TI TLE OF THE | NVENTI ON: APPARATUS AND METHOD FOR DI SSOLUTI ON OF QZONE I N
WATER AND CATALYTI C OXI DATI ON BACKGROUND OF THE | NVENTI ON [ 0001] Ozone is a
power ful disinfectant and is used to oxidi ze bi odegradabl e organic

contam nants fromdrinking water. It is useful in renoving the taste and
odor - causi ng 5conpounds that are produced by blue-green algae in the
surface water. Ozone is also used for tertiary treatnent to renove the
trace contam nants fromfiltered municipal waste water before reuse as

i ndirect potable water or being discharged to environnentally sensitive
regions. For the synthetic organic contam nants such as MIBE, TCE, 1,4

di oxane etc. typically found in chem cal contam nated ground water 10sites,

an advanced oxi dation process |ﬁTg§@#T,L|QQ|Q@tﬁ)¢m can be used in
conbi nati on with hydrogen peroxi de and/or catal ysts t roduce édroxyl

radi cal s whi c‘hPB&R&uTPé ANE METHOP: ROR RSIPLHTIQN OF04 rEa!Ht\ﬁ’A NRyI
radicals are produced by the redATARYDEIQRRAYSHne and hydrogen per oxi de
or a catalyst in the agueous phase. This type of treatnent is referred to
in the industry as an 15"advanced oxidation" process. [0003]Czone gas is
comonl y produced in a cor oA GRRMNROF ISR W?Q%r fromair or high
purity oxygen.. The typical concentration of ozone in gas phase ranges from
3 to 14% ap;?é]wdl r%z%ﬁ’ is APoyerfel tisinfecizptiand ignged heddies Riodeeragdablee{gasic i n

the gas feeghtamf@nisfor® dRNENGRBRY AL i‘sQi@equﬁQBﬁ'obnﬁ%Qﬁb \Rfeldnd sRMIcEBEIAg
processes d%_ﬁend 20upon transfer of ozone fromt rgas phase to the wat er

Dhase for SXMBRHNOSNAET PERSHERd by RLEIPRIAIEEE APP SURAH BRIES QZend S Alshoen

used to trag@cmhe@mgﬁeatrn@m PR rvadee tricd tdtdminBhB Snf AferédMubidioapses of
wat er treat nent 00 One such known process is_a bubble coI um or basin

reactor, wWHASS walenhafaededsy %ﬁ'ge'r%mm'eowatsa%r heinhdSeA9A 1°f user s | ocat ed

at the bot bAMoAmehtifly GBhsiive régRhs IasTitil syhittetie Qrgliile &dntaAmhRtsisticlh skl ed with
wat er and ozone_gas 1s introduced through
MTBE, TCE, 1,4 dioxane etc. typically found in chemical contaminated ground water

10  sites, an advanced oxidation process is used.

[0002] Ozone can be used in combination with hydrogen peroxide and/or catalysts to

produce hydroxyl radicals which oxidize the recalcitrant organic contaminants. Hydroxyl

radicals are produced by the reaction between ozone and hydrogen peroxide or a

catalyst in the aqueous phase. This type of treatment is referred to in the industry as an
15  “advanced oxidation” process.

[0003] Ozone gas is commonly produced in a corona discharge-based generator
from air or high purity oxygen. The typical concentration of ozone in gas phase ranges
from 3 to 14%, depending on the generator power and concentration of oxygen in the
gas feed used for ozone generation. Ozone-based water treatment processes depend

20  upon transfer of ozone from the gas phase to the water phase for oxidation of organic
contaminants. Various processes have been used to transfer ozone from gas phase to
liquid phase for the purposes of water treatment.

[0004] One such known process is a bubble column or basin reactor, which
comprises a large column or basin and gas diffusers located at the bottom of the column
25  orbasin. The column or basin is filled with water and ozone gas is introduced through
the gas diffusers. Fine bubbles of ozone gas rise through the water in the column or
basin, which promotes dissolution of the ozone into the water (also referred to herein as

-1-



the gas diffusers. Fine bubbles of ozone gas rise through the water in the
colum or basin, which pronotes dissolution of the ozone into the water
(also referred to herein as "ozone transfer"). Ozone transfer efficiency
can be inproved by capturing and recircul ati ng undi ssol ved ozone fromthe
top of the colum or basin and/or passing the ozone through a series of
colums or basins using baffles. One problemw th this dissolution nmethod

's that thioZane ITAGSIER). pRRas ANsiarEMisiancyFan Be SPPFOYeH PAFARINGANDver ¢ i Mo, 5

whi ch advefgatWatingPdrdissoRB8H o brenss theAﬂibtJ?@rﬁe 841GRh @bk BndoFpadsitRthe based
ozone transfer Brocess Is that | arge and deep basins are required for

effective PFARINEUOIRR serieh el UuURRS ar basing Le?m aftes. @ne prablem Wi #Ys 0zone

transfer peﬁsﬁmﬁmaﬂhedrseﬂhaiﬂhéej.ﬁusndaqiofré%ﬁné ?a@ams’&t icdNy QY dverimber -
[ 0005] Anot her known ozone transfer nethod is the use of a venturi ej ect or,

in whi ch 100 @dvemselxdmpacts ReForRECee ANBNPT BiRRleRY, Wiz a giuspbassdeazore at t he

throat of {rhesfastbedds.is tHat Rrgeaid'déepdsEmhft 41BT e@?é‘r &HbivedParidfe? bf bone
systenms with relatively |ow water flow rates. stens that operate at

relativel yta watge W‘I@W“Pat @lusesbgesd pEADedransies W@?escadﬁ rﬁé"‘(ﬁ%‘@?fﬂ"@ér“i nto a

"slip stregEhds oMb tkdmafefenturi is located. The slip streamis then
I njected back into the main streamand m xed into the nmain stream by

turbul ent ;doosa 1 Aehetiknewh %Qoﬁé fr e BEthed |s tﬁehb@dfa Seﬁtmme}éa{drm Which
effectjyve rel ati velr%/taﬁow gse .ozone transfer | ess).

