WO 2010/ 096891PCT/ CA2009/ 000219 WASTEWATER TREATMENT APPARATUS AND
METHOD Technical Field of the Invention 5This invention relates to
the treatnent of wastewater, and in particular to an apparatus and
met hod f or wiorgatovemat of contam nated water in an el ectacalgaziwoaeld .
Background of the Invention 10 Wat er may be contam nated by
organi c -and inqorganic matter from various sources includi ng donestic,
muni ci pal , i nddé’%‘SEE%AE%rTEEI&MNIG‘EPEQAM AR THQDbe
in solution, colloidal or in suspension. Colloids, and in particular
negatively-charged col | oids, are often 15 the predoni nant formin

whi ch wat er cﬂmglmahﬁt@d@fitb?ln@@ﬁ@ﬂocoagul ation is an

el ectrochem cal nethod of treating water contam nated with various
species in an el ectrocoagul ati on reactor having a cathode and a
sacrificid anode.TiSsipplopition relatesent thedredtmeA0obvastemadiers andunes t he

rel ease of nmetal. cations (usually iron,or -al uni.nu f.romthe
ooyt Foral o tigSRE 8 AR ADRERE And nRnSd 5 HRARRTL oF BT Patedt o e
Q her chen calvagpdsiagsele@yollyde welthi ch participate in a variety of

processes that facilitate renoval of contam nants fromwater. 25The
use of rotating el ectrodes has been proposed as one way to inprove

the renmedi atigRcRE‘IGREYS Bie BYwdfifoh USi Ng el ectrocoagul ation. See,
for exanple, Syversen et al., US 6,099, 703. Rotating the cathode

hel ps to Hhsure even consunption of the sacrificial anode and inhibit
fouling of the acty 4 : I

devel op- 30 nents \E\Iéf‘etr Egﬁ%?? %6)?1 {aéllt) @gge?lgﬁ ogﬂﬁﬁﬁ“é‘tk?%\ﬁm%%‘gﬁi‘ﬂ%{&ﬁ from

el ect r ocoagul wdriars- fvasest inahidengdemesticanmitipay stdstridraadrnagriadpabl e

of sufficient_renedi ation of contam nated waters f subsequent

el sase 1 nto WHE BbeonmeRraayt TaY b dnSPhds c0p TP O I Shincares

necessary - don. f©slldids,| ambimpicicalar zephovelpfchhegaesitville, dreasftorent

projects. The present .inventiaqn pr.ovides inproved aggarat us and

met hod f obd t NECRIFROMIEMY IBWRIEH A T ERTEATIRATES X8t Summary of t he
I nvention The invention provides an el ectrocoagul ati on reactor having
a reaction vessel with an inlet for inflow of water, an out|et for

outflow of water, Bleaeeaaguiation Wisadecoshsimicalomethog: oloaeatingiwater
non-sacri fi ¢l AndRiBAHG it vd o sERs IRRAB QB AR Ioh! Ehdlor anode
and the cathode conprises a first treatnent zone tHat Is downstream
of the inlet.haheg saxthddeciml a aacubciahanadee bSapplyteg aumenidaphed to

apply a figst voltage across the first . A Seco et n the
non acr 141 o FCUHBRCANE TRtk sl dhesE Barits GSLABO AR VRN,
zone downst r eaumpfrdnehd Sadrificdal incelet ardthe énenatidreohbydivaen ighs at al
anode and the_cat H@%g aéﬁy:adzhpt ed to af)gln)l/ a,.second vol ta(ile across

t he second ga%l_e cp o r chemical species may form which participate in a

variety of processes that facilitate removal of contaminants from water.

25 The use of rotating electrodes has been proposed as one way to
improve the remediation efficacy of systems using electrocoagulation.
See, for example, Syversen et al., US 6,099,703. Rotating the cathode
helps to ensure even consumption of the sacrificial anode and inhibit
tfouling of the active surface of the cathode. However, despite develop-

30 ments in the art of electrocoagulation, most known
electrocoagulation-based wastewater treatment systems are not capable
of sufficient remediation of contaminated waters for subsequent release
into the environment at an affordable cost or at the volumes necessary



vol tage may be less than the first voltage. The flow path of water

t hrough the reaction vessel is fromthe inlet to the first treatnent
zone, then to the second treatnent zone and then to the outlet. 20
The i nventwonoforspdsher provi des a rotat abl e cat hode f omrcauazo09/000219

el ectrocoagul ati on reactor. The cathode has an active face generally
perpendicular to the axis of rotation of the cathode. The active face
has a center and a periphery and surfhce features which define a
plurality of 25 water flow paths fromthe center to the periphery.

The surface f o Jd | ) o r tabl e
cathode may HoHbCoyRRERAERNLT o/ d STl BRapietRbrodRRo ThE' 2

si ngl e treat nmavsent aneentamdpacidesdinpgbyed hpparatsndridomehoalvfodtele dolk

el ectrocoagul ation reactor havi sacrificial anode, a rotatable
cat hode and d"gY eﬁLpﬁ,@gﬂtamgatgg%gazerﬁ ficial anode and the cathode
conprising a first treatnent zone, the WO

201010968 Pg; WOOQI&&?&Q 3 cat hode having surface features which
define a pl uriMRAIGFO n¥eanginat hs t hrough the gap. The invention
further provides a clarifier for receiving effluent 5 from an

el ectrocoagul ation reactor. The clarifier has a cylindrical side

wal |, an upper wallihe iaveriore provndes anelgalrpcoaguiatien repgtarchavieg & i n

t he upper wal : i t i

out 1 ot port 1eeRy EEREEMM M IESrIOR o R bn AU %
The clari fi erwhtas, apadnfianl awoddyiat roexaleliediatttpdendmal 4 mencdaarifitiadr

havi ng anopeni ithin the 10 clarifier that s | er_.in

orosad alelheiodd A hl b Reovhent shisfticial Ahodsap IEkathfdg o iy o
condui t. cohiyridenveefitdt ereateathinehal isdswistrenh of thonlét, €Bhé Ng.
cont am nat ed wat_%rgiaim ng an. el ectro&oa U|51tl on reactor., A rqiggt or is

provi ded havisigrisiah apadeand thecathgdgaterdanied & apalygaprctaless a
sacrificlal apeos Medide b AN St DRARIGRERthE hoR sAclilit Al ahb@at ment

zone, and a gap between rotatin e and a non-sacrifici al
anode conpr i sitkighg catinsiedprovisles mesecond igatment zane doversirasiny of bhe

voltage 5 anglst Al @ERSHkNOTd hotl-shd RGP bodelif AMCCAnGEe AR

el ectrol yZi ng voltagée 1's applied acros SEcCo reatnent zone.
The wat er i s adapsddotapply avsecomnd vohaze saosothef seoomd lgapi et sedomdough

the first treatment zonpe, then t.hreugh the second tre nt zone, and
t hen through ‘{Oﬁ\té‘gSJ‘P?YeB‘? lessr}ﬁan tthe $Fﬁg§é’h§gﬁ' Eltc[}‘?eﬂo‘rve[%ﬂ%ﬁ 52?’ YFL t he

i nvention w Ithrdaghappaeattion veseRB fidw@ thelihlewkd chelfigg tidakineft 20,
drawi ngs of tHe ?rﬁ{er red enbodi ments. Brief Degcri Plti on of the

Dr awi ngs then to megsgcand reatier NRAndthgndp tBe o4llekeat ment system
accordi ngpto 30 the invention. - 4 - Figure 2A is an el evation

view, partly in section, of one enbodinment of the treatnent reactor
of the system Fi déiednygntion furthestnrowdes viretapletqaghadenior 2B- 2B of

O S 2o S SURRRAE LR OP R, IS a8 i nd o
perpendicular to the axis of rotation of the cathode. The active face has
a center and a periphery and surface features which define a plurality of

25  water flow paths from the center to the periphery. The surface features

may comprise channels or studs. The rotatable cathode may be em-
ployed in electrocoagulation reactors having a single treatment zone,
and accordingly the invention provides an electrocoagulation reactor
having a sacrificial anode, a rotatable cathode and a gap between the

