, e3e({X(x46TXON DESCRI PTI ON METHOD AND APPARATUS FOR TREATMENT OF ORGANI C
MATTER- CONTAI NI NG WASTEWATER 5 Technical Field The present invention
relates to a nethod and apparatus for treat‘[m of a wastewater containing

organi c nat t @igsos8dd7 Mor e particul a ‘W‘\m\“ ntion rel at q’%tﬁﬁoﬁm t hod of
wast ewat er treatnment and appar at us n the wastewater contains
organic matters hardly di sposabl e by teopmt hane fernentation digestion

met hod and activated sludge nethod or when the wastewater contains a hardly
15 deconposabl e or renovabl e eutr opdger IUlazNANCe such as nitrogen- and/ or
phosphor us- cont ai ni ng organi ¢ conpounds. Background Art 20 As is known,
treatnent of wastewater containing hardly deconposable organic matters is
conducted in the pri oMEFHODNANRI APRARATHES FORC SREAEMENT i @t ed sl udge net hod,
intermttent aerationofca®sti paTE: hesher o enwihsirEwsatg on met hod. These
pri or art{ net hods, however, are each a 25 kind of bi ol ogical deconposition
nmet hods So that, Wnen t he Wastewater to be treated contains a | arge anopunt
of hardly d@e@hlpbsaalblFe-edldgam c matters, the wastewater nust be dil uted,
prior to transfer to a treatnent plant, by addi ng a | arge vol une of fresh
wat er resulting a great increase 30 he wast ewater volune to be
treated, which I’j(‘aréf’dsp R} I]'HEF%BJS%“IE'F]I%S tecfr PEE PN L SREFHBL BN ari d
an | ncreasefeon tiemtoestt ©dr at hes pewriess amtwastievateganreatatgrirs .| n

addi tiong these Pdilc Akl 198t PRMS: A ehORIE Tl U ek Nt b ES ARG RS oshe | ow
efficiency for the renoval of nitrogen-containing 35 natters reaching 50 to

80% at the Yﬁ?ﬁﬁ"e‘é&lter traAtHen5spvd aPRAraiEE }PGBFé‘i%O‘ShWt% an object to
over cone t heasbewst desonitbeéds doffarcid tneaters athdd dbspropasedyi n t he

prior art 'ehmmaaqesee%agtgmow&ta&e‘ o%%@kgsatm&l é)éthla;a\e@%t ewat er

contai ning hardly deconposabl e contam nant  substances such as poly 5
phenol s is ﬂ‘é%‘i’%d“%htoﬂ 8F oliBek ot kiRt rAtPrdEephpbRe & HERTEdAt ani nant
subst andés. ddbompomitled orSrahsvaiDd it hircactibgahnbde cauge alshe

oncentratlggtpggé};o% g{yggtsppg%m(gghf%%lwlw 8Pq yﬁﬁé’%&%‘ & dls |ncr ease in

t he treatnment cost e net contact " aeration has a problem
10 of a low efficiency for oxidation and the digestion nethod is defective
because, al Bherghourse aeft ozone in this nethod is effective) this nethod is
applicable only to a sea waterbased wastewater containing a relatively

| arge anount of brom ne ions since otherw se the amount of radical 15
generati2én i s vety ismknownoet treatmempl etfe wistiewet £f caenvaini®e t he ot her

hand, it isnkpewp dd@mpR%%8e0 bAGACA SudtddrRgi8 bbh&u&fed Gd Q;hjsoo Ns are
generated in the %gres found in the surface Ia er . con Je‘f gnp%@ artlcles

S
of titani unPli ki "ﬁlrﬁ'léfxf’éﬂeth?r?%l’iﬁﬁ]cﬁdoﬂc& vahadt et
el ectrons enbeernitetgdr @esrandot héi gxs/tgiem Mhoalssoha@elatrrldoma\mpyx of

oxi dati vel yméeﬁearp%ﬂmecawgp aPRh N ddRIeRGRRLRE N B8 Cé)éltrﬁ@ nant matters
vvhllethg efficienc en radi cal generation can be roved by
t

appr opr i® e]‘ir“ge?fec‘%/ﬁ%g’gtiﬁé eP‘éE‘P'F?%S’vJ‘o‘ICt”ad\?tB@Fﬁ/eé?l Wi% 'eI ¢ odes,

the wastewater to be treated contains a large amount of
hardly decomposable organic matters, the wastewater must be
diluted, prior to transfer to a treatment plant, by adding
a large volume of fresh water resulting in a great increase
30 of the wastewater volume to be treated, which leads to an
increase in the electric power consumption and an lncrease
in the cost for the process of wastewater treatment. In
addition, these prior art methods are defective in respect
of the low efficiency for the removal of nitrogen-containing
35 matters reaching 50 to 80% at the highest.
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25 electric current passing between the el ectrodes, frequency of the
electric field applied, dinensions of the pores on the netal oxide surface
and the degree of cleanliness desired for the wastewater after treatnent.

It i's, howeveyg odsagsPresent status of the above 30 proposedysp %@

ut|I|Z|ng oxygen radicals that the nethpd has not yet been ren ere

practice for wastewater treatnent. Disclosure of Invention 35 The present

i nvention has been conpleted with an object to provide, by utilizing oxygen

radi cal s and hydwpetylan oB85e@@/ 8508Ve RGO ROQ/ @308 descr il @altgi-t 0 which
no attenti o? !1§1d' recte ecj:ho%lreto ore, a. nov and effi CI ent wglre%cﬁod for the

treatnent o Stenat &1 885t AP nPhePrEFHIY %@80%6%55? e” coht
subst ances aHEIelf'éﬁfrﬁrwald@Uaﬁ adppar aiaesfion pfaet vesbevatrr momitedniBg The

i nvent or haﬁaﬁ@ﬂ)t'cfhl!ﬂ%p%ta%@é' Ment&yﬁ%ﬂtgeubevaane@stﬂecrbeéla\ﬁoqs, of oxygen
radi cal s andgﬁ%{?{ oxyl enerated on the, sur a %‘?‘IF oxi de
c

[
and, as a rB % Hel 6featﬁ§swég?|%%“eatt a2 OFit 82 by T yt ea‘io“’tpr? € i ency
for the genepatamimasft tshibsdanadscal Bhicamelidodnps ovkso ek iidest ai nability

of the radi E@E@tﬁ?&ﬂl he daRskeaggdc M\M@é}léml%esffrbﬁoxf.é qﬁ&@m@ hgdnbet ween
el ectrodes r adi cgl[é‘%gneratlon satjsfies specific conditions nd t hat

the effici eﬁﬁ?/u%lf papvetdal et 43 S6e P mprOvEL B ﬁnﬁcfé?é fng the
contacting time Betidesn the mathedad erccan@ciSathet her diasox deoblehace

| eadi ng 1o genp! gy Qﬁqucﬂeh@ pfeeemldm%t 208 enet@fgma%noinetthbé
di scovery. Additjonal l 1}1, been di scovered that, when the wastewater

contains a Farget ed‘ﬁ‘dﬁ'ﬁt bSFaEEEpeﬁh%%o‘%%ﬂ iYFenfft 8FQNg §S) this B54PRADI e
i mpr ovenent isaef bectdvteai hbdsi nethed eff iappdneybdé okt ewmtersea0whteat nent by

appl yi ng ul Lgeémacstvm%rt eohlg? 18R %mete%tﬁbm NG AR MERRAINENE s €1 ect rodes

presunebly due to a cleanin ect on the electrode surtfaces. Nanely, the
present i nvBRETHI p‘l"d‘\?’l 6é§°8n°F%‘F‘b\F§rr§ﬁ‘te apauRt net HRA¥R! wast ewat er
treat mens i geménr ghidrha swastewahel l 2o tcant aohphgt or da o instctaeisnand | ow ng