[ 0006] 1% aWBﬁﬁQPW%HFP%ﬂ vePtuj aRd FZPIS 3% IS EIRE thﬁgﬁoé} OfNE? 5?’(‘)"{:‘” m xers

can be usethidQuRRiibRBEY hetd & drilj BE LS ihQ@yaehisSv® raleidly RRvdvatet ivwag of
ozone in the water phase. The systemis sinmpler to design as it has no

movi ng par f&4es: éutswtﬁ@sr%h%qweraéﬁat iRtyaly 'QJB%H%‘P’@‘S% 3 BPIgR BHNE XA GBn&iSst er

through a gi\éiésinfd X Hliplsaatmn' 68 \nmdﬂltﬂéﬂ/é/nth#ﬂrshblé&é@ fﬂ\@g\rpﬁétr@ﬂﬂsaﬁ@h l'i quid.
This | eads, to. a hi her ressure drop and can only be operated in_a narrow

range of V\)é‘!eéFedatFﬂf daie the gainsiieam anchmires e the 'P?Q\V‘étrﬁé@'&*f’yatﬂ-‘fw foyo

per f or g 0ZPRE divEASS ERsank S&mri MEtRdde tdHIR hg eHectivdi FENreRNIQEIR I Rv-BYse
aspirating gas through hallow turbine shaits and agitators. Turbine

25cont act oPPEdTaster i@ pedP ML BEISRBY | - suited to ozone transfer applications
for severa ared to the ozone transfer nethods de%crl bed

above, turkﬂ Hgla HE‘&EPWF’EVEH en pEyentyrybpsednzgRe YaREPT: SEGIMIXRHE FAC e n

addi tion, & diiristrelin fRAPBR: iBj@ttol b AéNicve ARIANIBHAINGIXINGOf bEdrd inehe@atepct Or
must be ket relativel constant faor efficient operatjo Wnlchllmtsthe
ability toPBRf eug'ge 8&%?% IGSIEPHRS 1o Fesien ﬁ%'té‘aﬁf‘aé‘?‘?f@ RS- ﬁH’tt SHWENE 284 t ed
for cat@l ygasdiogarerh If@@d@ﬂ%&bﬁ@trbﬁmemmh ektai! ixgsiequiréd a BlgHy tiitalent
channel s flow of gas and liquid. This leads to a higher pressure drop and can only be operated in a

narrow range of water and gas flow rates.

[0007] There have been attempts to perform ozone transfer using turbine contactors,
which operate by aspirating gas through hollow turbine shafts and agitators. Turbine

25  contactors do not appear to be well-suited to ozone transfer applications for several
reasons. As compared to the ozone transfer methods described above, turbine
contactors have relatively high power requirements. {n addition, the ratio of ozone gas to
water entering the turbine contactor must be kept relatively constant for efficient
operation, which limits the ability to adjust ozone dosing. Turbine contactors are not

30  well-suited for catalytic ozonation because the powdered catalyst will plug the channels
through which the ozone gas is aspirated.

[0008] Packed columns are rarely used for ozone transfer because this type of
reactor has very low ozone transfer efficiency, and therefore, a very tall column is
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t hrough which the ozone gas is aspirated. [0008] Packed colums are rarely
used for ozone transfer because this type of reactor has very | ow ozone
transfer efficiency, and therefore, a very tall colum is required to
achi eve typical ozone dosing. Packed colums al so have | ow void vol une,
which [imts the water flow rate through a given dianmeter colum. Packed
colums can be used for fixed bed catalétlc reactions wth ozone but, due

to | ow mastauiras iy ashievertyrica vegnefosing nRacksd cobmmsisa kavedow ypidy olre.

operate. S{ARARMItTRhFEIRE AbW Tste MFYEgYE YveH WRIMELEr é‘dhh\ﬁHCPaBRéﬂ d?ﬂjrﬁﬁé YREN gas
and |iquid phases in ozone transfer systens. |In such systens,

hi gh- vel ocPe ys¢dfor §red hep eatalytic fepplipnsavithgrane byt wue o E’Mb’ﬁ"ﬁé"‘r triar&feror with a

stati onaryeffidichaf 85 0zZ0nB Mk ieRPeriive B BuN@bRd opdrdtdde recycled through the
jets. In addition, undissolved ozone may be captured downstreamin a phase

separ at®r pde] eCHMpARi ﬁd]é&%bebo@en Jueé&to ér{mhaegm%g Sétﬁ/eéﬁﬁagbﬁnéﬁ&lﬁ@d as

the sole m xing reactor, or can be used in conbinatlon wWth other m xing
reactors. RPRSEEdPENeLFANSITSYEEMSn 'BrSush Sysieme q highweleeitsipt eltpiRi@peidi ng

i Mpi ngi Ny 1§k % ihfpacRBRYierardtferid of Wh Basstichary sQIrl%é SA%NEdPnQﬁtthé)ﬂa@F nidye
| npact zones. In addition, the'jets have relatively high power requirenents

and the raP®resycied dorah ﬂ'@l?‘ﬁaﬂ” @%ﬁﬂ“‘ﬁb updisentyrstieaces "W?%Paj’t‘t""?ﬁe of system
is lim teddoﬂrﬂt%wm@wséIs@ﬁér}étortaharr@cyoredahmgﬁtﬁéaétsanum@rr@\j@tg caRbeod of

ozone transfer that overcones the deficiencjes of ds of the prior

art. BH EFUsRIARIRS sole mixing| "REERITCORAN bR #agd iR combinatigp udth other@ixingent i on
conpri ses padRir§l0%hd BEsidn 87d bpdatéH &fan dZ3Re ZAnsef HRterk MBI ifpirgiig je’uci ng

water into a pre-treatnent stream eneratlgg a gas stream cont ai ni ng at

| east 3% oBFRERIEIAUS taithe AeRd 19 PrasisiqyHecalionSitng ‘H'tpédt%?é‘eﬁr k @@&t%me stream

at an inj egtd I%Veﬂ@laﬂ&ely ﬂ@H'ﬁoWégrédﬂurémEh?&%dﬂh@F&e ot I GAFBLESIRL L& Bg ozone
gas and water, passi m xed- phase stream through a nonolith | ocated

downst r eanP$GATMPFALed g}’ﬁ'ﬁﬂYBﬂ Obﬁﬁtﬁm isltrpited: ng in a reaction product in

which at |east.a 25‘§§rt|on of the ozoneagas is dissolved into t%e wat er,
separ at? ngl®i91 undisseiingly thergiea gard fos apimriovgd Mmedhrd i gaee Irapeies that

l'i qui d- phaggergéhés e defficleRies BAHE INIhesOsfuRd priciit. di verting at |east a
portion of the |iquid-phase portion of the reaction product to an effluent

stream [0012]1n another respect, the invention conprises a water treatnent
system 30 conprising a water supply line, an ozone generator for generating

an out put gas stream cont aiBRIEF SUMKIRARYAOFTHEWRIVENRONW | ine that is
configured to carry the output gas streamfromthe ozone generator and to

connect t o[(0Me] Wat|glons WEsPext, theitvéitiofRompriesd & aidthual fof tredting water, the

20  method comprising introducing water into a pre-treatment stream, generating a gas
stream containing at least 3% ozone gas, introducing the gas stream into the pre-
treatment stream at an injection point resulting in a mixed-phase stream comprising
ozone gas and water, passing the mixed-phase stream through a monolith located
downstream from the injection point resulting in a reaction product in which at least a

25  portion of the ozone gas is dissolved into the water, separating any undissolved ozone
gas in the reaction product from a liquid-phase portion of the reaction product, and
diverting at least a portion of the liquid-phase portion of the reaction product to an
effluent stream.

