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Appl i cabl e. REFERENCE Fg@%@ﬁ@wqmbﬂ@mbl e. BACKGROUND

OF THE I NVENTION (1) Fi I's 1nvention relates to
phosphat e i 1.z] i 0 ISl pol yaspartic acid, and
(b) an ani miﬁW%wﬁﬁm ns effectively stabilize
phosphates by i myiRighlipgid he formation of cal ci um phosphate scale. The

invention also relatées to a process for inhibiting cal cium phosphate scal e
in wate® treatnment systenms. (2) Description of the Related Art It is known

organi o phaaaAR SR A AR e AP OSSR RERRARCAE G on.

-

Typi cal |y G¥MEEGPMENT purpose are water-sol ubl e phosphates such as
ammoni um and/ or al kali netal phosphates, where the phosphates can be
ortho-, neta- oNgwWppbbddphat es, particul arly orthophosphates.

Pol yphosphat es can |i kewi se be enpl oyed because they are hmmﬂmmmmml&m‘w
ort hophBsphates in aqueous medi um The probl emwith using n
wat er tr eatRHRENCEN® ANMRYROERGIE @ BPEAdMGE cal ci um phosphat e*19¢at es,

whi ch adhere to the nmetal surfaces of boilers and netallic heat exchangers.
The scal e i nhi biNa Agfpliegtlé.ve heat transfer, restricts the flow of the
wat er, and pronotes the devel opnent of underdeposit corrosion.

Consequently, it is necessary to renove the scale by cle ‘ ““ H“L

cleaning ig K@RS}.WDW?P@?I@%WM" must be shut dovvnm)w ﬁm\u ~are
i ncurred, an%épro uctiron i el ayed. In view of these pro e% 00 reventing
scal e fier ngl) Bield of the bifventiced t 0 scal e renoval . 1 It is we OP nown t hat

phosphat es can .ef.fectively stabilize it h. ani oni ¢ _carboxylic .pol wrers
al one, or even Eﬁ’i‘% IBeRRe il@éﬁe@ Qi Rl}?sﬁtﬁ‘ge \é?abﬂ@g(ﬁo?lﬂ%séﬁmﬁof’%%ﬁlsﬁ%r@
organi ¢ pheRReRHMiEaeid A (bPin £HEHIB cErbbkylic FAYAR. Fhexdmpdehiondbifbanely t hese
polynmers are ‘effective against a variety of scales, they are not always
entirely efstabilizevehdBplajesi hy tinkibitinigutheplosupticn of selgiue mwsphate seadest | Thet o
use. It is.also unknown to, use phosphonat.es. for,cal ci,um.carbonat.e scal e
Cont ol andruioel M b A uBPaR ohrip s Feichln DAY MSHE 58 ©e
dosage,gf thauhiiRsphanate is typically in the order of 0.5-5 ppm while
for- corrosion inhtbition, in the order of 5-8 ppm However, the use of

phosphonat €8) Pescriphies ef tha RstdesAits not desirable froman 1 0 environnental
or econom c sta int. U S,  Patent 152. 902.di scl pses that .pol yvaspartic
aci ds i nhi bit c;?@ﬁ%wﬁﬁ%yﬁﬂéiogﬁ%g Vé@&ﬁ?ﬁ?%{‘-‘( 3%“5%@%%?8, Wﬁ% ”g’é%%“‘i nadgi ven
in the pat epbani@PpHodphotchsibRtamind8émpOInds s airbvent agbdici criveioy. WEpically
phosphate scale inlubitor, if it does so at all, and it is necessary to
| over the pised dopthis, barposeadtei wateptrdullp phesphetenispely as iappnontyp andior plkadic i cal
1 5 purposes a rtigc aci I r i Y I ium
phosph 2be Su&eg'rlféghgspﬁgt%s, Wﬁme fhg &%%pﬂa?&r cén b grtl%( s s oﬁ%i"kéﬁtosﬁﬁ{eg,
particularly orthophosphates. Polyphosphates can likewise be employed because they
are hydrolyzed to orthophosphates in aqueous medium.
The problem with using phosphates in water treatment is that they tend to
produce calcium phosphate scales, which adhere to the metal surfaces of boilers and
30  metallic heat exchangers. The scale inhibits effective heat transfer, restricts the flow of
the water, and promotes the development of underdeposit corrosion. Consequently, it
is necessary to remove the scale by cleaning. Such cleaning is expensive because
equipment must be shutdown, labor costs are incurred, and production is delayed. In

view of these problems, preventing scale formation is preferred to scale removal.



