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U.S. Provisional Patent Application Serial No.

60/ 544,667 filed February 13, 2004. FlIELD OF THE

| NVENTI ON [ 0002] The present invention pertains to a
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troubl esonme in the systens in that they can lead to
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efficiency. For erRgEm®©F THE VPNIgedsi ng of natural
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example, in the processing of natural waters such as seawater, brackish, and

estuarine water by desalination techniques such as thermal multistage flash
distillation (MSF) or reverse osmosis to yield potable water, salts including calcium
carbonate, magnesium hydroxide, and calcium sulfate have a tendency to precipitate
and form scale deposits on the surfaces of the processing equipment. These scale
deposits interfere with the operational efficiency of the systems by obstructing water
flow, impeding heat transfer, and inducing localized corrosion that can result in
unscheduled maintenance shutdowns and shortening of the service life of the
equipment.

[0004] Numerous methods to mitigate scale formation in fresh water
recovery systems are known to those skilled in the art. For examples see Dunseth et
al., Ind. & Eng. Chem. 56, 56 (1964) and the background of the invention of Desai
in U.S, Pat. No. 4,200,500.
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other conventional water-treatment agents including phosphonate-type threshold

agents, antifoams, and corrosion inhibitors.

[0009] Desai in U.S. Pat. No. 4,200,500 teaches a method to prevent
deposition of calcium and maguesium scale in the desalination of seawater by the
addition of substoichiometric amounts of the hydrolyzed reaction product of maleic
anhydride and a polyunsaturated long-chain fatty acid component.

[0010] Smith et al. in U.S. Pat. Nos. 4,046,707 and 4,105,551 teaches a
method of inhibiting the precipitation of scale forming salts comprising adding to the
system a telomeric compound derived from polymerization of a vinylic carboxylic

acid in the presence of a phosphorous acid chain transfer agent. It is further taught
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treati png.desal i_ngti operations or that they would be
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inhibiting corrosion and scale formation in aqueous water systems such as co«ling

and boiler system. There is no indication that these compositions would be e ffective
in treating desalination operations or that they would be effective in controllimg
magnesium hydroxide scaling typical of desalination operations.

[0015] Cady et al. in U.S. Patent 5,519,102 teach a method for th.e
preparation of homopolymers of isopropenylphosphonic acid in an aqueous solvent.

[0016]  In spite of these advances operators of desalination facilitiess
continue to utilize acid to control the pH of the system and, for thermal desal ination
units, limit the operation temperature to minimize concerns of scale depositioon. Of

particular concern is the formation of magnesium hydroxide scale in thermal
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to operate at higher, more efficient temperatures.

[06020]  The general structure of the water-soluble polymeric phosphonate

(I) of the invention is provided in Formula I.
—-B~co—F—— Formula I

[0021]  Polymer segment B of Formula I is the repeat unit formed after
polymerization of one or more phosphonate containing monomers. Exemplary
monomers encompassed by B include, but are not limited to, vinyl phosphonic acid
(VPA), isopropenylphosphonic acid (IPPA), isopropenylphosphonic anhydride
(IPPAnhy), allylphosphonic acid, ethylidenediphosphonic acid,
vinylbenzylphosphonic acid, 2-(meth)acrylamido-2-methylpropylphosphonic acid, 3-
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i nclude, but are not limted to, vinyl phosphonic acid
(VPA), isopropenyl phosphonic acid (I PPA),

I sopropenyl phosphoni ¢ anhydride (| PPAnhy),
andtiyaplybunidod-iay detygropyithpsphesiealiphbebrwnit aci d,

R e BRe AR uTes 6 o b Srrsaring and fhe ey

2005/ @37P3 el R200ALA 3 36Rornula I, when resent, is the repeat unit
(et h@gcr}gl am d’é- 2- h%r oxypr opryl pho’sphonli) c acid, P

Rrmked whieypymbnizhtiox pp onpyt poospdephasphaiatk contaiting @sonofmers.

any of the foregoing and the |ike. [tOOZZ(% qu%mer )

Jagmplnry maspmesy sRePEPIssedipe i ipslademut aregnqtlinifedfaqtarboxylic
o] f i ti . .Qn ,

A L N X Sy

o PRRdcR R0 APids siftbnkyack mdabmes, sublitis a+(etiQdcrylaitidostt

to, carboxylic acid nononers such as (neth)acrylic,
methylpremisilfoniccacid, Ituatbactylaeile-2-hyssexypaenydudionicscide

