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wi_de 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.

[60906] Methods to control manganese deposition can be categorized as either 1)

manganese removal or 2) manganese stabilization. Dissolved manganesc is typically removed
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[o011] 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 1o enhance the level of manganese deposition control heretofore
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[0016] To achieve these and other advantages, and in a-ccordance with the purposes c;f the
disclosed embodiments, as embodied and broadly described herein, the preéent disclosure
relates to a method of controlling manganese deposition in an aqueous system containing
mariganese, that generally includes mtroducing 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



one deposit control agent in the aqueous systemin

addition 5 to the ceriumcontaining formnulation.
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reducing) manganese deposition, the manganese is stabilized against the growth of insoluble

time.

manganese particles. In other words, the formation and/or the growth of manganese dioxide
(Mn0,) particles is inhibited or slowed. Controlling the growth of Mn(, 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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control agents" (DCAs). Table | provides a
but are notr lgyited @ rtrabs nitgatd, icabusahloriBCAG olsItadmida RerbS NEES cdréus
practice the present invention. It is recognized that
sulfate, cenppy cammate,oferous] phfnesien tnittkeq s8d seromd yphbphao Mikaglest F
form copol yners, terpolyners, and hi gh order
organic cephwh yermpauods iodngso butdss natniimited g uaius abetate e @Batgf
Table 1 are illustrative and are not intended to
cerous oxafsigyiceroust tyazogigr ¢epquy oghatHCADUS hesphosatesbandusdailia acid
conbination with the ceriumcontaining conposition
salts of cegipm,t eludingopdymperic rppbertylio acidsT ABBES Terous polyacrylate, cerous

polymaleate, cerous polysulfonates, cerous phoSphiﬁocarboxylates and mixed polymers,
including copolymers and terpolymers of carboxylic acid, phosphonic acid, and sulonic acid
functionalities. Examples of such copolymers include, but are not limited to, acrylic acid/2-
actylamido-2-methylpropane ~ sulfonic acid and acrylic  acid/sodium-3-allyloxy-2-
hydroxypropane sulfopate copolymers. Examples of terpolymers include, but are not limited

to, maleic anhydride/ethyl acrylate/vinyl acrylate, acrylic acid/sulfonic acid/acrylamide, and



G ass Individual or repeating nononer unit Spec ific
Exanpl es Pol yacrylates [-CH2C(H) (000H) -] o Sodi um

5 kyacryl ate, potasium of |ate Polya .
w0 205 PR (0O RL) (R2))-1" where R A

er. to _organi c groups such as those of the
SMRmmmdéPﬁVﬁgmﬁﬁ§Tﬂwé§9%r al cohol , and .carbonyl cl asses.
Pol t hac Iates.- C}B)(OOOFD 1" Sodi um
{0026) % W?%E‘FE}/’FE’U%[“ ibGPeh PEBnE ne meRIdepasiHp ROk - |

used. An %gnlrl?lbj)%n_ﬁa C%jnf%'@( g) )?%Ig\lgx;qe%n%ﬁqJng compasition is
from about R R0 570 6% = BRBU RGOk gt S, nt mos

preferably Og‘p wtwgﬁpa %ée@%}_ﬂ%%mg%boiphl QOFnar:bg)éyl ate

acr Ian1d nat.es
[0027] fx Efz#zr*sf? £ )t?mfsgeﬁewm% A V’F‘%‘W@f&mlﬂ?&\h ere
propanesu oni c

compesmon cah gzgea? oud Iln—SIStllEJ §r ee glg-s%h WS Eenbtraf ux ec E%?pica éqd)t)ftlone MPS)
, S
cerium(IV) ?§ &ty ‘f?é“ﬁ’y‘?‘@c °w§’ lt%erﬁ‘siéﬁ r Ghap Qs P e i co
P
e R Bl A v

salts where RI, R2, and R3 may be hydroxyl, di phosphonic
acid (HEDP) or anic, or hos horic acid rou s. [ 00291

0028]  MelchikESREGEnelcBm h&ﬁmu%mg rebdPinGGhibE T TR ga\l‘ﬂn?ﬁr at

conposi t1on 6f e presen |nve ron a
along with disBahe, ABeciating un& qESLAB SRR A\l cqz;ggp ik an and
can be pr sent € aqueous SYsS

threshold inH¥B#iAd) tor Elﬁ:ta;tiﬁ)g ﬁg%ﬂtg,ewﬂf‘,h Zcﬁl%‘vgip Qo:ﬂprfs@ a Ql_a%]ljf chtgpdum%n d

known in the art as “deposit control agents” (DCAs). Table 1 provides a representative list of
DCAs that can be used to practice the present invention. It is recognized that monomers of
different classes may be combined fo form copolymers, ferpolymers, and high order polymeric
compounds, and as such, the examples of Table 1 are illustrative and are not intended to limit
lthe 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
Polyacryiates [-CH-C(H)YCOOH)], Sodium polyacrylate, potasium
1 polyacrylate

Polyacrylamides | [FCHRCH)(CON(R1){R2))-], where R1 polyacrylamide

and R2 refer to organic groups such as

those of the alkyl, aryl, ester, al¢ohol, and

carbonyl classes.
Polymethacrylates [-CH,€(CH){COOH)-], Sodium polymethacrylate
Polymaleates [-CH(COOH)-CH(COOIN)], Polymaleic acid
Polyphosphates Na[{O)P(=0)(ONa)-OP(=0)}ONa)],- | Sedium hexametaphosphate

ONa]j




preferably from about 0.01:10, and nore preferably
0.1:1. More than one DCA can. be used along with the
J um cont ai ni ng conposi tion, V\,her e|
wozeoam%og%;:,l um cont ai ni ng conposi tion, %&g%ﬂ&m%gn be
, -present jn_the aqueous _q\/qr em.in a vei ght ratio range
Phosphmfaﬁboxﬂ?tﬁm NIESEHICOPH. mﬂf’ftﬁ) Oi‘@roo: B@@’”m&ﬁg“ﬁfeé?pé‘wrw
Polyacrylanydeorat EH?C(WGC ) - 3
o ryar,’?-{c‘*e“‘:our S”Fs ﬁ@regﬂ@z gl b hﬁxet@ﬁfoba%ﬁﬁﬁ%@' ni ng
conposi t @(ﬂpsaﬂdasalo@@ftmﬁ asedampgposi t contr ol
agent _aresippregehclass t he agueouls systemin a wei ght
Sulfonated ptgggne 0 1 ar{g@(@ﬁylﬁ@aﬂrﬁfﬁbo 1 to ()S‘{!fimtict}@@ﬂe"fm@@or ding to

———_anot her—
Phosphonichﬁ%f a pf“{ﬁ_‘
present
range of from 100: 01 to 0.01;1000. In a preferred
enbodi nent, the ceriumcontaining conposition, the
[0029] Ph@s pda@daﬂtoemba@edf ARPQGnh-cERaHin® bond@€iién ofBE frdient
pol yner - based deposit control agent are present in
invention A8 vAHWERAS o)A Thd dridmWeitghihg soaipbsiticafand@ine WCAléaft: 10.
[ 0030] Tabl es 2-4 describe exenplary fornul ations
be presentGE) HHR! dqBdoBsyaibm | i@ @ Steighh eatiDEhga bfifrém 10@T kUL 0,2dndi NQ
. . conposition of the present invention. Oher anmounts
preferably &l abddn €01:1¢ anbinn@tpreiasbic@n1.b&lousteah on® DA 20054830655
PCT/ US2004/ 030661 TABLE 2 Conponent grans
along withPhe sgirinnontainiog xythgtsdon oliyredr the Biumtcontimiag tonymsisiod, | ds,
MWV 4000, 10 phosphorous content less than | w. % 2-
DCA,, andlvemietpusent &, thel qReots system dir Hosight rago mogecdf 160 108:1:1% 6
Ceriumchloride solution, 20 wt. % Ce(lll) 2.5 Wter
to 0.01:108%: 100, m@e@blmﬁm 01440, and more preferably 0.1:1:1.
Acryl i cAci d/ Acryl am do- 2- net hyl pr opanesul f oni ¢ aci d,
According 49 o embpduperntyhe 2eEn-cantsining emposian4Bgd(r polymer-based

deposit control agent are present in the aqueous system in a weight ratio range of from 100:1
to 0.01:1000. According to another 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—baséd 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 2
cerium-containing composition of the present invention. Other amounts and other

combinations can be used.



