2 2 AUG 2003 1 DESCRI PTI ON METHOD AND APPARATUS FOR TREATMENT OF ORGANI C
MATTER- CONTAI NIl NG WASTEWATER Technical Field The present invention rel ates

to a nethod and apparatus for treatnent of a wastewater containprgeogmsni c
matters. More particularly, the invention relates to a nethod of
wast ewat er treatnent and apparatus therefor when the wastewater contains

organic matters hardly disposable b t he met hane fernentation digestion
net hod and activated sl udge nethod&&sggﬁﬁ?yﬁk wast ewat er contains a

“hardly deconposabl e or renovabl e eutrophi c substance such as nitrogen-
and/ or phosphor us-cont ai ni ng organi ¢ _conpounds d . Art As is known,
treat ment of mastemateMEgﬁﬂgaﬁH néPFHngﬁ§3gg@%ﬁg%@é%@§¥gr anic matters is
conducted in the priopreikiioaMAryBR:ddersINDG VA BENATERed sl udge

met hod, intermttent aeration digestion nmethods or denitrification

met hod. These prior art nethods, however, are each a kind of biological
deconposi t ipa- et heUsFsei1hat, when the wastewater to be treated contains
a large amount of hardly deconposable organic nmatters, the wastewater nust
be diluted, prior to transfer to a treatnent plant, by addin a large
vol ume of fresh patepreestlt ingent idgreataiacrease motheoAeanAasERRAL 2FUS

volume to be treated, which |eads _ to an _i .' gh echit €eponer
consunptiong%ﬁdtéﬁagﬂﬁPéag 3 N RSV rf%ﬁ“?ﬁiﬁ%ﬁ%céggao% wast ewat er
treatnent. Moreagdrtien)lathese tive dmearit et hoelbatge e H@féc@PQEO?nOFespect

Feachi ng S0VCOLBUSRAE CREHIEREeE b FHRks bhogTTgr EPok kieRdrnamtiers
wastewater contains organic matters hardly dlsposable-by
the methane fetmentation digestion method and activated;
sludge method or when the wastewater contains a hardlj “
decomposable or femovable eutrophic substance such as

nitrogen- and/or phosphorus-containing organic compounds.
Background Art

As is known, treatment of wastewater containing

hardly decomposable organic matters is conducted in the’
prior art mainly by the so-called activated sludge method,
intermittent aeration digestion methods or denitrification
method. These prior art methods, however, are each a

kind of biological decomposition methods so that,_when"
the wastewater to be treated contains a large amount of
hardly decomposable organic matters, the wastewater must be
Adiluted, prior to transfer to a treatment plant, by adding
a large volume of fresh water resulting in a great increase
of the wastewater volume to be treated, which leads to an
increase in the electric power consumption and an increase
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

matters reaching 50 to 80% at the highest.



WO 97/ 11908 di scl oses a process for treating water contam nated with

m cr o- organi snms and/ or harnful pollutants. A direct current is passed
through the water between an anode and a cathode. The anode i s2 BridiG 2P8%
with a coating containing titaniumdioxide. The direct current is set to
give a charge of 30 to 60 Coulonb per litre of water. The direct current
has a catalytic effect pronoting the |loss of electrons fromthe titanium
di oxide and the formation of oxygen radicals in the water. The process has
a deposition effect pronoting the disinfection of the water. The duration
of that effect is proportional to the total electrical charge. The process
al so increases the quantity of dissolved oxygen in the water, which should
be between 0.5 and 1.8 ng/l and is dépendent specifically on the total
charge in the water and on the anode material. Another effect of the
process is a dramatic reduction in hard |ine deposits on the cathode and
in the water systemas a whole. 2 2 AU 20D3 - 2 Wth an object to overcone
the abovewdesoryt@dsdi f fisclosekt | #Sprodesetibpdréating’ aROSEdohtarhinatdy ivoth art
in which a supernatant liquid fromdigestion of a wastewater containing
hardl y deoempesabhiemsoahdfirnhatméulbpbbutaess. SAdireascypment isphesseldsthreughr eat ed
with ozone to oxidatively deconpose the contam nant substances. This

met hod i sthglwaienbetwaein @n appde @ind# calbedasehe paode icpividgd withar ceatti®e nust
be high enough with an unavoidable increase in the treatnment caqst.

Besi des, fHdaifithbtRniym digxidet Tder difedPuntedtis peboln eine athalor &L 3%1ei%% ency
f i dati d the di ti thod, is defecti b, | £ h

of osone PABRIECPSehERar MRt R (et e Mot cptet s FIREL PR o o
sea wat ert'hebﬁﬁgdofwaél{eﬁwghgrfr&ﬂnlth%' ftdHu@ ?'%%(a _ Xﬁ{iythteafogﬁnai’igﬂu&t oRfgen

brom ne ions since otherw se the anount o ical generation is Very

smal | notraa@conpl el& Watar! rifd Grbtesy Had bhaepbidionhaffdct gromatingowe t hat
oxygen radicals having a life of 10 to 100 is are generated in the pores

found in dibmfectidracr theayatecansd hiai@nodf thait taffdcess @ropdritibaai tontitk votate,
tin oxide; iridiumdioxide and the |ike
electrical charge. The process also increases the quantity of dissolved oxygen
in the water, which should be between 0.5 and 1.8 mg/l and is dependent
specifically on the total charge in the water and on the anode material.

