; UWKe3eDADF" 6VT SPECI FI CATI ON METHOD FOR TREATI NG ORGANI C

COVPOUND- CONTAI NI NG WASTE WATER SYSTEM CONDUCTI NG SATE BACKGROUND OF THE

| NVENTI ONS Field of the Inventions This inventions relates to a nethod for
treati ng organi c conpounds contained in waste water by el ect

deconposition and, in particular, relates to a nethod of pra m”ww"mlmu“"u“
for treating organi c conpounds by el ectrol ytic deconposition to fQ

i norgani ¢ conpounds such as carbon di oxi de, water, etc. wthout forl m ng
_harnful and bad-snel | i ng byproductsPECIBICAEIONt his invention relates to a
met hod for treating organi c conmpounds contained in waste water together

with organic suspended Solids (SS) by oxidative deconposition to decrease
the total organi MW@DEQHWAEMG@RGQNIQ)ﬂ%ﬁﬂOUh@NEﬁWNNGWQen denmand
(COD) in the R vaste waker WhitBRUND SYOYERSCORDLIENG Sasspended sol ids as
organi ¢ conpounds in advance fromwaste ~L water containing them and a
system conducting sane Furthernore, this invention relates to a nethod of
practical scale for treati B§CHGEDUND OR THEINVENTIQNRI- cont ai ni ng waste

wat er by deconposi ng organi ¢ conpounds contained therein into harmnl ess

i norgani ¢ conpounds such as nitrogen gas, carbon di oxide gas, water etc.
Prior Art Yidld ofithenvedi$ion§ waste water from plants, stockfarm donestic
origins and ot heﬁ'ﬁis(\igoénﬂog ?éigttas 35 a MRS WL tt%'dhﬁ?%fg‘iﬁlc &Hp@h‘ﬁds‘ Gnédikahol
and aromatic al co i organi ¢ nitrogen conpounds) organ ¢
suspended $miagks, waterby ehﬁﬁrelhtl?rﬁwﬁlpbﬂl%ﬁéd SRR BT rateite A ‘1’ b%‘?ﬂ to
industrial ;yasts Waleefor afamggcziraﬁﬁ@ corRpdHadS thiyOsledbfolytiiChecomgesition cotigraunds
shoul d be decreased to | evel of nece L

ni t rogen cb?%ﬁﬂﬁ‘d%‘"ﬁ%(ﬁ‘?gs &1t B cf?lrbc’a{'t 'ilhg’ﬁl Hhen T %lc “étlriz‘z)mrag#%al{s% rg{fgﬁ%dc

whi l e they bhdhemsklin%ela'pbmtﬁe Esrtﬂlar rthis lreebtsqmlﬁ@e@f‘llﬂﬁl 3 meethed t‘&ndeﬁﬂ% her

take part ﬁaﬁl'ﬂ:o&o%ﬁ% W€ BntLifak i QR steOwSH $&ethePNANPTRAAR SispseRRaNdRdy
conbi ned polTution ese_organic n|tr gen congoun ari se %Fpg)gar(?bg) from

protein usé&adyaosidaivs ripcormpesition th “é%‘"tfeprt "dutt‘??a}loﬁlqa(‘}}L ni mal ,
poul try-, fhsdntretién aa@cht théandl pieendldmmd @oD)ainettrl 6astderdtyedithoom
product | eakage duyrin roduct i.on cesses of

‘phar naceut |r?:’§g ng g{} P\%S bVB?endﬁ%tsgh osrass?rg??l{e sott ”tmed(r%?ilgIsasda'l tQ ﬂceerfe%m waste
When wast e wattrerontaining thewased acostem mdmtg'arﬁa@les ug B%d@’d"%o‘r}{lﬂé‘)"ef"ﬁ‘o’i S

hard to dirggtdsy gupp! ymééh%@ vxﬁst&am&@r deMea foi ol tagitmal &rgamhysnmghem cal

treatment system_ Accord g %/fﬁ was Ode wat er whi crﬁ cggrtnalun ;‘9’?@
suspended §6‘I”P6‘§‘ds‘F?BEﬁ"dm§e & j%ﬁ?eed X S PRE T STETENT “SURN A P on
and coagul ahéreir fedhaenlesd inotgamid @nrpemdﬁesuCheassmwefﬁde@F wrbpwhqmq &fed by
bi ol ogi cal or. physiochem cal treatment thereof. It is costly to install

| ar ge equi pment such as filtering tanks and coagul ati on sedi mentati on

t anks. Furtfhé)ﬁ)m”é he thus renoved organi ¢ suspended solids should be treated
as an industrial washe ki @fl’l,v@gdéikdaltaﬂﬁbhyplhﬂﬁl’ easlefarmhhéonesic. orfigiey enthave
been errployed man treatin e.thes Sei N
wast e wat er’the§ R t&é" é“‘hﬁ ﬁ%gﬁ?eégat df% rea qrrléiﬁ]'f: aﬁcﬁgPpé&ﬁg}og?\ag%g%l ?6\1/}%? ed

sl udge proo;eals ,asamgmortetrog(mdadmmnﬂs eatzapiot suspeindzed eqhéet gl§c hehick apight
treat ment. uteeenegl h&gﬁ&m cal treatnment has advantages of being easier
operation apn addition, nore conpact constructiop and shorter t.tl of
treat ment conpar e‘HltW regan; b agloatriali BRFtamiRte: SRS QHREE SHP2 e Y HE “Above
ment i oned Vdr@%ﬂ@'cﬂ%ouﬁcﬁeﬁ}ﬁ)uhabe hkereasiely & @p&delaoﬂ rdatnenfiohy Epetipldy. ytic
deconposition in which variou f c al.s, sUENaSHRl Akl nUM

| ead oxi de ARYE | “htr%%ﬁ“d@nﬁ)ro@n%s&%‘seleugo @I’I a(}n \‘/\‘gg{l%{eﬁataee Jf'lr om pl E“ant s often
contai ns stwhibgihyy clomisebiey belconpe badseful wiistinceami thy apdndduehenmiake Ratile
materials a & 0 R0l of e6doh@d tt&n&lﬁ@dﬂmnﬁh&d on
can be donepsk}‘))gw%emlcgieqf’&%}{ ggn‘ts%%q)glgtéo eO at curren% dens(ij bout
0.1 Alcn? dllhasagrqalnec m@@awpmmuoﬁs weeatfwmpﬂ%éfoe} BYOEGIB ge éér’ia&?é g

rrar ked' LY anﬁl &JQQ! t@NRed totodlitiBR] fof tabnithge etnhxaar:wueua; ﬂﬁnseﬂ:yahs innérodased
t.o ma nore_to inprove the ef

expect ed asPladE@é’PuPn‘eP%%lF%d%“‘f?&t W&Foq‘e‘ﬁklﬁﬂég %é’%gel?r lr“geglélot Wn%%g?es”esa of

el ectrol yt i chedfeOpobplidrancharalsser fodm bysrolngh ochemmﬂnam ks qhﬁte)?f and

el ectric conductivity caused by boron or nitrogen doping. Fujishim, et al.
reported that a boron-doped dianond el ectrode has a quite w de potential w
i nfl ow and behaves stably even in an aqueous solution of high corrosive

properties (see) Electrochenmistry, vol. 337(1999) 389). Furth M

et al. also reported that NOx is effectively reduced to amTDn(ﬂ W‘m |“|mﬁmm
di anond el ectrode (see, Journal of EI ectroanal ytical Chem stry, Veows96
(1.995), 233). Japanese Patent No. "r-299, 467 discloses that organic

conpounds can be OX|dat|ver deconposed by means of a bor on- doped dlanDnd
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However, there has not been sufficiently reported a practical technique for
treating waste water fromplants, etc. by neans o the above nentioned

dt anond el ectrode under a condition of high current density. On the other
hand, a consi derabl e anbunt of oxygen and hydrogen is generated by

el ectrolytic deconposition at high liquid flow |linear velocity, and
retained in'an el'ectrolytic reaction tank as gas contents, which interferes
contact between waste water and a di anond el ectrode so that the current
efficiency is reWheedvaste eter e be tremtat codemss ongans shemaldby soliisy Basbdrd 0 an
extent. As. a,. I I i : .

ol cotr ode 1SUEERY chontd SAUPTRNE whliedy s bR REEFE, ﬁf’%gﬁegééﬁq?%?%ﬁv%ﬁf@ﬁh the
case of wadrwrdiaskr the ewste matyy waichc eandhips | weide siprrsided owlidsisheuld bret al

el teclt rolde ?Wﬁbt@é%op% tewamlerﬁrsg?na&ﬁls&ts@sradetd%a?gqhat@a-s@maeqﬁmﬁ Joe?m@aat tgeb
netal el ectrode i e e er. contain mand ,s. dire reated by
el ectrol yt the ﬂ’él‘,‘%‘ﬁlﬁﬂsqf’]t‘;\%glh"w%ys{;‘(? BERLOTRIYPIREEHEL TIRIPRR éﬁr‘%g&gel?bset ween
el ect r odes catig ta ingptelhlargeequemaenti such he fibneng yands faind icemmyatidnedahenthtdmwer i ng
an effect taerPiEna bl JeaBNLoR AR AT RHidsHowP6d bdhEH fan

el ectrodes mght” be rapidl'y decrease y repeated el ectrode changes to
sharpl y shrtustrialiwasiste. whichindditiopally meresfses de cagicor di ng to conventi onal

el ectrol ytic treahsRMSeMHeceasifopsal BhnpMiie ing GREtROIRSLoOFIAR Ehesbl BpRIMEEd
solids, they shoyld be renpved ?%)e/ prefreatnpents such as L‘Jifltitrationva?%g
coagul at i ofCBRUYEEM HPPEAYEET PRtetP ?ngﬁ?igr@?%t&"r%?%;ﬂe&t PFEYPREAT 261

wast e wat esludkel ptdeeds, al okdneadxidagion tadatie dtnahdn®i blactrabhsmidabe@atmentapbinese

Patent No. 7-299 d6 i i i ed Ar | ki nd i f t. i
et 10 S R b RO B8 RS PLA sthions

phot ogr aphynordutomipret e constrvetices end pshaterwitite r efyatrdatmendr gempered usyhded
solids. MkgdpERALS& ¥nd §B8e 8R@NSorTENt i ONed invention di scl oses that an

electrolytic treatnent using dianond el ectrodes . can be .applied to arbjtrary

sol uti ons which ?méf'%agqyreﬂwgmea@meyrpa%iﬂitg“éa hﬁﬁ%é?%é?‘%pﬁ i“*c“e‘”‘““‘“‘é

deconposi t ibpneledttoljrixs dédoupokiciem ioowhioh Varowk ddyds bh avodiventtepinksl such as

el ectrol yt lpfat%%@%édod}i&era‘?ﬁttﬁ?&ﬁé gll;qﬂtgeé_uspended solids are renoved in
Fl'owed 'by a't of so

advance Fo treatnent utes. As a matter of course. there is
no di scl osure noﬂnélﬁgfg@st“isé?? i waten phieres #lapss eofterngontanggtipgely £BHEEVY r ect
appl i cat i oRy@ho s N Eich kil ldofrolld ARlIHBAL mifbAgs Ak deRplehbsir odes to waste

wat er whi ch contgins qrganpj c. suspended sol.ids wthout .pre-treating.such
solid in the wat gltbﬂvglhgﬁF]l@-e%etcgé{g’?@ﬂf‘?‘mé&?&lﬁ?ﬁfﬁ’bg? §°“fa"§aﬂ%%“s“§ EX ga%fnuﬁlo.
?-299, 467, ehowededt, cuirient Serasity ofi elque Ot ledVcmivdyriog thehlenkinpayitaorctre S mgot, tthe
uneasy to .teme%%aéﬂfe@grms! 8y LERtent qtsdalfrggmhyw@,@p e @ubLSARIRRAL DY
el ectrol yti c deconposition using dianond el ectrodes to organi c suspended
sol i ds- contiedrased tov e mpiranor &¢ imrroyothe gffestiof frsatmedn conventional |y
unusual to apply Ba@bnd Rexgidtaris appfucatdtie ofatbhse for eastaBnitedyreatment

el ectrolytic deconposition using, di appnd el ec ; Jiashe wahss
whi ch cont & ngle tlr‘g)g A cdtegoun%'boéﬁggdb%g feds%gvxfst %5%1{ %?glﬁg’%lpr?gat}ﬂﬁ% %r om t he
wast e wat ercomductivigy eaused iy henep or nrtregendepingent by el ectrol ytic

deconposi ti on usigg M AMRNd) §hEFIOGEE aoréh-EdHel WEmANT BB AIROKKE, & QRBANI C
ni trogen conmpounds are oxidized to NOx. or a nitrate ion on the )a??&'q and

reduced t o “ERfroRFeRtiBh WiRACE Ao BEheTRY SYHHLY FYeY HnidfageTy fHBHD dto
a nitrate icf@if‘i‘oﬂﬁg fnlra,gelar@eQ@e?mldcti&cmajnhsyrye?mMImmsg)a_ gi trogen gas. As the
treatnent effectiveness,is |.ow hecause of repeated Oxi i.on,.an tion
on both anode and “6‘3’[eﬁo%‘é’u§}§lmﬂe%c?1|? Bliséa 5&88{;%‘,?%? : E:aé lﬁeegttr?ccg‘éeleégsjdal{cggilﬂﬁ any
case to dewahmgiamphyaheidiahortdedbmioge dsek odourndat Eleptyoant latiowd t(Eremasting, ekl

cont ai ns orag@rusfgspiztsapgen conmpounds. SUMVARY OF THE | NVENTI ON Accordi ngly,
it is an object of the invention to provide a method of practical scale for
treating organi c JepamsstnRpsentoNoaiTMIGORadisdosrattdat PrgiRip camBounds canyhe

el ectrol ytigidecopResidjcesl b dgndbPBadn Absat diefhesd tRc@eNe hatle Japiidsess

i norganic onpou&dsnyvi t hout  f gr m ng har nf ul and %@?ggel | i ng q}ggr‘gegugt S.
Furt her objfé¢ttoNpnhTE4t A tisdises $ha% Orpags PR YRSt RS ad &5 <TERM Tor”
treati ng wantretivahen widhchlidoaindiinmegsadtablseraatghni ¢ subst ances and organic
suspended solids contained therein are deconposed and renoved at the sane
time to reduce the total organic carbon (TOC) concentration and the

chem cal oxygen demand (COD) by oxidatively deconposing the sol ubl e organic
substances together with the organic sus?pended solids in the waste water

wi t hout inevitably renoving such solids in advance. Another object of this
invention is to provide a method for treating waste water in which organic
ni trogen conmpounds in waste water fromplants, etc. are treated by

el ectrol ytic deconposition using dianond el ectrodes to renove as harnl ess

. o,



In a treating nethod clained in claimi of this invention, there is
provided a nethod clained in claim5 or 6 in which chloride ions are added
to waste water after a first step treatnent thereof by electrolytic
deconposition when a second step treatnment by electrolytic conposition is
conducted. In a treating nethod claimed in claim$ of this invention, there
is provided a net‘hod clained in any one of clains 2 to 7 for treating waste
wat er by el ectrolytic deconposition using dianond el ectrodes; in which
current density Howéhe €Héed hae nof bekimsufficiesile ctpartidsa ipsadic@Dfechwiq® f cni 2
and liquid _flow linear velocity_ | 0 h r i ng: : ) ment
by el ect roFﬁ?ﬁ"&g E&?%rr‘ﬁ’(%tseiltt?%lﬁ.r}i?re&tg “n%tg' }:)? ar?r%%m é}nmgnibogﬁedég?m%%ﬁ%&%{dt o7
for treati plgctredstundana epndigjoredfdugh ehryentdedeito nPasihe other hapdhgq Wnsidoridle

el ectrodesp b Gl o B Tl i {5 YeeQBrat e b WidBe8 tRI ddbapatbre ke Gigrodes
is 0.001 t3m'i),gnt\£/€¥c§n§ggﬁcfnﬁin%ytﬁ?1?l%vge_?i neay \§/ell QCi ?y is %g to 10 ODOg%r)ﬂ hr
during t helgwddlondineapyelatitie apbreiringd Hb%‘b??ﬁﬁ%‘? YioFeactiop ok as2ep P ANPhod
cl ai med i nwglchi cdHRbs tdtitgeti brvRedn @Bstetw@er ahd Ppiawiotdckiatroat kodhat diered in

any one of cl ai 2 to.8 for treating w apte wate electrol ytic,
deconposi t F‘b‘”ﬁe‘lfg‘%ﬁcde‘&? AE Ceglt‘?é}g‘?er %‘aggﬁei‘ﬂg‘%ﬂ#@ﬁs %’ﬁg}r‘/yelrrftc ™ %erﬁlgtjota?} ¥ he
surface of A a redblanmmdihredngcthiroliger fosmed 5ntm51&t@trmﬂ:mﬂaﬁ&ctrb@ﬁﬂsweP}edv?ff i near
velocity i %%Q%%%&?u@,%i% p;usgﬁg g%letnb.e treatment by electrolytic