[0012] In another respect, the invention comprises a water treatment system

30 comprising a water supply line, an ozone generator for generating an output gas stream
containing ozone, an ozone supply line that is configured to carry the output gas stream
from the ozone generator and to connect to the water supply line at an injection point, a
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nmonol ith having an outlet end and an inlet end that is downstreamfromthe
I njection point and is in flow conmunication with the water supply line, a
vessel that is in flow comunication with the outlet end of the nonolith, a
gas purge line located on the vessel, a vessel output |line |located on the
vessel for extracting quuid fromthe vessel, the 5vessel output |ine being
positioned bel ow the g Purge line, and an effluent port |ocated on the

vessel out pygnolth HéV’“BRPE’F‘ nerandRiebendsthabiRdowpsteedsn Bomrihe imeatiannGs

[ 0013] Fi gupsinlandis dn A6 eoMumicatigowAmm waer Suppipindl ¥ vesotHatRNk el t he
present 10invention; [0014]Figure 2 is a partial sectional view taken al ong

line 2-2 ofoTRmypication withHheutipiendotihe mogolibagas Pwoaiing losaedianineg an

exenpl ary GA4aae alveasel GRTHLL BE REARA thlﬁe ?eéé!@Fi%F eitFa%%éTﬁrﬂhd ?ﬁéﬁttﬁémes’?s@lj the
[0016] Figure 4'is a schematic di agram show ng a second exenpl ary connecti on

15conf .fbur ¥e5sshoyteyt lige\hgingrrositiepedbelowdte sesrpurmzw Eic) eméﬂ}mbwmcebw
EMBCODI MENT &, ¢pfe veigEell dukeNih@N [ 0017] Unl ess ot herw se stated herein, any and
all percentages identified in the 20specification, draw ngs and cl ai s
shoul d be understood to be on a wei ght percentage basis. [0018] Unl ess

ot herwi se stated herein, any and all pressures identified in the

speci fication, dr BRIBEDESTRIPTRONDRHPVERARS/IENGCOF THEIDRAWIRGS gauge
pressure. [0019] As used in the specification and clains, the term"flow

comuni cat jow3] i s lﬂ@urbﬁt|§@%@Hehﬁhd@ﬁ@kaﬁh@ﬂaﬁd&@nﬁﬂarﬁ@moaimBi the présent
connec d either directly or indirectly) in a nmanner that enables fluids

to flo ’étﬁ’“t he el ements, including connections that may contain
val ves, ga r her _devi ces that |l ectively restrict fluid flow.
g [0%%4? Oglgure 2dis a partlsal sec %lonal ? ken allong Il}%e 2—2S o{ Iélgure 1;
[0015] Figure 3 is a schematic diagram showing an exemplary connection
configuration for a water treatment system; and

[00186] Figure 4 is a schematic diagram showing a second exemplary connection
15  configuration for a water treatment system.

DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

[0017] Unless otherwise stated herein, any and all percentages identified in the
20 specification, drawings and claims should be understood to be on a weight percentage

basis.

[0018] Unless otherwise stated herein, any and all pressures identified in the

specification, drawings and claims should be understood to mean gauge pressure.

[0019] As used in the specification and claims, the term “flow communication” is

25 intended to mean that two or more elements are connected (either directly or indirectly)
in a manner that enables fluids to flow between the elements, including connections that
may contain valves, gates or other devices that may selectively restrict fluid flow.

N W

[0020] As used in the specification and claims, the terms “ozone transfer,” “ozone
mass transfer,” and “ozone dissolution” are all intended to refer to the dissolution of

30 ozone gas into water.



[ 0020] As used in the specification and clains, the terns "ozone transfer,”
"ozone mass transfer," and "ozone dissolution" are all intended to
refer to the dissolution of 30ozone gas into water. [0021]To aid in
describing the invention, directional terns may be used in the
specification and clainms to describe portions of the present invention
(e.g., upper, lower, left, right, etc.). These directional terms are merely
i ntended t B023ki st7q ﬁddbg%?q'Bi”Edh%lWéle'&tloéh girgriopaldemsaay Ponsehid the e not

i ntended t Qpédlflﬁh’éloﬁ be&d blBYr%'o@Bcr‘ttﬂa ;?d?'b(oﬁéeéf the%r@Q@rﬁ]nWénﬁ&?(é’é aliier, lbRbf, er s

are used to identif )r;calrre steps ( eseletters
€

are used t Bftafighti #icy.efbesa diepctional ﬁ@"ﬁarﬁw@wésndmdoaﬁ@szimdew

i ndi cat e t bginfhg e ihfentBh @Rd GréhMBAeAIEPS IRNIRthE HVERiCER.any5SS and onI y to
t he extent that such order is specifically recited in the"clains. [0023] An

exenpl &gy powRe] trIRMSBHIMSS kieRMAréiskd tSiaenily saisshétepald ¥ (‘aﬁ(tf) aid &)L

10l n system 10, water to be treated is introduced into a pre-treatment |ine
16 by an i hreSRJRiters@ariusd oA nrefering tgitae methadiitens andare 1ot nendeE R punp

14 whi ch cingedledtheradti®ihichcRitaed 52s BFLpdrifMeaBINleds M oHy to@ROBRehS
generated by an ozone generat| ng subsystem 18 and is introduced into the

pre- treatnﬁﬁfS'i‘qwd&r(i‘séf)e%lf‘iﬂh&qﬂﬁﬂmz lﬂﬁ"aﬁ ozone feed line 20, which is
| ocated just upstreamfroma m Xi n%esect ion 22, Int roduct i on 150f the ozone

gas into tH’@ Bl e- tAetamRiery water tiealment systemy &G isnhowneghermprs! &PWF'EW?t abl e

injectqy. s@ﬁawlﬁateﬁomrémdiswr&meamdwa prerostmeanling 16 By 86 infilemtoul d
be used. In this exanp he ozgne generati ng subsystem 18 corrprl ses
a corona d e§ F§® Fzothe @’@ﬁ'@?g’ﬂ?ﬂt ling {8 incrkies agpuRR A WHIChiREPYales Watslee