Another effect of the process is a dramatic reduction in hard lime deposits

on the cathode and in the water system as a whole.



when el ectrons enter the pores and the oxygen radicals have an activity of
oxi dati vely deconposi ng carbon- and nitrogen- containing contam nant
matters while the efficiency of oxygen radical generation can 2? é%é ed
by appropriately selecting the electric voltage between the el®ft

el ectric current passing between the -elZectrodes, frequency of the electric
field applied, dinensions of the pores on the netal oxide surface and t he
degree of cl eanliness desired for the wastewater after treat ment , is,
however, the pMddéntanstodties tofta IRy edisRme oo Foxdte Mg Hotl bed umra. ng

oxygen ragigalissthal g odmals hod s 0t 1y atn aghi denglet ednt pnperchi ce for
wastewater treatnent. Disclosure of Invention The present inveption has

been conpFePEd Natam tark ighjiscti T Ay BHaRA oD RE lﬁl"f?%%‘@aB‘%?g‘éﬂn auelPs and -

hydr oxyl ha%d%% A 3 S AdI L Al ot dnfi MH € s JKs i @M | Dlich Sadli petyed
heretofore novel and efficient method for the treatpent of wagﬁewat er

cont ai ni n@hﬁé‘ disy ide dERFISshIE tdoRZi it Stiska Entes? antcCrBOpf ovi'de an

appar at us cb@i s igftn tCish st dut . hOdIthshQnéﬁH/cQﬁtiOé’ &iBso cRat | quete ext ensi ve
i nvestigations on the behaV| or of oxygen radic Is and h%{%i{oi% gl cal s
ePd

gener at edPER AHE BuPEEH G B St 100, BT has
arrived aknaudirsaaves Yar Ratavdieifffd cireiredasd ain tihee geneatmeoh obsthese

radical s can Dot aYed g et ALY, of Lle (ad el s sploben
gener at i op fsat i1xfv e fSpEGifdyc ﬁnmcb;tndmsqsmdaﬂmat_the héige$ticheneyhof
botween {HE \HoCREE T CTe TR < | 22&?’895?8“"‘%8%?;??%
of the preserttfdahiord,i drhion ntetehdahsies ofp i salohl & covky ytOAédFPPoHa
based wastewater containing a relatively large amount of -
bromine ions since otherwise the amount of radical o
generation is very small not to complete denitrification.
On the other hand, it is known that oxygen radicals’
having a life of 10 to 100 us are generated in the pores
found in the surface layer consisting of particles of 7
titanium dioxide, tin oxide, iridium dioxide and the like
when electrons enter the pores and the oxygen radicals have
an activity of oxidatively decomposing carbon- and nitrogen-
containing contaminant matters while the efficiency of -
oxygen radical generation can be improved by appropriately
selecting the electric voltage between the electrodes,
electric cufrént'passing between the electrodes, freqguency
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
proposed method of utilizing oxygen radicals that the
method has not yet been rendered to practice for wastewater

treatment.
Disclosure of Invention

The present invention has been completed with an object

to provide, by utilizing oxygen radicals and hydroxyl



has been di scovered that, when the wastewater contains a |arge anmount of
suspended solid matters (SS), a remarkable inprovenent can be obtained in
the efficiency of wastewater treatnment by applying ultrasonic 'i?v% bt he
wast ewat er flowi ng between the el ectrodes presunmably due to a ¢leani ng
effect on the electrode surfaces. Nanely, the present invention provides an
i mprovenment, in a nethod for wastewater treatnent in which the wastewater
cont ai ni ng organatsrateers igmd ifd Al tRP iR UEh i nestetaberetehdnhel 2is

~ passed between.a RASi Lir¥e 8leaG! e, NIV ansuff agenBndeot ross tespeei fic
netal oxide and a negative electrode having a surface of a _nobl e netal

forming a ¢emteanigensradilyy SRR RS R BT )R heS RS RUGE R By

oxi dati vel y; degpRp98Ngnt RS AR SL MR tF a €Nt Bhgethet hetrod. Wi th
application of a direct-current voltage between the el ectrgdesti(\)/\gisch IS
characterized i nThRat VRE tAToW 3 T HEHEI NBF D t Ft SRSt Bhat BY SHias93

CT 0Ss
sectional pgefihe p@haduald % d noreasi nad1ea ¢ henapayeeanyl or secabanst ream
and the direct-current voltage applied betwee thedel ecLr oggsa P?@u?t

vol tage gra@eRRFasrdooR (tde SNpLEHS P h "?‘e‘&‘f%ﬁgu?ﬁ? €plil'§ed“walve for m at

frequency ofnhdPekhiz hasleQ kired a2 AlXG2008ry #hayi tbeariéieteRfE current

density of 5 pnicn? to 50 mA/cn2.  het he_el ect . h
ot overent FeBnbRPSEE AEFATTG Bl SHFS of 27 HEBnF cARvaE LBPFRe I Shing

C Wwaves E'
wast ewat er kfseninkbidsay of zgne todadedsj ast dewastreasedf whhe EhEi cal

generating zone_ _under. such a 1] sequence hat, .t hggpukses of the
di rect-cur r%ﬁ?ci%lltcagele Ialpe%‘{}%gt%%%?%ﬁt?g%ggg% tst Egr ul ses of the
ul trasoni c yexes aanennatatoveriappeped nf 1 ¢ neondeyienseanfuthRér thehe

apparatus of (the bresent; el ofe: AL PLACKLCERH bBe 1ABRYQcdesgri bed
increasing the cqntacting time between the wastewater and
the metal oxide surface leading to completion of the presenﬁ
invention on the base of this discovery. Additional}y, it
has been discovered that, when the wastewater contains a

" large amount of suspended solid matters (SS), a remarkable

improvement can be obtained in the efficiency of wastewater
treatment by applying ultrasonic waves to the wastewater
flowing between the electrodes presumably due to a cleaning -
effect on the electrode surfaces.

Namely, the present invention provides an improvement,
in a method for wastewater treatment in which the wastewater
containing organié matters and flowing through a wastewate?
chanﬁel is passed between a positive electrode having a ”
surface made from a specific metal oxide and a negative
electrode having a surface of a noble metal forming a
radical generating zone so as to clarify the wastewater
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
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



treatment is characterized in conprising a tubular conduit having, at one
end, a radical generating zone consisting of a first truncated part with a
side surface having a surface layer of a nmetal oxide to serve as a :
positive electrode and opening at the top flat to serve as a we 2t AU 2P
intake, the side surface of the truncated part maeking an angle of 5 to 40
degrees with the axis of the tubular part, and a negative electrode in the
formof a rod having a surface |layer of a noble netal and insulated from
t he positigdereelacterladerid heimegsat idensl ectabde e og? | becab@dmalemy t he
axis of the tubultﬁ{? peirt and, t he positive el ectrode and the negative

ec

W odes,.
el ectrodebﬁéf’l negenco eecfttro a direct-current power source capable of

appl yi ng a di r éstrtduen ertthepuilnger orinteage ofmpr isest angly apowaddseérm at a
frequency af 10 kHz to 150 K t ot he. rojngna vekbageic

gr adi ent oqtdr.azg 0% W(i»ecsmtboet v\r/leeenf ﬁ}glrgéf ggét%g%‘gét%\ni)t annelueqt ric current
density ofzdherifcoatdd BEMAIamstrdam thibrihe headbosé deserpbasdst géedcar

condui t Ofuntéﬂ'er cgu@ﬁe%titvi‘?nea%geaénféx}ﬁee%%yl{1{9@0{'}18 EQWEeQOBQi ghieng of a

second truncate part openi at to serve as a wastewat er
out go and digretectemd ttentt heo thaud spmplared ato thiee ol REEreABSoPPEsithE to the

radi cal g rafd e, it ' o f eoS5ee0agdptuungatedepart
gﬁg U 2HE IS AAE A Olndbieo gp e

maki ng an "an egrees wth the axis of the tubular part and an
ul trasoni cadyant®or bei ng nounted on the second truncated part. - 5 22 AUG