%%tlﬁ@iy%{h%ﬁ?@%g%%ﬁggsgﬁg%ﬁ@ Ig?rgfzssh}l'l@a}cf acid, thyél'i)edn’zylsuzfonic
Rid UMY b, Ha18nE YA ORARLARY bbb ko scipgd d

3-al ' yoxy-2-hydf oxypropyl -sul fonic acid, vinylsulfonic
aodta)acyilamyidserayylsalyfaonde vimdiadetatend-allyloxy-2,3-propanediol,

B R R A Sl B S FRBe s 8oy
TR EE o Rnd T to 2Py PRERFEL Pl gpigngssf any ofthe
fbaspioiel hslige. anal ogs of hydroxy containing

nononers such as allvyl pol%(;t hoxy(10) sul fate; m xtures

of aniP083] t hdheftee gty Rosmuiankis|4 designpiepBy apodyme siftem

"co" of Faormula | | i gnation for

wij8 e B eyl of P45 Pioks rohline P sSbtFs, Thg motar
FEBUIE: F SN SAtisa thhendidia00:0 & 5:950fn Bades Ward @k lwater-
within the'range of 100:0 to 5:95. In cases where the

sedittee polyaiedibipbogpiloyate D) of freospérdivatie devoid of thelpwlymer segment
ENETLASI, ey Sethed ST s RERERb: sl o
ASGAPIEY N BRSSO by A5ARD 08  y conit o
mbre than one kind of monomer.
—FB—— Formula II

[0024]  In a preferred embodiment of the invention the water-soluble
polymeric phosphonate (I) segment B is the repeat unit formed after polymerization
of vinylphosphonic acid, isopropenylphosphonic acid, isopropenylphosphonic
anhydride, and mixtures thereof; segment F is the repeat unit after polymerization of
acrylic acid, maleic acid, and mixtures thereof; and the molar ratio of B:F is from
100:0 to 25:75.

[0025]  In a particularly preferred embodiment of the invention the water-

soluble polymeric phosphonate (I) segment B is the repeat unit formed after
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to, alkyl alcohols such as isopropanol, mercaptans such as 3-mercaptopropionic
acid, phosphites such as hypophosphorous acid, allyl aicohol, and the like.

{0029]  Branching agents such as methylenebisacrylamide,
polyethyleneglycol diacrylate, and the like may optionaily be utilized in the
polymerization. The level of branching agent utilized is limited to that which yields
water-soluble.

[0030]  The optimal molecular weight of the water-soluble polymeric
phosphonate (I) of the present invention will be dependent on factors including its
composition. In general, it is known to those skilled in the art that polymers

effective in inhibiting scale formation in aqueous systems may fall within the range

Mw of about 500 to 100,00. Preferably the Mw ranges from about 500 to 50,000
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present invention are commercially avatlable méaleic polymeérs including, but not
limited to, Rohm and Haas ACUMER" 4210, Ciba-Geigy BELCLENE® 283, BASF
SOKALAN’ PM 101, and ALCO Chemical AQUATREAT® AR-801.

[0035] The composition of the present invention comprising (I) a water-
soluble polymeric phosphonate and (II) a water-soluble polycarboxylate (hereinafter
referred to as “composition (I)/(II)”) is added to the natural water for which scale
formation and deposition is desired in an amount effect for the purpose. This
amount will vary depending on the particular system for which treatment is desired
and will be influenced by factors such as pH, temperature, water quality, and the
respective concentration in the water of potential scale and deposit forming species.

For the most part, the composition (I)/(II) will be effective when used at a total

level (as solids) from about 0.1 to 500 part per million of water in the system being
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EXAMPLES
[0039] The present invention will now be further described with
reference to a number of specific examples that are to be regarded solely as

illustrative and not restricting the scope of the present invention.

EXAMPLE 1: Sample 1(a) Preparation
[0040]  To a suitable reactor equipped with a thermcouple, water-cooled

condenser, overhead stirrer, nitrogen sparge and addition ports was charged DI



i nhi bitors such as triazoles, antifoans, and bi oci des,

equesterl ng agents such as citric acid and e
WO hEdi ami ne tertraacetic acid. [0038] Wh&TT{YFE004/031365

conmposition (1)/(11) of the.present is added to the
aqueous systemin conbinatign wi t h addi ti onal
conponents, the individual additives may be added
separately as in the formof an aqueous sol uti