I'n a treating netho

deconposi tion. claimed in claim10 of this invention,
there is provideln shareassodf Waste Car BEAFIRGt Y RIS WP RESPHIL FHBELY of

t hedt rFat Maidkealtec@lo8S bhdhl éétﬂlﬁtiﬁiﬁﬁ,]fﬂf@ﬂﬁb h?@:alnﬁéil slife hrodepobigddnedthanyetahe of
said clainms, 1L tp 9 so as to satisfy.t 0 i.n , S -1-
liquid fl T SaFey VT ﬁ?b‘%gf B 2o ?ﬁr‘gégr‘f?lg dr%l%%f’% il %*%fml 0. 5)
+ 200 | n adteosgtopinign meTlie dausennmintrease di thenyoltegebetieen eleqyatnsisgd 2 g18ate i s
provi ded a gg&g{%qnftgf 3} Bﬁickénw thd Gy Bk ahnl dFRaf toViRhideé byluble oPdric

t reat ment ctrolytic deconposition in, t hod .cl ai ned one of said
clains 1 t@ agangsad ‘%/réh@aﬁt%‘ﬁtgp‘tfheéeqtmd%%}‘a&ng%F’Hﬁf”é' %crelf‘(ﬁ?“ﬁwa{e@?“f‘{ qui d
fl O\év i nearele\é@][)@é:icwnéem B )sharply Oéherwn(aurr(rj dotahdleysi tKhegedihenRiccordig5Yo + 208
,And a system faor treating. Qrganic c oun I ni : ai me
1 a3 soTrn e Tetbrelitie SRR P MRS Be AR Bhfi idhfic Mbihabl
treat ment Isylids, eeayol spoild decomposed i bin precfrepirientss ysbnged Gy and
contai ned i f, MRS - WakEIntATorP AR Lb L APRURSIStic Heftyifene BT tho v dstedditeng

organi ¢ conpounds- cgnt ai ni ng, wast e wat cl aj m 13 o{,attem No.

g1 Shal Ted b clajm. 1,

i nvention, there FUStherobittradng E9ereanf dpethpd S59HhGe oP g e

conpounds- CEzEM6TI BOapidisl eowadridus dtindarefl differedtasoiwtidhsi weedhior hfon epmatenent

by electrolytic decomositi.on i I: bt oslRSthks GOoRSIUEd-Bigtiat
current der%seiattﬂ?go %)s?%gf%?o? 1 al%%%ﬁ%dgdﬁ_g??g&tig%&ﬁ %W i near vel oci t.gno 10
to 10, 000 ik regardatos pegamin Sospepdehpry- orMenti erEHfiyo the2Pe8ht R HHORE" wast e
wat er Cljai TREk ref3n CdiS180eX that weeue%uioﬁj_martgygtd@dT asﬁxgidieﬂmﬁ?gle_tctmés! oh b6 gani ¢
conpounds cant aj ni ng waste water ¢l aimed in im12 or. i i.ch.change
of el ect r och@®ligh do EhigiRCY é’&luﬁ’é’f‘ﬁd&ﬂahﬁ%‘?’famefi‘éﬁfe? oecfgéy f%f'd"ﬁgt% %@C%B%g? hode
and an anodrcodisfionDESCRaFTHhGA Kdeh REnGRAMMESeEilg dnientengt alshtrahiigi ng a
r el ati onshi g, DELUEED. |-ABAM Y 86IYa LOIAHBR) YerRSH VB Ghed RIBed by 2

el ectrolytiCr ‘action tank an rrent density of djianond el ectrodes.in the
el ect r ol yt itceatmant plovelutamk Asct Bradien gl ey veeh dhere i PO LIS PIFPIETBBET SR T hi s
i nventi on. .F'ng&es%fﬁa%%x& Nl).0¢-|2.9§!i4@gasmta{n-e§t &yﬁlﬁtﬁﬂibi:x] @f aa?)ﬂdal:fxtclfm:gtrbkma‘fnitr st
treating nethod of this invention. Fig. s, anot her ock di m.Qfea
system for WoheddiERg ‘Eslﬁ"é“fdle? & “farséeaf‘?’ﬁed ﬁ’b‘tchoc TEPY ﬁlp%anfcn\s/‘?ﬁ?%%._” 'gld Fig.
4 is yet angitheit Pleagdatigagichnselid &n shistesef diy eopdticedtmgnt heAfcprding to
treating mejhod of  this.invention, Fig S L.agram of . tem
L e T

for conduct I'SY1nvention ]
anot her bl oplitediregsyam théseavsyskilah hdhe soriddieithiprpbiea frsatmepty lachaty tivet hod
of this i OVERbLBLicidr Sind dla%o\ﬁﬁtele%mg&% J}Egﬁ&s@éﬁqam&m@or&mﬁ@ma@

conducti ng our ating nethod of this invention. In Figs. 1. to 4,
nuneral s 1,wgter.3 That 19 10 gesithhat éeeahccave’&tw&?lwr&m%‘a@t AR f&ﬂg&enéﬁ%c?al s
4, S and 6 gR%icana & tBe WRStfeWalySlectiodtRGRcIrAsiticn dimpdistondelctredasrtage
tank and a water receiving tank, and nunerals 6' and 11' designhate a vent
zone. In Figs. 5to 7, nunerals I, Il, 12 and 13 designate an electrolytic
reaction tank for the first step electrolytic deconposition, and nuneral s
2, 21, 22 and 23 designate that of for the second step electrolytic
deconposition, while nunerals 3, 4 and 5 designate a storage tank, a
storage tank for waste water to be treated and a treated water storage
tank) respectively.



THE PREFERRED EMBODI MENTS There will be described in detail the first to
Fourth nethods for treating organi c conpounds-contai ni ng waste water of
this invention as in the following First nethod for treating organic
conmpounds containinc waste water First of all, the first nethod for

treati ng organi c conpounds-containing waste water o this invention wll be
descri bed. Organi'c conpounds to be treated by the first treating nethod of
this invention axe not limted to specific ones but nmay include any of
those conpowstiswaier eihidintyéndesanpesanied elidk edthootremvond therefiemshe to

i nor gani ¢ GORRAHNGS L Hphe-Beaa@npon di oxi de and water. Further) as there is
no restriction vmth regard to concentration Qf these Qrganjc ounds,

they may be usedIPr %?f‘"&f‘&ﬁ@érﬁ?“é’fq}ﬁﬁ deFaMPPHLILY, Haing glgaon ° % es as a

concent r at egtHoed andah BRodel Bl%hnicl‘rﬁﬁbgeﬁ\g:ofﬂpbhﬁi; arbloxized to N(efoeraabdrete ion

concentration, of t ounds s 0.5.t0 / r fro

st andpoi nt orgh'i’aiit Sﬁy?‘ﬁ éft(f ng’gﬁcayon <‘h ?g’r?g?rd e eg Auc cim? g t'he?and
mllili texiuuwrlltb afvetrefenad pe thdrenade faad fadlly exkeansted asarmltﬂ)ﬁtﬂ gas. As the

respecti Ve'tye)aBmQM é@éerw 9 id Youl BEhubd of Répehidasixid iRt a0 réa%tct}\/&ri ggfbow S

invention is m At current density less than O.
surface ar éao%f agd é’@b?‘&d@ %ﬁﬁ'é‘ali‘?d‘ 3ROV dF §as PepTaneCeTRR 1 &% wsE ta e edep

el ectr ol yt ipgadtRAC tteéihiqudn KorOftrdading e wash! evdter rvadet redtdifs rorgait deitrdgen t r eat
a |large amount of. waste water fromplants) etc. by electrolytic

deconposi t iOHPU¥%y di amond el ectrodes of high current efficiency on a
practical scale to decrease the organi c conpounds contained therein to a

predeterm ned | evel. This cagm@Wwamﬁﬂmbot h system and running
costs. At current density nore than 10 Alcne, voltage, between el ectro es IS

i ncreased and corSerrathels it ean ohieqt of the drentipn chpradids A methafbelopraAit and

al so undesiscabl for fteeratmgr@l@hhmtmanoudaammnmlge@med\esmIﬂomsplpﬁgfababrfe to
i ncrease th

incre G nt
donsi ty. airretiissraR B g Sitsnd sbeiiel o ASHERE b M B bUMET
the total cmglarzunds withdyo formi@Charmefvw wa hadtsmeﬁfnmpwdewtsmFertﬂ“hr ?‘h?‘ée)fhour S

i s obtaineqnly jnvBhech & LAPERIRS a tﬁ@ch@&"a&zansys%n%rt MedSndlQaeld hegrabrove and
that a gas content_ formed by an el ect on,i s ffefc{rvely

tic rea
renoved wxtoPREsigol eﬁarlrawstweﬂm ?f%%st'w&f’g‘f%hﬂra SR TP
vel ocity i Sleb@tipespaad aérhyveﬂrﬂsuhersbed ﬂnué b sedyeaehaldtyl aigevit cathoddTOM) hr
pecause | NG SXAEARY Sl ol BlLoliLAORE oS %ﬁdntdyrcb%  LoRidat vaygxuéa‘,wd &lthe
cont act betwWweeén gani ¢ cozXxapoun 3
el ect rodes sah@ledemnwmubpraemt @gethercrvrxw theei @rgaeeefrneaéeé(tsplaqf Bf ther WgAi ¢

conpounds evtJt@ﬁWlMﬁhymfvﬂﬁgl@efemdvIngl Suchl &gk ah! Rvh feeC OARLNer tobﬁcil bﬂhﬂlud flow

| inear velacity, ta satrsf t he 0 for iquid
flow | i near™V&IH98; 1 y° PRIATY aﬁne&%k’)fvg(%%’r“rgen? ?jé"r?;&frtm fArlluCL Pr§ange n)tro%ﬂioo Xn
ot f ~er rworasipotdsts ini wasitel wakovirdrh pdarts vet.ook ttyeate bsonltecterﬂbrt;d d?@mslelﬁnt he

| over sol i %shwearr{?na Yeob 51RO F At LR patmh@e i96,:2RRicd6APBuddd Jikl as Saioh ch
shoc~s a rel ations et ween |nez%r vel ocity and the current density.

I f the |iquliepids Ml?ﬂeﬁﬁ? a%l"’é&"rrt"flhr@sﬁ Baengyz ~ axe area bel ow t he | ower
solid hne, a |large amount of gas forned by electrolytic reaction stays in a
xeacti oz~ tank and affects the whil e the current
density is increased locally toﬁ%%@é%) BF&‘S%‘:IEWW , athin |ayer of

di anond el ect r odéni thepet edtiafd for dmating sybst rcameoundts%otaenipge“faereabla',ﬂr t he
liquid fl ngézlm‘nlggqn ¢ C??x%‘xof;bg id ﬁw&?ﬁr{ Qhér@qs E)pcivac?eh'ésf-n)étﬁolaefo; @ieh@&h@&maﬁ?”m a

2: Formul a I ow I near velocit X (current density
( Alcm ") cﬂ%gmﬁnmgmc @@rnecrur\ﬂercaetalrreﬁenrvraq&ﬂ Harercswrrgr Hhempnd glepierdsy ats
control | ed jbpche &ﬁawdeappwswmuwaaeae@srﬁaqsefs theo daintzeshd iiqad floheredy nore
advant ageous effec IB%PB ined. So |ong as the above nentioned

rel ationshiyy la58¥ e H &l‘r/ﬁﬁ flow | inear velocity and the current
density is sati sfinete s@dogamahmbfmpmwadagmm aedonndavasteniig-wastd @prtegan be

ngg'; &Io;:] ge{n AC?{?Igy Q I di % ep thaéq{jmgg I{ﬁmggr% \[ﬁnﬁév 1de.(aue{ &%{ﬁydgflar @feulgax%}fncally

reari ng
detomfymg orgamc compounda contamed in wagste water in which diamond electrodes



When waste water is treated by electroly tic deconposition using di anaoz~d
el ectrodes at | east as an anode) a | arge anount of hydroxyl radical is
farmed in general, which may pronote indirect oxidative deconposition of
organi ¢ conpounds. Formation o | ~ydro~,vl radical is increased by a di anond
el ectrode nore predorirrinantly conpared with other el ectrode materials and
is especially enhanced under an al kaline condition, rather than neutral, of
hi gher OH ion concentration obtained by adjusting pH of waste water. The

t hus increageded 9f 18RSI a@Annoly, dsFtﬁPé)ﬂH sfate Gabtevaitsen aﬁjhs&fdftﬁ(bb ama1m1 dati ve

d t t t th

or ehbed syner ginstiecaid, MR B dterBE Rt Sonrppd TritriRarl Mg

di amond el deinteddesclaifi aobtids eheotiondbsreus gaovided &lnethrdbbmeldctrathomicallyat i ng
waste wat ef gvgﬂl g b 5 J&S %;I%bsglg &lggflgggecqn%mq i @5l Qa%kéf% ng&:ﬁ@ céﬁ’%&ﬁdb

deposi ted a‘ﬁt con Ive t | ayer of |armn he surface
of an el ecinr widhl 91amdweqtmema|u5ﬁ€htaéxliea§t RUER 2WARLY HEAE 19 ORBTIOW and

Zr as a SUBSLEAd, soliOBeledid i decstipdstisii. zed a thin layer of dl amond on

the surface of wafer as a se ondyct i rate suc w
afer, and el ectr*rb%d“leﬁt‘%ﬁtfﬁ}ggldi '5%“‘}? ‘96@’&@?& ‘“a?‘éth%n &% 38 bld: 5 o
depOSl ti onnﬁmmmedn akim 1pkat & ihi wieicts Hmmendi dldvongt eumientped as bt 9fzne .

Such an el ect |l onduc [ f,da@f diarmond generally includes
doped one ?e 5 %’th(’geto‘ﬁn&erg&eéatb??ﬁ%ég?r%uont of bor on or_nitrogen thereon

to endow eI ectri bathecfend Gtuiﬂtbpd for treadiBEtORBATEC SHTBRANAD FORIBIMRE VRS N3t he

range of S5Q,iRedld GG QQ%B@En%ﬁl@ﬂmhﬁwﬁerﬂﬁded 8 rhdthod lfdrreldcamelﬁermf:allv
di anond, an excessively | er anmount ther xhi bi t{engdtgls gg caI

si gn~ |~cané%t°6‘fylﬂl%p‘?rﬁ@“i\9\hﬂt5°g5ﬁ %Wé‘é‘%ecogrﬁ)l ‘Fatirating the
ef fect. Xncgepemas, inavidilandivst ablecneatmlalttlsedethl)ttm @wmn@mqﬂoﬁ OPBdlé?tﬁg ate

tyhe in sh . i Qfeat bRt ©
zxzay al so%g%g%paqnd‘%% eléc@r%hé’adfs()%goﬁ%?ﬁ%% ngwg%)\%n%gg\%n %’?@?drﬁ% C()E%lthecg with

az~ el ect rbmlelcyolyeemlamméwnhﬁ fondwpted wingithendiAtroad R TRl SAT HE % Len
a di anond gl,gcltAdG0babonder anciype is used the el ectrode may, for

exanple be dispersed in electral yt i di.zed to e 1 bed
whi ch plays a roF‘I1 aééeaé‘t’i’gdﬁ?fgec{ Q]ﬁﬁ?e?’hélr&a Ogt)hds\"/lenvr?%tﬁ?‘f(éﬁe i gt&‘%g?a e as

an anode mmethel pdsiawd iin rhiwr & ior vehipor eu,iﬁatsymﬂﬁetﬁre pddqdy ﬁsratoesanacr
suppor t ed b, haBQUHERiQ! FAEEIARRl bilerC ONGH 15 dhsaBmBRt, bwhbklrilzge an

i ncreased surface ar ea. e el ectrode of increased surface area conprises a
fixed bed wpmpesitientis cemdugttdanode. The di anond el ectrode is not 9
necessarily crystgll fjrmmlgumetmy cllaﬁnaminrcpkmus of thimaivengon, |thextehie prévidad a
treating nmeth 8 dg WIR¥ HhePaRE: dsed
as a cat hod®™ P?%‘g?‘é‘beg P 1? dlen‘?an 5%"'8’ Hgg)glf%ggge?o i'cal 1y changed to
conduct a tﬁreteﬁteretr’eaﬂn;enetlmceqf(bb'ytelctroldeedﬁvemoﬁliﬂeﬂ wheR@ sgpridest o ed Bl

di anmond el g eliegq_g tgl@%,gp&%g,pls%mctegot enti al WI ndow conpared wi th other

el ectrode ter|a 'S azzd cponduc deco 05| t of
organi ¢ conpouzxdd Al pabing; W%q%,‘iﬁ#ﬁ'ﬂ@?‘? ‘E:{?)WHP 1 mve er B% ;)bove | | e
control | i ngndtyied eganedii amxysgelaf tlaimed toy7 &r em;@atmgyw&;e desenpo sleeirolitipn
water. Liqujd tenmperatures Y, -EAChI @hdd@Ndn MeCaiflce of
especi al | y &8RP rT}cﬁ"e’due‘t:f‘ exa Ctﬁ%g gh ‘LM';% in the Sft?‘r st. treat hégo

met hod, bedabarsendeéledttades Vet 9. @M@clﬁﬁ@mztﬁné%ﬂuﬁ# flgyy dmmrcvedesapdantde d not

proceed su %ﬁhﬂhgxhéﬂt}@&n{e%b;%ce%@ﬁe aedéheosxﬁoe&ﬁ@msa VRinted D¥nyvdnielof
formation o gas contents Is increased at hi ures.to |nh|§)|t

sufficient Céﬁeﬁ!ﬁé’cto Bpivbtenting Stasta MRk tﬁn‘élle"?tg‘gy té‘hfl?"ﬁ 03%"0’&“33}% Hawon
Accor di ng té?e&x*&&eJ 'n{ &rhnchrcaaﬂehﬂ&edms hadhe eugariof dzarmd ehdsrodens 8i06d do L)
wast e wat er nt etc. can treate t t Pgi-tion
quite eff ec“}F‘@‘eIa? |W“§F§%Ilf“e§f 2'818‘“?5/5 g@ct?(qgtbéo e@?e‘g]gle %%n?%%ur#ace
ef fect ed byelécmplyaiceldeanasgin. e~ci ency by the use of dianond el ectrodes of
non- corrosive pr qRer{lggﬁngﬁg}?h{&ﬁtclﬁﬁk&j 11@9911@'9@'&15(114?9&{31100@% ﬁaaﬂroﬁfﬂécbw ity

thereof under a conditi o sati1stactory relatlonsQH£ g wg n b
current dermethyd ghdmedan [angeng of ICEIP 127 t0cB 0N BPYLRe YRSE YHIEE PY SESRHEY