2003 The net hod: Yirddie RRsefpdrian ion {98 yestenat ehvehi@ahment is an
el ectrochem cal process utilizing oxygen radicals angngédr (o) radi cal s

I
originati fPH PRAREC IRA AR ROV T tR3F PabPedl 8§ SrEASt ith a
carbon sadem@ieri Al cana©dd e & al M odorlh OX$ dfgaacoudulgrt conldait i

Followi ng hrae'v'aicrhgi ,Onate unaet ieonnci:, a radical generating zone consisting of.
a first truncated part with a side surface having a sutféceh
layer of a metal oxide to serve as a positive electrode and
opening at the top flat to serve as a wastewater intake, the
side surface of the truncated part making an angle of}S to
40 degrees with the axis of the tubular part, and a negative
electrode in the form of a rod having a surface layer of
a noble metal and insulated from the positive electrode,
the negative electrode being located along the axis of the
tubular 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
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 pm/cm? to 50 mA/cm?.

Further, the above described tubular conduit of the
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
5 to 40 degrees with thé axis of the tubular part and an

ultrasonic vibrator being mounted on the second truncated

part.



C+2 (OH) - C2 + 2Ht Wien the wastewater under treatnent contains a

| arge anount of suspended solid natters, there nay be possible

di sadvant ages of excessively large consunption of electric engtzg;{ug ofyi r ed
for charging up the particles and deposition of a large anount of the
particles in the pores of the. netal oxide electrode resulting in a great -
decrease in the radical enerating reaction. This disadvant.a 2 £80 be
overcome by medile dteed (@ F rOPECHRUESIBEAPItEE  § OFhd N YT E 0N ¢ zone

of the tubuarsGenduits Biiefedassehohi 681 0brbhe sdr awing Zinguraxylgés a
schematic partial_ perspective vj he tubul ar .condlﬁibt‘\‘gtrbtt he i nventive
ubu

ew of
appar at us SHSW R B 2P CRAMRI G TRDLS2LBCPF AN LGP TPRE ar part
connected H& EcPysam dphe tEpEst el padichos mhe radictalwigéner atd meen zone.
Figure 2 is a schematic, partial perspective view of, t ul ar it in
the i nventiwraﬁﬁ)a{?%%%lgﬁo%’hﬁrgtlﬁ r‘éﬁFéPncF&gglggctaﬁ@gcnot%@%%et(tgugul ar
part connecterdwimg coattadbntégugaied: part for the radical generating

zone. Figure 3 is a schematic %)féﬁf)e.cti_)ve i ew (}fH,t he tubul ar condui't

havi ng a rectangul ar cross-séc connecgéa fo pyram dal truncated parts

for the radical weaerehéngazoaeatanduhdert he ealtiveadomion kS Fi JaFee4 is a

schemati c perspectiyve_view (?f theﬁgbk{la@"ter cltll,ietrehq]vg};ﬁ%@aﬁ%ggyﬂ,gé Cross

on
section conf&YRy 95 TBRPEAFSd(FOhcat & parts for the radic generating

zone and foiisdévantsgesont cezomes i221AUGaZOE3 cond WIRfUr! 52§ € beghaph
show ng decfeases | 0qPeaNfolNen b 1ndl LE0UGR 3t 0ldd | o O epat Donon
T170g 'n"Re a

di oxi de and"'h en erence npl e as a function of tge power. 4
input. Figwe & laraegprmphnthohi heevsrbiticd®sofl i diMforP i o%i Qe the meta

oxide electrode resulting in a great decrease in the radical
generating reaction. This disadvantage can be overcome by
means of the ultrasonic waves applied to the ultrasonic zone

of the tubular conduit.
Brief description of the drawing

Figure 1 is a schematic partial perspective view_o?
the tubular conduit in the inventive apparatus showing a
rectangular cross section of the tubular part connected
to a pyramidal truncated part for the radical generating
zone. ' ’
Figﬁre 2 is a schematic partial perspective view bf
the tubular conduit in the inventive apparatus showing a
circular cross section of the tubular part connected to a
Lconical truncated part for the radical generating zone.
Figure 3 is a schematic perspective view of the tubular
conduit having a rectangular cross section connected to
pyramidal trunéated parts for the radical generating zone
and for the ultrasonic zone.
Figure 4 is a schematic perspective view of the tubular
conduit having a circular cross section connected to conical
truncated parts for the radical generating zone and for the

ultrasonic zone.



as a function of the electric current through the wastewater wth or

w t hout application of ultrasonic waves. Figure 7 is a system di agram
showi ng the system involving the inventive wastewater treatnent,ap aﬁﬂs.
Best node for carrying out the invention In the follow ng, prefe??%éﬁg
enbodi ments of the invention are descrgbed in detail by making reference
to the figures of the acconpanying drawing. In Figures 1 to 4, the side
wall 2 of the truncated part 1 form ng the radical generating zone has a
surface IayerFﬁ@mmedeﬁmmaagﬁﬁgﬁ @M&densudbcasabbsamhucoﬁiemﬂdep tin

oxi de, |r ﬁl iQi e%eé%dj the I|ke ang g tr| kxdecgggegg%? %gnthe
positive el'éc roé %er fi'hal® LEHTT e curren ower source shown in
t he flgures)ReTheem@p Eﬁaﬂprbcﬁst@efmnqhaahedfpahe powsropenuto serve as

