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water distribution Systems, sewage treatment plants, swimming pools, laundries, bottling
plants, air scrubbers, and car washes. Problems range from corrosion and blockage of pipes
and nozzles, to staining, discoloration, and inferior taste. The adherent and oftentimes coarse
deposits that form from manganese deposition can adversely affect heat transfer, induce
abrasive wear, and reduce pumping efficiency. Removal of manganese deposits often requires
aggressive remedial techniques, such acid leaching and mechanical cleaning.

[0003] In water systems, manganese promotes pitting and crevice corrosion through a

combination of electrochemical effects caused by galvanic coupling between manganese
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wide range of microorganisms that grow naturally in surface and in groundwaters worldwide.
Microbial reactions scavenge manganese in a highly efficient manner, enabling waters
containing as little as 20 ppb dissolved manganese to deposit visible MnQ, deposits within as
little as a few days’ time.

[0006] Methods to control manganese deposition can be categorized as either 1)

manganese removal or 2) manganese stabilization. Dissolved manganese is typically removed
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phosphonate/polymeric treatments alone has an upper limit, beyond which, increased doses or

concentrations of phosphonate/polymer do not result in increased manganese control. The
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present invention, as embodied and broadly described herein, the present invention relates to a
method of controlling manganese deposition in an aqueous system containing manganese, that
generally includes introducing an effective amount of at least one cerium-containing
formulation to the aqueous system. The method optionally includes using at least one deposit
control agent in the aqueous system in addition to the cerium-containing formulation.

[0017] The present invention further relates to a cerium-containing composition which
includes cerium(III).

[0018] It is to be understood that both the foregoing general description and the following
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[0024] It is to be understood by “controlling” (i.e., preventing or retarding or minimizing
or reducing) manganese deposition, the manganese is stabilized against the growth of
insoluble manganese particles. In other words, the formation and/or the growth of manganese
dioxide (MnO) particles is inhibited or slowed. Controlling the growth of MnO, can include
preventing the chemical and/or the microbiological oxidation of soluble divalent manganese

into water-insoluble manganese oxides and oxyhydroxides. Chemical oxidation can occur
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including copolymers and terpolymers of carboxylic acid, phosphonic acid, and sulfonic acid
functionalities. Examples of such copolymers include, but are not limited to, acrylic acid/2-
acrylamido-2-methylpropane  sulfonic acid and acrylic acid/sodium-3-allyloxy-2-
hydroxypropane sulfonate copolymers. Examples of terpolymers include, but are not limited

to, maleic anhydride/ethyl acrylate/vinyl acrylate, acrylic acid/sulfonic acid/acrylamide, and
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copol ynmers, terpolyners, and high order polyneric
inQRAMOIganicARdN8En dPoBMmerit BEmBABPdBBe 1? es_ﬁéé%hged]ab@{?eefor cerous
illustrative and are not intended to [1m
saari ety of DCAs that can be used in conblnatlon W th
the ceriumcontaining conposition of the present

[0033Y entT&rberla—rﬁ%&ﬁalﬁlngc&ﬁgésﬂﬁ;nvcjf %%resgﬁt ihRREG L%e used alone or

nonomer unit Speci f

aldf glxﬂ){@ﬁﬁ L,I‘r&{n yac&?éﬁ r? g%&tell gsgong‘h'é}l Qgélgr%lﬁyclr%ta? modifying,

t asi U

th@df@lg%#t@;n L:latl r%d%&'_& gﬂ? R:Il g:%veb) %%1 I‘lé? g{iggs gﬁﬁg}ﬂxpounds
ol .

knewp %ﬁy prt &% §B%°’§t corllgﬁ)/ol agen{s¥ (DCg%t e[rable? provu?es a repr;edsentatlve list of

met hacr tes CH% Sodi um
D@% }8 H%ch‘rf) @rictlce t C<preser?t nvention. If 1s recognized that monomers of

Pol mal eat es- CH( COOH) - CH( COOH) - ] " Pol gmal eic acid

difB3P Slaerepmax ‘@%qqg{b(r@si rzﬁ(f@@l CORQEOLIP (SRR YIT9KE PR I8k Prides polymeric

hexanet aphosphat e C]\Ial]
compounds, and as such, the examples of Table 1 are illustrative and are not intended to limit

the variety of DCAs that can be used in combination with the cerium-containing composition

of the present invention.

TABLE 1
Class Individual or repeating monomer unit Specific Examples
Polyacrylates [-CHC(H)(COOH)-], Sodium polyacrylate, potasium
polyacrylate

Polyacrylamides [-CH,C(H)(CON(R1)(R2))-], where R1 polyacrylamide

and R2 refer to organic groups such as

those of the alkyl, aryl, ester, alcohol, and

carbonyl classes.
Polymethacrylates [-CH,C(CH3)(COOH)-1, Sodium polymethacrylate
Polymaleates [-CH(COOH)-CH(COOH)-], Polymaleic acid
Polyphosphates Na[(O)P(=0)(ONa)-OP(=0)(ONa)].- Sodium hexametaphosphate

ONa]
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Phosphi nocar boxyl at es[ - C( H) ( COOH) CH2] m

W@ B{os@o6&H) - Phosphi nocar boxyl at e copol ymer PCT/US2004/030661
[CH2 C(H)(OOO—D ]nvvlth n = m— 16
tro‘g RGN AL ey Hg(&% FREOS GO «ﬁm“' W RablRa S

d Acryyamé da- g (ygﬁj') , and P eq6F bhifer

papa@@ﬁmﬁmtona{dsp TOREARSONH- @(lr{n)@azz;'(m)gbggl 0 JMorﬁMﬁhb AS those
of the al kyl, |arwhkre RARPS) RE & to,orgatic al pahGkoptlkage@scid
Sul fonat ed st yreenssucOr(ipkebiyt $OB kYL CH; {4801ST onat ed

st yrene- nal ei d sdepyaeohdeasepal yner Ph mnhnnl C

SR FER) ) ( R:)[@R@}@ﬂ@%) @dH) 21- Hydro Sppeif ftﬂgﬁ@alpc
Shhere R—R2— F(O gdrexy J?“hT‘.k & aei-d
?LH\EESIBB ]8? gan c:’wh reR dﬁé) \Ebe% &rcg( Igr( ﬁés }ilﬁqg; &} h
respect to the jse @ ph e GE cont g
conposition of the present | AVention al ong with at

| east one DCA, the ceriumcontaining conposition and

[Obﬂﬁ D%ltﬁalg%)eaetop{g@ Qtof tfle %%gln?%h?ﬁ%ﬁ%%&?hﬁglohnofathe present

?ht rati o ran from
bl
oﬁglg%%lth tathg %I‘he o %%8 gel;lru%l-congaérang 11%)051 i&h I'hd t%{l?] DCA can

cer vvhere

bec@ﬁeamnctﬁﬁ%@1}63?52%8%18 %iw%l'ﬁlﬁﬁaﬂo P oF Sl 190shto 0911900, and

e th eo we h r at | ran
prat?raglw&ﬁlqgmg AT, g mox e‘%ﬁ%@dbﬁl Mﬁ’gﬂ{]??‘éf”éer ag Be used
from about 0.01:10; 10, and nore preferably 0. 1: 1 1
alonecwitly Fh‘?gceflkb‘nﬁﬂ@alé%cfeinﬁ%%tton pMhereidhe GerUEbERNEIHRG gomposition,
conposi tion and a pol ymer-based deposit control agent
D@Ae apg PEAn¢an b prasent %é asous ST Tt hweighieatighenge f frem 100:1:1
range of from100:1 to 0.01:1000. According to
to ath©t: h)0: 1866 oatidngraterablyh &row eztiound Odvi 04 D.n amig mooaprediratilo §.1:1:1.
and a phosphonat e-based deposit control agent are
Agoekento bre ehbodigeeoths @yisthaoniaiming vempghition ahd @ pelamegeased
of from100:01 to 0.01:1000. In a preferred
depodxadhitE igent talkepredeiitiitl theGqidoas Kiistegh in GOVgIES irdtio@ihge toli om 100:1
phosphonat e- based deposit control agent, and the
to A0 Y180~ baswalindeR eabther @dlii@ht, dgeddfiu@lcentRihBg @Bipbdition and a
t he agqueous systemin a weight ratio of about 1:4:10.

phosphonate-based deposit control agent are present in the aqueous system in a weight ratio
range of from 100:01 to 0.01:1000. In a preferred embodiment, the cerium-containing
composition, the phosphonate-based deposit control agent, and the polymer-based deposit
control agent are present in the aqueous system in a weight ratio of about 1:4:10.

[0030] Tables 2-4 describe exemplary formulations comprising at least one DCA and a
cerium-containing composition of the present invention. Other amounts and other

combinations can be used.