through a wast ewgy an, oRRABE! nhsa passed hAbWRER,g: AASI4d:ve ghesigode having

a surface nade froma specific netal oxide an Ive el ectrode having
a surface of2uiMbiA ehrf‘@t 2E 18r &P niPh Hsadirearepenated i Yy Yen®2865as to
clarify theifvasd ematitve 3Qribgceoxispdédt walnsidecngPosi par tie ear gani ¢ mat t er

contained t{ l'ication, f adlret rrent_voltage.petween the
el ect r odes, V\% ﬂ" [ sfitlc?ﬁ{gfagét g%?z%" dlf’ﬁ d??o%vg%haa{}ncﬁ tlth% ?lpge
wast ewat2€r when aelamgngeentenath@mﬁtielSe agdatibel dxy Jere riddicad sf have t he

upst ream t 0ah hgc homnrst b@aekeadt%emeaéﬁoﬁn%&iﬁeré@moﬁmlatra:gmapa_béed

bet ween t he elfctrodes h?s a vojcta% r adi erllt 9 i& kV/ min a

rect angul ar “PUF &Y W FE -8 AT &R % Fey 16f *19 %t 10 “fs’o Hz to WD
00l 55097 PC&*&ﬂmﬁerﬂ:G@@l génegaveormrragl éet improved ert aterripryadels ~rni cn
to 50 mNcngeb@émedﬁ tthfaeeeleeeued\e&ufwtbh;ec,eeahehé wm&% conpri ses

appl yi ng ul ed ul trcasonlg waves t d gﬁn vva$ ter i nugn ul trasonic
P one PaoarbECT A ABMALE BARTORS (e Head: CAP QLPETELTSRy 2558 .
of the electric field applied, dimensions of the pores
on the metal oxide surface and the degree of cleanliness
desired for the wastewater after treatment.
It is, however, the present status of the above
30 proposed method of utilizing oxygen radicals that the
method has not yet been rendered to practice for wastewater

treatment.

Disclosure of Invention
35
The present i1nvention has been completed with an object

to provide, by utilizing oxygen radicals and hydroxyl



under such a time sequence control that the pul ses of the direct-current
voltagée applied to the el ectrodes and the pul ses of the ultrasonic waves
are not overlapped in tinme sequence. 10 Further, the apparatus of the
present invegid@RsdePr practicing the above described nethodyGfphEstRNat er
treatment is characterized in conprising a tubular conduit haV| ng, at one
end) a radical generating zone consisting of a first truncated part with a
side surface having a surface 15 |l ayer of a netal oxide to serve as a
positive elegdiade amd Qaeahngoaétﬁé}ﬁltdhp il a&réeté@rrv&mf@rw%ewat er

|t ake) the, sjdle U LaGecPLat NE HHANCALEd 2L TRKLAB 20 A0l EA0L. O 1O 40

degrees wit e axi art and ative el ecf"rode in the
formof a reRPtaining aagd#?aéewrm@ahife Z@néamé;bﬁ\@t n%‘mﬁtaamﬁisl ABdl ated from

the positiveo q&:&pvtird@dan bbﬁaf‘@ﬂ@é'ﬁ/&r @&Q&&e@ﬁgb@h@%ém ed along the axis
of the tubul ar rt .an %8f gom ti ve el ectrgde and t Sre}ce%ratl ve el ectrode

bei ng cofnect ed 6:‘ L B r e IRy e& ﬁPﬁéV%aJp'é‘b‘f t4B8Bfyi ng a
di rect - cur remtthpulbedavdobragé otyaerFadictdsgahdr hydwexylommaddcadsfr equency

of 10 kHz t rile'i(bt‘@dzohothbesﬁ’l-ff‘&éé %e% fm%‘t%‘l”9x§d<¥0$ﬂ@,gea£raa%§ﬂltOf 0.2 to
6 kV/cm bet en the electrodes wwth an electric current_density of 5 umicne

to 50 mV SR h&AS PREINBDVR® dbLrSBIG Y ubhf br ROMAALC 6P Y he 30
i nventive apqlarfatteus;ehasaamoul o f asloaEeC radriceadonsast beigimircevesleendd truncat ed

part opepi ngydtaida®ihqR yf bat the SEINGIAS An"Bat eNet &4s QHtaRnaRMe cONNect ed
to the tubul ar é)rart at tY he ot her end opposite to the radical generatl ng

zone, the sTURFEHS 426107 2PRLI e R asuRLEEERCRSF t EHaKiad €3d angl e of 35 5
to 40 degr epsnaddattiohheatis$ies #hecifibulcandpatlbnanan@nthdtt tasoni ¢ vi brat or

bei ng_mount g | etn*&?r %‘%CQQQFL%{‘&@&%&%M ca¥3 00| mRQRe &

PCT/ JPOO/ 01305 resent 1 nvention %or wast evvat er treatnent
is an el ect*'b%‘}fearﬁié‘él tﬁﬁoeeggaaﬂnq Aimg beyyean: byt cia sttt eRyardxyl
radi cal $5o0rtige mattialg oixAdeak ef £ 8¢ edddSg thechydl oxybdn radittal sravynt eact

W th a carbpq, oSN 8f @RE%L%& Sgrk%d%; 'd'l%c%@é%g” dé{gﬁtdi%w%(i‘iwdwg to the

follow ng reaction equation
wast ewat er Rafidreany é‘&tsﬁfﬁﬁﬁre%n’ﬁkai’hs “ﬁlel“artgé HABLAYaber St etdEdasol i d
matters, t hmxﬁgm&ynohatpesssbbﬁeﬂ@edilsabad\aamtaagess OiSS%)X,C&S&IeV\elr:yabaé ge

consumpt ! Oyl Sl EoBNRLOK,LEMUL 50, L3k €PRLONIC IR WD RaLLGLes and
dep05|t|ono a | ar ge anoun artlc eS'inth ores o e et al
oxi de eE@cttmietﬂreéﬁ:ulbm agrilniag gmb‘@nammeagees nte hehe atfist&Wagenrer ati ng

reaction. Tf‘i&wﬂ{gs%@\t%%ﬁgﬁhgaé‘lQ@t%sc%ﬁ}%s%aﬂrﬁy n@ahstPfa thealihgasonic
waves applied to the ultrasonic_zone of the tubular conduit. Brief

descri pt i oneB?e‘ithé’”dFQ\ﬁn RYeSEr P YuiW fPSeS-a schematic partial perspective
vi ew of the tubwWaarelyondtet prasémie inwearttiovie pappadas usn simpwiongmant ,

rectangul ar; ¢r oS 136 1:QR Qgsfcgl@awbtur%ratmmt mn&aﬁfé@dtﬁeo wasexampal
truncat g part for the radic enerat i n%&zone ure 2 1S a, schemati c

parti al er%‘b’é*c‘i’l'\}é‘gvf’é\ﬁ/aﬁfct'ﬁ%g'f%laé‘rd RYGRE Hﬁr?‘h ihvEsteYat appar at us
show ng a cchgniler icr passedcbetweai 4 hestidbukarlpattodorimanmngdat o a coni cal

truncated pagfsfy nFaf&% rf?@{gc? s PEOES A g&QaZ.LOBQmE'QHéea%ég?etéiv‘%Che”Bt' c
perspective view of the tubular 30 conduit having a_rect anggul ar cross

section conftttEP Y% hﬁy’r‘-&ﬁh fafuififk ftfed parts ?“c’)T'a{ WP Hdi%C 4l generati ng

zone and foradbhmsluldenasaniagzooee so as to clarify the wastewater
30 by oxidatively decomposing the organic matter contained
therein with application of a direct-current voltage between
the electrodes, which is characterized in that the flow
channel of the wastewater has a cross sectional profile
gradually increasing from the upstream to the downstream and
35 the direct-current voltage applied between the electrodes
has a voltage gradient of 0.2 to 6 kV/cm in a rectangular

pulsed wave form at a frequency of 10 kHz to 150 kHz to



Figure 4 is a schematic perspective view of the tubular conduit having a
circular cross section connected to conical 35 truncated parts for the-
radi cal generati ng zone and for the ultrasonic zone. V\D 00/ 55097 - 6

