R&hEled microorganism granules 6 lowering the
settling eff@ené@@ﬂ.ﬁﬂa mmré‘dr@hﬂﬁﬁ@r,atiﬂ@ﬁﬂmh%rmsmeg paobles. {00yAjThe present

invention is proyigsgly lakiAg HisrhareARETLpReL ean Ve o BABR BB Maiggipavigeration. 5 That
is, by closely ob ervn%%tﬁfth the rising phenomenon of the bubbles from the Sluc%ﬁ%%@ nd the

settling phenonBRENTHHE Ridd8 Y& Hem BrinGILESRM &S S8 RARH g examining
and testing the (G&EéOtrH!ketmlemeBsﬁSOM&gbiwlp@t&daﬂanMmmmetﬂmmme GSS has

been invented. élr% %gaﬂﬁ:&g\@%t%%ﬁﬂln égg%%n”{gpé%é%grmﬂ%grlelﬂ é\{ stwter treatment
ally anule

method practically using microorganism wastewater tfreaiment apparatds which, by

effectivelyl8epa?&iiAY 'bh@[ﬁlé@'ﬁmﬁ'fﬁé‘ N%&@h@ﬁﬁg?ﬁﬁﬁlé@fﬁé\%gﬂﬁ@ﬁﬁ@%s adhered thereto
and minimizingthgeteriacy hefwegiblee adherent thereto is larger than that of the

microorganism granules that have the bubbles separated and are
settling, and thus, a larger amount of microorganism granules
remains in the GSS disturbing the GSS from making normal

15 operation. Thus, the microorganism granule holding capacity of
sludge bed is reduced bringing about such a problem that the
wastewater treatment efficiency is lowered. Furthermore, since
the microorganism granules that have the bubbles separated and
settle from the GSS are forced to collide against bubbles and

20 bubble streams that are being actively produced by the sludge
bed, the microorganism granules are fragmented into smaller
granules deteriorating settlement characteristic, so that
fragments of the smaller granules rise to the surface of water
inducing mixing of the same with the treated water causing

25 discharge of the fragments from the treatment apparatus while
increasing the floating substance (SS) value resulting in that the
quality of the treated water is lowered, which is a problem.
Furthermore, during settling of the microorganism granules
having the bubbles separated therefrom from the GSS, the

30 microorganism granules may contact rising bubbles and have the
bubbles adherent thereto, so that the microorganism granules
may rise again as bubble adhered microorganism granules



isrising bubbles and settling microorganism granules, can suppress undesired outflow of the
microorganism granules into treated water, which would be caused by fragmentation of the
microorganism granules, and can operate under a high load while producing a stable quality of treated
water without lowering the zo wastewater treatment éfficiency. Means for solving problems [0015]In
the wastewater treatment apparatus according to a first aspect of the invention, a reactor vessel is
provided in which microorganism granules are precipitated in a lower layer part, 25wastewater led into

the reactor vessgel ' ' videddn,a | r ne re el is subjected
to biodegradatiﬁ%vfrge@#rggn@% r%gﬁlgﬁi%ﬁ%?%% é%e%ﬁi%%o?ﬁgnﬁggg ranﬁé['s gﬁ%ﬁ%%%zd water
produced by th¥/bicHelf RROEMFAMISTE discharged to the outside from a treated water outlet
30portion, whichog gharacteriged hrthas e Sipivad itRse I NPYivierE W Hshtexrisigti@m the side of the

inlet opening to_the side of the ouae%%ortiont. 7&0{%%% the wastgwater triﬁatm Nt apparatus
according to thé |Ps\f%§|51ee&%?ﬂ1% n MSH, IR1LP rigf;hu&réﬂ fe§UR ggagﬁjgrﬂlles or the like are
held in the Sowerhajeispdry ofldrelyactisarndsg todbribagisisigdgb eramenionastetteter is led into
the 5 sludge beg| fEThIgAGHIEERETE ity Ehe &if Hh @ BHENR ARchpiashviBiherRirge fisd thereby to

subject organic substances and nitrogen compounds contalnﬁd in the wastewater to the

biodegradation TEERRIABIRMoHR MIRR GrafR R Prea@sh CRIMHY W L8R 4E iR sludge bed
produces varioexgasissgcnd desbietgateegas S ddrothexplerpasaibogetvgas &hd the like. When

bubbles of the %%%?%Hg‘%%ﬁffdﬁ% Wﬁ&f@?rﬂ‘?@é@%%@wgﬁ IRgoHERIES provide the

microorganism 'granule uoyancy causm% microorganism granules to rise in the reactor

the
vessel. THE bulSIEQr&IRNER WilshENSIRERSE NG MY RITHEIhiSMRSRNASIBEPHIRER iA the sludge bed
rise alonga  wastewater treatment method practically using microorganism

granules, a wastewater treatment apparatus which, by effectively
separating bubbles from the microorganism granules having the
bubbles adhered thereto and minimizing the contact between the

15 rising bubbles and settling microorganism granules, can suppress
undesired outflow of the microorganism granules into treated
water, which would be caused by fragmentation of the
microorganism granules, and can operate under a high load while
producing a stable quality of treated water without lowering the

20 wastewater treatment efficiency.

Means for solving problems

[0015] In the wastewater treatment apparatus according to a
first aspect of the invention, a reactor vessel is provided in which
microorganism granules are precipitated in a lower layer part,

25 wastewater led into the reactor vessel through an inlet opening
provided in a lower part of the reactor vessel is subjected to
biodegradation treatment under existence of the microorganism
granules and treated water produced by the biodegradation
treatment is discharged to the outside from a treated water outlet

30 portion, which is characterized in that a spiral plate is provided
which extends from the side of the inlet opening to the side of the
outlet portion.



lower surface of the spiral plate. During this rising, the bubbles are separated from the bubble adhered
microorganism granules due to contact impact, such as collision of the bubble adhered microorganism
granules with the bubbles and the lower surface of 20 the spiral plate, the microorganism granules
settle down onto an upper surface of the spiral plate that is located under that lower surface of the
spiral plate. The microorganism granules thus put on the upper surface of the spiral plate slip down
along the upper surface of the spiral plate and finally arrive at the sludge bed 25located in the lower

part of the rea (ﬁ@; el to Cl?PFEé RN% Fefrté) ﬁggjl eE%h Pf&@daaé &E&?H nt%thls slipping

down the micr gan m granuies avol con |n Wlt at are rising fromhe lower surface
of the spiral p|atb%uﬁtr$ﬁ@smsmfea%mw@ﬁta@csh @ntﬁeqﬂrgaatgah.gﬁagtdﬁméy@“e@%uppressed

Furthermore, 't@l%’ﬁ‘(l RESWis that Fl’fk%sé*@%M'QWQF@WEQ@K@W{CM%QS@Q&&UGS and
thus rise again together with the bubbl the regctor vessel pﬁ Iﬁrlpr‘?t ettlement
characteristic oYﬁ%eS Frﬁpoé é’rﬁsﬂ? g%?le% Ay cWrﬂﬁ%?cW@ & stewater, the
above- merﬁlonswd@ethfmmhéhﬂd@U@amant grithuldeisig @pé&t&dﬂ@ct@r@l@f@lypm the sludge

bed, the microgiggRisRAEANIRS BERIStheradiared A ienguitfidregHemntieatsa vater is
discharged to the outside froni a treated water gg‘ﬂet pgﬂrtlon that is arranged at an upper part of the

reactor vessel. WHRISRGUBRRY Btk AR SUIRFBNALGFADIERE io are collected in a
space providedmbde gradatiart of datmeantor Dassdicbddheio dsghadstitio the aturtsaet [0018]1f

desired, the spirg| Eﬁgeﬂg%g%fé‘?te%%' E\fﬂ‘éigtéefét’#eﬁtﬁ%aﬁé%régxﬁasrlbf@ @Erasrlﬂﬂ“ﬁj with no

clearance therearoun n the wastew nt apparatus acc %ﬁz a second aspect
of the invéftior@fBEHRBAOIRE, cﬁ%FQ@t@rFiéUj5r&ﬁ‘®eﬁ1§"rﬁ%¢ﬂ16ﬁ%ﬁ&§pé’@?dﬂ invention, a

further characteyzrehnbutisicls proded #zad v e sotaldelate dasrenletdisposed therethrough,
the pole eXtendﬁqgcraclJ%nl%gﬂlg)ﬁ'wsSranules the bubbles provide the microorganism

granules with buoyancy causing the microorganism granules to
rise in the reactor vessel. The bubbles and the bubble adhered

15 microorganism granules produced in the sludge bed rise along a
lower surface of the spiral plate. During this rising, the bubbles
are separated from the bubble adhered microorganism granules
due to contact impact, such as collision of the bubble adhered
microorganism granules with the bubbles and the lower surface of

20 the spiral plate, the microorganism granules settle down onto an
upper surface of the spiral plate that is located under that lower
surface of the spiral plate. The microorganism granules thus put
on the upper surface of the spiral plate slip down along the upper
surface of the spiral plate and finally arrive at the sludge bed

25 located in the lower part of the reactor vessel to contact the
wastewater to contribute biodegradation. During this slipping
down, the microorganism granules avoid contacting with bubbles
that are rising from the lower surface of the spiral plate and thus
undesired fragmentation of the microorganism granules is

30 suppressed. Furthermore, it never occurs that the settling
microorganism granules catch the rising bubbles and thus rise
again together with the bubbles in the reactor vessel, which



20the reactor vessel. [0020]In the wastewater treatment apparatus according to the second aspect of
the invention, in addition to the operation of the first aspect of the invention, the following operation is
obtained. That is, due to provision of the pole disposed through 25the spiral plate, the bubbles and the
bubble adhered microorganism granules don't rise rapidly but move upward in a spiral manner along
the lower surface of the spiral plate, so that they stay in the vessel for a longer time increasing the
chance of collision of them with the bubbles and the lower surface of the 30spiral plate, which brings

about increase i U, 63/ sl scrAEan e i JOGRL BbR I ARIENRIR Yient apparatus

according to a thir@ aspect of the invention, In addifion to the characterize arrangement of the first
and second as{E@8WeSHe invention, a further characterized matter is provided in which upper and

lower surfaces phgiezgpiral plafeairelive Mpy@st e atATERtcHF ftard AnaralBeerote spiral plate to a
wall of the reactqr vessel. 5 [0022]|n the wastewatflrri?reatment afé)aratus accord'%%/to the third aspect
: .

of the invention? PAGATE B RE [JQI%YISW&QE& 2A8'§ER8 %@\éé‘&%?ﬂ% %tion, the
upward inclinatf@pegtieduppecandingly; sortheeslofdpe @) phrerm cheatigenismirom the axial part

of the spiral plajf 4 eavaloblo tmrBRREEsSLP TSI AR FRedalawinarpeyptpgeous

operation. That’s, it is possible to separate two flow n}ia radial direction, one beln? an upward flow of
the bubbles an¥'#EbIBSISSARERR TR ?gQHE'ijSr FRMPHEHE S MR 1R A 8bwnward flow of
the microorganjsorigoamthest Withrtaindled a6 sapapyen partesfirtucfneemototatiessdlthe downward

flowing While, the bubbles that have been separated by the spiral plate

10 are collected in a space provided at an upper part of the reactor
vessel and then discharged to the outside.

[0018] If desired, the spiral plate may be of integral type or
split type so long as it can be arranged with no clearance
therearound.

15 [0019] In the wastewater treatment apparatus according to a
second aspect of the invention, in addition to the characterized
arrangement of the first aspect of the invention, a further
characterized manner is provided in which the spiral plate has a
pole disposed therethrough, the pole extending along an axis of

20 the reactor vessel.

