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Application Serial No. 60/544,667 filed February 13,
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to scale formation that negatively inpacts operational
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by desal i nation te@ﬁ.? QU%E lc 'c%ﬁaglslg—t—ﬁﬂr@ﬂgal mul ti stage

flas hpﬂioa] i |1 Bitd BsenlVBvkntiin f@YALS B HEs@POsitidroand @kthod of
potable water, salts including calciumcarbonate,
nékzies thermaimedo orittdel, the fatmatipe anthdepodiderohspale Eparting

tendency.to precipitate and form.scal e deposit n the .
SompaIgE it alek &y 5B Ak e ARG, ©ArEteat sqal @Ebosilion in
ﬁﬁﬁﬁﬁéﬁo%dﬁh‘gfohﬁre with the operational efficiency of
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of insoluble salts. These precipitated salts are troublesome in the systems in that

they can lead to scale formation that negatively impacts operational efficiency. For
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.



al., Ind. & Eng. Chem 56, 56 (1964) and the
background of the invention of Desai in US. Pat. No.
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structures are modified in such a way that they are easily removed. It is further

taught that the poly[maleic acid] of the invention can be utilized in conjunction with
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 magnesium 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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It Z SSLt ?];yLéntggfﬁggi?{tlJ 3;6 @:ato NosThofs, X3 HREA,446)046;30& Boyette
et al. in U.S. Pat. No. 5,512,183 teaches homo- and copolymers of
isopropenylphosphonic acid. These compositions are taught to be effective i
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 effective
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 soOlvent.

[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 deposition. Of

particular concern is the formation of magnesium hydroxide scale in thermal
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effective in treating desalination operations or that

they would be effective in dontrolling nmagnesi um

hydr oxi de scaling typical of desalination operations.
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thermal desalination operations without the use of acid and thereby allowing the unit
to operate at higher, more efficient temperatures.

[0020]  The general structure of the water-soluble polymeric phosphonate
(I) of the invention is provided in Formula I.

—fB—co—F3— 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-



and nethod for controlling scal e deposition,
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thereby allowing the unit to operate at higher, nore
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of the water-sol uble polyneric phosphonate (I) of the
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lsblsBte polymeric phosphonate (I) of the invention is devoid of the polymer segment
F, the general structure is provided in Formula II wherein B is as previously
described. It is also to be understood that polymer segments B and F may consist of
more 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



[0023] The term"c" of Formula I is a designation for
a polynmer systemw th an unspecified arrangenent of
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may fall within the range of 100:0 to 5:95. In cases
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PRENT 628141 L a i 38 e HIRRLSsfe? reagents known to those skilled in the

art may be used to control the molecular weight. Those include, but are not limited

to, alkyl alcohols such as isopropanol, mercaptans such as 3-mercaptopropionic
acid, phosphites such as hypophosphorous acid, allyl alcohol, and the like.

[0029]  Branching agents such as methylenebisacrylamide,
polyethyleneglycol diacrylate, and the like may optionally 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 iphibiting 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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[0034]  Particularly preferred water-soluble polycarboxylates (II) of the
present invention are commercially available maleic polymers 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 (I) a water-soluble polycarboxylate (hereinafter
referred to as “composition (I)/(I)”) 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



al so found that conposition (1) alone can be utilized
in the present invention if it is a
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prepared according to the teachings of Cady et al.
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(including by definition conposition (lI) al one as
stated previously) of the present invention can be
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solution, to the aqueous system either continuously or
ivid BCAVMRent | y. EXAMPLES [ 0039] The present invention
will now be further described with reference to a
nunber of specific exanples that are to be regarded

solely as ill us?E%AMPLE@%%ﬁ%ﬂe@HaH Lt he scope

of the present invention. anple | (a)
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300-minutes and the initiator feed was staggered over 420-minutes (50% uniformly
feed over 300-minutes and then 50% uniformly feed over 120-minutes), and the
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 95+2 °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.
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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 Solution B yield
a solution comprised of ~4,500 ppm Mg*? as CaCOs, ~ 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 SOmL of Solution A



600- m nutes, and the pH was adjusted to 3.5+0.5. The
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“control” sample. The percent inhibition is then calculated by Equation I.

% Inhibition = (M-alk Sample - M-alk Control) * 100 Equation I
(M-alk Stock - M-alk Control)

[0045] Table 2 summarizes the test results for screening additives as
standalone treatments. Sample designations ending in “(a)” are exemplary of a
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), persulfate 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).



EXAMPLE 4: Magnesi um Hydroxi de Static Screening [0043]

The follow ng solutions were prepared in DI water:
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6(a) 6.2 3(b) 12.3 - --- 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 - -—- 102
6(a) 19 3(b) 9.5 731 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. Ion 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
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(1) maleic acid based water-sol uble ylates (Sanpl es

I (b) to 3(b), and 6(b)). TABLUE® 3 : Conposition (a)/(b)

% I nhi bition Sanple ppm Sanpl e ppm Sanpl e ppm % #1 #1
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1.5 66 6(a) 6.7 3(b) 13.3 AAVS 1

down controls the concentration factor. The SDFU is also designed to allow
monitoring and automatic control of the process temperatures, pH, and conductivity.
Rinsing the surface of the tubes with an acid solution, followed by an
ethylenediaminetetraacetic acid rinse, and then analyzing the rinse solutions by ICP

determine the amount of deposit formed on the heat exchanger.