PCT/ JPOO 013QR, Chghe S is a graph show ng decreases in &g didt30s

NHI- ni t r ogen ang evol ution of carbon di ?m de and ni trogen TS TN R ce
Exanpl e as a function of the power inpu Figure 6 is a graph show ng

evol ution of carbon dioxide 5 as a function of the electric current through
t he WaStE\Nafgﬁl’ve\/\fbhhepécﬂ\fié"@ﬂrraﬂm bertion of dli/amonts YeuRS/cnffi gure 7 is

a system di agram shggvi ng thc? steminvolving the inventive wastewater
t r eat ment ag’%&wﬁf’ﬂs 05 HSY958e for carrying out the invention In the

foll owi ng, pref eFnethenbdtierdmps ogtmeht ¢omvmmitsesn aapéy tescpibesdl i n det aj |

by maki ng r%fl%&egseléowmes fﬁog%esf%wm@ ACOQTRARYI RY siﬁawﬂgasomcl n
Fi gures # gg the truncated part form ng the radical
fé’r‘?& 8§a

gener at i u}‘f%tcéiolwéh‘?éfe?%r%d“?er drft Cﬁét 8?“%’5(?%16‘ FER as
titani um d| oxidde, stich axiide segudnuom doniki e tared tthe buksemnif dlhectrically

connect ed 0 -8e«R03kLLe W1RG0dBel €681 £l R o eliEBELs 2h LNt pover

source (not shown in the figures) the truncated part 1
is open to P¥LFESasEahne rH]d:I{é‘SGPthEaV\%ﬁ%Wat’é’rt °K6F669P%‘?n‘e‘6té1"?ctrode 4
havi ng a surfeacentayer of a noble netal is disposed along the axis of the

truncat efh part Lpapthifie Sl SAELYLLUBH! Afe RAILRD GnooRnEGI od Lo the

truncat part 1 and cohnecte negative el ectrode termnal of the
di rect-curr &Rt poAEFichig dde Phevsi eéswa#redz "@Fthpﬁe%frﬂﬁ%%‘l‘ﬁfeﬁart 1is
formed, for texampbet by @aetbendeagipacdnpdies nof aatuet Far cndmlmlsuch 30 as

e olSeal DO A LG e Aot SRR R,

pl at e-f ornme ctroconductive oxlI de
have a partifclféTaf akieirgatad PRELr WAk ¢ r%?ﬁel(?‘{réaSGOhﬁH’b? a FYeftécsbl y,
from 20 150 1@@eunvf Themstidle oxdkde Roofethe dg mep@tsedlparéléctmﬂd@s aad angl e

of 53510 geﬂ?%e?? é’ﬁégﬁ tph%lﬁ’é'ofof%eer\??a”éeéy wtaﬁ% GeRLETS rﬁa ”Qﬂ% rod 4

so that the Cross™section ar ea ow C anne IS Sha
wast ewat er iSAfgk8ubfagheok gihef LtaENGabed tpart MARiIME| §B09TI L PO FP3OQI01305

truncated pawot ddgaeds | @i tdle tahesbattgm OEurtde.rt bﬁﬁﬁatﬂdd Pardeghtike 1S
pref erabl e tg?at th cr ost1 section the f g\évfgheanp yetthr ough the

ar e
radi cal gen 9 O&‘pgﬁd%dr?c?orfﬁ YHE i°nf "hé*open top
flat 3, Zt%m@rdoslemetnﬁtm ahstuheted ubren edhepaositing aldcigtase,of 20 to

1000 tines thdsnbgadeed eask el bovhyel acdtaa @hohhetvast ematar thaversely

proporti onal I Yo Eo the cross sectional area.
ar part and the positive electrode and the negative

electrode being connected to a direct-current power source
capable of applying a direct-current pulse voltage of a

25 rectangular wave form at a frequency of 10 kHz to 150 kHz
to the electrodes forming a voltage gradient of 0.2 to
6 kV/cm between the electrodes with an electric current
density of 5 um/cm? to 50 mA/cm?.

Further, the above described tubular conduit of the

30 inventive apparatus has an ultrasonic zone consisting of a
second truncated part opening at the top flat to serve as a
wastewater outgo and connected to the tubular part at the
other end opposite to the radical generating zone, the side
surface of the second truncated part making an angle of

35 5 to 40 degrees with the axis of the tubular part and an
ultrasonic vibrator being mounted on the second truncated
part.



The noble nmetal formng the surface [ayer of the rod-forned center
electrode 4 is preferably platinum 10 though not particularly linmitative
and any noble netals conventionally used as a cathode material in

el ectrol yti cy@fg@épert rochem cal processes can be used. ThePE.rrHﬂ@?otlﬁ)g part 1
form ng the radical generating zone is.connected to the straig y tubul ar
part 6 at the 15 lower end of the side”™walls 2 with intervention of an

i nsul ati ng spacer 5. \Wen wastewat er containing an organi c contam nant -

matter di ssol vegnehméehdd st Pass @i ekRhOUGAvEME AP daseribedr radi cal
generating zroré%m%ntcaki ng a sta,cy' . tens of seconds, the

|n§ 20 time_of sev rgli .

organi c matter s oxt datt vels des ﬁﬁ‘égghl PO VE a 144E8nPoETET on gas
which is anfdicgde ehdnhxdoyan gasligadscar boinaliind de gaseplus a snal |

vol ume of geeen1e8s. The Widdddyaneka@talbi RaPxidatd Vg tdegorpesst i on of the
organic qmaltt%r degegds. og 25 tha%,actl Vi L¥ of . t he. met al %XI de, formng the
surface 1 af&Ur6f PAECET¥e 919733100 CAERPP UMt P S5O 1P BotC eXiple, tin
oxi de exhi Hiald owhieghr ghesioractquattipnanong t he above naned t hree ki nds of
netal oxides decreasing id thegyyder of opJidigm di oxi de and titani um oxide.
Platinumis an 30 alternative material to netal oxi des,although t he
activity thereofPfB EbhsYRRETSHANFT SREFTL REFATRAT OXtFd8S Fhb¥p¥itive and
negati ve elactunades suspdreddd\eerltiidvaaappas at tiserss enayobrepbedibbe t he

el ectrofle |ATahEagLs % PUNIAYLG 8PED! SorfluRBhabl NGy gLeerd - cur ent

pul se 35 waves of a rectangul ar wave form at a frequency o kHz to 150
kHz to prodte& 9y GBATEGRA i AR IdNIoUR the PV IGh e fREeACRARI BTt r odes
at a currenif denarby amoidrdie dfange pa¥Woio0éS509 A HRCHreéB00t 01BOmetay  from
o um om- { G, A% 6HP: oJIGSE AIAELEr § B Eal TRAUIARG LR PROCTJO-ANSUTE a
hi gh efficiency of wastewater treatnent according to the inventive nethod.
When the cHRETRtIPIsERPENRY sAhid AaFpdyantass) asn ket REeGERTevRY er

subj ect 81l tnednze otashevwal faddrgat RaRkspappessd daes hrolexaeedi d Okhe
ng/liter, fE0 Gl od .ef ficiency of wastewater treatnent can be
obt ai ned o?ﬁffll{lglf ghggg%)%lcg%’a%%ﬁ of the above described radical generating
zone to the streamof the wastewater. As is usually the 10 case, when the
content of susfieadedr sptish ot tiereS ardwwagt ewat er is nuch hi gher than 1000
ng/liter sonetinmes reaching 10000 ng/liter, the efficiency of wastewater
treatnment can be inproved by providing an ultrasonic zone to the tubul ar
wast ewad®r condfiigurpahels, a fnblena@aticonatbial ndnspesdiive waeseschas a