[0020] In the wastewater treatment apparatus according to
the second aspect of the invention, in addition to the operation of
the first aspect of the invention, the following operation is
obtained. That is, due to provision of the pole disposed through

25 the spiral plate, the bubbles and the bubble adhered
microorganism granules don’t rise rapidly but move upward in a
spiral manner along the lower surface of the spiral plate, so that
they stay in the vessel for a longer time increasing the chance of
collision of them with the bubbles and the lower surface of the

30 spiral plate, which brings about increase in the gas/solid
separation efficiency.

[0021] In the wastewater treatment apparatus according to a
third aspect of the invention, in addition to the characterized



microorganism granules is suppressed or at least minimized. Furthermore, since the bubbles and the
bubble adhered microorganism granules tend to collect at the side of the wall of the reactor vessel,
collision of the rising bubbles with the bubble 20adhered microorganism granules is closely carried out,
which brings about not only increase in the gas/solidseparation efficiency but also the following
advantageous operation. That is, since the microorganism granules having the bubbles separated
therefrom tend to collect in the vicinity of the axis part of the 25 spiral plate and tend to slip down, the

moved istance ol i DNFLIVRTIRE FIAPURHS SRASLAR SOMPREA A e wherein the

microorganism granufes sli af random onan Incline-free upper surface of a spiral plate that is
caused by the $HE Beighe pactedzed by abiarie BrAVIEAahHY Meaishia BP®e 300 \WEthe reactor

vessel. Thus, ithgdeeengprhbepiicopraeadisearrnulss sa8 sReedilydetisn B dre gHdge bed
located in the lower part gf trIE reactar v 8?861} and conta tvx(/ﬁ't 10 newlé led was}ewater to contribute
rald f

to biodegradatiaﬁ( 'gétggl QQp%%t'é‘-i’ioR EPer@’ %tﬁ?@ﬁt ﬁi&gﬁéﬁ T0023]In the
wastewateb treafdflehd hppardind becoraiftg wadeo drnhaispeot o pima hakigiosCor dinigion to the

characterized 5 aEangRIN§EhatINGriRle AL TAird daRRSE @ thrivymatignon ther

characterized matter is provided in which the s%pilsr??l y]g]late comprises a plurality of spiral units and
a

mutually neightBfngShRst SELPRErRTART 2 fat MRite WEn BRsHalbe & PMEAEFcumferential direction.
10 [0024]In theinelsteatader afebimand ppparatlscaweordinddadisedb e appext pfate invention, in

addition to the i "AORIIR S Rh PRER, H?jfdo?sc‘Fbeec.Eg‘??é@?itﬂgge@%’l?h@%%‘?ﬁwC“O” in

diap
which the spiraH%@ate comprises a plurality o?s iral units brings owing advantageous

operation 195 TH@ i BuNSIESRIRTRgmRRYVIE IR HALIAWING ASMgHRdEsd8f the spiral plate
violently collides padtrs the Tovatrisyiass potutipind Blaarateitueo tiewslbles astiered to the
TSI B ADIH AL AN ERRAHE HEATOP B BOBIRY R gy tes: Accordinaly
bubble adhered microorganism granules and the other being a
downward flow of the microorganism granules. With this flow

15 separation, undesired fragmentation of the downward flowing

microorganism granules is suppressed or at least minimized.
Furthermore, since the bubbles and the bubble adhered
microorganism granules tend to collect at the side of the wall of
the reactor vessel, collision of the rising bubbles with the bubble

20 adhered microorganism granules is closely carried out, which
brings about not only increase in the gas/solid separation
efficiency but also the following advantageous operation. That is,
since the microorganism granules having the bubbles separated
therefrom tend to collect in the vicinity of the axis part of the

25 spiral plate and tend to slip down, the moved distance of the
microorganism granules is shortened as compared with a case
wherein the microorganism granules slip down at random on an
incline-free upper surface of a spiral plate that is caused by the
same height possessed by both the axis part and the side of the

30 wall of the reactor vessel. Thus, in the invention, the
microorganism granules can speedily return to the sludge bed
located in the lower part of the reactor vessel and contact with



20 microorganism granules to the sludge bed provided at the lower part of the reactor vessel is
speedily carried out causing the sludge bed to contain a sufficient amount of microorganism granules
and thus the wastewater treatment efficiency is increased. 25 [0025]In the wastewater treatment
apparatus according to a fifth aspect of the inventiori0in addition to the characterized arrangement of
the first, second and third aspects of the invention, a further characterized matter is provided in which
the spiral plate comprises a plurality of spiral units, at least paired 30 neighboring two of the spiral

units are so formag |E’dh®‘ées9é’p®%%8(f FH@B@W@GP%%%%MPQH%H@H?&VWiSHﬂ'?rﬂ‘;f the paired

neighboring two spiral units are spaced apart from eac other&g_ ‘given angle’in a circumferential
direction. 11 [0®2BRAtdTasiinge RS IMmdRCabiRatiNe R IFISIRNGYthe fifth aspect of the

invention, in adpsizp39 the opgratieneidheviiste secoathaad thishasaeds gkt iMgntiom the
following advarga eous operatiop is further gbtained. That,is, the waggl-S moving stream composed
of the bubbles SRATHE BOBER Rired WeRpriE A dANGRR e e ARERESR turming
direction athe & o epitad Uibitevfiess, thecpirdl airdctioinds asp@gesi ot ehus, the
upward-moving sgad iR & Kok endetvadasiiites FOPRSURIMthAARS hRIein an

upward-moving io_stream goes along spiral units Whos? slglral directions extend in a given common
nA'm

direction, the pREHEHhSBHFCFRAARITRERE HRIMERLEY V) NS BRARIRLRIN the bubble
adhered microargéagiryo i regn @ asl & ddrgelyy bioea g uvby BpEtalunéty tow ofdvdamyedtd-moving

stream caused ilp‘yéﬁa rddgﬁﬂ}gpélﬁtmaaﬁg&fi gﬁe stream, and thus, the bubbles are easily separated

from the bubble adhere mlcroorganlsm ranules, which brings about improvement of the gas/solid

separatiod0Thd 3818 hoint WReFBenW asteyRERRiERIFARNEARRAM G HE BGSBIA RE S ated
therefrom settle laiefoine:fanep dav o Mdvedrdavmtitiamithe eaftidpotihermpiogetitiowa the lower

spiral unit is noEﬁéqﬂint that is n(t%fr thgrﬁﬁ)ﬁ%r. side oEthefs(ﬁ%ral.unit Iqélzated just below that end of the
e spi

spiral unit, but a p0|n{ ﬁ%atsgccg)nn &' ARRR2(Y do\n r[])\égl?l R'3% thi end of that same spiral

unit. The microeaRsliuCEemineyvhuch it il fiates e aumsas iy s tadhppér surface of the
spiral unit and rgpeai SHitsSriARENaHEVRPSBLRNIGINALY sefiahia Jed Bl dgsdrgtidn.case wherein

never ocotts (1L Hlel i BUARI GBS SRR ATIS B ERH o S0 Fle a0upper
surfaces of the Sepd wfith) arspthals plaéenocddntistanakides against the lower
surface of the spiral plate and thus, the bubbles adhered to the
microorganism granules tend to be easily separated from the
microorganism granules. Accordingly, the returning of the

20 microorganism granules to the sludge bed provided at the lower
part of the reactor vessel is speedily carried out causing the
sludge bed to contain a sufficient amount of microorganism
granules and thus the wastewater treatment efficiency is
increased.

25 [0025] In the wastewater treatment apparatus according to a
fifth aspect of the invention, in addition to the characterized
arrangement of the first, second and third aspects of the
invention, a further characterized matter is provided in which the
spiral plate comprises a plurality of spiral units, at least paired

30 neighboring two of the spiral units are so formed as to have
opposed turning directions and mutually neighboring ends of the
paired neighboring two spiral units are spaced apart from each
other by a given angle in a circumferential direction.



of the granules is shortened. As a result, as compared with a case of using a spiral plate in which the
ends of the neighboring spiral units are not placed at different positions in a 12 circumferential
direction, the microorganism granules having the bubbles separated therefrom can return to the sludge
bed much quickly. With this, the sludge bed located &t the lower layer part of the reactor vessel can
hold much more microorganism 5granules for carrying out the biodegradation treatment and thus, the
wastewater treatment efficiency is increased. [0027]In the wastewater treatment apparatus according
to a sixth aspe invenfign. It [ ne figst to fifth
aspects of the m%{@n, a fuirﬁlcatﬁ %?gg%%pe\%)ztgd]g Eﬁgﬁﬁﬁg’éﬁi’ﬁ%ﬁﬁgﬁ%ﬁ%@%@s are

provided to the 1B&difE0rezRastivé sprRdnygRtie Mafflead@idobtthsvaipe FRfiosr Blibbles and

bubble adheredRicfipgtgarisBherainiesh (P92 \watiewHRIdRASNERhaPRATaivmaccording to
15the sixth aspe% of the invention, in dditiondftﬁr he 0@ tion of t firgt.to fifth a‘?ﬁf{Cts f the
i

invention, the fEROVR aa%%ng’agg&@ Bg‘réﬁ r?Elrt Pifed. IBS fS’p'faﬁs' §he baffle
plates providedron ired sstee dmfacerud dsedpiratbrateud it cansind &/iky bibleaad heregnent) of the

bubbles and theAL Biphls AR SFEMIALYTINIPER AR URBRICE BlMEN ARG aHE G dybbles and
bubble adhered ml?gg?@r%ﬁ&granules accumulates, they rush to rise fromthe baffleé)lates and run

along the lowerPduf RaPBIAt HiRlek R BroREcEPARIGENAY G RMIBr erable that
the lump of buldntes thusinthib euppveard-toon26 gy stiealin dattbelswd dimb@abthabldes plaksd at the

upper side of t iraj.pl ile 1ising t fgpq %T' | plat S0, rising
bubbles violeng gtgﬁr@et:'a%%iﬁgﬂﬁeé%%b@%%e?e% %&@%ﬁ%r@ granu eH;1 E%ﬁ\s;m; easy separation
of the bubBles #biRARR BASISELINBrERIfE tHEMbRER ISR GhAiINestionasxteadiinaurning of the

microorganism giaeH1ed tarhersldiieehied |agatedad lagrienenpart st drgrigagier iugpsedily made and

thus, the wasteygier 6eRURe0L RIALRCY R I HIR cH BAEI5O aiigisose hat obsiruct he

microorganism granules is largely carried out by the turbulent
flow of the upward-moving stream caused by the direction

15 change of the stream, and thus, the bubbles are easily separated
from the bubble adhered microorganism granules, which brings
about improvement of the gas/solid separation. The settle point
where the microorganism granules having the bubbles separated
therefrom settle after the same have moved down from the end

20 of the spiral unit toward the lower spiral unit is not a point that is
near the upper side of the spiral unit located just below that end
of the spiral unit, but a point that is on that same spiral unit at a
down position of that end of that same spiral unit. The
microorganism granules put on the settle point slip down along

25 the upper surface of the spiral unit and repeat such slip down
movement and finally return to the sludge bed. In case wherein
the ends of the neighboring spiral units are placed at different
positions in a circumferential direction, it never occurs that the
microorganism granules slip down along the entire course of the

30 upper surfaces of the spiral units, and thus, the moved distance
of the granules is shortened. As a result, as compared with a
case of using a spiral plate in which the ends of the neighboring
spiral units are not placed at different positions in a