30  sacrificial anode and the cathode comprising a first treatment zone, the




Figure 4 is an elevation view, partly in section, of a third em10
bodi ment of the treatnent reactor. Figure 5 is an el evation
view, partly in section, of a fourth enbodi nent of the treatnent
reactor. 1BEiyures®dlis an el evation view, partly in sectiq@noeoiszishe
clarifier of the treatnent system Figures 7A, 7B, 7C and 7D
are plan views of the active surface of the reactor cathode, show ng
exanpl es of features on the bottomfacé 20 of the cathode.
Description of the Preferred Enbodi nents Exenplary enbodi nents of the
i nvention are

referenced fi %ﬁ?é@é g?‘%ﬁ gﬁfdﬁggmql%{m%fﬁ@%ga%&dedd ﬁen‘{‘@gﬁe"v?‘eﬁ tfow
consi der ed aspath$ tyough ithe gapt her than restrictive. In the fol I oW ng
description and draw ngs, corresponding and like parts are referred
by the sane reference characters. 30The treatnment system 20 is

il lustrated schenéElicciamventidm ﬁﬁitmﬂmoﬂide@mﬂanﬁﬁ&atfeﬂrmmng fefffdomentf r om

a source t hr ough ondui 24 into an.gele [ ul at.i.o

36 tho r o5t BPRHED efbshigOlladon et Cufie RS RAG SuuadiGlait”

bel ow. The ef{hllenh upgelt h@ur ﬁaﬁﬁlﬂl‘alfbloqwm WAlloudfirsa Bu@et pett isandui t 28
into a clarifier 30 n ele roI r exanpl e sodium_chl oride from

a tank 36, andPR§dVd sﬂmaféﬁ t% Fﬁto‘PHt ttcé?ﬁQUGSmda@Y gecapd eytleb pprdn
cont am nat ed t t is
added to the | Eanttonf wadaReleo seconi b Eondii e Sl A2 35
the effl uent # giet eondudapiending into the sdaraierdhaving aslapgging withohthe
exits th i d ter,
whi oh exits AR el igHeRerh S RERaRR ah o R Sl B0
42, 44, 46 ar@o@mmaﬂeﬂthmnﬂ&&o&dudw ts 24, 32 and 34 respec- 10

tivel y. The contam nated water that corrpri ses the feedstock of
the treatment system 20 is contami nated w th organic contam nants,

i nor gani ¢ cont am et imvertido fthethsrowil eMaleeicr] ﬂwreamgludﬁtﬁmmaﬁédoal
15 sewage, stormwater, farmleachate, mne Igachat e, industrial

i nstituti onal WalH USEignalt glesiToceasuiaiiarereacite AJiSAGIRT iaPEYIdRd BaViRg) |
typi cal | y|have wagdengong wASEouRst heaip tﬁ)ét%éﬁ S mnﬁem aﬁﬁdé Qheen ng

to renove | ar ge partl C1 e contam nant s. For exanpl e, e case of
muni ci pal  wastosaaigeeathedrcomprismgralics tmtmenmome h?dlﬂe‘a gam@cgmfm

primary 20 trgat Sq i i of
sand and grit, @p%bgsdéﬂﬁbn ro@%?’ﬁg gla?niﬁﬁﬁg aﬁﬁ@é ?@@g)?lﬁeﬂﬂ’rtda é@% 20.
The reactor 2@catgleotvmon:n B ﬁmﬁeamlmgmltmgasis apploeds acrgsgtehanfitsth i s
general ly cylj

ntl al de wa, 0 a
oTar Bot L om vifstieP handibld adeEond HERDRIE vofafT isihpliel achiiafins g
is supgorzﬁed seoond h@a&néxﬁ zohbe Tﬂ@&JWanB%alﬁﬁei:BthQﬁmnﬁi ﬁiétlfda@.ﬁilﬂ )éz f
nonconduct i ve. nat np i bergl ass. e hottom wa o]
the reactor h&AQMLHE] ‘ﬁie& thﬁ%‘llgﬁ] g%? é‘%ﬁt tﬁ%@“gﬁ’ﬁ@%ﬁ SHeTLBRPURH Hift EEORL er
fromthe inl eﬁrezﬁﬁi&ﬂb‘kéne?“andmﬂ@nlﬂmrgh%b|ou§lét has an outlet port 60
for the 30 outflow of the effluent Of the reactor 26. The outl et

conduit 28 extends
These and other features of the invention will be apparent from

25  the following description and drawings of the preferred embodiments.

Brief Description of the Drawings

Figure 1 is a schematic view of a treatment system according to
30 the invention.




WD 2010/ 096891PCT/ CA2009/ 000219 - 6 - into the housing 48 through the
outl et port 60, and has an opening 62 at its inner end. The reactor
26 has a sacrificial anode 64, a non-sacrificial anode 5 66 and a

rot at abl e cat hode 68. The sacrificial anode 64 and the rotat- able
cathode are separated by a gap 70. The sacrificial anode 64 is
attached to the bottomwall 52 of the reactor and does not rotate. It
has a vertical bore 72 at its center, aligned with the inlet opening
58. The sacrificial anode 64 conpri-sies a high val ency netal such as
iron or 10 al um num The non-sacrificial anode 66 is cylindrical
in formand is at ,achegAt_o tgtfq inside of the side wall 50 of the
housi ng 48. 1t i sUEPI&AAIR pSIGvalion VeV RIsEY I sactiog: af ene pmbedihpri ses
a suitabl e | ewnyaf eiciyedtiieat reabfi 0¥5h@$c<?€kf6?h.e stainl ess steel or
titanium or ceramc, and may be coated with a coating which
increases its active surface area, for exanple Ti02. Ti Q2 has high
cheni cal dur abi | iFiguen2B oxa dectiong! viewerwthe lared2B-2Bpefi Figord 2Al y

sui tabl e.sThe non-sacrificial anode 66 is spaced fromthe cathode 68
by a gap 74. It is also spaced fromthe sacrificial anode 64; this 20
space facilitatedIBHE Pés anelevatianviow, parly insysctiemnefin sesond he
sacrificial %ﬁ@@iﬂﬂo@&ﬁ@tr@ﬁﬁ{}&ﬂ&abf&.tm anodes to be at different
el ectrical potentials. The cathode 68 Is a seal ed cylindrical :
structure having a cir- 25 cunferential side wall 76, a bottom wall

78 and a top wal IFi8@re 4 hearrslehaiim wiriewg?_dﬂmﬁl sechon, Lot ildnyal ency
net al , fm eﬁigg_k%{sg%nle s steel or titanium or ceramc. The
active suYfate™ AEMer f’“ﬁﬁ?ﬁgfy the outer surface 79 of the
bottomwall 78 and the outer surface of the side wall 76, may be
coated with Ti 02.g;dhi i ] e .

2010/ 096891PCT/ CQ%@@%@S%&@@%%?@ r@%‘t‘%"ﬁ%}%‘beﬁ Afouth de from

t he hydr ogencrahedigieny eh thectieatmeatreasiorng el ectrol ysis in the reactor.
The outer surface 79 of the bottomwall 78 of the cathode may be 5
provi ded. wi th grqQoves 82 which act ,as channels {o incyrease, the flow
rate of Lﬂer moFLERFE 0 i 3D elovation, ey, p#ﬂg*h@ sgeltpm of thelagifisswds al so
direct radi aheytreatheat systehe gas bubbles formed in the electrolysis
reaction, along with the contam nants adsorbed by the bubbles. As

shown in Figure 7A, B and C, the grooves may take various forns, 10
i ncl udi ng strai gliitiguiesaddeg| 78, TG ped 8D arb phaeviswand tispactblessurface

of the reactor cathode, showing examples of features.on the bottom face
20  of the cathode.

Description of the Preferred Embodiments

Exemplary embodiments of the invention are described hereunder
25 and are illustrated in the referenced figures of the drawings. These |
embodiments are to be considered as illustrative rather than restrictive.
In the following description and drawings, corresponding and like parts
are referred by the same reference characters.

30 The treatment system 20 is illustrated schematically in Figure 1.

Contaminated water flows from a source 22 through a conduit 24 into
an electrocoagulation reactor 26, the reactor having an electrolytic cell

AMENDED SHEET



Fi gure 7A shows channels 82 which extend fromthe center 83 to the
peri phery 85 of the outer surface of the bottomwall 78 of the
cathode 68 in a spiral form The channels are separated by | ands 87.
15 Alternatively; the channels 82 may extend straight fromthe mddle
of the cathode to its periphery wi thout curving, and nay be tapered,
as illustrated in Figure 7B, or untapered as illustrated in Figure
7C. Different nunbers of channels.may be provided, for exanple from

t hree channels to seven channels. They nay be about one-half inch (13
20 mm in depth. The depth, shape and nunber of channels may be

selected so as.to optjmze the flowrate and inter-el ectrode spacing

for a partic# %ﬁscaﬁgfﬁ b&éﬂ-o&ge SHW&E@P deastes flgws dhrough an OyHlghel s

][nlsly behpr ovit caduit2g im@oF a@mu‘;’e; [:)mf. hAh@lembty?ﬁ,efddr@];@mpwmﬂjmr ticular
ow characteristi¢s. Fi gur Wws a cat h ace hayjing a

bl ural 11y of e it i, ednaiSed st o dganlir sy pat s

91 between tiddedftonthe bentumiretedwaiendn the condug@d. f Flootuling femntaer to