cl eani ng efdrct y@nibhec&haeld 0Ge 9l iacent and ApLlfesct sabwisgoyi ng any
contam nant materials deposited in the Bores of the §Curface Ia¥er of the
positive el"SGPIIYLATaFTANT & 50 9Bk Pdat et RGP &G GAM EF et es 3 and 4
each il usttratee pyramhéaht t murpertsgepbirte 20 vhewaficalt gbukaat wagt ewat er
conduit congjgting of a straightly tubular part 6 having a rectangular or
circular_ cross section, respectively, a first truncated pyram dal or

coni cal2hart 1 EAAHBRtAdIE P 11D MIEFeRAT BRI T RINE NG ¥ ePaPt 6 to serve
as a radi calheggenenabr ngozduniet and theSeaondt 2oe tapmatted pypaimgads or coni cal
part 7 CO“%@&%&%QQ&@%‘&@J@%@ ¢Rd fhphl& L onpatted 19 serve as

t.he ul trasoni c zone. ul'trasonic vibrators 8,8 are installed on the side
wal | of the&WMicrdssRrecabie PR foxdithr| Hadetl AR FS<PEi 8RR spanni ng a
radi al angl e of F3gute 45i38( dagieaas iwi bBribectiies vifewt lo¢ ¢tbadtubular
illustrated. i, Fi.Q .4 _havj i.r.cul r sect ] op. two opposite
si de suﬁ af:!:eds%o i ﬁésﬁ? r%s'{)ér}:?cca zgor}ea%7 C?%sghée)éfitolnoﬁuicjtoqﬁrﬂleggg?rg? ed in Figure
3 havi ng a RYEATHAGdl AFuesabed Fdttisod orThEE uF 2 ¢ E&NI9eNREPE4 NRa%R A pul sed

wave form adnd florequengyt @fssibi 2Gdpldz to 100 kHz. It is inportant that the

direct - current yoltage, of ja, puligd Mave L oL 1 ARRL 1.t @t BReeLegL 1 ades of

conduit having a circular cross section connected to conical
35 truncated parts for the radical generating zone and for the

ultrasonic zone.



WO 00/ 55097 PCT/JP00/ 01305 _ g _ generating zone and the ultrasonic waves
of a pul sed wave formare under a time-sequence control in such & mannér
that the ultrasonic emssion is interrupted during application of pul ses of
direct-curr ge. The 5 pulse width ratio of the dir t and
ultrasonic ;e)ﬂf)sog/gg %72 sel ect ed dependi n% on the G/ Nratio i %E%/ﬁﬁdfo{ﬁ ewat er
under treatnent. Assum ng a cycle period of 1 second, for exanple). the
period of ultrasonic enmission is selected in the range from0.2 to 0.8

second. Nanely, giQ@r sexgnpl eraéooﬁqdultnrga%eek@apéﬁ SHS e a«am thed within
0.5 second ul trasonic gratlon time at gb?’?f% ncy of 10 kHz or 100

us per pul s‘gﬁ“co'}lr SFSRARRY E8C 500 iHeS3GPO8 F*&p8PFRat i on
assumng a drmtliefra;tqn@eoﬁxatobﬂevwemtfrm\qtn@enplfv’ehmveamatlenmmtreat ment

met hod is 15 apFﬁlngx@et@ W@SBG%%&K Ml@a‘ “'eOglG@I@:QrbisCBHr%%naHQoﬂiéé ogen
source substances di ssol ved therein, carbon d| OXI de is forned fromthe

carbon sour®® 3UBEYCHIE FAdtRe gakT SRR of NEBIAR HGUVBFLAYEF Ygen and

t he bal ancewifh N@x wjasesti sppl baaicieth fafomithesonte ogaenassource substance in
20 a proportion gdependizng o0 Nk tSpbst ances.
Simlarly, a gase?&s mi xtur e cgﬁﬁégﬁn g&g@ i 5%)'5}?0 sul ur oxides SOx is
produced frbmY Rl &g GPesbuYE@tS‘tﬁ)s’ta&ﬁWatFﬁ ér??Bi‘%ﬂ aPps&atdécordingly,

the gas evolved in the vvastevvater treatment process consists of 50 to 60%
25 by vqlu rb t,.q 29 me of oxygen, 60 to 70% by
vol une g#’ g??rodne% §§2Fn Lgjtrr\s:cq‘c')ef fg%%ﬁgé%s 10 to 20% by vol une of
NOx gases and 0.01 to 0 02% by voI une of hydrogen. The above described fact
t hat evol uti on afn hydr @agebDogasy ) rp:tdt@ﬂrré\deahbueuwra@&s ithevery small 30
strongly suppenls e €0ReLUSI on, L1l g1 CRE M 68 PrAGRR pREOCEEI Ng |
the inventive wastewater tr el ec roI ytic ecorrp05|t|on of
wat er but at® aW%éllgﬂéaétPén“?%) mwa@%ygéndmwm S and hydr oxyl radical s
pertai n15Si nce tie Fa@SEesgaSEOUS, ety yhidgenwhiom tde dnweruneetdd wast ewat er
treatnment c in [0 n gl | utant gses su h.a bop, di oxi de,

NOx gases, @ga§§gﬂgh @gee%% i% égltrga gorfehq}ast ?lae%asgous evol ution
is not dischagfedormad @9965@9@@/@@@‘@199&8@535 Hi0k angyym éﬁovh'ée wast ewat er

treat ment Syﬁtftfﬁld\éy)eﬂrﬁh@uﬁoéwﬁfhdﬁ atnfaetlgasaepw &i@'ellteic(ﬂlﬂl.bglﬂﬁ':] so Ialr_ge,
it is a possi Y. t he gaseou olytion is retyrne e pipeline
system for THE eoclt\ggas f?%‘ren Phe |gessle5:(‘ir8H ng%rml'\ﬁ‘hlen%t hegfa' vo%urre of

wast e g38 eswingntomwowsr| apyece i {nats shdwantagbbeist xdvatesthe Rast bomt er

treatnent sys{emn aCehdi pguhOatdle gyresant si Bi!@ﬁ‘tﬂ&fbér&ecgﬁbbﬂeﬂnwﬁé" a
bi onet hanat i gnv}s%/st em havi ng a bi or eact or uﬁ: | | zi ng | t hane bacteria
S

capabl e of ¥ MASitRYAESF bor® Bk teE™EAd eSO oYEN, * INFYd dhfch the 10
wast e gas asumfaced layeh 4fnalesblof nwtadrnogend dsiso pat art@lne ohet Aei<car bon
di oxi de is wtmd%%qcaeeaspgptfpramdm%ﬁuaagergg?h@ahp%b Wik pLitization of

the NOx_and SOx gases as the nutrient source hane bacteria. In
the fol Fowi %gcont%"étﬁfle%nl;h? NGRS ®agésérpbddFInners Aot detail by way
of exanpl esneqrefigtecrtecExadapl ermiiridl @i ehpedirdoidureshitgabeet he

correl ationg Q%t%een evol ution of carbon dioxide or nitrogen gas from

wast ewat er and decrease in_the COD val ue or content of ammonic nitrogen 20
in the wast ewat dhebyidn &l Hat i oh theedrnphtted RagtullattiSoh o6Redat § N

tr;aiat ment ]Eesampm&s b&dﬁféﬁkemrfd).\l’mﬁlpmuk&}c:l@ﬁl SBsd evalaar ogmaéasmmg 4000
mg/litegy0 i i n i C y using
posi 11 vedartf noaariyl biesey BhF at TRy LhEL G SR %‘Q@Qﬁ ng the 35
power i nputSYHet<et 6F Thél?’é%vict@“eéjré@ﬁéﬁﬁc%d‘ﬁ*g‘mee“‘? teh gl%‘&

evol ution aiietcdr lbeaddi pxt tec baxl gndulcagelvgaseﬁamcm dutkeefetr ghi wrdi nat e)
and COD valug AN nten ni,c | e i pat a function
of the power |np3t %F'or@ ko %%&@;g \Aa{glrte&ggﬁpg}(gr%t czfaeargl 365 pports the
concl usi on Theats ifdge wvebb %u@%t‘%ﬁﬁ:é&t@ﬁ@taﬁmﬁﬁtt himaksgemnapadtemviert ed into

car bon GIBOXtdeOa@@gE"eEEOG?ﬂh RS RBGH Vel Ynahy1$ had\enieyee Yest @t er
treat ment net Exa 35 The radi cal %igeneratl ng .zone was constructed

by 5 Coaxi o Ohes 3Dt Che HFERITARCOATL A TagH: (6 digt: FER S a
titani um di oxisierldoatedhpl @t &t asatidre ipaskei v& the top flat 3 of the