The
waer (42842l vildphagpleaniendih Rhen VPR eI % 55738, 0.3946
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form of an aqueous solution, to the aqueous system
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e duy 5%33 R ersih DRtainly s oD Bieaf g Testor over a
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ustra Ive an restricting e scope of

mbﬁ&ﬁﬁlts asniefite adids. EXAbPhddition, $aadactol Cantefis eypas Atatano
550040‘7] To a suitable reactor ;gw pped with a
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mbler %gen PriMRe dheacrylic 88d convension spa tabe essantidliytquantitative
S,0l; % was prepared by dissol ving sodi um persul fate
8. MR0. 0158 nole) in DT water (11.28g). Acrylic

acid (AA, 28.44g, 0.3946 nole) and the initiator
solution were then uniformy charged drop wse to the
reactor over a mmmmmeSqmqﬂéa(h)\Pir@asapmrate

additjion ports to yield a 50 % sol ution_of the

mononti04lhs teintliieaplc 1@ ex@&ﬂ% wethagrglic pgld, (MAQ) was

P50 RIS s S By AR e ot
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reaction solids as free acid concentration after the MAA and initiator solution feed
was decreased to40 wt, %. The conversion of the VPA estimated to be 67 mole %
via *'P NMR, the methacrylic acid conversion was to be essentially quantitative via

PC NMR.

EXAMPLE 3: Sample 3(a) Preparation
[0042]  As in Example 1(a) except only VPA was used as the monomer,
the persulfate charge was increased to 5 mole % of the total monomer charge, the
reaction temperature was increased to 9512 °C, the initiator feed was extended top
600-minutes, and the pH was adjusted to 3.54+0.5. The conversion of the VPA
estimated to be 64 mole % via *'P NMR.



vi a "C NVR EXAWPLE 2: Sanple 2(a) Preparation [0041]
Exanpl e 1(a) except methacrylic acid ( ng\évas )

Woﬂﬁg?ﬁzfﬁt ed for acrylic acid on an equal nol &FTHR3P031365

the persul fate charge was creased to 5 nole % of

the total nonomer charge, tilﬁ MAA feed was extended to

300-m nutes and the initiator feed was staggered over

420-m nutes (50 % uniformy feed over 300-n nutes and

then 50% uniformy feed over 120-m nutes), and the

reaction solids as ngentration after the

MAA and i nitiator Sg{ﬁ%‘ﬁ 9@5& (E\RB@aﬂw‘écreased to 40

|on ol the VPA estlrrated tO be 6/

Ve Vi a .
£ 1t ”sf-‘q - %n[oo42]Asin
eanpl e 1(WRA YRy VPA was used as the nononer,
4l per sulAAVSRALiopelymzs: Rhodie AdARITECT” 61-30 % of t he
@) al mondTePAChepged it heimiladashicmtotBResfal & @,4485046
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conve eﬁ%y@ﬁg P H? 64 nol e %
4 "P N %16 b‘é‘?‘b ?e%‘fj 10 TABLE
) sanpl e N Qlymeg;
€Eopol

yner MelegAAguyéic Gopolymes) ALCD 109 QU&TWTaA& -978
MPA 3(a) ME@OFGWQ&IW@UAE(&EA’AAAR—%ﬁA Copol yner :
&Ropdi a AL BRUEEP]y heCRA BOOT laniE RRAU RTREATE A R1808
B lar T aadindind BadTARMOL™I3?P Didpd e 046 6(a) Pl PPA

ared i |
gggg 102 g&%%%ﬁlﬁ WA@% EOé%ﬁkLKH?r%ﬂ%m 10
(b) MalDle ene rxammepenta?me%yl%%{ep 0Sp omc acl rd% 283
2010 Solutia DEQUEST 2010: (Hydroxyethylidene)diphosphonic acid
V-1 ALCO Chemical Versaflex’ ONE
AA = Acrylic Acid
VPA = Vinylphosphonic Acid
PIPPA = Polyl[isopropenylphosphonic acid]
AOHPS = 3-Allyloxy-2-hydroxypropylsulfonic Acid

EXAMPLE 4: Magnesium Hydroxide Static Screening

[0043]  The following solutions were prepared in DI water: Solution A
containing 36.380 g/L magnesium chloride hexahydrate and 40.696 g/L sodium
chloride; Solution B containing 0.333 g/L sodium bicarbonate, 40.696 g/L. sodium
chloride, and 0.200 g/L sodium hydroxide; and Solution C containing 40.696 g/L
sodium chloride. The combination of equal parts of Solution A and Selution B yield
a solution comprised of ~4,500 ppm Mg™ as CaCQs, ~ 100 ppm COs? as CaCOs,
~ 16,000 ppm Na*, and ~30,000 ppm CI'. All test samples were also diluted to
0.20 wt. % actives in DI water for addition to the test solutions for screening.