an intake of LNEWRSLeW of oA LOdiLOrTR] 6l8shiods 8:naxERgsAa syikace

| ayer of a nob metal € axls the truncated part 1
and t he sesaighiung ttigoulcr qkﬂtefkcbmheccedreotthérppghcabedWQ§KEW§taﬁd

connected, tQpa,, ngqq&;;glgg%ﬂpng l&grgknght?gigpgcdh%ggg'current power

source. The side wall runcat ed par fornmed, for exanple, by
press-bondi ng paguirel €s it 2a S1et tém oki der smcKhowsngi LRI GXSERMde, tin oxi de

and 171 dV YAl Othge 1A 9 L% S TAEE OlaRep) BEEatABRRA ABBEREASONUC ] Ve

material. The netal oxide particles s have a particle dianmeter in the
range from 10 to 500 pmor, preferably, from20 to 100 um The side wall 2

of the truacat pdgrarlrl JBKSS &gl enof iRveh®idf degrees with the axis
or, nanely, the center electrode rod 4 so that the cross sectional area of

the flow channel is small at the wastewater intake of the top flat 3 of
the - 7 22 AUGIEOQ%etHQHQ%W@$dﬁﬂéréi@ﬁﬁehaéﬁeoahméhesbeKtQﬁbof the C -

truncated invention are described in detail by making reference
to the figures of the accompanying drawing.

In Figures 1 to 4, the side wall 2 of the truncated
part 1 forming the radical generating zone has a surfacé:
layer formed from a metal oxide such as titanium dioxidef
tin oxide, iridium dioxide and the like and electrically’
connected to the positive electrode terminal of a direct-
current power source (not shown in the figures). The top
flat 3 of the truncated part 1 is open to serve as an intake
of the wastewater. A'rod-formed electrode 4 having a '
surface layer of a noble metal is disposed along the axis
of the truncated part 1 and the straightly tubular part
6 connected to the truncated part 1 and connected to a

' negative electrode terminal of the direct-current power
source.

The side wall 2 of the truncated part 1 is formed, for
example, by press-bonding particles of a metal oxide such

* as titanium oxide, tin oxide and iridium dioxide onto the
surface of a plate-formed electroconductive material. The

" metal oxide particles should have a particle diameter in the
range from 10 to 500 pm or, preferably, from 20 to 100 pm.
The side wall 2 of the truncated part 1 makes an angle of 5
to 40 degrees with the axis or, namely, the center electrode
rod 4 so that the cross sectional area of the flow channel

is small at the wastewater intake of the top flat 3 of the



part 1. It is preferable that the cross sectional area of the flow channel
through the radical generating zone 1 is expanded fromthe intake, i.e.
the open top flat 3, toward the bottomof the truncated part 1 bé a fag&gr
of 20 to 1000 tines thus to decrease thé flow velocity of the wa ?JWQ
inversely proportionally to the cross sectional area. The noble netal . -
formng the surface |ayer of the rod-forned center electrode 4 is

pref er abl ytphatiesed Rardugh arst bare¢ catakhy Pehteat PYethRdLAH)CALBAe
metal s copyentijonaliy jused A8 8,608 hpdg: mehertabsknsekegbhaliybiea of

el ectrochem cal processes can be used. The truncated part 1 form.ng the
radi cal gehBratfilRy Faidgl tdwrmiesh elibeorgfecat r aPRRFPY 10G0EPAP 6agf 6 at

the |over.epdnaled e ol dg el dSaide W { hel NtREVEPEHOBOBS fadt Bnstbatiag
spacer 5. \Wen wast ewat er containing an organic cont ani_nant

t
di ssol ved ther ok 4t s throehtehePabbyé bHe?cFFS&BerJi2§IE§;A898ting

zone 1 takiRged AWM NG dddeHie Sener aboliensiotigecondshet hastrganiec
matter is oxidatively deconposed to evo|ve a deconggsiti n_das which is a
mi xture of IAVEES§Y FFORMT IR Db dF8xFB8 §asSpI 65 4°8Ral PTVEI une of
oxygen gas. The 1efd ifdEencmfat hi Srmoxydahkveudeaospasiykiromfotthehe or gani c
matter depends on the activity of the netal ox%de Egrniqgtgg msurface

| ayer of FRE-cg@sghiqetef ¢hectroftatedSpRFELEE 2Ry ExAmple™ tin. oxi de
exhi bits thaohicghesit asditvidyl #Dpglihetabave andnedyt hobd ekimede lsf net al
oxi des decreasing . n the orde of iridi di gxide_and titan i;de.
Piatinun1i§°8Henaﬁﬂﬂ?é;¥\ﬂ§?éu%§i3IC?ghﬁg%ahggﬁ?ggg gptﬁ&%gEQ?ﬁg%égtivity
t hereof i s eonsildertatd ghdmiverl thancessab orndes. uFhRd-positive and negative
el ectrodes in theJ MANLYE. 5 APRA & UF e g0RRECEH, A I RR e tingde
termnals of a ‘power source capabl e of genérating direct-current pulse
waves of azoeet dgutennewived fornthe atfpaghéarytybuigrkmart 6 at the

lower end of the side walls 2 with intervention of an

~insulating spacer 5. ‘

When wastewater containing an organic contaminant
matter dissolved therein is passed through the above
described radical generating zone 1 taking a staying
time of several tens of seconds, the organic matter is
oxidatively decomposed to evolve a decomposition gas which
is a mixture of nitrogen gas and carbon dioxide gas plus‘
a small volume of oxygen gas. The efficiency of this
oxidative decomposition of the organic matter depends on
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
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
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



to 150 kHz to produce a voltage gradient of 0.2 to 6 kV/cm between the

el ectrodes at a current density in the range 2 2 AUG 2003 8 from5 unicnR
to 50 md cnR. These paraneters are inportant in order to ensure a hi g&a\h
efficiency of wastewater treatment according to the inventive &@th¥d. en
the content of suspended solid matters SS) in the wastewater subjected to
the wastewater treatnent process does not exceed 1000 ng/liter, a _
sufficiently good efficiency of wastewater treatnent can be obtained only
by the afplorcedt iiony anf? tthe sabmag aes.cr i hetk ¢ gk et e generat ¢ ngmpegohento t he

st ream of ikh%r‘c’gﬁfréat Vovate rs:urés\ﬁ;‘}[igj\j\'gaelgyiéiheenc h S‘_?é m%ébgiggggﬁgﬁ“ﬁ?%er

suspended “soll ers’in ter 1s mu er than
sonet i nes acceaching th0AMR nmgMeirttarve trmstiedd i ci ency of wastewater treatnent

can be i mpr ovedy by, VIl AN U LASHIN £ FU 5§ Grd e, LubYsar wast ewat er

condui t. Namely, application of ultrasonic waves has a cleaning effect on
t he el ect Aodé heswdstees tand sarp jefdterd tof YemovdsigewaiecomeatPant material s -

deposi t ed iR Jds RIS (o LhE S TAf YAl Ol e d1o8t 1 ¥ent £l egbbade
avai |l abl e for oxidative deconposition. Fgures 3 and 4 each illustrate a
schemat i cefdrispetdwe f Waswesfaten Ud amepstemtes TomIitnedcensYsP¥ng of a