13 microorganism granules and bubbles from rising along the lower surface of the spiral plate.
However, each baffle plate should have a height that does not extremely obstruct the upward flow, and
a free end of each baffle plate may have a linear flat shape 5 or a saw tooth shape. [0029]In the
wastewater treatment apparatus according to a sevedgth aspect of the invention, in addition to the
characterized arrangement of the first to sixth aspect of the invention, a further characterized matter is
provided in which the spiral plate has a 10 portion embedded in the sludge bed which is composed of

the microorganisp qipules depqnfiedin theouey javst patt Sl fhe jeacigLxgsselgQaQin the

wastewater treatment apparatus accor g’to e seven Spec invention, | ddition to the

operation 150f tebikesoSsiRa akpect eFeheoiivearbRe v Tollowig Slideragesusssdration is

further obtainecy Berprse/RigomtioR of HeesInidR & Btalisrabeddadindhe wiedagradpthe wastewater
led into the reactﬁ vessel ‘iéforced to move in we sludge bed alon(glithe spiral plate. As a result,

undesired phen% g?oﬁ?@ ?E(ygﬁgﬁ!eﬁQB\D,q wrﬂildﬁah@%%t@vx'/ 8PIPa3 dge bed would get out
the sludge hed gratavigsFenmaeysed, anichhe aitdrdnedaisents eatafentvaind tieusastewater

and microorganigg W@éﬂé%'ﬁ@?ﬁ%ﬁ%ﬁ?ﬁﬁ@%’ﬁ@? 8 qtﬁ,%,sélé(%pet and thus a contact/mixing

effect is increas[ed. Furthermore, because the 25wastewater is enforcedly guided by thaeqi%iral plate,

the flow of highl88<4lLie wagfé\k}&?e?"@%E%PJ&EU%M@Q@(%?BEW&% s,
undesired bloclsigthos e rtacfarhe $aelambioln wiou Bidabtban sexl thesahb idatesregortion is
d [Xi t 4 | bed s i 0 ,
e shoriranden et S el 66 iﬁﬁ?%%@ggﬁ?rfgﬁc%v@?)%?ﬁ?@aﬁamﬁﬁ
wastewatdP is €@ RGN 7R tBrJEeeis provided in which baffle plates are

provided to the lower surface of the spiral plate to baffle and
obstruct upward flow of bubbles and bubble adhered
microorganism granules.
[0028] In the wastewater treatment apparatus according to
15 the sixth aspect of the invention, in addition to the operation of
the first to fifth aspects of the invention, the following
advantageous operation is further obtained. Due to provision of
the baffle plates provided on the lower surface of the spiral plate
to baffle rising (viz., upward movement) of the bubbles and the
20 bubble adhered microorganism granules, once a given amount of
bubbles and bubble adhered microorganism granules accumulates,
they rush to rise from the baffle plates and run along the lower
surface of the spiral plate thereby to produce a rapid upward flow.
It is preferable that the lump of bubbles forming the upward flow
25 gradually catches a lump of bubbles placed at the upper side of
the spiral plate, while rising along the lower surface of the spiral
plate. If so, rising bubbles violently collide against the bubble
adhered microorganism granules causing easy separation of the
bubbles from the bubble adhered to the microorganism granules.
30 As a result, returning of the microorganism granules to the
sludge bed located at the lower part of the reactor is speedily
made and thus, the wastewater treatment efficiency is increased.
The baffle plates are those that obstruct the bubble adhered



Advantages of Invention 14 [0031]As is described hereinabove, in accordance with the present
invention, a spiral plate is arranged in a treatment apparatus to provide the spiral plate with a gas/solid
separation function. With this, bubbles are effectively separated from 5 bubble adhered microorganism
granules, and by minimizing the contact between bulibles and settling microorganism granules,
undesired mixing of the microorganism granules with treated water, which would be caused by
fragmentation of the microorganism granules, is suppressed or at least minimized. 10 Thus, in

accordance wit r p s which can
operate under H}}t&?djﬁ?gﬁﬂ%ﬁﬁ p@é%ﬁglﬁrg gag @lbffg}%%i%afwﬁ%ﬁgﬁ \g %?e?@thout §\?\§/;§rﬁlrj19 the
wastewater tre%%ﬁ@@fﬂ&éh@ysEUO@bﬂiéFﬁ}erﬁﬁ@VéeMﬁdeﬁa&ﬂ\ ghiitenelade ishemtsh rising 15bubbles
adhere to Setﬂ"ﬂﬁaVéCéOﬁ@Q'ﬁﬁfﬂﬁtaﬂ@% m@@&@@bﬁ@@@tﬁ%wmrgawrwmfwles and the

bubble adhered m anism nule rls ressed or least ized. As a result,
fragmentation oql?ﬁ‘gahic%go qﬁgﬁ l?pﬁ%gﬁ jﬁ% Mhefs ﬂﬁr?& é%glghap &f the
20microorganisoi @rmetosthcsém BRIEF DESCRIPTION OF DRAWINGS [0033]Fig. 1is a
schematic viewy @aﬂmgew) ShRving & HsticsinRerinenl il SrivanipuritUECALRE R RRPREAR!S of the

present invention; 2 2 is an ezlar ged view of an interior. of a reactor employed i the first

embodiment of$R¥SHLteRSREFH Qe IPRERMs 7 tRE PPN NTRL ractﬁazg a schematic
view (side viewa al'mvgegrfesmooﬁdrmrfmmhmmmhhaspeﬁbwamarﬂmmanbaprmrmmm

30present inveRiian, terized matter is provided in which the spiral plate has a

10 portion embedded in the sludge bed which is composed of the
microorganism granules deposited in the lower layer part of the
reactor vessel.

[0030] In the wastewater treatment apparatus according to
the seventh aspect of the invention, in addition to the operation

15  of the first to sixth aspects of the invention, the following
advantageous operation is further obtained. Because a portion of
the spiral plate is embedded in the sludge bed, the wastewater
led into the reactor vessel is forced to move in the sludge bed
along the spiral plate. As a result, undesired phenomenon, viz.,

20 shorten flow, in which the wastewater in the sludge bed would
get out the sludge bed instantly is suppressed, which is able to
increase the time for which the wastewater and microorganism
granules keep contact therebetween in the sludge bet and thus a
contact/mixing effect is increased. Furthermore, because the

25 wastewater is enforcedly guided by the spiral plate, the flow of
high SS value wastewater is suppressed from having a stagnant
portion and thus, undesired blockage of the reactor vessel which
would be caused by such stagnant portion is suppressed and thus
the contact/mixing effect in the sludge bed is increased.

30 Furthermore, undesired shortened flow of the wastewater is
suppressed irrespective of the way in which the wastewater is led
into the reactor vessel.

Advantages of Invention



Fig. 4 is an enlarged view of an interior of a reactor employed in the second embodiment of the
wastewater treatment apparatus of the present invention; 15 Fig. 5 is a schematic view (side view)
showing a third embodiment of the wastewater treatment apparatus of the present invention; Fig.
6 is a schematic view (plan view) showing the third 34mbodiment of the wastewater treatment
apparatus of the present invention; Fig. 7 is a schematic view (plan view) showing the third
embodiment of the wastewater treatment apparatus of the present invention; 10Fig. 8 is a schematic

view (side viewt:c?g%ﬁ/i@g a fwgt%gg&%qii ggtﬁé;;gin\gg%tsgagﬁ; ﬁﬁ@ém]é é\ngglr?%r%iﬁ%f the present

invention; a schematic view (side view) showing _ € wastewater
treatment appaPi€SSITtHBVISHredbnBiRRiMbRI AR IS amanded i stEaRBSMw (side view)

showing a sixthagipBedttietoop HiR RS teiwateyi tegayiRe Bt ARpRRERIYS bR LRSsaF dtusntion.
EMBODI_MENT‘S OF.INVEN&%V\Q}ZO [%)O&Bdfél’? thteoI!é)ﬁ/in i erTbodimer?éﬁﬂ%Lfe resent_ invention will
be described Wft’\r}g{‘@@hc 10 the ‘a8 ?ﬁ—’na Gr&tiR V[E YsCERMD 'Ef) 35]Figs. 1 and 2
are drawings siawihteadfitsiezs @mbedirmegaoi snvadienakes freatinbyt Rppimizis of the present
invention. [003@M\sristautvBdTigh b ¥/atia iR FRAIMRRALBPEAIILIR 19 frImsYises a reactor
vessel 1, a sludge bed 9 held.in a lower part of the reactdor vessel 1 and includin
undesired mixing of the microorganism granules with tre%ted
water, which would be caused by fragmentation of the
microorganism granules, is suppressed or at least minimized.
10 Thus, in accordance with the present invention, there is provided
a wastewater treatment apparatus which can operate under a
high load while producing a stable quality of treated water
without lowering the wastewater treatment efficiency.
[0032] Furthermore, undesired phenomenon in which rising
15 bubbles adhere to settling microorganism granules to form
bubble adhered microorganism granules and the bubble adhered
microorganism granules rise again is suppressed or at least
minimized. As a result, fragmentation of the microorganism
granules is suppressed and the settling efficiency of the
20 microorganism granules is increased.
BRIEF DESCRIPTION OF DRAWINGS
[0033]Fig. 1 is a schematic view (side view) showing a first
embodiment of a wastewater treatment apparatus of the present
invention;
25 Fig. 2 is an enlarged view of an interior of a reactor
employed in the first embodiment of the wastewater treatment
apparatus of the present invention;
Fig. 3 is a schematic view (side view) showing a second
embodiment of the wastewater treatment apparatus of the
30 present invention;
Fig. 4 is an enlarged view of an interior of a reactor
employed in the second embodiment of the wastewater treatment
apparatus of the present invention;



30 microorganism granules, a pole 2 extending between lower and upper ends of the reactor vessel 1
along an axis of the reactor vessel 1, and a spiral plate 3 that is provided between a wall (or inner wall
surface) of the reactor vessel 1 and the pole 2 and 16 extends in a so-called spiral manner between
an upper face 9a of the sludge bed 9 in the reactor Mssel 1 and a gas/liquid interface of the reactor
vessel 1. Upper and lower surfaces of the spiral plate 3 spirally extend upward in the reactor vessel 1
defining an 5 angle of, for example, 10 to 60 degrees relative to a bottom wall of the reactor vessel 1.

The angle is so determine tq al mmfkie 10, e ' rganism granules 12 and
microorganism granu:’glis%ﬁs?oﬁsmgo%e@g%ong éeéslp%?\é&%ﬁé X? v%m)%%agmlgﬁ %?@?s@ determined as not
to fragment the@HYRRFHGIGBAISM ranurs eV HiersHhaptMeas ISP AFEHvetiENse caused by a too
sharp angle. Thsttdseasifablgtangle is set by a design. The upper and lower surfaces of the spiral

plate 3 have the same_height.at both the side of. the pole 2 (viz., axis) and the side of the wall of the
reactor vessel 1. Theegféa B b%[ﬁg‘émgﬁﬁp\é\'e%cf PA%P&)SH\Q é‘%‘ﬂﬂzt SICI'E’ '5%te 3isso
determinedthaeevbadinzenhebbblevasihendteictooagamsmt grparesus ahdhhe microorganism

granules 11 m%@mwﬂpgﬂtjaﬁpposed directions, they are prevented from contacting to and
interfering from each other._Considering this, the distance is 20 determined to 10 mm and above, as a
minimum value, which i 9twiclS & REFRAHE HSHUATLIIE W 1SWHINE H2E SHINES the size of the
microorganism gnaboleésridn{ béttk eswds tistartesr irdatermemed ppéretfiescotdhe the size of the
microorganism FQEH‘%‘? ﬂ.ljvjqultigp.the reactor vessel 1 and determined so that 25 movements of the
bubbles 10 and microorganism grahules 11 do not interfere with each other. If fixing of the spiral plate
3 is madeBy only the Fidll & thear8sB@MRLSY EWhESHBR Vigvhy BRANMIR@E PEEER of omitting the

pole 2, it is preferabledmsieteraing thoviastios atéretspiahitaie 3ipA-delie ddrpee than 30 the radius

of the reactor ve§sel 1n'£nirc])(/der§ tlo R[event the bubbles 10 and bubble adhered microorganism granules
12 from straying OtPEHE 1GWE shﬂaée of the spiral plate 3 and straightly rising. 17 [0037]With the aid

of a water pump 5, wasi@w3tés 6 isqbe matihe/iencisidessigw frehoavie\gea giithof the vessel 1 and
guided to the slggSRAFHBNYBIeEHEaRIRStMRERRR 7 tredlied dhihsppasktiuessankis discharged to the

outside from an upper . . )
15 prggent invention; and

Fig. 10 is a schematic view (side view) showing a sixth
embodiment of the wastewater treatment apparatus of the
present invention.