[0044]  To a 125mL polypropylene (Nalgene) bottle is charged 50mL of

Solution B, the desired amount of sample solution(s), and then 50mL of Solution A



3(b) Mualeic Polyner: Rohm and Haas ACUVER(r) 4210 4(b)

| eic/Acrylic Copol yner: ALCO Chem cal AQUATREAT(r o
Woﬁoﬁ%ms(b) ALCO Cheni cal AQUATREAT(r) AR- 9§§Té‘{5%9‘)4/03”6=’
Mal ei ¢ Pol yner: ALCO Chemi c:in AQUATREATO AR-801 731
Rohm and Haas TAMOLTM 731 %persant AA/'S CGE Wt er
Technol ogi es AA/ ACHPS Copol ymer Dispersant 2060
Solutia DEQJEST 2060:
o pichl/the feamplgfrisnlapient é{(qmsapyna@nbﬁ@ndspmmmpy%ﬁ @Nalzono
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Mi St %30% %%??g a&éﬁ%&%qlgééfﬁgéqg?pw@@ (5] %2 micron filter.
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sodi um chl ori and 0.200 g/L sodi um hydroxi de; and
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BT o SR mFT SR BT Pully FPdfohth el &

C@&Ql?ol ? Séﬁﬂep F]?‘He cenfHiSENSIs then dfbald0d BP 'qulhlﬁtxon pnd

- 30,000 ppmd | test sanples were also diluted to
0.20 wt. % actives in D wat er for addition to the

t est iaons for s o a 1%,5

pol ypr%k‘%ﬂ%‘ Het (al ge A UFOIE 5400 Equation I

Sol ution B, the M%@%n@dﬂkgmfé@hpl e sol ution(s),
and t hen 50m of Solution A WO 2005/082793

Al UL E R R LR T T
gtgﬁ@aggx% RO, Sahild ARighaddif b 1RO e SRAMILGD
water-soluble polymeric phosphonate (a) of the present invention. Sample
designations ending in “(b)” are exemplary of a water-soluble polycarboxylate (b} of
the present invention. Sample designations devoid of one of the aforementioned
endings are (for the purpose of the examples) exemplary of conventional water
treatment agents that can be employeed in combination with the composition (a)/(b)
of the present invention. In this testing it was observed that the maximum %
inhibition obtained without the use of acid feed was 42%. It was also noted that
poly[isopropenylphosphonic acid] (PIPPA) prepared according to the method of
Cady et al. U.S. Pat. No. 5,519,102 (Sample 6(a), persuifate initiated, Mw 1300)
was significantly more effective than PIPPA prepared by Example 2 of U.S. Pat.
No. 4,446,046 (Sample 5(a), benzoyl peroxide initiated, Mw 6800). In addition,
the efficacy of Sample 6(a) as a standalone treatment is comparable in efficacy to the

industry benchmark maleic-based polymer Sample 1(b).



"st ock"” solution. The bottles are sealed, 3/4 irmersed
in a water bath at 93 C, and held for 24-hours wth
Wgﬂ’%&”to accenuate scale formation. At the PCT/US20041031365
conpl etion of the hold period the sanples are

i mredi ately processed throubf] a 0.22-mcron filter.
The isolated filtrate is cooled to roomtenperature
within a 2-hour period and then analyzed for

al kal i nity (M al k)TABLE % éxandaloac doerdinetted i n
duplicate. A sanple of s¥%dokib#ainuti on that i s not
heated isan@160 procesppst for armpptai s. Bogppdhal k of
equal )ts Of SO g§ 1 on A plUgs SOl uti o B Wit hout

treat nergé s al so gsured as ,gwe conté{ol sanpl e.
0 4,

The per i nhi b|t n is then'cal cul ated by Equation
% | nhi tlon—( al k Sarrpl‘b1 M al k ntrol) 14
100 EquadPbn I (M 3Pk Stock -40vtal k Corftdrol ) [0045]
Tabl e 2 Xoymari zes 2he test reBults for Xcreening
addi tivegbps st andaﬂ)one treat2fents. Sarfjl e
desi gnatggns endingzyn "(a)" age exenpl ajgy of a
wat er - soj3qbl e polyngric phosphgnpate (a) xf the pr esent
i nventi %608anpl e S’ES' gnhati o ending iq3 "(b)" are
exenpl ¥ of
the present invention. Sanple designations devoid of
one of the aforenentioned endings are (for the
pur pose of the exanples) exenplary of conventional
wat er[00d6Eat rikanle :ag@rmmdssamemmghesmmbnmee:dmpnsmon D/
conbi nation with the conposition a)/%ﬂga
qrtbe prasentnipgeRtiosn . In|this tpiias dlels obrrg ved thitethe @Eﬁﬁ‘é‘ﬂ\)’@dnhlbmon

obéa‘;]}xeci wg Eﬁfﬂ% re@ Qee(f is 51&5#}3 1{“; yoﬂm%% %Is giga‘ri}%?f[ﬂl%ﬂjﬁx#etn eﬁ%re
deedbihdt e 0¥ KB fBIPPRQﬁ@[BH?éU Gxa%l aghedu%’ | p‘BBﬁﬁerWaﬂ@ﬁ E@Iiimque

according to the nethod et al.

