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BACKGROUND OF THE | NVENTI ON [ 0001] The present

i nventis applicaloplcRSmd Me bekdidMict 9MPOSC! §10 9@{)aﬂ§ﬁor U.S. Provisional
processes useful for mnimzing foul i ng by manganese
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present invention relates to deposit control ageﬁ?s
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stabibizd regncancpeagaiRsipkidabiet s, and i n sone cases,

significant capital costs for conponent repl acenent.
[0082]addiFpiling by anavgasicsendppowitiasr in pipelings egd watemraglsrias been a concern
deposition may occur in a variety of other aqueous
feyssmerntsnd acl tdbmguel fonkipag watart sipplébs sodaly b UManganese deposition in
systens, sewage treatnent plants, sw mrng pools,

codling Ovatee Sirckigtdeblatkg coplosiod sesisahde, $ovandhar sxchamdr efficiency, and
washes. Probl ens range from corrosi on and bl ockage of
rddu@L Shiodlidl padddlagse. TR 8étainBitilg effédtsS 60| mngirie depflion inflict
inferior taste. The adherent and oftentines coarse

si9RIReak 8std RAthef MMl pidr TRRGRN BR6uHERGSIstd ARI €aumption, more
adversely affect heat transfer, induce abrasive wear,
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posits often requires aggressive remedi af
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w%t%% V(‘fs?rﬂ)u 1onn g}%pe?nss? se_V\:/Lage 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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surface and groundwat ers nevertheless have manganese
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Corrosion and other adverse effects of nanganese
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nejtige df casmsrcab st iratdedtiahiviater t suppliesr eMapr swfateand groundwaters
m neral scal ants. [0005] Deposition of manganese in
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oxi dation of soluble dival ent manganese into
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The insol ubl e, higher val ent manganese conpounds are
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I oxi de ‘or . M2 can form when nmanganese
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manganese depositi on can be cate orized as eltﬁ1
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Di ssol ved nmanganese is typlcaIIX renoved -2 WO
usRhr ABDESHPATPAIS DO IgRens. Alternatively, MnO, can be produced by a

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 MnO, 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



fromwater supplies by chem cal oxidation followed by
filtration. The oxidation/filtration approach uses
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the effectiveness of the threshold
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i ncreasing the rate of manganese oxidation, and, 1in
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(L S aREeErRER y e PR Bt aRir8le, F aMitivensss g thp threshold
dimt, beyond i ¢h, increased doses or C e
iRtHpito8 ey B TR LBt BB IR ‘é‘?fﬁ%ﬁ"&%%é‘i raff mepeangss pridation, and,
Jincreased manganese control. The -3 W) 2005/ 030655
ipthr/cess o balpgsgobpdirecilinhyegking depvn they inbipiterang ¢isprategt mglecules. The

particularly problematic in water systens having
effgetiyancesef the trgatments is also diminished by the presence of high levels of hardness,

silt, iron, or other suspended solids that compete for both the threshold inhibitor and the
dispersant.  Further, the level of manganese deposition control provided by
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



relatively high total anobunt and/or operating at high

cycles of concentration. [0009] The reaction of
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of Mh(lIl) onto the growi ng MhQ2 surface, which acts
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"autocatal ytic" effect inproves the efficiency of
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affects efforts to stabilize dissol ved manganese
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of manganese deposition caused by chem cal oxidation.
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including ceric ions (i.e., ceriumin the +4 oxidation
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u%gdn%orr %lorrgstl]o% inhibition and scale control in aqueous systems, without specifying the
control of manganese, and further, without teaching the use of cerium for protection against
the oxidation of manganese by oxidizing chemicals.

[0011] Accordingly, a need exists to control chemical oxidation of manganese by halogen

compounds that are commonly applied for microbial control and sanitation in aqueous

systems. A need also exists to enhance the level of manganese deposition control heretofore
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degradation of organic additives, such as polyner and
phosphonat e additives, from exposure to chlorine and

w@ewen3tssd ogen conmpounds. SUMVARY OF THE PRESBMIT/US2004/030661
I NVENTI ON [0012] It is therefore a feature of the

prBViESEBY WiBUE st RedoSit RoAYd] Ofefts CEAT fufthét Ofbedi RisfiGto control the
conposition adapted to stabilize manganese agai nst

\ | b e ivésh ex
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sent i ovide a ceriumcontaining

wégggg$%h§ %{%%%gagg%#ﬂm&@crease t he effectiveness of

agents 1n controlling nmanganese

deposi tion. [g@%@%é€¥3§§Tﬁﬁ@Rﬁ%ﬁN%&ﬁVﬁ&Thﬁg pr esent

invention is a ‘ceriunrcontal ning

conposition adapted to ovide chlorine stahbilization...
(OB 15] It AdTr h 21 A ER RS PSR! iR dg IV ¢ fiEim-SOHtaining
present invention will be set forth in part in the
cairpoeitiphedapigd forsabilize Mapsggese 3gnst ﬁheﬁ’é?ah X3 he appar ent
fromthe description, or may be |earned by practice .
[0813]t he Appthere fretufenpbrikg @FesenthavesbipRds t9 g O‘égﬁj Ao fqiym-containing
advantages of the present invention will be realized
cammsition ailapted toyinereasn sheo tffackeenesseofedepesitapmitrebrgsnisain  conisolling
particularly pointed out in the description and
mafeasddepositian.ns. [ 0016] To achi eve these and ot her
advant ages, and in accordance with the purposes of the
[0R1fSENtA Iffthen fdatifs ofShee piesit éakeatich [sr tapiloyide es carivpecbntaining
herein, the present invention relates to a nethod of
cGRtioh hidp@d AAREEIECSRorhe pabilikdtion. i N an aqueous system
cont ai ni ng manganese, that generally includes

[d()'i]g]_r 0dUGH#REnA Reafids 86d hkBntaER ¥ he Bfesdtt inveRh wallBe set forth in part
ceriumcontaining formulation to the aqueous system

ing@g dgg%ti 5 Bt | Ly i ekt YA De Yppdicht Foml B8 QEscBRON, or may be

oSl control agent in the aqueous systemin
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sent rnvention further relates to a
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[(?ﬂagh |e)(§ g“ggcl%g‘%/ettﬁ%g ar?dxc?t{leargg\t/a%{a)ées? Ql’lldy in %Qc%r Ance vivit ttﬁg gt?rgosteg of the
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(IIl).

[0018] It is to be understood that both the foregoing general description and the following



expl anation of the present invention, as clained.
[ 0019] The acconpanyi ng drawi ngs, which are

w0 p@snpwsat ed in and constitute a part of thiBCT/US2004/030661
application, illustrate some of the enbodi nents of the
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serve to explain the principles t he present
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utility coolingB QFSPRpghbgﬁﬁaP§§VWW%%§ased
manganese percentages as a function of tinme. DETAI LED
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of controlling manganese deposition in an aqueous )
asd/ eitleineconteairatiang afterdnijanessismaddisiod iihen aqyeussyfiers g&afunction
i nvention includes introducing an effective anount of
ofitime.| east one cerium containing conposition to the
aqueous system The nmethod optionally includes using
[6021] eaFig. Qre ageiphséfresentiviel wngagse ttabifizdtive tetpudowing manganese
systemin addition to the ceriumcontaining
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the grow can incl ude preventing t he

ical] and/or. the.m crobiol ogi cal. oxi dati on of ..
GBSTTL e aiedss Sheoman e oy O rlabRlisRlstem containing
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manganese- cont ai ni ng water 1S exposed to ch%gicals, .
l@gthapeagenﬁlgrc@g‘@wgl,g @gkpﬁg’,uorb};o glﬂ?gpeous system. e method optionally

includes using at least one deposit control agent in the aqueous system in addition to the
cerium-containing composition.