[ 00301 Tabl es 2-4 describe exenplary fornul ati ons
conprising at |east one DCA and a cerium containing

wevpo3icss on of the present invention. O her aP@UOSR04/030661
and ot her . conbi nations can be used. WO 2005/030655
TABLE 2 PCT/ US2004/ 030661 ent gr ans

Phosphi nocar boxyl at e pol yner % active solids,
MA4006—310-phoesphorous—con han—1—wt-—9%

+
RO -
@
o
0

y LU pprTrooppTrtor—ou U Ul

2 p!nnc nhonahut ms

TTITTOgUt

dhosrbioeP R aepalynen bWt ‘Vzeftwe 50119@3 éém 9092 5 10
P ephgrpus; copsgntt fesxth @?)H'Yén@nt granms

l. TATT ==

Acphpsphonebuignact, Qmaéh@xzh%t%ﬁ@wﬁrﬁnanesul fonic acid, ©

Azeripm, chigrigle splutorR 00 &/t.LeCatlilbn.  MA 4500 2.5

IWhigdr oxyet hyl i dene-1, 1-di _hosphonic acid, 60 w. % 81.5

active solution8.0 Cerous nitrate-6H206.2 Wt er65.8
TABLE 4 Conponentrans Aminotri methyl ene hos honic
acid), 50 wt. % active solTABORS84.8 Cerium chl oride
solution, 20 wt. % Ce(I11)15.2 The fornulations in

abl es 2-4 are pr ef er aphypdHe®SENT 1N (Ne aqueous grams

SYGHIRRCH A@?laﬂf%uﬂheﬁlgl réﬂa%h%@@501& 45 vt 2R Qe VUV 20.0
RBRYioR WO@ prefera from about 10 to about 1000

D, Al iy TS T 1‘pﬁésﬁh’&9{c P AR SRngPOIt 10050

i:_:&)elll(l)us nltra?e_6HL6IbCI| dl T UITS bd.ll © USTU. 62
Water 65.8
TABLE 4
Component grams
Aminotri(methylenephosphonic acid), 50 wt. % active solution 84.8
Cerium chloride solution, 20 wt. % Ce(III) 15.2

The formulations in Tables 2-4 are preferably present in the aqueous system in an amount of
from about 1 to about 1000 ppm, and more preferably from about 10 to about 1000 ppm, and
most preferably from about 10 to about 100 ppm. Other concentrations can be used.

[0031] The cerium-containing composition can be used to control manganese deposition
in any aqueous system in which exposed surfaces may suffer corrosion, reduced flow, loss of
flow, clogging, plugging, abrasive wear, sensor degradation, or staining due to manganese
fouling. The aqueous system can be any water-containing system including, but not limited to,
a cooling water system, a humidifier, a drinking water system, a waste water treatment system,
a papermaking water system, a swimming facility, an irrigation system, a livestock watering
facility, a fountain, an air scrubber, a pond, a car wash, a bottling facility, a laundry system,

recreational water systems, a filtration system, a reverse osmosis system, or a desalinization
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[ 00311 The ceriumcontaining conposition can be used
to control nanganese deposition in any agueous system
WO poodtosshs exposed surfaces may suffer corrosi oPCT/US2004/030661
reduced fl.ow, |loss of flow clogging, plugging,
abrasive wear, sensor degradation, or.staining due tq
fafz}g g?%%sa@uequg UPPRYS %ea?sgq%eB% S e c%ﬂtflpﬁlé‘%aﬂ??ﬂes for the
d.g%zugr-crcj)ntai.nin systen1anIudin$, but not limted to,
ISIRABOP Phy ey fingyRiste fcluding QRMREIEI-&8- chmiatos blades tdipeqde the
system waste water treatnent system a paperneking
a ?%Flsgw@tpéﬂien%agwwmr Vaskisystqms: g nogzlesq argegs filters, valves,
system a livestock watering facility, a fountain, an
angj qamperegy Bl pystemspasp dpartigularky suRiesh to fHubag by migeteh deroitsy | Such
a laundry system recreational water systens, a
SYPIPm$ typigadn %whqr@ntheawafew er sete il Wates yfert Elimatior aed reuse. The
desal i ni zati on -10 WD 2005/ 030655 PCT/ US2004/ 030661
apphegtipn tof theT herivagroentaising wemposisionan vkl Gytiensingn sipst tmrate of
that conprises nozzles for the distribution of water
manghesé bxidativnsp, thatnudngaiesg dapasipenrsduced gr elirginatad frathe mozzles
bl ades to i npede the aerosol m st and prevent
and@r otjienagdas birediced Veaisibtes Wateefidy. The nozzl es, screens,
filters, valves, and danpeners of systens are

[0p32] t | CTeetivmuRhi@kk chpdsioh icADbdIMirsHuB&S ifdo tHERASH &/Stem as any
Such systens typically discharge the water or capture

othd? SvaV@ t8dimbAchbhichll fliuaRg and sélﬁyﬁtﬁlid,wgas, ARRY Fee@hd, ﬁ%‘uring in,
of the ceriumcontaining conposition to such” syste
. . . . e 0 :
AT B g, S RGARER S IFL T By ling cn o o
z r . [ cedir.estricte
S oy S Bl O Sk ST RS e ot

oo eh i D e BEHE bl e i e AR S Ao HerBlca, e
l.iquid,. or gas, .using feeders,. pouring in, inpjecting, .
oeofitinit cSBBesieh 5T oo EpdRt o eantici Sivtems RFophBtn wit
like., T i ntroducjng can, be by  batch,. continuous, )
Ong HiMED A u Bgsentigily. @8 oM HEKS GAYOL Readdiion typR gayceypaeem in
t.0 the use of the ceriumcontaining conposition of

Whikfeons08 8108 DEAY aistefrendly areswng histiirther racpgnized dhee thetaespus system
DCA, the ceriumcontaining conposition can be

cap gisp ddvrcRg@sehethern ¢pmpasjtiens os aggnst inpluiling,doi jpohldmiteshtonpdldrants,
one or nore DCAs, sequentially, as a mxture, and/or

dyleq fitleldi buiilders,t soquestrantp perlisnes,yaiffersy antioxiddnits lsurfacentsy andohelants,
DCAs are already present. It is further recogni zed

astedlt asttheecaagqu@ousnmyatie of laoalny ddtagentsaand Iumdsesids. OFdaéllustrative
conmpositions or agents including, but not limted to,

pugkaroatyt Bitrodtyies of the kérfnsconbitihd@iposiBGOIBSE ddlhSwater system
perfunes, buffers, antioxidants, surfactants, and

is @lbedsgddt 8, detail. Application of the cerium-containing composition to other aqueous
systems can be achieved by similar or dissimilar techniques of administration of water
treatment known in the art.

[0033] A cooling water system can introduce makeup water containing manganese into a

circulating system where the manganese can precipitate and foul system surfaces, resulting in
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as well as the common conponents of |aundry detergents
and | aundry aids. For illustrative purposes only,

WO pos08es3 | on of the cerium containi ng conmposi PCDIS1004/@30661
a cooling.water systen1 i s discussed in detai

on _of t rium.containin to .
PRt 5458 ong D Een S50 BhleBd SR Aol Rl oz,
di ssinilar technlques of admi nistration o i
plveagggt ﬁ@ﬂlﬁlg»kwaquqnwg? fgerad sef%b@%foma%&aﬁéwggm?ﬂ freatment
stem can introduce makeup water contalnlng manganese
per KAnge, apg roahar agversg efipets- erﬁ fiFaHadng RO g ey eem n comprise
eC|p|tate and foul system surfaces, resulting in -11
tubiTE, POTS) DD HeuSoTaEws 08EE. Pafokisswasors aad gher hydraulic
corrosion, loss of heat exchanger efficiency, reduced
cohipgwntseih@icqap ywxpeaiengggdampge op Fadyesid mygrfoxmanta ing respl i9p manganese
damage, degraded sensor performance, reduced chem ca
fotlirgat Imedditiop tar the hydrad e, compdnentsh epenadsienking dodiog svateAsystems
circulating cooling water system can conprise tubing,
capiufilizegpolb@3owss, spaprpandshealingpoata ngeha opsradesseyirs to extract heat
mani f ol ds, sensors, and other hydraulic conponents
byt hatevadmution PE MalAC Opdarageulating’ Seume dap eimbloy MR3C Spr@s néezles,
result of manganese fouling. In addition to the

digtBlitial | chenneIgMMem @ Rifnhatold) @GUVERC Fill GhttéHal, NGire; Adsh,NEeiv @iictural
systens can utilize cooling towers, spray ponds,

suﬁﬁ&’{ REHASNAS ottt RBhlpBherP Bt LRSKILIESI oS dirRageXdr' @éiérloratmn by
eat Dby the evaporation of water. Open recircul ating

18 cafloenpl oy fans, spray nozzles, distribution
1n§%§nn@§? gFft eI|n1nators | ouvers, Fill mat eri al ,