Sampl, GbY inSanplistionayith qber(Hhmtamueath b@ﬁedt\féﬂef Mvﬁbiesom
fic ect han Pl PPA prepar ed
Fﬁ W‘%@@Pﬁ?@bﬁ&g&%m&%ﬁ?ﬁma, 046 (Saﬁplg 5(a),

benzoyl peroxide initiated, Mv 6800). In addition, the
efficacy of Sanple 6(a) as a standal one treatnent is
conparable in efficacy to the industry benchmark

mal ei c- based pol yner Sanple 1(b). WO 2005/082793

PCT/ US2004/ 031365 12 TABLE 2: Standal one Treatnent %
I nhi bition



Sanmpl e 10 ppm 15 ppm 20 ppm 5(a) 13 15 14 6(a) 25 35
40 1 §)f 40 41 42 2(b) 39 40 40 3(b) 24 49 26

W%()*é(gﬁ

5(b) 27 30 38 731 0 23 24 2060 24’(7‘5@’5%&“031365

[0046] Table 3 summari zes screenlng results for the
of thé—present invention. In
i s observed that the maxi num

conposition (1)/(I1)
this testing it
obt ai ned without acid feed is

i nhi bition

significantly increB4BUE Rdrempedithm @)&erred are
conbi nations of (1) PlPPA%imibitied via an _aqueous

pol ymeri zdmh$n tﬁﬁﬁ]hl%}e(sgm es%p])e) pnconty nati on
with the I mafhelcﬁq V\@ er - soﬁﬂple} 1b.
pol ycar boxyt-at-es ] 3 3 VO
2005/ 082793 BLE ion
(a)/ (b) 9 nhi bnpl e ﬁg Eﬁm sn%@e ppm
% #1 #1 6R) #111%11110&)111 |r1 b AN § 1(pft10 ---
--- 60 6@ 10 4fb) 2Ab) 731 135 66-- 6(a) -10 1(®J 10
AA/'S 1.5 K3) 6(a])0 6. 2@(b) 1303 -731--- 88 5(3) 10
2(b) 10 7@k 6(g) 10 26b) %91 731 1.5 6666 6(a)
10 2(b) 14, 31 1100 59 (b) 10 731 1.0 39

6(a) 2(b) 10 AA/S 1.5 50

1(a) 6.7 3(b) 13.3 - e 58

2(a) 6.7  3() 13.3 - e 44

3(a) 6.7  3(b) 13.3 - men 42

4(a) 6.7 3(b) 13.3 - e 43

5(a) 6.7 3(b) 13.3 731 1.5 37

6(a) 6.2 3(b) 12.3 -~ e 36

6(a) 6.2 3(b) 12.3 731 1.5 57

6(a) 6.7  3(b) 13.3 - - 56

6(a) 6.7  3(b) 13.3 731 1.5 66

6(a) 6.7  3(b) 13.3  AA/S 1.5 48

6(a) 5 3(b) 15 731 1.5 25

6(a) 19 3(b) 95 - e 102

6(a) 15 3(b) 95 731 1.5 95

6(a) 6.7 4 6.7 - - 19

EXAMPLE 5: Dynamic Scale Control Screening
[0047)  Synthetic seawater was prepared according to Standard Methods

for the Examination of Water and Wastewater, Greenberg A.E. et al., Ed., 18%

Edition (1992), utilizing reagent grade calcium chloride dihydrate, sodium

bicarbonate, magnesium chloride hexahydrate, sodium fluoride, strontium chloride

hexahydrate, potassium bromide, potassium chloride, boric acid, sodium sulfate,

sodium silicate monohydrate, and double distilled water. lon concentrations in

solution were determined by inductively coupled plasma atomic emission

spectroscopy (ICP).