U S. Patent 5,S23,023 relates to conpositions conprising pol yaspartic acid
and phosphonobut ane tricarboxylic acid, which are used for al kaline
cl eaner s.wO.0348Rat ent 5, 386, 038 di scl oses a wat er - sol ubl e pomatSon /@406

phosphonat ed ol i;gomer h i.nhi bi |l e f. ' . j on of
nmet al exposed tg? é?q ﬁ‘éeihg‘“(g‘%/% ttgﬂs‘gﬂc\%@%ggo&db%% é&kggg %@fztehra\ts lﬂg %Ho%fén

bl ends of patysRepbiytneacilonand o mdtdefaatiesly Sattihk lerids of tiees@ pOlymers
phosphonat ed ol 1 goners effectively inhibit the formation of calciu

car bonat e S@g|@gaitel PAphaNaes. oSee &t 8Pl Fosi katent h? &4 14 sAlthwgbctnh]P%ﬁ i ons
f LS . nePrect F t v ) _
et ni 1 od BOLHEE aldsbocie ALl o WhriBly dr ol B nb Atwall EhlcbhylcBfective

‘ref erenge. aghinBRIadRTuSYMYEIRYtIcalbklend MBI uktii s i nvention relates to
~phosphate stabilizing conpositions conprising (a) polyaspartic acid, and
(b) an ani oni ¢ dhisalse/knawmis wsemhospheaates s salciun sarbaate seals eamjrok paddpr i ze

*phosph by inhibiti i. i f i :
Pvent ron &b Sahfice Spiratifs iiigh Rt Snn i W RRSRERCHE phiRRErad il ° ©
cal ci um phagpiealyeiseel @démoVems. ST phni, aaliedl coxedieMnhibition,Garpesider 6NS-8

provi de synergistic phosphate stabilization in cooling waters, which is
pr ef er abl y mswolsiweybie dhswusehefiphaspbomates foy, these Puepopesois gies lgsieably from an

phosphonat e _ol i e h .fipns are synergistic because, although
Paprt renbaERar o FEFotRRaRpbe

poly e n phosphat e stabilizers, blending

pol yasparti c aciw,.on Pitekn WS 20302y riivclogéso shitatpelyiasitrtic t suids |inmbaveslciufe
per formance of known phosphate stabilizers. This 5 was surprising because
pol yaspar t i Rhogphade enysiabizdeens Hewerriyeo ¢ty issgiyen 1ithe patepth aapras knowmtit i zi ng

effect. The_m xtur.es stabilize ph hat e wag d in. view of
t he phosphalfoéy PREUBIFIOR 5 ?’Vvef‘?yggﬁ’h?‘{?es%?gg.{‘@.bﬁgﬁ?f conﬁgﬁgﬁféﬁ aijd{]]ﬁ\ééugh
car boxyl i ¢ feEXAEI 15 |akenke PEON si6vide BRcRADsRphAe StaBidizhiigat Famll pragicabr e
not bi odegradeabl e and are expensive to use. On the other hand,

pol yaspdr t i rpeses rokyaspastie geid deantasly zeexseffigaqy aggisshealism phasphaterficalies.s

corrosion. The i 1 L for ! . i,cations,
whi ch are carri gg%(c.)g?t%g{igﬁ%{léﬂofeﬁ‘%@goté gﬁé&%?&%rcgﬁgﬂgk{é\%oﬁs {rgég&é'aﬁ@
Al t hough nophssplesshakanearicarbetydicraeil, whichadre hsaiofor blkalipd clepites AU Patengoner
havi ng the 5gener al fornmula can be added to éh %%rrposi tion: 15

-5, @§o$ OB

H[ CHRCHR] ~-3-H83048 diselosesna ayaterosplyble geiximrg afed oligpmerssthat bt
CCH, sulSguorg BB PR SRR b0 BB by, e
hydr oxydo pioss48TdNRastiek thatneertatiu binds of pOlyaspadikytid and certain water-soluble
mixture of phosphonated oligomers effectively inhibit the formation of calcium
carbonate scale and are also effective corrosion inhibitors.
All citations referred to under this description of the “Related Art” and in the
“Detailed Description of the Invention” are expressly incorporated by reference.
25
BRIEF SUMMARY OF THE INVENTION
This invention relates to phosphate stabilizing compositions comprising (a)
polyaspartic acid, and (b) an anionic carboxylic polymer. The compositions effectively
stabilize phosphates by inhibiting the formation of calcium phosphate scale. The
30 invention also relates to a process stabilizing phosphates from forming calcium
phosphate scale in water treatment systems. The compositions provide synergistic

phosphate stabilization in cooling waters, which is préferably accomplished without the
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C ~ ~ allcenyl group or a carboxyl ate, phosphono, sul phono, sul phato,
and/ or hydroxy substituted C ~ ~ alkyl or Cs _~ alkenyl gr oup, and each
Mis a cwoonisuzh that the phosphonated ol i goner is watePCIaiSabégoand n is