S LT G A S B, e

t
hei ght, and cladtiend0sthaieffleens feamedlic reactod 26 ik separhtied hatowhiigest ood
that the feaﬁ/pfcfx.ﬁﬁtsﬁﬁ@@%%ﬁlf?r Mrod oﬁﬂettéb‘ﬁdﬁit?gé Qﬁ? ﬁleﬁﬂécﬁt abl e
utiTity in elec ors other t

cat hode has rocoagul at1 on reac an the

reactors desWﬂiebeW}/l@r%iif_ﬁ the plarifigr Hyough paother eutlet eprditiv Iboagul at i on
reactors of Pﬁlﬁgﬁe ﬁﬂ,e‘w,a‘mr ﬁﬂ! frovidledtin Meccaiiubho 28, 39%ﬁ§‘34§8%p'e_@m a

sacrifici(?l an e cathode 68 is nmounted for rotation on a
shaft 841 whil¥Yi s connected to a notor or other suitable drive means
(not shown). Rotation of the cathode reduces passivation of the

active cathode sur- 10 face. A bushi and seal .assenbl ¥.,.95 surrounds
the shaft 84 whe é’etqqgtaéﬁﬁ??d %re@a ‘ﬂ?%ﬂéﬁ?sﬁﬁ%f‘?faﬁtgﬁﬂme 54 of the
housi ng 48. fresmentSysidid 20ds Comtbmenatebwithexdganic @ostantimbits idoi-ve neans
(not shown) {.ar i€ ' ‘ oSkt i . Gat hode.
Thi s adj ust TS F@ﬂ%#ﬂ ﬁ?ajr%sa gllo | .mﬁo‘%‘%‘gﬁgﬁt‘ﬁéﬁé@&@mﬁgﬁﬁ? ust ment
of the dikt aseseagacstos®s waler,fapn ieachated ming lpaghae atndysiriak, instisur eact or
in order to Qptit Rl okl f i i
{eedst ock. _Fapial dnd Golifer bl UabeRaler; et pEAfRARY Ful TGPl o\ 1y
require adj UAIKERVEJMAEEZONG SHMEIUPSEFRTB DIOfESHING SICIhAY SRIEFRING (tray be

controll ed_ Nkl Ik(rgérpawcléfbﬁﬁtahﬂnaﬂmr F@Kéﬂﬂhﬁle,sﬂﬂﬂﬁréﬁséﬂfﬁf fifunfgoni t or
the el ectrical, current

across. t he 0. In an .
ndust 11 al - oA RAbERer otEaDRa e Bafer wit haveamdalal orimentay nave
ahdi ﬁrretm ?freaimnt suthtas sGrdeaatg, (s&dimenmtibn&nd)rcmvbiomﬁsarfd}aad} ]
t hi ckness o j . . i LGigness of 1/4 inc
(6.4 nmm. Tr%%ﬁé@%@é“‘@“%@& 1? ﬁg"g}é‘%ﬁ%‘“%g%%%% he range of 1/8
to 1/2 25 inch (3.2 to 13 mm and across the gap 74 in the range of
1/8 to 3/8 inch gﬂﬁ;m° I e t hode
may be in the _rggglg%gé& 182?0 70 lﬁﬁggﬁgqﬁgﬁ? ?gwﬁ%a?ié"% Qgt ewat er
t hrough t he WBigBiy generaliy eylingdiial.ovith g cirgumderentplsidewall 50 andsa (114
to 909 135 peflatrfonetrewalll82h ahdvaer a ebicAingpeasaliald, oThe 8agding 48 havi ng
a greater SO DPONAIPHE a tif'sE! ThehoulRE %s haBSR AR ARG eally bt e

i nventi on.
conductive material, for example fiberglass. The bottom wall 52 of the
reactor has an inlet port 58 for the inflow of contaminated water from
the inlet conduit 24. The upper wall 54 has an outlet port 60 for the
30 outflow of the effluent of the reactor 26. The outlet conduit 28 extends

AMENDED SHEET



- 9 - The el ectrical power supplied to the cathode 68, the
sacrificial anode 64 and the non-sacrificial anode 66 can be DC,

pul sed DC or high frequency AC. Power sources (not shown) are
connect ed o Hhavtzase of the sacrificial anode 64 at aclreRMRado2065,
to the non-sacrificial 5 anode 66 at a termnal 69 and to the shaft
84 of the cathode at a termnal 67, the shaft being electrically
conductive. The non-sacrificial anode566 is typically maintained at a
| ower potential than the sacrificial anode 64 and has |ts own power

orent | al or Wk hafigs SRIRARERSI oy FRLanT o sHb3SR Shorlf g2 2

el ectrical pomemngsedddepends on the feedstock and the nature of the
contam nants. For exanple, if the feedstock has a high |evel of
organi ¢ contam nants, the preferred selection may be DC current to

the sacrificial angge apg: s § SA4ARGH ﬁféde%at men@@@a@@ﬁémr i@

anode; or if the feedstock Is one reaylrln | ower | evel 15 iron

ions in sdl utéand ahetatable caihnsients, élepﬁapléélllab@ﬂﬂ@? ﬁﬂfi’éidstaé fPfiLci al

ol agoss cur rinir € BB Re fepqaled SFa WBTARCThG gt @ligAT ARG fY,

Prior to treattmehedito thdbottemcwall S260f the rehaor and yioes neundtaws RGhas

sodi um chl ori de, may, be d to the cont ter .to donc se
rs conduct | vA Torical bgte 8aF B sinlslr af T W inPbpiyhg 4G

the feedst ocksacEaieedldnode GAYEHREGSESRERRA wency meell Wuchheier e
contam nant s are .organic, and a higher |evel of hydrogen peroxide may
be used fd} nalyRdRuMevel s of organi c contaminants. The pH of the
contam nated 25 water may al so be adjusted prior to the reactor if
required, a pH range of about 3.5 to 7 being preferred. In the
reactor 26, the cofheandmarasificiat anodel @wts ¢ydindsiceliih form and ppptladwd

Lhe oualh Lhe DY e TfsilP ok e SREKAN S03r B B0E 8 AL RYA i piition,

outward in the between actirve sur
and - 10 - thel bo&gmnmwéadecofnpmes ratasbledovwardoney GRtall fort hi s

h f f th t
chi i ons g | B otibss EEFRr AREgR” olicp o RdisBhy B8 okled i

anode is Consal6@@%1n@¢mtpﬁicréa%e§1tstabam§ seEface afad fepBkanpRANLS,. ar e
el ectrocoagul at ed romthe first 5 reaction zone, the contam nated

water flows i hiQy hasehighshemisalidusahilitnand eidiaing strengsh andh dsiBABEUand
the side wal 'ia?@ ﬁ&tabﬂ? %E%gxesach'%dﬁ'aﬁmﬁ@%ﬁeis spﬁé&f‘frbﬁ} Héecail‘i»‘@dﬁ‘d

reacti on zone e reactor I eved Ul’t

oxi dation of &®byanpamiiés lbicalse spycadefinm B sagrifisial amed@ﬁﬁfloﬂys
el oy el BB SEIARYFREPR RERh AR OR e

radi cal oxi damle and alsd ipermistthertwatiaddewrtoche il duieréntostettnieakecond
reaction zone intg the space 88 between the top wall 80 of the

cat hode and tPR¥CBUHEr wall 15 54 of the housing. It then flows into
the opening 62 of the discharge conduit 28, exiting the reactor.
Fol | owi ng treat neng ' ter in the reactor,

he cont am nat ed
ef fecti ng coagul atTIEﬁhC%ihog%ﬁg% aka e@)&yéll\gﬁflﬁﬁl YFUCHTR BV IAg 3 dr-
includings cumferential side wall 76, a bottom wall 78 and a top wall 80. The

cathode is made of a suitable low valency metal, for example stainless
steel or titanium, or ceramic. The active surface of the cathode, namely
the outer surface 79 of the bottom wall 78 and the outer surface of the
side wall 76, may be coated with Ti0,. This coating promotes the




20 bacterial contam nants, the effluent is treated to separate the
coagul ated solids fromthe water. Various types of downstream
processes can be used to achieve this separation, for exanple a

di ssol ved gig2oid@tg@ii on system or a separating tank wpdi@zekoimapr to
remove solids. In the preferred enbodi nent of the invention, the
effluent fromthe reactor 26 25 is fed to a clarifier 30, shown in
Figure 6. A flocculant froma tank 407ts fed into the effluent in
conduit 28 prior to the effluent being fed into the clarifier. The

type and concen- . tratjon of floccul ant e oyed depends on the

bar L cul ar el Bision 055 deBert peraptde bt ine T SEER A Byt Bfner 20,
the conduit Zﬁeb@rﬁfg cutirslyskRpanh®gefRPot. hat is oriented upwards and
has a di aneter |arger than fhe dianmeter of the inside of the conduit
28. This slows the flowrate of effluent into the clarifier per unit
area of the openi @Quﬂepspﬁ%@?sﬁdfgﬁ@bﬁﬂﬁﬁ- wall 78 of fﬂ%%a@lll(ﬁ{é [fnlagrbe30
has a generally cylindrical tank body wth a conical top wall 92 and
a coni cal Dot pumided withgrovres §21 whichodcttasshanagls o éncricasesthettiav ent

relative to t i Bf | 3 f. t NLi.oN
tme in the ol ERYRE G RF bR aR e THEGHORE Y

sol iads' from tﬂgﬁmeially@{t“gx@;mm gas bdtiﬁalwlfcﬁm&cbm tﬁer&gctmlyfie_ about 5
to m nut es. e top wall, orns_an angle at its [ of juncture
whth the oyl i FERCHOR) MlonacvidhFhe Somtemarants Adsufied SyohE PuPhisty AT o t he
horizontal ) Theywh & Fih8t 76 BURREQAT! B @dol8YmaIotakd RariBut Sodhs,out | et
port 98 at the bottomend of the clarifier, connected to the effl uent
out | et 151@oningluding straiphit ebaenals, tapersdshagaelsindrspaialef f 1 uent punp
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create irregular flow paths 91 between them for the water moving in the
gap from the center to the periphery of the electrode face. The studs
may be, for example, about one-inch (25 mm) in diameter and 3/16

30 inch (4.8 mm) in height, and made of stainless steel.