WO 00/ 55097 PCT/JP00/ 01305 - 1 1 electrode defining a truncated coni cal
zone, of which the generating line had a length of 20 cm and nade an angle
of 10 degrees with the axis, keeping an average di stance of 4 cm between
the el ectrodesoossoe el ectrodes were connected 5 to a direChopibdoBikos POWer
source capable of generating a pulse_veltage of 2 kV/cmat a frequency of
10 kHz with a duty ratio of 50~ and a current density of 5 to 7 mA cn®.
Separately, another truncated conical part defining the ultrasonic zone was
connect ed ttounhetdewstt eamarend at@e0bt atsé riseighn W iCthendtucadtegmrt) to

uhich the gadiodl oene/ating 20ns weg.ponIectad AL Lhe RSt feam snd. and

two ul trasonic vibrators ca trasonic waves at a
frequency dfe281REzCRRRIEY %\Hé‘lgho&f‘ﬁufa‘?ﬁ‘:%b Q/Vd’tet@tdl“geFP%%t] Vies power
out put of 2xpaaties Nese tHstidltlagd,t beeet the ldpeh ltoguitdaebs ai tieeh day

di gestian by, mgLhage é?;{@%&gun%;;tgf DB XL US  dhgohar g put of a

swi nery, whi ch containe SO|I ers and 4500
my/ liter oftiBfFohpes n?‘?r‘%ﬁf‘efr?aéﬁdthadf howrs \ad ity off GOGOWP@MWQT@r was

passed thr anglrkbey apoysoroitnanugt €8 thouteds2karrsbnwat efegonduit at a
i near flow rat ?hgfngb&CMS c;nd whi Iﬁe)é he d Ject - currentt'pul se vol tage

meta Bﬁpﬁga f

and the ultrasoni ¢ waves were Fa] calyegeneratl ng zone and
ul t rasoni c regnéorned peentarcigl ecirrdenat &$ ypla&f%ra@.l!? péedbhuuperi od. The

power cms&msahbannwspalr@idﬁ&o‘a&qw lléas{t@e{vgtmup ahy WRbek Rétdhe digestion
I'i quid. Theorng%H ts oi] ove %é QEd treat ment wzre th ttthe decr ease
in the cobVarge " ]eye'fsfe\ &t awﬁg 3 ?d“ibberl d ‘PofAPCht ¢ H0yEh

el i m nati oerr edehtdoQyenirgig-proEeaapbec@n 18O Ussidig t he sane radical

geger?t Ikon goneTﬁg_ﬂﬁ@xgcéﬂEdE—?b%W| & %orxﬁlﬁ\@sér?él\ﬁia%ﬁcfaflea&gﬁl&tirﬁ;flt ;Nas g
undertaken for a digestion i ue o iter an
cont ai ni ng zﬂ@ﬁolﬁg?‘???%‘fteoq‘ tsougbénﬁg’dag%l‘?]d"ﬁﬂugraé' FSréxg ergbevol ution of
car bon W oXiogtergasd ¢f guhre s d35wglaphl celtly ishiewyenlteéonabé @i car bon

di oxi de evghuhhQRiRg sSpdduicts on of the electric current with (curve A) or

WO 00/ 55097 PCT@gPO /01305 - 12 without (curve B) apBI ication of the
ul trasoni c wavedPrR YA eHaYeIsGANE2IBRRY 97 ‘?rsga(ﬂléalm FBMRMRSe results

that appli catiten ofssidlvesdieredayes psnydaattﬂr;ou@fhf ebki wkover i ncreasing 5
evol ution qfe seeabga 3 FA oKLl odriaTRl foSzofl {SIdKArNG WRSYEugL er L1 eal ment

system accord e jnventive met ematically lustrated by the
system4dl ag’jrlé‘ﬁ] SF Fﬂj‘iﬂ?%l reng ﬂésﬁéﬁ&?‘é? t‘ifréeatOrFéf‘f‘taneg‘PtFﬁﬁ s 10
under t aken ofxada@iwnasy e&\@ctcﬁrrpdilesiclﬂar geoivena admmwrsytwbhcdjlaéladmﬁrcw val ue

of 5000 to, gogo Er%%%é r%%réﬁ_la gd 390 A idser g% ggl d solid
matters, d6o°t 8 Yeérds N rogen and 560 00 ng/ltter
of total pﬁo§ﬂﬁé#u¥;°h‘t‘m% Cpﬂ%%‘fyg?!‘ogas The efficiency of th is
oxidative decomposition of the organic matter depends on
25 the activity of the metal oxide forming the surface layer
of the side wall 2 of the truncated part 1. For example,
tin oxide exhibits the highest activity among the above
named three kinds of metal oxides decreasing in the order
of iridium dioxide and titanium oxide. Platinum is an
30 alternative material to metal oxides although the activity
thereof is considerably lower than metal oxides.
The positive and negative electrodes in the inventive
apparatus are connected to the electrode terminals of a
power source capable of generating direct-current pulse
35 waves of a rectangular wave form at a frequency of 10 kHz
to 150 kHz to produce a voltage gradient of 0.2 to 6 kV/cm

between the electrodes at a current density in the range



15 Thus, the wastewater fromthe swinery received in the receiver vessel
100 of 10 liter capacity and continuously introduced at a feed rate of '5
liters/day i nto a verti cal type fluidized-bed biogas reactor 101 of 23 liter
capaci ty Vas v @t ed through the pipeline 102. The effl ugqt 1%’3‘? hésaui d
di schar ged out o the bi ogas reactor 1Q1 was introduced throu ?1

pi peline 103 into the wastewater treatment conduit 105 of the invention to
be subjected there to an oxidative deconposition treatnent and then
transferrfedfmﬁos tmﬁizo&adsuem;e&mzzet tﬁuéars@ baalsgéa&@far%g ﬂn%okitbﬁ’é ]
capacity fr t he preci te was .di s e r e
outlet pi pe |ne ?JJ; n’%hg eFf{' Cl%%c %f S a‘{ routéﬁe ﬁ% pf’pel i ne
108. The ruﬂﬁ??fgdmdiot |t@ﬁsléf’e{*hb"? d&ﬁfé@ld generatl ng part in the

wast ewat er treatwmdH tmn@uhteae&w@ﬁdmtedasdhﬁecrﬁat?&rwr(rssmt vol t age of
2kVicmip a, iregt an“gaultew ve formwa dm% t ween t le Erodes

b
keepi ng gn LV et i qiSaNEE BrP e TR S %Gitve gﬁsgf‘éﬁeﬁ eli'r P'Sﬁt density of
6 M\ cnl atPRORAY drO@tS| ootf e8086d THIO powi/tliiterel a@csybideneas lyodared on t he

surface Wi ths#]dadHdymodi Wé's@@w@-f‘éir h@ctaacniernleneahege%wfm dah yf gym havi ng
side surfaces makin | e. of 15 degrees with 20 cmlo negative