1to 6, typ > < T .- sol ubl e phosphonat ed ol i goners
s oA e DB RS

are typica 0S| 0 inhibit a5 cal cium carbonate

scal e fornmati on Thedb@bogitibidat nergioiEleause] flehoagh polyagfarti@icids Gohobl e
phosphonat e ol i gomer used in the conpositions of this invention is such

that the weiligpiivernhosphabs stokitizgrs.ddendingaryasppmie asidevidh kepwepoly@enol yasparti c

v ews or iR R ARbbs Ruaperofy ek Sy Bhosth R AR At e

| NVENTI &N The stekidingddcaire polyatpastic suidlalexadpdsamt Wavd anyl sigiffi¢aat phapraef i c
enbodi nents of the invention will epable one skilled in the art to practice
the i nvent istwWilizingeftst nfhe méxties stahibige Phosphates BoFR DA e 6¥PACHAN iRy

cpeci 11 cal 19 oFRRLEnR hOIEd T Ok L Tndtidhal ool AR Bt Finio s
per cent ageofner lose ploritssole pidbiiate salikasion] they west biadeghii@Ble dadnponent
(a) of the scale inhibitor conposition is a water soluble polyaspartic

aci d. For iR posesvo ushi Onthe eer band, pelyaspertip acibis\piedsaradeebladess” shal | be
constryed tg ing¢lude salkt .derivatives of polyaspartic acid.
PoIyasggrtf%pggﬁﬁjgggﬁﬁgﬁ@ﬁgﬁg%gﬁ and 1 o derivatives of polyaspartic acid
are well known and fp@é@ssﬂie:p@ftidaﬁd uséfuldobcodtigerdterappAdatdas, whitk brel carriedr eby

i ncorporated by reference. Preferably used is polyaspartic acid having an
aver age molotalapt @epgre 9-Javederabld- 19 &@1l - per neati on chr omat ogr aphi ¢

anal ysis, from5 f ) rably
2,000 to 4, 000. ‘Qﬁ‘é’hg%?*@%fgegg%seﬁé& g%%qu% aé"r' %?‘2%061‘3‘11‘3;’1’3@52’80%%@%%0%? in 15
particul ar asing thoginerml Sahiuleandisy Aided tothe abiposii@i:her pol yaspartic acid is
used in the formof an acid or a salt depends upon the pH of the aqueous
systemlfreated. Preferably, the salts of polyaspartic acid are sodi um
salts. Derivatives of polyaspartic { | e anhydri des of

pol yaspartic acid, which can convegﬂi#gR%% @Eggggﬁic acid by hydrol ysis
under use conditions, also can be used. 2 o Conmponent (b) is an anionic
carboxylic polymer or a salt thereof that stabilizes phosphates agai nst

preci pi t at iWT¢iA ahlsay Qe Hugroun & eash upB s  (ORMeSHaPHy gulphony, agphasplono

i nventi on, : t Fre he

pol ymer i zatﬁ@ﬁ%@%ﬁgﬁg‘# %Oglﬁen‘?%lwg%g %n@?%grgggﬁoﬁro%o é%?r’%?@ ’copg §/irr{er S,

t er pol ywer ,gréd, iapedrg Sa GOOM, T 1, gshiosphoan Balhohs, IC\praifyer abl y
has sone Zgglgiébi fz?ﬁgoe?fect a gfgﬁgggggq%or t?%; ofggg¥€?u&15ﬁ§§phate
scal o when QetlkelvhgEuDTHCa SATRONY Bice Zh 911@,09“&8[1&0999?1119%?@%11% hyslEoxgh

aver age nol i 0 0 rQ : I ation
o1 tomat ogr Au A R Hikyioor & Mhdl Bl Sn G5 AT DM paE mREHIED. |
and t hei r mhobpicdnattd slipdhesisswaeesohsile akdovis 1ito 6t hgpically.> 3 andEx&nflhes of

nononers that ca rovi de the source for the carboxylic functionality for
the ani oni cValsi B PEOSBBeTANE! SHEBITR e ARSI ASKES 1P esboBPPElige fegmbibit |

met hac%' | Gafipirfd ’cal‘B'bﬂﬁtQ@bﬁe%hﬂatidnsﬁEYd?t&P‘oﬁoﬁP'Ir‘fjowé_ £ B iatmodfof faepni C
aci d. Nuner ous co-nononers can be polynerized with the nononer that is
t he sour ce sofublchphasphdimakey bligorherncsed am ghel ¢ompdsitimp lo€ $his iovention dsreuchi the uded

vinyl, allyl, acrylamde, (net acrylate esters or droxy esters e.g.
hydr oxypr opf)f WesiibFadio Q}fi\ﬁwr—w@l(a|pﬁ Pat\wﬁwms}b@tlgﬂésp@@wpwt iy e
vi nyl nethﬁ#mﬁ&Qﬁ&lhgracrylanido-2-nethy| 5 propane sul phoni c acid, vinyl
or allyl sufphonic acid and styrene sul phonic acid. The nolar ratio of
carboxylic functional nonomer to other nononer varies over w de ranges,

e.g. from 99; . i call ’ . Exanpl es of
hydrolffed%®$ﬁ%%$?$gﬁﬁ§HE§EP§P©§%gﬁgtﬁépéxg%égﬂgﬁﬁ}ﬁ%b@fagpiéﬁisclosed in
U S Patents 4,q&%4ﬁ§ghmﬁépferably used as the hydrolyzed or partially 1 o
hydrol yzed aci yl am dés/ acryl ates are | ow nol ecul ar wei ght sol ubl e pol yners
havi ng average nol ecul ar wei ght of 500-10, 000, nost preferably from