15In an alternative node of operation of the clarifier 30, a coagu-

|l ant, rather than a flocculant, is fed into the reactor effluent in
the conduit 28 prior to the effluent being fed into the clarifier.
The coagul a8 20604868$ separated solids to sink to the hgttcnr®@hod:zhe
clarifier rather than float to the top (as occurs with a floccul ant).
Thi s node of opera- 20 tion nmay be used when treating feedstocks
havi ng contaminants with naturally nedative buoyancy, for exanple
heavy nmetals. The upper outlet conduit 32 accordingly renoves the
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15 positioning of the collar and bearing assenbly, which is outside
the reactor, and the support nmenbers which connect the
non-sacrificial anode 164 to the collar and bearing assenbly. In

react or 120 fohmog®l | ar and bearing assenbly 106 is ompdihaabafek 084
of the cathode 168 outside and above the reactor housing 48. The

assenbly 106 has a pair hori- 20 zontal support nenbers 128, and a
pair of vertical support nenbers 130-%onnect the non-sacrifi cial
anode 164 to a respective horizontal support nmenber. The verti caI

support nenbers 1 ss throu orts i n r I

react or housi ng, zﬁﬁp‘ge%‘c‘:@ pgg’ﬁf YRpI16dStor Ft‘?éﬂﬁﬁ‘l%o?gﬁh? ﬁ@créﬁb'ﬂ
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di al |
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treat nent zone, rou
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the-ef 21 uant it o Bs SRl Rhodefl Ralfudtig AT Gno
separately il $asiffordleshods; bhéf the fdedodios, onesrdqhﬁ'm@aﬁowfer $évau©tfure
as the reactor 26 shown .in Figu

re 2A, exce go[g ot . i ncl ufd
non- sacri 1 ci APNAARYH! ¥HULQRONG SElesHPAanty B%ﬂ?é‘ $ @I g’éttp‘? g4 Gal
termnal 69).,he aﬁid‘ﬂﬂgﬂ?‘é%@n@ﬁ%(ﬂf@f‘%é ﬁox@—@édlﬂﬁﬁapﬂnédhe !F?Elcﬁp

bet ween the top surfac e sacrificial anode 64 and e bottom
surface 79 of veltagesustems arccaitibded d8at 94 Aoandvdi 2V a1 3W0Pahh in the

reactor is in through the bore 72 in the sacrificial anode 64 to the
gap 70, then through the gap 70 and around the periphery of the
cat hode, into the Brﬁxaxcm {BBatatemv én theercaatordlie cmlrﬁied:tmehytmmuchmsough t he

ef fl uent ndu bottaqm f 79, 0f the .c aode 6
Ceactor L stdiugechiatiy BayFE $RE3 1008 cabBhuSE Rt Mersat i
Figure 7, nar@énﬁmmﬁyesma nydf@leﬁqﬁr@maSnéiﬁopnomgdb@ad@ar td thel ar
waterflowch? %cte &IICSII’] g % Bilng
eedstoc enerally, hydrogen per0x1de 1$ useful er the contami-
nants are organic, and a higher level of hydrogen peroxide may be used
for higher levels of organic contaminants. The pH of the contaminated
25 water may also be adjusted prior to the reactor if required, a pH range

of about 3.5 to 7 being preferred.

In the reactor 26, the contaminated water flows in through inlet
port 58, through the bore 72 in the sacrificial anode 64 and radially
30 outward in the gap 70 between the active surface 86 of the anode 64 and



Sanpl es of wastewaters were treated in a |aboratory-scale apparatus

I n accordance with the invention. Various neasurenents were made 5 of
contam nant s/ paraneters of the feedstock and the effluent and, in
sone caseswodusigdge. The results are summari zed belpgiycakoanmpbte 1 A
sanpl e of nunicipal sewage was treated. The carbonaceous BOD of 10
the feedstock was 169 ng/L and of the effluent was 20 ng/L. The total
suspended solids of the effluent was 18-ng/L. The fecal coliform
content of the effluent was |less than the 1 colony per 100 m
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the active surface of the sacrificial anode is consumed, chemical reac-
tions occur and contaminants are electrocoagulated. From the first
5 reaction zone, the contaminated water flows into the gap 74 between the
non-sacrificial anode 66 and the side wall 76 of the cathode. In this
space, which is the second reaction zone of the reactor 26, it is believed
that further oxidation of contaminants occurs by means of various
reactions including Fenton reactions, ferrous ions (Fe**) and hydrogen
10 peroxide both being present, resulting in the formation of hydroxyl
radical oxidants.

The contaminated water flows from the second reaction zone into
the space 88 between the top wall 80 of the cathode and the upper wall
15 54 of the housing. It then flows into the opening 62 of the discharge
conduit 28, exiting the reactor.

Following treatment of the contaminated water in the reactor,

effecting coagulation of solids and oxidation of contaminants, including
20  bacterial contaminants, the effluent is treated to separate the coagulated

solids from the water. Various types of downstream processes can be

used to achieve this separation, for example a dissolved air flotation

system or a separating tank with a skimmer to remove solids. In the

preferred embodiment of the invention, the effluent from the reactor 26
25 s fed to a clarifier 30, shown in Figure 6.

A flocculant from a tank 40 is fed into the eftluent in conduit 28
prior to the effluent being fed into the clarifier. The type and concen-
tration of flocculant employed depends on the particular wastewater

30 feedstock.



Fecal Conform (colonies/100 m) 3 mllion <100 2.4 mllion 25The
marking -- indicates that the parameter was not neasured. Exanple 3
Five 5-gallon sanples of underground m ne water were treated. Mea-

surements weygigmmeke; of the level of various elenents ipgTidAgoibeedst ock
30 and in the treated effluent and, for Sanples 4 and 5 in the

sl udge. -The test results are shown in Tables 2 and 3. In a few cases,
the metal WD 2010/ 096891PCT/ CA2009/-0d0219 - 17 - content i ncreased,
for exanple for iron, manganese and sodium This is due to additions

of those el enents . fr.gm.the, sacrifi ¢i al I ' : in

during the treat mgﬂf“aﬁF@%ggﬁf%#goﬁhgﬁog‘%ﬁgggﬁ}as% &H%g]r?%?émg?d )
Eeegsi OCEE]{ $ : th@ﬂ%s oriented Spwpkds #2d heedstinakiet flhngenthan the diSawpdrent#3
eedstoc t %nmside of the conduit 28. This slows the flow rate of effluent into

the clarifier per unit area of the opening 90 to reduce turbulence.

The clarifier 30 has a generally cylindrical tank body with a
conical top wall 92 and a conical bottom wall 93. The volume of the
clarifier is sufficient, relative to the inflow rate of reactor effluent, that
the retention time in the clarifier is adequate to achieve separation of the

10 solids from the water. For example, the retention time may be about 5
to 8 minutes. The top wall 92 forms an angle at its point of juncture
with the cylindrical side wall 94 that is about 60° (relative to the hori-
zontal). The clarifier is supported on legs 96. There is an outlet port
98 at the bottom end of the clarifier, connected to the effluent outlet

15 conduit 34. The conduit is provided with an effluent pump 46. There
is an outlet port 100 at the upper end of the clarifier, connected to the
sludge outlet conduit 32. The conduit 32 is provided with a sludge
pump 44. A pair of vertically-spaced level sensors 102 are provided in
the upper wall 92 of the clarifier, to detect the level of water and

20 sludge. The effluent pump 46 regulates the water level through input
from these sensors,

The pumps 44, 46 operate so as to create a partial vacuum within
the clarifier, for example a pressure in the range of 5 to 25 kPa. By
25 means of the conduit 28 connecting the reactor 26 to the clarifier 30,
this partial vacuum is also applied to the full reactor system. Itis
believed that the treatment process in the reactor system is enhanced by
such partial vacuum.
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The partial vacuum within the clarifier enhances the separation of
the flocculated solids, which rise to the top of the clarifier, and the
water, which descends to the bottom of the clarifier. The solids com-
prise a sludge which exits the top of the tank through the outlet 100 and
is pumped by the sludge pump 44 through the outlet conduit 32. The
cleaned water, separated from the sludge, exits the bottom of the tank
through the outlet 98 and is pumped by the effluent pump 46 through
the outlet conduit 34. The cleaned water may be released to the envi-
ronment or subjected to further treatment, for example pH adjustment,
prior to release. A portion of the cleaned water exiting through the
outlet conduit 34 may be recirculated via a recirculation conduit (not
shown) into the reactor inlet conduit 24 for further treatment in the
system 20.

In an alternative mode of operation of the clarifier 30, a coagu-
lant, rather than a flocculant, is fed into the reactor effluent in the
conduit 28 prior io the effluent being fed into the clarifier. The coagu-
lant causes separated solids to sink to the bottom of the clarifier rather
than float to the top (as occurs with a flocculant). This mode of opera-
tion may be used when treating feedstocks having contaminants with
naturally negative buoyancy, for example heavy metals. The upper
outlet conduit 32 accordingly removes the cleaned water {rom the
clarifier and the lower outlet conduit 34 removes the sludge. The
pumps 44 and 46 are switched so that the upper outlet conduit 32 has an
effluent pump and the lower outlet conduit 34 has a sludge pump; and
the level sensors 102 are moved to the bottom wall 93. The opening 90
of the conduit 28 may be directed downwards.