upon the desired ozone 2Qconcentration in the ozone feed |ine In this
exanpl e, aSyRsydtem HRardigdrtraduggd o there-tregpent JgR b Aka nstiene by Ant ypi cal

corona di sgfsHedeed HRNE0, GFHIEH @q&fatéd%ﬂyﬁfﬁs&ea’ﬁwﬁn 4 niigingd s86tih Z2henttadu@ssh i n
the feed gas, into ozone, Accord t%eﬁn’t t he out gas Stream fromthe ozone

gener al¥ ngogtﬂﬁﬁg‘ﬂ"eﬂ‘?sl'gtqm"?lpr%’gﬁ? e 1630 E Q?PQ?%"S'Q%%S'%%* SW3Plgal

operating migethrt IP@HéxadwmeOAb@gn@ﬁ@dpﬂﬁg%szle@nyer&um blelo? calii @engedve net hod
of 25generating ozone coul d be used 025] A m xture of ozone gas (fromthe

ozone feed{go2dap 20 t@edxampler the'oaomd b@weﬁéﬁhg subsystem 18 comprises a corona
discharge ozone generator. The ozone generator includes a feed line of either ambient

line of eitHiguighaRlipfireathient Mg/ B8 NOLHHd |§@eﬁeraterd Warp(bﬁo@le@éhll%ﬂ%%demnd' ng

air, oxygen enriched air or pure oxygen, depending upon the desired ozone
20  concentration in the ozone feed line 20. In this example, a feed line comprising at least
90% oxygen is provided. A typical corona discharge ozone generator converts about 4
to 13% of the oxygen in the feed gas into ozone. Accordingly, the output gas stream
from the ozone generating subsystem 18 will contain no less than 3% ozcne under
normal operating conditions. In other embodiments, any suitable alternative method of
25  generating ozone could be used.

[0025] A mixture of ozone gas (from the ozone feed line 20) and water from the pre-
treatment line 16 then flows into the mixing section 22. |n this example, the mixing
section comprises a honeycomb monolith 26. Referring to Figures 1 and 2, the monolith
26 comprises a unitary structure having walls 30 that define parallel channels 28, which

30 preferably fill the cross-sectional area of the monolith 26. In this example, the walls 30
are formed of a ceramic material. Cordierite, ceria-zirconia, alumina, carbon, and

titanium dioxide are examples of other suitable substrate materials for the walls 30.



treatnment line 16 then flows into the m xing section 22. In this exanple,
the m xi ng section conprises a honeyconb nonolith 26. Referring to Figures
1 and 2, the nonolith 26 conprises a unitary structure having walls 30 that
define parallel channels 28, which 30preferably fill the cross-sectional
area of the nonolith 26. In this exanple, the walls 30 are fornmed of a
ceramc material. Cordierite, ceria-zirconia, alumna, carbon, and titanium
di oxi de ar MetalipuFie 8s glaintessctes vews plso dersyitakie subgitate matesiajsder thgevallsl | s

30. Metalgp such as stainless steel, would also be suitable substrate
materials for the walls 30. [0026] The walls 30 are preferably adapted to be

| mpr egnat efbdﬁ’sl h arzalalsyftark %'i‘ef%‘bﬁz"aotab?e@tt%@tlmﬁ%hb@atvhwhscétﬁl%lmbﬁ h

cat al ytlc reactions are desired, such as catal ytic 5oxidation of organic
cont am nanates {reptmgnt applicatienszie r\l‘é"ChaqﬁtQ“VtWer eé‘}‘@”ﬁ@é@ goritesy suq@rﬁmﬂtalvtlc

pol yphedol oyightion dPERGEMICSorAminaAERUCIV %S Aoberzeral ahilid dyel WadieWaref PhERY),

pal ladium iron, titania, copper, manganese, maghesi um” rut heni um and
silver. [OpYyphemel i -Examinles of cemmen pxdaficafcatalists insluap icargnt RAl@A®Myonol i t h

26 at an_ eléy ks Ropgetiinghnde, mBBAS. A ARBRARALIhaRRSSUT€) , whi Ch
i ncreases ozone transfer efficiency. 10it is also preferable that the

pressure i fpo2hp prﬁTetdga%arqrrﬁm.xtur@% aréfelaﬁalf &ww tEHE Fhordith FEatiressvHiey at

whi ch gas I's supplie ozone T ne y the ozone generator. The
accept abl epﬁﬂsé%@d'r% @#%@*@ﬁ%@‘%‘éﬁ@éw%ar@'% é‘&fef?éﬂﬁ oxgnedranstes #fficieyhe f eed

line 2@y wi [ths seppRderdBRhitSe bicdyird wﬂieqs?rhiméatrﬁvernmﬁeae%tra@gmy bdu tolfeand
desired flow rate of ozone fromthe ozone feed line 20 into the

pr e-t r eat mE¥eESYER Whish gps[ipeurplied &2 the szape quawn@zer#y the REnR B PPodit®e an

out put gasagdgh %@&%sﬁjrerdﬁ%?éﬂc% tkwdeh ﬁre-t%@trﬁé’f%ﬁlﬂé 1B%rnd~°diHﬁé RelNiRB 2014 to
207 kPa). Normal out gas stream pressures are |ower for corona di scharge

0zone genePBRBIOHPORK bq%wecltyéﬁ@f%treﬁg‘e@? Wnec1 Gand desiigr Alswratesaiorene i f t he

out put  gasfritkEBLeHeREY liffe 8F HREHR pFe-tiRatmdéntffe kE2) . I n this exanple, the
preferred pressure range for the pre-treatnent line 16 is 20between 5 and

50 poufgls pRY28F dUaNEsticBRndra4l &é&ﬂe%@ﬁer‘éﬁﬁ@ Pro@@&é anslitput %ﬂfw‘stﬁga‘?rf g4 ed range

woul d change as ozongqrgenerators capab operating her out put gas
stream preB@ﬁF'é@qﬁéé 0@8%&%’&9!—'@'96\%01%%%_{ WQ]N%mPh‘Plﬁp‘étﬁﬁple bot h

the overal btr@drﬁ’%?es%@r‘é%'a‘?é‘%e? F@raardhfa distPares¥oht Berérattigl WHiPe 6hdenel s 28

are hexagonal in shape. Many alternative shapes are possi bl e and the
25monol i t h99rerating %fﬂ%[ﬁfﬂf%’l keging tpsaterithe @étwhea% strRany H&ﬁéureﬁdpe%%m% t he

overal | (103 kPa). In this example, the preferred pressure range for the pre-treatment line 16 is
20  between 5 and 50 pounds per square inch (34 and 345 kPa). Obviously, the preferred
range would change as ozone generators capable of operating at higher output gas

stream pressures become commercially available.