1- Hydroxyet hyl i dene-1, |-di hosphonic acid, 60 wt. %
active solution 8.0 Cerous nitrate-6H20 6.2 Water
) - 8 TABLE 4 Conponent a Am notri g’i’ ene hos
WO 2005/03J858ni ¢ acid), 50 wt. % active sol uti gEE %%'04/‘88?(11um
-chloride solution, 20 wt. % Ce(ll11) 15.2 The
formul ati ons in TabF&BLE24 are preferably present in
t he aqueous system.in_an_anmount of fromabout 1 to
about 1000 ppm Cemdonenir e preferably from abpgtank0|t o
Phosphisdsattxyl @M iypm>0 s do agtives solids, M ratl,y from apoud 10 to-
phosphogdye aentchOBsspflam | v@ Yeer _concentrati ons can be used.
2-phosph@0Bdne Thn4 tiewbanylicent 80 wi.f@ conposition cah be ufed
Cerium ¢hiorigle nélntiin, Hemg@iedl) deposition in any aqueods |
Water system in which exposed surfaces may suffer| 815
corrosion, reduced flow, |loss of flow clogglng,
pl uggi ng, abrasive wear, sensor degradation, or
stai ning due to manbaBigs® foul ing. The aqueous
system can be any water-containing systemincluding,
but _not |imtedCtoponeat cooling water systen) gams
AcrylicAviria iy ln-2-neetigipropenasgifonit 2eid, et Bpctne wastie 30t ef
solutiontVi@etS@nt system _a papernaking water systiem a
1-Hydrogysthylidlane- 1 fl adipphbsphamic gidl, b0 wi. Gadctiorsobyisi em a || | 86st pck
Cerous nitedte6lilaty  facility, a fountain, an air scrubber, h
Water pond, a car wash, a bottling facility, a | qumdsy
system recreational water systens, a filtration
system a reverse osnosis system or a desalinization
-10 WD 2005/ 030655 POI/AIS2004/ 030661 facility. The
aqueous systens_can_al so be any systemthat conprises
nozzl es for theCowpgtenti buti on of water intdg fiane
Aminotrifingthyleneplgdspidinia geidia fen & sstivesolytion el i m nat or| bidades to
Cerium ¢hipidd eolttive, 20aar’6€e(llln st and prevent carrydverznf air
wash systens. The nozzles, screens, filters, valves,
and danpeners of systens are particularly subject to
The formuldtiond inrigbles2-frem erefdrablgposit firsthe Bebus sgjest BB atyipit oAl | y
di scharge the water or capture the water for
from about { itd abowit 0Yhprem andrraers prefeibhly frophbitda td abputdHOX fpen, and
cerium containing conposition to such systens can
most preferablyfypm heutrl§ taabeyft 10rpay 4iess eongsniraidnms e bs ased-hat
manganese deposition is reduced or elimnated in the
[0031]  Fhspopriga-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 filiration system, a reverse osmosis system, or a desalinization



and/ or other areas of reduced/restricted water flow.
[00321 The cerium containing conposition can be
t roduced into the water system as a ter
‘wozmhm%ﬁeatnent chenmical, including as a soﬂ%jn&% g@ﬁ%@‘or
gas, using feeders, pouring in, injecting,
fac:hty Tok sg@bss m@tems toan raﬂsn die agplystan i tbart coghtict | nzlesatvel thehe
i ke. The introducing can be by batch, continuous,
distributios effwyate @1 firusists inclodingdampénarst ¢.oredinditagr Blpfles W itﬂpcdeekpect
to the use of the <ceriumcontaining conposition of
aerosol misthed preesniecrryovey @reit vorh systomy Tietdozzles, domamst filtong vadtder
DCA, the ceriumcontaining conposition can be
and dampgnans rafdititens #m tpartichialyagbied s feiog dmninergodepesits t iSodh
with one or nore DCAs, sequentially, as a m xture,
systems tygisellyosisthprea dhti WteIort pls the) et ors flratenm d4nd rewshi The one
or nore DCAs are already present. It is further
applicationy efc tg rfesigarcenipining kanpesitiaio tfs sush sydems eanslew di tatevef
present other conpositions o ents including, but
manganesen@yidafiorgo gt manganess dspegitien s rcéfvefg or ¢linipaiqdsin theyforeesr s,
sequestrants, perfunes, buffers ant i oxi dant s,
amm”““%@Pﬁ&@ﬁ%ﬁ%¥3W%ﬁﬁﬁﬁ@ﬁ@Wts as wel | as the common
nponents of |aundry deter ents and | aundry ai ds.
[0032] ﬁ&ﬁa ceriumrepipiging \9@“1305'8?'&@% bgin g?ﬂugr;d intA the eptre exstew aptnyt he
ceri umcontainin npositiaqn into a cooling water

other watersfiratmen cheicg; wely ustF 4 iy gdfor ssppinecsrdPPoBingtihe
infoctng %&%é%%ﬁ%a%&%aﬁ NGB B OF A T iafoas i by
st o S o b I S 5
N S e e e
ceiom- o A B ety ﬂeﬁ%%qbé‘i%%%ve 5%1%2@%«&%Pi sk

f
e« R REL PR o o O BRSBTSl

e
can also nftf ?e@tt,rﬁ oth® &aHpSéfﬂuﬁE b ketd mciuﬁigg,%‘E £t 1R %J“c&él%ns,

conprlse tubing, piping, basifns, punps, heéat

dyes, filler€ mmﬁgeamamel ye%ﬁmemmefs%%m&@ SRhSan @05k QLRAL
y rau conponents that can exper]l ence damage or

as well as (B AbEREN BRAJoREHNBITARNAS déla%&ﬁé&nﬁ 18y RIE ARESBustrative
fouling. In addition to the hydraullc conponent s,

purposes oflP8RrddBGioh 6EthetdrilB-c6RShihg ebnRLifisn HX B u&éﬂsybl&ﬂll i ze

cool i ng towers, spray ponds, cooling pong or ot her
is discusse@REBetHil S RpplIRAtioR Jf the@¥finREdntdtR! 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 info a

circulafing system where the manganese can precipitate and foul system surfaces, resulting in
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by the evaporation of water. Open recircul ating
systens can enploy fans, spray nozzles, distribution
{vozmﬁmmﬁgﬁnnels' drift elimnators, Iouvers,P&bh%QgHB@kial,
wre, mesh, weirs, structural support nenbers and
- other conponents that are subject to damage or
increased righef epriogipmtiess Af gyt exphangsarfEgencyaptyeqd flognveldeiy Siadeingo
reduce or elimnate the adverse effects of manganese
plugging, stig)&iPHEP idamegsoleiaded seypert repfgrmanere reduseql ghantiesh tresipiinh g
. conposition alone, or in _conjunction wth other DCAs
performances gpet pibier agueresgerfesist M CirfileiRgCORB—E VateR Syaiain cath &PTBIIsE o
~_the circulating water system_A preferred point of
tubing, pipingepfsing. Hpmpst heahrxchaapersy Kales rmaifpliis srnesnpekqtier Byraulic ¢ he
makeup water streamat a point sufficiently far
components, i {Cpb SXPRH9RSE 40pge 9T EFAYEY @erioRgana R & fosith ob riangagsse
sufficiently m xed before the, ter enters the