[0049] Table 4 summarizes screening results for the composition (I)/(II)
of the present invention without pH control 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 #111 #IIL  #IV #IV__ Deposit
Control -~ --- -—- - - - - 380.5
Acid - - - --- - --- --- 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 - o 5.92

Test Conditions: 90/10 Cu/Ni Tube Metallurgy, 26”, ¥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
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After passing through the exchanger, water is allowed
tethefd asuchradids. vacuum in a flash chanber. Adjusting

the ratio of seawater feed to bl ow down controls the
concer0o3g]i onlif awticer embodinnEthe phedphonal émictiord pblymer (1)
all ow nonitoring and automatic_control of the process
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acid, etc.

[0053] Exemplary sulfonate containing monomers (ii) include 2-
acrylamido-2-methylpropylsulfonic acid, 2-methacrylamido-2-methylpropylsulfonic
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 allyl ether (iv) such as 3-allyloxy-2-hydroxypropyl sulfonic

acid.



of the present invention wi thout pH control in the

SDFU rel ative to a control (no treatnent nor pH
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expl anation and are in no way, to be construed as
limting of the present invention. [0051] In one
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phosphono functional polyner (1) is added to such
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wherein Rt is H, or lower alkyl of from 1 to 6 carbon atoms and wherein X is OH
or OM wherein M is a cation. Preferably, I is poly(isopropenyl phosphonic acid) or

poly(vinyl phosphonic acid).

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

the structure

R
|
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I
C=0



phosphono function. In one exenplary enbodi nment,
nmononer B is selected fromvinyl phosphonic acid,
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such acids. [0052] In another enbodi nent, the
phosphono functional polynmer (1) includes at |east a
second repeat unit formed from pol ynerization of a non
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monomers (iii) include acrylamde, acrylamdo glycolic
aci d, pwesiiacr Wi ge prevest ibveitionhagbest @uithiRsgl Wil Fefaence to

t-butyl acrylamde. QOSI%]g The second repeat unit can
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mvention in 1ts aspects. Although 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:



[0057] In another enbodi ment of the invention, the
phosphonat e polyner (1) includes a repeat unit B of

wo b@spsraxture R HCH2 - G |- n X - P - X O MEUSI004/031365
Ri is H or lower alkyl of from1l to 6 carbon atons
and wherein X is OH or OMwhé8ein Mis a cation
Preferably, | is poly(isopropenyl phosphonic acid) or
pol y(vi nyl phosphonic acid). [0058] The phosphonate
polymer (1) can al so conpri@EAﬁmsepeat unit F of the
structure R2 - 4CH2 - C - C =0 OR3wherein R2 is H
or CGkba. andnfEhai for ¥ lamﬁgtsbﬂ@for B8 bn YhdtArdi 8441
via polymerization of acrylrc aci acry Ic acid
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effective in inhibiting MgJ(OH) 2 scale that would
normal Iy formal ong structural conponents of a
desalination systemthat are in contact wwth the salt
| aden 2gueoMetirasurtitddRaddin/t whereiesid phdsgheref erred
treatment conprises poly(lsopropenyl hosphonlc aci d)
(fu)nctm&momw@ampwmq@u mehadyperizagion of
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that the words that have been used

3. Method as recited in claim 2 wherein said phosphono
functional polymer I comprises a second repeat unit formed from

polymerization of a nonphosphonate monomer (F).

4. Method as recited in claim 3 wherein said non phosphonate
monomer (F) is a member selected from the group consisting of (i)
carboxylate monomers, (ii) sulfonate monomers, (iii) amides, and (iv)

allylethers and sulfonate and phosphate allyl ethers.

5. Method as recited in claim 4 wherein said phosphonate
monomer (F) is a carboxylate monomer, said treatment further comprising a
carboxylate polymer II, said I and II being added to said aqueous medium in

a combined amount I and II of about 1-500 ppm.