[0029] In this example, both the overall cross-sectional shape of the monolith 26 and
the channels 28 are hexagonal in shape. Many alternative shapes are possible and the

25  monolith 26 and channels 28 need not be the same shape. For example, the overall
cross-sectional shape of the monolith 26 could be circular and the channels 28 could be
square. The preferred specifications for the monolith 26 in a specific application will
depend upon a number of operating factors, including (but not limited to} the ranges of
desired ozone and catalyst dasing, as well as the expected range of water flow rates. In

30 this example, the velocity of water flowing through the monolith 26 is preferably in the
range of 0.2m/s to 1.0m/s and, more preferably, in the range of 0.3m/s to 0.6m/s to
reduce the pressure drop through the monolith 26 and achieve a desired level of ozone
transfer efficiency.



cross-sectional shape of the nonolith 26 could be circular and the channels
28 could be square. The preferred specifications for the nonolith 26 in a
specific application will depend upon a nunber of operating factors,
including (but not Iimted to) the ranges of desired ozone and cat al yst
dosing, as well as the expected range of water flowrates. In 30this
exanple, the velocity of water flow ng through the nonolith 26 is

pr ef er abl y[0030} he Thergessoseationatiasea of eECb@héﬂ%ﬁ#Gnd Hisr etah pembergfichannels ishe
range of OFmrﬁblygch@@gé lp]"d?m{e@#‘!rﬁ@r hos le‘b@@st;J‘lF&l Wtﬁ’@n’FohE)FRH@B VHF\ﬁ'l t'ﬁﬁ”m ith

26 and achi eve sired [eve ozone transter "efficiency. [0030]The
cr 0ss- sect PgfRireddpsaemset &rthindhe Afeyioua paragrPhy do aanyappligations, dtHanneI s is

D! o1 201 ¥ pRAL 6 35l iR oS 28RpBihg Rl ALARLL 95 AUy dudnfy gonol i L

26 within ranges set revi ous paragraph. In many
applicdi ohgtweieﬂ 108 apd 4R8P shanneisapgs sayargdneh (1679Mi 18R chenmly PeiFWaral | el

channel s 28 haydi8g afd 4RS! drfrePol ﬁ%@%ﬁ@o@%dm cia%gﬁlelé?tiém&%?e iAgk (Fuar e

inch (15 and 186 ¢hannel's ‘per sduare centi neter nore preferably,
bet ween 208n%HA3 camelshpafsalarepentimgten): Oyaierhe sarr%ﬂowhewzeﬁ#ﬁéﬁ §Tther square

centi met er hyonbHR Z%Qm;(lhs,l ek EQquHQIWng'Pa?rnﬁérsln %gtuﬂaf ThiSreBBAR! thé Bred8u xi ng,

t he gas- Ilgwd low 1's amnar I'n nature. This reduces the pressure drop
across the mrﬁﬁ@&sﬁh?mqmiithélss)’vhﬂﬁls'ﬂtbPWICEHQ'@OCGCQ?@ lighisl qontast du@ ot act due to

10ci r ey at blPélnat{Figt r@floPbf ffdd”n@db'?ﬁé &RarinBR hannel s 28. [0031] Optional Iy,

the m xing section 22 could also include a static m xer (not shown), which

coul d be | hpd OSSRy, qﬁl@m@@r@‘@ecﬁ@ﬁgz%ﬁle a% ihElude §§fa%5hﬁxé??ﬁéiy00nb
nonolith 26 in"order to provide nore uniformdistribution of ozone gas

bubbl es i nsPwmewhiah @pulgrhed@cqt@ﬂ eetween e 9208e feasbinetdp i@ cefapisdpppycomb
di scharge apdoRR 28fin bRfer PHRLIE IPnc%@ uhiorR! @SB baRInYoflR6Rd ?5‘5 BhsdEingd the

gas-liquid phase separator vessel 34 and, nore preferably, below or
slightly aw@tes Prigetogatasing theeoelitn 26t he vessel 34. This design allows the
m Xi ng section 22 of the system 10 to be very conpact with a small

print . 1The [tf3%hwardl dischatgs engd 32-ohthieanongli €0 B RiRfefalhyloratedwithie 419%%'!‘%"{;
end 32 of bHEsé@Eb%Pétéh%@eleénd%fb?é b@?&a&l?%é@b 8f sngﬁhylasou&hé RetérgiRar at or

20vessel 34 and create additional m Xing a ozone_transfer. Because the

f1 ow vel ocPByn the vepeel @sdl H&rqyé'gé‘rﬁi'%? th%mmga%qct)%m 32 PhiResuetemsTQylorke vary y
| ami nar, t B&nescﬂtmtht&smﬁl fobt H‘Hi‘ FAE dBWRRbRSINESTA]dstRe DR lxte BhitnyRb@Ithé | ne

36 |nthe vessel 34 and fine bble entrainnment 1n the liquid phase will be

reduced. THissha[ggesd §2|qflt%"m@%@‘§h vl nqmtratestawlaé&rwewmezs[ﬂeﬁ)g%ﬂqfﬂ% hi s
exanpl g5 t Dessey 54 MY SkateSaditina Dby £ dA2Re BaRsfet. OBEShuBE Xid kv (1o at

the discharge end 32 is relatively low and is generally laminar, the depth to which the
gas bubbles penetrate below the water line 36 in the vessel 34 and fine bubble
entrainment in the liguid phase will be reduced. This assists in an easy gas-liquid

separation.

25 [0033] In this example, the system 10 is configured so the gas-liquid mixture flows
downwardly through the monolith 26. In other embodiments, the monolith 26 could be
oriented for upward or horizontal flow. It should be noted that upward and horizontal flow
orientations are more practical in applications where ozone demand, and therefore the
gas-liquid ratio of the mixture entering the monolith 26, is low. The length of monolith 26

30 can be selected to achieve a desired ozone mass transfer efficiency, with higher
efficiency resulting from a longer monolith 26.