[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



oxi di zi ng agents that are commonly used for

di sinfection of water; whereas, m crobiol ogi ca
w@iodasiceh can result fromthe presence of a WCBEUSANYE30661

of naturally occurring mcroorganisns in surface and
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control ling manganese deposition can include
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manganese deposition. [0025] The cerjum contajnjn

inglydep drdiihifingnthe é’?fldé@Veaﬁf‘ﬂardéféPna%f byt dispgysarts gl ghosphonic acid
salts, formed with inorganic or organic_anions.
camvampdsabat ofe widdy ysediie welst ieaimens apbicaiiens. | Fhup.sgairolling ppanganese
are not limted to, cerous nitrate, cerous chloride,
degeeitiosintihaavuetes sysenrrrsljs whighl 'rdd:@pmpmitbms of tl;@plfemléipvez@omrg used,
carbonate, cerous ammoniumnitrate, and cerous

cih gehally edenteathpl mdtigafion of gapi endeswabla nefteotypowsmls by manganese
include, but are not |limted to, cerous acetate,

deRki@bs citrate, cerous oxal ate, cerous benzoate

cerous octoate, cerous phosphonates, and carboxylic
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acids, such as cerous polyacrylate, cerous

f&ﬁxlos ] b & Sanic " fﬁéﬁw RAlYS L'J’i}fa%% &8 1no£g§ﬁ1@ ¥&ium compounds include,

|nocarboxy ates and m xed polymers, including

bﬁ%ﬁg h%ﬁﬁﬁlﬁqug }o%g Bg} eng%éusoéhlo‘f‘lﬂé 3:9?6}% bﬁ)rrﬁ&é gelous iodide, cerous

oni ¢ aci oni ¢ acl unctionalities.
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aci d/sul fonic aC|d/acryIan1de and -7 WO 2005/ 030655
SRETHUSHDD4 o Bd e PobETiF SAPBHC FEEpBRbAD CEPBORYFRCETate, cerous
acids. [0026] Any amount effective to inhibit,
pelymelea, C@ﬁuswpﬂb'mlf?@at%aﬁ@@ﬁ%é’éosﬂ@ﬂ@"sﬁi@?‘b‘ﬁwé #hd aixed polymers,
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



used. An exanple of an effective anount of at | east
one ceriumcontaining conposition is fromabout 0.01

W 2008080655 100 ppm and preferably from about OPAT/US2004/030661
about 10 ppm and nost preferably fromabout 0.1 to

Rﬁ%d ghoglpdﬁbndcgrb&gﬁgﬁ%lﬁ em being treated. [0027]

cord ment of the present invention
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TpRGCOyLe ek (LR gy &”%a?brfse PRt S8R e S most

The ceri um cont ai ni conpo ition of the present

prefyay frem aboih 0-h &0 %'P@éftgjz Ry et pysted) RS WREt: di sper si ng,

def| occul ati ng, or sequestering polyners, and/or wth
(29t alAcerding yip rege embpdisshiopithe ritgseit lFlYF‘gltl% rthe [GeriuR- P‘H‘éﬂmmg
agents, which collectively conprise a class of

coopgiion dan begroeted m-sithier axtra-sify by gegsuigal or eletitoeksimical reduction of
agents" (DCAs). Table 1 provides a representative |ist
cafum(DQAs: tdrat comgpouints; wdéd ¢ampomadst ¢apeintlhde, fuegeennot limited to,
invention. It is recognized that nononers of

ifbirdahRroe bigait asisesntdpylymeric amyonsd of theftgresnigsapited yheredor cerous
terpolymers, and high order polyneric conpounds, and

s@&. such, the exanples of Table 1 are illustrative and

are not intended to limt the variety of DCAs that

[6028] be T4 %Qndnﬁlc&@émh@ 8drhSRitioh b the PRese it veAB Ak Bk RidAGilone or

conposi tion the present invention. TABLE 1
e ekmﬁd%}%thf 1 modifying,
L O B st

IE; hggglgl¥1})%|£l§ CPé QFEI%W? é@l% <§1\?{£§r)5y ﬁomp\rme a class of compounds

kgg 2 h%tgjg r%r trgﬁgoeﬂt o qﬁon%elrnéf %CA§ o 9‘5199;1] '8906&{69 Y pei) de%éﬁ?eﬁlve list of
%@%{%Q%F 3‘?%1?[8 gr%&mwu% g i r?fﬁ%mzed that monomers of

poI ymet hacré[ at e

st Y| el Ei%hﬁmefs’ isgrY e e high arder polymeric

PoI hos hat esNa[ (O " Sodi
ca@gég)éﬁ, élgqﬁ &%ﬁ%ﬁéﬁ( ex?eunples %f( Table 1 are 111ustra&1ve ancJ are got 1ntended 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 [-CH,C(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)-1, Polymaleic acid
Polyphosphates Na[(0)P(=0)(ONa)-OP(=0)(ONa)],- Sodium hexametaphosphate

ONa]




ONa] -8 WD 2005/ 030655 PCT/ US2004/ 030661
Phosphi nocar boxyl at es[ - C( H) ( COOH) CH2] , , ;
W@ B{0503068H) - Phosphi nocar boxyl at e copol ymer PCT/US2004/030661
[CH2-C(H) (COOH)-]"with n = m= 16
PRk delSu(npettitpai2HPCH)OOENH- CPRIsph({nR)(HRBYE 8OBliner
]-2-Acryl am doj2H-Q@deid, R1, R2, and |R8hxeherlét o
Foly ggyiinGialfdnytésplr [OPARES ONH-SRIRARP OG0y Bierlanlo-as t hose
of the alkyl, @k here(ws@syd Regefafo B al asdpronapespdfanicacid
Sul f onat ed styr%%‘rgﬁﬁ&gﬁ%ﬁJF§@éﬁW J%Mﬁ$onated

ctvrene-nmal ei¢e NP

I PTGy 0 21 vy ar oty b BB L1

r

1 RS droxyt, aShBRMbd&e-AL! d
%EBE’I) or ganl c %&egﬁ%ﬁg%ﬁgid%a@uﬂxyg rd wgg)sp ﬁggﬂ](ﬁsﬁps h
respect to the| digeic,of phbpricerdigtonpscont gi ni ng
conposition of the present invention along with at
| east one DCA, the ceriumcontaining conposition and
(00D DCAyifafespdl tPHRS 8R! ofi e lRAUAGHIRBIHME SaIpBENiom oftithe present
melght ratlo range of from 100:1 to 0.01: 1000, and