SUrai ght | Yol Al RArilor JIAKHID b d RE LAY Ao &1 £d 1l agenst g8sngect i on,
respectively, a first truncated pyramdal or  conical part 1 connected to
the upstr@ameerdd dihe FEna@ulodr thrartastawataive A% &S rawipehl Y gbherati ng

zone and @a%@CONthen WHINGRRE Y AT Addp HaLPMH SR d Rdt tdrsoppected to the
downstream end of the tubular part 6 to serve as,the ultrasonic zone. Two

ul t r asoni ¥3FUHR AL 16 Fushe highed TRED o Yh& S Het Sl TOBE L HRES ul trasonic
zone 7 at rkeadimldy 10beRamRl/ad tRasi tiNse spardngy sof adiateaagke of 30 to 45
degrees WEE%JJ%%&?“&%AﬁbJiy%ﬁ?gyggtb}lg%g§{5§§§igglgquggonic zone
to the tubular wastewater conduit. Namely, applicatiohﬂfw
of ultrasonic waves has a cleaning effect on the elecffbae
surfaces and an effect of removing any contaminant materials
deposited in the pores of the surface layer of the positive
electrode available for oxidati&e decomposition. o
Figures 3 and 4 each illustrate a schematic perSéééﬁive
view of a tubular wastewater conduit consisting of a
straightly tubular part 6 having a rectangular or circular
cross section, respectively, a first truncated pyramidal or
conical part 1 connected to the upstream end of the tubular
part 6 to serve as a radical generating zone and a second
truncated pyramidal or cohical part 7 connected to the '
downstream end of the tubular part 6 to serve as the
ultrasonic zone. Two ultrasonic vibrators 8,8 are installed
'on the side wall of the ultrasonic zone 7 at radially
separated positions spanning a radial angle of 30 to 45
dégrees with the axis of the conduit illustrated in F}gure
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
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



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

rectangul ar cross section. The ultrasonic waves have a pul sed 22vad eom at
a frequency of 20 kHz to 100 kHz. It is 3 mportant that the direct-current -
voltage of a pulsed wave formapplied to the electrodes of the radical - 9

22 AUG 2003 generating zone and the ultrasonic waves og a Eu&seg wave form
are under a9tPRE2$&88eRCBecRLr &IPS M ILEAT A MantRYes t hht 2t RE- GFt'r 888Hi ¢

em ssi on i S forhebrypladeduii AGmeapRldueaidorcait pal ses oficdi renbnoarr ent
vol tage. Th ul.se w.dth ratio of the direct-curren n .frasonic

pul ses is sgpégt égedéﬂlgﬁaisﬁ&%ne{“ﬁés@q{f rlas[ilon?%rpﬁ%%ec\%ag?g\%vg er under
treat nent. Aspunicagiancydl euperisod fofd it sscondrémt exabpbe,. t Abeperi od of
ul trasoni c em.ssion .. i

s _sel.ected. in the range fromO0,2.t ;end.
Namely, foPYeS&nmpre 566519 toretast&r% ccplﬁuﬁc?e'gc%rrréerg%m ?It%%dg\%\ngfﬁlsgﬁg. 5 second
of the ultrasasies der akilen teidme epte nal ifreequrentctye of /N 10akHe dn 108 is per
pul se correspaondi ng to 5000 tines of . electric.field i catiiga agsum ng a
Bty rati o BPeRayaYaro st kR ene O Htlfuld 0g cofbRy BRERRR BF°
applied to Vastewater foantexiamipig ,c dizorpesoird ec indl hf 8g0geA FaFEEON

subst ances gisS%%ll‘é% NS E e c%%rng%%n tqio%idj."’zbiéo %% ”??cf:fx@mtﬂ%m‘éalr bon
source substance and a gaseous m-xture of about 80% of nitrogen and the
bal ance of NOx egasedeis 5900duddd Faaarha Ieakses ogen eBuEtedsHBdbaRcd i’n a

propor ti on depend ng Q! A RLARAN Qilial: {die oKL CE: Substaucesy of

Simlarly, a gaseous m xture containing 80 to 90% of sulfur oxides SOX is
produced frdf &Hgulotrur 0o wsc @ e s st G 195 ReRYpPeal0calfll &d86 di%yl y, -

the gas evolMed+triik the 1waskewatlelt idreal S@it i g 0§86t §0ASISbS odf 58G .t 0 60%
by volume of Car%%gndk%g(¥%vé%égééjégég)wg%iyngrggtgéxge%éthod is |
applied to waste&ater containing carbon source and nitFogeq
source substances dissolved therein, carbon dioxide is 7
formed from the carbon source substance and a gaseous -
' mixture of about 80% of nitrogen and the balance of NOyx
' gases is produced from the nitrogen source substance in
a proportion depending on the proportion of the source
substances. Similarly, a gaseous mixture conta}ning 80 to
90% of sulfur oxides SOy 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%
by volume of carbon dioxide, 0.1 to 2% by volume of oxygenv
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
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
wastewater treatment contains environmental polyutant gases
such as carbon dioxide, NOy gases, SOy gases and others, it

is desirable that the gaseous evolution is not discharged



60 to 70% by volune of nitrogen, 1 to 3% by volune of SOX gases, 10 to 20%
by volune of NOX gases and 0.01 to 0.02% by volune of hydrogen. The above
described fact that evolution of hydrogen gas in the inventive process is
very small strongly supports the conclusion that the chenical 2% A4&<803
proceeding in the inventive wastewater tfiPeatment is not an electrolytic
deconposition of water but a radical reaction to which oxygen radicals and
hydroxyl radicals pertain. Since the waste gaseous evolution fromthe