[0034] Gas that collects in the vessel 34 is vented to a gas purge line 40 that is
preferably connected to an ozone destruct unit 42. The ozone destruct unit 42 converts
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downwardly through the nonolith 26. In other enbodi ments, the nonolith 26
could be oriented for upward or horizontal flow It should be noted that
upward and horizontal flow orientations are nore practical in applications
where ozone dermand, and therefore the gas-liquid ratio of the m xture
entering the nonolith 26, is low The length of nonolith 26 30can be
selected to achieve a desired ozone mass transfer efficienc wi t h hi gher

ef fi ci ency2PLERINAINIAG OFINEFM thengds Puran BNg 4% inte0xyas0 2P @8atstAR PXXISNIGE(S i n

the vessel th3atindsMans ed)ph@n@ly gﬁﬁaspkércgée hihd 84 ﬂﬂaytrEQFculée gﬁ@fr%qmz Vegsanagct ed
to an ozone destruct unit e ozone destruct unit converts any

remai ni ng @zfaﬁézvm%a@n%@'wbﬁxﬁtg@ 118; (RiEher pirptRgan Gk Jeumsteaam frmthe e3eoxygen
gas to thegaidrephere. Optionally, a gas recycle line 44 may recircul ate
gas fromtﬁe vessel 34 to the ozone generating subsystem 18 (either

upst r eagn o[oods StTr@é‘t@Hf\ﬁa@é}‘h& F@w&?e@ﬁl%nﬂ%ﬂfe@&é”ﬁthr@h@l@%ﬁ]ﬂpﬁﬂﬁrﬁﬁw\ﬂter i's
renmoved fromthe vessel 34 through an out line 38 | ocated at the | ower

end of thelogatedat t@AJOWPhe'iq"l‘Pfsth%XW'%“ bt 'S@P}?iﬁ‘ﬂie therrutrg ling 3Bdhnected to

t he punp 160nﬁé‘&te‘€iho@rﬁ@&:rﬁ§1ﬁtwllu6|@§ﬁalﬂe§39trlééé?'& rtidr ¥ the Ba4ted waRdres bk O be
recircul at ed througgh the pre-treatnment line 1 Wat er can be di scharg

from the s{RSENRIES QMBI RIR-RIMEB D (1B iVale candierRisBRmad T iNsontstes

which is cepapei@fad efidestuinglap. of hydrogen peroxide, is preferably prow ded
on the output line 38 to enabl e hydrogen peroxide to be added to the

t r eat memt nmspss A Infdt @ortesd, Rich$s eshnaneddo QéUQﬂyloﬂﬂeroéémﬁbﬂ' Bg isystem 10
can be adagwgq 'Plg qur ovi de a w de range of ozone dosi t he ampunt of

ozone gas 2861 Qe IR TR enabif I CHROary REIEYI 0 berfrbes o fam

1510 i s capesthenoprosbddlrafeited ehy\edanaddbiidatioond 125 ng of ozone per liter
of water each tinme the water passes through the m xing section 22. If ozone

dosing in [OSLFS Olfhels'%@telm/l@caﬁbdgﬂaﬁtédto pﬂaemébw«a&a&e;& dffozbrh‘@ddasiﬁd uent and
effluent streans 12, 46 can glpuce so that a ar racﬂl%alf t he

water in tHE BERELE! ?4%8%93"9% §°'Y‘%¢{:'9F9t86‘“ﬁtﬁfcﬂh'5ﬁg ﬁ@tnm- St | ne

16. 20{9038p Ascdpapr di@umu ng befea Jbeai 1end 135 tr@tcﬂ@d@rﬁb pér Iilté?fdeateﬁ cabe
anmount of gQzone that has been consuped by water _each is cC 3Iﬁ§
aring

t hrough t hEMRitRE Wates eassesAnrevgh g %U”ECFGFWI ¢al i gzone é{?JF‘@dC?ﬁ?

the ozone gfent l@"desiﬁéd tRefl6v RA6s f)ﬁﬁéldflh@ﬁtﬁﬁiéf%éﬂﬂ@tréﬁﬁﬂﬁ C'@Ha;hrﬁe in tﬂe gas
to. refer to the

purge line 40. "Total average 0z 0si n s |ntend

total ozonEBWEeS s,o,{h@tr?elafqeég'pg@r\,&tt@ Wﬁ?rﬁTth@Qpré‘ W?eg%v?f @rﬁa‘ﬂfli%t hr ough
the ef fl uetrodghBe dhe-trddtthentiirat i@nshi p bet ween "ozone dosing” and "t ot al
average ozone dose" is a function of the fraction of the water in the

out put2g i nfpO38] | s ALeseal tmleuh hro@omdndéehﬁg ¥ Bténdeatomfér tb itrmearﬂxsunt[o@ei’caiel:i gure
3 1lTustr a%h%? hgshgeecnoggnls me ch\)l\patgr eacn%mseylf is cycleg thrcn,lgy}zln the mlxm!c; %teé:t}/o%l 2y2 hi gh
and would typically be measured by comparing the ozone content of the ozone feed line
20 to the ozone content in the gas purge line 40. “Total average ozone dosing” is
intended to refer to the total ozone dose in the treated water as it exits the system 10
25  through the effluent line 46. The relationship between “ozone dosing” and “total average
ozone dose” is a function of the fraction of the water in the cutput line 38 is recycled

through the pre-treatment line 16.

[0039] Figure 3 illustrates the configuration of the system 10 in which relatively high
ozone dosing is desired. As shown in Figure 3, the entire untreated water stream 50 is
30 directed into the treatment system 10 by the influent stream 12. Figure 4 illustrates a
configuration of the system 10 in which relatively iow ozone dosing is desired (e.g., 2-5
mg/L of water). In this configuration, only a portion of the water in the water line 50 is
diverted into the treatment system 10 through the influent stream 12. Treated water is
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ozone dosing is desired. As shown in Figure 3, the entire untreated water
stream 50 is 30directed into the treatnent system 10 by the influent stream
12. Figure 4 illustrates a configuration of the system 10 i n which
relatively | ow ozone dosing is desired (e.g., 2 - 5 ng/L of water). In this
configuration, only a portion of the water in the water line 50 is diverted
into the treatnment system 10 through the influent stream 12. Treated water
is return@i“"ﬂ"@dtt?f@ev\%ﬂt@rrStﬁaﬂb@ﬁ@wgﬁ%@ﬁh‘eﬂ‘lﬁr%‘ff@éﬁ‘he"%tmé’éﬁ'ﬁ%‘ﬁ‘ wher e

it mxes Whtheaddbd wa@rwpmﬁera de3irBd Qibﬁtedﬁnr%eiﬁ'tﬁ@ﬂaﬁgﬁé‘arﬂ%' PG dhbwh e
wat er stream 50. shown in Figure 4, the |l uent line 46 preferably

re-inj ect sFiggiet fhﬁﬁﬁluteﬁfémmﬁd?reﬂerw @@m@ptsawaterdatqtaﬁ“tawthnﬁéocvémleam

fromthe i fHat kedwristrBSmEodm PleQHthifike {2/ 1 owi ng are exanpl ery operating
paraneters for the system 10. [0041] EXAMPLE 1 [0042]In this exanple, a