1n8.5r§ ? %X\/lﬁlra@ Bakaubcd. QL c@@um-%&‘ijcalﬁﬁ@ Romp&itRhak ¥he DCA can

re than one DCA can be used “along with the

b& g{eke%mnc&@t B GysEAROS Weigﬂﬂraum DCE@'OF? fo£100; 1001, o 0.01:1000, and

um COI’]t I NI ng conposi tion, can be

in.th eous

e a?fyom&ao%%ﬁq?b ) %%8%%%8-8- - %%f;aé?%% D B used
R S e b R EEET N —
conposition a ner - based osit, control n
Dl 90 Eehrbat R PR Geeoss Sem T ng%aa%fanz%ea%f%%m foo:1:1

nge of from 100:1 tao 0.01:1000. Accor
QN HEH0: LB R BT o APy AT A1) BOFOF iR 0 111
and a phosphonat e-based deposit control agent are
Ageadiogtto j anet arbodiisab he SerétEpRaNIBS weMBPNtignatndoa pplypgEbased
of from 100:01 to 0.01:1000. In a preferred
depubio dimmhagent dre pesant rthe aneeissyTigm incopight eiiorngg ¢fdrom 100:1
phosphonat e- based deposit control agent, and the
tPODY:1800- basestdide poaidther embodiment, the cerium-containing composition and a

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.



control agent are present in the aqueous systemin a

wei ght ratio of about 1:4:10. [0030] Tables 2-4
waele®snsdsss exenpl ary fornul ati ons conpri si ng atPCEES1004/030661

one DCA and a ceriumcontaining conposition of the

present invention. Oher ama@ie and ot her

conbi nati ons can be used. WO 2005/ 030655 TABLE 2

PCT/US20047/ 030661 wnqub%bgg@rrs Phosphi nocarboxyl ate grams

| v »soltiy, MW‘AOO@“T 10

bRach ;;;;g%gggﬁgetmﬁ?*ek S S A

pz-pihmpﬁ'“’”ifén% G0y rﬁ@rjmyhc LEmRRT e el o Se g
pyr ghigridenelugion, 293 S G, ons 25

A(W""er cAci d/ Acryl am rin 7ga:ei_h¥l_px_g_pan_g54,u_f_gm_g_agi d 81.5

oy

42 Wt. %active 20.0 sol ution, MAVN 4500 1

- Hydr oxyet hyl i dene-1, 1-di hos honic acid, 60 wt. %
active solution8.0 Cerous fiABldt%- 6H206. 2 Wat er 65. 8
TABLE 4 Conponentgrans Am notri nethyl ene hos honic

aci d), 50 wt. % acti ve Goipehémdn84. 8 Cerium chl ori de | grams
s Alctllic Aid/ A2By 1athido Zo1fethylbopimedul bhie abidy 4avath anisei n 20.0
[ablhes, Rew 480 preferably present in the aqueous
>)I$‘I}Ql%)dy&hﬂﬁieﬂémqulp}@Ephoﬁchimda@D\Ut Ylackive @d@in 1000 8.0
PR ous Rk RYLEOPr €f erably Trom about 10 to about 1000 6.2

. LY

tn

RiterdTTd 65.8
TABLE 4
Component grams
Aminotri(methylenephosphonic acid), 50 wt. % active solution 84.8
Cerium chloride solution, 20 wt. % Ce(lII) 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 syétem,

recreational water systems, a filtration system, a reverse osmosis system, or a desalinization

-10-




nost preferably from about 10 to about 100 ppm O her
concentrations can be used. [0031] The

W@ 2005/08066DNt ai Ni ng conposition can be used to PONUSN4/030661
manganese deposition in any aqueous systemin which

fa?fflgpsﬁ% adh %L%Cs%éﬁ ﬁ@ycaﬁ u%lgoe be Ca‘ﬂ rﬁ&éﬂ? Nhat" 8IYERE hbAWs for the

C abrasi ve wear,

dlls% R ?orﬁl 0 V\% el 1n‘?o rh1sp 1nc§1[tﬁ Eengfée % yelfmﬂegm&@s to impede the

e aqu Ueous” s

aeéosggglpsi?ﬁ %Ig\?el P gagv Seté?ﬁmallr W éhurﬁgllcfglgl Ny e noz%gs S rggnts eiﬂte%s yalves,
t t t t t t ki

ri’%ﬁaéﬁp@gsrgto s e em%méﬁﬁag‘ﬁﬁwﬁx i ai’na? g@ggos;tsn.g such

stem. a I|v stock waterin Iit . afountain
S)éi efnss‘aPla%‘é{e‘ihS %%} '2p dhid Valgr 05C %Wd e W%%t for iff “P’é\é’i“ij We The
a laundry system recreational wat er syst ens
apnlicationt efothe SpHyBPNtANING LOMPESIHANER Sechs EEmA, cap rsloézv the rate of
desal i ni zation -10 WD 2005/ 030655 PCT/ US2004/ 030661
mfangangsetoxidatiore s thalemazansss wepasitioans eduesd o elipipated e dhp nozzles
that conprises nozzles for the distribution of water
andieretifer areasrif sadpcedmestristidreptat dlopeners, e.g., elim nator
bl ades to i npede the aerosol m st and prevent
[0032) Y OXT&E cérinmadontaisy tompsiitiorscan bhetrodzzd éxg the e sysiem as any
filters, valves, and danpeners of systens are
ofhef Whteitkedmhent Sl tindh@lideddlal 08d, iuid] sregas | usihg Peslers,Spouring in,
Such systens typically discharge the water or capture

ilﬁ&ﬁn%@ﬁsﬁélvfngrstﬁﬂlﬂgt bplirbiGoh, @NetibE WRE thelil@. BRAhtrsdEthORan be by
ceri um contal ni ng COlTpOSl tion to such SySt ens

b c%htgl‘(yoﬁsh Sentidbibus, BREGANERBnORELSE | Wih $Qpdch & the use of the
manganese deposition Is reduced or elimnated in the

R %"%@8%2?* B Sk s DCA, the
C\C/\Igl{l‘% (rboenttamlré% %J%gg torl, gr%%%gllﬁpqdncﬁ%go ﬁ%sagl?e%héél 1?1% dn C&‘hlnl%{lon with
, u3|ng feeders ectin

ons 8Pt H6A LS e oSBT u o™ db it APk Meem i
I|ke The introducin can be co

RO A e e e e S lpepsen
to the use of the ceri umcontai ni ng..conpositiaqn o
cgthalsg havg aresent il CPBPOSHIBH § tehls 1agUdings bt i dimitef] é? colorants,
DCA, the ceriumcontaining conposition can be
dyest fitkete butlders sesuesFentapeelbnes, Syders mntioxidagtsj wwgetrEn apgl chelants,
one or nore DCAs, sequentially, as a m xture, and/or
ab wel dlitttei comntop campa@mecﬂféatmyi@tcemgents aph laghdrg raisls o Fopriluatrative
DCAs are already present. It is further recognized
puipatestohly, iatodotion st @numeantamingeomasitiqoriste @rvpolaighveater system
conpositions or agents including, but not limted to,
i€ Bis@satin 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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dyes, fillers, builders, sequestrants, perfunes,

buf fers, antioxidants, surfactants, and chelants, as
wowi05/03853 he common conponents of |aundry det ePQETSR04/030661

and laundry aids. For illustrative purposes only,
inblféés%é?flki@&f BRoQbn, I8 o iRk B OB AidRinBY r&RERITTI +eRidity, Md2ging,

a cooling water 'system is drscussed in detail.