EMBODIMENTS OF INVENTION

20 [0034] In the following, embodiments of the present
invention will be described with reference to the accompanying
drawings.

[First Embodiment]

[0035] Figs. 1 and 2 are drawings showing a first

25 embodiment of a wastewater treatment apparatus of the present
invention.
[0036] As is shown in Fig. 1, the wastewater treatment
apparatus 100 comprises a reactor vessel 1, a sludge bed 9 held
in a lower part of the reactor vessel 1 and including

30 microorganism granules, a pole 2 extending between lower and
upper ends of the reactor vessel 1 along an axis of the reactor
vessel 1, and a spiral plate 3 that is provided between a wall (or
inner wall surface) of the reactor vessel 1 and the pole 2 and



5 part of the vessel. As an example of ways for discharging the treated water 7, there is a system in
which a SS trap 4 is provided to the wall of the reactor vessel 1 at a position of the gas/liquid interface
and treated water 7 overflowing the SS trap 4 is discharged to the outside. 10[0038]Fig. 2 shows the
spiral plate 3 arranged in the reactor vessel 1, whichlés a schematically illustrated enlarged view of the
interior of the reactor vessel 1 showing movement (viz., moving direction) of the bubbles 10, the
bubble adhered microorganism granules 12 and the microorganism granules 11 having the 15 bubbles

10 separated t r 039 i I indicates
the mmroorgan@fr?%’?g%u‘ﬂ gl%ﬂn%l cat %ﬁf@@%ﬂ%@h@ﬁ%ﬁ? é g?gfgggle%s% %; indicates
the moving dirddi@ 5 bidee mﬂ)@slmdaﬁdwmbmesﬁﬁm&e@r@@mug@@ft@mgmrgt@rf@@@ 12, 14
indicates the mgvlﬂgénggtg@@mm@mqroqaﬁgm geanoleerldupRetds bigriesprsattling direction

of the microorganism granules 11 ve the b bb S se ed therefro 40]In the following,
operation of theDFF?Z?egnBBH f’rﬁy 9% Hé) W@r $ Ca'a\t{'%%irf ﬂ%oﬁ)ﬂ ’i@ 88cribed with
reference t6 Figeiglaref ZfWMWMthﬁd@fﬁﬂed@eemm&m&e wastbetliens wadd into the

sludge bed 9 INJheHEARALHERSAJSUP. PRV RIS cerciainers isled yipstewater led.
into the sludge 30 bed 9 fram tin% oweﬁgﬁ]art of the reactor vessel 1 is forced tQ con ict to and mix with

the microorganRHPEI&SUIEY He anheled B HROIE8 RSN H BMRR N 2GS s produced by the
biodegradation néatotarg ai ke siurdae el DIfdionrpay euddlolag the spiral plate 3

without a hitch, and so determined as not to fragment the

10 microorganism granules 11 into smaller granules which would be
caused by a too sharp angle. That is, a suitable angle is set by a
design. The upper and lower surfaces of the spiral plate 3 have
the same height at both the side of the pole 2 (viz., axis) and the
side of the wall of the reactor vessel 1. The distance between

15 upper and lower vane parts of the spiral plate 3 is so determined
that even when the bubble adhered microorganism granules 12
and the microorganism granules 11 make a movement in
opposed directions, they are prevented from contacting to and
interfering from each other. Considering this, the distance is

20 determined to 10 mm and above, as a minimum value, which is
twice as long as the maximum value of 1 to 5 mm that shows the
size of the microorganism granules 11. That is, such distance is
determined with reference to the size of the microorganism
granules 11 led into the reactor vessel 1 and determined so that

25 movements of the bubbles 10 and microorganism granules 11 do
not interfere with each other. If fixing of the spiral plate 3 is
made by only the wall of the reactor vessel 1, the pole 2 may be
omitted. In case of omitting the pole 2, it is preferable to
determine the radius of the spiral plate 3 to a value larger than

30 the radius of the reactor vessel 1 in order to prevent the bubbles
10 and bubble adhered microorganism granules 12 from straying
off the lower surface of the spiral plate 3 and straightly rising.



18 10 and adhere to the microorganism granules 11 provide the same with a certain buoyancy causing
the same to rise in the reactor vessel 1. The bubbles 10 and bubble adhered microorganism granules
12 rising from the sludge bed 9 rise 5upward along a lower surface of the spiral plate 3 following the
indicated direction 13 which shows the moving direction of the bubbles 10 and the bubble adhered
microorganism granules 12. During this rising, the bubbles 10 are separated from the microorganism
granules 11 due to the flow and contacts caused 10by the bubbles 10 and the impact of contacts with

the spiral plate 599\31@ indicq}\?fglpmléeaqﬁ%gfgfl&ﬁ%%tﬁ?gwlg% S%@E&Wﬁféﬁ% (i%trsézqmicroorganism

granules that he bubbles separate micfoorganism grant tle or go down
to an upper surfate HhtheegitampresseinhifiotadawspdartRithat\nel shirPlate 3.

'I_'hereafter, the girdeergantsa graa@l@%@ds@p daber gRectaradPRetavfacereithesspiral plate 3 and
finally return to tne sludge bed 9 located in.the lower rtt fther acg;tor vessel 1, and there, the
granules 11 m& vﬁtmﬁgwgs\f%? r 'lsba' rﬁﬂﬁﬁgeefgﬁﬂqu%gébﬁa igﬁrEO?ﬂJrH%DtﬂYs, the
microorgarfism pRahéshe sissial dbwraalaxping lppérsarade vidiscbpirgipiaté18 can avoid or at
least minimize gppigeldviaae bulilleselfsthas peedising, aidhus Jragrgniatign of the

microorganism Igranules 11 is suppressed or at least mInImIZid. It never occurs that the

microorganism PEPYISEHL MR Al A RcRERGHRT eeagddy 2 MR LIESUbbles 10 to the
granules 11, argatyla irigpiokedfaettiament e aldnie weakerhat oy aasl sviid g atee Bbtheagrdws 13 that

show the moviqg gﬁ@aﬁ'QPgQ{d% I&ﬁgméed microorganism granules 12 and the arrows 14 that
show the moving direction™of the 3 microorg@aﬁism granules 11, the bubbles 10 and the

microorgatism #83#ds 11 HdGnd tRBBBLIES ShisratBlRlife R RER? BECRHIEENS RV opposed
directions keepingsthel 19 wpirehplate sansmhetriaiywepnsanstdiamarepdagicgcofsHerebetween.

[0042]Bubbles |1n gl‘%th%\fetﬁgepeg% 8rr'a\t/eedsggln1tg%owing movement (viz., moving
direction) of the bubbles 10, the bubble adhered microorganism
granules 12 and the microorganism granules 11 having the

15 bubbles 10 separated therefrom.
[0039] In this drawing Fig. 2, numeral 10 indicates the
bubbles, 11 indicates the microorganism granules, 12 indicates
the bubble adhered microorganism granules, 13 indicates the
moving direction of the bubbles 10 and the bubble adhered

20 microorganism granules 12, 14 indicates the moving direction of
the microorganism granules 11, and 16 indicates a settling
direction of the microorganism granules 11 that have the bubbles
separated therefrom.
[0040] In the following, operation of the first embodiment

25 having the above-mentioned arrangement will be described with
reference to Figs. 1 and 2.
[0041] With the aid of the water pump 5, the wastewater 6 is
led into the sludge bed 9 in the reactor vessel 1 from the lower
part of the reactor vessel 1. The wastewater led into the sludge

30 bed 9 from the lower part of the reactor vessel 1 is forced to
contact to and mix with the microorganism granules 11 to be
subjected to a biodegradation treatment. Gases produced by the
biodegradation treatment at the sludge bed 9 form gas bubbles



microorganism granules 11 in the reactor vessel 1 are collected in 5 a space 8a provided at the upper
part of the reactor vessel 1, and discharged from an upper portion to the outside as a produced gas.
The wastewater 6 is treated in the reactor vessel 1 to form a treated water 7 and after separating the
microorganism granules 11 by the spiral plate 3, theliseated water 7 is io discharged from the reactor
vessel 1. For example, this discharge is carried out through the SS trap 4. [0043]By disposing the pole
2 in and along the axis of the spiral plate 3 or determining the radius of the spiral plate 3 to a value

equal to or larg qae%%%%?ﬁ ?tr']hg E’gzﬁ EF‘SH’ %ﬂ?%eg'FS%BIE%‘ETWMé t gorten flow,

wherein the bub ered icroorganism granule ould get out the lower

surface of the sﬁﬁm%mm@@@U@fbw@@afoﬁa@m&nﬁeﬁm@mngsrstén@rawmg showing a
second embodiragrtef & i vastemwies lilgslawenoeapd Bub Bfdhedpepest invention. [0045]Fig. 4

shows, in addition to the reactor vesFilHl I;l(?pole 2 apd the |raL %&%fh are shown in Fig. 3,
the bubbles 10 erS 91?&%% 3msﬂ{3 R RS R Slé ug:g%% Ef&from and the
bubble adHeredipicercrGaa e 2 Soyvanused e e oftibensipé;ah plate B Exibtaiimgotietent of the

bubbles and thegjerqigaispbM I8 SwhigsHoWs BrRetHoVAH, §CHPrréé@dﬂ the tRicroorganism
granules that hav he bubbles [Emrate herefrg&w With the aid o hg&?ﬁ the W? ﬁfor fixing the spiral

plate 3inthe s Ief 4 ScAREE 6! [DY4EPRIIRBIRILENER BidReldastewater
treatment appabauringf tiesseizing ethizobnidsiets 1@ seensegsaiatet five fivstheambodiment except for

the shape of a sRIERIALR ATs HPREN AR LOWET YT H M5 WPIRLPIRR AL aingsuyvard in a

10 by the bubbles 10 and the impact of contacts with the spiral plate
3. As is indicated by the arrows 16 that show the settling
direction of the microorganism granules that have the bubbles
separated therefrom, the microorganism granules 11 settle or go
down to an upper surface of the spiral plate 3 that is located

15 below that part of the spiral plate 3. Thereafter, the
microorganism granules 11 slip down along the upper surface of
the spiral plate 3 and finally return to the sludge bed 9 located in
the lower part of the reactor vessel 1, and there, the granules 11
mix with the wastewater 6 to contribute to the biodegradation.