As a resul tgechhpdstidOaghla@arhéhdetiegtddes hianwhih [ cyriene dbnsigsoe thvatserfaderqu

pl ants, etc, ?h ease by means of a conpact system of practical scale to
deconpose organi ¢ conmpounds contained therein to harm ess inorganic
conmpounds such as carbon di oxi de azzd water w thout form ng harnful and
badsnel | i ng byproducts. Further, accordi®g to the first treating nethod of
this invention, it is also possible to treat organi c conpoundscont ai ni ng
waste water by electrolytic deconposition using dianond el ectrodes under
the above nentioned condition ~s~hile separating and renoving gas contents
forned by eIectroh tlc deconp05|t|on of organlc conpounds The gas contents
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According to the first treating nethod, there may al so be used a plurality
of electrolytic reaction tanks to treat organi c conpounds-contai ning waste
wat er by el ectrolytic deconposition. An arrangenent of these electrolytic
reaction tanks may be in series, in parallel or a conbination thereof,

al though an arrangenment in, serifs is convenient for conpletely treating
organi ¢ conpounds by electrolytic deconposition, while a conbi ned
arrangenment ie suitable for treating a large quantity of waste watezall at
once and cdinpleatielestddenisrpos 8 Admifamntd liguid dlorziimaaz adbcity ie2@Erto U],Q@I S.
For exanpl %mﬂ&hrﬁ’r&eth;?m‘% %ﬁ%"el%cﬂ%ggﬁld%tQ&rﬁﬁgsﬁwnc reaction tazxks J., 2 and

3arranged|n series up. I1n thee caws A, B and (r as shop

n in Fig. lipa tregtiggmethed '"elﬁlmfﬁ ig olpamt ¥ fthisrinegnsioagtheraniieravided p mashod

each of therfcbhisbilg ﬁauﬂlwwéa?rvtalosny m%ltﬁhl&tﬁnaﬂkt% aectﬂotﬁnoaetomﬁosemh row
A, B and C and to those  tanks deez

to subj ect "h? {medhad daimed W"“'éf’%??t“t alF‘V't‘? itﬁgéﬁﬁﬁboo%ai%’tsg dohe f&&é‘b‘é%f"l’@‘eay and
collected iin a treated water tank 5. Zt is |nportant in this enbodi nent
that the above ntiaoned,.re e t density
and the liquid FF%W‘I(& ﬁ lé?mﬁgl:ogg}”%arve Cltab(m ,9'91 Pﬁ‘q"e‘}éé t%gﬁglﬁgct rolytic
reaction tanks 1, 1 and(-&/cn@ep%ﬁ)atmﬂw of gas contents may be conducted in

combi nati on W' t h12h @A ERL WdtRodGKRITRGR klai AN 1108 I Wi3hti6d, eatlreqls ytdﬁdeaeact i on
tanks to tre ani c conpoun ta|n|n te wat er Ctl‘ tIC

deconposi t P °dl f?gt"r?étraﬁ’d'\geh?fﬁgtft%‘n T ¥elp n s%‘% eactWP\E/PYf | east
one of el edtdorpptition eachethnd tlankal oty eeacdsf dalhelnms tto-t@pd ad ho)ssetletfanﬂr@ o]

final stepf %:fo%{{ﬁ ,ected to vapor-hquid separation by means of a
vapor - | i qui or as descri bed above or a Idpgw d receiving tank

provi ded with aanpvp@lp 2y lipaid flowaineas eddedityr{odhm 2400 (cwaent dsmsh a top
portion thereof, and theggpimedk)taoand treated in subsequent el ectrolytic
reaction tanks, or subjected to vapor~liquid separatjon in the trolytlc
reaction t AL syptem ohét?é‘é‘P%@EgaBtco"\?P’%ﬂn OPHIY gd’ﬁﬁ{f W?/tﬁf)ﬁlta"ﬁ?"ig Y8t i on
az~d a 'cent steghisOihventiéh tcofpFiedst ididindride kRofroddsnitd avhducasa desmnelnedb:,above
al t hough at, | eas S r i r eof
excopt t hosis FaRfis WForBlos R0 Sk Bhtiafs HEREL LARKEDSE Perf 3R 0

el ectrol yt iorgamiprempourdfd 2 are arranged in series, while a | | qU| d receiving

tank 6 provided Wéy@teatlfdtn@@artm\g aganc phapamae@bmemlﬁmdfaae weRk chesdd an 6
on a top po IS arra bet ween t hese fir second

{
el ectrol ytf L"“I?‘Ogé fgﬁﬁtsam%%e“im%mgg “a¥ s}ﬁ%\/{/ﬂeqt =i te“hsé”\/\téts'fa‘tmgator%am% ﬁpa
waste w at esmpéordagenthenikg 4vaiste waterodanmed lmtckaunhla‘z fi rvetticls tae preateenttr oyt yt i c
reaction t %it‘émha dlt Qﬁc%%]a%t%nua& fdxﬁx%&n&él@&r#}cfe@% E&ehc@a af Laqtttotaﬁutp of

deconposi ti i ntroduced info rece|V|ng tank 6 to
separ at e gAP0 sni@{cmfapd higid frvolinger vplecity R&]sotmslpé)ﬁoé‘ trolytic reactl on,
which is vented w&%&&gmffﬁpﬁbit}ﬁ% di‘gﬁkhc s&@8pIudEs 60ntafﬁ|ft& wagelindtgrebsmedparti on

separated f as_cor nts IS kntr uced i nto e

el ectrol ytif ];?‘?’eléc?l? gﬁ % %’ﬁ’l‘(" T4 <BY eglc °5§5’ ReeeSecond oS{:&s got%?%g %S‘paswb

el ect r ol yt ixateledampdsint ¢lem aadthWem s’h@he@mnw af eleetzndeel ﬂwatceltd‘@tedr wges t ank
b 11 15 aleafud FRALARLS 1R bbitich » SHIREL xPRALRINAL the above menti oned
requirenent with regard to the current density and the liquid flow |inear
velocity is satisfied in each of the first and second el ectrolytic reaction
tanks 1 and 2. 1n anot herBIaEmmﬁ:mTtIONmmtmsmmemgel ectrolytic

2 vent section | 15 oh e BPbBRT R & Fr o ks PER G (RO OAR  (EE Ll er
in a wast e waateewatst ¢ ang elettaolktid revatiorh tankrandovired dpmdity ttftdearfwlrdsetle@t@ps

O o Ol Y g AL ichhah P EORANE Lo S0 Beld i urbhintd SAbIFRLertlon

el ectrolytic eparatin renp~z gas. contents
formed t her eby) f@a |2ow@oblbcgk dlh@rame@fcmassetve@rtqoeat%‘ﬁtthwlgltéf‘@ﬁwlW/‘tt
deconposi t i @this BREnfiflen stored in a treated water tank 5. The second method
for treating_oreapi c cona~po cont ai nj na waste water Th re,

descri bed the se &t%‘sn"é’ﬂﬁlﬁdl{fl%fi PrEam gaﬂsé%tﬁlf?ﬁr “HIPETRY ea@%ﬁﬁf’% ng
wast e wat ermedhod $fithisiinveitionpn_ : ~I characteristic feature of the second
treating nethod is that a dianond el ectrode is used at | east as an anode
and pH of the waste water is adjusted to alkaline. Wth regard to kinds and
concentration of the organic Conmpounds to be treated, there is no
limtation sitn.ilaz~ly as in the case & the first treating nethod. A pH
val ue of the waste water to be treated is not limted especially in the
second treating nethod i the water is alkaline, but preferably it is $ to |
~, and nore preferably 9 to 1 i. A hydroxy 1 radical formng effect is
decreased at vaI ues | ess than pH 8 so that the effectlveness thereof to

o " o L, A~



i nproved, while such the effectiveness is saturated at pH 14. Adjustnent of
pH may be done by adding alkali netal ox alkaline netal to waste water, or
suppl yi ng addi ti onal waste water of higher pH values thereto. In general,
al kali metal or alkaline earth metal may be added as a conpound t her eof
such as hydroxi de and carbonate of the netal as it is, or dissolved uz

wat er to add as an aqueous solution. As an inportant point of the second
treating nmethod is to conduct the treatnent by electrolytic deconposition
in the el ectrol ythig 4 @Gt Qothankolodkddiagiarnp Hf GO BFtEOfr asndlies@ki Hrediabove,
the al kali (9 taI kalth?r(lqe fggrth ngt al may be added to waste water at any
upstream si TERUPE ANGTA YIS EE®r ol yii ¢ reaction tanks, for exanple, a
position just beffog.& it hdlekditeranyf heystemdor wnducivigghe foundstreatingsiethod
storage tanfhif ifbeist em conprises such a facility, ox an exit portion of
el ectrolytic reactlon tank when waste ter is recycled for further
treatment. It is Fig&xisagpther plock dingran ﬁé‘vftF@afPﬁ‘é’r’i‘F“Eﬁnccﬁ'éch‘Pﬁb UfREPRer a
pH val ue iﬁn&h&{lbfrt@lsyxhlf&ltfo@actl on tanks is Wlthl n a range of the above
mentioned Conditi X not re the X

el ectrode used f gefé’(:ty? éﬁ"g Yc\’?@df?géﬁ’f]l a\ﬁé“fl@ tcgrr’d“cfmgﬁgngélb’g%

nment i oned p&mimlgumﬁh@gftbenh#ﬂt@ane as what is used in the first treating

nmet hod. Thg,t t g thobytsi g o) i by the
use of a dlqg F%% ec% dugérggsg Igaishodoqu\?vh(imlg Eeer%cﬁf%}’ pﬁf %Q%ﬁg&cl\at hode
and anode. nwmetrmssi Gaznd 6jdesiggatsr e M@sgplater (§tc{§6$fd£?@tk a té‘%ﬂ’i?‘&@‘ta“t”rﬁa’taﬁ%nt at
t he currentiafdeRsl tywaXer @eldngd @ink0aid Glitheedls Bhﬁlcﬁurfdaﬁ@ldletah@ndlz&ﬁb ~1en.d

el ectrode dtheJl uid fl.oyw linea | oci
flow ng t h?%sr RS ggfﬁ)%lﬁrjfd lgn?na‘{ %1:}/?59’%;‘%/8 r|9 fy%c %cgmﬁlt?rélé? X gt)rée
paral | el t dirshsteplielertmbitie ldeconrrodidionoand ntlmedétan%)b% @dg%ﬂ@slm@dmﬁd% by

el ectrol ysig, gfef &%Hd\/ﬁ&y ele[:ﬂol?flgggcc;n%ogﬂiﬁﬁt whﬁé d8m@HANBI & ﬁn@f5 m&;tn%té/\@-t er
xozn plants, ete electrol ytic deconposition on a pract scale to

reduce or gaﬁﬁ?'&g"cﬁﬁ‘ﬁoﬁﬁ@éa%?oﬁf‘ ifofetagth disT o Bt%?afﬁde‘ﬂ’@taepﬁ’?'i’?éd"ﬁ BEPrage
current denghkyedetvdipan 0. 001 A/cm, there are required di anond
el ectrodes of large surface area to sone extent., electrolytic reaction

tanks having large quantity and_enor nous SK@}; em and runni ng costs,
al though the current effici &y PBEFERFIINEMOBQ@IMBYES| s satisfactory. At

current density omgte hih AleCBLsTribQ ik NRLLPBRS &L toVﬁth@xgﬁer}ﬁJd‘é\%ﬂ t@la@ag r odes
is increased and consuned as. therxxzal onom cal and

not pref er FBFEF FBRROAPEE &%ﬂ&ﬂﬁ“?ﬁm H’ﬂFeétS’?F}lq%/V‘VS?m?ﬂ %ﬁt‘ﬁ‘ﬁg gﬂ(hg&"}%de ") ~he
reason why ik cdthed fir tleatinbrennigtcamps 5 ¢ ovadt® w0 N hr in |inear
velocity is that li' ps%%i‘ h Ct!hg%st dﬁgh%ﬁtfoxlfrg&u&e&r Xm«?@ Jl&d%é&tﬁm\{\@é @Qstgnd
the el ectrode 13 rozxxotes e ectro t1 ¢ deconposition of
organi ¢ corfwamfsthtsnmmgmvll&p dP%ﬁWb@él ocity over 10,000 mhr, while

treating e~cacy abrghhie c%ﬁ&@d\é@& Bé tﬂe&team@rta@ﬁfselweahag\meenbdhmamsﬁvmloan

i nsuffici ent el e troI ytic géf ect, at flow1 g ocCi tfyt ess trg)gndsw m}c

Especi al | y)*Fdf* imited Ag8P5¢ °6‘ﬁsgg 2 APTRLATR T AT PP PIRE IR 2 B8t hod,
it is prefelcabhposthdy 4 hlecirorhenricad toanmbntytd B06eaBid conliPupis gheh amartbhe
liquid flo city is 200 to 10,000 m hr and that the fornulas 1
and 2 are \gﬁal%’lhsf?ﬁeddwg‘!ﬁ?t hough a liquid tenperature ixx the electrolytic
reaction tanks |§Wﬂterlﬁsﬁf‘?"@d3 Be pretiigiqnywith egprd 'Eﬂ’égPﬁ‘eé}b‘l"‘?m%Bf) S PYepCo5C

in the secoRgpbhed! ithey ﬂiﬂiyhﬁd,usb@qauﬁr@ ebehtr@liod iagd dﬁf)@ZﬂwpﬁSéa{ |z@£§ ok

.organi ¢ conpounds ceed su~ci ent excessive W tem tures,
whi | e consi QBf* 45} ”%{F ﬁ“l o'nsbfreaﬁggé%eﬁﬁ% °“ﬁﬁ?‘bf’f%er3§lﬁtcé’8 Ween the
wast e wat erthamnegdnireconippabdod®. St 2aghter|front hetsdpaind of ¢leatdlytg ﬁétlhmd (rSf
this inventgQ bnatlec RoRR S0 0} Cartd IR &ﬂlaﬂérgms gyqugénge%aal €0 58
waste w ater SE¥PG yti ¢ deconpositlon quite effectively using

di an~oz~d e1nd€tre@d@§vvhi I e adj ustl ng pH of the wast e wat er to al kal i ne,

whi ch reduce the @lﬁ%rﬁ%n&w&@qqn%@ﬁrm@atmg%e@m ShtaGliAthtHIE GBttodBnSI ty
t hereof, make the system scale small cause no troubl e of E@CI di,c

corrosi on dY&Mf-o HMeirEraRhIresithleR E}h“ln &P AHFPH Ay RRED PERANYI eCt'\R/deéﬁﬁ%“l Fer
from pl ant Slar@et 6.2 @&afaibexteheaid o bkwircllik yedctiontadk bflargeansledd requiedpact
systemon a practical scale so that organic conpounds contained in the
waste water are very easily deconposed to harn ess inorganic conpounds such
as carbon di OXI de and water wi thout form ng harnful and bad snelling
byproducts. 'the third nmethod for treatiht organic conpounds-containine w
sate water There will be described the third nmethod and systemof this

i nvention fox




treating organi c conpounds~containing waste water. A characteristic feature
of the third treating nethod is that organi c conpounds-containing waste w
ater to be treated cozttains organi c suspended solids) while a

deconposi ti on nechanismthereof is the sazxxe as that of described in the
first treating nethod. A systemof this invention for treating organic
conpounds-cont ai di ng waste water, which further contains organi c suspended
solids, is provided with dianond el ectrodes for treating such solids by

el ectrol yt ioedetetonpasi 4 ilargeasmauntand Geastedwadse Bokh pdintan e&nodeemoﬁolgmc
cathode to d&& gﬁtoﬁ%n dlgmogd. g%L{rgdjegsofh %Aaé\.}rlresnts ctiegnrp?f %n a prac 1ca scacf
treatizig oxganac co S-contaxzxi z~ t necessary
to renove &9 gatreasesths pegn;mjccs@quaés eqsmlaf-’qhéderﬁw towepwdsteemmtiéw dby This

pret r eat MeRbu&Yd Ghuds iddrédse H | b&ﬂ satt@mcaqa%hamg%stgedl ment.ation so that the
waste w ater can be directly suppli to the treating eytstem therebythe