fouling. In a(diiqn tg e fiydiaylic OmPoteRts. PeD, strHatifng peolig palpr syaterss
.. commbn source o ngangse i.n cooling.systens, Low
can uttize CGqiTR RO G <coB R P R o P B SE R T e e

wat.er . sustain el evated Igvels of dissol ved

by the evapgerfion of WleT- \\pReH TRTRHARE SEFES AP SPPIRY e drlsty
o t st em, | evel ' .and pH
distrbuion Sfiangelsy IR Shiplnglor touyers, TAE maeriel wise ek eIy MR pon

dioxide, .resulting in condi.tions favorable to the
swvport mefgh a5 By PRy 0 AL R 2t Gt

maneancse dENganese di oxi de. Further, chlorine used for
gan ﬁ?crobiological control within the circul ating
, 00].] SYSt: C a - ion,.
oosa Pk RHGR B6CSl LR, TIAANGRS RLTH Sy,
i . - | ect | o {tives; or
systems, me?qig{l]ﬁﬁbﬁlltw %J%ﬁégq%nlﬁgsf ot gé’%gnec E’gaﬂ\xg?‘le%ﬂb?t?%?jdt% Cg'ﬁ,feeri ng
i b RE/ SIS I B &RR 4 1 3
wddod o the gl B Ay 52604/ 030661 Sgsééé‘@h o Eltg%ﬁ%dnpé)%@n%igyp
addition of ¢ @6rivA &nlalh@feO bitiidH %Cle kARt Witk Sirdhfi€at! :DB!:EPH ting
effect of the additives on nanganese oxi dation and

sufficiently fat Sps@QROHA: Qi ditHOMWE Wiakeup bWaRr £0 BIXRSEHY Hixd BfoRShe
i ntroduced at any point or nultiple points and stil

water enter® GeCifcBliizV §steh 0088 1exempl] RAI-WRECE $Y5hR0B sbyd s@al | Y
use chlorine or other oxidizing mcrobicides

manganese b kifsteRRt Low pll a6 165618 6LNisbiatdsky o SRde Svell Qater
achi eve a threshold [ evel of oxidizer for mcrobia

sustain elevaiNtek@d of disbFedRbipanksOf Wheh stk aters @kee fah @fert Qo
"shock"” treatnent, periodically exposes nmanganese to

water systeli(D6:6yz@] RS SdnViabrygase andl pHi dag ris® dak, tih A to TdagAiBxd 6 ze
the inhibiting

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

“inhibiiors™) into the makeup water prior to entering the circulating system can ensure that the

-12-



effect of the ceriumcontaining conposition or
ceriunmcontaini ng conposition/DCA iconbinations, it

: sk Pr ef erabl e to synchronize the ceri GOOLA
WO 200sHsRsd i an of the additives with thed. m?%‘S"“EWhe

e TR FELLTET b S S65o TR SSASSRLLE 1.
i, TERRSSE B4 201 5 IDEHL LS O £, B 2o
e SR R B L b, 7L 20T 12, 200%0 (0,
R e
i3S 7 B 459511 UL sS4 T BB "
i SRS B OGRS AP e LB SR

agl occur w

| fd e r eqr.adat i,on_.ofr...
exposes e o RS s} AR Lol HERLAREL WnRbiine,
ekevat-ed | nhi.-bjt ge. SQ.: - desj AV ge
oot of G CHB HBRL Bt el oy S B BUBLR
combinatidrdV f nt 'p%r&i’en tob %a;@ﬂ‘blﬂ{eal:h@ etgriu —Ie&lteﬁxﬁxgé U&Eﬁg’iﬁ&@ LR
conposition or additives fee can be synchroni zed
additives Wt IEheQ?_fﬁi\_qg 31efhe-asg<g:'kt ﬁ&ﬁ]ehhfo%gndeaﬁ){xjﬁﬁrﬂrl:%nc%fntrations of
synchronization including ‘electronic tinmers,
inhibitor diiHeAhBcBs BF AL 8.5 &AM hflganeQ ox RISy REMh LR cad 11036]
The previously described versions of the present
achieved by iMRBdi@Nhd ANBYERS he RENARE 38@Ssystbil Ghieliidy basid agd
probl ens associ ated with manganese deposition in
oxidizer iSWAHEN to aBE biffidient GRE IFOINHE GRbiRLKY WgerGO BP AFHtitm@Pnindd t he
present invention specifically inhibit the oxidation
with additioés HeRROBN@SE Byexpdibdiol theoxidiztr. a8 Ghefdradle, pothS 6f Afitbi e
ceriumcontai ning conpositions -13 WO 2005/ 030655
the coolind G EAISi2A 0idé, BN GIGE the \wtlditivep addywaBlingtwaen i BifficiedlR Ghivédt h
phosphonat e plus pol yner treatnent, provides superior
by processnmeiipelviete, difipsei, tuddor hpdiiabagithian tha otdaatvitin dwi delthgby
the DCA treatments wi thout the cerium containing
tower.  Lgso rpp additives tfgough Hsgriaduéiom a5 ¢hrough tspitant blvevdgyan edisets the
deposition inhibition is-significant given the fact
periodically petatet! fubibilprplesage sorthat a désirebayemes] dalipdpsqge efthotmsimentyst
been able to prevent manganese deposition in cooling
the presentiigyertion sgndieanpintainsdt Zhaflerign-Rengininespmpesitiofn oraddiuesdesd or
operating at_high cycles of concentration. [00371
can be synplepized ith onidier ‘%F“é‘a‘ﬁ ibgougll gt hepes ofpynasepigation anclugling

_chlorine and other hal ogens
electronic timers, automated process control, or manval addition. -

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

oxidation of manganese by chiorine. In addition, use of the cerium-containing compositions

-13-



i ntroduces a significant cost to industrial water
treatnment., The ceriumcontaining conpositions
: _protect polymer and phosphonate additi aj nst
“K)ﬂm”mﬁgﬁradation by chlorine ("chlorine sfﬁ%ﬁﬁ%@ghwgﬂ").
-Treatnment is effective at sub-ppm cerium dosage and
with polynes teamest pad vih phgsphonalt Pl pPabvivgietresimnt axdvelks supatior
requi re the use of specific hal ogen stable additives
manganesetdgpqyitiow indiition fhihi reviried by the R e trdatrents auithont iheerium-
stabilization allows the use of standard, proven
containing peroRAsiHoRra tlde ingigese fotolphmpnsantel depesdion inhibdfiogiihgenifiventneed
torely on alimted selection of |ess well
given the dast it ithehwmper LRl o gontrad thap pEvigisde pefaldey able trpeevent
conpositions_and treatnents of the present invention
manganesec@gRositioyr inhrepling YHPaWSIERY 6vaangs bigh l4vels f inpmaanese or
_organic laundry aids including dyes, colorants,
operating aphjgh ¢yelesof cauegi@den ant s, perfunes, buffers,
anti oxi dants, .or surfactants in an _aqueous system
[0037]  \esndatinn of Qrege 2dfitres barRstReVie dileptmend etherHislogenseous
. system [00381 The present invention wil] be further
introduces o} gnflicaiy 5t tih dndugiriploielehy EREIEY e sThenmfriip-cogipiaing
~..intended to be exenplary of the present invention.
compositiops MOSLIERO YT 389 )Phqﬂﬁnﬁona@ g g Fogadpionn b lfgrine
accordigp 0 the F esent jnvention to contro

Cottorine S aton ] Tramse s PEREA s PR e LeSipe By ey

v GBS B SSROTH T AL SR DL R REh o 20° 1
wnvin. AR B9 AR Loy S TROIIRS e, o
s L B B 0 BB SRSRRSE

halogen stag):l—evé;hgréi "veé.lq'he[\/\g,lgnﬁjggééng 306 Bty M&%&&%Q&g%m Jah nely

. easl I spersed state.that' does n

further prodfdE Cdn .'f@tsﬁfiﬁézti?@%giol-g%i@qa&ﬁ? A8 Bling Tos € bdidthnts,
evels o filtra