2000- 6000. Exanpl e of commercially avail abl e water-sol ubl e hydrol yzed or
partially hydrolyzed acryl am de/ acryl ates polyner s is Cyananer P-70 from
Cytec Industr ies sold as a 50% aqueous solution. 1 5 The sul fonated
styrene/ mal ei ¢ anhydri de copol ynmers are hi gh nol ecul ar wei ght wat er-sol ubl e
pol ymers typically having average nol ecul ar weight from 1,000 to 70, 000,
preferably from 15,000 to 70, 000. Exanples of sulfonated styrene/ naleic
anhydri de copolyners are shown in U S. Patents 4, 255, 259 and 4, 306, 991.
Exanpl es of comrercially avail abl e wat er-sol ubl e sul fonated styrene/ nal ei c
anhydride z o copolyners are Versa TL-4 sold as a 25% aqueous sol ution, and

o o ~ o o ~rns N o r - - ~ - o -




3 0 The effective ratio of carboxylic polymer to polyaspartic acid is from
about 1:9 to about 9:1, with the best synergistic efficacy from1l:4 to 2:1.
The conposowz/esugg are effective at a pH range of 7.0 to 9. 2cTsel/er7abl y at a

pH range o t ly at a pHrange of 8.2 to
8.6 at ten@ﬁ%&ﬂ?@%ggg%ﬁﬁ?@ﬁ%ﬁ@ ate stabilizing conpositions
are used at the THendeiley @esiptionfand. ckapplostwaillt iflestrax spaocifio bmbodinnispsfl  but
preferably 1.0 ppmto 20.0 pprn actives. Qher optional conmponents include

phosphonobiheimventiarcuibenapld eneaskilded in the wg] to |praqtise dhecinvertione prdudingths,

pol yphosphat es h hat es r.oxyet hyl i dene, diph -G acid..amno tri
(met hyl ene ﬁﬁcfg?)‘%ogﬁ %9(9&6‘313.151 @%@Y\Wﬁ@@%‘?ﬂ?ﬁ@g‘%}?% ﬁﬁhea@b%ggﬁ%ﬂ
“descri bed Wetdpef8lcheRiaeeiHes SebfRARY dREloted) £NRAME ARMA thd MEGR kiet £d i n
the art will understand that various changes may be nade and equival ents

may be subsilipenteathgboare pbsamiages tyheeightunigss kidgrwige pracifiedyg from t he scope of

‘the i tion. In additi i.f.j cati .y to. ad
par ti cul ar si ¢ udtaropnept (RO Ayaq Byhis® EomBR e s AR BB BB ot
departing fLmEdReuBRI&Nst this iReRRdn! I8 k&@a “polyepali®acid” khall be botis@nete t hat

the invention not be limted to a. s the particular enbodi nent discl osed as
t he best nuncudoseiempt dedvatives of polygspagicoanid.t Bplyaspavtimadidrsalty thereafaand: he

invention wll include all enbodinents I 1in i £ hi co 0 e
appendéf c}@&?‘ﬁﬁt}veﬁn&?ﬂ?%asg i %“éﬁli%ﬁ,wﬂg%“ﬂ‘mlt Wa?lg (i?eﬁ&{l]ﬁeeds H}sltﬂre'%c%%t%@[ em
and al | a”WS’EB?Oﬂ“\QhEErié?ﬁél’e%@ﬁﬁ:oﬂf&at@& bmbﬂf'ﬁnce.u PheFEabIt e vé E@ly@sppft_essl y
i ndi cated. 2 0 ABBREVI ATI ONS AND TRADE MES The foll owi ng abbreviations

are used: Acitheha@ng0 aicr ytdregecopwisowtar cwpishly meccarding bip RERMPEIERHE under

2 act yi am dBIOTHEERDRC SBbARe 0 oY doali o0 bRy, Post e
acrylic acigl-RAppl YIoR0 0440y The PoffasirG@laciolsdpréfailpdaed td3ea AMAREAT
trademark. = AR 545 AA: AMPS copol ymer “sol d bé Al co Chenmical sold under the 6

AQUATREAT tpastiterarrds.a sodRnvRd enpdtassiune dalthc Whether polyaspartia acidigussd imtheo

Chem cal sold under the AQUA I t.rade K. el cl 8

mal ei c/eth PBEré}?ﬁ‘i‘ &F& Ay $8le %Reéld%&%fq?h rpkg(ﬂl%dthgya%g?%%a%fswé%Itfﬁa%erc]lé 400
phosphi nocarbr¥atly,Ghecild TR0y pEtic 96ldthrdYoddinglsalts. DefvAivas ampolyBspattic
acryl am de acryl ate copol yner sol.d by Cytec |Industries under the tr |
ademar | ¢ Oyesithrfer .exampz@anécsirgdm of AnDBspAlle apids WHichtoARPBVRIH B PONRTPAEH d by