organi ¢ suspendeditsGTent Q?Rflgoﬂ?ﬁ‘f et o g%l*ﬂc@ubg‘tl%ﬁ%eg E6tR HFERIeH 18 he
wast e wat egn&eaaag ahdl congled ra@odmefﬂaﬂaédeyc}ox:gd?}zedlq?nd tdeeamﬁo@ed chdnat albdng
sane time ctrodes and finally removed. A di anon

el ect r odes %’ggﬂm%ri fﬁéut“ﬁm ﬁ 5t°f‘h§gﬁ§?‘ﬁ5d and system ma3 be the same as
that of used in thi frefesable teaicraage vt hoad bkweligkiaaveledite et aro derdras imr |
extrezx-el vt gt ARleRt il lyw AR o 0 GRRUT U OBPbnoEL At

el ectrodes such as platinu controls rogen and oxygen formed by
el ectrol yt ithe HEevs *b"s*? fFargpm ew"%trra}e ‘?frfot ar Bt"h%t“ haprahouss srhtaged

f olr mih ion f@iﬁtl?li! lnCha i gon@f tﬁg&liHrSnt?dtﬁEhtﬁSs @é‘soﬂaeddadutvhydd t]iéie;tla gaadbmgh% foted eby
only harxnfj i oxi,di gonpose ei ng
effectively trez cg'dpyﬁmr aCQ ‘ét‘ttc}g‘"éi"abr B one *hs EI S to say, v~-hen
waste w ater whi éin awst hrrntsofohghqmd ﬂswslp‘endedoebt it det wssectmléamedzrbﬁd but

el ectrol ytie ﬁdemtspgﬁdutu%ootmr ‘BE&%@ Ghé Qs‘f‘s%%d 8l sy %m@e%m@%ﬁd to

sol ubl e organi ¢ _substances, fol |ona t xeat zx~ent

el ect r ol yt iesufadenipsdItastohetgen tﬂrgﬁé? %wewwtfsént%nwﬁe itk by e(ﬁwead The
organi ¢ sushebdess spdiddss GRPtELAGKR blRctrEIShie dsainggosiRveoh 6faAnicefavetnds
conventi onaI é by a pretreatnent and di sposed as sludge, while they are
deconposed a noved together with sol ubl e organi c substances therein at
the sanme tine w thotherahis pefrshdatotentrol thet friwdd flewHingar velodityjte setisfe thét | s
pxe~exabl eft,lo;b“gggﬂ,g&m@l .contact treatnent at the cure ent densi ty of 0. 001
to 10 Al czx~2 ongt e surface of the di am)ngwel ectrode and the I fl ow
linear velocity & iyl s amddiny krerr veyciy ]F?g' e \Raeert né‘tt% %ﬁl ¢h
contai ns organi ¢ suspended)saodds in the direction parallel to the di anond
el ectrode so as t Fs u I vely.
The range of thelgl??lfe%rg%gg%hgg 3“"& at ﬁﬁr&pal(g e%ﬁ?ﬁ &n ?l%(gzg%l&%/g?gilﬁ%lto be
used in t hissligriinpovin ¥s bopsadiremof the gsmd!raéalslorf'lasl Uésférqh%d alrzlathh@llsecond

treati ng mMyoo&n tﬁgnggd,alew,tygmﬂtetﬁr&a,qgergse@son as descrl bed in the first
treat nent net hod, rabl e that the current to 10

| ~lcn2 and the | |I&Ehed‘qf“l‘ "I’ heatrvelPsIt ET RSP e iR a?@ﬁeatloeq Wﬁ’i # 1diﬂ‘8 % hat
t he fornul dsrgt aamkn? ofgae femiddyi eéej:trols_;,tttchedcgtwatiysqu|adea®z:m~tpek andipfedtn t he
el ectroly tthg 5@;@4@&&2%@& che Qetrett &Entsﬁg meaeegsa' 1'oyaqy tb caeeqeﬁaosehl

about 10 t treating because el ectrol ytic
deconposi t ii§n adhby lgust of dasraRc prREEORe ﬁrﬁﬁﬂﬁ OFfrfS‘iﬂ thecfuBRTRs? at excessivel y

| ow t enper at ur es,M¥ai 81t | tHETIRRAE floRT IRdar OFbl @Rk ty Gid ScoS HONEN S sh Ty Rhé S
contact between the ste water and the el ectrode surface. In the third
treating netABHISOTIMAZ nvention, it is possible to very effectively
reduce total orggnirsukal: mmd(fma)mm ReRity Gi/hon ROGD £ erieaadeaity (gem2denand
(CA3) of waste 'crater \Mgi h_ gnt ai ns organi c suspended solids, inprove
the electrolytic efficien (}ﬁpared with a treatnent by electrolytic
deconposi ti on usilngtleomeeds tionladuid Sow lipkat Yaheeity tiy pateslled to besor abevs aise an

el ectrode SptACR.3FGR cto&eh?%nt: ecqytew%owddmn@tgst)@g difect hangtagtnreal ytic
reaction systemas a whol e, r eat onomi ¢ nmez-i

Especial ly, it i®°pgagipthe taBO‘R?e’é‘B“‘t“éﬁg\Fég atigpship 3’5h‘?"i‘3“ tatgaaﬁ%é%o‘neag and
sol ubl e or %wcﬁy substhanraesntletdighisefatistéde neyanly caapainds icogtatled ngewadte

el ectrodes using di anond el ectrodes as both of an anode and a cat hode. The
fourth method for treating o _r~~anic cotxxboundsoontai ni ne waste wat er
There will be described the fourth method of this invention for treating
organi ¢ conpounds-contai ning. A charactefistic feature of the fourth
treating nethod is that organi c conpoundscontai ning waste water to be
treated contains c>rganic nitrogen connpounds and that the first step
treatment by el ectrolytic deconposition is conducted using dianond

eI ectrodes ‘as both of a cat hode and an anode and then the second step

e o "



el ectrodes, amonia forned on the cathode is subjected to the second step
tr eatnment by electrolytic deconposition before it is oxidized again on the
anode, thereby re-oxidation thereofbeing prevented in this treating nethod.
If electrolytes which contain sulfate ion ~S4a'2) is present in the system
formati on of persulfuric acid (SzGa'~) and ozone pr oceeds on the anode
side of dianond el ectrodes, which synergistically contributes to the effect
of strong oxidative deconposition. 'X hese elects oly tes which contain

sul fate | ORatdRYahNd WIbetr6dHefvadatly Soxdizal laal i deambpdseanditialduilei hizheeffitdrynet al
such as pot élum 3#’” "'atﬁ{ sodi ur:Pzi ulfft e ar d calciumsul fate, or other
conpounds ¥&}: Hieto§he BEF MAYDE M olnéjnv 1e%e el ectrolytes may either be
used i ndependentWhemrwastey watarbisniredteh bof elestoolptic rderosipoditien elséne Avinynds

whi ch cont (Q&Rl O%BJz Lbalggstla(s) @m%}‘dé} Q lergg Sd%t.mt b lﬂzrdg@@l Fad'i’ddi {sQ8fHed in general,
conpounds-cont al ni ng wa ter to be treated by the fourth t'r eat ment

nmet hod or Which Mdé’@lmf’?edﬁﬁi’éiﬁt§F‘é§tw‘dﬁ?€’€ﬁ?§‘ﬁ?‘i Bfr‘Prﬁm"s‘iﬂr?Bﬂ‘é‘ fon during the

first step tx-eapdrRfish dAyheleollralihl ¢ eedsspd iyt laOchahﬁnclllQﬂedtioﬂbtrﬁﬁketo a
Creating roehomnasHE BEBoRenaHl SheaBn ek MBI Far e Pae el et b ¢ e
at excessi wgley drpoukalinerorditivn,atather thear peftralnhf heghsu M efohe@ncérgra®nur at ed
at excessi vel her d, in addition, the electrolytes

t hensel vesvbgﬁ ?hgﬁgjufg&?gﬁﬁ&&% Qﬂ“‘%re]cr eases the treatnment efficiency. It
is preferable toTeorhsgncrensed fprmationtef hiydraxst radiael paises aceifest ¢f padative

deconposi t QBm &s:ﬁ&{ rOQFBr QxﬁElSdohﬁﬁo@;ﬁdsOnil &&tel&a%ﬁ;rwhmlarld fuiridt dnbdeasndl i near
vel ocity of Z0O urrgnt d&nm tXeiectr §ss than 0.1

Al cne, el ei’:“t“re%%t °88¥”W ?“?E‘th qf’émﬁ?"éétwé‘ntg‘erelo LEPOIVEICEY FESETTOn tanks of
| arge quantity aPnmongeleceddésoused &atelatﬂoahWCdetllafWMSW@tﬂnUaltdET thghi ch

contains og Qllﬁerﬁiotn@@ eﬁulﬁmgamsme B GOl 4itbE aqeél&fméh‘-llyt éd?zﬂuétﬁlzer educe

t he conpounds to a 3et erm ned | e~- el nor e 0 Al enF)
vol t age beﬁmé‘ﬁeépééﬁmé§nlth&P%%fé“é’so Al ?Céu@m ﬁée‘b“‘éi% “Eerﬁ%’r%ﬁe“@hé‘r‘c&y
which is ng Nl @Benamcﬁ W i@t Z @t@@dmtm& thbsediihihisyhihysieéd dithimohgler of

el ectrodes.. The.liquid OW|I ear velocity IS L. OcH dew th an
i ncrease i aﬁmof‘ﬂé’ngg‘ rBEr G Of LT 392 STRY %’r“gg tive ur%%t%tggwbl'&%%ﬂﬁgégqfew

to 70 % or and. dedrically3 choducsiven mdlvcmyathldanabémmoné ni¢romsgnrsantesietd casr rﬁent

oget hor ped by the electrolyt|c reactlon
t oget her W?l[a%eoltl%eeg% G g:%]pPQBLE Rlabdet

IS inpartant 10|nacrea5ﬁ Jﬁ fl ow
linear velocity Bv&ramgectrcHly %ﬁﬁ“ﬁtgeﬁPEIéY%&fglw EEPERLY M998 P% ge up
to 10, 000 awlprepﬁsae@yadobwgf@rcet-ﬂaﬁa a@isent efidoronasr dEIsaglenbténelrelon tohendopr st
treatrrent gr% dkond L5, 1tv preferable that the current density is 0.5 to
10 r'Ilcm - an& BeYs qurd flow linear velocity is 200 to 10,000 m hx axad
that the fornul ad amtahh gmound of depise pein Mot Koy ! 20 10 d0080 PERRTTAALRRE of

the first §$r&91nk&%%t WAL hye!@CdisRbid,| §n ASCAINRE binAllerd SufdQht |thedebed
especially, I's desirabl abo t 10 95C gﬂﬁt he fourth tre tin

because el é’é‘%‘P’&“ﬁtlF% @RV FA) SR ‘@ﬁc‘“o? é‘%ﬁﬂ" PP reagERve Smsst 8‘? g?‘%%eds

i nsuf fici epkd Jopig GFeessi vely | ow tenperatures, while considerable

formati on of gas conte ts i xahi ont t. nd
the el ectrode su M 5%%9 ‘gxa\% g:td ellec§r08e useadclgx tRE %oﬁqgaﬁlﬁg?)ﬁae"@gﬁﬁ ufed by
the first apéaayentludgpyn Mt@@twemlytem 06@6(53’1&?@& tionis subj ected t.o the
second treat nent TRy, eellnﬁfra[sglb%tds@d qe&l@l!impﬁévtfde(ﬁ rbr oTl'be 1:5394@.@Mmtal’xﬁ‘ﬁaﬂﬂ'ﬁﬂ1tecby

el ectrol ytic deconposition is condW d us%fﬂ rmnd ect;ecctl od& as a

cat hode an®'® #Btdctaratt FOEcE SHnaigek © use an electt ode
xoade of pliaimdndrelecpabé aﬂilouﬂbnrﬂjrpdislumd gbb dbecmdev:eay émctxampbtl, benligserogd | as

| th t h t trod
made of t nbECHEN B TS, S P PR a Y pth SRl BB EC T DTET,
second step treaffuether, blye dbwehranklynectsmugtms&rt apdp mﬂéwrwﬂé nREEr , in
whi ch TQC hag Been ;Sﬁ.@ﬁ@%sﬁymta&%mfl 'sii;ﬁ}onéﬁevﬂtﬁ5%%5@@&1&&1&&1]?@&&&9@%

electrolytlc Jecoxx position u5|ng el ectrode ae an an de nd tl~e
di anond el diamande vddchahenendaeets r%’df?é% a'r?a‘ N TR election® of dRETPRH

A d~l, etcCales2ESnftiRs ANtixddNbddN @ hWASERs WRLAN anoge] t'HleEﬁif’tﬁﬁ)htl\kﬂecltl@delOzE Inoh of
T-N |s achi eved. The reason why is that hypochlorite ion is fornmed on the
anode and reacts with anmonia formed by reduction of nitrate ion on the

di anond cathode to foxtxt a nitrogen gas, which is released out of the
system I f the dianond el ectrode is usedaas an anode, however, oxidation
ability thereof is excessively strong so that the chloride ion is oxidized
to perchloric acid and the reaction as descri bed above does not occur.
There may be used potassium chloride, sodiumchloride, potassium
hypochlorlte) sodlun1hypochIOX|te etc. as the electrolytes mhlch contaln
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As chl oride ions axe used ox the purpose o raising the current efficiency
as descri bed above, concer~tratioz~ thereof is not necessarily so high in
tthis treating nmethod because a dianond el ectrode of high current efficiency
is used as the cathode, and accordingly it is possible .to get sufficient
current efficiency under the concentration of 12,000 ng/r,, around which
the ef ~i ei ency décreases in cony entional treatnent by electrolytic
deconposition using platinumelectrodes as both of a cathode and an anode.
On t he ot haecesranidy, crybtalineiat comderaoraphon in gatwgs t han 500 ngl L, it is
sonetimes hard tg, ﬁtetfﬁgnrémrfg ﬁt&fa of ik SNen@hS it6b AREHnIQ1LERHE el N t he

wast e wat er throug treatment by electrolytic decomposition. It is
pr ef er abl ebt sswbrtiacathade. thesthidther @ghade candnwnde hping pewiqdigally| @aneed to

deconposi tt&tau&taﬁwmembgdeleeﬂrtlyu@tec@mqsotlaorlo .~lcnz and liquid flow Iinear
vel ocity of 200

urrent, den ess, t han
0.1 AVcm-, el ectﬁ'lb"dég""ﬁfmwttf’é?& eq%ﬁtfaog jﬁ‘a 84S ¥ qs tpl4 E:en?%{ec SIS t anks
of | arge quatdaréd/ wdthe ot}eq LHlecexbde onanedutseaﬁﬂ Allows tth esondhst GhvrcwcenpttShmugh
the treat t j v, and
ahen it | gFr r@t%trng t%h%% {3%5}{ ltnhgun ﬁgg%iyb%ﬂ\%é%%oe ecﬁ%ggeiﬂbggggggeghgnd S
consumed aeonttlrvélmmhydmngyl}l o&me@tfomemelmt@ﬂsércéﬁpenwwnaofwéwdpm nt of

durability of digpppd t&hﬁ&%{&@@sm Iheelbdtﬁwtd: frb£¥oh | BQRT ai”@'r@ﬂets)zfedwﬂlyprefer
abI y increased with a

? I ncrea g % %zrrent densh E( In or o Jaise
a ' | AN r enfRPEICte4PRE PXp eFBb]%’(S’r‘On%?r 1p i he g freatiier e ot nRecanss, & %oned
range of Cuédoﬁmt;sxdemsw Yorginike tnpetnde dpas tanpesesd f orcomdfully then the
electrolytic re ctlonto to

i ncrease thém?er%]ﬁuedlsf SV fveﬂ@g?v Véﬁot&qtnalmg% gi %&ﬁlﬁ% tlsalrll1 r%agagéée g&?fbl eto
keep it i ntﬁtmmfan@etmpﬂtl@t Boffgiot rppmact betseen arasje Wespr end thaferireashbn as
described pgaidee ~Xrst txeatznent method, it is preferabl e that the
current density is 0,5 to 10 | crn2 the |i r\v.elocity
is z00 to 1.0, ooé‘:ﬁ‘?r‘itaﬁa"t‘t’fa‘t“t breating ﬁ’ﬁp!fg’ Fe8Rq 2‘”8?%“‘*% ‘e%dn ‘Aﬁstehough
a |iquid teaparfadm pned, etchearsbe:tmdteﬂtbepeletcnemtimmormosmoeomnwl gffertvely in
deconposi ti,0f,Li200F o}dellh! 505 GRBGSLA L%,ytaett il SRR Yy HPLed Quixdn®SC as

simlarly as ¢ reat ment el ectrolytic déeconpositiozt, the
reaction t efficiegechy qhenussnéié@md ielpstrPq il @A COFrativeRIoRESier ap3nptacid,and
t enper at ur galiliud €toC QRShIIEY abdbRlithOterbatt luﬁmerofa g&sdxﬁanta'nttlse isabisfactosy

contact bet ~K~een.the waste water d the e S The y be
used the sZHAUHYS gtPoﬁatVQEECf oa‘é?e’etng%s;}weanili qlflldrfsf?wtlfea Velocr’rt";'t ?‘lsrorg as
those el ectlemdibed ebgyeoyed in the first and second step treatnents by

el ectrol ytic deCQ@EOFe'sﬁlb t OR 50 b&stbh@t&‘ QUJtI-&h&BﬁQM' %af‘%‘tagﬁdvatteh?rom pahtsand

second step treatnents el ectrolytic deconpositio %
cont i nuous e dthdense &y fP?P“& ‘%é‘r‘ic‘&}l’aét P%?ﬁ‘t}%r?éﬁta%‘lcalascﬂer@tde§? oS8 | BEAT D | ytic
reaction t@&Kpéuxﬁedoxﬁaﬁﬁa%l&eﬁxtﬁpmeinma i ydri€ cangatthilo BudbanskeaPocnsdishdawn i ri