| G@kb € iethlE £ QLR IpRIES EhaRQTRASICH IcRNiLA treatment

m@gﬁ%?%%gﬁlbB@Lpggﬁ?%h%ggﬁn be aghievgd by sfwfla# oreamen

dissim | ar techni gue WAl ' :
PRl RPN AR, P YA YRR, Flre S son comprise
ystem can .i nt roduce, makeup water contai nin .
B Bt P s e B £ PRETHE SR e RO A A5 et
precipitate and foul systemsurfaces, resulting.in -11
CARmOpES /e PSS PRECTF A8 K6 ST DY REPEE &g 2 Pl ofpiananese
corrosion, loss of heat exchanger effjciency, reduced
foplipgy {Retdgitionyo they lays@wwgsomaﬂnﬂggi%@q regteilatig Goolppg ygter systems
damage, degraded sensor perfornmance, reduced chem ca
canrusibizneneting {oeeroTPRAYIORIS, eaeling P, oa et Gen Eperyelsdo exract heat
circul ating cooling water systen1can conpri se tubing,
byitsi evgporitinsi ofswatgrun@een teeispulaging Rystrgisr en epplayelgns, spray nozzles,
mani f ol ds, sensors, and other hydraulic conponents
disthiatitianachasnahe rdriéndisickora deurs, fidldnetedal pwire,omadin eeirastractural
result of manganese fouling. In addition to the
supyp6itt ahidnrC adp othen t@npanpesn thae cire cubjet itnglamegd bngetevdration by
systens can utilize cooling towers, spray ponds,
maf@hbRdepRitids, or other open reservoirs to extract
heat by the evaporation of water. Qpen recircul ating
(D38 €M oCRAUR R Qinih@Ohe adVeRY dFREE| FSmangdhdsé rfolliski @Ncooling
channels, drift elimnators, louvers, fill material,

s%é’teﬁﬁ; thg‘éérﬁm-%itzfirﬁn%ﬁﬁﬁﬂé%i&{ Abne, SHRARSh nIBANEHSHRADCAS can be

er conponents that are subjéct to danage or

a(?(%g % ‘Jhg ﬁl%kéuI%QNa@f str %?%%98&9&%1‘;@ Fhter Jg%gﬁng 1# gpg&erred point of

uce or efimnate the adverse effects nese
uling jn cooling. .syste .th rj % iéy )
: - : t t
a‘i‘ﬁ‘i’fﬁoggtﬂ?eo R ohe. oY |C%mn%giobn§tt|%§ r%hg\t/i\ﬁllﬁq% e%er e%%Aas a poit

oG et B BRSPS AR bW e
addi tion of,the,ceriun}cqptaini coHpo ition is the ¢
Wik Sl SwiieeFircutaing, sYSIAm. 4 56; RmPEy P vl ip f pogpmon source o
upstreamthat the additive and nakegg%¥$tgr are,

mENEMPE; 1B AeqLipE sysical- herdFeandrew leyglks @ ved oxyggp in the well water
circulating system For exanple, well-water is a i
smmmhv@@m%y@s of dissphived aprugenchh BOWNiSHY Wyiss EhisT ap Gpeprpoling
and | ow | evel s of dissolved oxygen in the well water

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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sustain el evated | evel s of dissol ved manganese. \Wen
such waters enter an open cooling water system
w@00g08065vel s can i ncrease and pH can rise duRCT/U$2004/030661
part, to degassing of dissolved carbon dioxide,
add@sidd tmd thakdupComiet dre atvsouizhlyoniabd & ominihe thexinbiaiting effedt of the
di ssol ved nmanganese into insol uble manganese di oxi de.
additive§ 8F . maBhiREd BRidaERdarkioits dBpositd. OlHdYievd theCodhipbeiion can be
within the circulating cooling system accel erates
iBARNES Ky PthidR uRible poiits £AUEI Beeffdchiee.
~ceriumcontaining conposition and optionally other
d}}ﬁ@s ( Clyl 152G 8cA1lyV 82" ctiffrine "drNith& &:dising rhiBbBicid
[t naggﬁgﬁwg%%fk%ﬁygr 0 éhter?némfhé circula{tin%g1 e
. Syst can_ens - 0 5 idizer f
B0 ool s 12 RSP R of oxidizer for
t. har.qughl i.xed to.optimze i nhi kit hg t .
i Sare VELS B D eien g Rk hosRP oA pllodicaly
depositi on. However, the conpasitiaon. can.be . . . s
YRR GEAIGE 10 AR BB SBrONAIRg BITEiSBT ndS Tgpinigs fhe inhibiting
be effective. [0035] Cboling,mater systens. t picaII% W/DCA
elfect @fhIthsy | SSEVBICOYRIABE SRTRASTOR g i CHYBicRyyaws  composition/Dt
intermttently at nore concentrated dosages to achieve
cembipationh ot ds IPEsfepblgfto oyndironie the rceriycPpipinie eqspopiipn or the
This method of delivery, referred to as "shock” )
additiert rmetht the piaming if dhd BRpck dieplnsals tonpriajidn draxinugn pepeenirations of
aggressively oxidizing conditions. To naxim ze the
inhitfifobéringghe mefibdsodf nofst aggeessher mangrrssmexdiationg Synchronization can be
conmposition or ceriumcontaining conposition/DCA
aclievhdl balitotssing the iaddifives fietha birenldting syatee lsystami imemediagely before the
ceriumcontaining conposition or the additives with
okidet isnidag ©fallbeushiaktine éatthe ticulabing mater de beraxficendy mixed
concentrations of inhibitor during the periods of
WRSHIBEE 1R e sHBRDBRRFReD® thabtidiber. Jy preftradY pbaitiodaddition is
can be achieved by introducing the additives to the
ife! JoSfiﬂzgatHvﬁgrefM;H Bife, S8 HRMHe THBER LA Yoohts Makr bl Qufficiently mixed
oxidi Zer 1s added to allow sufficient tinme for the
i ' b8 difrRide arthidl G4SN bLivatibh X6 ootk Within the coolin
bg&)%%tg%sgi%p%g ore the st ?earﬁﬂi g 1exp%lseld to ?‘I:ﬁce e cootie
oxi dizer. r.ef e LAk of I, ' ffsets th
B85 1 o 5 ASTHFETT R AikioR or IO Bkt it s, offs e
COOJ. | wat er. .are sufficientl.y.njX A
eersel o bl P M e B RRER PR cphmnt o
occur within th ol i Loss. of add

copolin ower . tives, ..
O AR PP BTG T BBy SR BRI ISRl OF Rditves feed
KR RUEI e R AT R O ot
e(l)efctronic timers, automated process control, or manual addition.
[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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the present invention can be maintai ned. The
ceriumcontai ning conposition or additives feed can
wheoosysishs oni zed wi t h oxi di zer addition thr ougPCEHIG2004/030661
means of synchroni zation including electronic tiners,
wWaH { R FreRARAE BRd GRHAL SHRkphofdte FRB Ulynae dichthens, pkdR6]superior
The previously described versions of the present

n%?%a‘é% i d@ﬁbsﬁi@ﬂ BN 1036 RRVRIE By tHe Tt Al tedtBherits AtGOH the cerium-

nms assocl ated with manganese deposition in water

céﬁfﬁ%lﬁglﬁ%%&gﬁlbm ﬁ@gf%ﬁ/ﬁ% %%P%PHQ&I%MS& Q&2sifbn IABideS §Bificant

i nven pecific It the oXxidation of

h hl or | | j td . t
o35 G ERE ABL 7 5 D P 8 850 e o preven
PCT/ US2004/.030661 w t h I t t. it h
TRBSEROTATE G Goo oy ol ¥ BaT TN gy O i sbngpnese or

manganese deposjtion inhibition to that provided by
opgrgmpEnhigh SRR But the cerium cont ai ni ng
conpositions. The increase in total manganese