el ectrode pFat e?)p%’t%?tdloat fubfe T#RPYA tdrea9§6ﬁf’8dpﬁ??i%?l tgi‘?é‘e\ﬁ/%?%\/at er
treatment zo O0d 33RO B tPEINIPOOLIDL 3B tewb3ercondlsli ts AGmaldy efei pped with

four ul ypasepic, \mmrattwscgﬁtmé @prghsta@m%eeagblgawmewst Rnsupply of 100
watts of oscil I at nq: power ul trasoni c waves of 28 kHz

frequency at®StHRYFY 46 5‘“6? Bb%e"'s t‘ﬁ?é‘ épppuﬂﬁ(l}?%lst?"kﬁt§8‘ﬁérged out of
t he ef fl uentegpetpigld NM@ODO8muALi serh] edteed ftfd ctihecywad Erwapitaivisttgrt est to find a

col or of zefpea{did &h %Q EHpPQvéEU/HJ tp%mh%a' axﬁ"&ftqga%%n(}f: 20nto 30
ng/liter and tot alﬁéjphos hor us 0. ter. he solid matter

preci pi t at el®i g Hatby €§eﬁa§3§‘§%‘fe%é‘"t°c“|di“ﬁ§ taHR"‘ib’B aFr?d’ldlc§(15F18Pged
therefrof abf aurtatescofi cl4aves 1Bag/dayl cam ingeedf ycbase Wenteakentdodéo by
wei ght of t o2}, oSl Hsef}-g!f"é c(KjxeSnlé' G”ER%h@én%ﬂﬁn‘émsﬂg%{:‘?&P@t ai ni ng

matters in the raw wast ewat ei t her sol ubl
i nsol ubl e i feRREEred dgultiepror ot aﬂfi W’cer §H§FéFFeha¥?ﬁ @& fdespppytive
preci pitat esléettoney edafinaplé hmsedxﬂddtgvbaakcaﬂﬁosiﬁhenexhaust gas evol ved

0 the sett!ing ganltel08 apd f Rpraadsiinguol LhsmriauskRpDeL e 109

cont ai ned 20 I OXi de gas and
i ntroduéfd YHed the &“@g‘éérrﬁaﬂﬁfatﬂo C(S’F’dﬂlltl F%ﬁ*s%’atp’dkﬂ ©f Por COZ/ HZ
assim |l ati omwﬁmjtaltyh&uemtnauspaxgass was; iffigx @adrak t dindlu 12 lort eistdayr of

hydr ogen gag Sé)m } a Lo %he ?EJQZ%' Y2e$ i14f @r{x’ éa@é?%hgqﬁég?ihg

met hanat i ng Fethen ‘et hané bact eri a ent salts
requi red fofosiehl eardndi ngnoéctﬂb Ysi ddpgs upshceon and ofn the &ububer| ar ger

than necessaézvtfeortct @%rwl bsPhi £2di QN Qenlh@t B 2GR RAGH @r kacongoul d be
suppl i e?lsf romthe COZ (HESI ml ation vessel 11 The i n%ﬁ ttent
dt

ci rcul atron ’b‘ﬂﬁﬁ)atc?dlnr?éf&aé‘ Bb PheE Y idGds P36 tr date e TS §simlation
vessel 113 dewvstthdam emduré Sheotybuwgirt airdn6ofot hervd qusi dhen t he

respective Mﬁ@ﬁaesloﬁucm%nwat efwétmpdryastowcheiskee&mQ/Zsesarmnfg,esl fhwgr ogen
gas generation_coul ?t ai ned fr om t he er reser:ﬁ% 119. 35
ed-

te
Vhil e the tPAnst%ers lrda?té’a et hidhe ]gtifsé’\?dlcvéan?n tHe P bed bi ogas
react or 10ls¢maudtedaoshidlides dddrofingl@ Iriederl capaks tof 31r daghSt he first

bi ogas Bbpehésee D4 MRS the VX P9/ $PQ%e cohtu P IEOYAX303n Figure

4 having a circular cross section and on two opposite side
surfaces of the ultrasonic zone 7 in the conduit illustrated
in Figure 3 having a rectangular cross section. The
ultrasonic waves have a pulsed wave form at a frequency of
35 20 kHz to 100 kHz.
It is important that the direct-current voltage of a

pulsed wave form applied to the electrodes of the radical



20 to 21 liters/day) the nethane gas evolved in the COZ/H2 assim | ation
bi ogas reactor 110 was joined thereto through the second bi ogas pi peline
114 at a rate of 4.3 liters/day so that the total nethane evol ution nounted

25 to 26 5 |wbebsgdstay. The running condition of the settli %TFJﬁleOQG could
be mai ntai ned by discharging the precipjtated sludge through the sludge

di scharge port 107 at a rate of 0.145 to 0.155 liters per every day or 0.29
to 0.32 liter per every 2 days. 10 Industrial applicability As conpared
W th convengénasdt ililzogeCahdwasé enbt s diRalwARBE P 08 ESSRFad W cabove

descri bed wagfewgter, 19 fent . sysiemagcordin % the present invention
er{ tCﬁ) o} 1 ch.a a%l

tre
can be constructed on onlf/' g%out o%e enth area 0 e ins ation site
and can be bpet athed UHtCASBRALG ebbitlThel s idterruBte@n@igiPTonsunpt i on.

Nevert hel esspplheatiast @dabel sb & eaf NBide SR ehs advesadagecths i n respect of

the h!ghSef%b é%n Q%E%Orgggoth? £§gqgfjeé¥ é%%%%% Sgngf% €¥t§%%f%ource
material s, total nitrogén-and total phosphords i n“wastewater and, in

addi tion, thelssstismsiedegpphi dabérdiny wasttdwaCéN tahtaiin ridrepol yphenol

conpounds Of a4+ &tk r\iin@R rC8Re BEmé SOV ek )iyl dati¥ee decompPYstion. WO
00/55097 - 15 CL PCT/ JPOO/ 01305 1. A wastewater treatnent conduit
t hrough whi ¢h® %%t &r SEBRPAF ni TR RPN OdoHt RPN © ltESi8Ns i s passed

to have 5 the selputies! donthri namge nttaw G2 toxPdat seedryd dedmpdyed therein
whi ch cQBprk§eSexdrbied Sobdl Gt ¥sSahul Al RAr b hayh Do & WGhARgY. gr or
circular cross sect] gn; angﬁébé a radical generat|n art consisting of 10
(b1) a firsPeEPUhHt & pYrSRF AT OrdWhi e HRBufhr n'grrﬁb"re“rfé'vpﬁg a coating
| ayer of a Watkiz iarsdlo®bhe met apubxe deomwspogdintotc oM@ tt imesh otthe

wast ewat er tPeSEeF e 14%13 BBpLILYE: & e RfR2RdaGPPNELE B4 S sioae broader
end to the upstream end of the,str%ﬁh%{lfl t ubul ar gart, t he. 15 narrower end

0Q
bei ng open, and Y199 tR¢ J8VRRRHE? LsGrpatBeRt Bedie d$i onr esi st ant
net al t d5seappl bsd & negatievetet ecodn patin ianyd cardent edur ¢ cerddenittrogeat ed

pyram dal ofoGonl calndiiubar afBober 2l ng difie xkabn | dfiGidiergofl - 20 2. The
wast ewat er treafnment conduit according to cldaim1l in I ch the side surface
of the firsfoErefhclraad ther saTbanr $ebidarsuhstisaceopnd he GRIRAYSti ng | i ne of

the first twnuktated iCabocadl s8dubst af i tFdga afak €he ababavd«e d i Noe range from

> gases 1s produced from the nitrogen source substance in

20 a proportion depending on the proportion of the source
substances. Similarly, a gaseous mixture containing 80 to
90% of sulfur oxides SOyx is produced from a sulfur source
substance. In a typical case, accordingly, the gas evolved
in the wastewater treatment process consists of 50 to 60%

25 by volume of carbon dioxide, 0.1 to 2% by volume of oxygen,
60 to 70% by volume of nitrogen, 1 to 3% by volume of SOy
gases, 10 to 20% by volume of NOy gases and 0.01 to 0.02% by
volume of hydrogen. The above described fact that evolution
of hydrogen gas in the inventive process is very small

30 strongly supports the conclusion that the chemical process
proceeding in the inventive wastewater treatment is not an
electrolytic decomposition of water but a radical reaction
to which oxygen radicals and hydroxyl radicals pertain.