B. F. Goodrich, unde he od-Ri te,.t.rad I I P-123

acrylic/et r?&%ﬁ%ﬁ%‘fra@ﬁ’%“g& iuagc%%dﬁ%%;@hglr 5%1%‘%%?!% F. Goodrich under the
Good- Rihe traden@shporRA\(H)H MpsHIshici cartdglc Sol9ilar asa Wt fieredd fHat smbitizby
Bayer. 20 Exanpl es through 4 denonstrate the synergy for the phosphate

st abi | | zat i phesphtes agaimathprecipitalioninAvrAqetusaysten | ios punones off describing Bug ed.
The same tei%'{/en 1otnb0;()jol§]r§1ee"rd sihgllttlg cecg(n%[méx? Stoi ?ne‘!ﬁs%iﬁ} bﬁ%d@& foMe‘aWSos/ the
polymerization of one or monomers, and includes homopolymers, copolymers,
terpolymer, tetrapolymers, etc. The anionic carboxylic polymer preferably has some
25  stabilizing effect against the formation of calcium phosphate scale when used alone.
The anionic carboxylic polymer typically has an average molecular weight of 1,000 to
50,000 as determined by gel-permeation chromatographic analysis, preferably from
2,000 to 10,000. These polymers and their method of synthesis are well known in the
art.
30 Examples of monomers that can provide the source for the carboxylic
functionality for the anionic carboxylic polymer include acrylic acid, maleic acid,

methacrylic acid, crotonic acid, isocrotonic acid, fumaric and itaconic acid.
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25 7 TEST METHOD Test water was first prepared having, an initial pH of
8.0, initial calciumcontent of 200 ppm (as CaC03), and initial

ort hophosymaz/esoepnt ent of 10.0 ppm (as P043-), hereinaftepcrefersi7ad to as
the Control. A I ne Lni - WAt ) . d:.op.a New
Brunswi ck G 24 \I;/&lse?%dr%rrgeoﬁ féﬂ&%@u% {c))ér]%g a éélrzggt‘g@sgﬁef E)nr%nafIfé Lgﬁ% ?0@616
hours. Theséigé ofveararbil§lié AgrRtibhdliter Edampleh sach¥hahomer iticldéd Virgt, allyhe

resi dual orthophosphate 1n the filtrate was detern ned; and _ the percentage
or t hophos pheviamide, @ustiacaylaig. estare oF AY KIS SviishydpryrEeDd pstess imyll ows:

10 % PO43- i nhi. bi ti ¥ - - R): 100 r = L. I PO43-
of sanple QYH&-I@HS’ S’gl F&&%%B%%—le’ﬁlﬁﬁh@e ﬁterﬁigﬁéﬁ%‘&%?ﬁlgggﬁlp?@ " ppm
P043 (19. Opipahe sdiphdhibbeiievingb GI0AB/] isolphbnit iacid dndditpakesulphaic héid. (Thst

compound is nore effective at stabilizing phosphates fromprecipitating as
cal ci um ph8¥iarasioselrabexylisgfiaeiienal yaenemsr g EheamanemerTypies pvarBiget he

effect of AHdng PAFERG, 180t HE RDLALIR ARG 8YS ssgpcent fati ons to

stabilize orning cal ¢fum phosp e Scale. 8 TABLE | (%
PO43- i nhi biti omxatdls! 6z aydelyzE@r orPpdrtiallpnie)drSly RAA atiyuthiged/actshate¥o 4203-

i nhibition -~- STD 5.0 0.0 7.5 0.0.10,4 0.0 12.5 0.0 10 15.0 0.0 20.0 0.0
The dat a i HisFlase@ in U.ndPatente 4094s16pa P refcsehly dised am e Bydrolyged og papiallyzer
agai nst _th 0 [ . | . | | es
2 T b o SR Rh R RhigR RGBS RO TAP AR Seigh SonTONE, firers bt CF

al one. Theﬁv&bﬁ@m@&@ﬂlai feighi 62500- 1,060 dio’gprefefatily fohEXHOkE000N Bxhmplehudt e
stabilizers. The "synergistic difference", as listed in the last colum, is
equal to t Remaergiallynayatrbise orptemiolohle nhpsirelyadt orr ¢ Heartislbhd byderlyasd oo

i 1 er ence 2y aig/aBE Ml ity s s EVBRRIR 270 BOLLYEE Tnaul i SSHREEROH' o
w th the kagweouphompbate stabilizer. Table Il (Addition of PAA to AR 545 at
varl Ouis ratios) Thzeiul%c?naltzé(dasntyrleggs{a?e?? anhydride copolymers are high molecular weight
water-soluble polymers typically having average molecular weight from 1,000 to
70,000, preferably from 15,000 to 70,000. Examples of sulfonated styrene/maleic
anhydride copolymers are shown in U.S. Patents 4,255,259 and 4,306,991. Examples
of commercially available water-soluble sulfonated _styrene/maleic anhydride
20  copolymers are Versa TL-4 sold as a 25% aqueous solution, and Versa TL-3 sold as
95% solids, available from Alco Chemical.