i nventi ve *Watfewdtervatieatiaent EoARAPAS teAVELGMrentHiepoiiut et ases

such as carbahedigydfus NPo D@sesn SOXneases anrd Lt hers,id ta dossdgsid abl e
t hat the %ase s evolution ts not discharged - 10 22 AUG 20M out_ of the
wast ewat er” &% g‘Fﬁerﬁ“sﬁ%%?ﬁ“%%HO%HEl%l aFel eSUIRE dasddifis R With%n i s

not so |argestdr ficr aHOSSidYLs PRYnt AL HRGBRIRAUS MM LI | ONHeh rafdr ned
to the pipeline systemfor the bi ogas fromthe digestion chanber. \Wen the

vol une of WS §ds AT UtIdh FEOLAFgen 1f L&rg8varkfadco’dVat&adads

wast ewat ert Hate athre Ria SySiL1B ACELE At Mnt OshBeemPrRsIHAidYy &Y it i s conbi ned
wi th a bignet hanat.i on system having a_bioreactor. utilizing nmethane

bact eri a &afable oV dEsith I’astiﬁ%m'ﬁg?ﬁgnwﬂmxiad?lé’r%tﬁ&?d\ﬂ&g@rﬂ Y5 ™whi ch
the wastéaydngas mdoatkadidr dutDl 310§ hydhagen bgas qrafa rpablef dihe
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in the wagyiewakak % a%OH A Ol feahFeRLct8rglamul ation -

In the following, the présent invention is described in
more detail by way of examples. o H
Reference Example. ' .

With an object to investigate the correlation between
evolution of carbon dioxide or nitrogen gas from wastewéter
and decrease in the COD value or content of ammonic nitrogen

- 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

, hegative electrodes each made from platinum by varying the
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
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.

The radical generating zone was constructed by a

coaxial assembly of a platinum rod as a negative electrode

and a titanium dioxide-coated plate as the positive



oxi dation treatnent test was undertaken for sinulation wastewater
contai ning 4000 ng/liter of ammonic nitrogen and 5000 ng/liter of CCD
substances by using positive and negative el ectrodes each nmade2hrpm 2003
pl ati num by varying the power input tkerleto. The results are shown in
Figure 5 which gives evolution of carbon dioxide and nitrogen gases per
mnute (right ordinate) and COD val ue and content of ammonic nitrogen

(left ordi rdtee)trnds fehthing of trHacpdwesr dafpurat e astievEl dhe This

graph cl eardoh <SURPONS S11he HQHCEU%Qg_thh_%tf Ahe O s ubstanaesa AN aeoni ¢
nitrogen are converted into carbon dioxide and nitrogen, respecti vel4y, by

t he inventi\Pe dag®tat £Eht EBat ABAE / nEEREd.N IdENF e na ool SR lot

generating O tMASe $OPSET UL EdrBYed. Cady a1 ASSUMY wira dimiddwwa rod as
a negative electrode and a titanium dioxide-coated plate as the positive -

11 12 AUGRG03 idect T oder 88t RPHET aSOMEITEatEP e <l ¥, 20 9MA ch t he

gener at i ng ddl%_% Rash Bad€ngt hZORVZQmCQ‘ta@zd frade o angd €1 ©fkHzLl0sdagreees with
the axis, keeping an average distance of 4 cm bet vveenOﬁtJhe e} ectrodes. The
el ect r odes AWere Tt £d> Ot 02RdPr EEFFEGYT SR Sidweresour'd® cdbkejﬁﬁ"b ‘of

gener ating a pWeeavoténge ehoZhky/ efualc s da eqleineyl ofarkd) ddziniind a
uty ratio

f 5Q% and a current density of 5 to 7 mA cn? Se arateldy,
anot her trd at“‘g'(}rcﬁ?’&h? PArE HaPi APRGSSHTE Y r‘ﬁbeon‘fc%wrksgrfge%senconnect ed
to the dowedt rreatreatighoiyacgliadghtby ewrtndricalhips tthd cadiadl t he
o SO g 0TSRRI A o b S
of 28 kHz wiltthr ags qrover v oot ptibr of cBPabdet © forem igftfiecy | wiet premeri outgmuss of 25
watts were Jingt gl o, dhep ebp- o8 kiguld o RLRINSH Db SFStd O P TSl
effective power output of 25 watts were installed thereto.
A liquid obtained by digestion by methane fermentation
of the excrementitious discharge out of a swinery, which
contained 3000 mg/liter of suspended solid matters and 4500
':mg/liter of ammonic nitrogen and had a COD value of 6000
mg/liter, was passed through the above constructed tubular
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 conSumptibn was 1.5 kW-hour/day per cubic
‘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.
_ 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
graphically shows the rate of carbon dioxide evolution

as a function of the electrit current with (curve A) or



of the excrenentitious discharge out of a swinery, which contained 3000
ng/liter of suspended solid matters and 4500 ng/liter of ammonic nitrogen
and had a COD value of 6000 ng/liter, was passed through theza?%g% 103
constructed tubular wastewater conduit at a linear flowrate™o .9

cm second while the direct-current pul 4@ 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 consunption
was 1.5 kWhdieYbajcpeyecBhbieprhetation phetBrgestranoriguidyethéesults
of the abome deseribegiéreatoent were that the decrease in the COD val ue
in the effluent_was 95 .to 99% and total nitrogen elimnation reached 97 to
98% Exanple 2.1t UsT ngleRe SERR Y%ﬂ?%aFeﬁéﬁéﬁagpéﬁ ?BR&158%4€8d in Exanpl e

1, a wast eaterttseai MeNtavest i wagrsadert akeactove andigestia@nnlg quid
havi ng a CCD vatl ue of 8000 ng/ljiter  and containing 4000 ng/liter of

suspended 377 4 Hat t F sCatReRx&h? hkd®vol ution of carbon dioxide gas. Figure
6 graphi &ldnpshows the rate of carbon di oxide evolution as a function of

the electric current. wt curve A),or 22 AUG 2003 - 12 w thaut (curve B)
application of Ué)ﬁeu?ﬂ?? a&%i%a%?/‘é%t?ﬁ %Fﬁéti‘]Ff‘ga%ﬁFﬁszﬁE?r%tlnigsgccﬂ ear
fromthesehesintentira¢ mpphoédaiciemadviculiyasdobustnaved by gheatslyystem

ef fective j.n | easi evol ution_of carbon_dioxide 3 y using
Che “wast et 1t CEF oRpuEd ot ord bl e A S0 pRERFRy o hE TR Ba sy
schenat i calrden{diust r o eda byas hewasyst edi sdhagoanf obnFegawéngr ya whdstewat er

Lo nary e 1 18O SpoDovRgYELE! ol ey
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.