[0048]

The dynamic scale control screening was conducted employing a

Single Stage Flash Distillation Unit (SFDU) that simulates a Multiple Stage Flash



6(a) 10 2(b) 10 AAS 1.5 50 1(a) 6.7 3(b) 13.3 ---

--- 58 2(a) 6.7 3(b) 13.3 --- --- 44 3(a) 6.7 3(b)
WOPRBOMIR2TI3 .. 42 4(a) 6.7 3(b) 13.3 --- --- E§T”%%%§m3”6°

6.7 3(b) 13.3 731 1.5 37 613) 6,2 3(b) 12.3 --- ---

36 6(a) 6.2 3(b) 12.3 731 175 57 6(a) 6.7 3(b) 13.3

--- --- 56 6(a) 6.7 3(b) 13.3 731 1.5 66 6(a) 6.7

3(b) 13.3 ANS 1.5 48 6(a) 5 3(b) 15 731 1.5 25 6(a)

dotiflatign grogess(MSE). Thgs drovides3( wplisgicdatrgatory gleayice of

06.7.4(b) . 6.7 --- --- 19 LE 5:.. ' |
Bl S BRI RAT © SRRLITE DEIL R oot fanSier
BHRABSR] RGRE E%l@ﬁi&%@%ﬂﬁﬁéfo%%ﬁt&oﬂ girchffed!Bfough exchanger
Exam nati on of Water and Wastewater, G eenberg A'E. et

albes heded by 8teamEdA ftermgras{in® @/ pyghuthie lekadianger, eagmns alpedeto

cal cium chl ori de di hydrate, sodium bicar bgnat e

Hagnwader yReui 1 4 Hasestampar- eIusds g Frie qbssageter feed to blow
' ' dr i j

SRR S Sk RN ThPSDECL RS U I o

SRaitbihg hhd e@bmalto 0okt od e pradsks dankireuttsspH|, keticonductivity.

water. lon concentrations in solution were determ ned

BRinsing tes supdacy of Bispgnbes Wit swacid sekfien.cpilewpd Ry an

| CP) . 048] . T d 1. [ |
Ry Bar ARG R oG ret bt ar e e T e GloR by 1
E@inDidR! bl R0 D ek SicmHgaEes a
Mul ti ple Stage Flash WO 2005/ 082793 PCT/ US2004/ 031365

L A PSR Ao ST P iR on 0/
of the present invention without pH conirol in the SDFU relative to a control (no
treatment nor pH control) and acid feed (sulfuric acid to maintain pH 8.0-8.1). This
testing demonstrates that the compositions of the present invention are effective at
inhibiting scale formation.

TABLE 4: Composition (a)/(b}
Milligrams Deposit

Sample  ppm Sample ppm Sample ppm  Sample ppm  Mgs

#1 #1 #11 #11 #11 #FI  #IV #IV_ Deposit
Control s - m—— - e — - 380.5
Acid -—- - e - - - - 13.96
6(a) 0.768  3(b) 1.536 2010 0.096 731 0.200 5.61
6(a) 0.768  6(b) 0.768 V-1 0.320 - - 3.92

Test Conditions: 90/10 Cu/Ni Tube Metallurgy, 26”7, 2" Diameter
57°C Sump Temperature
118°C Maximum Brine Temperature
Concentration Factor 1.5
0.3 gpm flow, 24-Hours

[0050] It is noted that the foregoing examples have been provided merely
for the purpose of explanation and are in no way to be construed as limiting of the

present invention.

[0051]  In one aspect, the invention pertains to methods for inhibiting

scale formation of structural parts in contact with an aqueous salt containing medium



the ability of a treatnent programto prevent scale

for ryatl on under heat transfer conditions. In th
WO Pon the synthetic seawater is circul atPéH/USZ{’{“’"}:“:‘(’“’

t hrough exchanger tubes hegted by steam After

passi ng through the exchanger, water is allowed to

flash under vacuumin a flash chanber. Adjusting the
rati o of seawater feed to blow down controls the
wondesatingtidngrrogesst dr reappentSORPrisingA ghosplraiofreional polymer
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to maintain 8.0-8.1). This testing denonstrates
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ct hi bi t | f t TABLE 4:
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e R %%eéf BT Ergieg o Beieskfa e
PhoébRorfafdnobomEBE Vch 43. cadsdxylate rrmnoxﬁeﬁll)Taﬂfonate contammg

Conditions: 90/10 Cu/Ni Tube Metallurg g/?
moaeReels (i) STOds D, Tedrplbylathere and gdfovs Flrmﬁupéiasphétc allyl

HBRSR. ¥ GmaST A LTRG BTy Rt R  Hr cri

SARNBhESacRAYES ANeRReRE Ml dﬁz%em@ra@w mdlGE atid®rRUARRER, Ahconic
expl anation and are in no way to be construed as