Since the waste gaseous evolution from the inventive

35 wastewater treatment contains environmental pollutant gases

such as carbon dioxide, NOy gases, SOy gases and others, it

is desirable that the gaseous evolution is not discharged



25 to 40 degrees with the axial line. 3. The wastewater treatnent conduit
according to claim1 in which the water-insoluble netal oxide on'the first
truncated pyram dal or conical tubular nenber is titanium 30 dioxide,
iridium di ox%\e% | n oxide. 4. The wastewater treatnment Gahguid ?ﬁgcor di ng
toclaimlin the corrosi on-resi sg(gnt metal formng the surtace | ayer
of the negative eI ectrode is platinum 5. The wastewater treatnent
conduit according to claim1l which further conprises: WO 00/ 55097

PCT/ JPOO/ 01305 o1 16ne (#ds @ilydldh! 3300k feREIdy U0 SYindd ohe (6ddure second
truncated pyram dal or conical .tubul ar nfnber connected at the hroader end

to the down$tr &8 EABERYS tHe U QPghAfI §Ot VBRI AT FFar ) ERe? RPTOMEE end
bei ng open, wayahntatcf)e aypaddusasopilot volrid are tmrumeridedoohhé hlelpasedtmd

truncat ed pyy rtteﬁtatoprtﬁml%adasg 108 2 n SEIPR G cplmpIbe VRRIEWR

treat nent conduit accordin Si de surnf ace of t he
second trundataaepgf and et Q%lﬂvﬁﬁuﬁﬁ%ets orandfe GéndFaPfNAtIIFOYUSt t he
second trungakedtaonigateddtd ar cAERBLE FPaRSn mc@rﬁghﬁgl Botiwe range from5

to 40 degregbn ek@ ihﬁéﬁ?ié% Jg % §eg f%gﬁﬂfgy% &ﬁ%gﬁ?gﬁe ségn

wast ewat er al ning organi ¢ con antnan rises the
steps of: (ARPVAPRIsSH nBlTRAGHS é‘\Xf&tléFlt“hr%ﬁ?ﬁ&%@aﬁéﬁéﬁfaﬁeﬁ’a‘ﬂ%é’tfnent
conduit as dt%fslll‘nedatﬂn@@dﬂﬁoh fdh@ﬂhﬁbeahkpsﬂfcﬁad@eeﬂd1h®WafJﬁllélhett~LiOVVHSt ream

end therﬁpf ggg %QS( Q r?B? |tha d £8l ctur nt va ég btet een t he
positive an ne Fve el'ectrodes to |ve 3 g inthe range
from0.2 to%d l% BoG®r ke &ﬁ%l@euéﬁngn‘ar?ﬁﬂ%%ﬁs@l é‘ét Pcfemrf@(ﬁh@énm ty of 5

unicn? to 5QaRPAEREg haVinhi 110Gk aBgub artvavd,f ahd 8b,aghseguananel n the
range from 25 +10 K tho ar, treatnent of wastewater

cont ai ni ng &r gortﬁle{:‘t%%%‘ta nanﬁr?af"ﬁﬁ%’?% *@nprises the steps of: (A
passi ng the wast énatke iwlmxghlgtlhéhwastmferlrmee&tinentis3®ewrtidwidt ias

defined 19 @ogeMibtd{ Py KRSt kRaAp &Sl toward the downstream end thereof,
(B) applyi ng, e%egl_l rect_current voltage between the positive and negative

el ectrodes 6§82 ¥5TMBfe gradient in the range from0.2 to 6

kil ovol t s/ cm prodiuth ngn copidctedo33neestigate duver snrrdéatioy keEtwdenni cn to

50 MV cnz hayblgt fok €6F AMHHA dMB%Eat 06 At rdden€gdENEYoh wiN& wadrge from
10 kHz to 150 kHz; and

and decrease in the COD value or content of ammonic nitrogen
20 in the wastewater by an oxidation treatment, a simulation

oxidation treatment test was undertaken for simulation

wastewater containing 4000 mg/liter of ammonic nitrogen

and 5000 mg/liter of COD substances by using positive and

negative electrodes each made from platinum by varying the
25 power input thereto.

The results are shown in Figure 5 which gives evolution
of carbon dioxide and nitrogen gases per minute (right
ordinate) and COD value and content of ammonic nitrogen
(left ordinate) as a function of the power input to the

30 wastewater. This graph clearly supports the conclusion that
the COD substances and ammonic nitrogen are converted into
carbon dioxide and nitrogen, respectively, by the inventive
wastewater treatment method.

Example 1.

35 The radical generating zone was constructed by a

coaxlal assembly of a platinum rod as a negative electrode

and a titanium dioxide-coated plate as the positive



WO 001 55097 PCT/JP00/ 01305 - 17 (O driving the ultrasonic vibrator to
emt pul sed ultrasonic waves, the em ssion periods of the ultrasonic waves
being limted to coincide with the interm ssion periods of the pul sed

el ectric curgygpdssesr 9- The nethod for treatment of wastewapgfykogiises ni ng
organi c contam nant materials according . to claim8 in which the frequency
of the ultrasonic waves is in the range from20 to 100 kHz.

A Au. AGN . A A@il . Ay. A F. Aul . A uY. Ay. AS. Ae. A@. A Aly. Ay. A" | . Y khwWN . :

25 electrode defining a truncated conical zone, of which the

<{ vpkf a\ V\]ca]n]‘E alllcal caU] ca(i ca]1 };cﬁ] ca] g(a] ca]acn cnaa]d%a]agaa c_?f‘J coan] caljc:ajc
a

a]ca]ca]ca]c ca ca ca ca ca]ca

FITK'h"] $~ $2%ie@r3€81(%th -the /Wlﬁll}{ﬁ#ﬂhlb?)@(ff aAwWyrjagg] dastendeaiial] ca) cal ca
| cal ca] cal el satqabeath ool caldakeal coheal ral calaalleaboabsatheal cal cal cal
1223377777882 S1geCt=CUrr AP aGRPHEESEP T FF 2 P [P faPERREAT £29 ] cal] ca] ca]
ca] ca] cay @al]lsa] tza}ta@e:ac} t:aq dd|/cal ed] aailcac]m:a]cqald]fcapcaw? caan]eca] ca] ca] ca]

cal I | DLELLIg nd a cu ent den51t of
PP#R$RSSSSSSS§S§* T+TTTV wr rmc’\ L ca g ggga ca ca] ca) cal ca
i Al

] ca] ca] ca] caU] caFRAY #4514 c%.ﬂ%']eea
77<7=7hZi ZZB$| Ut 4§ &lh M [fone was connected to the downstream end

a<a| wgl @\ W] ga ] J; C C ] ca] ca] ca] ca]
ca] ca] c1a0iac\AIf 2 LE?LE?M ffc%ﬁclﬂa%?a%g]a glalfgla(;@cl gg']aﬁg’] §flgdgégg&ee\9/\lfaaf f #g$g g.9}g
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20 wastewater conduit at a linear flow rate of 0.9 cm/second
while the direct-current pulse voltage and the ultrasonic
waves were applied to the radical generating zone and
ultrasonic zone, respectively, alternately at a 0.5 second
period. The power consumption was 1.5 kW-hour/day per cubic
25 meter of the digestion liquid.
The results of the above described treatment were that
the decrease in the COD value in the effluent was 95 to 99%
and total nitrogen elimination reached 97 to 98%.
Example 2.
30 Using the same radical generation zone as used in
Example 1, a wastewater treatment test was undertaken for
a digestion liquid having a COD value of 8000 mg/liter
and containing 4000 mg/liter of suspended solid matters
to examine evolution of carbon dioxide gas. Figure 6
35 graphically shows the rate of carbon dioxide evolution

as a function of the electric current with (curve A) or
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the ultrasonic zone.