[Q%gﬁsi Degiadation; o ereave pddidyey fvr PPSHYE i {(lering e piges halogens
that the upper limt of control has previously not .
infeodnceabd esignifigntevesit to riadvgaine setdefredmeiton The cefdinp-peptaining
wat er systens containing high |levels of nmanganese or i
compositons gragect ppkymer ywod phosphongsnasidiitvesapgadnst dpgyaRtipn by chlorine
Degradati on of organic additives by exposure to

(hloginé stabilkwationy). HEreathahtdg efifistive at subpiuc essivm dosagaiahd sapmpetitive
cost to industrial water treatnment. The

va g alteiintBe npgrbavhegthataequie stict use nBsppeifit Baidgep olablemdditived to provide
phosphonat e addi ti ves agai nst degradati on by chlorine
ikhisheR lnnadiséa Rhlotidasthizalion dlloeatieRmRt of Starefde piovsteptkphonate
sub- ppm ceri um dosage and is conpetitive wth

2l Ay MHAtAINBYAPRORRENBSndel & refy@ Wi linfitell Bedi& R 0flbss well established,
speci fic hal ogen stable additives to provide

hitaﬁgérpétﬁﬂl@%ﬂten{aﬁv%d Ot QapoSiRbARY dnl GredinfRis! dfZRd bREenBidveMn can

use of standard, proven phosphonate and pol yner

f@rg%%e Ejltr(yv?ée cl? I .edgtﬁrgli% &n %?gg%a%{% [ag{l(}f‘y h' saint:lillﬂiin% gtg/lesé colorants,

on of [ess well estabfishe al ogen s
| ti . TIh Lt . ts aof
bg‘f’@eestré E? qu:e?\%r\%@tﬁ’t Peéﬁlmgegn%?étsr %ﬁ@?ld%?%voﬁr gﬁ% '%(E)L r I?lnagl adubts system

stabilization organi ¢ |l aundry aids including dyes,
velish Gytigfipesd at 3‘86’%{3@5? g{“"'é‘ﬁ&?u@%ﬂ”ﬁ%‘fsﬁsgeﬁ%rf umes, buffers,
antioxi dants, or surfagctants.in, a ueo sy.stem .
(G088 T e gt ep g gt b S AY (e OGN Grls: which
system [0038] The Fresent invention wll be further
ac¢ intendeded bpgxanpdary ef the Ricstyt BY&fNes, which

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(Il)-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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are intended to be exenplary of the present invention.
EXAMPLES [0039] The perfornmance of a treatnent
wW@ewsnslichy) t o the present invention to control PCT/US2004/030661
manganese deposition in an aqueous system can be
figrlduadead elyly efgpestd gtatehthbl Jleasant girsipigte assoteadilyoms theocoarser
conditions that cause Mi02 to form and then

meRHE NiRh&AAetdieo BimsatesOfin tHdi fiGaE Codespan@Naneoved inhibition of
remai ning after insoluble Mi02 has been renoved from

m%&%né&k@%%ﬁﬁn. by filtration through a sub-m cron
iITter. nganese in the filtrate is either dissolved '
or

rina-14 ui?ngﬂ%gl%g @?ﬁ{aﬁ&ﬁé&%@%oﬁ%?@%rﬁé nely
divided, easily dispersed state that does not
[(ﬂlﬁg]ﬁ Ie P 'T%) acltss%Fsaﬁqe ;agﬁl_g}n L?’ ciftint geinﬁlﬁg rr?a?n%aneg@t)ﬁﬁétﬁ)ln' bg/ chlorine, an

evel's of nanganese In t trate correspond
SqBpr R BIETBRE of Chisr oM ER o R B Ge R Blbl Rypoctlorte was
o oA BT EE T RES Rh B RL S5 MBSl o pesed

cont ai ni ng sol upl e di val ent manganese and sodi um ‘
thigusBem| (o imigrofaldlter AndoRaREanese| ‘ﬁ‘c@‘ﬁa gate o pas, diepsipad. | Polutions
to 24 hours. The aqueous sol ution was then p%fsag )
ceriisining kerimpwere g ynsist idpnticak coaditionsmiiinthe seropssait geded prior to the
filtrate was neasured. Solutions containing cerium .
additien ofUirypochdreite.i bibibiticnavascelenliater bassd\antthe mpRgapese gepidual in the
salt added prior to the addition of hypochlorite.

treatbd didtin tre oastsol sellidensaaceerdingseBqustion he manganese

residual in the treated and in the control sol utions,
accor di ng ihldbiEquaiMoRa.h - Midadi/iMnien— ¥Mngdva) xd80ed - (Eq. 1)
Micontrol) / (Miinitial - Mcontrol) x 100 (Eq. 1)

wWiked @1V, N+ tdissblved eagsembsce presaan gamies stamp rof she exatsuteh e Chlorine
start of the exposure. Chlorine inhibition is

ifidbige at edicuted Bi |1 biRilarmanesr b&se doronnitisli tidalresidvel]l chlorine
residual chlorine concentrations. [0041] Experinental

Sfli-diiopns - Water for the tests was prepared by
solving 1.76 g CaCl2-2H20, 0.74 g MySO4- 7H20, 1.34

1S
[@}42'? nera F@g t%é%tig%ﬁ_ﬁg%%if ﬁg%gtgﬁ%&aéoééﬁ\l&gsﬁ? ving 1.76 &
F.24 RYRd oY AR5 ARG 9 38 QUHEH, UM 0.71¢ NaySiOs-5H,0 in 4 liters of
dimineralized water containing 3.3 ml of 6N H,SO., followed by aeration to equilibrium
with the atmosphere, to produce an aqueous solution at pH 7.5-8 containing 300 ppm Ca (as
CaCO03), 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% commetcial bleach

o demineralized water and make to 100 ml.
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with the atnosphere, to produce an aqueous solution at

pH 7.5-8 containing 300 ppmCa (as CaC3), 75 ppm My

W@ 205030688) , and 50 ppm Si 02. [0042] Stock sol BET/O8040630661
chem cal additives were prepared as follows: 1) Stock
M(13) satedk Bypobionti®/ solutioAdd.50m808: ¢hd¥B04nIHROS5Y0commercial
dem neralized water and nake to 100 ml. 2) Stock

bIRYEYHY 3 & 8f A00h194 NaBs sofutieBiddemineislizéd Gratkh arf m&ioto 100 ml.
conmerci al bleach to demneralized water and nake to