H gher manganese i N the fi e correspond
build b RY QU Ends, WHARLs! ARBxi@hnts, FRRGARERSN JRRQRLE 9
" q&s%ﬁfﬁurnglnhigitioﬁ of ﬁhnganese Ckidatioﬁ§%y ?%rine

when introdud@fkR hn FRcBR 365t Ik Afiohd dyMeRf ceriumto inhibit
manganese oxi dation by chlorine, an aqueous sol ution

[0038] GRObRLRA! RYensiol Wi ® HineALISMed B RBATRSEn X amBIeL Witk
hypochlorite was allowed to incubate for periods up
are intendell @ WlexBAMES of b Pre@fiti8@BoS Ol Ut i on was then passed
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 MnQO; has been removed from the solution,

by filtration through a sub-micron filter. Manganese in the filtrate is either dissolved or in a

-14-



through a 0.2 mcron filter and nmanganese in the
filtrateiwas neasured. Solutions c¢ontaining cerium

2Le run under identical conditions WI
woz(mamiﬁﬁ” added prior to the addition of bf&é@#@é@ﬁ{ﬁg

on was cal cul ated based on the rran%anese

fncly Vi fi?ﬁhi:ﬂ dippirpch gfatethab APEN L IR RS TelY ppfie coarser
material. Sﬁoﬁjﬁe' o leods %&%%rf}?'é Q%aeﬁﬁpﬁgt‘é?ﬁrésgé‘wﬁg RGP Y.

1 \Where WMn; , i eal di ssol ved manganese present at
manganesg $5ROUYR ¢ of ¢ he exposure Chlorine inhibitionis

R A M be TS ol
oose] 7% 2%%% i Gt oo degEnes i Ee o v
soous sl g il bR %ﬂm%’ p ”ﬂﬁ'e R o
allowed t({ Hngub f %}i’ fr?olds u\pN?o 2¢P Mou%erﬂ queo ﬂHon witsu l'lmp]asat pH

ere,”to produce an"aqg ueous SO

through a&%cﬂbcronnﬁlgelr gagl] Qnaﬁga% %ﬂ‘ tﬁg (é@% gf%é%}%? u?:glgir\]/gon(gl?s
contammgm%rclfr? %rc 6’%&?’{'(1%1] r{é{e%ﬁcay\ﬁ)jlﬁfi&{siﬁglrtgg(?g%s Ea@dﬁﬁ%ﬁnﬁé%t het OC k
addition oﬁ@%‘oaﬁ r@{:‘ : Iflg'ggg%{\%%ﬁdblcﬁi%d B%%@oﬁ %e&%gsﬁ%) n%)du tg%

d ani Gt oM B8 GRordi@ 1 glized water and rake to
treated and i E ol Gl WO S SRRt ) S0004/ 030661 3)

St oGknibiBeD DY OV VAR B 106dd 2. ni of
5%Qcor%mer cial b %ahgﬁwgo?)ugnn t§’6 gﬂ%' Wi(o wt % Na )

Where MBQLUL R0l HEIFLRES BlolcALEl WRlRit 8Nfhe RERuEO @Q&hlm :
3 Stock Ceriunm(lll) solution, 1.0 ng/nil: Add 0.25 ¢

inhibition G& 2aAled- BH2 Qirkifr nilepdrNekéd iod erlitlARbed resdiugS Slimeand
make to 100 m . 5) Stock 2000 polymer, 10 ng/m: Add

concentraton® g of 42% active commercial poly

(2-acryl am do- 2- net hyl propanesul fonic acid) to
[0041]  SXPEMHENIA TSRO - WateOfor the misavad pteparel byndidseliing adp st

pH to 8.0 using sodi um hydroxi de solution and nmake to
CaCl-2HA0) 0.7Mg. MgS04-7H,0, 1.34 g NaHCOs, and 0.71g NapSi0s-5H20 in 4 liters of
dimineralized water containing 3.3 ml of 6N H,S0,, followed by acration to equilibrium
with the atmosphere, to produce an aqueous solution at pH 7.5-8 containing 300 ppm Ca (as
CaC03), 75 ppm Mg {as CaCOs), and 50 ppm SiO;.
[0042] Stock solutions of chemical additives were prepared as follows:

1) Stock Mn(Il) 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

1o demineralized water and make to 100 ml.
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6) Stock 3100 polyner, 10 ng/m: Add 2.5 g 42% active
acrylic acid/sul fonic acid/nonionic; terpolyner to
roximately 80 m of denmineralized wate ad ust pH
WOZOWO@PQ : | usi ng sodi um hydr oxi de soI ut i dif™:
7). Stock 400 polyner, 10 ng/m: Add 2 5 g 42%
3) actﬁt% Iﬁﬁd%?fwrenﬁﬂlwpfﬂ}ﬁaf@dl MQJOambobéVymmm@d
roxi mat el y 80 of demineralized water, adjust pH
bleach PIUSt‘g%@ V40 ¥R aBb%’dn‘“GM"W@F"@?@ﬂ’é@ vestr and wrkedntPormelke t o

100 t ock 1-Hydroxyethylidene-1,1di phosphonic
Y (e @a%mﬁnbﬁolutm%/w N K G5B BB v
. 8 ?ljal HE(lPP proxurately 80 m of
dem‘“e‘a“?f sile Asratrds %t% H‘dj ust pH to 8.0 using sodi um
Iut ke to 100 m.. 9) Stock
5 57 B Esﬁ@ i B 4501 1.8 B8R iemme Ty
ol.uti,o 2.00 of 50% active
@aerytamiB piclfbiop g %%{"oa"é‘ﬁ o owmw%y 36 T 0p flemineralized

water, ol G0 D B B oGP e B0 MO 0T | 00431 i e
et L g'”vs#'a\@s?rég Waneh arolsimieae  °
ac1d/n0monbc P%o%nal%rattolaggyroﬁ{n%y n%ld%" dﬁ‘n&?lgk%%%&ﬁ%e V\%SWCI%EI ?ﬂu Céfe d 1
oo B SESNSIARf f ffl  To CT1) stock.
D o7 Sl 8 oA SRS o A8 R O Sl
acrylate pOinI]LQII i Oxmmq 80 mf Ey&dnﬁfﬂ&al}%(f %FQIS %gj%sdt pq—f tosg 0 %iﬁ‘é‘ d

stirre rpm usi ng

sodium hyd?t;xi(fegﬁﬁudﬂ%cp}nﬁgﬁa 1 mt. - 16 V\D 200510306 555
PCT/ 1J52004f 030661 specified times over a 24 hour

pegﬂ gd, i ne-I r h
R e g Db S 1o AT Rl

Add 1.67 2¥R60ARIRe ChhRECRPHEBP NG FREHREEKH0 Iﬁpbpﬁénn?én{l test
procedures. The tine- depegfgent |lr31,h| bition tobd

water, adjuso B G E9@SB¥dita hi @BkidykoRE6d Adlntake BI@WANI N Fig. |
with data listed in the table bel ow. Mnganese and

9) Chbtoeki rePhbipiendbeRANLAMrichdbkyict b PBSL) ReRibd S10 1
ppm Ceriumtreatment 500 ml stirred Test Water, 37 C,

mg/mi:  Agd Z006g of 50% active commercial PBTC to approximately 80 ml of

U"r

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(Ilf) was conducted by
adding, in order, 500 ml test water, 0.5 mi of 1 mg/m! cerium stock, 2 ml of I mg/ml Muo(ID)
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 cerfum inhibitor. Both

solutions were heated at 37° C and stirred at 300 rpm using a regulated stircer-hotplate. At
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Initial Conditions: M 4.1 ppm Cl12 1.8 ppm
‘ El apsed Tinme (hr) %inhibition Mh Free Cl12 7.3 98.4
) .4 16.8 100.0 73.6 19.2 91.5 69.9 2.3
wo 2005103 5 48.5 36.2 [0044] The results f or”ﬁ%%?“ﬁéﬁ@“&vi th
"Ce(111) at | ppmindicate that 100% of the initia
specified timen geen @ dehque paiiod.csdmples efshasohutiprsrwererwitielave, filkred, and
significant stabilization of free chlorine during
analyzed foh dn§linmd pfer iffee] aviilgbla | chlpring hsiesy eeiun@yialc origmdogoest
di ssol ved manganese in the untreated sanple
proceduresy el diselarepdenB Bibibitiv of magguese foxidpfeon;byjceriival isshwumin
] ~after 7 and 17 hours, respectively, as shown in Fig.
Fig. 1 withydatafigled whedatdapaley-of manganese 1 oss to chlorine |oss
for the control solution after 17 hours was between

0. dfapgaaesq and
stoi chionetry
chl orine:; ?