[05\%{\6 ’Fg‘c&‘é&ucé/\%t eﬁ%nht%% d {Th%t é&/aj e eﬁ?@?ﬁ? 9 gmaﬁ’gm%?er %ouﬁng in cooling

er Conponen are su ] ec
t tl 1 t1
sl i TR e R 3 F%f@%n%“ o Wﬁﬁ ﬂ%ﬁfﬁ%@és can be
t
o o S e A s e A gt PreRg point of

can be _added to the makeup water strean1and/or to the
addtiog a6 H5TNACBHEEYS: HIPORLIR df i BKB] Heichsiream at & point
addi tion of the cerium.containing conposition is

t he

suffieatly Tanarpiieans thab i agelitiye pndi mgkeus ptes a1p élﬁfwlwkyamxed before the
upstream that the additive and nmakeu P wat er are

waielf priterh dhe Icifeuiating osyBlemor &ort [geamphgat well-wafere fssa tggmmon source of
circulating system For exanple, well-water is a

menganee insalingsysséms. niarvg aH asé lownlevahodfi digyolsgsoxygen in timwgHvater
and | ow | evel s of dissolved oxygen in the well water

sustamt dévateé llenht ddlidselved manganekes sSWhaneshichravagan eger. anpen cooling
such waters enter an open cooling

water system, oxygen levels can increase and pH can rise due, in part, to degassing of

dissolved carbon dioxide, resulting in conditions favorable to the oxidation of dissolved
manganese into insoluble manganese dioxide. Further, chlorine used for microbiological
control within the circulating cooling system accelerates manganese oxidation. Introducing
the cerium-containing composition and optionally other DCAs (collectively, “additives” or

“inhibitors”) into the makeup water prior to entering the circulating system can ensure that the
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wat er system oxygen |levels can increase and pH can

rise due, in part, to degassing of dissolved carbon
waele@zriosiss5 resul ting in conditions favorabl e t oPCTES2004/030661

oxi dation.of dissolved manganese into insoluble

adBRVEARHIS R alb9 Xdafe -ard fﬁfntoti@{ly nfifdof %nh&%etﬂe nﬁﬁbmng effect of the

m cr obi ol ogical control wthin the circulati

ad&ﬁ%é gatns 0 AGEBLELAL 8 JBRERNESAOHa [aé %Qm%os jfion can be

ntro ucing the cerium containi ng conposi

mﬁJ&fu' é%]ga% flrgy pQ?rg’( er ﬁlyl@&@fﬁ)oﬂl&%&h gtﬁf I%eve%tlee\,{tive .ad ditives" or

r| or to enteri ng
o, PG 8 BT S s

wat.er re t hor ou xed to optimze t inhi bitin
ingRreR Dot e CORHTrY et m@msﬂe%éﬁgtlwh of pejdizer for
its, depositi ver conposi tion can
mlicwf% QR érﬂ%‘sdﬁ?h?ﬂo%‘[‘el‘d?fyﬂﬁﬁrﬁeﬁlt% a8 o$RElS 'awan% periodically
be effective. [0035] Cooling water systens typically
eXPRIES BIRNEMNPIEE0 FHord ASEEISSINSlY AKigizing Gopdifiensi chogmaximize the inhibiting
intermttently at nore concentrated dosages to achieve
effgett 19f ethioketiunecanfainifig peoigpsiden fayr cermrrcmntwramg contpegition/DCA
This method of delivery, referred to as "shock"
combenatiorsntit, ispprefecdlectl bynchreripe ks cenungeongrsigng @omposition or the
aggressively oxidizing conditions. To naxin ze the
adiitiesovith rihe timfirfeectt thofshbdketreapment e pontidel mexignum concentrations of
conposition or ceriumcontaining conposition/DCA
inlgibitdridogihd e peridds of Mo bgdressab hRngamesyoRidaticani achrdifization can be
ceriumcontaining conposition or the additives with

achiB@edt By hidtubing tHeeadaifiosko thieeaiciRiilg WaePdySédRnEBMKie ore the
concentrations of inhibitor during the periods o

oxiRsdk iAEIEE S h NERGARSR PX ialiRingSYAGH AR s%lﬁicieﬁﬂy mixed
can be achieved by introducing the additives to

witd £cféi§’tlv@§ bé}&e\ﬁ%[ 'éan?% %@{ﬁehm | oAby ?Pe%r?olé P&?%Oef addition is

oxidizer is a ow sufficient tine fo

th& 1&%&1## ?ot\xiep get% ifd, 5{110(?1 tﬁ% tﬁeugddltﬁlése&'ﬂlchlg}Naq?r a}@ Jul?ﬁciently mixed

Ves reami s expos

bygg(r!)c(fje!ss%g ro{ aé'\\/eguon ?11) e aggforn tgk&fg{%:a a%g %tlotnﬁgata aca;r vitt énsthg r%;8ohng

ower re urn

cool ter sufficiently xed. b ses

okl ei‘f’%o#i ey e %ﬂ%&ﬁ%ﬂm oy e s &’?‘?‘%‘fﬁ’“’tnh gftes the

pepﬁ 18% ea@t@cp lgéxgtetﬁ)rgﬁga@;i gqg ‘ﬁx@tcﬁ Fgﬁreg);&%zgsﬁ dg{l}s ddi ] f the treatment of
offsets the periodicall elevated i, nhi bi t or dosa € SO

the prgtenbinyRagipR e bgsinigjeede dive gerygseqytrining qomwosiHererraditives feed
of the present invention can be nmaintained. The _

cap bp isyiehroniredvih wyidizengsisiion) thirugy anydasans gesyneleenizatien ipcluding
be synchroni zed with oxidizer addition through any

elaetraimis timerssantapkatadrpirocassicontrdl e Imadiah gddition.

[0036] The previously described versions of the present invention have many
advantages, including reduced problems associated with manganese deposition in water
systems. Cerium-containing compositions of the present invention specifically inhibit the

oxidation of manganese by chlorine. In addition, use of the cerium-containing compositions
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el ectronic tinmers, automated process control, or
manual addition. [0036] The previously described

W@ 2008/0808s5 of the present invention have many PCT/US2004/030661
advant ages, including reduced problenms associated wth

W@E&g&%’s SCE?I%QH S'aﬁcf Q/Rh ﬂoéﬁﬁ&n%{e pltci%’ ﬁ%lﬁﬁg@r treatmel%t provides superior

m contar ni ng osrtrons o

iR (B ﬁﬁb&fo%'té thl 88 o 85 PR LS n?mffhout the oerum-
ceri.um cont.ai ni s -13 2005/.030655. . .
COPERINSSITTRT A6 61 g ‘i? lﬂici@r%ﬁng?”iﬁ%e REHon ! ﬁgl Qp {sysignificant
phosphonate pl us polynmer_trea rOV|des superi or
gikRlin 5 nf8se hale p5s PRPED AN A Db e, vty wb\br:@eablwo prevent
the DCA treatnments w thout the cerium containing
MngARRSe idePASHiON Mheoling Palgs YSiest eRUEAINInG Righnlewds of manganese or
deposition inhibition is significant given the fact
opetting atthéghugyples oflcppdentraipn.cont r ol has previ ousl y not
been able to prevent manganese deposition in cooling
[003F]er Bygrtdatien ©b mrgnici agitivegghy lespebs ©f chietingaand seheayrhalogens
operating at high cycles of concentration. [0037]
infeedpcesd at isipnifiofint oc@anb c irdddiidli wetsr byeatxqnos u e t erium-containing
chlorine and other hal ogens introduces a significant
cobpRkitibr® protiuiShelirar Mt gHosphorat meditives Tdpinst degradation by chlorine
ceriumcontaining conpositions protect polyner and

(BlIssRROBAL A I Tréft AAAARE alRBpBACHAN dBgEMdas édhpetitive
("chlorine stabilization"). Treatnent is effective at

withl BRI € S prdth S s 8GuA e LS JTepReald Halo‘g@ﬂ stiu1d 5Hd1t1ves to provide
alternative approaches that require the use of

m?ﬂ?ﬁﬂ%f e a&ﬁjidﬁg&ﬁ drg&%ﬁ'bﬁizﬁﬁ{)ﬂ atlb\Vseﬁ’le e s@h‘ﬁlﬂgﬁ proven phosphonate

itlon. tion lorine sta Ilzatlon al

antdgﬁl}}tﬂ‘?eg a&fltl\%g %.0 ﬁi‘hg tl}e REQME Do Ay {}'g Z ?@ﬁé@eﬁcﬂ&{lﬁ ? l)vgl'fr?sl‘tabllshed

avoi nee y on

he, ?egtelgcﬁg@nalt%fnau &3S & comegsﬁt%gs Iar‘?’({' ?rgaupe&? 09 %%tprgs%%bbﬁentlon can