It will be understood that the clarifier 30 (arranged to operate in
either of the two modes of operation) may be connected to receive the
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effluent of other types of electrocoagulation reactor, for example prior
art reactors.

The treatment system may be operated by means of a
programable logic computer (PL.C), with appropriate devices to mea-
sure and control fluid flows throughout the apparatus, electrical current
across the inter-electrode gaps, conductivity and pH of the feedstock,
pump speeds, fluid levels in the clarifier, and so on. The process is to
be run so as to produce cleaned effluent water meeting the requirements
for a particular application.

In another embodiment 126 of the reactor, illustrated in Figure 3, the
non-sacrificial anode is positioned horizontally above the cathode and is
moveable vertically with it as the cathode is moved to adjust the gap
between it and the sacrificial anode. The reactor 126 is otherwise
substantially the same as the reactor 26. More particularly, the reactor
126 has a rotatable cathode 168 that comprises a flat plate, and a non-
sacrificial anode 164 that comprises a flat plate, spaced from the upper
surface 180 of the cathode 168 by a gap 174. The non-sacrificial anode
164 does not rotate and is supported by support members 104 affixed to
a collar and bearing assembly 106. The collar and bearing assembly
106 permits rotation of the cathode shaft relative to the non-sacrificial
anode 164, which maintains a fixed vertical position on the shaft 84, so
that the non-sacrificial anode 164 (and the collar and bearing assembly
106) moves vertically with the cathode. The collar and bearing assem-
bly 106 is electrically insulated from the cathode shaft 84. A seal 108
extends the periphery of the non-sacrificial anode and the side wall 50
of the reactor housing, preventing the flow of water therebetween. The
active surface 86 of the sacrificial anode 64 is spaced from the lower
side of the cathode by a gap 70, this gap comprising the first treatment
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zone of the reactor 126, the gap 174 comprising the second treatment
zone. The treatment zones function in the manner described above for
the two treatment zones of the reactor 26 of the first embodiment. As
indicated by the directional arrows in Figure 3, wastewater enters the
reactor through the inlet port 58, flows through the bore 72 in the
sacrificial anode 64 and into the first gap 70. It then flows radially
outward in the gap 70, around the circumferential edge 176 of the
cathode and into the second gap 174. It then flows through the central
opening 114 in the non-sacrificial anode 164, into the space between the
upper wall 54 of the housing 48 and the non-sacrificial anode 164, and
then out through the effluent conduit 28.

A third embodiment 127 of the reactor, illustrated in Figure 4, i3
essentially the same as the reactor 126 of Figure 3, except for the
positioning of the collar and bearing assembly, which is outside the
reactor, and the support members which connect the non-sacrificial
anode 164 to the collar and bearing assembly. In reactor 127, the collar
and bearing assembly 106 is on the shaft 84 of the cathode 168 outside
and above the reactor housing 48. The assembly 106 has a pair hori-
zontal support members 128, and 2 pair of vertical support members
130 connect the non-sacrificial anode 164 to a respective horizontal
support member, The vertical support members 130 pass through ports
in the upper wall 54 of the reactor housing, and a water seal 132 is
fitted around the support member 130 at each port.

In a fourth embodiment 226 of the reactor, shown in Figure 5,
the wastewater inlet is through the rotatable cathode, rather than
through the sacrificial anode. The reactor has a sacrificial anode 264
fastened to the bottom wall 52 of the reactor housing 48, a rotatable
cathode 268 spaced from the upper, active surface 286 of the sacrificial
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anode 264 by a gap 70, and a cylindrical non-sacrificial anode 66
attached to the inside of the side wall 50 of the reactor housing 48, the
non-sacrificial anode being spaced from the cathode 268 by a gap 74.
The support shaft 84 of the cathode has a bore 110 therein and a bearing
5 and seal unit 112, connected to a wastewater inlet pipe 24, permitting

the flow of wastewater into the bore 110 and out through the opening
114 in the bottom wall 78 of the cathode and into the gap 70. The flow
of wastewater in this embodiment of the reactor is radially outward
through the gap 70, which comprises the first treatment zone, through

10  the gap 74, which comprises the second treatment zone, and into the
space between the upper wall 54 of the housing 48 and the top wall 80
of the cathode, and then out through the effluent conduit 28.

A fifth embodiment of the reactor, not separately illustrated in the

15 drawings, is the same in structure as the reactor 26 shown in Figure
2A, except it does not include the non-sacrificial anode or second
treatment zone (or electrical terminal 69). The single treatment zone is
defined by the gap 70 between the top surface 86 of the sacrificial
anode 64 and the bottom surface 79 of the rotatable cathode 68. The

20  water flow path in the reactor is in through the bore 72 in the sacrificial
anode 64 to the gap 70, then through the gap 70 and around the periph-
ery of the cathode, into the space 88 above the cathode and then out
through the effluent conduit 28. The bottom face 79 of the cathode 68
of the reactor has surface features as described above and shown in

25 Figure 7, namely grooves 82 or raised studs 89 to produce particular
water flow characteristics in the gap 70.
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Examples

Samples of wastewaters were treated in a laboratory-scale appara-
tus in accordance with the invention. Various measurements were made
5 of contaminants/parameters of the feedstock and the effluent and, in
some cases, the sludge. The results are summarized below.

Example 1

A sample of municipal sewage was treated. The carbonaceous BOD of
10  the feedstock was 169 mg/L and of the effluent was 20 mg/L.. The total

suspended solids of the effluent was 8 mg/L.. The fecal coliform

content of the effluent was less than the 1 colony per 100 ml detection

lirnit of the test.

15 Example 2
Another sample of municipal sewage was treated. The test results are
set out in Table 1.

Table 1
20 Test Feedstock Eftluent Sludge
Fe (mg/L}) 0.15 - 3
Total Solids (mg/L) 180 16 -
Total BOD (mg/L) 270 40 -
Fecal Coliform {colonies/100 mi) 3 million < 100 2.4 million

25 The marking -- indicates that the parameter was not measured.

Example 3

Five 5-gallon samples of underground mine water were treated. Mea-

surements were made of the level of various elements in the feedstock
30 and in the treated effluent and, for Samples 4 and 5 in the sludge. The

test results are shown in Tables 2 and 3. In a few cases, the metal
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content increased, for example for iron, manganese and sodium. This
is due to additions of those elements from the sacrificial anode or by
chemical dosing during the treatment process.

5 Table 2
Element Sample #1 Sample #2 Sample #3
Feedstock Effluent | Feedstock Effluent | Feedstock Effluent
Aluminum 11 0.6 22 0.7 10 3
10 Barium 0.2 0.08 0.34 0.06 0.16 0.07
Boron 0.5 0.3 0.5 0.2 0.3 0.4
Calcinm £150 025 1300 928 916 667
Cobalt 1.5 0.6 2.1 0.5 1.3 0.4
Copper 35.1 1.2 80.2 1.2 34.9 7.6
15  |Iron 114 26.3 279 26.5 91.4 138
Magnesium 74 57.3 88 56.0 63 40
Manganese 2.43 3.81 2.96 3.32 2.13 2.97
Molybdenum 0.4 0.2 0.4 0.2 0.4 0.4
Nickel 48.7 22.5 59.1 16.2 43.8 3.1
20 | potassium 86 74 95 74 72 46
Silicon 39 2.9 45 2.2 35 10
Sodium 475 549 509 402 392 318
Strontium 17.7 14,6 19.1 14.6 14.4 9.78
Titanium 0.6 0.05 1.6 0.05 0.6 0.1
25 | Zinc 1.8 0.38 2.8 0.25 0.5 0.7

Measurements are in mg/L,




36 Boron <0.1 0.028 <10 0.1 0.114 18 Calcium 278 229 13000 1020 815
42100 Chromium <0.1 <0.001 90 <0.1 <0.001 30 Cobalt 0.2

WO 2016/096891 PCT/CA2009/006219
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Table 3
Element Sample #4 Sample #5
Feedstock  Effluent Sludge Feedstock  Effluent Sludge
S | Abminum 2.6 0.01 3910 0.5 <0.01 358
Barium 0.16 0.045 18 0.16 0.147 36
Boron <0.1 0.028 <10 0.1 0.114 L8
Calcium 278 229 13000 1020 815 42160
Chromium <0.1 <0.001 90 <0.1 <{.001 30
10 | cobalt 0.2 0.083 163 0.2 0.0224 236
Copper 2.2 0.029 5730 <{.2 0.0318 1030
Iron 0.4 1070 407000 0.4 10.4 384000
Lead <0.3 <0.0002 103 <0.3 0.0005 71
Magnesium 359 214 1720 99.9 87.1 4780
15 Manganese 114 1.28 2900 1.43 1.1 1360
Molybdenum <02 {0.0008 <20 <0.2 0.0061 <20
Nickel 8.8 2.95 6090 10.1 0.968 10200
Potassium 21 18.2 773 <1.5 64.6 2550
Silicon 7.2 0.7 2260 70 0.9 387
20 Sodium 151 370 13700 484 42} 17600
Strontiutn 0.96 0.923 65 13.6 12.3 690
Titanium <0.5 <0.02 14 <0.05 <0.02 14
Zinc 0.42 0.021 566 0.3 0.008 510

Measurements are in mg/L.