20 During this, the microorganism granules 11 slipping down along
the upper surface of the spiral plate 3 can avoid or at least
minimize contact with the bubbles 10 that are rising, and thus,
fragmentation of the microorganism granules 11 is suppressed or
at least minimized. It never occurs that the microorganism

25 granules 11 rise again which would be caused by adhesion of the
bubbles 10 to the granules 11, and thus, improved settlement is
achieved. That is, as is indicated by the arrows 13 that show the
moving direction of the bubble adhered microorganism granules
12 and the arrows 14 that show the moving direction of the

30 microorganism granules 11, the bubbles 10 and the
microorganism granules 11 having the bubbles separated
therefrom are forced to move in opposed directions keeping the



20 direction from the pole 2 (viz., axis) of the spiral plate 31 to a wall of the reactor vessel 1. The
inclination angle is for example 30 degrees. The angle is so determined as to allow the bubbles 10, the
bubble adhered microorganism granules 12 and the 5microorganism granules 11 to move along the
spiral plate 31 without a hitch, and so determined aslfot to fragment the microorganism granules 11
into smaller granules which would be caused by a too sharp angle. [0047]In the following, operation of
the second embodiment io having the above-mentioned arrangement will be described with reference

to Figs. 3 and %ép&ﬂ%%gg%rﬁﬁsﬁa%ggggﬁ#w gpﬁjfi{ﬁh%mRgdggﬁ%g{e?)av%é%ows. In the second

embodiment, the spira e dbove-mentfoned manner. such
15arrangementt HEEGRBIWEER separate two flows in a radial direction of the reactor vessel, one being

an upward flow[gfghe pubbleg @pB & PolipiaaHBeE D aveI e paRBDfRBHESHE. and the other being
a downward flow of the micrgﬁ%éganism ?Sran gﬁs 11. Furthermore, since, before r'fi?‘%b\%cxth the
: Srganl g

bubbles 10 and B HBEE ] S ?aE%?ecstTé \éﬂ? os I&cf’&? n%Qal af'of the
reactor vessel B gpgoeavpnovithedghietlhentanen pact of dvap:gadtaitiversehds @mbe first

embodiment, aggisrdas R8P lihsePRRAIY ATEA! £ IBRE83RYi FAREATIFGdsiReR the

microorganismgranules 12 having the bubbles 10 25 separated therefrom are coIIeched near the pole

2 and then slip 98%m aldify WRSUEPEEIRE HFEREaDiia IS FACREVEST Yk FOIIM to the
sludge bed 9 loaatesbaetheviatesr paahdf #feanesetparatise tHer cnotwarysnisrthe biodegradation,

and thus, incre Hhi et agwmg@ﬁﬁa??i%@é(%eqﬂ% a%gtlgg ngé)'dl-?’lﬁpt] [0049]Figs. 5 and 6

are drawings stiown a third embodiment of the wastéwater treatment apparatus of the present
invention.1®1 discharged from the reactor vessel 1. For example, this

discharge is carried out through the SS trap 4.

[0043] By disposing the pole 2 in and along the axis of the
spiral plate 3 or determining the radius of the spiral plate 3 to a
value equal to or larger a radius of the reactor vessel 1,

15 undesired phenomenon, viz., shorten flow, wherein the bubbles
10 and the bubble adhered microorganism granules 12 would get
out the lower surface of the spiral plate 23 is suppressed.

[Second Embodiment]
[0044] Fig. 3 is a drawing showing a second embodiment of

20 the wastewater treatment apparatus of the present invention.
[0045] Fig. 4 shows, in addition to the reactor vessel 1, the
pole 2 and the spiral plate 31 which are shown in Fig. 3, the
bubbles 10, the microorganism granules 11 having the bubbles
separated therefrom and the bubble adhered microorganism

25 granules 12. Furthermore, in order to explain movement of the
bubbles and the microorganism granules, Fig. 4 shows a setting
direction 16 of the microorganism granules that have the bubbles
separated therefrom. With the aid of Fig. 3, the way for fixing
the spiral plate 3 in the second embodiment will be described.

30 [0046] The construction of the wastewater treatment
apparatus of the second embodiment is the same as that of the
first embodiment except for the shape of a spiral plate 31. Upper
and lower surfaces of the spiral plate 31 incline upward in a



[0050]As is shown in Fig. 5, the construction of the wastewater treatment apparatus 100 is the same
as that of the first embodiment except for the shape of a spiral plate 32. The spiral plate 32 comprises
a plurality of spiral units. For example, 5 each spiral unit is a semicircular spiral plate that has an arc
angle of 180 degrees with respect to an axis of the ple 2. Neighboring two of the spiral units have
mutual ends that are overlapped in a circumferential direction. [0051]Fig. 6 shows a plan view of the
wastewater treatment 10apparatus 100. Numerals (1 to 12) shown around the illustration of the reactor

vessel 1 are pr(al\ﬂ%% iBCH ?%8@“}%%%1\(2@??2&&' rgla%zg%l?%%g%%& s n?)rllg@eogtp% (')s%iral units. The

numerals correspond to numerals a clockTace. [0 aginary one unit of the spiral
plate 32 consiswalb&fthi MeactMweesafldie AU asind @ngleiscirarexpayel®from one

another in an _agigl @iégeéés.amraﬁg?éi @S{@'N@t@#ﬂ‘ﬁ*ﬁéé peled@ BﬂM'Wgtﬁ_@d@l%BR@ spiral unit
overlapped with ends of ne%;[l)}bon spiral unit at an angle of 30 de| rees, If, i %e spiral plate 32
having the above-m i(%é Sc%a%f?ﬁ%ﬁom'ﬂé) R\7 W&Mﬁ%%&%%% ﬁaving a leading end
(viz., starting pamcodargahsgaoigranedes: hinteranog caataiiadleadspia) gldteoit of arc) of the
lower spiral unihwhmtisas[q&eﬁd_ Fo the eading ﬁ%i%g ﬁ(a{rggrﬁlg isgrfpqetion, takes a position

at numeral 6. In this case, a leading 25end (viz., starting point of arc) of the middle spjral unit takes a
osiion at numGHAS QHRRLVSITAGE ARLAGHINd AP (UrATCHER YT 61 RSSLELBRal unt by an
angle of 30 degraaskitebthis, towadherpnalngiz, end point of arc) of the middle spiral unit, which is

spaced from thedepjlo endf U RAIAMAIR AR SPupercosise diesiipnalles a

al
position at numeral 1 dnd overlaps a leading 8hd {viz., starting point of arc) of the upper spiral unit,
which také8 a JRRKIRY dhRuRReYS BERH ARG FrANgesnat Withhafeseihed edtHpoint of arc) of
the 22 reference to Figs. 3 and 4.

[0048] Differences in operation from the first embodiment
are as follows. In the second embodiment, the spiral plate 31 is
arranged in the above-mentioned manner. With such

15 arrangement, it is possible to separate two flows in a radial
direction of the reactor vessel, one being an upward flow of the
bubbles and the bubble adhered microorganism granules 12 and
the other being a downward flow of the microorganism granules
11. Furthermore, since, before rising, both the bubbles 10 and

20 bubble adhered microorganism granules 12 are collected near the
wall of the reactor vessel 1, they receive much higher contact
impact as compared with the case of the first embodiment, and
thus, the gas/solid separation effect is increased. Furthermore,
since the microorganism granules 12 having the bubbles 10

25 separated therefrom are collected near the pole 2 and then slip
down along the upper surface of the spiral plate 31, they can
quickly return to the sludge bed 9 located at the lower part of the
reactor vessel 1 for contributing to the biodegradation, and thus,
increase in the treatment efficiency is expected.

30 [Third Embodiment]
[0049] Figs. 5 and 6 are drawings shown a third embodiment
of the wastewater treatment apparatus of the present invention.



upper spiral unit, which is spaced from the leading end of the upper spiral unit in a counterclockwise
direction takes a position at numeral 8. Since, as is described hereinabove, neighboring spiral units
are so arranged as to cause respective ends to 5overlap one another in a circumferential direction,
undesired phenomenon in which the bubbles 10 andthe bubble adhered microorganism granules 12
rise shortly is suppressed or at least minimized. [0053]It is to be noted that a turning direction in which
the iospiral units are arranged is not limited to the above-mentioned turning direction. That is, it is not

necessary that e spirg{ units.ar tructed-t ve t > turni [rection. If desired, one
of paired neighsggﬁg piral %#gér%a@c%'gﬁgﬁs@ét%d%g % 'gjorﬁ%tg?%gﬁg ioﬁﬂgg%s opposed to that of
the 15partner's Wpishewaterndigatmert apeaspitasubi (s isothe sriaetrst Waadrahehsiral vane

thereof turns infg-stogleitizriftirRaio B E&RKPoRSHH Ehstippal yprResPpR¥e pleteanbiromha lower position
to an upper position, th per spiral unit may be so arranged that wh nthlc_es iral van? thereof turns
in a 20counterci®d ifj%ﬁEegt?oﬁme%l&egs f R, r’ﬁ;gl 9&?@ G gQGBWarEf frr L 1BVer position to

an upper pbsitieadocgiRigUNit ks @asereig o uhenspital patedaatechaspparangsahgleomprises
spiral units of whyclidyraiag HEecipRrchaage{¥earh=3aEab il b bie- 7 BN dadRKgne unit of

25the spiral plate consists™of three (lower, middle and upper) spiral units each being a semicircular
spiral plate thatH G B2 SRUBIoHTHG ARYERWHHALEAGS 13h 355 QY HIARAED Mt is, opposed

ends of each seinminnflareptial @ateatédine therebetween an angle of 180 degrees. The three spiral

units are 30 ar;fg‘@%‘i bout e Pel& AT TR INER S RAGITEW AT RPORAREY N angle of

30 degrees in a circuniferentiafdirection. _ _
10 apparatus 100. Numerals (1 to 12) shown around the illustration

of the reactor vessel 1 are provided for explaining the positional
relation between the ends of the spiral units. The numerals
correspond to numerals provided on a clock face.
[0052] An imaginary one unit of the spiral plate 32 consists
15 of three (viz., lower, middle and upper) spiral units which are
spaced from one another in an axial direction and arranged
equally around the pole 2 having ends of each spiral unit
overlapped with ends of neighboring spiral unit at an angle of 30
degrees. If, in the spiral plate 32 having the above-mentioned
20 construction, the lower spiral unit takes a position having a
leading end (viz., starting point of arc) thereof placed at numeral
12, a trailing end (viz., end point of arc) of the lower spiral unit,
which is spaced from the leading end in a counterclockwise
direction, takes a position at numeral 6. In this case, a leading
25 end (viz., starting point of arc) of the middle spiral unit takes a
position at numeral 7 and overlaps the trailing end (viz., end
point of arc) of the lower spiral unit by an angle of 30 degree.
Like this, a trailing end (viz., end point of arc) of the middle spiral
unit, which is spaced from the leading end of the middle spiral
30 unit in a counterclockwise direction, takes a position at numeral 1
and overlaps a leading end (viz., starting point of arc) of the
upper spiral unit, which takes a position at numeral 2, by an
angle of 30 degrees. A trailing end (viz., end point of arc) of the



[0055]In the spiral plate 32 having the above-mentioned construction, if the lower spiral unit takes a
position having a 23 leading end (viz., starting point of arc) thereof placed at numeral 12, a trailing end
(viz., end point of arc) of the lower spiral unit, which is spaced from the leading end in a
counterclockwise direction, takes a position at nume?al 6. In this case, a leading 5end (viz., starting
point of arc) of the middle spiral unit takes a position at numeral 5 and is spaced from the trailing end
(viz., end point of arc) of the lower spiral unit by an angle of 30 degrees. Like this, a trailing end (viz.,

end point of ar e _mj | it, which i { I d _of iomiddle spiral
unitin a clockwﬁgéﬁe%ﬁépg!ﬁgmgmgﬂd% g?’r%%%?g%gﬁ? :]sg_séggggﬁﬁaamog Itteal ling end (viz.,
starting point oLUiBE6IRE @bpaitspva GakRiHsksysepdbinsHan iakemP1ROBIE M angle of 30

degrees. A trailigrangh 8431, @NdNAEE 0hary eleberneHrIfEahabib ve)igeiy APRsiaEgrom the leading
end 15of the upper s iral.gnit in a countercloc wisg direction takes a Position at numeral 6. [0056]As is

described here 'Egvé',rH ?gﬁB%rﬁ?g %B}ﬁ'ﬂ%ﬁ s %§3H§ﬂgeedg Bg% \égu%'aqgs ective ends to be
angularly spaceyfokampoearwlethiera i winfaienfeientatichrecidanus) edasidedired phenomenon

in which the bupples dhane iRl AENe SHBBIRIE T BaAIRT BB b I S8 ERogly is suppressed

or at least minimized. In the above-mentioned example, the angular distance between the neighboring
ends is determiTGRC5G ABLEL IAMEIC Rshg Hom S RWL B JSitRoRRI S57&FUAT AF dRast
25upper-positiamedispizadinit, the bubbles 10 and the bubble adhered microorganism granules 12 are

e e GBS R B B eI e Dt ey e
reactor 10 spiral units are arranged is not limited to the above-mentioned

turning direction. That is, it is not necessary that all of the spiral
units are constructed to have the same turning direction. If
desired, one of paired neighboring spiral units may be
constructed to a turning direction that is opposed to that of the