100 00
hyp og‘r om %%k\s/\?f:%tgﬁ(g@o gigﬁgﬁng /@:ﬂﬂ@iﬁ%d NSQ 3@%3 %o?égsﬁspmo to

dgr%%%ﬁ%d%t c‘ﬁ ReRhdfhal: 3610® Rf 40 W % NaBr sol ution
0

em nera iz wat er and make to 100 m. 4) Stock
) e g 208148y sompgi ol
(izm cg;%@mglp&f%g}@;lgfo%%es%l Orlrl]‘rer% ( gltcp 2 rgglqﬁate:l'y SUgmmof da‘ m%erahzed

sapraitialia ) sorsrotiet BERAE Fl@fﬂ'apdmés B 1088} ust pr

to 8.0 using sodi um hydr oxi nd.make to .
m . @)) St %ea( %i)@d)ob@}e%,n]é)rmgﬂ 1‘8 %%5 q astive a&ry)fﬁ%l:cligulfomc
active acrylic acid/sulfonic acid/ noni oni ¢ t er pol
agig/naiphie ket hely Py togppiRkimstely B oF deingttlivedh watcr. a%l}lfﬁﬁl to 8.0
pH to 8.0 wusing sodi um hydroxi de sol ution and make to
ugio@sadium fydrstidesolutvo apdigkate 108 mlng/ n : Add 2.5 g 42%
active phosphi no-sul fonated acrylate polyner to

appr oxi mettetky4@0palymaf 1Aeginnle Adil i2Zeg 49%t astiye pldjspigno-pifonated
to 8.0 using sodium hydroxi de solution and make to
adi9RtenpolyByr tStapproximdtiiyl 80 xyledihdeiinkeslzed whtkr piiisp pHNioB.0 using
(HEDP) solution, 10 ng/m: Add 1.67 g of 60% active
s6QEIBE Eoride FEHADN Md apRe axioorilel y 80 m  of

dem neralized water, adjust pHto 8.0 using sodium

hydr gxi desgsedt UtH Btﬁylf&Ke?-ltl@i A&8héric (AEDSEY Q6ltion, 10 mg/ml:
2- Phg);(phonobut an}gﬁol)@Z 4-tricar goxyl ic acid (PBTC)

ARl ug7 %rbf 669 a8B/eMomnfiddalZ108P do %Epr%f?ior{?a@e@}ﬁ BY &nl of demineralized

conmer Ci al PBTC to approxinmately

V%y o OE{ glLeH gda?% }Q?E a}}%ﬁji&};ﬂﬁ%ﬂc{%gotu@ioﬁ alll MSUYE 16@ i um

9) Stock 2-Phosphonobutane-1,2,4-tricarboxylic acid (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(1I)
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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[ 00431 Ti ne Dependence of CeriumInhibition - An
initial test to neasure the extent and persistence of
worewgasese stabilization provided by 1 ppm Ce(PCT/PS2084030661
conducted by adding, in order, 500 mM test water, 0.5
sﬂytciﬁgé tithe {We{‘h 2% ﬁBﬁrg)@?i@&, g&lﬁ%les%f'ﬁiie s%futlil)nmér@wlﬂf{ﬁl(a{vh) filtered, and

t1on, hypochl orite stock
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colorimetric test prb@%@ et ve- dependent

i nhi bition of naﬁﬁbﬁb%@e%yﬁﬂgﬁﬁéﬁ7 PG umis shown
in Fig. 1 w thhtildioaditipes a5 hl pre GlabilS PBEI ow.
Manganese and Chlorine Tine-Dependant Inhibition Test
Resul t sElafisepBime3dri Um t r eat ment%$odbitdn stirred Test
Water, 37 C, pH 7.6 IniMml Conditiodsee@®h = 4.1
ppm CiL2 = 178 ppm Kl apseg.Ai me (lhr) % i nibition
MhFree[ClZ 76398.479.4 16085800.073.6 19.24.569.9
22.067{352Z. J924. 548.536. 291 H044] The resgdds for

t r eat nemt WIZIZQ) Ce(TNT) atg73 ppm i[ndi cat esgfHiat T00% of
the inrtia 2ENyaAnese Te ned solubte gfyer 17
hour s. “A—stghifiecant—stabitizationmrof free chtorinme
during the same period was al so achi eved. By

(D e e dsuliy B S PnbR AR GOE ot Tt bgfe o e i

anmopunt after 7 a , . N .
manganese remained solugle a]ﬁer I’Wl'ilours. 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, + Mo — MnOa(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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[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(IIll) 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(IIl) to take
part in redox reactions with both manganese dioxide and chlorine. While strict
thermodynamic analysis indicates that Ce(lIl) 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(Il) 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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regenaaide of gtatats] alistdad tti ial pogsiblonthai adsogped . Ge(PP neetards MnO,
chlorine, with and wthout 0.5 ppmCe(lIl). After 18
th@nition 6% pAGBrAg withehd growth ofledvihOepatcles Nhivdffeonaay rsult from
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lﬁtferfﬁgé Qlit @hd Y arfiSdat it "bxﬁﬁ{léﬂ | ORiternathvRlyC r'BroﬂﬁhaﬁdsCaddl’clonally,

anal ysis based on the Mi(11) remaining after 1
o e

r}rl%déauq fegg1¥1$n§§nl¥\§,§ IEB%%)E]&P@ %O%ﬁ(gﬂ%&‘%%ﬁ ?%eﬂ%ﬁerlal retard particle

growth, is a widely recognized phenomenon termed, a threshold effect, in cooling water
treatment.

[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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[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(IIl). 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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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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Iﬂ:%llﬁ%u& tl\{\eﬁﬁl?erréd measurements indicate the dissolved Mn(II) plus colloidal MnO, that
was able to pass through the filter.

[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,
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Condbul k,t=-0 = Conductivity in the bul kwater before
cerium addition; and Condmakeup,t=0 = Conductivity in

wao b@swosilesup before cerium addition. [0057] ManpErEsSmo04/030661
was neasured on both unfiltered sanples and on sanples
ptahﬁ_hllah? hiofRSaa qgr(ﬁnige, 4ffat Q?e%B&Q}egﬂaL{sé ?{1 ﬁésﬁﬁ%#ilgfl and rfnicgroq)?ological

unfiltered M measurenents I ndl . !
R ter M RBUBL G BatodiH S'tn' Rt P B, biosphonates
RSB PTG BONE mab e aisfiect G abescy 1ol dbeyhilosra anti-
filter. hgo 8] g%ayre.s shoys the increase in _

RN ay 1t PRSP b VPiRY DG WS theisp e Hejoseslsiiodgion of

tgr in resPonse to cerium addition. Total bul kwater
pﬁ%ﬁ Pateand i ymghepapRosRds. i ncreased slightly nore than
10% w thin 18 hours of product addition, and

[0968bi | iCeEaMAYtabikigghipadainst HhlpgaDegravatiens Eheonse of tdnidm to inhibit
follow ng two days. Increasing ceriumdosage to 0.8
thsslestadatisinmg @olymenansddeiosihonett copsiplonaliaogen fab @tvestigated using
i ncreased manganese to approxi mately 25% above the

ther sealed | ghdss \jark tests Teserilebe dbove. diThs aloUgidng fr tHeee8Mid not contain
manganese were simlar. Overall, the trial results :
manghnest dn tlvafirsioaithanesis,| thnHrom i tded a @I EREEShoBRHRIGAD 8SRpounds
stability in industrial cooling water. [OOSg?ﬁCerium