6. Method as recited in claim 5 wherein said carboxylate

polymer II is a polymaleic acid or anhydride thereof.



herein are words of description and illustration,

rather than words of |imtation. Changes may be nade,
wowdakiose7dhe purvi ew of the appended cl ai ns, asPCT/US2004/031365

presently stated and as anended, w thout departing

fromthe scope and spirit ofl9the present invention in

its aspects. Although the present invention has been

descri bed herein with reference to particul ar neans,
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not intended to be limted to the particulars

ciosacbwith ahaqetaus meivme in a tibslipatesesystenmemnprising adding
extends to all_functionally equivalent strugctures,
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parts in contact with an aqugous nediumin a
desal i nati on system conprisi g adding to said systema
treatnment conprising a phosphono functional polyner 1I.
2 . Method as recited in claim1 wherein said
phosphono functional polyner | conprises a repeat unit
formed from peHy®ldri zat Fon of—&m et hyl enical ly
unsat urated nononer (B) that includes phosphono
functionality. 3. Method as fecited in claim2 wherein
sai d phosphono functional polyner | conprises a second
repeat unit formedxfrompol yperizationyof a
nonphosphonate nmononmer (F). 4 . Method as recited in
claim 3 wherein said non phoT honate nononer (F) is a
nmenber sel ected fromthe grouB consi sting of (i)
car boxyl at e nononers, (ii) Sbl fonate nmononers, (iii)
am des, and (iv) allylethers~and sul fonate and
phosphate allyl ethers. 5. Method as recited in claim
4 wherein said phosphonate nonomer (F) is a
car boxyl ate nmononer, said treatnment further conprising
avherein R is H or lower alkyl of from about 1 to 6 carbon atoms and wherein X is

H, or OM wherein M is a cation.

8. Method as recited in claim 7 wherein said phosphonate

polymer is poly(isopropenylphosphonic acid).

9. Method as recited in claim 8 wherein said phosphonate

polymer is poly(vinylphosphonic acid).

10.  Method as recited in claim 9 wherein said phosphonate

polymer (I) comprises a copolymer having a repeat unit (F) of the structure



carboxyl ate polynmer |1, said | and Il being added to
sai d aqueous nediumin a conbi ned anount | and Il of
W@bwans2r9H00 ppm 6. Method as recited in clai PEBUS2004/031365
wherei n said carboxylate polymer Il is a polynaleic
aci d or anhydride thereof.720Met hod of inhibiting
scale formation on structural parts in contact with an
aqueous nediumin a desalination system conpri sing
addi ng to sai d aqueous nedi ugyban effective anount for
t he purpose of a phosphonate polyner (1) including a
repeat unit (B) of the structure R I -f CH2 - G j- n
X- P- XOwerein R is Hor lower alkyl of from
about 1 to 6 g%égﬁn atons an erein Xis H or OM
wherein Mis a 8. as recited in claim?7
wherein said phosphonate poI nmer is
pol y(i sopropenyl phosphonic a¢id). 9. Method as recited
in claim8 wherein said phosphonate pol yner is
pol y(vi nyl phosphoni ¢ acid). €= ®ethod as recited in
claim9 wherein said phosphonate polyner (1) conprises
a copolyner having a repeat (nit (F) of the
structureR2 HCH2 C C = O OR3 wherein R2 is H or CEb,
and R3is Hor a cation. 11. Mgshod as recited in claim
7 wherein said aqueous nedi um

wherein Rz is H or CH3, and Rs is H or a cation.

11.  Method as recited in claim 7 wherein said aqueous medium
comprises magnesium cations and hydroxide anions under conditions in
which, in absence of treatment, Mg(OH). scale would form on said structural

parts.

12.  Method as recited in claim 7 further comprising also adding a

carboxylate polymer (II) to said aqueous system.

13. Method as recited in claim 12 wherein said carboxylate

polymer (II) is a member selected from polymaleic acid and anhydrides.

14.  Method of inhibiting magnesium hydroxide scale formation in
a desalination system in which an aqueous salt containing medium is brought
into contact with system equipment, comprising adding to said aqueous

medium a treatment comprising

a) polymer of isopropenylphosphonic acid;



conpri ses magnesi um cati ons and hydr oxi de ani ons under
conditions in which, in absence of treatnent, My(OH)2
waeabmesameal d form on said structural parts. 12PCIVES1IN04031365
as recited in claim7 further conprising also adding a
carboxyl ate polymer (11) to2daid aqueous system 13.
Met hod as recited in claim 12 wherein said carboxyl ate
polymer (I1) is a nenber selected from polymaleic acid
and anhydrigjes. aléarbd\@ﬂdﬁ@dorﬁiiningl‘ﬁd@j'méﬂtff Aepgitesidimnd
hydroxi de scale formation in a desalination systemin
vit selis amalaigiasislandsity saltg erd anhyidnige nendi appplysness otgivtures
ug&p fontact wi th system equi pnent, conprising adding
t'8%% d aqueous medi um a treatnent conprising a)
pol ymer of i sopropenyl phosphoni c acid;b) a carboxyl ate
cont ai ni ng Yol yriedispersagsrapdioptignally and its salts,
maleic acid and its salts and anhydride, and
copol ymer s er niphosphesateher eof , ¢) a di spersant; and
optionally a e) phosphonate. 15. Method as recited in
claim 14 wherein said carboxyl ate containing pol yner
is a polynal ei c pol yner or anhydri de.

15.  Method as recited in claim 14 wherein said carboxylate

containing polymer is a polymaleic polymer or anhydride.