Fig. 5, or se.manner whi ch a stor age
tank 3 is é’P?é‘ﬁéeéd" glect%eﬁuﬁtearfmfuﬁ%ndsﬁﬂmmﬁ %:ngm"?\ldc@reactl on tank 1 and
the second step &uether,dlcyaridmer watbei fbnst ttmkma nwhwhaf thigsingeniiopet i8salghce

stored in theghiank, 3tRh¢ e5rehiie fcbﬁaﬁt!;unﬂfs%Qnthhﬁ@é MeabteDYwRbEChY ObleMTtd)l?tlc
deconposition and then subjected he S ?‘drﬁ%ﬁb t r eat nent

el ectrol yt |d€°‘d'§t98’t*r‘ﬁt35"ist’?g()h‘aml°ﬁd [g,leﬁgro % 4R menjo élsfoé‘ﬁlé%lelsw}éﬂe

st or age t arkpdrefingand eetdovdhEpad @nbents faie@ by et trolimierdekorbp abetsingefatremia
storage tank for wat er after the second step treatnent by electrolytic
deconposi t iCORPOEISt her, according to this treating method, there may be
used a pluralityTa geacdmtattstrtwblia|sesaraaardchx@eeUlndedsltsevl)etneemrrohsltl'ih@ rferct i on
tanks 1 an%xgmgﬂ mea{tg ! gg%ﬁer@thagllger Isleﬁarg&rqweﬁ'rtgetﬁp@rect%ly@@?&ctlon

el ectrolytiC rea e @Sra el or, a copbination
t her eof . Ats@xpeﬂ\’l@dr‘ﬂh‘gempeli wapoyiphasp teétm%éﬁ@é <pd| 3 yert, et e 0rehni ¢
nitrogen cg HQ@cm’l{\ edpmongoﬂ\aﬁ&&,fwat er by electrol yt| c deconposition,

whil e a conbi nation aral | eri al ran enment.s_is |

treating a lar ge“ﬁ‘ﬂﬁﬁf‘? P ﬁ%@?é "Wﬁf’%%!f née” %tﬁldan% ?fPP th B ‘{Jp%{
successf ul Iphatd, eht gagcdrentosganac carbbn digsiveconpuigrgen gemfcamﬂ nbr‘mﬁb tthe wat er
by el ectrol ytic decoxnposition. as shown xz~ Tr ig. i, for exanple, three
el ectrolytic reaction tanks XX, 12 and 13 for conducting the first step
treatnment by el ectrolytic deconposition are arranged in series, while three
of serially arranged these tanks are fulPher arranged in three parall el
rows A) B and C. Waste watex is supplied fromthe ~aste water storage tank
4 to the first electroly tic r eactxoz~ tanks 11) 11 and 11 of each row A)
B and C) and to the second and then the third electrolytic reaction tanks
12, 12 and 12 as mell ~as 13 I3 and 13 one after anotIIex to conduct the

,_m‘. . e I 1 1 o " T 1 - -



Exanpl es The first treating nmethod Exanple 1 Two of |am nated polycrystal

di anond el ectrode plates (5 x 5 x 0.05 cm synthesized by ~-apor phase
deposition using a borozz doping nethod were used as both of a cathode and
an anode keeping a apace of 1 cmbetween themto constitute an electrolytic
reactiozz tank. On the other hand, 1.5 L of waste water (TOC~t 10 nyllL)

whi ch contairns dinethyl sul foxide (Dl1~I SO) as an organi ¢ coxnpouzzd was
prepared, followed bY addition of 1a200 ng/L of sadiuzn sulfate thereto,

and st or edykfinnd bpéﬁaeolya@aeco}nyaakamgesqmamh wpafva@bepmersb@edtwnt»au&ha
di anond el ect,r odes s.controll e

1 Alc
Wi 1ot he RO eRBELE FR Relo¥ebiale PhFRE theHE RETO AR ool ke
el ect r ol yt hydrogads canrdliadko lopg adithssbhove geatipuedpietayionship bat“eEnS@@cuxm@ﬁr of

wntor Cand fatst? 38 A by LKA iPlarlBE SASHEOI Sk R RLa TR |

wat er and T8t circulatin r eat menf
wast e wat eforimed,tihgoegup rtea}@etramtb Wh@ dHeridatesd iy thﬁa‘aw@r@ha%f sgehqy it isaf t or

the circul 5’&:6199&1&15@%?Wﬁ@thq‘{ﬁ@-ﬁoﬁ%@dﬂdﬁ&l@duﬁ@ﬂEHenbb@LUﬁély i withbﬁecd‘h@iﬂg s, ~1

water froman exit o ic reactj.on ta | ected. for
total or gaFfsiderss thereof nercEs El"a ti‘e CpEreRy ‘é@‘“ﬁ’b‘ﬁf ﬁﬁﬁé\g&f et%%c; olyHef e on
egect i vel yhélag eanidastd sﬂiadthﬂyat n, oved front the result shown in ,fable 1.

Table | Time oel gotr ol gt i, dSCORROSLILONe (M, TR L iHe)zad FA00d 230450 3 6

Conparati ve Exa e circ w as con uct ed conti nuousl y
for three throngh tlm taeaetmnmmelnetmietrm ompeLiPh by meanERbHS A0te BeaEped

changi ng t LW ] a Jbge
chang g Eh%ctkélagsftggdn&(\ér h%?gw de\ded At b¥etio ahAQ vEDBY phakBeedtRBHI t IS show n

. rate of TUC dec Siti e I
remai ns at aboutAmr@@ﬁﬁ‘ath%ﬁ’tsﬁé’ieaﬂb%@?e\%@ ﬁ%‘?‘rﬁ?%gﬁg% “afcgﬁl?ﬁ%faﬁ? gr?o?lgyer
conmes of f élfeét%lyﬁé’l&e&dtﬁﬂt #48Ré tbytredteatganic ydompodedompshingowastf aphter Dy | Sme

of el ect ro @?g%ﬁ? cg% STRENeL 4 hg)ra;[%le(x{{rulfh)wsg 3 roiytﬁzﬁmgtzo%5&n§s%@

Exanple 2 ng rea nent S conducte cont | nuousl y or three
houts in abs umadrazls imemaneliel a1 a gembivater theredxalthpugh 2n ATEIBGVSRE B SeHiES e

wat er (Tmconzlolqleﬁp ledy: co)np‘[\élbl@hl@&ﬂ)tgaér@§nlﬁ QB&@B@H@WY almagruwbmdfpazmdﬁ as an
OrganIC CcO Oun at the current dens

It
| haar vel G cmvmedou HeRmen A QUREUEITE e Bichre o ob Mg g
confirmed ahat oddeAadicsmplctaly Heveipgsciacgmposatboands besncsvdusisi mi | arI y as in

.I.Ei,( ?gp |1€2 i‘ 5 -ng‘bl e F§r xa%plg f meén% %b%h%énct g’x%g %%%lyttfc%ac(trbﬁ) ta;liﬁpl( Phk)z O

arranged in series, which are lined up in thee rows A, B and C as shown in Fig. 2.
Waste water in a waste water storage tank 4 is pumped to each of the first step
electrolytic reaction tanks 1, 1 and 1 in each row A, B and C and to those tanks 2, 2 and
2 as well as 3, 3 and 3, in order, to subject a treatment by electrolytic decomposition,
respectively and collected in a treated water tank 5.

It is important in this embodiment that the above mentioned requirement
with regard to the current density and the liquid flow linear velocity is satisfied in each

of electrolytic reaction tanks 1, 1 and 1.

Separation of gas contents may be conducted in combination with electrolytic
decomposition in plural electrolytic reaction tanks to treat organic
compounds-containing waste water by electrolytic decomposition.

In the above mentioned treatment, exit water from at least one of electrolytic
reaction tanks or each thereof except those tanks of final step may be subjected to
vapor-liquid separation by means of a vapor-liquid separator as described above or a
liquid receiving tank provided with an upper vapor phase section and a vent section on
a top portion thereof, and then pumped to and treated in subsequent electrolytic

reaction tanks, or subjected to vapor-liquid separation in the electrolytic reaction tanks
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2 d2 3 6 Conparative Exanple 2 The circul ati xag treatnent w as conduct ed
continuously fox three hours in a si.xt~, xlar manner as described in
Exanpl e 2 except changing the liquid flow linear v elocity to 500 nml hr. The
result is shown in Table 4. It was confirned that a rate of TOC
deconposition and renoval remains at about 50 % and further observed narks
where a dianond thin | ayer cones o after the treatnent by electrolytic
deconposition. Table 4 Tine of electrolytic deconposition (hr) TC)C (nma/X.)
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- It is also important in this embodiment that the above mentioned requirement

with regard to the current density and the liquid flow linear velocity is satisfied in each
of the first and second electrolytic reaction tanks 1 and 2.

In another embodiment, the first step electrolytic reaction tank 11 itself 1s
provided with an upper vapor phase section and a vent section 1I° on a top portion
thereof as shown in Fig. 4. Waste water in a waste water storage tank 4 may be
introduced into the first atep electrolytic reaction tank 11 to conduct the first step
treatment by electrolytic decomposition while separating and removing gas contents
formed thereby, followed by the second step treatment by electrolytic decomposition,

and then stored in a treated water tank 5.

The second method for treating organic compounds-containing waste water
There will be described the second method for treating organic

compounds-containing waste water of this invention. A characteristic feature of the
second treating method is that a diamond electrode is used at least as an anode and pH
of the waste water is adjusted to alkaline. With regard to kinds and concentration of
the organic compounds to be treated, there is no limitation similarly as in the case of
the first treating method.

A pH value of the waste water to be treated is not limited especially in the
second treating method if the water is alkaline, but preferably it is 8 to 14, and more
preferably 9 to 13.

A hydroxy] radical forming effect is decreased at values less than pH 8 so that

the effectiveness thereof to oxidatively decompose the organic compounds is not
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Tinme of electrolytic decozxzposition (hr) TOC (nelt) 0 i10 1 1i0 20 3
Conparative Exanple 3 The circul ating treatzxzent was conduct ed
continuously for three hours in a simlar manner as described in Exanple 3
except adding 6,000 nglL of sodiumchloride instead of sodiuzxz hydroxide
wi t hout adjusting the pH value (pH 6.8). The result is shown in Table 6. It
was confzrztzed that an effect of TOC deconposition and renoval is markedly
decreased. Table 6 Tinme of electrolytic deconposition ~hr) TOC (nelt) O
Ar10 680 650p®zed, mlalspueh themifeciivangen insatygaied ahbHet was conduct ed

continuously for shifsBRe RO FH inkhydbeS Hokel B adBARQIkAS QS Gk | dediveméshepl e 3
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7 Tinme of ectrol yti econposi ti.on ~hr.). T [ L O 313 Y 2.1
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aadi ng 6, 000 M0/ lys0fn %&gb#mgm&i&t%n&w t8a1i80 e RORY A X kaiaiug khout
adjusting the pHvalue (pfr-1 6. 1). The xesu]t is shown in Table 2. was
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i
cont i nuousl ree Xs In_a simlar manner as described in Exanple 3
except t hatvastreveigr isgrevelpdrfey fupthes treatapenit (10, 000 Al n2) and the 1iquid
flow |iz~eax v ellpg p¢fdrsbld t&0hdukththe(théamenabe chaking0®hethbma pH valhe ix esul t

and 1 emoval®teEBae Fer iR AP r Fas § et A ot ElioRha bofABERTRAT, (1 O
reacti on t amkm whereapalietaloé addeidng conpact .

A diamond electrode used for electrochemically treating waste water of the
above mentioned pH values may be the same as what is used in the first treating
method. The treatment by electrolytic decomposition may be conducted by the use of
a diamond electrode as a cathode while periodically changing cathode and anode.

In this case, it is preferable to ¢onduct a contact treatment at the current
density of 0.001 to 10 A/em? on the surface of the diamond electrode and the liquid flow
lineax velocity of 10 to 10,000 m/hr by flowing the organic compounds-containing waste
water in the direction parallel to the diamond electrode so as to decompose Organic
compounds by electrolysis effectively.

In order to treat large quantity of waste watex from plants, etc. by electrolytic
decomposition on a practical scale to reduce organic compounds contained therein to a
predetermined level at current density less than 0.001 A/em? there are required
diamond electrodes of large surface area to some extent, electrolytic reaction tanks
having large quantity and enormous system- and running costs, although the current
efficiency of diamond electrode is satisfactory.

At current density over 10 A/em?, on the contrary, voltage between electrodes
is increased and consumed as thermal energy, which is uneconomical and not
preferable from a standpoint'of durabih'ty of diamond electrode.

The reason why the liquid flow of waste water is 10 to 10,000 m/hr in linear

velocity is that insufficient contact time between the waste water and the electrode
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Table 9 Tine of electrolytic deconposition (hr) TOC (m-IL) p 710 145 12 3
<1 Exanple 6 The circulating treatnment was conducted continuously for three
hour s in a simlar nmanner as described in Exanple 4 except that
constitution o an electrolytic reaction tank and current density as well as
liquid flow linear velocity axe the sanme as those of Exanple 5. 25 The
result is shown irn Table 10. It was confirned that an effect of TCC
deconposition azxd xerzxo~~al zs better than the result of Exanple 3 and
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reduce the contact surface area due. to satisfactory current density thereof, make the
system scale small cause no trouble of acidic or basic corrosion due to remarkable
chemical stability

Accordingly, waste water from plants, etc. can be electrochemically treated by
means of a compact system on a practical scale so that organic compounds contained in
the waste water are very easily decomposed to harmless inorganic compounds such as
carbon dioxide and water without forming harmful and bad smelling byproducts.

The third method for treating organic compounds-containing wagte water

There will be described the third method and system of this invention for
treating organic compounds-containing waste water. A characteristic feature of the
third treating method is that organic compounds-containing waste water to be treated
contains organic suspended solids, while a decomposition mechanism thereof is the
same as that of described in the first treating method. A system of this invention for
treating organi¢c compounds-containing waste water, which further contains organic
suspended solids, is provided with diamond electrodes for treating such solids by
electrolytic decomposition as an anode, or as both of an anode and a cathode to conduct
change of electrodes.

In this system and method for treating organic compounds-containing waste
water, it is not necessary to remove organic suspended solids contained in the waste
water by a pretreatment such as filtration and coagulation-sedimentation so that the
waste water can be directly supplied to the treating system, thereby the organic

suspended solids and soluble organic substances contained in the waste water being
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(mgJL) CCODcr (nglL) Turbidity (degree)07201 8948, 240i 052< 58292,720 < ],<
521,8540 ' < 1~6 <S ~ 16 ~ 30 i <1 | Conparative Exanple 5 26 A
treatment by el ectrolytic deconposition was conducted under the sane

condi tion of Exanple 7 except that two of platinumplated titar~iuzn plates
(5 cmx 5 crn x 0.3 cm as electrodes instead of electrically conductive

di anond pl ates used in Exanple 7 . The electrolytic deconposition w as
continued for 6 hours simlarly as in the case o E:~anple 7, but deposition
of SS on t Hectedchemicatle Dxidizedorcludecohpasid, ati theaghaine tigre, by Inerass wh slismoreff f ect

to decreasg.liXa.30Ha GRES rdS0vehO0Wn in analysis of Table 12. Table 12 Time
of electrolytic deconposition (hr) SS (nmglL) TCC
A diamond electrodes used in the third treating method and system may be

the same as that of used in the first treating method.

The diamond electrode has an extremely wider potential window compared
with conventional metal electrodes such as platinum, which controls hydrogen and
oxygen formed by electrolytic decomposition of water and, on the other hand, promotes
formation of oxidizing agents such as ozone and hydroxyl radical, thereby only harmful
organic substances to be oxidized and decomposed being effectively treated by oxidative
decomposition. That is to say, when waste water which contains organic suspended
solids is treated by electrolytic decomposition, the organic suspended solids are
decomposed to soluble organic substances, followed by additional treatment by
electrolytic decomposition to further decompose them and then removed. The organic
suspended solids contained in waste water have been removed conventionally by a
pretreatment and disposed as sludge, while they are decomposed and removed together
with soluble organic substances therein at the same time without any pretreatment in
this method.

In this case, it is preferable to conduct a contact treatment at the current
density of 0.001 to 10 A/ecm?2 on the surface of th.e diamond electrode and the liquid flow
linear velocity of 10 to 10,000 m/hr by flowing the waste water which contains organic
suspended solids in the direction parallel to the diamond electrode so as to decompose
organic compounds by electrolysis effectively. The range of the current density and
the liquid flow linear velocity to be used in this method is based on the same reason as
described in the second treating method.