Adidviat¢.ng of the

[0053] Exemplary sulfonate containing monomers (i) include 2~
acrylamido-~2-methylpropylsulfonic acid, 2-methacrylamido-2-methylpropylisulfonic
acid, styrene sulfonic acid, vinyl sulfonic acid, vinylbenzyl sulfonic acid,
allylbenzyl sulfonic acid, sulfo alkyl acrylate or methacrylate, allyl or methallyl
sulfonic acid, sulfonic acid acrylate, 3-methacrylamido-2-hydroxypropyl sulfonic

acid, their salts and mixtures thereof,

[0054] Exemplary amide monomers (iii) include acrylamide, acrylamido

glycolic acid, methacrylamide, and N alkyl acrylamides such as t-butyl acrylamide.

[0055] The second repeat unit can also have a repeat unit formed from an
allyl ether or sulfonated ally! ether (iv) such as 3-allyloxy-2-hydroxypropyl sulfonic

acid,



present invention. [0051] In one aspect, the invention
pertains to methods for inhibiting scale formation of
WOSPYETBal parts in contact with an aqueous &&[T{US2004/031365

cont ai ni ng nmedi um WO 2005/02%993 PCT/ US2004/ 031365 15
in a desalination process. treatnment conprising a
phosphono functional polyner (lI) is added to such
medi umin an anount of from about 1-500 ppm The
phospHBAE]F undisistaied abowe.ythe ireginjent oftheiivepntion mayeptionally
uni.t . forned fro pol ynerj.zat i.on, of et hyl eni cal |y .
o, £ BB ROheb T L1 Piehans poali i nb fupvtrice
f ' &yﬁﬁplary enbodi ment, nononer B is
ggle ?§§m¥%gﬁ?a§%nyl phosphoni ¢ acid, isopropenyl
phosp -5 aci I, | o '
oyt RO on L eng R e B EHerR UE T R Fiop B o P e potymer
(pehEmasy v tepaatdasd Kyt dBesplan ¢ acids and
al lyl al kyl ethers and al | yl hydroxyal kyl ethers of such
acids. [0052] In another embgdi ment, the phosphono
functional polyner (1) includes at |east a second
repeat unit forned fron1po|ygerization of a non
phosphonat e nononer F such as carboxyl ate nononers
(i), sulfonate %%@taining nomers (ii), am des
(iii), and alrﬂi t her s~ and onat ed and phosphate
allyl ethers (iv). Exenplary carboxylate nononers (i)
i nclude acrylic acid, neth acrylic acid, vinyl
acetate, allyl acetic acid, fumaric acid, nmaleic acid
or anhydride, itac#inic —acidP etc— [00X3] Exenplary
sul fonate containing nononers (ii) include 2-
acryl am do- 2- met hyl pr opyl sul pnic aci d,
2-met hacryl am do- 2- net hyl propyl sul fonic acid, styrene
sul fonic acid, vinyl sulfonig acid, vinylbenzyl
sul fonic acid, allylbenzyl Sulfonic acid, sulfo alkyl
acrylate or methacrylate, allyl or nmethallyl sulfonic
acid, sulfonic acid acryl ate,

ryl.am do- 2- hydroxypropyl sulfonic acid, their

- h I
ST Rnds H 9 s AEOEBHE { s aitenciighn o X on
B O Mt { Bt RRRE" S RSB pomnigagio) o
polgviagl fhospiioic &ady| am de.

[0058] The phosphonate polymer (I) can also comprise a repeat unit F of

the structure

R
|

—CH: - s
|
C=0



[ 0055] The second repeat unit can al so have a repeat

unit formed froman allyl ether or sulfonated al |

WORRREPS2(3) such as 3-al | yl oxy- 2- hydr oxypr opyF¢d %%‘H (031365
aci d. WD 2005/ 082793 PCT/ US%204/ 031365 16 [0056] As
stated above, the treatnment *0f the invention may
optionally include a polycarboxylate polymer (I1)
preferably, polymaleic acid or anhydride honopol yners
and copol yners. [0057] In another enbodi nent of the
i nvention, the phosphonate polyner (1) includes a
wéeedh Ring H & Ofs,tang Rstis Hodrur eation. Repb4ftiRits {d@Red via - P
- x 0 wherein R is H or lower alkyl of from1l to 6
pabmssizationst anpliowrdd e mestapwylioacidonoemerh areanaieneds a
cation. Preferably, | is poly(isopropenyl phosphonic
aci d) [0059]pol 36 setrfpith phosp porlinginanyi dhja sypeeESihathe treatment in

B damegiviny g idieaiit. 'J} o ggm?/ I fiptve ipfinih o seae
AL R RORID A o et bl O HRBRBp shotk

%iedin qoakactefthzid s00laddén apeyds mediaimd or met hacrylic
acid nononmers are preferred. [0059] As set forth

above [ogy03! | NAPBFNef afhd pPtedes hrtatldat chistises Balky(B&Propéhyl
phosphonic acid) (I); ALCO Chemical AQUATREAT’® AR-801 maleic-based
polymer (II}; and ALCO Chemical Versaflex” ONE.