25
List of Reference Numerals in the Drawings

20 treatment system

22 source of contaminated water
30 24 conduit into reactor

26 reactor

28 conduit into clarifier

30 clarifier




0.083 163 0.2 0.0224 236 Copper 2.2 0.029 5730 <0.2 0.0318 1030 Iron
0.4 1070 407000 0.4 10.4 384000 Lead <0.3 <0.0002 103 <0.3

WO 2010/096891 PCT/CA2009/600219
- 19 .

32 sludge outlet conduit
34 effluent outlet conduit
36 salt tank
38 hydrogen peroxide tank
5 40 flocculant tank
42 feedstock pump
44 sludge pump
46 effluent pump
48 reactor housing
10 50 side wall of housing
52 bottom wall of housing
54 upper wall of housing
36 reactor base
58 reactor inlet
15 60 reactor outlet
62 opening in conduit 28
64 sacrificial anode
65 terminal on sacrificial anode
66 non-sacrificial anode
20 67 terminal on cathode
68 cathode
69 terminal on non-sacrificial anode
70 first gap
72 bore in sacrificial anode
25 74 second gap
76 side wall of cathode
78 bottom wall of cathode
79 bottom surface of cathode
80 top wall of cathode
30 82 grooves in cathode




0. 0005 71 Magnesium 35,9 21.4 1720 99.9 87.1 4780 Manganese 1.14 1.28
2900 1.43 1.11 1360 Mol ybdenum <0.2 0.0008 <20 <0.2 0.0061 <20 N ckel

WO 2010/096891 PCT/CA2009/800219
-20 -

83 center of cathode

84 shaft of cathode

85 periphery of cathode

86 active surface of sacrificial anode

3 87 lands of cathode face

88 space above cathode

89 studs on cathode face

90 inlet in clarifier

91 water flow paths
10 92 upper wall of clarifier

93 bottom wall of clarifier

94 side wall of clarifier

95 bushing and seal assembly

96 legs of clarifier
15 98 outlet for effluent

100 outlet for sludge

102 level sensors

104 support members

106 insulated collar and bearing assembly
26 108 seal on anode 164

110 bore in cathode shaft

112 bearing and seal unit

114 central opening in cathode shaft 84

126 second embodiment of reactor
25 127 third embodiment of reactor

128 horizontal support members

130 vertical support members

132 seal on vertical supports

164 non-sacrificial anode
30 168 cathode




8.8 2.95 6090 10.1 0.968 10200 Potassium 21 18.2 773 <1.5 64.6 2550
Silicon 7.2 0.7 2260 70 0.9 387 Sodium 151 370 13700

WO 2010/0968%1 PCT/CA2009/000219

10

-21 -

174 second gap

176 periphery of cathode

226 fourth embodimeént of reactor
264 sacrificial anode

268 cathode

286 active surface of sacrificial anode

Although the invention has been described in terms of various
embodiments, it is not intended that the invention be limited to these
embodiments. Various modifications within the scope of the invention
will be apparent to those skilled in the art. The scope of the invention
is defined by the claims that follow.




484 421 17600 Strontium 0.96 0.923 65 13.6 12.3 690 Titanium <0.5
<0.02 14 <0.05 <0.02 14 Zinc 0.42 0.021 566 0.3 0.008 510

-22-
WHAT IS CLAIMED IS:
1. An apparatus for treating contaminated water comprising:
5 (a) an electrocoagulation reactor comprising:

(i) ~ a reaction vessel having an inlet for inflow of water
and an outlet for outflow of water from the reaction

vessel;
10
(iiy  a sacrificial anode;
(iii)  a rotatable cathode;
13 (iv) a non-sacrificial anode;

(v)  a first gap between the sacrificial anode and the cath-
ode, the first gap comprising a first treatment zone
downstream of the inlet, the sacrificial anode and the

20 cathode being adapted to apply a first voltage across
the first gap;

(vi) asecond gap between the non-sacrificial anode and
the cathode, the second gap comprising a second
25 treatment zone downstream of the first treatment
zone, the non-sacrificial anode and the cathode being
adapted to apply a second voltage across the second
gap, whereby a flow path of water through the reac-
tion vessel is from the inlet to the first treatment

AMENDED SHEET



Measurenents are in ng/L. List of Reference Nunerals in the Draw ngs
20 treatnent system 22 source of contam nated water 30 24 conduit
Into reactor 26 reactor 28 conduit into clarifier 30 clarifier - 19
- 32 sludge outlet conduit 34 effluent outlet conduit 36 salt tank

38 hydrogen peroxide tank 5 40 flocculant tank 42 feedstock punp 44
sl udge punp 46 effluent punp 48 reactor housing 10 50 side wall of
housi ng 52 bottomwall|l of housing 54 upper wall of housing 56 reactor
base 58 reactor inlet 1560 reactor28utlet 62 opening in conduit 28 64
sacrificial anode 65 term nal on sacrificial anode 66

non-sacrificial anode 20 67 term nal on cat hode 68 cat had
zone, then to the second treatment zone and then to

- the outlet.

2. An apparatus according to claim 1, wherein the reaction
5 vessel is cylindrical with a circumferential side wall, a bottom
wall and a top wall.

3. An apparatus according to claim 2, wherein the top wall is

conical. '
10

4. An apparatus according to claim 2 or 3, wherein the inlet is
through the bottom wall of the reaction vessel.

5. An apparatus according to any one of claims 1 to 4,

15 wherein the sacrificial anode has a bore therethrough for the flow
of water from the inlet to the first treatment zone.

6. An apparatus according to claim 2, wherein the non-sacrifi-
cial anode is cylindrical and adjacent to the circumferential side

20 wall.

7. An apparatus according to any one of claims 1 to 6,
wherein the cathode is rotatable about a substantially vertical
axis.

25 _
8. An apparatus according to any one of claims 1 to 7,

wherein the cathode is cylindrical with a bottom wall, a top wall
and a circumferential side wall.
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69 term nal on non-sacrificial anode 70 first gap 72 bore in
sacrificial anode 25 74 second gap 76 side wall of cathode 78 bottom

wal | of cathode 79 bottom surface of cathode 80 top wall of
cat hode 30 82 grooves in cathode - 20 - 83 center of cathode 84
shaft of cathode 85 periphery of cathode 86 active surface of

sacrificial anode 5 87 | ands of cathode face 88 space above cat hode
89 studs on cathode face 90 inlet in clarifier 91 water flow paths 10
92 upper wall of clarifier 93 bottomwall of clarifier 94 side wall
of clarifier 95 bushing and seal assenbly 96 |legs of clarifier 15 98
outlet for effluent 100 outlet for sludge

9. An apparatus according to any one of claims 1 to 8,

wherein the first gap is between the upper surface of the sacrifi-
cial anode and the bottom surface of the cathode.

5 10 An apparatus according to claim 8, wherein the second gap
is between the circumferential side wall of the cathode and the
non-sacrificial anode.

11. An apparatus according to claim 2, wherein the outlet is in
10 the top wall of the reaction vessel,
12. An apparatus according to any one of claims 1 to 7,

wherein the cathode is a circular disk having a bottom surface, a
top surface and a peripheral surface.

15

13. An apparatus according to claim 2, wherein the non-sacrifi-

cial anode is a disk having an upper surface and a lower surface,
the non-sacrificial anode extending between the circumferential
side walls of the reaction vessel and having a bore therein for the

20 flow of water.

14, An apparatus according to claim 1, wherein the second
reaction zone is between the upper surface of the cathode and the
lower surface of the non-sacrificial anode.

25 .

15. An apparatus according to any one of claims 1 to 14,
wherein the cathode is movable in a direction parallel to its axis
of rotation.
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102 | evel sensors 104 support nenbers 106 insul ated collar and
beari ng assenbly 20 108 seal on anode 164 110 bore in cathode shaft
112 bearing and seal unit 114 central opening in cathode shaft 84 126
second enbodi nent of reactor 25 127 third enbodi nent of reactor 128
hori zontal support nenbers 130 vertical support nenbers 132 seal on
vertical supports 164 non-sacrificial anode 30 168 cathode -21- 174
second gap 176 periphery of cathode 226 fourth enbodi nent of reactor
264 sacrificial anode 5 268 cat hode5286 active surface of sacrificial
anode Al t hough the invention has been described in terns of

various enbodinents, it is not in ded that .the Jjnvention be limted
to these 10 Hwodi mends. app&ﬁﬁﬂ@@ﬁ%@ﬂ& f%%l?%ﬁsorvéljt HYI?‘Fr?'I‘?éRQBBB'e of

the invention wil hcﬂ%lﬁlpﬁﬁﬁérii nid?abl@QﬁQ ditectibf Patdllel kethrrdxis dhe scope
of the invention i1s defined K he clains that follow - 22 - WHAT
|'S CLAIMED | S: 1rpiatigpeaths ¢aheds: treating contam nated water
conprising: 5(a)an el ectrocoagul ation reactor conprising: (i) a

reaction vessel havi % an inlet for_infl ow of water, and aR tht | et for
outflow of whler fronAnH@prrasisacenrdiagnetiaimd, whereig theeathegechas
anode; a shaft and the shafi is rotatably connected to the non-sacrificial
anode.
18. An apparatus according to claim 17, wherein the cathode
10 shaft is rotatably connected to the non-sacrificial anode by a
connector located within the reaction vessel.
19. An apparatus according to claim 17, wherein the cathode
shaft is rotatably connected to the non-sacrificial anode by a
15 " ‘connector located outside the reaction vessel.
20. An apparatus according to any one of claims 1 to 3,

wherein the cathode is rotatable on a shaft and the cathode and
shaft have a bore therein for the flow of water into the first
20 treatment zone.