HEDP fidt BBTOevdsegamsed iapthraf cd?@émansaﬁdthé’?ﬁ)ei%%{&tg hrbg& @bsence of

Compounds by Chlorine - Acritical facto
c&RINE CBicRIndWaPRIYAIEY SHdRRALRIReIRRRNALE fmt{uﬁ ol @hhtion 9£4.5 ppm

treatnment applications is stability o e compoun
4 BedBYr BEAH {PRioRYaI Q roolyii
805 030605 B s 846’91%%%% ge@% ggﬁ'i%cpd’flya“ﬁr 3\/%?%‘?1 177 "ag measured
fhd ] he re. outinel.y use fo%vgjsi ection .
Yand 5%{;80 i g‘ft%rgﬁllci:ea eerce:%%ir Sromine [, fagh sQlptoRygPercent increase in
' S W t.nh orgapi c polyners and
mgﬁ%@%(%ﬁggggygﬁg%%%é%%”@ﬂ%gﬁg?g%W’ nce of the pol ymers
oand reduges the effi. f the hal ogen anti-
AT (BB S R BSSu P CeLare e walout Co)*100
iu educes the hal ogen degradation of phosphonate
Wﬁﬁl pgllr PSULS nfsBeiis . in [@eetﬁP%cévﬂOWmaa dh¢ | dveeeee oof duplicate
agai nst Hal ogen Degradation - The use of ceriumto
megspiepents and digladsy ieetiqalin petbatsd| oppisel sohdioph odidhodidtmt contain
conmpounds by hal ogen was i nvestigated using

phosphonate.
Phosphonate Dose Ce(II) 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 22.7

HEDP 2 none 0.69

HEDP 2 0.5 0.92 333

HEDP 4 none 0.01
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the sealed glass jars tests descri bed above. The
solutions in the tests did not contain mnmanganese. In

W b@s030wss of the tests, the "brom ne denmand” PET/UB®04/030661
phosphonat e conpounds HEDP and PBTC was eval uated at

thregeppncentrariy,ons Im tn@5pre<enceq@zna apsence of
.Ce_rlL pBr o n? \@35 a U?u SOql umdu(buuu: prrte—at—an
i it ppcontentTaton ot 4, 5 ppm s, fee—Br2—Each
otuttof—atso—contatned—5Sppmacti-ve Po!yrr —2000-—Br2

was neasured after exposure to determ ne the resi dua

ine_in each sol ution. Percent increase
(PG cimenesd R et enad” o fﬁete(as R dril naresestibe final bromine
formul a: % ncrease in ((Final Br2 with Ce -
cRRGeRIratigR bY, Ko @ ey ’f}lalFﬁH% cgpparg] i griurediee sphgions and is
[0061] The results reported in the table below are the
pavisulade efectivaph i stekiligingnHEDBr eRiendegradation nf Y by bromine is a
identically prepared control solutions which did not
kaoyin ahcnitcomﬁrg weenf thih phghlomatee Dositer Gpdtdnhd thatRivewdd be at least
Br2 I ncrease i n Br2 (%9 (pmactive)(ppm( m
pa&dit edremne ignedn@tre@omte adfnosrath. 53hd Obrdmdne demand for HEDP
PBTC2none2. 38 PBTC20. 52. 6611. 8 PBTC4nonel. 93

cBREMiobLo 2D 4@l § pRAB MR RO Mede Hdt RBIEHR.rBlduBPBRmine was measured
HEDP2none0. 69 HEDP20. 50. 9233. 3 HEDP4noneO. 01 - 24

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 a}so 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(1ID) Loss of Cl,
(ppm active) (ppm active) (ppm) (ppm)
none none none 0.41
2 5 0.5 0.45
2 5 none 0.62
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WD 2005/ 030655 PCT/ US2004/ 030661 HEDP40. 50. 02

HEDP6none0. 02 HEDP60. 50. 05 [ 0062] The test results
wa@bwse3ientli cate that 0.5 ppm Ce(I11) increasesPCiEes2004/030661

final brom ne concentration by 10%to nore than 30%

[@ﬂm}’ar €GthLCenVal § §afe ﬁ%&%&n@%ﬁioﬁ iR &gﬁa%&t itc? ﬁiloar l led in

effective in stabilizing e degra Ion o

' . t.com of the u of this
B AR R At AR B SIS e RRL 0l T et Frvention
vercone, b ncurrent, use_.of. cerium Th
B SR ie C R S orstBR e o Shd Ppolki e copsiored o
was SO |large that negligible_residual brom ne was
cH Bl P sePReng o RS B B oeine ki o b ollowing
ealed glass jar tests initially conbining 6 ppm
9 f“@%BBﬁ¢Q%ﬁFv@%polyner 3100, and 4.5 ppm Br2,
i ndi cated that HEDP concentration decreased by 40-50%
and brom ne decreased to zero during the exposure. The
result affirnms the degradation of both phosphonate
and brom ne when these two conpounds are allowed to
react. [0063] The effect of ceriumon the degradation
of a conbi ned solution of polynmer 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 active pol ymer 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 phosphonate/ pol ymer

treatnments: PBTC Pol ynmer 2000 Ce(Ill) Loss of Cl2 (ppm
active)(p pin active)(ppm (ppm nonenonenone0. 41
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250. 50. 45 25none0. 62 WO 2005/ 030655 PCT/ US2004/ 030661
[0064] O her enbodi nents of the present invention wl|l

wheoosppmsent to those skilled in the art fronPCT/US2004/030661
consideration of the present specification and

?ﬁ(@t‘j&@ present invention disclosed herein.
|s I'ntended t hat the present specification and

exagp gr{gek%lg &n ctohtgcﬁﬁ %mﬁ'ﬁ%{}%é %IQ@ ﬁx@ﬂ PR qu%ﬁshsyﬁe&rdéﬁtammg

scope nt ei ng i ndi cat'ed

oS e D PR B I

A nethod of controlling manganese deposition in an
CoMpeEii s toSHd ARHEPEGREE M NI ng manganese conpri si ng
i ntroduci ng an effective anouy . east one.. . .
cer i JmT homehpd Phefaing b s 54 C‘?rﬁlné'%n&llrﬁ%%o&?? SIHOR, {5 ferium
2. The method of claim11, wherein said
salfer i um cont ai ni ng conposition is a ceriumsalt. 3. The
met hod of claim 1, wherein said ceriumcontaining
conpbsiThe omethasl af ‘oo | Lnpvhereln sad roerium- cop@iniRgt pReEpogition is a
claim1, wherein said ceriumcontaining conposition
c@omoil) sits ceriun(lU). 5. The nethod of claiml,
wherei n sai d manganese deposition is a result of at
| eass. Tahefwthodlof @kimldt wharein6saidT beeiumedon@hingf cosip@bitipn comprises
wherein said manganese deposition is a result of at

cdrR@stm. hal ogen oxidation. 7. The nethod of claiml,
vvher ein said aqueous systemis a cooling water system

a  dsi ki BRMABLEElaBY 1 WiBreid s SlaBganadelepdsitRatise fdsult of at least
system a papermaking water system a Swi mming