10gpm (837. fooabyri N) THEXSHENMAG BFe é&dnﬁﬂéﬁ;@?@ﬁa@ih@bBQm?é"!ér’s'f&Qhé‘)é?stél% oo be

treated with ozone and a copper, cobal ni ckel catalyst. The flow rate
of the pretgoaaj nergxsupeg™m 16 is 20gpm (75.7 Unmin) and the flow rates for
the influent 10stream 12 and the effluent stream 16 are both | OQgpm Ozone

dosing at {ovazj unthtfﬂé\eﬂaimb@ 2908prA (308 LNRinpREstbhRr sPéari@bRtaininy émlme
pretreatngyﬁPllne 16 uIt|n in an averlg%etotal ozone _dose ng/ L

of
for water it §e tieatedyih-orons 2nd & gppper cPRAILRT rigkeborialys! T‘l”ﬁé"’WdﬁEﬂ <i’fth 26

for this aﬂi@'pr@ﬁéatment Streapuialis Bgl H\C(ﬁfSS /i) aﬁﬂ?théhﬂbvgiagﬁo@:ﬂ?e e 5 feet
ce uar e

(152. 0 has_200 cel |'s uare in

centi rﬂaqc erftreaig1ﬁ gé‘?@{ﬂm’ﬂ@"ﬁaTO@pﬂf PRt HHEPNL meed%w%éwugi@f 2! Uni n)

stream of jsrusg dsﬂcfzbnw@ét mémfe:vateﬁm&ﬁ@ﬁte&ﬁba!ﬂﬁéﬁtgmadeam?amngm dabmagrh N
Xl mat e e ow

reduce its en ca gen y
ate of |t hiotBEpRe eI 0gie o et g o Shetarh § et I AHerR AR | o
r2 851 gs foE U’h@gjdlf_h;)lltblQﬁtfoﬁﬁfsﬁa%ﬁﬂlda?loﬁr@rduhg @i‘nf:hw(t'rte &rhy Fh&:li&lﬂ@tearafbo]?m feet
gpm mn one,_do unctio of ozone per
liter of V\ggsér"' ¢ lPHé %’8@" ?@gtq‘?hﬁgerl qy@rerigeh (g Q:F{‘hsr{’&r Pﬂu%{ﬁngv"é?%‘ﬁ t ot al
ozone f %é é wat er exiting the system 10 at the effl uent
stream™6 l‘&}a bki2de is introduced through inlet port 52 at a rate
suf fi ci ent rOVI e appr oxi 4 f. h eroxi de, per liter of
oater it I04P G B BRATSE, £ Bbdn! ¢ SH L Mipl BRSOl el wsiehgter s
appl i cat i otreatsd memg@dvﬁweﬂeﬂmnédﬁa Rd0e9 its éhe!ﬂlhiaél‘&ix?gen admand 6Cbeetby 183 cm)
long and approximately 30mg/L. The flow rate of the pretreatment stream 16 is 100gpm (378.5
L/min) and the flow rates for the influent stream 12 and the effluent stream 46 are both
20  40gpm (151.4 L/min). Ozone dosing at the junction 21 is 80mg of ozone per liter of
water in the pre-treatment line 16, resulting in an average total ozone dose of 150mg/L
for water exiting the system 10 at the effluent stream 46. Hydrogen peroxide is
introduced through inlet port 52 at a rate sufficient to provide approximately 40mg of
hydrogen peroxide per liter of water in the pre-treatment stream 16. The monolith 26 for
25  this application is round, 6 inches (15.2 cm) in diameter, about 6 feet (183 cm) long and
has 200 cells per square inch (31.0 cells per square centimeter).

[0045] As such, an invention has been disclosed in terms of preferred embodiments
and alternate embodiments thereof. Of course, various changes, modifications, and
alterations from the teachings of the present invention may be contemplated by those
30  skilled in the art without departing from the intended spirit and scope thereof. It is
intended that the present invention only be limited by the terms of the appended claims.



has 200 cells per square inch (31.0 cells per square centineter). [0045]As
such, an invention has been disclosed in terns of preferred enbodi nents and
al ternate enbodi nents thereof. O course, various changes, nodifications,
and alterations fromthe teachings of the present invention nay be
contenpl ated by those 30skilled in the art wi thout departing fromthe

i ntended spirit and scope thereof. It is intended that the present
invention only be linited by the ternldfiIMShe appended clainms. CLAIMS 1.A
met hod for treating water, the nethod conprising: (a) introducing water
into a pre-treatnent stream 5(b) generating a gas stream containing at

| east 3% ozone gas; (c) introducing the gas streaminto the
pre-treat mént sfreehrdforiigating water.dhe pthad compsisingi ng i n a mi xed- phase
stream conpri si Eag_ozone‘ gas and water; (d) passing the

ni xed- phase st r EitadusiIgvateriBiad Prerraabeentsie@®wnst ream from t he i nj ecti on
point, resulting in a reaction product in which at |east a portion of the
ozone 1gas is ) ISHETAHRY A/9RS SiraaM\RRORNINg at least 3% gZonedRsy at i ng any

undi ssol ved gas . in the reaction product froma |iquid-phase portion of the
reaction product® ifpgucing the gas stieam g e pee-Heatmeat stream gt 27 Bypcyen ppiat,

| i qui d- pharguRiag in 8 mikdd-pHtRe @86 RMMPEREWebné GastBn@hvblerent stream 15

2. The method of claim 1, further conpri sing: (g) recirculating at

| east part of t i pdabsitg thePiieg-ppasd sttshnthrbiish 4 ARABIA NocafeRltwinstrerd fiohe
pre-treatnent. stream 203. The nmethod of claim 1, further conprising:

(h) recovelelyeFiiR RAciEsBIING o (RACHPR BRRAHEN WOICH 3t 58St & paﬂ'ggﬁéﬁ&%fme

vessel 10 angas is dissolved into the water;

(e) separating any undissolved gas in the reaction product from a liquid-phase
portion of the reaction product; and

{f) diverting at least a portion of the liquid-phase portion of the reaction product to
an effluent stream.

15
2. The method of claim 1, further comprising:
(g) recirculating at least part of the liquid-phase portion of the reaction product
into the pre-treatment stream.
20 3. The method of claim 1, further comprising:

(h) recovering the reaction product from the monolith in a separator vessel; and

(i) withdrawing the liquid phase portion of the reaction product from the separator
vessel.