It is also possible to employ carboxylic acid polymers that contain a chain
phosphorus atom, which forms part of an acid gfoup, preferably phosphino
polycarboxylic acids. For a description of such polymers, see, for example, U.S.

25  4,692317 and U.S. 2,957,931. The molecular weight of such polymers is relatively
low, generally below 6,000, the preferred molecular weight being from 500 to 6000. A
particularly suitable polymer is that sold as Belclene 500, and DP-3385 sold as a 40% |
aqueous solution and Belsperse 161 sold as a 50 % aqueous solution, which are
available from Biolab.

30 The effective ratio of carboxylic polymer to polyaspartic acid is from about 1:9
to about 9:1, with the best synergistic efficacy from 1:4 to 2:1. The compositions are

effective at a pH range of 7.0 to 9.2, preferably at a pH range of 8.0 to 8.9, and most




a

m sol i dsPAA m solids)Ratio of solidsTotal solids% POg3~
I nhi bitionSynergistic DifferenceA404: 000NA14161: 4204. 5~ 0. 04. 525151: 32014. 1
0. 511. 5364d 82/28032092. 6 ~ 0. 590. 445101: 215S. 9~0. S3. 3510101 PLC20AS0B8H4766 ~ 2. 6

~77.S The | | i Rdi et 54S

| mproves t%’g&gﬁ%gp%%t%eﬁ 5411559??'%%%%%&@&&%&6%&?EfSEH;gth{/:éri8 ngs atﬁe?eos. 9
Exanpl e 6 stbgidm@eaaipdsttidng areusadnd s nilnimusa dodagk bO0& ppaxtodht mbkinhdh was
used as the anionic polymer. The results are set forth in Table Il1. Table

|11 (Syner ¢f§09.8 e byt pisferairty s Hmpim tor?OFhppm aetivispl e AR- 540 m sol | dSPAA m

lid : ¢ d Cds % A oy . ‘
BO ; :c e?eRra]-ELEESS 0 5?%'&:? S%q]tgﬁlg%sg%b@g eﬁtﬁiﬁ@ltudé ”Bh@éphbl‘i’d%ﬁi’a%r @1(:‘3&%09(yhc acid,

1. 88. 67301QdykadSde, 3+ drthopibsplate, 5 OpolyBiloépKates, 6 Nattbéplafes) 1 : Hyk&dethylidbr5 7. O
The data i n_¥ab| e |1l show simlar results when using AR-540. PAA al one
does not 1 diphnspkoriagcidsFeipe tri fuethylgaepkespbomedcidd.t h AR- 540, it enhances
the effectiveness of the AR-540. The data in Table |V conpare phosphate
stabilization for known polyneric phosphate stabilizer s to blends of these
stabilizers with PAA at a 1:1 rati oEXAMPLESable IV (Inhibiting Effect of
Known Phosphate Stabilizers Conpared to Blends Containing PAA at a 1:1

rati o) Exanpl el nWhigt thel apwentiomrhagnbesit desatherqsihareisrspre to a preferred

10  embodiment, those skilled in the art will understand that various changes may be made
and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from
the essential scope thereof, Therefore, it is intended that the invention not be limited to

15 the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the
scope of the append'ed claims. In this application, all units are in the metric system and

all amounts and percentages are by weight, unless otherwise expressly indicated.

20 ABBREVIATIONS AND TRADE NAMES

The following abbreviations are used:

Acumer 3100 acrylic copolymer copolymer sold by Rohm & Haas under the

Accumer trademark.

25
AA:AMPS [acrylic]:[ methacrylic acid and 2-acrylamido-2-methyl propane
sulfonic acid] copolymer.
AR-540 sulfonated acrylic acid copolymer sold by Alco Chemical sold
30 under the AQUATREAT trademark.

AR-545 AA:AMPS copolymer sold by Alco Chemical sold under the



solids% PP 4 inhibitionSynergistic D fferenceDVersa TL-41007.8 t

2. ANA9Ver sa TL-4101082.5 ~ 5.074. 7BGR K-7977.506.9 1. 6NAL1OGR

K-7977. 5AWO84/4®49 1. 977. 1FKXP- 1237. 503. 8 1. 4NA11KXP- 1237. BLTBEB1/84706

79. 8GAcuner 31007. 5066. 7 07.57.588.5 2.121. 8HBel cl ene
4007.508.5 ~ 2. 3NA13Bel cl e@é%@%&g%e@% 6. 926. 31 Bel cl ene 2832005.6 t
1/ GNA14Bel cl eri e 283202028.5 ~ 3.722.9JC ananer P-702000NA15C ananer
P-70101025.8 t 1.825. 8KA uatreat MPS7.505.9 ~ 1.4NA16A uatreat
MPS7.57.584.0 ~ 1.078.1 The data in Table IIl indicate that the addition of
PAA to a vayR MRS of known spioraterhaceylia eapolynesseld yphlseddhentical apifunder of