Thus, the wastewater from the swinery received in theiy
receiver vessel 100 of 10 liter capacity and continuously
introduced at a feed rate of 5 liters/day into a verticéi-
type fluidized-bed biogas reactor 101 of 23 liter capaciﬁy

was circulated through the pipeline 102. The effluent

liquid 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

jthere to an oxidative decomposition treatment and then
transferred intq the closed-vessel settling tank 106 of o S
12 liter capacity from which the precipitatea sludge was A

~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-
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
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



ng/liter of suspended solid matters, 3000 to 4000 ng/liter of total
nitrogen and 5000 to 7000 ng/liter of total phosphorus at a pH of 7.0.
Thus, the wastewater fromthe swinery received in the receiver 2{2%%1 204§ 0
of 10 liter capacity and continuously 4 nt¥ocduced at a feed rate o
liters/day into a vertical- type fluidized-bed biogas reactor 101 of 23
liter capacity was circul ated through the pipeline 102. The effl uent

| i qui d di schangled tou0Sofaishe dviicgeesi neiddt ool Masasamt ¢ odibedtbhsough t he
pi pel i ne 103¢i BtQ eat ment coﬁqg}gt t Lpvgption to
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from whi ch the Rigchpitated sludgs was s dgcharged through the outl et
pi pel i ne 107 ar?glet hg eaffl uent yul [ qull d was taken through the pipeline 108.

The runni ng condiftieord fdtenie ligiidhldigeiargtgsheyaral et féfhashéwvat er
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at a duty hatiregeh 20%20The BesindMe tlredriPde was s sdopast be sunface
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containing matters in the raw wastewater feed, which might
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  N
| and discharged through the exhaust pipeline 109 contained
12.0 to 12.5 liters NTP per day of carbon dioxide gas and
introduced into the biogas reacter 110 of 5 liter capacity
- for CO,/H, assimilafion 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
" 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
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 hydfogen gas
generation could be obtained from the wastewater reservoir
119, |
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



find a color of zero, CODcr of 50 to 60 ng/liter, total nitrogen of 20 to
30 ng/liter and total phosphorus of 0.1 to 1 ng/liter. The solid matter
precipitated in the closed-vessel settling tank 106 and discgzégﬁg50
therefromat a rate of 14 to 18 g/day on the dry base contai Xmgb

wei ght of total phosphorus. This resualtd4meant that the phosphorus-
containing matters in the raw wastewater feed, which mght be either
soluble or insoluble in water, could be totally transferred into the solid
pr eci pi t at?ds toeddvaride ris/cimyt hethsenethaget ank §®61v'5h19 igx Hanes tCOgA$, evol ved
in the Se%%%h%ﬁl%%ﬁ%n1%QOd¥¥jf%ﬁ%i@%g?qotbg % Qﬂ% ) Q%Q%h'ge 109
contai ned 12 .5 liters per day o OXI e gas a

i nt roducedient6coRe Biiogas maarabind1d16fas Blréﬁecaﬁadlﬁyllﬁ@KS¢@2ﬁH2

assi m | at isen tuaer %hfeh%o%ha‘rh‘ettrge?ée o M¥eGnWhblin 14428 ol Itkperg/ day of

hydr ogen aas comng fromthe electrolyzer 117 and subjected to the

nmet hanat i dtﬁéﬁﬁéﬁﬂatlon by using nethane bacteria. The nutrient salts

required for stabl @unhynR RS Rf1 {1, bépgaﬁergeﬁt@&nélﬁzaln@ an AR | ar ger
than necessary for the nultiplication of the nethane bacteria could be

suppl i ed PPofPLREAEDSAHP YasdisAN 4RI BT vERSePT 223P1toRe ] Milardgier tFOUTh

ci rcul atl @RePEMRdgenagct-ed rigd thw-Hi pPASatrgaphee 3%0oandsassi 0. gk on
vessel g 3erved to ensure snDoth qgltatlon of the liquid in the

respecti ve'WESSePEr SYRE Yw&dar ¥ t%ot%e3élééFP6IfféreffTYfardﬁy&rogen
gas generation could be obtained fron1the wast ewat er reservoir 119. Wile

the transfer met han as_evolved in the fluidized-bed biogas
reactor 10T% ngﬁéggﬁgphéFﬁgP%fférof 10 liter capacity through the first,
bi ogas pipeline 104 was 22 AUG 2003 - 14 20 to 21 liters/day, the nethane

gas evolved in Ehgogg%réd w1th conventional biological wastewater
treatment processes, the above described wastewater )
treatment system according to the present invention caq:pe
constructed on only about one tenth area of the instal}étion
site and can be operated with only about one twelfth d{i
energy consumption. Nevertheless, the wastewater treatment
system is advantageous in respect of the high eff1c1ency
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. . . : , {



assimlation biogas reactor 110 was joined thereto through the second
bi ogas pipeline 114 at a rate of 4.3 liters/day so that the total nethane
evol ution nounted 25 to 26 liters/day. The running condition of the
settling tank 106 could be nmuaintained bysdischarging the preci®?tiige2ts
sl udge 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. Industrial
applicability As conpared with conventGlonafsbi ol ogi cal wast ewat er
treatment processes, the above described wastewater treatnent system
according to the present invention can be constructed on only about one
tenth arealof tRAewesseakltatri dresinentandordnibethpenghedhiwchhwankygwabeut
one twelfth gga.ggerg% consunptiqp. hbve{the ess lthe vwastewat er treatment
systemis 58vanfa988usr§ﬁnﬁ§éﬁéél l%%&ekﬁ% e@f%i iéﬁc§ £6r tRe''Fémova
or decreaséhef ocgebdn soutaminerer inedtssrid bt abxndbtoged yaddcbobaked
phosphorust'hgr ﬁtgg@%grc%nd in _addition, the systemis applicable to