@eﬂﬁé%lb%&(aﬂoﬁn irrigation system a livestock watering
ty, hum difier, a fountain, an air scrubber,

a caf Wag theidd %@ Eadnl 'ﬂgwlflé'i‘&h 4l Ynanganlaé%%s\ﬁlo‘ﬁ)@ b 8%t Bf at least

filtration system a reverse

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 papermaking 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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osnosi s system or a desalinization facility. 8. The

nmet hod of claim 1, wherein said ceriumcontaining

W@ 09po3i6ss on i S an i norgani c ceri um conpound. POT/UT1964/030661

met hod of claim 1, wherein said ceriumcontaining

aGQIBRYO SystanDd By cBenfithl QEMBMMNC clebifchéhiical Q%@ﬂﬁﬁ or b8t C;thecerium(IV)

nmet hod of claim 1, wherein introducing said

BRpbAAT cont ai ni ng conposition conprises generating

sald ceriumcontaining conposition in-situ,

ext ra- S e PYg! L. 27 : . .

e/ 206479800 2 0 B0 S RN Rk corium-contining
oAl I em cal..reduction, or both of a

cé@?#ﬁ%%ﬁ€§mﬁggﬁ%ggﬁg?ﬂ%@ﬁoqﬁﬁghethod of claiml1, _

wher.gi ai ffecti mount of said . .

cer ilg'mnrchon ealor%;ii of ﬁﬁln&xfﬁfﬁ eSS I%F%Hflﬁ%gﬂ?asbﬁnﬁfe?%“ control

about 100 bpm éz. The nmethod of claim1, further

a@%&#ﬁﬁa iR SWuci ng at | east one deposit control

ageq% pﬁﬁsaid aqueous system 13. The nethod of claim

1, flor tiem Flainy & frither sompising iaroduging et legskone polymer-based

pol ymer - based deposit control agent to said aqueous

deppstt goftrol agenttty saichpqueens spitene| ai m 13, wherein said

ceriun}containiqg conposi tion and said pol ynmer-based

depdéi tThe anatias ofagjaimt 13 méeysinespéch perjum-gatadhizgy onesition and said

systemin a weight ratio range of from100:1 to

polymer-tgeidepost cofinal ageit A gprasént ¢ midaqiicoub wystenein a weight ratio range

conprising introducing at |east one phosphonate- based

ofifpodDh:1 cohO:0000agent to sai d aqueous system 16. The

nmet hod of claim 15, wherein said ceriumcontaining

conposiThe aietiadhr shim 1, pitbePRapaie; hasadtider dsitone phosphonate-

control agent are present in said agueous systemin a

bRl BEPosit @dnitr6] ageRAGRiPiqubdeRHstnP: 1 to 0.01:1000. 17.

The nmethod of claim 1, further conprising introducing

at  hgasthe GRehdAOH YR~ B2 SREreind RO SdrfunfAkldle @l?x?ﬂ%gitioﬁggd said

at | east one phosphonafe-based deposit conttol ‘agent
pfl&pﬁ(ﬁ‘lia@-ba?e‘al%ﬁﬁé’sﬁ oM @88nt 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
agueous 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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18. The nmethod of claim 17, wherein said
ceriumcontai ning conposition, said phosphonate-based
waelepssstesTont rol agent, and sai d pol ynmer - basedPCEPS®NL/030661
control agent are present in said aqueous systemin a
Jofld gal?f about 1:4:10. 19. A conposition for
control'l i ng manganese deposition in an aqueous system
gg%ls ﬁl}%gcﬁ%&gsel é(%)nglomc %3‘? %mn‘kefl?egfilrﬁ (s)egaicc):grlil}rrll-gcr)]ﬁtair%gg c;)rrplgosition is a
ceri@égnt aining conposition is a -28 WO 2005/ 030655
BEFP 4/ 030661 ceriumsalt. 21. The conposition of
claim 19, wherejn sajd ceriumcontaining, conposition .
s &2 ol EORRIISR| ¢ clom 1py VSEsTh 58t POMMHFOnERgTcqryposition
wherein said ceriumcontaining conposition conprises
eaprigggceriuvmtBl. The conposition of claim 19, wherein
sai d ceriumcontaining conposition is an inorganic
cer i23m Bsraeowasdtional clamel % sipreis saidoterivh-cohtainingl@mposition is an
wherein said ceriumcontai ning conposition is an
inerganid erisecompoundnpound. 25. The conposition of claim
19, further conprising at | east one deposit control
agerd. ThGompbeti@oofdaimt 19% whekincdagl deridin;combiingi dompbsition is an
| east one deposit control agent is a polyner-based
digisktiug osthpodhd.agent . 27. The conposition of claim
25, wherein said at | east one deposit control agent is

a PRoSHRRebAb&stRADElafke PR SirtheC@pFislhg #9&RL one 4&posil Béhtrol agent.
conposition of claim25, wherein said

cer ingmaRMNoApdiAch 600RAS 6] Aerdiitht 1881 ndliedoSiBSbntRNGgent is a
deposit control agent are present in said conposition

' babtd §erdlit Qnidi abent29. The conposition of claim 25,
IJv(\)/h[yclalr%(rai n saipd lat Ieaaé%n one deposit control agent

comea 8 SBALIFFINTod, S5R0P s SEILL b 96D 006 B i

SRR Bl L 5

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 of 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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phosphonat e- based deposit control agent, and said
pol yner - based deposit control agent are present in

W@ a00d/0360us systemin a rati o of about 1:4: 1PCT/B32004030661
met hod of chlorine stabilization of deposit contro
agengs [t 1.0
an oFT demefiRaRRRaR. TAy oF BRI B, b LRSS sytem,

0sSitio sai d. aqu S tem -29 WO _ .. -

SRTEAR kBl S GE A TBHR BLT Ol efPmeliairine composicon to
chlorine stabilization of organic laundry aids in an
E%@ﬁ@%ﬁgs§§@?en1 conpri sing introducing an effective
anou of at | east qne ceriunmcontaining conposition
fo. gt rdfindotrdySre e s niaophalat eclertigoeel asent
degr.adation of at |east one deposit control agent, .
cOFRpTISITHgducHE B $ifestivg mauatiof allesst enegepumtcoppinig compegition to
one cerium-containing conposition to said aqueous
s3ideueqys YEemA et hod of reduci ng the degradation of at
| east one organic |laundry aid, conprising introducing
an eftettmeeodapbmrtucipg the degradationrnd at dedstimne emgaaicnlangdry aid,
conposition to said agueous system 35. The nethod of
comarisimgiirodusiag e effsdive amoga i et leastowetr ogrimnontsinmgdg@position to
colorant, builder, sequestrant, perfume, buffer,
saidtag@ouckystem. or surfactant or any conbi nation thereof.
36. The nethod of claim 33, wherein said degradation
i s casisEed hathal off €aisd 39N@herdlalsig RgMic 1&@1‘1&9 @il is a dye, colorant,
containing material. 37. The nmethod of claim 34,

bON@S: bdueSiring pelaGiABhatdr, Qtib:3dHB BS Qfaltint Bf adyRBRbin@MS) thereof.
hal ogen or hal ogen contai ning nmaterial.
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.
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