{ apm

2(s) + 2C1'

Coising TiserDapprdantdnhibitios Tas Resie d
O Begdpstbn of Mh(11) with
bytiregilest Waier, 37 C, pHfA6

+ 4F1

(Eq. 2) ntieheopgitiong: Mp7= hbppms Clarhle® 8¥ht r ol sol uti on
contained dark brown suspended and particyulate MO02,
Elpsed Timeit) do| ution troaibbfition: n 1 ppmM Ceri um was
Ll ear _and collorl es¥ i ndi dat.i ngFreEth MAQP was not
ormeddn the trea?®H solution. Kfer 17 hour s,
\_/h(11)1-6~§nd chl orj nltg_{.’-ﬂpgan to_ded#Base in|the treated
solut 1BA . _hovever $hhhibitilon renfiffed ahofe 50% up to
b4 howtl8 [(4046] &3 ect of CeritddDosage]- To
let er df-he_t hd ef f et} of varying é®fi um dosages on
manganese oxi dation by chlorine, tests were conducted
at ceriumconcentrations ranging -17 W 2005/ 030655
Bl 1D G ATDTBE T 10 | P ondiesin it 180%0f e mitalker s
' as described for_the tine-dependence tests described
manganeseayspgiged sofybleatiist L hdntan ot siendicnhsailizton gf fres chiorine
. hours. Data for the dqgse response tests, shown in
during the e posiod ypps afie aphigyed: |81 CARPISen Fxplied Phaencser tin

rovides inhipition I
untreated ngple decreased to 8?% anc(I) to (?SI% of the initial amount after 7 and 17 hours,

[0044]

respectively, as shown in Fig. 1. The mole ratio of manganese loss fo chlorine loss for the
control solution after 17 hours was between 0.9 and 1, consistent with the established
stoichiometry for the reaction of Mu(1l) with chlorine:

2H;0 + Cly + Mn'™? — MnOuy(s) +2CT +4H" (Eq. 2)
[0045] At 17 hours, the control solution contained dark brown suspended and particulate
MnQ,, 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(Tl) and chlorine began
1o 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 oxXidation by chlorine, tests were conducted at cerium concentrations ranging
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concentrations as low as 0.2 ppm and provides a

maxi mum ef f ect near about 1 ppm Substantia

i nhi bition is maintained throughout t he hi gher dosage
wo 2005/030%Rge. Manganese and Chl ori de Dose Dep&hdHfi04/030661

-Inhibition Test Results Initial Concentrations:
from O to Rppinl i stirrdd Beakgppag dsbited iforeth ritedprendencd festd deSeditield| )

(pm Filtered Mh 17 hours (ppnm) % M inhibition 17
above. Fillkodmsangfhe2 w20 mdadfiredQfidiOl 7hoBR. 1Btafor e @Be RsBRsO@st

0.38 3.45 65.4 0.50 3.82 85.8 0.75 3.8185.2 1.0
shown in Fi©32 9@d Ghe tathe Beldl, @Riichtes 2h@ @ri6® MBvifes pbOAILh at

Mechani sm of Manganese | nhibition by Cerium -
concentrativnggalows® @2 prindend proeidés gimayingr ffcerac tbane Ingroer i al

used in a broad range of industrial applications. The
Substantialj infdkig ot s akintained ir@ghdud the higherldoshee 8ge. as a scavenger

to bind netallic cations, and as a surface catal yst

t 0 Mangdficertand Chlagdd wss Dsprofeng inhibifion drdt Batulton  of

AS( fld) c&%rﬁﬁ&ds% il 4. Wﬁn Uéhlolnhé ¥

environ ation 1) dlggfavs a_hjgh

[ Tnitial GefIff) (ppmy, | FilferedMinf @dddiours ﬂmrra. %Mn whiitiond@® 11 haurclan be
efpectedito adsorB?Peadily onto hydrdi& M. derium
éXRAi bits{redox cheédistry inyolving t-hé +3 and {4
6%Ddatioh state tA82 can poténtially28hable Ce(fill)
038t ake Ipart in B.d%lox_reactions. witlSHhoth manganese
gisoxi de_and chl or3.82. Wile s$trict #BR8rnodynani c
874l ysi s]indicates8that Ce(l1l1) is staBle with
rigspect {0 oxi dat38h by MaQ2| and chl9®2fi ne under the
dancentrati on and3.pH conditi ons used82h t he present
tdsti ng, |surface 3.6hergetics|of Ce(l7By adsorbeld on
freshly formed hydrous manganese oxi des may cause the
redox behavior to deviate significantly fromthe

[0047]  WMreelenistn of Mapgd@ic deibigm tof CaOahl-IMangingse didk@le 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(IIl) and Se(IV) that have utility in
environmental remediation. Ce(Ill) displays a high affinity for surfaces, and dissolved
Ce(II) can be expected o adsorb readily onto hydrous MnOs. 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(lIil) is stable with respect fo 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(Il) by
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WD 2005/ 030655 PCT/ US2004/ 030661 chlorine
constituttes a conpetitive reaction ithat woul d

wo e e et vel'y o at | an B EARRE,
e ST DR B B LR R
e LRl SRR R BTy 2
s BT PR EE 2 i
oG OSSPSR i LS
copsin S99 Pl TPATREE RS BT PR BT
vion oSy PORSIUOTELELE O 4R E P E
two soluti%r[?gf?ag F@Hﬁcalcﬁgﬁq% &)’1‘(1)1 fnlifie g{hﬁ%ﬁﬂh@&ﬁ&ﬂ&{ %ﬁng%ﬁe&at es

=

ess t he erence I n
e ' . r e m
ot ELEE R RO ey Lo

Stoichiomb'tﬂl: iahzﬁ}sYs ﬁa@&t onq%é Il\’hl(ﬁ) }eﬂllainmgt:ﬁtem il&l)rs ﬁﬁ(itﬁaf gﬁ? S(f?:y

di rect consunption or regener ati on of react

treatment W@% thé fintleSte PQREbIRhEcakd) Alar RESRIDEH, (PRl dkfk&‘(’ﬁl(:%%)ar ds

formation by interfering with the grow t he

Mn(Il) beMREPHPALS sdhkiBSs colilM vefhRel 1aBYr-iiR88 df NiE @By Co(.
conpetition between Ce(111) and Mi(I1l) for Sites on

Thus it afpbs QaldeBahit (G GRitanMA(g) exibdinh vy idberbauastM &h
the "autocatalytic' oxidation. Alternatively, or
regenerati@e bh aqastatel diThsteanalk | iy , possiils @liap tal@ibe® f CO8If |rbthis WO,
interfere with particle growh by distorting the MhQ2
formation baintdriegng Wit (Be griwdiesf die Mu(hipatiicieq MThid dffevihayResult from
subst oi chi onetri c amounts of adsorbed material retard
conipetitigpdretweeh €e(lffy awt Mn(l)sfon sivds dal e medeging &, phasiaknikaon
ternmed, a threshold effect, in cooling water
interferes twitha thee fatocat0@id O |oxi@atidnu m Hizhmaticds drhperlidps faddifiemate of
Di spersants in Inhibiting Manganese Oxidation by
adsorption@i CofliDrreay-intBépowith pagiclofrowihibl dphase tpdvit@datticet dhis
material in aqueous systens is often controlled by
mode of inhdhitirg. inivdishypubstriohipetisempps of adeprled mteriolsetandi peticley
couple to finely divided suspended material; thereby
growth, isj mwdely Ipoegnized eohprpmener srieddap deehald ofedyiarmopling water
aggregation. Polyners that incorporate sulfonic acid
treatment. gr oups on the pol ynmer backbone are -19