15 partner’s spiral unit. That is, if the lower spiral unit is so
arranged that when the spiral vane thereof turns in a clockwise
direction, it looks as if the spiral vane moves upward from a
lower position to an upper position, the upper spiral unit may be
so arranged that when the spiral vane thereof turns in a

20 counterclockwise direction, it looks as if the spiral vane moves
upward from a lower position to an upper position.
[0054] Fig. 7 is a plan view of the wastewater treatment
apparatus that comprises spiral units of which turning direction
changes for each spiral unit. In Fig. 7, an imaginary one unit of

25 the spiral plate consists of three (lower, middle and upper) spiral
units each being a semicircular spiral plate that has an arc angle
of 180 degrees with respect to an axis of the pole 2. That is,
opposed ends of each semicircular spiral plate define
therebetween an angle of 180 degrees. The three spiral units are

30 arranged about the pole having respective ends spaced from one
another by an angle of 30 degrees in a circumferential direction.
[0055] In the spiral plate 32 having the above-mentioned
construction, if the lower spiral unit takes a position having a



30 vessel, the angular distance defined between the adjust ends of the neighboring spiral units should
be equal to or larger than 30 degrees, and preferably, the angular distance should be around 90
degrees. 24 [0057]In the examples of Figs. 6 and 7, the spiral plate 32 having a specialized
construction is described. However, the number of tlk8 spiral units, the angle defined between the
leading and trailing ends of each spiral unit, the circumferentially 5 overlapping angle between the
ends of the neighboring spiral units, the turning direction of the spiral units, and the angular distance

between the e e nel in I its: are suitably. j ' W@m: ith the size of
the reactor vesr]s(%}g'ﬁcé}%lg\%%é %F‘éﬁ@# ;yorgsgéggeﬁgﬁaetggﬁje%&e@c%é%gs%ﬁal unité_?srr%guld be equal
to or larger tharl theds i@ bitBeandroddarksd @@'rﬁltl@)/ Brehef ishe lawarasireahs! A to fragment

the microorganigi ehardHigsatbd (PRl e | Edlawig e saamipr &l Hie ftks @tnhediment having the
above-mentioned arrﬁﬁr;(ﬁe ent will be described. 15 00521]§iffﬁﬁr%[%es ino erathe)en from the first
W I

embodiment ar8'5§% s.qhqﬁeatrﬁ%sb aimH, & ate' 3F/&rréh e
above-meritioneth ¢héviizey. SWattng pairdnge e, afiéeiiblicl dthsidahigrodigacesnagranules 12

that rise at the g@g@fdheﬁqq%%m 8P5Ad l@igﬁg@@@sﬁb%pﬁ%@p%tmﬂ'ﬁe@,ngdgﬁ;p therefrom due

to impact caused %y collision of the %raﬂul s against the spiral plate 32. Thus, the microorganism
granules 11 caf QdiONTERHAIS M 0G0 WET SRIEALUE (% RRVANSHR 8f 188 reactor vessel 1 to
contribute to the ey adatentihizebyttailhngased{@ iwgstavdipoingadmant R o fihiency.
[0060]When, in - iane ical t j ' ' the spiral units
are so arrange(ﬁ')}g?ﬁé@é@%&%ﬁqﬁmﬁg@ﬁ cét%en@ d@ﬁugﬁgﬁd% é:)(?/ﬁ%téguﬁdaggﬁv@g ubbles 10 and
the bubblddhBrdddifcrRbrghtinih framqleckwise direction, takes a position at

numeral 11 and is spaced from a leading end (viz., starting point
of arc) of the upper spiral unit, which takes a position at humeral
12, by an angle of 30 degrees. A trailing end (viz., end point of
arc) of the upper spiral unit, which is spaced from the leading end
15 of the upper spiral unit in a counterclockwise direction takes a
position at numeral 6.
[0056] As is described hereinabove, neighboring spiral units
are so arranged as to cause respective ends to be angularly
spaced from one another in a circumferential direction, and thus,
20 undesired phenomenon in which the bubbles 10 and the bubble
adhered microorganism granules 12 rise shortly is suppressed or
at least minimized. In the above-mentioned example, the
angular distance between the neighboring ends is determined to
30 degrees. When rising from a low-positioned spiral unit to an
25 upper-positioned spiral unit, the bubbles 10 and the bubble
adhered microorganism granules 12 are violently stirred together
with the upward flow of the gas/liquid mixture. In order to
assuredly suppress the free and quick rising of the bubbles 10
and the bubble adhered microorganism granules 12 in the reactor
30 vessel, the angular distance defined between the adjust ends of
the neighboring spiral units should be equal to or larger than 30
degrees, and preferably, the angular distance should be around
90 degrees.



30forced to change its travelling direction and is violently stirred at the end where the turning direction
changes. As a result, as compared with a case of uniformed upward flow caused by paired spiral units
that have the same turning directions, the 25 phenomenon of throwing the bubbles 10 and
microorganism granules 11 off the bubble adhered rcroorganism granules 12 is remarkable due to
the violent stirring of the upward flow caused by the opposed turning directions, and thus, the bubbles
10 are 5 easily separated from the bubble adhered microorganism granules 12 thereby to much

increase the g id-separgatio i ] n,Aas | sGribe i ve,4he spiral
plates 32 is soaljcrsg]_ﬁhgjj thaﬁ[ﬁ_e%%?&%é@%%ﬁlﬁ{g% g?g Efjr(:?rf g@%ogvﬂfﬁ@elr en?g spaced apart
from each othePaVingréufRedatized reemsimich 9ivés @lﬁg@ilh@gsetﬂ@w@mewrm@ the

microorganism giaAvles 42 hvispita bubkiesHe aerpeataskheteiretnaedie iiterdbel FRjne have
moved down from t}ie end of the spirﬁll unit towarci the.{ovgﬁr spiral unjt is nc%tq oint that Is 15 near the
i )

upper side of tf" a?'&'rﬁ]ﬁ&é?ﬂéd‘} sﬁ%%l?oaP{ﬁa et the Hi?éd'ﬂ ﬁr%ﬂ ! int that is on that
same spirah uniosesldppingoshioled aiatesil thenansisiraf uhie (g ipbsitiog efir@kettle point varies

in accordance W80t BR AR BTRSE A ARG A iEriingrendnel ihe sigLsyt (viz., spiral
vane) and 20the angle defined b h%trailin e&? f the spiral unit and the leading end of the
neighboring spﬂéﬂ%ﬂ%aﬁ%‘é’ﬁg{éa F’oﬁﬂ&ﬁt b ?u'?lﬁ'ﬁ@réﬁguﬁﬂg@nﬂﬂl'tﬁr@éfﬁon. For example,
in case whereirstlitadniyl el dedinedrzdweeadberidad ry witthttdnkngi redsf dheneqactgiper) spiral unit is
360 degrees a gl fin ili i i e leading end of
a neighboring Foldre lI%)L\E/]vefr ‘af?%\el'dn?f@ %ggtrﬂ?gg%htéqige%% %B?E%%i%#o?;te altpa lower side of

e point i
the neighB8rin Bl ¥R m%‘,qrp&%%le“?@irﬁ)ﬂw@Eﬁere%@fhéh%é@%é?ftﬂ'éﬂeading end trailing
ends of one spiralcrdblyalstaaiean ardtha angle 36debnaddpetveiiethe Haiting end of the spiral

unit and the Ieaﬁjg en%ﬁ)ftﬁ nei hpori%sr%ir%%un}t irs] %%gl(?hgfees, the settle point is a point that is not
provided on the n %Sor ng piraFu%R pISOVIO%(?OH another spiral unit located below the

neighboring [0058] In the following, operation of the first embodiment
having the above-mentioned arrangement will be described.

15 [0059] Differences in operation from the first embodiment
are as follows. In the third embodiment, the spiral plate 32 is
arranged in the above-mentioned manner. With such
arrangement, the bubble adhered microorganism granules 12
that rise at the gap of the end of each spring unit can easily

20 separate the bubbles 10 therefrom due to impact caused by
collision of the granules against the spiral plate 32. Thus, the
microorganism granules 11 can quickly return to the sludge bed 9
located at the lower part of the reactor vessel 1 to contribute to
the biodegradation thereby to increase the wastewater treatment

25 efficiency.

[0060] When, in the above-mentioned spiral plate 32, at

least paired neighboring two of the spiral units are so arranged as
to have opposed turning directions, the upward flow including the
bubbles 10 and the bubble adhered microorganism granules 12 is

30 forced to change its travelling direction and is violently stirred at
the end where the turning direction changes. As a result, as
compared with a case of uniformed upward flow caused by paired
spiral units that have the same turning directions, the



26 spiral unit.) The microorganism granules 12 that have come to the settle point slip down along the
upper surfaces of the spiral units and continue the slipping movement and finally return to the sludge
bed 9. 5[0062]Accordingly, in case wherein a trailing end of one spiral unit is spaced from a leading
end of a neighboring spiral unit in a circumferential disection by a given angle, the microorganism
granules 12 do not slide on the upper surfaces of all of the spiral units, which shortens the travelling
way of the io microorganism granules 12 to the sludge bed 9. Thus, as compared with a case of the

spiral plate 32 ;BC%H%MQ% gﬁi@?%ﬁpg\ﬂé%em%pﬁh%tﬁ%ﬂ gtﬁ%tﬁgi@%(y@aﬁ]grﬁf the lower spiral

unit are not sp rom eac erin ircumferential o lon, it IS pos 0 speedily return the
microorganism 452§valasekl offdhiggHb bishpébare depifieargrnisioh i el 6RidgeiBed 9. With

T oOrgaS I e o e roatment.
microorganism granules 12 for iodegradation treatment an s the ewater treatmen
efficiency is mﬁx ﬁk‘?e%888.556?§86m{‘§n$65%$%189ﬁ1&%%] @%Sl.g.'g &?H S%Hta)é/vﬁ{gea fourth
embodimeft of @asilyasepatetec nmenthppardibicod theeprdanidnoengamifioc4] The construction of
the wastewaterdreafifieat fPR¥MHDTAQ ISR FaRE-a8 dBaf e §sdirs fanBagigraRf Ccept 25in that in

the fourth embodiment, baffle plates 15 are fixed to the lower sufface of the spiral plate 3 for the
purpose of bafffij SFBE¥tructing the upward flow of the bubbles 10 and the bubble adhered
microorganism [h8eulés 12. Wieapjrabpistdessrdeh et @ina b dlve polee2sipi saspltakesmnner, and the

baffle 30plates 15 %esgxsg%ﬁagéowgtsﬂﬁfé‘%% HB%?H%@'s%?FS&‘iﬁ?m are arranged

10 with their ends spaced apart from each other in a circumferential
direction by a given angle, the settle point where the
microorganism granules 12 having the bubbles 10 separated
therefrom settle after the same have moved down from the end
of the spiral unit toward the lower spiral unit is not a point that is

15 near the upper side of the spiral unit located just below that end
of the spiral unit, but a point that is on that same spiral unit at a
down position of that end of that spiral unit. (The position of the
settle point varies in accordance with both the angle defined by
leading and trailing ends of the spiral unit (viz., spiral vane) and

20 the angle defined by the trailing end of the spiral unit and the
leading end of the neighboring spiral unit that is spaced from that
spiral unit in the circumferential direction. For example, in case
wherein the angle defined between the leading and trailing ends
of one (or upper) spiral unit is 360 degrees and the angle defined

25 between the trailing end of the spiral unit and the leading end of
a neighboring (or lower) spiral unit is 30 degrees, the settle point
is a point located at a lower side of the neighboring spiral unit.
While, in case wherein the angle defined between the leading end
trailing ends of one spiral unit is 270 degrees and the angle