Especially, for the same reason as described in the first treatment method, it is
preferable that the current density is 0.5 to 10 A/em? and the liquid flow linear velocity
is 200 to 10,000 m/hr and that the formulas 1 and 2 are satisfied.

Although a liquid temperature in the electrolytic reaction tanks is not limited
especially, it is desirably about 10 to 95°C in the third treating method, because
electrolytic decomposition of organic compounds promotes insufficiently at excessively
low temperatures, while considerable formation of gas contents inhibits contact
between the waste water and the electrode surface.

In the third treating method of this invention, it is possible to very effectively
reduce total organic carbon (TOC) concentration and chemical oxygen demand (COD) of
waste water which contains organic suspended solids, improve the electrolytic

efficiency compared with a treatment by electrolytic decomposition using conventional
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(mglL) i CODcr ; Turbidity (nglL~ (degree)07201, 8948 240 ' 7052881, 6056, 200
554321, 4455, 020 346211., 3034 820 32 Exanple 8 Two of |am nated polycl5 stal
di anond el ectrode plates (5 cmx 5 cmx 0.05 cm sy zxtlxesized by vapor
phase deposition using a boron doping nmethod were used as both of a cathode
and an azzode keeping a space of 5 mm between themto constitute an
electrolytic reaction tank. A portion of 500 nL of waste ~ater (SS = 720
ngl L; TOC = 1894 ny/L~ CODcr 8,240 ngl | ~ which contai ns organi ¢ suspended
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at an exit of the electro ICc reaction oX anayS|s
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el ectrol ytécgapound which can be decomposed by an electrolytic treatment to an inorganic

compound such as carbon dioxide, nitrogen and water. Further, concentration of the
organic nitrogen compounds is not limited specifically but may be any level, while the
nitrogen compounds may be concentrated before the treatment, if necessary. It is
preferable, however, that concentration of the organic nitrogen compounds i3 about 0.5
to 20 gliter (“liter” and “milliliter” will hereinafter be referred to as “L” and “mL”",
respectively) from a standpoint of the electrolytic efficiency of the second step
treatment in this treating method.

In the fourth treating method, total organic carbon(TOC) is primarily reduced
in the first step and total oxganic nitrogen (T-N) is mainly lowered in the second step.

The first step treatment by electrolytic decomposition is conducted using
diamond electrodes as both of a cathode and an anode.

When the diamond electrodes are used as both of cathode and an anode as
described above, organic nitrogen compounds are oxidized to NOx and nitrate ions on
the anode and reduced to ammonia on the cathode, which 1s then oxidized to nitrate

ions on the anode. Although oxidation and reduction are thus repeated between both
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deconposition (hr) SS (z~nglL) 'T'OG (rnglL) GODbcr (ngl L~ Turbidity
(degxee) i01z09503, 2406502253291, 6501054< 5a 124550246< 53296< 1
Conparative Exanple 6 r'> treatnent by electroly tic deconposition w as
conducted under the same condition of Exanple 9 except that two of platinum
plated titaniumplates of disk type (10 cmin dianeter x 0.3 cm as

el ectrodes instead of electrically conductive dianond plates used in
Exanple ?. The electrolytic deconposition was continued for 6 hours
simlarly @sctiddes,nRase fofmdixanteecathodaut sdgpasd tdé the @bordSetop tidaement

| ectrod d d dit
o et e, o SRRV 8 A0chl UL Al oAUELE 485, U0, St BT e
el ectrol ytlrecoxd@@@nﬁbsrlevﬂh?w&m)’%ef( rghis trimg mefihpd.CODcr (gl L~ I hrbidity
(degr ee) 01209503;2406R0468 6384 2033R04abR86n ABO340848834 - in8AR3Atdmsanpl e

formation of persulfuric acid (52082 and ozone proceeds on the anode side of diamond
electrodes, which synergistically contributes to the effect of strong oxidative
decomposition.

These electrolytes which contain sulfate ion may include sulfates of alkali
metal and alkaline earth metal such as potassium sulfate, sodium sulfate and calcium
sulfate, or other compounds capable of forming sulfate ions. These electrolytes may
either be used independently or any combination of two or more.

The electrolytes which contain sulfate ion may be present in organic nitrogen
compounds-containing wagte water to be treated by the fourth treatment method or
introduced from outside.

Concentration of sulfate ion during the first step treatment by electrolytic
decomposition is not limited to a specific level, but preferably 1s about 1 to 100 ¢/L in
the fourth treating method. The above mentioned effect of sulfate ion is not exhibited
at excessively lower concentration thereof, while such effect is saturated at excessively
higher concentration and, in addition, the electrolytes themselves should be treated,
which decreases the treatment efficiency.

It is preferable to conduct the first step treatment by electrolytic
decomposition at current density of 0.1 to 10 A/cm? and liquid flow linear velocity of
200 to 10,000 m/hr. When the current density is less than 0.1 A/cm?, electrodes of
wider surface area and electrolytic reaction tanks of large quantity are required to
treat a large amount of waste water which contains organic nitrogen compounds by
electrolytic decomposition to reduce the compounds to a predetermined level, and when
it is more than 10 A/ems?, voltage between electrodes increases and is consumed as
thermal energy, which is not preferable from a standpoint of durability of diamond
electrodes.

The liquid flow linear velocity is preferably increased with an increase 1n the
current density. In order to raise a TOC removal rate to 70 % or more in 3 hours
within the above mentioned range of current density and to remove gas contents
formed by the electrolytic reaction together with the liquid flow, it is important to
increase the liquid flow linear velocity over 200 m/hr and is preferable to keep it in the
range up to 10,000 m/hr.

Especially, for the same reason as described in the first treatment method, it is
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Two of | am nated pol ycrystal dianond el ectrode plates of dish type C10 crn
in diameter x Q05 cm synthesised by vapor phase deposition using a boron
dopi ng met hod were used as both of a cathode and an anade keeping a space
of ~ mm between themto constitute an electrolytic reaction tank A portion
of 6 D of waste water (SS = 120 ng/ L~ TOC = 950 ngl L~ CODcr 3,240 nglL)
whi ch cont ai‘ns or'gani ¢ suspended solids (SS) and added with 14, 000 ngl L of
sodium sul fide as an electrolyte) was charged in a storage tank and punped
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reaction t athods To reduce T-N

When chloride ions (C1?, ClO!, etc.) are present in the waste water, quite
effective reduction of T-N is achieved. The reason why is that hypochlorite ion is
formed on the anode and reacts with ammonia formed by reduction of nitrate ion on
the diamond cathode to form a nitrogen gas, which is released out of the system.

If the diamond electrode is used as an anode, however, oxidation ability
thereof is excessively strong so that the chloride ion is oxidized to perchloric acid and
the reaction as described above does not occur.

There may be used potassium chloride, sodium chloride, potassium
hypochlorite, sodium hypochlorite, etc. as the electrolytes which contain the chloride
ions and they may be used independently or any combination of two or more.

The electrolytes which contain chloxide ions may be present in the organic
nitrogen compounds-containing waste water to be treated by this treating method or be
introduced from outside.

Concentration of chloride ions during the second step treatment by electrolytic
decomposition of the fourth treating method is preferably about 500 to 12,000 mg/L,

although it is not limited to a specific level.
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returned to the storage tank for a circulating treatnent. After the
circulating treatnent was conducted continuously for three hours, water
froman exit of the electrolytic reaction tank w as collected for anal yzing
total organic, carbon (TCC) and total orgazxie nitrogen (T-N). It w as
confirmed that TOC is effectively deconposed and renov ed fromthe result
shown in Table 17. Table 17 Tine of electrolytic deconyosition (hr) TOC (m
~IL) ~NOn~IL) 0 r70 230 1 230 190 2 50 J.65 3 6 140 Then, the sane di anond
el ectrode as thaks QfloMeE ok Ard RSed fok She PlBRsebLRAGiNE Yiid utanafiidmeyank was

used as a cathode and a platinumplated titazrium.el ecirode af. te type
(5% 5 x ofoning po e el RATREI HBTEPS B ro e TTIL o NER| Bt PG Fhiothe VP

el ect r ode) mesrd eethsas damomheldetréde of digdt curuerd efficiaicr dt nesidyasi the catiotie.on
tank for the secand) st LHA! i bk ¥ nSeERIP O8d dodnBdirtrdd®hng
this el ect P ¥ c?r%“%gl a%:ts ?%%Sﬁgn{g%g% %‘gﬁ'\:&nggte% wat er C‘V\/ﬁiggch has been "

cont i nuousby1%0@atngd.. myourdewhichhhe efficiqncy | deeeasegda oirprEitonghtreaiment e

hours was §lgajrcﬁ%ce&tzcgﬂ 54?60r§@§i9§'ﬁlla§ﬁlﬁﬂ A& RRdBEAE bl ol @ahédel apidiad anode.
decozraposition as in Fhe foll owm ng.

The. circul ati reat nent..was
cont i nuousP teeaAkgE bard: rEiendhe cHRs "?th”a‘sg?sﬁitf‘l%’? E%dx]%ﬁ&‘e% geoppmeshard 1 o
treat nent hyoh@Cidfibivit aureae efposicyitoreduedPN inhde 8200 ate throfehstii um
chl ori de was add to the vgast r treated by the first step
el ectrol yt fréa%eé‘gg?ﬁ(?g’f’?r?léﬁcgﬁc "&epﬁg%%r’rxgki ng quantity of electricity to both
of a cathode andltas ameftealils toonendict cdet seopnd | €rpl taptment MerRledipldic 0. 2

:~fem- (2, QR ph 4G ke cJH@neMé}{fsﬁg @S &0ld BGkehANRMi® fiewilineaf vélogity of
el ectrolytic reaction tank for 3 az~aly sis of total organic nitrogen

(~ N . T hé0t esthq00mbEhown in Table 18. It ~~as confirmed that Z N, which
was not deconpos@&heartte carfeuedersith fis ddsethhy OdyAkind, dleatedes pepider sarfaeent by

el ectrol ytic deconposition, ca SRIRAS d ﬁm\{ecg r&dfeain vn ey
Tabl e 18 TPRE eg%%glghtbclrﬁ%ﬁnémg%@gsn%5| tion r 'Ité mIL O 140 1 §

Conpar at i vevaBeawtier thiromzke the treatmant by slecsrpivhicndecomBositdtutnet gedetersiaidyi | ar
rr:anner F‘S Ee“(reg@ﬂh%}ile;; iEXLRBle thaat1000tye BRatd b@ives Epctiddratneedsebynd is

el ectrolytic decaonposition was canti nuousl ucted for. $ .t,‘gfue
result is SPrRIPer fsHhgMS f?‘@r.gy"f’éi“%\ﬁ °885?§%&§§%§g° néﬁcf’garnéioﬁﬁwﬂgégkg%mﬁll Irly as
Exazx~pl e Biamdudtelécddds.N renoval rate x-as about 40 % Table 19 Tine of
el ectrol ytic dec ld B8% 30 v TRy (0bTbokbly indlektal Qie0arl R0 id R34

| 9f i 2 52 x60 ¢ gﬂ%%b%:d@ 15 Ivzgronp eéqz Th_eyci rcuI@tJ/n treat rr?ﬁ% vas
cont i nuousleyrremndersited InoprdehieEaifpoar 5N Frrapvel BedP Px2afin®Prat® PndFs r st
step treat nRalih Y HobS ifivhid ragRosMatdritodensity Bndnpl endole egese@ntants zt g
300 nmL of waste water (TOC 526 nol L and T-N 4_€|1. e o Riieh Rt @l ns
di met hyi m doFRRd; ﬁlbenélg&tggéﬂf I%E}‘Cg}g?l:hégeg%er?p%hl\tllﬁcf%e e result i slmsi)ﬁpvm in
Tabl e 20. lifcreme thelifhidrfioe lidwat vaoM evee LO@ovhvaidyis gecfereplsstedeantt irdhbved
si zx~ilarl Yea RS &}p&; {dddtmakep treatment by electrolytic deconposition of
Exanmpl e 11. ’ o o

Especially, for the same reason as described in the first treatment method, 1t 18
preferable that the current density is 0.5 to 10 A/em? and the liquid flow linear velocity
is 200 to 10,000 m/hand that the formulas 1 and 2 are satisfied.

Although a liquid temperature of the second step treatment by electrolytic
decomposition is not limited especially, it is desirably about 10 to 95°C as similarly as
the first step treatment by electrolytic decomposition, the reaction to reduce TN
proceeds insufficiently at excessively low temperatures, while considerable formation of
gas contents inhibits contact between the waste water and the electrode surface.

There may be used the same diamond electrodes employed in the first treating
method as those electrodes employed in the first and second step treatments by
electrolytic decomposition.

In the fourth treating method, the first and second step treatments by
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Tabl e, 20 Time of electrolytic decoznosition (hr) 01 2 TCC

(m~/ x.) T~N( m~I L) 52924631r 185601B5 31 3 6 135 Thext, the waste water was
subj ected to the second step treatnent by electroly tic deconposition in a
simlar mannea as that of Exanple 11 and collected the water at axa exit o
the electrolytic reaction tank for analysis of total organic nitrogen ('l
N). The result is shown in Table 2x. xt was confirmed that TAN) which was
not deconposed and renoved sufl ~cier~tly by the first step treatnment by
el ect r ol yt ¢lectcdytingezempodtion man bb eontévoxsly cendhctaddinr e sarisd d rehEepeiiod|ay .

Tl e 21 Tl ol GhEGHRI EuISERTAY 4 108ad Boh cTodlol Bl blctniBi b

COZxxparat|ve he circu treatnent was conducted I n

sinilar 1&&%%@ llazdex'eseg?awaﬁs BMIP PHEe§ psyhigh agtar f*@a&aﬁéﬁt by

el eclt roly Isl &rﬂﬁg&arﬂb@&édd e BRS sCapNblettusliind yea@gandugﬁled 4100 tie bound ste]She
result is n T ECO Qsed ana renmyve as
Ecanpl o 1 25 SGhEeagtng 1B & hkra e ah gt s Froret Thohe turd ThhaY it

el ectroh tfist deporptmpnt ltynel(dtwk»)txcmr(lmith)n ibdNbﬁleﬁ'ﬂ)Je@edE)@GthQS@O!}dS% 196 2

52 10 :3 thotkb AIRLEsidign. T<vo of lam nated pol yerystal di anond
el ectrode %Ieaten%z)is gn{)?tﬁgg sé]r X 0.05 cm synthesized by vapor phase

deposi tion using TaFKér%ﬁn@i@pPH@e%t%@ﬁi‘EﬁéFeé g gerpegdank for wiste vatirisde and

azz anode keeplhNtheandReft Phedetd P8t #6RRe HABKNHO walISAftdrULIR Sdtond step
el ectrolytic z'eaction tank for caonducting the first step treatnent by

el ectrol yt rreafa%%msekepttrplémc deseMPA¥tiBRher hand, 4 L of waste watex' (TOC
1,000 ng/L and ' Eoiher? 9€oPdhe Yo Wik (ti‘baﬁﬁ@txﬁdth@i tthérz' ramabt lnyed a plwmabityi ofnt

hydroxi de as it éggg@g}' %%dnge&;n%g&g? %f&@ﬂ@pp@' AR m&a&rfgad fquhquﬁ f%

addition of® um s ereo and stored |na
storage taprd GN&WIﬁgnq%FaMQWnBPf é?@c?lP?tE‘ilﬁ% fesctieie t%ﬁkaﬁﬁﬁcpeell“eieﬂeéd’é‘s was
control | edphiyi 6} d éuibiitondgiesdoty OfseflalbaRbngemehd, i0GRitAd dor-puarbishdlyt he

e e b Serin gt A b B RMERY Loyl 0] Mldfgact i on
velocity V\ﬂemn@gsltlam,lmhﬂeoi cothbinatiore pf parralleiesegtabaagegqrmnts wanpéemateffora
stirrer an\%egfs?ﬁ% Ct a dfﬁtg%ykvggﬂe t%tcérﬁﬂ& -atAhd &fmd flﬁl% fok Eudcbdsalliyng

t reat nent nti nuou ours, water g egn exit of
the el ect r Hlegting ﬁhEa@tnglﬁ P&WQW%PP%‘{%&IF’GS aﬁsﬂeyﬁﬁg’ Bt Y4ni ¢
carbon ( TOgdcoaipdsitiohal organl C nltrogen (T N). It was confi zrned tk ~at TOC

is effectively dgfég??’gfe lFC é%rcngve?e tHr3n e%eﬁtr ]%L@yg tcmé.b?"){'ﬂ(s 11, ].-l:’aFB‘!deIBZ?’

Tabl e 23Ti me of SRPSsT {1 on
/ LT~N( m~I Lfc@lcoe@mmlthe5‘@63@284@3&8&@@9@4@9%%5%@%@% arharglsd W anond

el ectrode @gid:hatiRf twsedr b&léli}eazfrhﬁ e8P t@ﬁl@cﬁlreoh&mee dreafkd A fhaak was

used as a cat hode and rzz ated tit eI ectro  type
(10 cmin 8PEateh Epvs,A, @a 6’5‘{ m "RaE % %’H‘se?é‘p%ghe gﬁ ?Ba?:t(%r?'sq?rt%?m%e fark

el ect r ol yt i4co tieafiist elactidptic feattidohankethrid asd dp of wehtrmm. Bandel,aadrtokl i ¢
deconposi t i on, Fur ttﬂen the ﬁxlntzlgelg{lroﬁs[t% &%E%&Lyatn'kﬁ llbe%tah&)rpta%%ll 5@@3 wFate

wat er whi cRRAS 2RE AT B TR0 TS efirst electrolytic
deconposi t iapth Wasorsubfter tasgthen tméombnﬁlesﬁéﬁ stepatisairery by | FeEFAdYiR i c

deconposi t 'dg&rxﬁ)%sftfan:[m if @d1leRMMdnE the storage tank 3.