1 Ves ‘e CO I'ons an reatmen
esent ntion fu t her. provi de. .chl
b piovigh ARG g ionc St aitits JRhS Sl dnlig dgpe golorants
col orants bui | der s equestrants, unmes, buffers,
b cserbRsEgS. RSTEORt U ARoNifpnisy 058‘5%8 IS 4y 8 gfyeous system
when introduced at an effective anbunt to the aqueous
whensipeeducedo amafferte gpauaidp theiagyeont P8 ™wi | | be furt her
clarified by the follow ng exanples, which are .
[0038]end&be prssant invssiop vl pe dirthenelapiiedshsrthe follpwing examples, which
EXAMPLES [0039] The perfornmance of a treatnent
aradrgenddd trgbet axemnplaryprf dsgmesentimentioron t o cont r ol

EXAMPLES
[0039] The performance of a treatment according to the present invention to control
manganese deposition in an aqueous system can be evaluated by exposing Mn(II)-containing
solutions to conditions that cause MnO, to form, and then determining the amount of
dissolved manganese remaining after insoluble MnO, has been removed from the solution,

by filtration through a sub-micron filter. Manganese in the filtrate is either dissolved or in a
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manganese deposition in an aqueous system can be

eval uated by exposing Mi(ll)-containing solutions to
w@onvdiosiesns t hat cause Mi02 to form and then PCT/US2004/030661

determ ning the amount of di ssol ved manganese

ﬁr{eﬁgaiisx"ge@,gea@f& %ESB%/IQ%? thtgl fat MRS ngﬁﬁregﬁ)ﬁ&e rf %X“E‘?’o{?r B8 coarser

ut 1 on, tration through a sub-m

FiL ' . he. f.i : . s .

b S e P ol R oion o
divideg q@gily di spersed state that does not

mﬁﬁ%@?ﬁ ?@ e%%s readily as the coarser nmaterial.

H gher |evel s .of gane in the fil.trate carrespond
to i nproved eﬁWPBﬁ%P%ﬂn8é&mﬁ%W§8§%§%L8% o@b?pﬁ%.
Cerium. I nhibition of Manganese Xxidation by, Chlori .
[00HY 40] Torgssgsshe abilifyeotagsiiim ty IRHbIE MANgAResceO {daon by chiorine, an
manganese oxi dation by chlorine, an aqueous sol ution
aqHeAYS aSoRItieE Wtaling S@w%ﬁal divplenfraprigrnese 2t godiai ypochlorite was
hypochlorite was allowed to incubate for ?eyiods up
allowe@ 4o lipubaje fatheerigdtiap e 24 dloutsi oFhenggsieeuseselysian Seag then passed
through a 0.2 mcron filter and nmanganese in the
thfdukh rea08 wagomddsurasd. mBghnesé omshe ddinatei wasngeaseredu mSolutions
were run under identical conditions with the cerous
conediningebaianh wpere aun undert ilenticd ddinditian vwath thy groasiselt hdded prior to the
I nhi bition was cal cul ated based on t he nanganese
adde®in i akpdchlotife InhibRidh &ds aslculated bdsed oo titermingsidseltesidng, in the
according to Equation 1: %inhibition = (Mstreated -

trdWRIQRE ithy cédntfolVEblitidng,akcordiMito Ryubtied ): x 100 (Eq. 1)
Where Mnh;nitial = dissolved nanganese present at the

start Of% t[ﬁﬁ@ol%{lﬂ Wﬁteea'ted 'Cnltngo'l'ltirolljl ¢ Mhnﬂtﬂll bM&léer‘B\) k 500 (Eq 1)
calculated in a simlar manner based on initial and

W&%ﬁ%idl?l;ﬁ%]ﬁa] ChIREIINR mERRGER T J:akhORSthe [KRASE tiXBGIkIENt @hlorine

Ions - Water for the tests was prepared by

RGO ., TG PR A PRt

dlﬂ%p ralized water containing 3.3 m of 6N H2SO4,
C?%?18ﬁ%ﬁ'by aeration to equilibrium wth the

[Ogéﬂ?zlp ?#an}?%%l géﬁcg%gpes (‘3’26“[&%%??S%%%gﬁ%g@%{QES&V%é% J6g
SR PR SR A B o
dimineralized water containing 3.3 ml of 6N H,SOa, followed by aeration to equilibrium
with the atmosphere, to produce an aqueous solution at pH 7.5-8 containing 300 ppm Ca (as
CaCO0s3), 75 ppm Mg (as CaCOs), and 50 ppm SiOs.
[0042] Stock solutions of chemical additives were prepared as follows:

1) Stock Mn(II) solution, 1 mg/ml: Add 0.308 g MnSO4-H,O to demineralized
water and make to 100 ml.

2) Stock hypochlorite solution, 1 mg/ml: Add 2.0 ml of 5% commercial bleach

to demineralized water and make to 100 ml.
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1) Stock WMh(Ill) solution, 1 ng/m: Add 0.308 ¢

MSH-H20 to dem neralized water and make to 100 ni.
WQ@200S086R5 hypochl orite solution, 1 ng/m: Add PCOUS10040630661

5% commerei al bleach to demi neralized water and make

L0 ooyt TR SRR BETLYSKAP AR Ypmeri
blegaggl FROTRE g'o@ho Rlog %ﬁr QAIH%n\%g ggnr&gﬁgze;&%&té%%e 19,100 g

o demneralize

Qo S0a SobiicstirhaR LS 1 &R Tda 638 rEs8iagmio 1o
o a5 s et kol y
ésbgg;iylngfg'élg gé@bp et G BRARE Al §-gigcof%éi{’/g%qitvga?ra@ﬁrcﬁhpoly

to 8.0 usin sodiun1@ydroxide solution and make to 100
(prltylaeyldos%-at?ﬁw@m@nﬁal Onte racid) do rappraximately) 89 sl gofy degineralized
active acrylic acid/sulfonic acid/nonionic terpolymer
watey, ahiiist i ithP 8502 suliym hydroxidasoheionlapg makevat 18P mladj ust
pH to 8.0 wusing sodi um hydroxi de sol ution and make to
100 6) . Fipclsp HikpAnnerp bl ygdml; ALld 20gg 2% attde acr@licgacisfonic
active phosphi no-sul fonated acrylate polyner to
acaipnoxicntetpelyme8® appraximatelyiSienladfi deadhendized watdjadpist gdHto 8.0
to 8.0 using sodium hydroxi de solution and make to
usib@Boditim h§droSle sdutionHnd mzky et tPlnldene- 1, 1di phosphoni c
(HEDP) solution, 10 ng/m: Add 1.67 g of 60% active

comyer ci SlockHEQPpdIPmai PO Qixd/iBtAaldy2. 8@ 420 &tive phosphino-sulfonated
dem neralized water, adjust pHto 8.0 using sodi um

acga_vaié Pl &8y ﬁ)oéﬁp}dxqma@gckomak Bf H&nih&HaliZ¥H - waldr, %jg%% to 8.0 using

Phosphonobut ane-1, 2, 4-tri carboxylic acid

sod@titykRRide 3utibP4rAi hake A tZmP0 g of 50% active
commercial PBTC to approximately 80 nl of

denigher akj . hiSt : i i X
sher abioged MehEtyetrRfidist RFnb QLG HMo I
hyerX|deosqut onbgng nmake ;gllgﬁ’%Pf [ i% Tiome mg/m
AcB9 PgH %e@fcﬁ%)factﬁr %o%érgng ijEb'Pofa dﬁgf%&ir#ﬂér}%lﬁl mf &8 HerhiBeralized
measure the exten and persistence 0 nganese
tabj.lizati rovided, by 1.ppm Ce(l %% onduct ed
i ikl S0 4P PR silona® RSt b BB R 7" §

g/ @B CeggoLcjlgn ii’ggs%hon%bmaneq,2,%—trq&/rlggxym’] (a{cgd) (PBTC) solution, 10
mg/ml:  Add 2.00 g of 50% active commercial PBTC to approximately 80 ml of
demineralized water, adjust pH to 8.0 using sodium hydroxide solution and make to 100 ml.
[0043]  Time Dependence of Cerium Inhibition - An initial test to measure the extent
and persistence of manganese stabilization provided by 1 ppm Ce(Ill) was conducted by
adding, in order, 500 ml test water, 0.5 ml of 1 mg/ml cerium stock, 2 ml of 1 mg/ml Mn(II)
stock solution, and 1 ml of 1 mg/ml hypochlorite stock solution to a glass beaker. An

untreated control was prepared in identical fashion without the cerium inhibitor. Both

solutions were heated at 37° C and stirred at 300 rpm using a regulated stirrer-hotplate. At
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stock solution, and 1 m of 1 ng/m hypochlorite stock
solution to a glass beaker. An untreated control was
w@e@paswss i n i dentical fashion wthout the cerPCmUS2004/030661
i nhibitor. Both solutions were heated at 37 C and
musing a re ated sti

ihld & | -hot pl.at e,
o RT3 o o SR PrPlgs 6155 Py SRR b Rk e, and

' i od, | f the sol uti ons,
oot G VERBART 91 s PRRlob R eGP IBeRh e pJimag st

for free availablg chl ori ne using comerci al L )
PrecsAges- b frac-flgpepdent pythiting ffgnangprest prdatipsRyrgenm is shown in
.inhibition of manganese oxidation by ceriumis shown
Fig. wigh ¢pta listehin thed@rlabqlpwt ed in the tabl e bel ow.
Manganese and Chl orine Ti me- Dependant | nhi bition Test
Resul t s Manggsss a0d Ghipsing Téeg-RependBohihivitios(TestResulFest
Water, 37 C, pH 7. 6. | ppmiGerigin t€atngit i ons: M = 4.1
ppm Cl12 = 1.8 pphmbstsned ddst Watre, IHE,)p1 7.6hi bi ti on
MhFree Cl2 7.138i8l Qatditond 61184 00.pDH3CH =1198 8. 569. 9
22.067.352.3 24.548.536.2 [0044] The results for
t reat rr@Mpssti Tilme @Y 1|1 1) at 1 ppwinmiditieat e t hat 100% of
the initial nmanganese rewmal ned pol ubl greatier 17
hours.[A"Sigm Ticant stabghi zati pn of freg chlorijne
during The fage perji od WaR) @l SO achi eveds ¢By
conparfisorm, 1@ ssotved mgg_grlebe mthe y_g_t reate