[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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WD 2005/ 030655 PCT/ US2004/ 030661 especially
_ effectivedn inhibiting the formati on of iron and
iwozmﬁmﬁﬁggganese particul ates. The Carboxyli%rﬁ@ﬂm%ﬁ#ﬁﬁnic
acid groups in these nol ecul es seques?er I'ssol'ved
-iron and manganese as well as affording a highly
especially p@icye inaiphibitioh theglermahient ok pRdeantprse patioiates. The
Threshol d i nhibiting agents such as phosphoni c acid
carboxylic gafl tsylfarrie agid ngroups yin st | reddectiisg sedvester dissolvedliimpendi ng
pol ymers to provide inhibition that exceeds the
manganesecaspaplf |2p talfextingf a djghlyepolarizaity shargsy thak exhades Wéspersion.
Conbi ned phosphonat e/ pol yner chem stry is a mai nstay
Threshold fugibitingeigerdt @@g ag phosphgnic j2f{d sHEs 4 carment e appliech together
__ industry. [00501 Sealed Jar Test Procedure - A series
with dispegiingt plymergde @revislsginhibiion (et eerediathe qapabilities offefthst of
.. ceriumon the nmanganese jnhibition afforded by
inhibitor yse| Foge/ pRBE PR RBPRamiPLY Ry chifiste) ist & BYBIAYaf® t he
effect of ceriumon {he degradation of
manganese SeRRA B O MY FERGMdWHBhi stry by hal ogen conpounds.
e tests were conductfd in seal ed %Iass jars

{0050} ggﬁ"tsdaliaﬁ?rﬁb Prpgedvgsir® seistBl st eisconstucted o evalypte ) e
e of o BB SR in REES ARA Sy
w210 LR S0 O R sk VL, v, 2002 L
oy 3R 5 TR Sl SRS LB S BT

. .and/ di h b ite t [ t t,initial
comtinsioB00E" H AR BREARTT W) ol PERCL Rl
.pl d.ir _ . f C.
o, B850, 80 0SSP Rl o2 (ETPALYAG b T
' t Rk - j . d
o sunse 6y LRG0 DALY B Sod PGP MY 2 o0
polymer, pﬁcﬁpﬁoggte,fégf(ﬂlﬁ,wg),g&ﬁm hpr)gﬁgﬁltg- aﬁg&l sldmnﬁchly Jmiﬂ;%t S -
The use of cCeritumin conbination with diSpersing

give target BffiaY BRIcShnbRchs S XA LR SreliiRh: eMlal@pihded 46 Jv¥¥Pheated
di stinct chem stries would provide greater nanganese

toa tempe.kdﬁhé BE 5300, tARP 17 MEwRQhY BRktioAd QBR- redh&RH FrMEILE oven,
conducted using the sealed jar nethod descri bed

filtered thrétRAVE0.2 TR B1r, CANRRAIFL® For MMM RIdfor WRE Gvdilesit asloghane
and in conbination wth 0.5 ppmCe(I11). Product

indicated irZ@OBlb&ingedsy! | ¢ aci d/ 2-acryl am do- met hyl pr opane

sul fonic acid copolyner; Product 3100 is an acrylic
0051]  @eiigh/sollyhaNT&sAC THE R@Nof e CERMINAIG with Hkpersidf
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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WD 2005/ 030655 PCT/ US2004/ 030661 Product 400 is an
3 acrylic acid/acryl am dosul foni c aciid copol yner
ai ni ng phosphino groups along th :
1wozmbm%891bone Mh and sodi um hypoch]orite ?iocfxgghaéfbns
were’ added to give initially 4 ppmW(11) and 1.8
Product 4pPns fn e@ylehdcdlacrybamadosgfnit. 8id Epolymere sentavesg phosphinan
duplicate and the results of the duplicate val ues
groups alougrtBe palgmadackboiitheMnabll godieth dypehionis stdckh golelidva vesd
manganese i nhibition that results when 0.5 ppm
added to gBe(ihiliblly 4 ppreldo@il andol -§ pren frem ehdoring Ypdls7.&f Eashy loblowds qun
functional polyneric inhibitors. Polyner Dose (ppm
in duplicatecini vie rGm{is bf the dnplitatd yefiieh weieciverpgdl. ThoGbledehysbogs. 3
2000 6 0.5 92.6 3100 6 none 66.8 3100 6 0.5 78.1
the enhanddOnagavoreantgbition thagesus ohar 5 pgn [(FOBDI afirled e th thred
Performance - The performance of ceriumin
types of sigfoalsifirictiontpomsgamedéoswas further evaluated in a
field trial at a md-western U S lectric utiljty
stPalvinon, {TRese (ipayectiver il 6GHED 4000y niviy InhibdiphGRat e
| pr@6®am flor i nof ganicldepodiore cont fal i ¥88he cobl i ng
waledo syistem ©erium was aftded as|an owW@l ay t he
exi3$8d ng cheni c@l treatnentroprogramto 6déterni pe the
ef f3é@t on bul kwlat er _mangane&é concéntrat’dns. Details
of 40Re filel d si®te and; tri alnprototol fdEow. [D053]
Thet0otilifty station generat®8 powel thrdigh a single,
235 MN coal fired, steam turbine-generator. Under
average electrical |oads, the cooling system operates
[0052] afficld IFa0BHlormyabd -oifke praformpeinpriefeccligyp iy stabalirinzondngsticsn;
2,500 gpm evaporation; and 1140 gpm bl owdown
was furthgr @saJlllatqdnlga fipld grial povinidayestersfU.§. dlaciris v Rty statigre ide plnur e
rise of 20 F across the surface condenser tubes.
employs 9 @b}/ hsrepgic wagap feripgreinilepesiFentet i thieqolisg pateyysed
to cool the shell-and-tube surface_condenser and
system. @RTHEY WiscuideIcaTGRISIOithe PHIING SBTISR) HREPER Pesestib A

The wel | water
determine the effect on bulkwater manganese concentrations. Details of the field site and

trial protocol follow.