p

mprises: . . .
wast ewat er “cont ai ni ng ol'y fenol conmpounds or lignin which can be renoved

by oxidati(eé destmpashtilgntubulmr X AUGPO08 E€LAENMSahguAarastewat er

t r eat ment ggpguhgrtQggg%hngkgE”Magﬁgyater cont ai ni ng organi ¢ contam nant
materials I's passed to have the ‘organic contaninant materials oxidatively

deconposed (bl her erAighilclyenemetises Pl eorsiatgnel 9Lt ubul ar part having a

rectangul ar or (ghfcyl 3k 1GLOSS HRAH AN p AN {8130 aEbRALagEREDATRRY part
consi sting of (bl% a first truncated pyramdal or conical tubular nenber
havi ng a cBa8RPRE haydpdok somftiard ilmciub?e aevakerokpgelesienfetato

contact wi bhihbecWRIhEWRheh (R R&IMe v Bsh a POSihkYewgkeet kedgeand connected
at the broader end

as a positive electrode and connected at the broader end

to the upstream end of the straightly tubular part, the

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.

2. The wastewater treatment conduit according to claim 1
in which the side surface of the first truncated pyramidai
tubular member or the generating line of the first truncated
conical tubular member makes an angle in the range from 5

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

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.

5. The wastewater treatment conduit according to claim 1

which further comprises:



to the upstreamend of the straightly tubular part, the narrower end being
open, and (b2) a rod nenber having a surface of a corrosion- resistant

netal to serve as a negative electrode and inserted into the ty ?‘§@?

pyram dal or conical tubular nenber along the axial |ine thereo The
wast ewat er treatnment conduit accordirgitto-claim 1l in which the side
surface of the first truncated pyram dal tubular nenber or the generating
line of the first truncated conical tubular nmenber nmakes an angle in the
range frofA)s @b 4ubtdegpaés meth thasaxsitdingl iode. 3. The wastewater treatment

condui t accordipg tg QLébﬂhltrb9c§@58hp%@%mW%%?rok”%@h%@ ¢ MRAI1 Hxi de on

the first truncated %ranl dal or coni cal tubular nmenber is titanium
di oxi de, MR eRdRFEedortt Fheokraades. e?ﬁetWa§bémﬁP§P5¢F@@mnﬁﬁ condui t

accordlng;ﬂOtﬁéaéaiélghelyhtﬁbuﬁgg QrROSkAR- &%%k%b@?teﬁatﬁhln@rwknglthe
surface IE%er of the negative elecfrode is platinum 5. The wastewater

treat mentdonduit according to claim1 which further conprises: 22 AU 2 -

16 (c) an ultyaspnif RaEEa6ORSESLERYa®b( Mblindede6ANEnEr 4RGN pyram dal
or conical tubular nenber connected at the broader end to_ the downstream

end of tHHRIFRRGHRYYARLBEL aPr paPRLiceAe tHRMABReMeBREThEFAY -open, and (c2)

an ul trasonic vibrator nDunted on the second truncated pyram dal or

coni cal t bulaf menber 6. The wastewat er treatge ondyi-t. a%fording

to claim Qﬁl%%SYﬁ%aE?HetEﬁ?FQEBtoFOPﬂB1§e68ﬁ8r rifAchPed dal

t ubul ar mmﬂuﬁlcm the geoersatutngcki ae Qhetbecaeaonduhtum@at@dnamﬁqzﬂ

;;P;:a{lﬁgﬂ? ar #S%béP gnggelQeﬁgga%?ggellggogEStgg ggcg%%rees W th the
truncated conical tubular member makes an angle in the range

from 5 to 40 degrees with the axial line.

7. A method for treatment of wastewater containingbéfééﬁid
contaminant materials which comprises the steps of:
(A) passing the wastewater through the wastewater treétméht
conduit as defined in claim 1 from the upstream end to&éfd
the downstream end thereof; and o
(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 fbrm at a frequency in the range from
10 kHz to 150 kHz. | | B

8. A method for treatment of wastewater containing organic
vconfaminant materials which comprises the steps of:

(A) passing the wastewater through the wastewater treatment
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
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



7. A nethod for treatnent of wastewater containing organic contan nant

mat eri al s which conprises the steps of: (A) passing the wastewater through
the wastewater treatment conduit as defined in claim1 fromthResy gtopgam
end toward the downstream end thereof; _and (B) applying a direct current
vol t age between the positive and negative electrodes to give a voltage
gradient in the range fromO0.2 to 6 kilovolts/cm producing a pul sed

el ectric curfent b by : ayj,k I angul ar wave
format a fr(e('g)ue%xgﬁ@?#tﬁgérgll’lgéeggggéne ?gb%S%tQS%hE%zPﬁé.S%? met hod for
treat ment ofYWels? et @rv2vet ai AtAgeBi§aAPe PEsAPER AANt hRRldtiraSONi ch

conprises tReaedepsePhg [ MiPaSStHIcbhAcWAst gMahetnhthiauakntilke jwast ewat er
treatment conduit as defined in_claim5 fromthe upstreamend toward the

downst r eam &HF 19ET eof ; the)PubptYi RgeatdifeCtrEAREent vol t age between the
positive and negative electrodes to give a voltage gradient in the range

from0.2 to 6 kilgvolts/cm producing, a | sed electric current density of
5 mcn2 to 50 mV TR B ‘{ﬁ% E%rr@f:?gﬁ@ﬁﬁgr Og/aVESFSYﬁ{:ﬁF §OPFEFTERE) in the

range from dflyddizc t@odbdnkint ahdltar2aMyl 2ccotdin§Crodeilwiing 8 e which
ultrasonic vg brator to emt,pul sed, ultrasonic waves, .th? em ssi on ¢ %gni ods
of the ultradbhic SRS b3f ntf'F i W FEASPBLEOrALFRe Wi tR FRE FROS miESMon
peri ods of tafe fpal 5@ leectric current. 9. The method for treatnent of
wast ewat er containing organic contam nant materials according to claim38
in which the frequency of the ultrasonic waves is in the range from .20
to 100 kHz. -