With regard to the second step treatment by electrolytic decomposition,
electrolytic reaction tanks are arranged in series (21, 22 and 23) and in parallel (rows A,
B and C) in 2 similar manner as described above. The water i supplied from the
storage tank 3 to the first electrolytic reaction tanks 21, 21 and 21 of each of rows A, B
and C, and then the second and the third electrolytic reaction tanks 22, 22 and 22 as
well as 23, 23 and 23 one after another to conduct the second step treatment by
electrolytic decomposition, which is collected in the storage tank 5.

It is desirable in this embodiment that each of electrolytic reaction tanks 11,

12 and 13 satisfies the above mentioned requirements of the first step treatment by
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The circulating treatnment was continuously conducted fox one hour in a
simlar manner as the first step treatnent by el ectxolyti.c
deeozzzposxtion. except tlxat (i,000 ng/L of sodiumchloride was added to
the waste eater treated by the fzrst step electrolytic deconposition and
t he maki ng quantity of electricity is controlled to yield current density
of 0.5 Alcnl (5,000 A/cnZ). The water was collected froman exit of the

el ectrolytic reaction tank for analy sis of total organic nitrogen (T~N).
The resul t elestrolytrdecamaiion 2 alst eaclasf elocttolytice deactiot taniy, 2WrBZC£th\@:§ not
deconposed el Red 83l

el ectrol yt |S§H%ee%§2?p\g§ﬁeﬁg%%@aeg%%Mﬁedlﬁrggfsé %’%‘dgéeg ?/aéldne%ﬁ {ef’%c’léflﬁ/
Tabl e 24 33ecompasgionf el ectrol ytic .deconposition (hr) '~N (zn~IL) 0 1,31 1
52 2 4 Industri ajnﬁ@ﬂ&ﬁr@l@-ﬂ'ehhﬁ@'méﬂfbgrdhﬂgv»taQertvhﬁcl{ &Jrﬁ&ln@g%aﬁﬁccg gomsh()ds

for treati ng g@ﬁ%c conpounds~cont al ni ng waste water, organic conpouhds in
wast e ~cvatef* ejeRriaed oy antc"‘éﬁ”?t%%a@&s? ﬁ‘w%fé%ﬁ‘?ﬁbgéastt%epﬁa?a{ﬁv@gebs

i norganic (ebntrolmddecszmplosmenmaﬂnbdmxd@nab(eletmroaadas/\mtﬁbf Wi thodd arid)ﬁxﬂhﬁlﬁie
har nf ul andyQag: set Iy p te W atar Lo ants

caz~ al so be tgyeat ed 8{/}% P £ ﬁqgﬁlg %Féléec?se §| on ecoﬁo?ne(c:té %esa it
practical ®exitle trsyedpef @P&m@ PIrace P@dé’sle & S@e&tfaosqra@tlmyt @ﬁjpllelem thereof

ef fici ency.ani henfhimide 6Siyeitnt, AnBhat T8 EoR@kR br REECARPRE ot 4 to, its
ctrodes bei ng extended because of chem cal

durability o i,ann
stability tH%FBéEif’ng‘?!ﬁ?’t‘Wgrs albﬁt’bor ding to the thixd method for treating

or gani ¢ conpound%he owaste mmrvmm1wharros&m TDG Yals ethudS Bébnt deoreiysd, h§ IS
possi bl e t or G, ended., sol i ds an

t he sane t(glz1 Q&eéqu}lg ‘}fe {‘ &e%mcfelgrb aglgglfcb 2 ?g‘é(i?npoig‘ftp& 2HEs "é

consi der ablebcﬁf@d:ﬁﬁcatbl @hamdewzdt iamdod alyzgedasyesca satbdddynle| eteby| BN h:emg
decorrpOS| tu@ﬁeigeg@;fg@gmgt of waste water which contains organl c suspended
solids. More pre%ﬁserﬁ% sol ubl e organl c substances and organic suspended
sol i ds cont ai ned A et & st weter fmplang, feysanehf Py terecdypesewosidy o~ ed
to reduce Ebt:fatbclmngramtneaaamkhoaf ¢EDGE rnrdgenhexagonnéakbomuing@ nthek@mid fdrfkiOD) i n
t he waste 355 o] e 0yt real rens of themto et her
wi t hout re%*ﬁ%ggsuc s%}iﬁyg é\;lagéc)gyr%é{ﬂ Itl ernﬁmrogen o EH‘dn‘gﬁ'a %
fourth net RAPE ﬁyqt?leam&rxgadrcghma@ hikeplepgntis 2o ntea Wﬁh’gwwaste wat er)

organi ¢ nitrogen conpounds contained in waste water fromplants, etc. can

be easily n@psed to | ~axznl ess inorganic conpounds such as carbon
di oxi de, ni gas and water. '~'~'aste water fromplants, etc. can al so
be treatedlhgﬁ&ﬂﬂﬂﬂ@mgmmahﬂr deconposition treatnent economically on a

practical sgalglln Which aste water which contains a lar ge amount of

organi ¢ nitrogen corrpounds is electrochemcally treated % the first step
el ectrol ytic decdWpd¥ilemipnted @alvaiystal firmendicleaade elases foded %05 cm)

o]tht st andih nevitheviieddy &baasz}kslsb yieﬁd%dlcﬁlaisluﬁg‘ @eis@hwoﬁmlglrlﬂlho@aétegasgwey ﬁaﬁx bot hd
of a catho n n .anode_a teneectxo xem reate t he secon
step el ect rgg?%'aﬁ}(ﬁ egoarzrlpﬁrsl?dgl%eﬁp]t PEA PSR! TRike gw?%eh’c?f’h tloid él"‘etﬁtarnode
only as a eketiddtc raahtaeretaynkt he syst em bei ng made conpact as a w hol e and
cheep, Wm le durghi t!hbtdéhé’zf hERE LS @d@fs“peb %g,xmf@eeiw Rig/L) &lﬁmtwg&&' ai med

is' thod for ele roc?em cal det oxI or gani c_conpou
cont a| ned HnskBxsulfpride Mﬁ@ ﬁsgap?r&ﬁbﬁdoepwrwe@emre@ daldaweddyddidioade, in

w hich cur aemoamaﬁguoysddmﬁ sQIfdte tHexf@oAdﬁcllTEtoﬁdadnl:]aléﬂwaQ? lfdrtk\év i ne?r vel ocity
is 200 to 10, 000 or, el.ect.roc ca et oxi fyi ng
organic corrpoundls/ %?fr%‘éﬁyrﬁ 5;\‘7 gf T Wafhgr &nﬁ}e(‘fmﬁgsa%ﬁdo’éﬁrék‘ngdes
are used atvleldeaxsttrexa:sdmsetyamfode‘\/cmhlwlalepﬂxeoﬁvatﬂeewmmm t\mtﬁbraigs tadk ustsed t o

osnenaoy ejaycd HhEQRAONUE LRk B AR BXhbKlEIOLIPRI iy

suspended soO S cont ai ne n wast
di anond el e bnwdeovadivers aefoity, taket owls ofytheaplogteolytac Mrdemtemt Ua@amnd

suspended s@hifds tbweeét&egé oAmktfbpa d@&ﬂmcgsaradt%nM A method clainmed in
claiml, 2 or 3 el ectrqdes areued as both of an anode

20" cat hode « BPRRARS GaternGos Grag St B iesst B RetH e

el ectrochen cal | &fteketlexdifoplatpgozesgarnt wak tcondetedcannaunddy tanheadeniemirs,n
wast e wat er as organi c conpounds, xxa which a first step treatnent by

el ectrolytic deconposition is conducted using dianond el ectrodes as an
anode and a cat hode, and then a second step treatnment by electrolytic
deconposition is conducted using the di%dr e, ond el ectrodes as a cat hode az~d
nmetal electrodes as an anode. 6. A nethod claitn~ed in claim5 in which

sul fate ions are added to organi c conpounds-contain,iz~g wite water when a
first step treatnment by electrolytic conposition is conducted. ~5 7. A
nethod clalned izt cIaIrn 5 or 6 |n mhlch chlorlde |ons are added to maste

I Y o, g e " Y 1 . 1 o "

ich



9. Anmethod clainmed in any one o clains 2 to 8 for treating waste water by
el ectrolytic deconposition using dianond el ectrodes, in which current
density on the surface of dianond electrodes is 0.5 to 10 Alcn2 and liquid
flow linear velocity is ~_ >00 to 10,000 m hr during the treatnent by

el ectrol ytic deconposition. 10. A nethod for controlllng liquid flow |inear
vel ocity of 'the treatnment by electrolytic deconposition ix~ a nethod
claimed any one of said clains 1 to 9 so as to satisfy "the foll ow ng

f oxxr ~ul a ¥at¢ofrex~awleaitlof the diléctiroliitpwreattivntaniewasicoNectadl for)totnl 428anic
(current d%gﬁkth®€g§ﬁ§%ﬁ1 0.5) + 2p0 11. :~ method for controlling |iquid
flow linear velocity o t%e treatnent by electrolytic deconxposition in a
net hod cl ai ned ahly w8heorfirmed thae T s éﬁy%@%lﬂ dermpwsadoamh rérsdved tflven ftbd | ow

i ng fornul geshlt SHBWAUL Talle 3 1 Quid flow linear velocity (mhr) Z 1,000 x
(current density (Alcm) -- 0.5) + 20Q 12 .tl, system For treatinb organic
conpounds-cont ai ni ng waste water whic aEBﬂprises di anond el ectrodes to
conduct a treat nf#finhe bfelet@ditic@eydmnsdRMARPOSi ti On oTOCYAZL)C suspended
solids contained i,zt waste ter as organic conpoundz 13. A system for
treating orgaztic conpounds-containing waste water cl V%ed inclaiml12 in
which a treatnent by el ectrolytic deconposition using23fi anond el ectrodes is
conducted at current densityso 0-001 to 10 Alcm - and 44 quid flow Iinear
velocity of 10 to 10,000 m hr. 14. A systemfor treatinb organic
conpounds- cont ai ni ng waste ~K~ater claimed in claim126r 13 in w hick
change of el ectrodes are conducted using dianond el ects odes for both of a

cat hode an 36
. AfLy. Ayh&eﬁ%g.a%gf%l%."?.m,&k Ah,  A{.AF, A {. A {,.Ah@AU. AU, . Al {. AY, . Al , . Ah. AYU
, . Al h. Al . AF. A . AYpe Axthiafng Areptmient wils Abhdicrad Aconfingoullyc fpr vthiet” BEIr$ S (a
+*v* | +&+5 5V PicE an ol £A o q C Al 53 f ajg : caV]c
;]ca]ca]caLﬁa% gigﬁéwi L%%ﬁtf%iﬁgg%%g%%i?gi%cta?i%%b%@%%QL@éé2%%%%%%%%{AXLA
BCCHHMMVRRZS € 1?’- ~1ﬁ/€f'e‘ [ Ukf a\ WJ] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca]
c’r‘l a] CK%LJ] cal cﬁ.‘]:e:a*egmﬂa]ixab&@m]iﬁaﬂblla]z:a]leadrm]:&ﬁ‘f \}xﬁﬁ] ¢aY]Laheaof TO]C | cal
> OIfoIK I yA C/\ c]cal cal ca] ca] ca] ca
caj] Jca] cal cg%cﬁl]ao?%gfég cgp]q%(}é E%%%‘}%%]J(%H%%’g ndd tggwgﬁf}vsg}'@é& ¥a7' €4y ca] c
aU] ca] ca _jiamond thin layer comes off after the treatment by electrolytic decomposition.
VU~Uci Pyt ni d_ZU] ca] ca] ca] ca] caV] ca] caygpakca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca
] ca] ca] c”a] ca] calcal c ca)] ca].ca] ca]cal calca!"’ -
<HO RMZ' i 61 &] gww—ﬁgﬂg&%@wca} cna] cal¥afeedLa) ca] ca] ca] ca ca
] cha] ca] ca] cMa] ca] ca] ca] cMa]@a] ca] ca] ca] cMa] ca] ca] calea] ca ~P[ KQ
6>f01:C%xsnhc]Xid_ZLﬂc]caLﬂcp]caLﬂca]ca]ca]cAa]ca]cAﬂ;ca]ca]ca]ca]ca]c“a]ca
] ca] ca] c*a] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]ca]ca]ca g;
=G | 9Byl P{vpke [ Vi d_ZU] ] ca]%«a] ca] c"a] ca] c”a] ca] c*a}ed] caV] ca] ca] ca] ca] ca] c
a] cMa] ca] c*a] ca] ca] ca] ca] ca]ga] ca] c”a] ca] cal] ca] calUggg
. 4<f hocfi s>TH wgl gb] Xi d_ZU] ] ] ca] ca] ca] ca] caV] ca] ca] ca] ca] cal] ca] ca] ca] ca] c”
a] ca] c”a] ca] ca] c”a] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] cal] ca H'gsy$ i 2LU
GZzt oj d_Yi Bx#ple]2U] ca] cal] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] c”a]ca]ca]ca]ca

,], g?]zsg%f:?l/gﬂ geﬁ%\%kﬁ?ddg%ﬁg%}eg&g}\g% a%:og\??ég‘tg]i éﬁ#%ﬁo@%pﬁr three hours in a
V] c”a] c”a] BEespesnenpe dpserined ] Exapels] ujioa OLcd]vespc water (TOC: 770 mg/L)
P!] '('IA?.]$§ISI’\ ?] QE%‘A}I\C@}‘C\%MYQ&}%?I lKﬁ%hmm‘l@@UﬁcfeA‘épgﬁ] organic compound at the

z v a i calcalc ajc”alcalcalc
V] c”a] cna] %qgf%né}ﬁgléﬁ‘?a‘]f%g‘hqr@a%h@i']\?]@]aff%éilﬂ FYAIoESY @gﬁﬁ% BAY] ca] ca] ca] ca] ¢/
a] cacgH 109%&' () - Bhe @& i) showh LRYBAY -3, , IOMRS CInfhAkadliat GO ML OF& )1y Mz [ PE:
10

decomposed and removed similarly as in Example 1.

Table 3
Time of electrolytic decomposition (hr, TOC (mg/1)
0 | 770
1 215
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The result 13 shown in Table 4. It was confirmed that a rate of TOC

decomposition and removal remains at about 50 % and further observed marks where a

diamond thin layer comes off after the treatment by electrolytic decomposition.

Table 4
Time of electrolytic decomposition (hr) TOC (mg/)
0 770
1 6550
2 467
3 a88

Ihe second treating method
Example 3 .

Two of laminated polycrystal diamond electrode plates (5 x 5 x 0.05 cm)
synthesized by vapor phase deposition using a boron doping method were used as both
of a cathode and an anode keeping a space of 1 ¢cm between them to constitute an
electrolytic reaction tank.

On the other hand, 300 mL of waste watex (OMSO: 2,300 mg/L; TOC: 710
mg/l) which contains dimethyl sulfoxide (DMSO) as an organic compound was
prepared, followed by addition of 4,000 mg/L of sodium hydroxide thereto to adjust the
pH value to 12, and stored in 2 storage tank.

Making quantity of electricity to the diamond electrodes was controlled to
yield current density of 0.2 A/em? (2,000 A/em?2) while the waste water in the storage
tank was introduced to the electrolytic reaction tank by adjusting a pumping rate at
100 m/hr (flow rate 833 mL/min) of liquid flow linear velocity, taken out of the
electrolytic tank as exit water and returned to the storage tank for a circulating
treatment.

The waste water in the storage tank was agitated by means of a stirrer

After the circulating treatment was conducted continuouely for three hours,

water from an exit of the electrolytic reaction tank was collected for total organic
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Comparative Example 3
The circulating treatment was conducted continuously for three houxs n a

similar manner as described in Example 3 except adding 6,000 mg/L of sodiam chloride
instead of sodium hydroxide without adjusting the pH value (pH 6.8).
The result is shown in Table 6. It was confirmmed that an effect of TOC

decomposition and removal is markedly decreased.

Table 6
Time of electrolytic decomposition (hr) TOC (me/L)
0 710
1 680
2 650
3 620

Example 4
The circulating treatment was conducted continuously for three hours in a

similar manner as described in Example 3 except using 600 mL of waste water
(dioxane: 600 mg/L; TOC: 313 mg/L) which contains dioxane as an organic compound.
It was confirmed that TOC is effectively decomposed and removed from the

result shown in Table 7.

Table 7
Time of electrolytic decomposition (hr) TQC (mg/L)
0 313
1 165
2 42
3 6
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The result is shown in Table 2. It was confirmed that an effect of TOC

decomposition and removal is markedly decreased.