[0061] While the present invention has been described with reference to
an exemplary embodiment, it is understood that the words that have been used
herein are words of description and illustration, rather than words of limitation.
Changes may be made, within the purview of the appended claims, as presently
stated and as amended, without departing from the scope and spirit of the present
invention in its aspects. Aithoﬁgh the present invention has been described herein
with reference to particular means, materials and embodiments, the present
invention is not intended to be limited to the particulars disclosed herein; rather, the
present invention extends to all functionally equivalent structures, methods and uses,

such as are within the scope of the appended claims.

[0062] What is claimed is:



accordance with the invention, I, or I and Il, is
effective in inhibiting MJ(OH)z scale that would
normal Iy formal ong structural conponents of a
desalination systemthat are in contact with the salt
| aden aqueous nedium [0060] At present, the preferred
treatnment conprises poly(i gpropenyl phosphoni ¢ aci d)
(1); ALCO Chem cal AQUATREAT(r) AR-801 mmal ei c- based
polymer (I11); and ALCO CHdmidd$ Versafl ex ONE. [0061]
VWil e the present invention has been described with
reference to an exenplary enbodinent, it is
under stood that the words that have been used herein
are words of description and illustration, rather than
words of limtation. Changes nmay be made, within the
pur Vi ew dfethodefapplatideskald farmasionas spngsmhpdrys in somb@dvith an
. ed,. i thout departing fromthe scope and
B Ao RS el AORAASRY 1" 1% aepect o
Al t t i ' . e by , ;
ner arie AR RLETR Mol EBh R0 RARE. GERELIREH opegtun
(Bamdhesthedirerent s, the present invention is not
intended to be limted to the particul ars discl osed
herein; rather, the present invention extends to al
functionally equival ent structures, nethods and uses,
such as are withinghe scope of the appended cl ains.
[0062] What is clainmed is: 18 CLAIMS I. Method of
inhibiting scale formation on structural parts in
contact with an adueous mediumin a desalination
system conprising: adding to said agqueous nedi um a
phosphbhat e potymerCtry including a repeat unit (B)
of the structure R --f-CHz - G1, X- P- x O
wherein R is Hor jlower alkyl of fromabout | to 6
carbon atons and wherein Xis OH or OMwherein Mis
a cation;xX — P — X

|
0

wherein Ry is H or lower atkyl of from about 1 to 6 carbon atoms and wherein X is OH,

or OM wherein M is a cation;
adding a carboxylate polymer (11) to said aqueous system; and
eliminating acid doping of a feed water of the desalination system while inhibiting

formation of Mg(OH), scale on the structural parts.

2. Method as recited in claim 1 wherein said phosphonate polymer is poly

(isopropenylphosphonic acid).

3. Method as recited in claim 2 wherein said phosphonate polymer is poly

(vinylphosphonic acid).



addi ng a carboxyl ate polyner (11) to said aqueous
system and elimnating acid doping of a feed water of
the desalination systemwhile inhibiting formation of
My(OH) 2 scale on the structural parts. 2. Method as
recited in claiml wherein said phosphonate polyner is
poly (i sopropenyl phosphoni¢ acid). 3. Method as
recited in claim?2 mhereinigaid phosphonat e pol yner is
poly (vinyl phosphonic acid). 19 4. Method as recited
in claim3 wherein said phosphonate polymer (1)
conr i seMeﬂuﬁ@@@éQhﬁ&ﬁn dfiaiwi hg/halenﬁ}a&iqihowﬁohat(e pplyafer { e
structure 1§ rein R is Hor
Co'@f”i‘é“aﬂ%iy‘ﬁ%‘ b4 st SRt (00T U8 SRR Tod a5 r eci t eq
in claiml wherein said carboxylate polyner (11) is a
nmenber sel ected from polymal eic acid and anhydri des.

Ra

|
—[CH: — 1y

wherein R, is H or CH3, and Rj is H or a cation.

5. Method as recited in claim 1 wherein said carboxylate polymer (11) is a

member selected from polymaleic acid and anhydrides.