[6053] The utility station generétes power through a single, 235 MW, coal fired, steam
turbine-generator. Under average electrical loads, the cooiing 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 ft/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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typically contains approxi mtely 1 ppm nanganese and
3 ppmiron as well as calcium -21 WO 2005/ 030655
oy US2004/ 030661 nagnesium silica a{gd ot her
PSsol ved solids. Evaporation in the LYPPFR{E86Li ng
.tower increases the dissolved solids concentration 3
magnesiumi Gilida firgll abar aiudlvédngplidn dewmreion o tigautility foolihg mgver
conditions. The extent of this evaporative
increases the fdfsendted sidilo wmcemratidre3 et Bid rendtadgiesivere ndgstic youdiag
cycl es-of -concentration (COC)--can vary due to
conditions. VEieieatentari hi§ gvapogatiye edtabrigowh imnihe mkigr treabugnkindetre as
di scharge rates, and other factors. Total dissolved
cycles-of-cano¢ritieizono (CR@Onchnc viry i dug b eariatipisi o ltdmpeatied Humidignt r ol
makeup and di scharge rates to maintain a desired COC
bulkwater digpharpre ratesyadeqther [fo085] Tot! dsrlved| solidsour gamduetivity are
- deposition in the cooling water system a chemi cal
typically used éaronsnt mplesp redriicdrizsiegtiontp whinBinppdesaet COE ipchyner
3100, and 4 ppm active HEDP is wused. Despite
system.  treatnent, the bul kwater nmanganese concentrati on
rarely exceeded 1.1 ppm indicating that manganese
[0055]  pmsonsi deprpaicoderasiign depbsicodliva Vittrhiyeerha dssiidahg
system _ [0056] To reduce rran%anese l oss at_the
treatment ppgra gapsistaeof P APmgellve RA¥Ieiet 09 o rem acBrg HHPRAS
introduced as an overlay to the existing cooling
used.  Despif treptmestg it Hwass mapsanGiecoaspteiion sedyexserded hé ppmp
... . mllion-gallon coolin ystemvolupe to initially
mdicating thaf, mareanssf gashowe éﬁﬂﬂt"fo'd%{%%ﬁﬂﬁ“e 5 ook sysisiwas  t hen
ed continuously for three days to nmintain_the
10056} NEHEE THREATR ﬁ’éﬁ%/ at th@.“é‘i“ﬁp?ﬁ“alA‘f SEFtiR Waviiphyperium was
. addi ti onal ceri.umwas introduced,to increase the
introduced g8 919y § b G S AR SRR T B S PRt
.added. Manganese and conductivity i,n the nakeu
e 2.5 mifggfion KRERRRR, Plbm & G stk P e BB F o

. throuaghout. t he..t .o The test. data .was used to
oerum.. e AR d ARGt ol el B o BRSSP o

WO 2005/03

& Tor vari ai
| . _ 1 o
0.6 ppm. coﬁglgégtpl {;If tgl%fﬁ"[f‘ﬁé’ ?oi %W“% %or nﬁﬁ%%en@%?%ggea? eSgf ? Le
o nd 1 35 AR 68 GULE. ol B S S Sy

e e Condresuny EVRBLIt- DF Sh s

to correct 1;}1ér: %@ﬁ%ﬂ@%@ Aranaday An (G Wi CMapithd 4k Bo¥pRKkeup

manganese with the COC for conductivity. The following formula incorporates the
correction to calculate the percent increase in bullowater manganese at various times
following cerivm addition.

{(Mingud/ Mnpaxeup Y {(Condpyi/Cond pakeup)-

(MNyutk,t=0/MBakenp, =0}/ (CONApyti =0/ CONAmakenp =0))/ (Mputc =0/MPimgienp -0) (Condpy o/

Condpakeup=0)] ¥100
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Cond,, k; p._)] *100 -22 WD 2005/ 030655
PCT/ US2004/ 030661 \Where: WMbufk = :Manganese
centration in the bul kwater; M nese
'WOZMbm%%%centratlon|r1the makeup mater 'ﬁﬁﬁk%&&%ﬂﬂa
-Manganese concentration in the bulkmater bef ore
Where: cerium addition; M,,,, keup,r-0 = Manganese
concentration in the makeup water before cerium
My, addf Maogapese Gaoghadide i thEbnlitweter;vi ty i n t he bul kwat er
Condmake"p = Conductivity in the makeup water;
Mt pateds0 N Mot denese conGotrdiinet ip themyakeup wates; bul kwat er bef ore
ceriumaddition; and Condmakeup,t=-0 = Conductivity
Mnpuxdon =t Mengeagse cqpedpehidmen the billrriaoledicrs epnumpdd s,
Manganese was neasured on both unfiltered sanples and
M50 S Blapganese conaentiaiel in fggudseppavaier poforgiceniugmadditioper |
Results of the unfiltered Mh nmeasurenents indicate
Condput he= Eondagtivity in thadpulleraten concentrati on, which incl udes
: di ssolved Mi(ll) as well as suspended Mi02. Results
Condmaipfy 7T Rendpijvite b mekgsRiVeEment s i ndi cate the di ssol ved
Mi(11) plus colloidal M2 that was able to pass
Condpu, @rn@@rﬁlu%%y i the Rayticwapen beferp crupdditignishibus t he
i ncrease i n_manganese that devel oped in the
Conduapegep T EQRAYEHYHY in BeBIRFHD befae fiymhadditi®ponse to cerium
addi tion. Total bul kwater (unfiltered) nan%anese

0057 Npsewsssetessneagied 9n hsh antilisisd Sf@%ewdmwﬁ'g héwt kadof
duct addi t nd b ed at t
passedaﬂfé%glﬁ%e@gs'ea%@&o PP MGy Bt BF 4848 ng
d th add I
butkwter BBt THTY %P‘ﬁﬁs g Sl cpded D2

e g”%%eéww RSt el

fm%r'al results i ndi cate that cerium

y enhances manganese stability in

I 0039 hi; R th
(0058 Iﬁ%’? Z%I ; %0%65 ntﬁ o) yl %ﬁgmgkﬁg%s% ﬁgﬁ,@? 3" epfrﬁcgu n%lt%llgbye
cooling W%\J ff }egb%nsc 1.A C%Lﬁrhlaﬁ@iltml{ ak, %E bhﬂwgige(lﬁﬁit&g&)ln%gnga%fese

yners an phosphonates T or vva
increased shghtly more than 10% within 18 hours of product addition, and stabilized at

was able 1:0 Ilaass tﬁ%ou%

approximately 20% increase over the following two days. Increasing cerium dosage to 0.8
ppm combined with additional phosphonate further increased manganese to approxhneteiy
25% abiove the pre-trial value. Trends for dissolved (filtered) r_nenganese 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 Compoﬁnds by
Chlotine - 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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treatment applications is stability of the conpounds
to degradation by hal ogen conpounds, ; -23 WO
_ 05/ 030655 PCT/ US2004/ 030661 particularly chlorine
wozeo;m:é%s bronine, that are routinely use fo"rCT&?éPWé‘lf‘ﬂ on
-and mi crobiological control in water systens.
particularhRehdaritne el lobmine tiog emn sowindhvefgatisiciqtioh ymenRrodlathgical
phosphonat es degrades the perfornmance of the
control in peley syetess.a Rdactied oCledogtizewidf drigane polphers hed hlaksgigedes
anti- mcrobial treatnments. It has been di scovered
degrades thehparfopeaniceind the pabywsrstané rivlmbagbn etiegyadahd baogeh anti-
phosphonat e and pol yner conpounds. [0060] Cerium
microbial t@atghisi Haed e dsavaed thilzbogeredBeg tha tialbgeonlegradbtion afs e
of ceriumto inhibit the degradation of polyner and
phosphonajshind pHupacempounsounds by hal ogen was i nvesti gat ed
using the sealed glass jars tests described above.
[0060]  Pdus Glabilizabias against Hdoger Hegradiitidn ndhe wonf eerinm to inhibit
manganese. In the first of the tests, the "bronine
the degradafiopgheplynes apchghoprhengthesmppends byrbalesged svas MEBEgzrtusPBTC
~was eval uated at three concentrations in the presence
the sealed glugs jppstepie dessibedcabpya mthasdviione e tausididl vt comdinum
: hypobromte at an initial concentration of 4.5 ppm
maﬂganeseain the disst pf the teptydhe Sweming depanfl’sef thophosiheatte sonnommds
active polyner 2000. Br2 was neasured after exposure
HEDP andi P Tfepar myafatet b trestonerarations i e Arssensaehd sbicraei an.
. Percent increase in residual brom ne was cal cul ated
cerium. Broming, s gedefl 45 sodumt RypRRpaite g an dnifial canepfration of4.5 ppp gl
' Bi.t with - Fipal Br2 withoyt Cc) / Final Br2
as free maﬁﬁtr&a@mw 50 cpneg 6B Ko Do YR 2000. T 3t BGRIS ¢ he

t ab) e, bel ow are .t he average of duplicate .
afer expogyiroe, (FRRAT SedRIOT bt Tkt PORRPy B Snbinstasedht o
t.contain phosphonate.