Table 8
Time of electrolytic decomposition (hr) TOC (ng/L)
0 313
1 285
2 270
3 260

Example 5

Two of smaller diamond electrodes (2 x 2.5 x 0.05 cm) than those electrodes
used in Example 3 were used as both of a cathode and an anode keeping a space of 1
cm between them to constitute an electrolytic reaction tank.

The circulating treatment was conducted continuously for three hours n a
similar manner as described in Example 3 except that the current density is 1 A/em?
(10,000 A/m?) and the liquid flow linear velocity is 1,000 m/hr (flow rate: 3,500
mL/min).

The result is shown in Table 9. It was confirmed that an effect of TOC
decomposition and removal is better than the result of Example 3 and the electrolytic

reaction tank is capable of being compact.

Table 9
Time of electrolytic decomposition (hr) TOC (mg/L)
0 _ 710
1 145
2 12
3 <1

Example 6

The circulating treatment was conducted continuously for three hours in a
similar manner as described in Example 4 except that constitution of an electrolytic
reaction tank and current density as well as liquid flow linear velocity are the same as

those of Example 5.
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The third treating method
Example 7

Two of laminated polycrystal diamond electrode plates (5 cm x 5 em x 0.05 cm)
synthesized by vapor phase deposition using a boron doping method were used as both
of a cathode and an anode keeping a space of 1 cm between them to constitute an
electrolytic reaction tank.

A portion of 500 mL of waste water (S8 = 720 mg/L; TOC = 1894 mg/Ls CODcer
= 8,240 mg/L) which contains organic suspended solids (SS) and added with 14,000
mg/L of sodium sulfide as an electrolyte) was charged in a storage tank and pumped to
the electrolytic reaction tank in an agitated condition by means of a stirrer at a flow
rate of 500 ml/min (liquid flow linear velocity 60 m/br) for a circulating treatment.
Making quantity of electricity was controlled to yield current density of 0.1 A/cm?
(1,000 A/m?). The treatment by electrolytic decomposition was continued for 6 hours
and collected water at an exit of the electralytic reaction tank for analysis of TOC, SS,
CODcr and turbidity. The result obtained is sown in Fig. 11. It is confirmed that
organic suspended solids can be effectively removed together with TOC and CODecr.

Table 11
Time of :
electrolytic 88 TOC CODecr Turbidity
decomposition (mg/L) (mg/L) (meg/L) (degree)
(hr)

0 720 1,894 8,240 705

2 <5 829 2,720 <]

4 <5 218 540 . <1

6 <5 16 30 I <1

Comparative Example 5
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&10%b&’ () “ondition of Example 7 except that two of platinum plated titanium plates (5 cm x 5 cm
x 0.3 cm) as electrodes instead of electrically conductive diamond plates used in
Example 7. The electrolytic decomposition was continued for 6 hours similarly as in
the case of Example 7, but deposition of SS on the electrodes was oceurred and, in

addition, there was no effect to decrease TOC and CODecr as shown in analysis of Table

12.
Table 12
Time of
electrolytic 58 TOC CODcr Turbidity
decomposition (mg/L) (mg/L) (mg/L) (degree)
(hr)

0 720 1,894 8,240 705

2 88 1,605 6,200 55

4 32 1,445 5,020 34

6 21 1,303 4,820 32
Example 8

Two of laminated polycrystal diamond electrode plates (5 ¢cm x 5 cm x 0.05 cm)
synthesized by vapor phase deposition using a boron doping method were used as both
of a cathode and an anode keeping a space of 5 mm between them to constitute an
electrolytic reaction tank.

A portion of 500 mL of waste water (5S = 720 mg/L: TOC = 1894 mg/L; CODcr
= 8,240 mg/L) which contains organic suspended solids (SS) and added with 14,000
mg/L of sodium sulfide as an electrolyte) was charged in a storage tank and pumped to
the electrolytic reaction tank in an agitated condition by means of a stirrer at a flow
rate of 3 L/min (liguid flow linear velocity 720 m/hr) for a circulating treatment.
Making quantity of electricity was controlled to yield current density of 0.1 A/cm?
(1,000 A/m?.

The treatment by electrolytic decomposition was continued for 5 hours and collected
water at an exit of the electrolytic reaction tank for analysis of TOC, SS, CODer and
turbidity. The result obtained is shown in Fig. 13. It is confirmed that the treatment
can be completed in a shorter time than that of Example 7 by increasing the hquid flow

linear velocity compared with Example 7.

Table 13
Time of
electrolytic S8 TOC CODcr Turbidity
decomposition (mg/L) (mg/L) (mg/L) (degree)
(hr)
8,240 705

0 720 1,894
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diameter x 0.05 cm) synthesized by vapor phase deposition using a boron doping
method were used as both of a cathode and an ancde keeping a space of 5 mm between
them to constitute an electrolytic reaction tank.

A portion of 6 L of waste water (SS = 120 mg/L; TOC = 950 mg/L: CODcr =
3,240 mg/L) which contains organic suspended solids (SS) and added with 14,000 mg/L
of sodium sulfide as an electrolyte) was charged in a storage tank and pumped to the
electrolytic reaction tank in an agitated condition by means of a stirrer at a flow rate of
5 Limin (liquid flow linear velocity 600 m/hr) for a circulating treatment. Making
quantity of electricity was controlled to yield current density of 0.5 A/em? (5,000 A/m?).
The treatment by electrolytic decomposition wag continued for 5 hours and collected
water at an exit of the electrolytic reaction tank for analysis of TOC, SS, CODcr and
turbidity. The result obtained is shown in Fig. 14.

Table 14

Time of
electrolytic Ss TOC CODcr Turbidity
decoEnp;:sition (meg/L) (mg/L) (mg/L) (degree) {

hr

0 120 950 3,240 650

2 25 329 1,650 105

4 <5 124 550 24

6 <5 | 32 96 <1

Comparative Example 6

A treatment by electrolytic decomposition was conducted under the same
condition of Example 9 except that two of platinum plated titanium plates of digk type
(10 cm in diameter x 0.3 cm) as clectrodes instead of electrically conductive diamond
plates used in Example 7. The electrolytic decomposition was continued for 6 hours
similarly as in the case of Example 9, but deposition of 85 on the electrodes was
occurred and, in addition, there was no effect to decrease TOC and CODcr as shown in
analysis of Table 15.

Table 15
[ Time of | | l | i
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quantity of electricity was controlled to yield current density of 0.5 A/cm? (5,000 A/m3).

N

The treatment by electrolytic decomposition was continued for 5 hours and collected
water at an exit of the electrolytic reaction tank for analysis of TOC, S8, CODecr and
turbidity. The result obtained is sHown in Fig. 16. It is clear that an effect of
treatment by electrolytic decomposition is improved compared with that of Example 9

by increasing the liquid flow linear velocity.

- Table 16
Time of
electrolytic SS TOC CODer Turbidity
decomposition (mg/L) (mg/L) (mg/L) (degree)
(hr)

0 120 950 3,240 650

2 <5 270 1,350 <1

4 <5 88 320 <1

6 <5 8 25 <1

The fourth treating method

Example 11
Two of laminated polycrystal diamond electrode plates (5 x 5 x 0.05 cm)

synthesized by vapor phase deposition using a boron doping method were used as both
of a cathode and an anode keeping a space of 1 ¢m between them to constitute an

electrolytic reaction tank for conducting the first step treatment by electrolytic
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water from an exit of the electrolytic reactlon tank was collected for analyzing total
organic carbon (TOC) and total organic nitrogen (T-N).
It was confirmed that TOC is effectively decomposed and removed from the
result shown in Table 17.

Table 17
Time of electrolytic decomposition (hr) TOC (mg/l, T-N(ng/L,
0 770 230
1 230 190
2 50 165
3 ' 6 140

Then, the same diamond electrode as that of used in the first step electrolytic
reaction tank was used as a cathode and a platinum-plated titanium electrode of plate
type (53 x 5 x 0.3 ¢cm) (hereinafter referred to as titanium-platinum electrode) was used
as an anode to constitute an electrolytic reaction tank for the second step treatment by
electrolytic decomposition. TUsing this electrolytic reaction tank, the waste water
which has been continuously treated by the first electrolytic decomposition for three
hours was subjected to the second step treatment by electrolytic decomposition as in
the following.

The circulating treatment was continuously conducted for one hour in a
similar manner as the first step treatment by electrolytic decomposition except that
6,000 mg/L of sodium chloride was added to the waste water treated by the first step
electrolytic decomposition and the making quantity of electricity to both of a cathode
and an anode is controlled to yield current density of 0.2 A/em? (2,000 A/em?).

The water was collected from a exit of the electrolytic reaction tank for
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analysis of total organic nitrogen (T'N). The result is shown in Table 18. [t was
confirmed that T'N, which was not decomposed and removed sufficiently by the first

step treatment by electrolytic decomposition, can be decomposed and removed

effectively.
Table 18
Time of electrolytic decomposition (hr) TN (mg/l)
0 | 140
1 6

Comparative Example 7

The circulating treatment was conducted in a similar manner as Example 11
except that only the first step treatment by electrolytic decomposition was continuously
conducted for 4 /hours.

The result is shown in Table 19. TOC was decomposed and removed

similarly as Example 11, but the T-N removal rate was about 40 %.

Table 19
Time of electrolytic decomposition (hr) TOC (mg/L) ’I‘Ngmg. /L)
0 770 230
1 234 196
2 52 160
3 8 136
4 <1 125

Example 12

The circulating treatment was continuously conducted for three hours in a
similar manner as the first step treatment by electrolytic decomposition of Example 11
except using 300 mL of waste water (TOC: 526 mg/L and T-N: 246 mg/L) which
containsg dimethyimidazolidinone as an organic compound.

The result is shown in Table 20. It was confirmed that TOC is effectively
decomposed and removed similarly as the first step treatment by electrolytic

decomposition of Example 11.

Table 20
Time of electrolytic decomposition (hr) TOC (mg/L) T-N(mg/L)
0 526 246
1 317 185
2 60 165
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Then, the waste water was subjected to the second step treatment by
electrolytic decomposition in a similar manner as that of Example 11 and collected the
water at an exit of the electrolytic reaction tank for analysis of total organic nitrogen
(T'ND.
The result is shown in Table 21. It was confirmed that T-N, which was not
decomposed and removed sufficiently by the first step treatment by electrolytic

decomposition, can be decomposed and removed effectively.

Table 21
Time of electrolytic decomposition (hr) TN (mg/L)
0 . 135
1 6

Comparative Example 8

The circulating treatment was conducted in a similar manner as Example 12
except that only the first step treatment by electrolytic decomposition was continuously
conducted for 4 hours.

The result is shown in Table 22. TOC was decomposed and removed

similarly as Example 12, but the T-N removal rate was about 40 %.

Table 22
Time of electrolytic decompoagition (hr) TOC (mg/l) T-NGng/L)
0 526 246
1 308 196
2 52 160
3 S5 136
4 <1 115

Example 13

Two of laminated polycrystal diamond electrode plates (10 cm in diameter x
0.05 cm) synthesized by vapor phase deposition using a boron doping method were used
as both of a cathode and an anode keeping a space of 1 cm between them to constitute
an electrolytic reaction tank for conducting the first step treatment by electrolytic
decomposition.

On the other hand, 4 L of waste water (TOC: 1,000 mg/L and T-N: 290 mg/L)
which contains tetramethyl ammonium hydroxide as an organic nitrogen compound

was prepared, followed by addition of 14,200 mg/L of sodium sulfate thereto, and stored
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yield current density of 0.5 A/cm? (5,000 A/cin?) while the waste water in the storage
tank was introduced to the electrolytic reaction tank by adjusting a pumping rate at
2,000 m/hr of liquid flow linear velocity with agitation of the water in the storage tank
by means of a stirrer and conducted a circulating treatment. After the circulating
treatment was conducted continuously for 6 hours, water from an exit of the
electrolytic reaction tank was collected fbr analyzing total organic carbon (TOC) and
total organic nitrogen (T'N). It was confirmed that TOC is effectively decomposed and

removed from the result shown in Table 23.

Table 23
Time of electrolytic decompogition (hr) TQC (mg/L) T NOmg/T)
0 . 1,000 290
1 475 263
2 284 224
3 134 193
4 39 162
5 ) 131

Then, the same diamond electrode as that of used in the first step electrolytic
reaction tank was used as a cathode and a platinum-plated titanium electrode of plate
type (10 cm in diameter x 0.05 cm) was used as an anode to constitute an electrolytic
reaction tank for the second step treatment by electrolytic decomposition. Further,
using this electrolytic reaction tank, the waste water which has been continuously
treated by the first electrolytic decomposition wag subjected to the second step
treatment by electrolytic decomposition as in the following.

The circulating treatment was continuously conducted for one hour in a
similar manner as the first step treatment by electrolytic decomposition except that
6,000 mg/L of sodium chloride was added to the waste water treated by the first step
electrolytic decomposition and the making quantity of electricity is controlled to yield
current density of 0.5 A/em? (5,000 A/cm?).

The water was collected from an exit of the electrolytic reaction tank for
analysis of total organic nitrogen (T-N). The result is shown in Table 24. It was
confirmed that T-N, which was not decomposed and removed sufficiently by the first
step treatment by electrolytic decomposition, can be decomposed and removed
effectively.

Table 24
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Industrial Applicability

According to the first and second methods for treating organic

compounds-containing waste water, organic compounds in waste water from plants, etc.

can be easily decomposed to harmless inorganic compounds such as carbon dioxide and

water without forming harmful and bad-smelling byproducts. The waste water from

plants, etc. can also be treated by electrolytic decomposition economically on a practical

scale using diamond electrodes of satisfactory current efficiency, thereby a system to be

used being made compact, while durability of the diamond electrodes being extended

because of chemical stability thereof.

Further, according to the third method for treating organic

compounds-containing waste water and a system used thexeby, it is possible to put

down a treating coat of organic suspended solids and, at the same time, to control a

great decrease in energy efficiency and a considerable reduction of system durability

caused by electrolytic decomposition treatment of waste water which contains organic

suspended solids. More precisely, soluble organic substances and organic suspended

solids contained in waste water can be concurrently decomposed and removed to reduce

total organic carbon (TOC) and chemical oxygen demand {COD) in the waste water by

an oxidative decomposition treatment of them together without removing such solids in

advance.

Furthermore, according to the fourth method for treating organic

compounds-containing waste water, organic nitrogen compounds contained in waste

water from plants, etc. can be easily decomposed to harmless inorganic compounds

such as carbon dioxide, nitrogen gas and water. Waste water from plants, etc. can also

be treated by a electrolytic decomposition treatment economically on a practical scale

in which waste water which contains a large amount of organic nitrogen compounds is

electrochemically treated by the first step electrolytic decomposition treatment using

diamond electrodes of outstanding chemical stability and satisfactory current efficiency

as both of a cathode and an anode and then electrochemically treated by the second

step electrolytic decomposition treatment using the diamond electrode only as a

cathode, thereby the system being made compact as a whole and cheep, while

durability of electrodes being extended.
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What is claimed 1s:

1. A method for electrochemically detoxifying organic compounds contained in waste
water using diamond electrodes at least as an anode, in which current density s 0.5 to
10 A/em? and liquid flow linear velocity is 200 to 10,000 m/hr.

2. A method for electrochemically detoxifying organic compounds contained in waste
water, in which diamond electrodes are used at least as an anode, while pH of the
waste water is adjusted to be alkaline. |

3. A method for electrochemically detoxifying organic suspended solids contained in
waste water as organic compounds, in which diamond electrodes are used at least as an
anode to treat the organic suspended solids by electrolytic decomposition.

4. A method claimed in claim 1, 2 or 3 in which diamond electrodes are used as both
of an anode and a cathode to undergo change of electrodes.

5. A method for electrochemically detoxifying organic nitrogen compounds contained
in waste water as organic compounds, in which a first step treatment by electrolytic
decomposition is conducted using diamond electrodes as an anode and a cathode, and
then a second step treatment by electrolytic decomposition 1s conducted using the
diamond electrodes as a cathode and metal electrodes as an anode.

6. A method claimed in claim 5 in which sulfate ions are added to organic
compounds-containing waste water when a first step treatment by electrolytic

composition 18 conducted.
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10,000 m/hr during the treatment by electrolytic decomposition.

10. A method for controlling liquid flow linear velocity of the treatment by electrolytic
decomposition in a method claimed any one of said claims 1 to 9 so as to satisfy the
following formula 1:

Formula 1: liquid flow linear velocity (m/hr) = 400 x (current density

(A/em?2) — 0.5) + 200

11. A method for controlling liquid flow linear velocity of the treatment by electrolytic
decomposition in a method claimed any one of said claims 1 to 10 s0 as to satisfy the
following formula 2:

Formula 2: liquid flow linear velocity (m/br) 2 1,000 x (current density

(Afem?) ~ 0.5) + 200
12. A system for treating organic compounds-containing waste water whach comprises
diamond electrodes to conduct a treatment by electrolytic decomposition of organic
suspended solids contained in waste water as organic compounds.
13. A system for treating organic compounds-containing waste water claimed in claim
12 in which a treatment by electrolytic decomposition using diamond electrodes is
conducted at current dengity of 0.001 to 10 A/cm? and liquid flow linear velocity of 10 to
10,000 m/hr.
14. A system for treating organic compounds-containing waste water claimed in claim
12 or 13 in which change of electrodes are conducted using diamond electrodes for

both of a cathode and an anode.
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