t hese phosphate stabilizer s when the used in a weight ratio of 1:1. to 11
"wl 1 CLAIMS 2 3 45 6 7 the AQIVATREAY tfadethdrldS 16 17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32 1. A phosphate stabilizing conposition for aqueous
systens conprising: (a) polyaspartic acid, and (b) an anionic carboxylic
~pol ynmer, such that the conposition is free of a water-sol uble phosphonate

average momEIS 20t ont PRRC OB R hRathhs SReBRle PR BT 5 o

from4:1 to 1:2 3. The conposition of claim2 wherein the anionic
carboxylic copol yner has an average nol ecul ar wei ght from 500 to 20, 000. 4.
The conposition of claim3 wherein carboxylic polyner is selected fromthe
group consiBxli¢lege 440 acr y| i phosphifaaitoxglipadig vepdymaicsold iby/Bialabi ¢ copol yners,
phosphi nocar boxylic, acrylic/naleic/sulfonated styrene,

aci ylic/ethoxyl ate/ acryl am de,” nal ei c/ et hyl acryl ate/ vinyl acetate and

m xtures thereof. 5. The conposition of claim4 wherein carboxylic polyner
is an i ylA I c copgl ul fonic
of 98: g% n glgl.e If%n}IOThe co gigllrdtel 0 15&? %%&5§O%mhfcﬁ{eggﬁn%%élrise§ghg?sl east
one additional conponent, eI e ted fromthe group consisting of
tolyltriazol e, benzotriazo Euaﬁ BESAMEY: ol ybdat es, zi nc,

ort hophosphat e, and pol yphosphates. 7. A nethod for i nhi biting the

formati on of phosphate precipitation and deposits in an aqueous system

whi ch conprises: 12 1234567891011 12 13 14 15 16 17 18 19 20
21 22 23 2K29726 27 2a 2%G@AiGAMPSsuifmetdetyrgnecqpebmmrabkd byt abi | i zi ng
conposition of claiml1, 2, 3, 4, 5 or 6 into an aqueous system contai ni ng

a phosphate corrosion i nhip_i];t Q}lboéhﬁb}ﬁﬂld@mh@r@oo@flﬁj@@trbd&ldrm inhibit the
formati on of phosphate precipitation.

15
KXP-123 acrylic/ethoxylate/acrylamide copolymer sold by B.F. Goodrich
under the Good-Rite tradematk.
PAA polyaspartic acid known as VP OC 2401 sold by Bayer.
20

Examples 1 through 4 demonstrate the synergy for the phosphate stabilization.
All amounts are in ppm solids, unless otherwise indicated. The same test method used

in the examples is described as follows:

25



8. The method of claim7 wherein the pH of the treated aqueous system has a
pH from6.8 to 9.3. 9. The nethod of claim8 wherein said conposition is
used i n ovoorugoaati ons fromO0.1 ppmto 500 ppm 10. The mPCRABOU#4766 ai m 9
wherein the pH of the treated aqu et as a pHfrom8.0 to 8.6. 11.
The nethod of claim 10 wherein saieggcgzrgrrposllq?p;n is used in concentrations
from1.0 to 20. OTgpwatdi2wad firoprehaté myvmg) lanzinigl qibpdss.0) mitidlocaldaagmeous
systens conprising: (a) pol %arti c acid, an ani oni c_carboxylic

( (.b)
pol ymer, amenieeh ob2Q@pam @61GaIQs),pwdsintish srthophasghrie contrerh 19 AdPRe(Sht r
atio of solj{s ( IS, | u Qs t hat
such t hat 'ItP'ﬁg &B?x!:rgeélx?a)ﬁreg? ?f%&%c% {O}Etﬂéér)@éo ub?ﬁeéoaﬁ%é%h%ﬁg#gng f%&gﬁe%t%w
"pol yaspar t iptaca€ bfl aidewt BrinstficleGR24%nvi®nmehel henbaist thiaker af250 rpinrat 38° Gher ei n
t he polyaspartic acid has average nol ecul ar weight from]l0Q00 to 10 000 and
the ratio d&r Iahours (b test watesrvas, then fltared with a Whatman #35 jilter; ghezregidyalig 11
12 13 14 1 0 200 0 ~owakne
composi ti of BFPhFale Puff ke Fefanian, 88 Bl St orthplpdd et
aver age nolcgieulagsd. itie@atculatiomwalQarried 30t 4@0llod&s. The conposition of claim
14 wherein carboxylic polymer is selected fromthe group consisting of
acrylic/sulfonic copolyners, acrylic/maleic copolyners,

phosphi. nocar boxy} gy 3-aGryli ¢l eiRc |- ed styrene,
acryli é?et hoxyl a)f’gf)éc?‘ﬁlglﬁﬁogé{@ﬁap@fl/@emwai yl ate/ vinyl acetate and