21. An apparatus according to any one of claims 1 to 12,
wherein the sacrificial anode is non-rotational.

25 22. An apparatus according to claim 1 or 21, wherein the non-
sacrificial anode is non-rotational.

23. An apparatus according to any one of claims 1 to 22,

further comprising power source means for applying the first
30 voltage and the second voltage.
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(itii) a rotatable cathode; 15(iv) a non-sacrificial anode; (v) a
first gap between the sacrificial anode and the cathode, the first
gap conprising a first treatnent zone downstream of the inlet, the
sacrificial anode and the 20cat hode bei ng adapted to apply a first

vol tage across the first gap; (vi) a second gap between the
non-sacrificial anode and the cathode, the second gap conprising a
second 25treatnent zone downstreamof the first treatnment zone, the
non-sacrificial anode and the cat hoge being adapted to apply a second
vol t age across the second gap, whereby a flow path of water through
the reaction vessel is fromthe inlet to the first treatnent - 23 -
zone, then t#the secAndpparssusascordiogéo amyounehclaong héoddtlet. 2. An
appar at us accor di i i r i sel is

oyl ndr i car i ¢ n GiENAIAE £ seolPRP Y reckfi' i BRSS! 15 L (op
wal | . 3. An apparictrocazguwatiimrgacior outlenosepaater salids from clganwal | i s
conical. 10 4. Agwﬁéparatus according to claim2 or 3, wherein the
inlet is through "bottomwall of the reaction vessel. 5. An
apparatusyaccording to any one of clains Ito 4, 15wherein the

sacrificial ode has,a bore. ther [0 for,,the fl. 0 from
the inlet to*the fi rs‘fxntquﬁ'E%n?cc%ﬂgg &g&aﬁﬁ zépﬂlgﬂeﬁe%‘ﬁgl%%ecp\é%ﬁﬁg to
clai m 2, wher ei nig belarifierdawingf a cyladdrivabside ivalic hiupger voall anddh

adj acent to the circunpferenti side 20wall. 7. An apparatus
according to any “BREALPOIGIWALL 1 {5 6, wherein the cathode is

rot at abl e about a substantially vertical axis. 25

10 26. An apparatus according to claim 25, wherein an iniet
conduit in the clarifier has an opening larger in cross-sectional
area than the inner cross-sectional area of the conduit.

27. An apparatus according to claim 26, wherein the inlet
15 conduit opening in the clarifier is directed upwards.
28. An apparatus according to claim 25, wherein the clarifier

has an upper outlet at its top end connected to an upper outlet
condnit, and a lower outlet at its bottom end connected to a lower

20 outlet conduit.

29. An apparatus according to claim 28, wherein the upper
outlet is a solids outlet and the lower outlet is a cleaned water
outlet.

25

30. An apparatus according to claim 28, wherein the upper
outlet is a cleaned water outlet and the lower outlet is a solids
outlet.
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8. An apparatus according to any one of clainms Ito 7, wherein the
cathode is cylindrical with a bottomwall, a top wall and a
circunferential side wall. - 24 - 9. An apparatus according to any
one of clains-1 to 8, wherein the first gap is between the upper
surface of the sacrificial anode and the bottom surface of the
cat hode. 5 10. An apparatus according to claim8, wherein the second
gap is between the circunferential side wall of the cathode and the
non-sacrificial anode. 11. An appardtus according to claim2, wherein
the outlet is in 10the top wall of the reaction vessel. 12. An
apparatus according to any one of cJlains 1’t§87 erein the cathode
t

is a circul adl.di sk hadnigDarapisaceprding o elaim 4 CPEWPESYR? a

peripheral surfaggg ﬁén%%pcﬁﬂo%W@mééwdQQ%&&Mr foatlel eondug, andher ei n
t he non-sacrifici aF anode 1's a dji'sk havi ntgsh?n

upper surface and a
| ower surface, tBeseaond BUBPiODEEAEY4RIEC %Fftﬁplﬁﬁ'ef)@f‘uﬁte‘f?wg'
circunferential side walls of the reaction vessel and having a bore

therein for the 20fl ow of water. 14. An apparatus accordi ng}to claim
1, wherei®h t32 secondAneppeiabis acepuiing thelaimda, SLSREPISE ace of

the cathode and the.lpQ se%kﬁrfs%ﬁeché’fugf)&ewﬂﬁ’%fﬁﬁcéliilfiﬁ@li gperafiode. 25
g to any one of cl 4

15. An apparatus ‘accordin ains 1 to 14, wherein the
cat hode i s novabloennected th theovatehoplat MMP. to its axis of rotation.
- 25 - 16. An apparatus according to claim1l or 13, wherein the non-
sacrificial anode is novable in a direction parall.el to the axis of
rotation of Bhe cathodm appatarusraccardiag to ary aseof daigs {60&Bai m 1,

wherein the cathoge. asya flaldiae% LRSSRN mSeldiddblpy, connect ed

to the non-sacrif apparatus according to claim 17,
wherein the cat hode '

34, An apparatus according to any one of claims 1 to 23,
wherein the first voltage is equal to the second voltage.

15 35. An apparatus according to any one of claims 1 to 23,
wherein the first voltage is less then the second voltage.

36. An apparatus according to any one of claims 1 to 35,
wherein the rotatable cathode has an active face generally perpen-
20 dicular to the axis of rotation of the cathode, the active face
having a center and a periphery, the active face having surface
features which define a plurality of water flow paths from the
center to the periphery.

25 37 An apparatus according to claim 36, wherein the surface
features comprise channels.

38. An apparatus according to claim 37, wherein the channels
are curved or straight.
30
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10shaft is rotatably connected to the non-sacrificial anode by a
connector |located within the reaction vessel. 19. An apparatus
according to claim 17, wherein the cathode shaft is rotatably
connected to the non-sacrificial anode by a 15connector | ocated
outside the reaction vessel. 20. An apparatus according to any one of
clainms 1 to 3, wherein the cathode is rotatable on a shaft and the
cat hode and shaft have a bore therein for the flow of water into the
first 20treatnment zone. 21. An appargtus according to any one of
clainms 1 to 12, wherein the sacrificial anode is non-rotational. 25
22. An apparatus according to claiml or 21, erein the non-

sacrificial ahode is ASAPPATAHS an6arding 10 gl s whesain dbe ehanngls (o any
one of clainms |tqzeoutwardly fromf the cRRfer GPHRE Fatk RS ROMGIpheAKT C€ Means
for applying theq}a}%r st 30v3,I t age atncg t he second vol tagep. @J 26 - 24.
An appar atus accdhefieafy to any one of clainms 1 to 23, further
including a separator to receive effluent fromthe el ectrocoagul ati on
reactor outlet to separate solids fromclean water. 5 25. An '
appar at us3 acé@r di ng t Ancipparatsaccarding ito Claim e peheseiorthe surfacel arifi er
having a cylindri [ I n upper wall and a conical bottom
wall. 10 26. An apf%%tpg‘%u%%adggérsg’}d%g to claim 25, wherein an inlet
conduit in the clarifier has an opening larger in cross-sectional

area than thg;inner crOsS- i . t i

appar at us ac%!)‘r di ng té?lcq%glﬁﬁagﬁ \%%ﬁé?d;\lc@;% I nl‘ﬂﬁ?%gc%%sdté# af?geni ng
in the clarifier circulirieatpzneuparatielsto th8 facarofahpaathods according to
claim 25,,wherein the clarifier has an upper outlet at its top end
connect eboto an upper outlet conduit, and a | ower outlet at its

bott om end céBnect ed Am apphrmvesrac26rding ¢d anpodeiof claims 1 to 41,
further comprising an electrolyte source for adding electrolyte to
the water to be treated.

15 43, An apparatus according to claim 42, wherein the electrolyte
is sodium chloride.