30 defined between the trailing end of the spiral unit and the leading
end of a neighboring spiral unit is 90 degrees, the settle point is a
point that is not provided on the neighboring spiral unit but
provided on another spiral unit located below the neighboring



baffle or obstruct the upward flow of the bubbles 10 and the bubble adhered microorganism granules
12. The span between the baffle plates 15 is determined suitably in accordance with the 27 size of the
reactor vessel 1 and that of the microorganism granules 11, and for example, they are arranged at
intervals of 60 degrees about the pole 2 using the le2gling end of the spiral plate 3 as a start point.
However, the span between the baffle 5 plates 15 may be suitably determined based on a design, that
is, the span may gradually increase or decrease in accordance with the position thereof. [0065]When,

after the amou he hubbl r Icroorgani e by the baffle
plates 15 10 bé%%i?rﬁéels%%&&b%gf ﬁ&@g@%géﬂ?mgﬁ%ﬂub gl)egsaﬂ)ﬁa@ntgﬂ%%l?g%ﬁeéa% ered
microorganism diarkgétla paiatsipddewsealPa thlitg sIaeer Heréprasitth® fPikal case, holding

the bubbles 10 gaftsheraiblatasheredaniniopisgiapvaisiettsakibi b padigiplates 15 is so made
as to cause the as/iﬁli seﬁaga ion of 15 the bubble adhered microorganism granules 12 to induce an
ﬁ? T Rt

expected risingt e é height of each baffle plate 15 is determined suitably in accordance

with charaéteris{tﬂﬁﬁﬁihe walEwadinghs (bubdkss veneramnmetfadcitl geasidrofFarttermore, the
height of each bajile Pt 33 ioi-daieravncs R AP EREBIERt Mt b BpIRS) microorganism

granules 12 at the time when the bubbles 10 and the bubble adhered microorganism granules 12 rush

to rise after ovetfiARHGHEBIE HRaEE h 8IBEHBHRY AIVG LA Blate 15 is the same as
that 250f the spinvit pbatega aishihgraaftitaslale Hoextensderedhehepode 3arfa des wéll of the

reactor vessel Jawiét}%gaﬁr@clﬁd.@% OWWI%WI @Feg a&ﬁ@gﬂ@q{ﬂs\p&ﬁ% é%%gﬁgﬁf saw tooth

shape. In this case, the _ d the bub microorganism g 2 held by the
baffle platé015 CRICIBArgeReMH2rBakesidid 18 e slfiae Rets supprssas or at least minimize

undesired fragragftgiineaf WieHmicteyeamisma s vigspldtdt Boraferate thaé thexgihfye-mentioned

end of the upper spiral unit and the leading end of the lower
spiral unit are not spaced from each other in the circumferential
direction, it is possible to speedily return the microorganism

15 granules 12 having the bubbles 10 separated therefrom to the
sludge bed 9. With this, the sludge bed 9 located at the lower
part of the reactor vessel 1 can hold a larger amount of
microorganism granules 12 for the biodegradation treatment and
thus the wastewater treatment efficiency is much increased.

20 [Fourth Embodiment]
[0063] Fig. 8 is a drawing showing a fourth embodiment of
the wastewater treatment apparatus of the present invention.
[0064] The construction of the wastewater treatment
apparatus 100 is the same as that of the first embodiment except

25 in that in the fourth embodiment, baffle plates 15 are fixed to the
lower surface of the spiral plate 3 for the purpose of baffling or
obstructing the upward flow of the bubbles 10 and the bubble
adhered microorganism granules 12. The spiral plate 3 is
arranged about the pole 2 in a spiral manner, and the baffle

30 plates 15 are fixed to the lower surface of the spiral plate 3 to
baffle or obstruct the upward flow of the bubbles 10 and the
bubble adhered microorganism granules 12. The span between
the baffle plates 15 is determined suitably in accordance with the



phenomenon wherein the bubbles 10 and the bubble adhered 28 microorganism granules 12 overflow
the baffle plate 15 is continuously made. Such continuous overflow is obtained by adjusting the volume
of the bubbles 10 and the granules 12 kept by the bubble plate 15. 5[0067]In the following, operation
of the fourth embodiment having the above-mentioned arrangement will be described.
[0068]Differences in operation from the first embodiment are as follows. In the fourth embodiment, by
providing the spiral plates 3 with the baffle plates 15, the upward flow of the bubbles 1010 and the

bubble adhered. mijcr ' ' r : 0 and the granules 12
are temporarily%%%iﬁf){t%%nt%‘ﬁgglg%&sgfg gn%%ﬂh%éﬁﬂﬁﬁ%@ﬁ@e%ﬁ%@nd the bubble
adhered microcﬂ@%ﬁléﬁ%%ﬂahu@%cﬁﬁoé‘x@éédﬁﬁh% Holeng lithR daeasinat hptpevedsiefplates 15, the
15 bubbles 10 gl dlee) hekdla Behererenpelecrdanisy greniies iigosadier thrbaiilaplates 15 and

instantly rise along, the | face of iral plate 3. Wh bbles 10 and.the bubbl
adhored microt e 14 HAL L8 GV OGN Yelet D BC-LS TSDITENENS oAl produced which

promotes 20 sapatsiod bfneybbiebkis tEbioahaterbuibisld hdsadddmiersmsgignsrhhatugles 12.

[0069]That is, SiReedpg PYRBIP QR IFMRRFeHPR iy dhedallie igies 48 fReeloriwith the
bubble adhered mlcroor_ganlsnrw?lgran les 12 and formed into larger bubbles, the 25bubbles 10 can

speedily rise cAi&ngas ENF@Atact impact with the microorganism granules 11, which increases
the gas/solid sdjiH6tign effedl fiedy,0dftbert iee drudhles ©F dhd hwliidessd h&renhchibrdwinganism

granules 12 overiigw 2 IPWRERSENG BAE1 Yt ules 12 held by the baffle plates 15
10 becomes beyond a predetermined limit, the bubbles 10 and the
bubble adhered microorganism granules 12 are forced to rise in a
lower side of the spiral plate 3. In this case, holding the bubbles
10 and the bubble adhered microorganism granules 12 by the
baffle plates 15 is so made as to cause the gas/solid separation of
15 the bubble adhered microorganism granules 12 to induce an
expected rising speed. For this, the height of each baffle plate 15
is determined suitably in accordance with characteristics of the
wastewater, gas (bubbles) and an interfacial tension.
Furthermore, the height of each baffle plate 15 is so determined
20 as not fragment the bubble adhered microorganism granules 12
at the time when the bubbles 10 and the bubble adhered
microorganism granules 12 rush to rise after overflowing the
bubble plates 15.
[0066] The width of each baffle plate 15 is the same as that
25 of the spiral plate 3 and the baffle plate 15 extends between the
pole 3 and the wall of the reactor vessel 1 without clearance. An
outward end of each baffle plate 15 may have a saw tooth shape.
In this case, the bubbles 10 and the bubble adhered
microorganism granules 12 held by the baffle plate 15 can flow
30 over the baffle plate 15 little by little, which suppresses or at
least minimize undesired fragmentation of the microorganism
granules 11. It is preferable that the above-mentioned
phenomenon wherein the bubbles 10 and the bubble adhered



30 bubbles 10 rise upward along the lower surface of the spiral plate 3 and arrives at an upper baffle
plate 15 with a powerful upward flow. It is preferable that due to impact caused by the powerful upward
flow, the bubbles 10 and the bubble adhered 29 microorganism granules 12 held by the upper baffle
plate 15 rush to overflow the upper baffle plate 15. I2this phenomenon is continuously carried out at
upper baffle plates 15, separation of the bubbles 10 from the bubble adhered microorganism granules
512 is much effectively made, which brings about improvement in the gas/solid separation effect. [Fifth

Embodiment] [ j IS a drawi I i [ ft ater treatment
apparatus of th%ggégggﬁ?%ﬁ@]ﬁoawéﬁfg%%\%%g?&é mﬂ%grr%gﬁgﬁﬁ]?&%?gv v@_a%ttsjgwater treatment
apparatus 100,308 EpirayitteBasd@ndLich ¢ranidge Dey or iy Iprobiarsivinyg, operation of the

fifth embodimegidjaiia dhen_bosrumrRIBTE L aBAPBRIBEN0 Vi @& HesgFiedda07 2] Réfsrences in

operation from &he fﬂst %anlﬁgiminﬁ 1§$e as follows. In this fifth embodiment, due to the arrangement
wherein the spi A e Shéahto the sludge bed 9, the wastewater 6 led into the reactor vessel 1

can be guiéied [(Dﬁhé%]udge Eectbea@immn@pglméienm divafaredthvigmibo diseotthe first
embodiment, thefimesfRnWHieh e wastewd el Srrangement will be described.

[0068] Differences in operation from the first embodiment
are as follows. In the fourth embodiment, by providing the spiral
plates 3 with the baffle plates 15, the upward flow of the bubbles
10 10 and the bubble adhered microorganism granules 12 is
obstructed and thus the bubbles 10 and the granules 12 are
temporarily kept by the baffle plates 15. Once the amount of the
bubbles 10 and the bubble adhered microorganism granules 12
exceeds the holding limit determined by the baffle plates 15, the
15 bubbles 10 and the bubble adhered microorganism granules 12
overflow the baffle plates 15 and instantly rise along the lower
surface of the spiral plate 3. When the bubbles 10 and the
bubble adhered microorganism granules 12 overflow the baffle
plates 15, rapid upward flow is produced which promotes
20 separation of the bubbles 10 from the bubble adhered
microorganism granules 12.
[0069] That is, since the bubbles 10 are temporarily held by
the baffle plates 15 together with the bubble adhered
microorganism granules 12 and formed into larger bubbles, the
25 bubbles 10 can speedily rise causing increase in contact impact
with the microorganism granules 11, which increases the
gas/solid separation effect.
[0070] When the bubbles 10 and bubble adhered
microorganism granules 12 overflow a lower baffle plate 15, the
30 bubbles 10 rise upward along the lower surface of the spiral plate
3 and arrives at an upper baffle plate 15 with a powerful upward
flow. It is preferable that due to impact caused by the powerful
upward flow, the bubbles 10 and the bubble adhered



20 contacts the microorganism granules 11 in the sludge bed 9 is increased, and thus, undesired short
flow wherein the wastewater 6 is forced to flow directly upward from the sludge bed 9 and thus
discharged from the sludge bed 9 in a short time is suppressed. That is, in this embodiment, a
contact/mixing effect of the 25microorganism granule$ 12 relative to the wastewater 6 is increased.
For leading the wastewater 6 to the sludge bed 9, there are various methods, one being a method in
which a plurality of openings are formed in the lower part of the reactor vessel 1 through which the

wastewater 6 isrﬁj&%‘ﬁ% %Yﬁsﬁﬁ,ﬁﬁ,@gdﬁwg%ﬂﬁ%%%ﬁﬁ%ﬁ{?@%%@%?g In which an
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10 [0072 In the fifth embodiment of the wastewater treatment
apparatus 100, the spiral plate 3 extends into the sludge bed 9.
[0073] In the following, operation of the fifth embodiment
having the above-mentioned arrangement will be described.
[0074] Differences in operation from the first embodiment

15 are as follows. In this fifth embodiment, due to the arrangement
wherein the spiral plate 3 extends into the sludge bed 9, the
wastewater 6 led into the reactor vessel 1 can be guided to the
sludge bed 9 along the spiral plate 3. As compared with the case
of the first embodiment, the time for which the wastewater 6

20 contacts the microorganism granules 11 in the sludge bed 9 is
increased, and thus, undesired short flow wherein the wastewater
6 is forced to flow directly upward from the sludge bed 9 and thus
discharged from the sludge bed 9 in a short time is suppressed.
That is, in this embodiment, a contact/mixing effect of the

25 microorganism granules 12 relative to the wastewater 6 is
increased. For leading the wastewater 6 to the sludge bed 9,
there are various methods, one being a method in which a
plurality of openings are formed in the lower part of the reactor
vessel 1 through which the wastewater 6 is led into the vessel 1