It is clear from these results that application
of ultrasonic waves is greatly effective in increasing

5 evolution of carbon dioxide.
Example 3.

By using the wastewater treatment system according to
the 1nventive method schematically illustrated by the system
diagram of Figure 7, a wastewater treatment test run was

10 undertaken for a wastewater discharge from a swinery which
had a COD value of 5000 to 6000 mg/liter and contained 3000
mg/liter of suspended solid matters, 3000 to 4000 mg/liter
of total nitrogen and 5000 to 7000 mg/liter of total
phosphorus at a pH of 7.0.

15 Thus, the wastewater from the swinery received in the
receilver vessel 100 of 10 liter capacity and continuously
introduced at a feed rate of 5 liters/day into a vertical-
type fluidized-bed biogas reactor 101 of 23 liter capacity
was circulated through the pipeline 102. The effluent

20 1liquid discharged out of the biogas reactor 101 was
introduced through the pipeline 103 into the wastewater
treatment conduit 105 of the invention to be subjected
there to an oxidative decomposition treatment and then
transferred into the closed-vessel settling tank 106 of

25 12 liter capacity from which the precipitated sludge was
discharged through the outlet pipeline 107 and the effluent
liquid was taken through the pipeline 108.

The running conditions of the radical generating part
in the wastewater treatment conduit 105 were that a direct-

30 current voltage of 2kV/cm in a rectangular wave form was
applied between the electrodes keeping an average distance
of 4 cm to give an electric current density of 6 mA/cm? at
a duty ratio of 50%. The positive electrode was coated
on the surface with titanium dioxide and had a truncated

35 pyramidal form having side surfaces making an angle of 15
degrees with the 20 cm long negative electrode plated with

platinum. The ultrasonic part of the wastewater treatment
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1"S 110% (Jonduit 105 was equipped with four ultrasonic vibrators
of the horn type each driven with supply of 100 watts of

oscillating power to emit pulsed ultrasonic waves of 28 kHz

frequency at a duty ratio of 50%.

5 The effluent liquid discharged out of the effluent
pipeline 108 was subjected to the water quality test to
find a color of zero, COD.y of 50 to 60 mg/liter, total
nitrogen of 20 to 30 mg/liter and total phosphorus of 0,1

to 1 mg/liter.

10 The solid matter precipitated in the closed-vessel

settling tank 106 and discharged therefrom at a rate of

14 to 18 g/day on the dry base contained 16% by weight of

total phosphorus. This result meant that the phosphorus-

containing matters i1n the raw wastewater feed, which might

15 be either soluble or insoluble in water, could be totally

transferred into the solid precipitates recovered from the

settling tank 106.

The exhaust gas evolved in the settling tank 106

and discharged through the exhaust pipeline 109 contained

20 12.0 to 12.5 1liters NTP per day of carbon dioxide gas and

introduced into the biogas reactor 110 of 5 liter capacity

for CO,/H, assimilation where the exhaust gas was mixed with

4,28 liters/day of hydrogen gas coming from the electrolyzer

117 and subjected to the methanating fermentation by using

25 methane bacteria. The nutrient salts required for stable

running of the biogas reactor 110 in an amount larger than

necessary for the multiplication of the methane bacteria

could be supplied from the CO;/H; assimilation vessel 113.

The intermittent circulation pump connected to the biogas

30 reactor 110 and assimilation vessel 113 served to ensure

smooth agitation of the liquid in the respective vessels,

The water supply to the electrolyzer 117 for hydrogen gas

generation could be obtained from the wastewater reservoir

119.

35 While the transfer rate of methane gas evolved in the

fluidized-bed biogas reactor 101 to the gas holder 115 of

10 liter capacity through the first biogas pipeline 104 was
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the second biogas pipeline 114 at a rate of 4.3 liters/day
so that the total methane evolution mounted 25 to 26
5 liters/day.
The running condition of the settling tank 106 could
be maintained by discharging the precipitated sludge through
the sludge discharge port 107 at a rate of 0.145 to 0.155
liters per every day or 0.29 to 0.32 liter per every 2 days.
10

Industrial applicability

As compared with conventional biological wastewater

treatment processes, the above described wastewater

15 treatment system according to the present invention can be
constructed on only about one tenth area of the installation
site and can be operated with only about one twelfth of
energy consumption. Nevertheless, the wastewater treatment
system is advantageous in respect of the high efficiency

20 for the removal or decrease of carbon source materials,
total nitrogen and total phosphorus in wastewater and, in
addition, the system is applicable to wastewater containing
polyphenol compounds or lignin which can be removed by

oxidative decomposition.
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therein which comprises:
(a) a straightly tubular part having a rectangular or
circular cross section; and
(b} a radical generating part consisting of
10 (b1) a first truncated pyramidal or conical tubular
member having a coating layer of a water-insoluble metal
oxide coming into contact with the wastewater to serve
as a positive electrode and connected at the broader end
to the upstream end of the straightly tubular part, the
15 narrower end being open, and
(b2) a rod member having a surface of a corrosion-
resistant metal to serve as a negative electrode and
inserted into the truncated pyramidal or conical tubular
member along the axial line thereof.
20
2. The wastewater treatment conduit according to claim 1
in which the side surface of the first truncated pyramidal
tubular member or the generating line of the first truncated
conical tubular member makes an angle in the range from 5
25 to 40 degrees with the axial line.

3. The wastewater treatment conduit according to claim 1
in which the water-insoluble metal oxide on the first
truncated pyramidal or conical tubular member is titanium

30 dioxide, iridium dioxide or tin oxide.

4, The wastewater treatment conduit according to claim 1
in which the corrosion-resistant metal forming the surface
layer of the negative electrode is platinum.

35
5. The wastewater treatment conduit according to claim 1

which further comprises:
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(c2) an ultrasonic vibrator mounted on the second

truncated pyramidal or conical tubular member ({(c1).

6. The wastewater treatment conduit according to claim 5
10 in which the side surface of the second truncated pyramidal

tubular member or the generating line of the second

truncated conical tubular member makes an angle in the range

from 5 to 40 degrees with the axial line.

15 7. A method for treatment of wastewater containing organic
contaminant materials which comprises the steps of:
(A) passing the wastewater through the wastewater treatment
conduit as defined in claim 1 from the upstream end toward
the downstream end thereof; and

20 (B) applying a direct current voltage between the positive
and negative electrodes to give a voltage gradient in
the range from 0.2 to 6 kilovolts/cm producing a pulsed
electric current density of 5 um/cm? to 50 mA/cm? having
a rectangular wave form at a frequency in the range from

25 10 kHz to 150 kHz.

8. A method for treatment of wastewater containing organic
contaminant materials which comprises the steps of:
(A) passing the wastewater through the wastewater treatment
30 conduit as defined in claim 5 from the upstream end toward
the downstream end thereof;
(B) applying a direct current voltage between the positive
and negative electrodes to give a voltage gradient in
the range from 0.2 to 6 kilovolts/cm producing a pulsed
35 electric current density of 5 um/cm? to 50 mA/cm? having
a rectangular wave form at a frequency in the range from
10 kHz to 150 kHz; and
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the frequency of the ultrasonic waves is in the range from

20 to 100 kHz.