44, An apparatus according to any one of claims 1 to 43,
further comprising a hydrogen peroxide source for adding hydro-
20 gen peroxide to the water to be treated.
45. ~ An apparatus according to any one of claims 1 to 44,

further comprising a flocculant source for adding flocculant to the
water exiting the reaction vessel.
25
46. An apparatus according to any one of claims 1 to 44,
further comprising a coagulant source for adding coagulant to the
water exiting the reaction vessel.
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29. An apparatus according to claim28, wherein the upper outlet is a
solids outlet and the lower outlet is a cleaned water outlet. 25 30.
An apparatus according to claim28, wherein the upper outlet is a

cl eaned water outlet and the |lower outlet is a solids outlet. - 27 -
31. An apparatus according to claim 28, further conprising a first
punp operationally connected to the upper outlet conduit and a second
punp operatively connected to the |o outlet conduit. 5 32. An
apparatus according to claim 25, furtter conprising water |evel

sensor g~on the u f l.arj fi IV onARG o]

t he ma?gi outIetR%ﬁﬁ%ﬁ@é§§%£86§§3gggﬁﬁéﬂg@%gfgpﬁgktgh%ﬁ§’one %ﬁpaﬁ
claims Ito R3st 4@ehaoriof thaamohi-sastifwadl agedd & graeed evith Had,t he second
vol tage. 34. An apparatus according to any one of clains 1 to 23,
wherein the first voltage is equal to the second voltage. 15 35. An
appar aygs accor dARGdAr AR R06rdhe tbAfPorde bE cRims'6S 87N wiflefi et
voltage Is |l ess then'the second voltagé. 36. An apparatus according to
any one of kehai apottion cd5he whthaelenstdvatedmattabi@,.cat hode has an
active face generally perpen- 20dicular to the axis of rotation of

t he cathode, the active face having a center and a periphery, the

activegqbace having zﬁﬂﬁafrit‘%t@ afcééfdiflgfto"éfﬂyc@néjgf cREnR PtEs! wherein Ht er
flow paths fromthe Center to the periphery. 25 37. An appar at us

accordi ng treactianniesssl wrdessidnta the yomrdspherd.eat ures conpri se
channel s. 38. An apparatus according to claim37, wherein the channels
are curved or straight. 30

50. An clectrocoagulation reactor for treating contaminated water,

comprising:

(a)  areaction vessel having an inlet for inflow of water and an outlet for

outflow of water;
(b)  a sacrificial anode;
(c)  a rotatable cathode having an active face;

(d) a gap between the sacrificial anode and the active face of the
cathode, the gap comprising a treatment zone downstream of the
inlet, the anode and the cathode being adapted to apply a voltage

across the gap;

wherein the active face of the cathode has a center and a periphery
and a plurality of walled channels extending across the active face of the

cathode from the center to the periphery.



- 28 - 39. An apparatus according to claim 37, wherein the channels
flare outwardly fromthe center of the face to the periphery thereof.
5 40. An apparatus according to claim 36, wherein the surface features
conprise studs. 41. An apparatus according to claim40, wherein the
studs are circular in a plane parallel to the face of the cathode. 10
42. An apparatus according to any one of clains Ito 41, further
conprising an el ectrolyte source for ggdding electrolyte to the water
to be treated. 15 43. An apparatus according to claim42, wherein the
electrgiyte is saqijpehharicdsrdif-oAlaRRBY. AieAf AR didlthloapnly one
of clains 1 to 43, rther conpriSing a hydrogen peroxide source for
addi ng hydrstr@a@héen peroxide to the water to be treated. 45. An
apparatus according to any one of clains 1 to 44, further conprising
a floccul ant source for adding flocculant to the water exiting the
reactign, vessel . AR5 ffaratil RRRBAIIAEUS AFIERBYI Rehdreirfihe egrls gtai ms 1
to 44, further conprising a coagulant source for addi ng coagul ant to
the water e§itviedg the reaction vessel. - 29 - 47. An apparatus
according to any one of clainms 1 to 46, wherein at |east a portion of
the non-sacrificial anode is coated with Ti02. 48. An appar atus
accordsfg to anyAangparattkaiceBrdingQo4lainvier, evtierain tiRaciarmeldntd on of
the cathode is cpated with Ti02. 49. An apparatus according to any
one of claipeted.o 48, wherein the reaction vessel is closed to the
at nosphere. 50. An el ectrocoagul ation reactor for treating

contam nated water, conprising: (a) a reaction vessel having an inlet
for inBlhow of waAerappada@s agubtdingftorclawih SOowlafreuwatirer chdnelaare
sacrificial anode;, (c) a rotatable cathode having an active face; (d)
a gap bet wedMapREEdacrificial anode and the active face of the

cat hode, the gap conprising a treatnent zone downstream of the inlet,
t he anode and the cathode being adapted to apply a voltage across the

gap; 55. An apparatus according to claim 50, wherein the channels are spiral-
shaped.
56. An apparatus according to claim 50, wherein the reaction vessel is

closed to the atmosphere.

57. An electrocoagulation reactor for treating contaminated water,

comprising:

(a) a reaction vessel having an inlet for inflow of water and an outlet for

outflow of water;

(b)  a sacrificial anode;

(¢)  a rotatable cathode having an active face;



wherein the active face of the cathode has a center and a periphery
and a plurality of walled channels extending across the active face
of the cathode fromthe center to the periphery. -30- 51. An
apparatus according to claim50, wherein the channels are straight.
52. An apparatus according to claim50, wherein the channels are
curved. 53. An apparatus according to claimb50, wherein the channels
are tapered. 54. An apparatus accorqg?g to claim50, wherein the
channel s are untapered. 55. An apparatus according to claim50,

wher ei n_t hggghanngelsbéfvrectPineadacsifRRAGMNRR: af tRPRANA! BiveasCOkdi Ng to
claim 50, wherein the reaction vessel is closed to the atnosphere.
57. An el ect r occathilds: ithe grpaomaprisiog a ireatmer wuiet doRvasireamve &,

conprising: (a)-: eaction, ve havi n inket, f infl ow wat er
and an outl et féﬁleéu@% %Wralgfarféﬁ%:r?ﬁﬁgagg%é%#i?gtgggﬁ a&’ﬁjﬁﬁé;vﬁi “a
rot at abl e cat hod@rdmv[he%a@rj active face; -31- (d) a gap between the
sacrificial anode and the active face of the cathode, the gap
conprising a treatnment zone downstream of the inlet, the anode and

t he cat hode bei d . S : :
wherein the cat NAACREUEECARREER Mgkl WFASHREARIpAARE O R jts axis of |
rotation faootajrufdmeatijusoientthof testistanee acrasssthepapgap. 58. An

el ectrocoagul ation reactor according to claim57, wherein the
sacrificial anode has a bore therethrough for the flow of water from
the i t toth gt i im
57, wharei n the ¥ baa Oy e e P ey M
met hod of tspedfict anodedmsnabert therethroeghmior shenffowhef stagpsfroin tia)
provi di ng an ?I efftr cogrﬂul ation reactor having a water inlet, a water
outlet, a dRISTER{NRLGAIMERLFPRG i al anode and a rotating cat hode
conprising a first treatnent zone, and a gap between the rotating
cathode and a non-sacrificial anode conprising a second treatnent
zone; %) appl yirgappdtates agtordingtoyelang ¥06) whgeeindhessadtion vessst is

t r eat ment zgnedagréd a stecon%il el ectrol yzing vol tage across the second
treat ment ZOMES Pnc atmpsphere.

f

60. A method of (reating contaminated water, comprising the steps of:

(a) providing an electrocoagulation reactor having a water inlet, a water
outlet, a gap between a sacrificial anode and a rotating cathode
comprising a first treatment zone, and a gap between the rotating
cathode and a non-sacrificial anode comprising a second treatment

zone;
(b) applying a first electrolyzing voltage across the first treatment zone
and a second electrolyzing voltage across the second treatment zone;

and

(c) flowing the water from the inlet, through the first treatment zone,




t hen through the second treatnent zone, and then through the outlet.
61. A nethod according to claim60, further conprising adding an
electrolyte to the water to be treated. 62. A nethod according to
claim60 or 61, further conprising addi ng hydrogen peroxide to the
water to be treated. 63. A nethod according to any one of clainms 60
to 62, further conprising adding floccul ant or coagulant to the water
exiting the reactor outlet. 64. A nmetfyod according to any one of
claims 60 to 63, further conprising adjusting the position of the

cat hode to achi ehenahtmsily ek sicohdneeatamnosonthand ithat lgapghthe dtlet.
met hod according to any one of clains 60 to 64, further conprising
passing the effluent fromthe el ectrocoagul ati on reactor through a
separagor and se j j I t
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oper at i vel yeleoirobat e¢d the veatepto be toestéd.ow punp and to a water outfl ow
punp. 67. A method according to claim66, further conprising
operating the solids outflow punp and the water outflow punp so as to
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hydrogen peroxide to the water to be treated.

63. A method according to any one of claims 60 to 62, further
comprising adding flocculant or coagulant to the water exiting the reactor
outlet.

64. A method according to any one of claims 60 to 63, further

comprising adjusting the position of the cathode to achieve a desired

distance across the first gap.

65. A method according to any one of claims 60 to 64, further
comprising passing the effluent from the electrocoagulation reactor through

a separator and separating solids from cleaned water.

66. A method according to claim 65, wherein the separator is a clarifier

operatively connected to a solids outflow pump and to a water outflow

pump.

67. A method according to claim 66, further comprising operating the
solids outflow pump and the water outflow pump so as to create a partial

vacuum in the clarifier and in the treatment train.