Q0L = 0/ £ =l
I Al

sanpl edect ed—tq85%gndto 65%of —t ge t

anount a%tc“‘s ate—17 ho'gk, respectvely—as—sHown

1 1 1 ~ i rafig ‘if noanoaco Eﬁ'ée tn

I n FI g. = . TTTC ol T ac T U \w A | MII:’MIIL'\JU T UJJ LAY
chlorine loss for the <control solution after 17 hours

was between 0.9 and 1, consistent with the established .
(0044 ¢ hlhsrrataty Targreamsat pihGe(Bh aiot PR digaie,iheih100% of the initia
mgnglar?erselz rJgeenilained soluble after 17 hours. A significant stabilization of free chlorine
during the same period was also achieved. By comparison, dissolved manganese in the
untreated sample decreased to 85% and to 65% of the initial amount after 7 and 17 hours,
respectively, as shown in Fig. 1. The mole ratio of manganese loss to chlorine loss for the
control solution after 17 hours was between 0.9 and 1, consistent with the established
stoichiometry for the reaction of Mn(II) with chlorine:

2H,0 + Cl, + Mn*? — MnO,(s) + 2CI' + 4H* (Eq. 2)
[0045] At 17 hours, the control solution contained dark brown suspended and particulate
MnO,, whereas the solution treated with 1 ppm cerium was clear and colorless, indicating
that MnO, was not formed in the treated solution. After 17 hours, Mn(II) and chlorine began
to decrease in the treated solution, however inhibition remained above 50% up to 24 hours.

[0046] Effect of Cerium Dosage - To determine the effect of varying cerium dosages on

manganese oxidation by chlorine, tests were conducted at cerium concentrations ranging
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2H20 + C12 + Mh+2 -+ MQ2(s) + 2Cl- + 4H+ (Eq. 2)

[0045] At 17 hours, the control solution contained
wa@l2008/0B668Wn suspended and particulate MO02, WhET/E8204/030661

the solution treated with 1 ppm ceriumwas clear and

col orl s ..nat
fi 9P PR T Dl S %?S%lgh i Sor 5 e, de%&‘ég%%ﬁ%sﬁ idtibed
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abPH%'a]E[}F’PngHIaP%%Cn% magEred 3l ﬁowa ?ﬁ%@ﬁ?‘% d%“[ rﬁf%ie fests,
Ef fect of Cerium Dosage - To deterpine the eff
sh¥P yinnfige & iafith o S8R ool W&W@%éﬁ% Efiualatproaﬁgsymg‘%mon at
chlorine, tests were conducted at cerium
copemEaiians zasi levsas & gipy and Proyisiesop ByasmEEE Sifect near about 1 ppm.
PCT/ US2004/ 030661 fromO to 2 ppmin stirred beakers
Substaniiged dnhihiden i oraintdieedithnepghpupibn E@h@feﬂoﬁ% tadggescri bed
above. Filtered nanganese was neasured after 17 hours.
Dat a for Mdmgaramdﬁﬁpminwset Bepegdent dthihikion FesFRepultp  and

the table _ cat ha u Vi

b b b1 ol CoheshBoRe Raha Mo F Rl TudRy! %gﬁﬁ’mand

PInixi4l GedIp(ppRX i B’llm'eﬁfl\fhe@ 1naaurs gipayt %4 Mppnhibition @ 17 hours
ubstangial 1 nhibition ix2gmai ntai ned throughauwt the

i'ghergggsage rfange. Manganese and Chlori de Dpge
Dependghg T Nhi B i on TesfgResults Initral 296

Concen tTons T ivh(i 07 htorine 0 m
Concemy st Tons (1) = 45 07 ppm 55.4-0 PP
T a SQJ:;U 1) \pplly Fi |’$1 cu M—17 Thours \pgﬂ‘&‘m vh
b ok ha b n 17 Ln--up-. no N_ 109 939 ﬂ —I onnA
T o1 ) 7 oul OZ" 41:781 U O 10UZ. Z- U. ﬁiz OZZY
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1.53.7588> 1 2 03.6073.5 -*-w47] Mechani-sm-of Qg A
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2.0 3.6

[0047] Mechanism of Manganese Inhibition by Cerium - Manganese dioxide is a highly
surface-active material used in a broad range of industrial applications. The industrial
applications include use as a scavenger to bind metallic cations, and as a surface catalyst to
mediate reactions such as the oxidation of As(Il) and Se(IV) that have utility in
environmental remediation. Ce(Ill) displays a high affinity for surfaces, and dissolved
Ce(III) can be expected to adsorb readily onto hydrous MnO,. Cerium exhibits redox
chemistry involving the +3 and +4 oxidation state that can potentially enable Ce(III) to take
part in redox reactions with both manganese dioxide and chlorine. While strict
thermodynamic analysis indicates that Ce(IIl) is stable with respect to oxidation by MnO,
and chlorine under the concentration and pH conditions used in the present testing, surface
energetics of Ce(Ill) adsorbed on freshly formed hydrous manganese oxides may cause the

redox behavior to deviate significantly from the theoretical. Oxidation of Ce(Ill) by
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.2 ppm This finding iIndicates that inhibition of
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ter hour s treat nent Conpar
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Ce(lll) retards Wn02 formation hy interfering with,
ZOWEL 4 BWEIACLY recopizadniiEngsagnon derated, & Hireshalds effect gy gooling water
result from conpetition between Ce(ll1) and M(I1)
trgagpendi t es on the nucl eating M102 particle that

[0049] Cerium Enhances the Performance of Dispersants in Inhibiting Manganese
Oxidation by Chlorine - Deposition of bulk phase particulate material in aqueous systems is
often controlled by using highly charged polymers to electrostatically couple to finely
divided suspended material; thereby increasing the particle charge and preventing

aggregation. Polymers that incorporate sulfonic acid groups on the polymer backbone are
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interferes with the “autocatal ytic' oxidation.

Alternatively, or perhaps additionally, adsorption of
w@2(os0s0653mmy interfere with particle growth byPCT/US2004/030661

distorting the Mi02 |attice. This node of inhibition,

es%c‘tlfﬁgr gf'ect? bst Dh%g{ trcgrrcr:la rmv\#ﬂfrg f %\%Sl’garg?%dpamculates The

recogni z enonEnon ter a threshold eff
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Performance of Dispersants in | nese
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particul ate material in aqueous sy stens is ofte
Tlrsvheldoinhibiing agerip ﬁ@chrﬁsgthgphe%ra@éosabbﬁrﬁ rRepgonly applied together
el ectrostatically couple to finely divided suspended
withtdispersing pHlmmnensyioj preyidedilngjtiom dhgh gxeeads dhe ivapafditigh of either
preventing aggregation. Polyners that incorporate
inbibitbronsesl abind. grGeubined npltdsphopaskipakymeb abkibistie iar @ mdigstay for
WD 2005/ 030655 PCT/ US2004/ 030661 especially effective
mhmgaheshictnttadl igtht hetef peatmert dmlustfy.i ron and nmanganese
particul ates. The carboxylic and sul fonic acid groups
[0080]t heSealedDlae et Psoeeade A soriesl of feots wetk tonductehtd evaluate 1) the
manganese as wel | as affording a highly polarizable

et boeerfulinbn eRhaRpasesd et SfordedThy ﬁcﬂﬂﬁ&%hbﬁﬂhbhﬁté blignistry
agents such as phosphonic acid salts are comonly