25 4 The method of claim 3, further comprising:

(j) maintaining a sufficient liquid-phase portion of the reaction product in the
separator vessel to cover an outlet end of the monolith.
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(i) withdrawing the |liquid phase portion of the reaction product fromthe
separator vessel. 254. The nethod of claim3, further conprising:

(j) maintaining a sufficient |iquid-phase portion of the reaction product
in the separator vessel to cover an outlet end of the nonolith. 5. The

met hod of claim11, wherein step (d) further conprises passing the m xed-
phase stream through the nonolith at a Iiguid vel ocity that is between 0.2

m's and 1.0 m s.Thsanethed RESIBYT. yrhereinstap1a) (yibeesamryisep passing thetmized-

conpri ses pA&sd Sfednh throligrade nididRp o3 brigard veltichy tHat & KEAREEA & b he\unBg det ween
100 and 1200 channel s per square inch (15 and 186 channel s per square

centi meter)m./S?. The nmethod of claim1, further conprising: 10(k) passing the
m xed- phase streamthrough a static m xer upstreamfromthe nonolith and
downstream fromthe injection point. 8. The nethod of claim11, further

conmprising,, (I).injecti hydrogen peroxide into the water stream upstream
fromt h#—: nol i t ?”1%“@51%%%%1'%@@%? S@PégMUﬂFGWPéWRﬂSﬁS LFRSING WP reler i ses
passi ng t hehasestebaphiBoudghi 4 @AbIIth hauieh batwseAADEAdAD ShaRRIE péradubiee

i njection FO'hQ§5 thg groiqoll h having a catal yst inpregnated thereon,

resul ting " pRAZIBO g § RS SOHaERENHPBISE: gas bei ng di ssol ved into the
wat er and transfer of at |least a portion of the dissolved ozone to the
20cat al yst surface for reaction. 10.The nethod of claim1, further

conpri si ng: i.vesti a_portion of a water streamto form an
i nfluent str eam' e methcgcm)f cqalm 1 rthitr co#npnsmg.

10 (k) passing the mixed-phase stream through a static mixer upstream from the
monolith and downstream from the injection point.

8. The method of claim 1, further comprising:
(1) injecting hydrogen peroxide into the water stream upstream from the monolith.

15

9. The method of claim 1, wherein step (d) comprises passing the mixed-phase

stream through a monolith downstream from the injection point, the monolith having a

catalyst impregnated thereon, resulting in at least a portion of the ozone gas being

dissolved into the water and transfer of at least a portion of the dissolved ozone to the
20  catalyst surface for reaction.

10. The method of claim 1, further comprising:

{m) diverting a portion of a water stream to form an influent stream:
{(n) injecting the influent stream into the pre-treatment stream; and
25 (0) injecting the effluent stream into the water stream downstream from the
influent stream.

1. A water treatment system comprising:

30 a water supply linge;
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(n) injecting the influent streaminto the pre-treatnment stream and 25(0)
injecting the effluent streaminto the water stream downstream fromthe
influent stream 11. A water treatnent system conprising: 30a water supply

| ine; an ozone generator for generating an output gas stream contai ning
ozone; an ozone supply line that is configured to carry the output
gas streamfromthe ozone generator and to connect to the water supply line
at an inj ecti onap&FaRe generator for geneyatifghan P!‘:'tlﬁuh%ﬁﬁ sﬁﬁaﬁhc‘mﬁ@'ﬂ'ég CéfF.and an
inlet end that is downstreamfromthe 5injection point and is in flow
communi cat i on WP IPZePRSyRRNelNesthlF gonfigyeed t cpry 4l ovthek9asstieanyrspthe

communi cat b@éhé/\géﬁérétbﬁawwc%hn@él@o e \Mlér wa linkhht aft if)8&tioRWoik, | 1 ne | ocat ed
on the vessel; a vessel output Iine |ocated on the vessel for

extracti ng i qUiatnéramm RdVihg/R6@let ehd Bnd 88 Fdt el itRatlis HbwestRA o @& t i oned
bel ow t 31 cilgrt{%%e | i ne; and 10an effluent port | ocat ed on the vessel
in

out put &t apd @rmﬂ%@m'rtm%ayewﬁh&e wpter ﬁﬁ‘ﬁpiy "'Wnerel n the outl et
end of the nmonolith is 05|t|oned wi thin the vessel 3. The water
treatment systefVEFS that/H 'M"’Wf‘iﬁ’m’ﬁ‘éﬂ'c%ﬁﬁﬂf"ihéhﬁsu%ﬁtF@@)‘i’éﬂ@ menRitthat i s
configured to return at nme of the liquid fromthe vessel output

st s
line to the wat @rga&?b'fﬂeyl'qea}ﬂ?mdoiﬁ thepgsselat er treat ment system of cl al m 11

wherein the nonolith co ses Opluralit el s

Wt er trentnont 95ETRARTRR iieiPrited OR i fessh o e fathina dg o 1he visen i
channel s avessal @paeithedieiry assnﬁmédberbwhﬁé\gﬁgaur@emnarwwdlZOO channel s per
square inch (15 and 186 channels per square centineter). 25 16. The water

treat meht syst eameffluehipart ibiatell whithevessenmuipsiliing. @ punp in flow
conmmuni cation with the water supply line for providing a pressurized flow
of water through the water supply |ine.

12. The water treatment system of claim 11, wherein the cutlet end of the monolith is

positioned within the vessel.

15 13, The water treatment system of claim 11, further comprising a recycle line that is
configured to return at least some of the liquid from the vessel output line to the water
supply line.

14. The water treatment system of claim 11, wherein the monolith comprises a
20  plurality of parallel channels.

15. The water treatment system of claim 14, wherein the plurality of parallel channels
are arranged at a density of between 100 and 1200 channels per square inch (15 and
186 channels per square centimeter).

25
16. The water treatment system of claim 11, further comprising a pump in flow
communication with the water supply line for providing a pressurized flow of water
through the water supply line.
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17. The water treatnent systemof claim 11, further conprising a hydrogen
peroxide port that is in flow comrunication with the water line and is
connected to a supply of hydrogen peroxide. 518. The water treatnent system
of claim 11, further conprising an ozone recycle line that is configured to
divert at least a portion of the gas collected fromthe gas purge line to

t he ozone suppl 19. The water treatnment systemof claim1l, wherein

I ne.
the monolifh i s¥hﬁﬁw&@ﬁaaﬁae@mtﬁm of ctaim |y Bther camprising JaYEPISN RAPHER
system of gbaiHEt is%n BVRIoRRudidRiof Wit tHS ivates 1178 afX istRnheRte§ 8 abNSPly of

hydrogen peroxide.

5 18 The water treatment system of claim 11, further comprising an ozone recycle line
that is configured to divert at least a portion of the gas collected from the gas purge line
to the ozone supply line.

19. The water treatment system of claim 11, wherein the monelith is impregnated
10  with a catalyst.

20. The water treatment system of claim 19, wherein the catalyst is an oxidation
catalyst.
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