residual br%ﬁ%éé%%%%@%@%@oéﬁ%gﬁﬁq Sorrﬂq?‘l al Br 2I Increase in Br2
e RS e R T

[0061] 9?165 rgsu§s6 rg';;lortgd in the table below are the average of duplicate

measurements and include identically prepared control solutions which did not contain

phosphonate.
Phosphonate Dose Ce(1) Final Br, Increase in Br; (%)

| (ppm active) (ppm) (ppm)

Control none none 321

Control none 0.5 3.10 -3.4

PBTC 2 none 238

PBTC 2 Q.5 2.66 11.8

PBTC 4 none - 1.93

PBTC 4 0.5 229 18.7

PBTC 6 none 1.54

PBTC 6 0.5 1.89 227

HEDP 2 none 0.69

HEDP 2 0.5 0.92 333

HEDP 4 none 0.01




PBTC 4 none 1.93 PBTC 4 0.5 2.29 18.7 PBTC 6 none
1.54 PBT€ 6 0.5 1.89 22.7 HEDP 2 none 0.69 HEDP 2

WO 2005/0
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1 10%020 nmore than 30%
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partly overcone by
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systens that would be at
concentrai@nburlf¥nto oo tkn CéP4 wompdtide tob rahkinnizeed eatetivgls fapd i$HEDP

concentrations of 4 and 6 ppmwas so | arge that
particularlyeefedtiye It etabibzingl BEdDPhr S drradetion md ddEPR by beweine isma t he
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3FtVR@EEr HP8oand do i Hii iictipbthatHEDR concerragens s
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The effect of cerium on the degradation of a combined solution of polymer 2000

and PBTC by chlorine was also tested vsing 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 resulis of triplicate runs

again shows the effect of cerium in reducing the halogen demand exerted by

phosphonate/polymer treatments:

PBTC Polymer 2000 Ce(IH) Loss of Cl»
(ppm active) (ppm active) _(ppm) (ppm)
none none none 041
2 5 . 0.5 045
2 5 none 0.62
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agai n shows the effect of ceriumin reducing the
hal ogen demand exerted by phosphonat e/ pol yner
. < .eatments: PBTC Pol ymer 2000 Ce(ll1) _| f Cl2 (p
WOzmm{)"%’?active) (ppm active) (pm (ppn nghi%%%ﬁﬂmW8ﬂe
.0.4f" 25 0.5 0.45 2 5 none 0.62 -25 WD 2005/ 030655
[0064] POE USRU0MNGIT 6 presetGivEhti@ Wil rbe epimomii toethdss skifled fae
present invention will be apparent to those skilled
the art frorh nonsidbreticar af the mesestopsiftaticu dnd pragificetfi repraae htvention
specification and practice of the present invention
disclosed heieiic Ilfas wtbniak thitmhe pr¢sent spacificelind @uld ¢xamplet becopsiéseaids
speci fication and exanpl es be consi dered as
exemplary endg wigh afrye ssppaandispitic of therimpsnnoadpiog nditatsdby the fodtbwinge
i nvention being indicated by the following clains
claims and gguivabegigithezgoént s t hereof. -26 WHAT IS CLAIMED IS: 1. A
nmet hod of controlling nmanganese deposition in an
aqueous system contai ning nmanganese, conpri sing
i ntroduci ng an effective anount of at |east one
ceriumcontaining conposition including cerium (I111)
to said aqueous systemto stabilize said nanganese
agai nst oxidation. 2. The nmethod of claim1, wherein
said ceriumcontaining conposition is a cerium (IlI1)
salt. 3. The nethod of claim1, -wherein said
manganese deposition is a result of at |east
chem cal oxidation. 4. The nethod of claim1, wherein
sai d manganese deposition is a result of at |east
hal ogen oxidation. 5. The nethod of claim1l, wherein
sai d aqueous systemis a cooling water system a
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drinki ng water system a waste water treatnent
system a papermaking water system a sw nmng
facility, an irrigation system a |livestock watering
facility, a humdifier, a fountain, an air scrubber,
a. car wash, a bottling facility, a laundry system a
WHAT IS iHABNMEDNISSYystem a reverse osnosi s system or a
desal ini zation facility. 6. The nethod of claim1,
wherei n said ceriumcontai ning conposition is an
1. AREERAI & conRbIME AMHRAMRMepbsitidh §n BRIAAAELR  syelel Bntaining
wherei n said ceriumcontaining conposition i$ an
manganeser gampusing éxtiadueiog rapoefifittive anhiat nt’éah rdstofnecdegium-gontaining
comm 8 nt rodu g, sai.d cerium cont % ele® d
pOSltlgBr}B%glE]tnlg O%GH%%E %) %al ar%]élF%l%S rS,P’ %% % sta 1Z€ 541G mangancsc
agamsto}ﬁ@mo@m contai ning conposition in-situ, extra-situ, or
both in said 27 aqueous syst.em by chem cal
2. Themathashol elpaetly SR sl ceEHTRCIINERDING COBpPHLion ina cerium
'(HD salt. CErium(1Vv)  conpound. 9. The nmethod of claiml,
wherein said effective anount of said
3. The imethoeloolt diini hgwheeipssd tiangancse depositainoista @@l of et least
ut 100 ppm 10. The nethod of claim1, further
Cheﬁﬂcal%ﬁﬁ?qnsl ng i ntroducing at |east one dep03|t control
4. @ge Eﬁeﬂ{da SPHSRURALRIrS ¥4 Siingddese HBFosRINNRG Rbulf bfhiMeast
1, further conprising int roduc:| ng at | east one
haiOgeIIOptﬂaymr-based deposit control agent to said aqueous
ste The e
5. U5 iodathelt i horiaRlodle FURbE e Y Bstyl s, o
“drinking dﬁﬁ:@%{yﬁtﬁﬁl@ nt tvadte aQRGT tréditepl @gstdh, arpapamiaka@ue@ws system, a
systemin a weight ratio _range of from100:1 to
SWImming)_ fgq}hgy@()@ rrigatiqh SYHER & héfpsteq:ka wﬁtefmgf fﬁ%l}%r a hum1d1ﬁer a

fountain, %95‘{9 a&rgbﬂcg b Qérr%i‘lcé P&ﬂﬁ{ fa@ﬁ’i%‘ ad E%!ﬁ?rbaﬁ]%‘aﬁon systerm,

eposit contto ent 1o saj aq eous system
a reverse éﬁnosngstmt krod desfalmizatlm fiatilitwher ei n sai d

t
sl PuRdcamaanRe st ForaRiintomppstigp iiporsanic
Cenumeoln[boﬁﬁﬂd aqueous systemin a weight ratio range of

from100:1 to 0. 01: 1000.
7. The method of claim 1, wherein said cerium-containing composition is an organic

cerium compound.
8. 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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15. The nmethod of claim 1, further conprising

i ntroduci ng at | east one pol yner-based deposit
control agent, and at |east one phosphonate-based
deposit control agent to said aqueous system 16.
The nmet hod of claim 15, wherein said

aqueous sGfEh T Sntiad] tedgtioampestddhemicab addiction, or both of a cerium(IV)
hosphonat e- based deposit control agent, and said

ComJDOU*HCBOI yner - based deposit control agent are present in

9. P fheABUEIUTaiftY $t Sl Qud ARl RV b Laid: clegum—(%ntammg

composition is from about 0.01 to about 100 ppm.

10. The method of claim 1, further comprising introducing at least one deposit control
agent to said aqueous system.

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

14. The method of claim 13, wherein said cerium-containing composition and said
polymer-based deposit control agent are present in said agueous system in a -weight ratio
range of from 100:1 to 0.01:1000.

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

12. The method of claim 11, wherein said cerium-containing composition and said
phosphonate-based deposit control agent are present in said aqueous system in a weight ratio
range of from 100:1 to 0.01:1000.

15. 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. '

~ 16. The method of claim 15, 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.
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