afP kb SRAISRARE BBIct ofVetilin @h meéﬂaﬂﬁloﬂ%kﬁﬂ?ﬁq&/ﬁlﬂsﬁ}foﬁétb ei®mistry

i nhi bition that exceeds the capabilities of eith

by E;hb h{BhptaRd FhoRfests éf'@b&ﬁ PN SRERA {8 RR (‘Y)H?%fnmg various

stry I's a mal nstay nanganese contro

(%gn%{u k{ egf n%@tt éontﬂ{éﬁt r%’({l % g}léosgﬁ féd ﬂlﬁﬁ%?xgs%t hypochlorite,

ure - seri es of conducte
t
h}(pr?ﬁﬁo&r&e adeq)cgglru& dglatil%sealeg 231; r?g {e l’lmat?on olg)gt g%g%egpwgtg was added

tog‘élaws%g oo *ff} By hefeg %Eﬂha %%p@%@ﬁtsmgﬁwv O ek solutions of
T
pelgaPoahgp RS P Wﬁf s Do BiREe DR ngRRotpmite o

test solution, poly phosphonat e, nmanganese,
ghg frsech ! @@cenwwabr%mé W HENE FARPRS ARG aGeH 40 apeyea feated
jar determnations, 100 ml of test water was added to
toqa emReERtyE 553 &+ s Afienl T bawe thy SP]HEO%de‘FT?ﬂ%TﬁO‘@Fl from the oven,
appropriate vol unes of stock solutions of poly
fijsérod fhowgt &0.2Qa Ifilte), ,and/agazed SordMut) rapgioe rﬁﬂe@ ﬁvqﬂéble ‘halogen as
and/ or sodi um hypobromte to give target initia
icleaeéd it thatollomsng t€hie jars were tightly capped and
pl aced in an oven heated
[0051] Cerium/Polymer Tests - The use of cerium in combination with dispersing

polymers was examined to determine if the two distinct chemistries would provide greater
manganese inhibition than the polymer alone. Tests were conducted using the sealed jar
method described above. Three commercial polymers were tested alone and in combination
with 0.5 ppm Ce(III). Product 2000 is acrylic acid/2-acrylamido-methylpropane sulfonic

acid copolymer; Product 3100 is an acrylic acid/sulfonic acid/non-ionic terpolymer; and
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[093%060F 5B al Asgerenes2 The @mmaswf@e{%s@]stam iging manganese
Trial Performance - The performance of ceriumin

wes Aibthér evalngtednimae feld $idal ahmmid-westera U. Svedgctrin wiity flatipn. The plant
field trial at a md-western U S. electric utility

esplaysd Dpolybéphobgiotate progtaoyfr snopgahigrdepdsithaosiyblan gheecooling water
program for inorganic deposit control in the cooling

syseirer Cerium was added as an overlay to the existing chemical treatment program to
determine the effect on bulkwater manganese concentrations. Details of the field site and
trial protocol follow.

[0053] The utility station generates power through a single, 235 MW, coal fired, steam
turbine-generator. Under average electrical loads, the cooling system operates at 135,000
gallons per minute (gpm) recirculation; 2,500 gpm evaporation; and 1140 gpm blowdown
resulting in a flow rate of 8 fi/s and a temperature rise of 20° F across the surface condenser
tubes.
[0054] Makeup water supplied from local wells is used to cool the shell-and-tube

surface condenser and other heat exchangers in the cooling water system. The well water

typically contains approximately 1 ppm manganese and 3 ppm iron as well as calcium,
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eposition within e cooling system ore
cqtiify aperisn Mgs thegfed sputipgquplyfor théeetqa?’%ﬂo %}%ta’é%é% S ﬁPﬁarge of
whi ch ceriumwas introduced as an overlay to the

0.6xipat. | Aferctbisk idayp. edditianalyesymanas ioseduged (Raigcraws dip dpsagedo 0.8
on the 2.5 mllion-gallon cooling systemvolune to

ppmiand dlppy additiogel HERP sws addedt dMMangangspand exsdingiiyity Gethie gmakeup
was then fed continuously for three days to nmaintain

whiee adalhdletatetosae measired twice daily throughout the test. The test data was used

to correct the measured manganese for variations in COC by comparing the COC of
manganese with the COC for conductivity. The following formula incorporates the
correction to calculate the percent increase in bulkwater manganese at various times
following cerium addition.

[((Mnpuik/Mnmakeup)/(Condpun/Condmakeup)-

(M t=0/Mnnakeup,t=0)/(Conduui =0/Condmakeup,t=0))/ (Mipuli t=0/MNmakeup,t=0)/(Conduuik =0/

Condmakeup,FO)] * 100
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0.6 ppm After three days, additional cerium was

introduced to increase the dosage to 0.8 ppmand 1
w@pessasidss | onal HEDP was added. Manganese and PCT/US2004/030661

conductivity in the makeup water and bul kwater were

measured twi ce daily throughout the test. The test

Whstea was used to correct the nmeasured nmanganese for

variations in COC by conpari png the COC of nanganese

Winhict he =Cdemeppsse E%’t‘iﬁlﬁ’@fli”%/}“tt € b"l}h\éatFr@l | owi ng fornul a

|ncorporates the <correction to calcul ate the percent

i Moseas e = Mangandsoeensentighipg inibe makgupyidtous ti mes

foll owi ng cerium addition.

[ Miadvhbul K Wengakese pincertstion in the Bkurtaidelpy cerium addition;

(Mbul k, t =o/ Mhmakeup, t =0) / ( Condbul k, t =o/ Condnakeup, t =0

) MihMahisl =Ky fangandsh nericentptivn: o) th¢ Gakelipuyatsrtbefore cerium addltlon

Condnmakeup, t=0)] * 100 -22 WD 2005/ 030655

RCId,|R2 0 G4¢ 130G ity Whike Bulkiviaryl Kk  Mhnmakeup Mhbul k, t =-0

= Manganese concentration in the bul kwater; =

MBHGRNES & Canacelvity af the makeuptwieriakeup water; =

Manganese concentration in the bul kwater before cerium

aéshcﬂ, % = M{a{a&wg itf the bk VRBOBITSS Qera i §RIKidn@hddon i N
t he eup wat er before cerium addition; Condbulk =

; onaucti I c [} 101.
C@% f”f’vd Yohdd {\h@ iR Kﬁ‘ﬁ&a@ﬁb AR RS S4tior

Ity |n hé makeup water; Condbulk,r--o0 =

[Oggz'ld uc \é%ﬁg{é ﬂ@as@ﬂéh %OW B uifePddCsa ‘f)tfés gﬁangﬂ @%uhbl@g‘ that had

uct|V|ty In

pabsggcﬁ ?ﬁﬁ engl:gr%m egdl RL‘S%RS % 81%5}1 ltg@ﬁ] Wﬁl\ées a ﬂ(ﬁgﬂiggle total

sood red Sal’rp es and on tsal’rp H y .
¥iec o i frs b My AL b S0,
Rgé)lli]tg gg %1% 2’@ m%@rgn?eﬁlésglﬁ%ig a}edci(l 1(3/?(%/ F/Elél%hé%(il!lsl (,)ollglsdalvﬁnbz that

measurenents indicate the dissolved Mh(l1) plus
oG ORAES B P4

[0058] Figure 3 shows the increase in manganese that developed in the recirculating
cooling water in response to cerium addition. Total bulkwater (unfiltered) manganese
increased slightly more than 10% within 18 hours of product addition, and stabilized at
approximately 20% increase over the following two days. Increasing cerium dosage to 0.8
ppm combined with additional phosphonate further increased manganese to approximately
25% above the pre-trial value. Trends for dissolved (filtered) manganese were similar.
Overall, the trial results indicate that cerium significantly enhances manganese stability in
industrial cooling water.

[0059] Cerium Inhibits the Degradation of Polymer and Phosphonate Compounds by
Chlorine - A critical factor in the selection of polymers and phosphonates for water

treatment applications is stability of the compounds to degradation by halogen compounds,

223-



was able to pass through the filter. [0058] Figure 3
shows the increase in nmanganese that devel oped in the

WO e@s03sbat i ng cooling water in response to CRCT/US2004/030661
addi tion. -Total bul kwater (unfiltered) nmanganese

i ncreased.slightly. than.10% wi.t hin A18. hours.of . .