30 and guided upward, and the other being a method in which an
opening is formed in the lower part of the reactor vessel 1
through which the wastewater 6 is horizontally led into the sludge
bed 9. However, irrespective of the leading method of the



are as follows. In the sixth embodiment, the spiral plates 32 are set in the sludge bed 9. Due to
provision of the spiral plates 32 20 in the sludge bed 9, the wastewater 6 led into the reactor bed 1 can
be guided to the sludge bed 9 along the spiral plate 32. That is, as compared with operation of the first
embodiment, the contact time for which the wastewa@r 6 contacts with the microorganism granules 12
in the sludge bed 9 is increased and 25 thus, undesired shorten flow of the wastewater 6 in the sludge
bed 9 is suppressed, and thus, the contact/mixing effect of the microorganism granules 11 to the

wastewater 6 is,| t J -Spiral I [ urality of spiral
units, the Wastzl\\/’v%gﬁ %g%’;bléer’ Q:ﬂg:cg:g%@ §§%g%§ tl)élp[ﬁ @ﬂ)aé%ﬁy %th%vgé@lﬁl % ?h%flow of the high
SS wastewaterd Age: PR&RgHRROpEoRRIRRI thlRteifdeaiise DR Al vwiahdheakiBhvessel 1 which
would be causegihwsiata wiagsans pRIteNH® LRRRSFRAYHI NSRS BentcAtesr-&ffect in the

sludge 31 bed s increased. Furthermore, by practically usin aps provided between ends of the
spiral units, sengaQTﬁ%goef fﬁfe B?eascggrfr\é%%ﬁ(f B’ﬁgﬂ Q&iﬁ&%’%ﬁ%‘é@% &y BF ules 12 is easily
carried outmandstagnandestedandscsiop presatcaungdakiisia Hhenawstactindizisigoeféerd 9, which

would be causqd by esqare ersisingsoffbecaanyiesd tiomiae slien s i Ryprpresed. and
thus the biodegradation treatment effect is increased. [007g7\(‘]é$ g}g above, detailed description has

been directed 66 SRY BPEBoRERIMR IBEB NI Aotis HoMEMRIoNY to the
embodiments adegiossiple spinabeakiledibebead witbhretstudgenbadsgopagedined by the present
invention. That%éraiﬁ.aj_lér@geé_of course that such modifications belong to the scope of claims.
15[0078]In the above description, the reactor vessel 1 is of a cylindrical and sealed construction.
However, e vessel id Abtiirredbedimar{dindrical one. That is, the vessel 1 may be prismatic in

shape having a[p@y@In shaggdgn ¢@ss sedrawihgrisieonene; i thisehishebmtieeimolgcting gas, the
vessel may 20 e of ANPORA RS ONFMA YIS PLINE SPEY prage fhedqifs and the
In the sixth embodiment of the wastewater treatment
apparatus 100, semicircular spiral plates 32 are set in the sludge
15 bed 9. Each spiral plate 32 is the same as the spiral plate 32
used in the above-mentioned third embodiment.
[0076] Differences in operation from the first embodiment
are as follows. In the sixth embodiment, the spiral plates 32 are
set in the sludge bed 9. Due to provision of the spiral plates 32
20 in the sludge bed 9, the wastewater 6 led into the reactor bed 1
can be guided to the sludge bed 9 along the spiral plate 32. That
is, as compared with operation of the first embodiment, the
contact time for which the wastewater 6 contacts with the
microorganism granules 12 in the sludge bed 9 is increased and
25 thus, undesired shorten flow of the wastewater 6 in the sludge
bed 9 is suppressed, and thus, the contact/mixing effect of the
microorganism granules 11 to the wastewater 6 is increased.
Furthermore, since the spiral plate 32 is constructed of a plurality
of spiral units, the wastewater 6 can be enforcedly guided by the
30 spiral plate 32 causing the flow of the high SS wastewater to
have no stagnant portion and thus, undesired blockage of the
reactor vessel 1 which would be caused by such stagnant portion
is suppressed and thus the contact/mixing effect in the sludge



spiral plates 3, 31 and 32 are those that are resistant to corrosion, which are for example, concrete,
metals, plastics and so on. [0080]In the above-mentioned third embodiment, a spiral 25plate 32 of
which leading and trailing ends define therebetween an angle of 180 degrees is described. However,
the angle between the leading and trailing ends maysbe suitably determined by design. [0081]In the
first to sixth embodiments, only a single type 30spiral plate is described in detail. However, if desired,
that is, in accordance with the size of the reactor vessel 1 and/or the load of the wastewater treatment

tus, ad Qr. { ' b in lti-spiral truction.
s Sl R MR TR e ot
double type, trifEXty{StE6r hesiuaegieapdal Qidile. S iFad BAYES IR RREABIOHT Heth@ictor vessel 1 can

be divided into By BI&801® Wéﬁ@sc-h‘ésI@lﬂ%!étaéhﬁé@&ﬁ@ﬂﬁ@@?@éﬁﬂ@ﬁﬁﬁ?&hﬁlE@ffzsed and the
function of the wastewater treaeza;ent agﬁgr us is increased, DESCRIPTION OF REFERENCE

NUMERALS [0585]515..'.%%%?& %‘éﬁ p Hﬁ’ogngfsérzedgﬁ %ﬁ%ﬁ@&) ...o5 trap 5....water pump

6... .wastewatemicroorganism granules 11 in the sludge bed 9, which would be
caused by escape or rising of the granules 11 from the sludge
bed 9, is suppressed, and thus the biodegradation treatment
effect is increased.

[0077] In the above, detailed description has been directed

10 to only the embodiments described. However, various
modifications to the embodiments are possible to those skilled in
the art within the technical scope defined by the present
invention. That is, it is a matter of course that such modifications
belong to the scope of claims.

15 [0078] In the above description, the reactor vessel 1 is of a
cylindrical and sealed construction. However, the vessel is not
limited to such cylindrical one. That is, the vessel 1 may be
prismatic in shape having a polygon shape in cross section.
Furthermore, if there is no need of collecting gas, the vessel may

20 be of an open type.

[0079] Materials of the reactor vessel 1, the pole 2 and the
spiral plates 3, 31 and 32 are those that are resistant to corrosion,
which are for example, concrete, metals, plastics and so on.
[0080] In the above-mentioned third embodiment, a spiral

25 plate 32 of which leading and trailing ends define therebetween
an angle of 180 degrees is described. However, the angle
between the leading and trailing ends may be suitably
determined by design.

[0081] In the first to sixth embodiments, only a single type

30 spiral plate is described in detail. However, if desired, that is, in
accordance with the size of the reactor vessel 1 and/or the load
of the wastewater treatment apparatus, a double or more type
spiral plate may be used for producing a multi-spiral construction.



7... .treated water 158....generated gas 8a...space provided at upper part of reactor vessel 9....sludge
bed 9a....upper surface of sludge bed 10....bubbles 2011....microorganism granules 12....bubble
adhered microorganism granules 13....moving direction of bubbles and bubble adhered microorganism
granules 14....moving direction of microorgfanism granules 2515....baffle plate

16....settling direction of microorganism granules having bubbles separated therefrom 33 CLAIMS 1.A
wastewater treatment apparatus that includes a reactor vessel that has microorganism granules

deposited in a Wg %Ssst |qu9 gr&{ﬂg ﬁé galfﬁigﬁggtlg ar]%ag %‘ﬂ@é tpcrx% ake a

biodegradation trea mén owa ew o the mic oorg nism dranules through an
inlet opening foméalln{%u@wapwﬁ dﬁtHé&é@ﬁéﬁl/é@éWﬁééﬁl@@Mﬁétéi%ﬁYcRﬁ:&I B Result of the

biodegradationtt @Eﬂ’feh gtiesdisphargieddser, etlﬁr@aﬁﬂ‘éW@FGJSpUHét#é’ébtor veugkiis

characterized i te is rowded which extends from the side of the inlet opening toward
the side of the ﬂ’eﬁ?éha]\j/\gff (Egja §t\5£ G 'of more spaces. As'a result, TRe

5 gas/solid separation effect is increased and the function of the
wastewater treatment apparatus is increased.
DESCRIPTION OF REFERENCE NUMERALS
[0082] 1....reactor vessel
2....pole
10 3, 31, 32....spiral plate
44...SS trap
5....water pump
6....wastewater
7....treated water
15 8....generated gas
8a...space provided at upper part of reactor vessel
9....sludge bed
9a....upper surface of sludge bed
10....bubbles
20 11....microorganism granules
12....bubble adhered microorganism granules
13....moving direction of bubbles and bubble adhered
microorganism granules
14....moving direction of microorganism granules
25 15....baffle plate
16....settling direction of microorganism granules
having bubbles separated therefrom



15 2.A wastewater treatment apparatus as claimed in Claim 1, which is further characterized in that
the spiral plate has a pole disposed therethrough, the pole extending along an axis of the reactor
vessel. 20 3.A wastewater treatment apparatus as claimed in Claim 1 or 2, which is characterized in
that upper and lower surfaces of the spiral plate incl$ge upward in a direction from an axial part of the
spiral plate to a wall of the reactor vessel. 25 4.A wastewater treatment apparatus as claimed in Claim
1, 2 or 3, which is further characterized in that the spiral plate comprises a plurality of spiral units and
mutually neighboring ends of neighboring two spral Lﬂj}&are overlapped by a given angle in a
circumferential direction. 30 5.A wastewater treatment apparatus as claimed in Claim 1, 2 or 3, which
is further characterized in that the spiral plate comprise a plurality of spiral units, at least paired

neighboring 34jtwo offhg£fieal HedP BreerierbeshpalanayeRppaser BEBiRgrdigredens and
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surface of the spiegl olate ig i A6 AP rEsHR ¢dIopagtopiiies anst nbblgadhered

iomicroorganism granules. 7. A wastewater treatment a&garat s as claimed in gne of Claims 1 to 6,

which is further €Hat9tBRZBY FHARES HY SR AR R LY BHYB PENIBLIIRR S NGudge bed that is
composed 15bydhenadcincagkovisen giartutdsttieppsdetbin Wes seletreetwtavater

produced as a result of the biodegradation treatment being
10 discharged from a treated water outlet part,
which is characterized in that a spiral plate is provided
which extends from the side of the inlet opening toward the side
of the treated water outlet part.

15 2. A wastewater treatment apparatus as claimed in Claim 1,
which is further characterized in that the spiral plate has a pole
disposed therethrough, the pole extending along an axis of the
reactor vessel.

20 3. A wastewater treatment apparatus as claimed in Claim 1 or
2, which is characterized in that upper and lower surfaces of the
spiral plate incline upward in a direction from an axial part of the
spiral plate to a wall of the reactor vessel.

25 4. A wastewater treatment apparatus as claimed in Claim 1, 2
or 3, which is further characterized in that the spiral plate
comprises a plurality of spiral units and mutually neighboring
ends of neighboring two spiral units are overlapped by a given
angle in a circumferential direction.

30
5. A wastewater treatment apparatus as claimed in Claim 1, 2
or 3, which is further characterized in that the spiral plate
comprise a plurality of spiral units, at least paired neighboring



part of the reactor vessel.

10

15

34

two of the spiral units are so formed as to have opposed turning
directions and mutually neighboring ends of the paired
neighboring two spiral units are spaced apart from each other by
a given angle in a circumferential direction.

6. A wastewater treatment apparatus as claimed in one of
Claims 1 to 5, which is further characterized in that baffle plates
are provided to the lower surface of the spiral plate to baffle and
obstruct upward flow of bubbles and bubble adhered
microorganism granules.

7. A wastewater treatment apparatus as claimed in one of
Claims 1 to 6, which is further characterized in that the spiral
plate has a portion embedded in a sludge bed that is composed
by the microorganism granules deposited in the lower stratified
part of the reactor vessel.