PGl E e et PRt RS el Bt Mo A Bvgoeseigeicn
i ncrease over thﬁ fallo 'qg two .days. .In reasinﬁ

copeli AT SHYE T o NEReHOn th‘? G0 ARG PAHYF 2B hosphonates
phosphonat e further increased manganese_t o X

degizfesothe r?aff%qngﬁncezsg/sha Thandpredugesithy elfigpoyeof the dplpgen anti-
for dissolved (filtered) manganese were sim|ar. )

migipbie rratmefe K hpsdiech disefvessd ithid perieredegs thedplogen degradation of
s%ggificantly enhances manganese stability in

phiosrhasate prd pobywest cofgpaNader . [ 0059] Cerium I nhibits the
Degradati on of Pol ynmer and Phosphonate Conpounds by

[0@H] or | Geivm HKakitization agaifish Hatygen Pegrhdation} dbe heprofotrium to inhibit
pol ymers and phosphonates for water treatnent

thaqradation ofylynser shdplidsplionawfcombeurcle bp haingks was investigated using
degradati on by hal ogen conpounds, -23 WD 2005/ 030655

thP6IAddSgRMA3R 66 Hegaibéd abdvar | 'Yhee bdlotidns €n ahel tdatsodit Nt contain
that are routinely use for disinfection and

maHgeheRB B AgifiesRbf the @dats! Ble “bibnid @dmaMmY'S bEMS ph&PASHakeOIdnPounds
hal ogens with organi c pol ynmers and phosphonat es

HEB0 ad ¥R T § 2P BV Ak MBR CBrel fcoh B RRINY TR i AREEnEE IME fkence of
the efficacy of the hal ogen anti- m crobial

RS 05 DS SOREIER, &SGR o
asgetgyr)%ggl?eféh sgﬂgglglilsg‘%ﬂtﬁﬁmd?é %?{nl éc%l% :F’ﬁlﬁfn%??bdbf ?éz'_@gso%%%ured

on - € use o umto

deqr adat i.on, of polynmer. an hosphonat e oyhds b .
At PR e B HE T PR BBk SaFEER o hn thprgase in

t.es descri be ve. The solutiaons in the tests did
resiie B Yo SRR Ao e ot of 1 he ¢ ot e, the
O"brontne denmand" of,Ehe phosEpon,te compounds HEDP .
Volgtpaist Eraad F B9 e HitB G ear i 1hH BaeIuNE G R FaRa! Besvithout Ge* 100

resence and absence of cerium Brom ne was added as

[0864di unthsy gemionicpatedt imnthe niableabelewn dentthaatveragefofs dgplicate

ppm as free Br2. Each solution also contained 5 ppm
megsptienenty ging riesludeogenticBily piereredeastiorlexplutighs evhichixgid snet gontain

to determ ne the residual bromine in each sol ution.

phPehoeaie. | ncrease in residual brom ne was cal cul at ed
according to the fornul a:

Phosphonate Dose Ce(III) Final Br; Increase in Br, (%)

(ppm active) (ppm) (ppm)

Control none none 3.21

Control none 0.5 3.10 -3.4

PBTC 2 none 2.38

PBTC 2 0.5 2.66 11.8

PBTC 4 none 1.93

PBTC 4 0.5 2.29 18.7

PBTC 6 none 1.54

PBTC 6 0.5 1.89 227

HEDP 2 none 0.69

HEDP 2 0.5 0.92 33.3

HEDP 4 none 0.01
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% ncrease in Br2 = ((Final Br2 with Ce - Final Br2
without Ce) / Final Br2 without Ce)* 100 [0061] The

w0 e®als®ss eported in the table bel ow are the aper/Eg®O0630661
duplicate. nmeasurenents and include identically

rcE ;'ﬁ&""ﬂy n 5 i Oﬂm contai n
ho rat-g: : H id' +—rad—Br-2
; | NN mnql@ HRV) V\Q[

REy _1‘8 Hi—Br-2 £ € SARNS t V\., Y

ont Jiﬁnonvponeé\ 21 \Cpnf r snnn a0 09#\ r’l

PBTC2none2. 38 PBTC20. 52. 6611. 8 PBTC4none1 93

PBTC40. 52. 2918. 7 PBTC6nonel. 54 PBTC60. 51. 8922.

[0pEAIP2 N BhrelostaosUHERRD . iBtcao Bt 8.5 HprPYHdRencreses ﬁl& fing) bromine
2005/ 030655 PCT/ US2004/ 030661 HEDP40. 50. 02

caHEDmBtion &Y. 1Y HEDPEG. Ben 039% cosriredHe ¢eaigm-fress gplptons and is
above indicate that 0.5 ppm Ce(ll1) increases the

pariiowddrlybeftentiveein stahnlizing DN Thy degedation iriEEPR Dy [g0mdne is a
conpared to ceriumfree solutions and is

known shortcoming of the use of this phosphonate in water systems that would be at least

>

s NG

0\3

partly overcome by concurrent use of cerium. The bromine demand for HEDP
concentrations of 4 and 6 ppm was so large that negligible residual bromine was measured
even in the presence of cerium. Identical sealed glass jar tests initially combining 6 ppm
HEDP, 5 ppm active polymer 3100, and 4.5 ppm Br,, indicated that HEDP concentration
decreased by 40-50% and bromine decreased to zero during the exposure. The result
affirms the degradation of both phosphonate and bromine when these two compounds are
allowed to react.

[0063]  The effect of cerium on the degradation of a combined solution of polymer 2000
and PBTC by chlorine was also tested using the same sealed glass jar conditions. In the test,
2 ppm active PBTC and 5 ppm active polymer 2000 were exposed to 1.6 ppm initial free
chlorine in the presence and absence of 0.5 ppm cerium. Averaged results of triplicate runs
again shows the effect of cerium in reducing the halogen demand exerted by

phosphonate/polymer treatments:

PBTC Polymer 2000 Ce(1IT) Loss of Cl;
(ppm active) (ppm active) (ppm) (ppm)
none none none 041
2 5 0.5 0.45
2 5 none 0.62
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particularly effective in stabilizing HEDP. The

degradation of HEDP by bromne is a known shortcom ng
w@booshaesse of this phosphonate in water systePGT/URRD4/030661

woul d be at |east partly overcone by concurrent use

cer n1 m concentr
l03 413 R RTRE REe GG CRAT g B SPBCRe tg.t%ﬁs|5f3ﬁed i
m ne was even in. the esence _% ceriu
the &arﬁ%%ﬂm@%rail%%ﬁﬁagge%rspﬁtce@fl%% tnr%ﬂ“ﬁifofg FBISRTH gnvenﬂon
5 ppm active polynmer 3100, and 4.5 ppm Br2
dl‘P“H@ﬁeé h?rélé} tlmtntfmégbﬂ@b% EFFSFIH SRS HICaliRgAnd Sxappgs, beynsidesd as
and brom ne decreased to zero during the exposure. The
exeawlary onlpvith g e sqope aredyipiitad therinentigfohaingindispedbisthe following
and bromi ne when these two conpounds are allowed to
clpigmand equdobB]s thdreofef f ect of cerium on the degradation
of a conbi ned sol ution of polymer 2000 and PBTC by
chl orine was al so tested using the sane seal ed gl ass
jar conditions. In the test, 2 ppmactive PBTC and 5
ppm acti ve pol yner 2000 were exposed to 1.6 ppm
initial free chlorine in the presence and absence of
0.5 ppmcerium Averaged results of triplicate runs
again shows the effect of ceriumin reducing the
hal ogen demand exerted by phosphonat e/ pol yner
treatnments: PBTC Pol yner 2000 Ce(l1l) Loss of A2 (p
pm active) (ppm active) (pm (ppn) nonenonenone0. 41
250. 50. 45 25n0ne0. 62 WO 2005/ 030655 PCT/ US2004/ 030661
[0064] O her enbodi nents of the present invention wl|l
be apparent to those skilled in the art from
consi deration of the present specification and
practice of the present invention disclosed herein.
It is intended that the present specification and
exanpl es be considered as exenplary only with a true
scope and spirit of the invention being indicated by
the foll ow ng
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claims and equival ents thereof. WO 2005/ 030655

PCT/ US2004/ 030661 WHAT IS CLAIMED I S: 1. A nethod of
w@enws0al6sd ng manganese deposition in an aqueouBCHYS1084030661

contai ni ng manganese, conprising introducing an
“5%%€g£&¥ t of at |east one ceriumcontaining

I'on to Said aqueous system 2. The nethod of

claim ], rein saj.d cerium containing conpositionis..

o cort Al ot tann SARERRT It SRRBRSM iR Gohfining

ceriumcontai ni,ng cqonposifion is a, ceriunm(HD salt. 4. ..
R ORGP AN Sois KL BT Tt 15 RB-peab i gfaining

conposi tion conprises ceriun(P. 5. The method of
casIPeBiHPNLto SHA AFUSPYS YEPH- nanganese deposition is a result

of at |east chem cal oxidation. 6. The nethod of . .

cl ai%n The wptedphelaial b Whierkih prid ecr BN ETATHRH CqNapogitipp & 4 gerium

of at least halogen oxidation. 7. The nethod of claim
salf, wherein said aqueous systemis a cooling water

system a drinking water. system a waste water

t redt n®id nsfisdlent chipapewhekinnspidvecedum-sowieipimg epmposition is a

swwnmmng facility, an irrigation system a |ivestock
cotinell) g facility, a hum difier, a fountain, an air

scrubber, a car wash, a bottling facility, a |aundry

syst&nmhénkihbd oalkiadn 15 whtein saidl deBivRF®atainhp@eipdsition comprises

system or a desalinization facility. 8. The nethod of
c&iupiih.1, wherein said ceriumcontaining conposition is

an ‘inorganic cerium conpound. 9. The nethod of claim

1, wheigl Real of S8l YIkeat id afgae8RIe dsktionNs b $esdll of at least
organic cerium conpound. 10. The nethod of claim1,

cmmﬁ&fgﬂmﬁﬁﬁyoducing said ceriumcontaining conposition
conprises generating said ceriumcontaining

conpg Sil“}lé r%re]thio&] of kltclllﬂ‘l l,e\%ﬁerré’:}ﬁ §z{1& Hrané)aﬁleﬁ%gosiit[bnsiég Besult of at least

halogen oxidation.

7. The method of claim 1, wherein said aqueous system is a cooling water system, a
drinking water system, a waste water treatment system, a paperrhal<ing water system, a
swimming facility, an irrigation system, a livestock watering facility, a humidifier, a fountain,
an air scrubber, a car wash, a bottling facility, a laundry system, a filtration system, a reverse
osmosis system, or a desalinization facility.

8. The method of claim 1, wherein said cerium-containing composition is an
inorganic cerium compound.

9. The method of claim 1, wherein said cerium-containing composition is an organic
cerium compound.

10. The method of claim 1, wherein introducing said cerium-containing composition

comprises generating said cerium-containing composition in-situ, extra-situ, or both in said
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-27 WD 2005/ 030655 PCT/ US2004/ 030661 aqueous system by
chem cal reduction, electrochem cal reduction, or both

w@p008/08®63 un(1V) conpound. 11. The net hod of PCHUS2024/030661
wherein said effective anount of said
aaneous 4 frQRerhRall QBB U thoth Qti &
%‘ﬁtsﬁ%g%%%&h?% re%ga?r;eze%od %f ?:I gl m1 fur0 a betium(IV)
conﬁ?d sing introducing at |east one dep05|t control
to said aqueous system 13. The nethod of claim

her i.Sing i.ntrodu
oo e R BaTBLUSR Ebh AP b §A8ks g
system é 'g thod o{ cIa|m13 wherein sald
CWF‘H?&’& AP H‘iltr990 dorY5 I LPBR and sai d poI yner - based
deposit control agent are present.in said

systZentheimngt We‘i’fgﬂl&‘mrlaf‘l“éerrcgﬁ]ﬁgmn%?mf’?%fﬂgfﬁ %gsf Ofl?)gepom control
0. 01: 1000. 15. The method of claim 1, further '
agsoitp s4id pa¥goUsFYS @ uci ng at | east one phosphonat e- based
deposit control agent to said aqueous system 16. The

met hodThd methed of d8m hifiathel ompaibitle SdORLNRECE iRag e ﬁ@lymer—based
conposition and said phosphonat e-based deposit

deposit controlagen to aaidagpecms eystemi. n sai d aqueous systemin a

wei ght ratio range of from100:1 to 0.01:1000. 17.
The14retTho ehethbd aif @laim 113, fvbiertin esnidc@npmicontagingnionpdsitiémand said
at | east one pol ynmer-based deposit control agent, and

pAImérERASdd depeitRbRED Agnsare plasei sdidpgedots getkiriok waighttio range
to said aqueous system 18. The nethod of claim 17,

ofAGh €071 .7 ®BD] um cont ai ni ng conposition, said
phosphonat e- based deposit control agent, and sai d

pol ysrernbasgdd depasi i, SRR cohpRaRhtrédiRing Rf REK Bhe blﬁbsphonate—
sald aqueous systemin a ratio of about I:4:10. 19. A

bR %él{éo(ﬂﬂ‘olf %ént‘t: Qid RbdubgystErnganese deposition in an

aque us syste conpri si ng a cerium contai ni ng

Sai”g@ Slﬂle %Q:thoa f cﬂjl% (‘50 WPIQI% téaglnce?tlmcéoﬂfamn;ggconwaﬁﬁgﬂ Bnd said

erlumcon al ni ng

phosphonate-based deposit control agent are present in said aqueous system in a weight ratio
range of from 100:1 to 0.01:1000.

17. The method of claim 1, further comprising introducing at least one polymer-based
deposit control agent, and at least one phosphonate-based deposit control agent to said
aqueous system.

18. The method of claim 17, wherein said cerium-containing composition, said
phosphonate-based deposit control agent, and said polymer-based deposit control agent are
present in said aqueous system in a ratio of about 1:4:10.

19. A composition for controlling manganese deposition in an aqueous system,
comprising a cerium-containing composition.

20. The composition of claim 19, wherein said cerium-containing composition is a
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-28 WO 2005/ 030655 PCT/ US2004/ 030661 cerium salt. 21.
The conposition of claim19, wherein said
W@ 200508066HNt ai Ni ng conposition is a ceriun(l PYT/BS1004/030661
22. The conposition of claim19, wherein said
ceri cont ai ni ng conposition conprises ceriun(lll).
“@%@S¥EL conposition of claim19, wherein said

oo HE OB £ SRR 4 Bih R e PR RSB i«

sai d ceriumcontaining conposition is an organic
‘ﬁﬁ@@ﬂgh$@bnpound. 25. The conposition of claim 19,
further conprising at |east one deposit, control agent. .
26.22ThEhec SAPBSTHMOAL Gl | Lk nVissein iRy geriyimspontainiag cgmgosition
deposit control agent is a polyner-based deposit
coptpripesSPriy@Re . 27. The conposition of claim 25,
wherein said at |east one deposit control agent is a
pho¥3phbiratcenpesisern ofielpios 1%, vderein #id eggiaprcon@ingepaposition is an
conposition of claim?25, wherein said
inopiccariomosipaimlg conposition and said at | east one
deposit control agent are present in said conmposition
i n A rakd angosilon df dlain? M, whairc siip ogiuin-@ntadfingcéamiposilay is an
wherein said at | east one deposit control agent
orgMiPdetisRTompPaldy Mer - based deposit control agent and a
phosphonat e- based deposit control agent. 30. The

COMBOSThd mpoéiticd ol 99, AMARF Enibriik @t least one deposit control agent.
ceriumcontaining conposition said phosphonate-based

depgsi The 0sthpRltioR I Maim ¥ viieth ROINI®he RRSRH LePASdgnt is a
contr ol agen alr e pr esent in said agueous syst emin a

mg?%%??ghd Hgo@ﬂﬁﬁé££ 31. A nethod of chlorine

I zat1 on of deposit control agents in an aqueous
at FEalte GRS Bl £ O Kk s R TG ot i o
ph%gp PR baEE Eleep%]sit Sol agent.

28. The composition of claim 25, wherein said cerium-containing composition and
said at least one deposit control agent are present in said composition in a ratio 0£ 0.01:1.

29. The composition of claim 25, wherein said at least one deposit control agent
comprises a polymer-based deposit control agent and a phosphonate-based deposit control
agent.

30. The composition of claim 29, wherein said cerium-containing composition said
phosphonate-based deposit control agent, and said polymer-based deposit control agent are
present in said aqueous system in a ratio of about 1:4:10.

31. A method of chlorine stabilization of deposit control agents in an aqueous system,

comprising introducing an effective amount of at least one cerium-containing composition to

said aqueous system.
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WD 2005/ 030655 PCT/ US2004/ 030661 32. A net hod of

chlorine stabilization of organic |aundry aids in an
W@oWs0s®53yst em conpri sing i ntroduci ng an ef f BCT/UY®04/030661

amount of at |east one ceriumcontaining conposition

to ,sajid u . t: reduci

degraam R GIRE LBl oy B RLNRY AlgF HGLRReOR s,

conpr i Sitnﬁ,‘;i’nt roqﬁci. ng an tefffrt ive amount of .at | eas%. ;
coptREsipg MUY AL P 2SHEGE AL 58T 0P Corlmi-epniiiogpgiposition to

system 34. A nmethod of reducing the degradation of at
s2jdaqugOUS HEBY gani ¢ | aundry aid, conprising introducing

an effective anount of at |east one ceriumcontainin

conpdsiit method of redycige 4b degirdatigs ob 3t least, onpndengit |Gerdrobfgent,

claim 34, wherein said organic laundry aid is a dye,
cogprising ffttroduding aroeffectivecnount ofahteast 9B peyivE-coptpifig composition to

anti oxi dant, or surfactant or any conbi nation thereof.
saBGiquerive systsrthod of cl ai m 33, wherein sai d degradation

Is caused by at |east one hal ogen or hal ogen

cont3di Ai mgthndtofrieducing3the degadatnhofdatofeast| @ienvr@ahic laundry aid,

wherei n said degradation is caused by at |east one
cangprisige ttodudiad ageffecie@ninaiuni ¢fgit featt@né adrium-containing composition to

said aqueous system.

35. The method of claim 34, wherein said organic laundry aid is a dye, colorant,
builder, sequestrant, perfume, buffer, antioxidant, or surfactant or any combination thereof.

36. The method of claim 33, wherein said degradation is caused by at least one
halogen or halogen containing material.

37. The method of claim 34, wherein said degradation is caused by at least one

halogen or halogen containing material.

-30-