m xtures thereof. | 6. The conposition of claim1l S wherein carboxylic
polymer is an acrylic/sulfaonic copolyner having a nol e r%ti o of 3acg lic to
sul foni c of 98: 2vhege A saesidual pPREPRHAbEMRIE X, oRo TITES AN @PIWRPEH O é??pri ses
at | east one adgitli R CO e romthe group consisting of
tolyltriazole, gjeoﬁgrgp%%lz{bl gﬁgﬁﬁé‘i&%‘na@g?ﬁr@[ ybdat es, zi nc,

ort hophosphat e, and pol yphosphates. 18. A nethod for inhibiting the
formati on of phosphat e precipitation and deposits in ap. aqueous,. system

whi ch é8nprd é’é&h.eri%tl?‘aéué‘?lﬁb‘ﬁan ﬁﬂ@%%?ﬁaﬂ@t élﬁ*gﬂ'ﬁSF iGEPW@“’&‘gﬁiaggqf? iegﬁﬁc ¥ & ai m
12, 13, 14,3145 1S e i [

corrosion isﬁ flgllnf%r%hf)géhgn%aﬁn@ﬂﬁ? Peg&?%télt?g\s/dtg gﬂg&?ﬂi%ﬁ%ﬁ? kegs ér ﬁgtl go%sf
phosphate pgsempi tation.. 19. The nmethod of claim 18 wherein the pH of the

treated aqueous systemhas a pHfrom6,S tao 9, 3. .. The net hod, of claim19
wherei n sai d corfdissdatd d "li"aéleugéhlo‘?’ rﬁh“céﬁ‘é‘érﬂfraﬂdﬂ%ég‘ﬁ 6{%“9.@ tg‘b%"PBOISBtO ppm

2o 1 Oy orBbRong (A GuLyoRReR M (b ERLEM BRI 2Ty

conposition is used in concentrations 4 from1.0 to 20.0 ppm 15 .A . A &A
9.A {9r.A9r.A{9r.AF. A & A & AF9. A& A {9. AY{ & A {& AY&$L\ ~adgj mo
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20  phosphate inhibitors. This synergistic difference is a measure of the improved efficacy

obtained by blending PAA with the known phosphate stabilizer.

Table 11
(Addition of PAA to AR-545 at various ratios)
25
Example AR-545 PAA Ratio of Total solids % POy Synergistic
(ppm solids) | (ppm solids) solids inhibition Difference
A 4 0 4:0 0 0 NA
1 4 16 1:4 20 4.5+ 0.0 4.5
2 5 15 1:3 20 14.1x£0.5 11.5
3 6 14 1:2.3 20 92.6 £ 0.5 90.4
4 5 10 1:2 15 5.9+0.5 33
5 10 10 1:1 20 89.6+2.6 77.5

The data in Table II indicate that the addition of PAA to AR-545 improves the

phosphate stabilizing effect of AR-545 at various ratios.

30
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The data in Table IV compare phosphate stabilization for known polymeric

phosphate stabilizers to blends of these stabilizers with PAA at a 1:1 ratio.
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109%&' ()-i 109%t& ()-i 10%t& ()- EEEEEEEIDB4/ KI ;i 109%& ()-i 10%t& ()-i
1096& ()-i 109%*& ()-i 109%*& ()-i 109%t& ()- EEEEEEEt TAB4/i 10%& ()-i
109%& () WO D948 ()-i 109%& ()-i 10%& ()- /K ; EEEEEEESSBBA/USILOMSE () - i

10%#&: (%- | @8’%/ ~()-i 10%#&' ()-/ .Kl ; | 10%#& () - EEEEFFFsS3B4/ | 10%#&' ()-i
109%#& ()-1i ()-/7K ;i 10%t& ()-i 109%#t& () - FFF#F$F&F. FOS3B4/ i
109%#& (»-1 10%t& ()-/ K ;i 109#& ()-i 10%t& ()-i
109%#&' () -. F2FAF>FAFBFEFOBB4/ 1  109%#& ()-/ Kl ;i 10%#& ()-i 109%#t& ()-i
109%+& (p-i 1. A phosphate stabilizing composition for aqueous systems comprising:
4
5 (a)  polyaspartic acid, and
6
7 (b) an anionic carboxylic polymer,
8
9 such that the composition is free of a water-soluble phosphonate oligomer.
10
11 2. The composition of claim 1 wherein the polyaspartic acid has average
12 molecular weight from 1000 to 10 000 and the ratio of (a) to (b) is from 4:1 to
13 1:2
14
15 3. The composition of claim 2 wherein the anionic carboxylic copolymer has an
16 average molecular weight from 500 to 20,000.
17
18 4. The composition of claim 3 wherein carboxylic polymer is selected from the
15 group consisting of acrylic/sulfonic copolymers, acrylic/maleic copolymers,
20 phosphinocarboxylic, acrylic/maleic/sulfonated styrene,
21 acrylic/ethoxylate/acrylamide, maleic/ethylacrylate/vinyl acetate and mixtures
22 thereof.
23
24 5. The composition of claim 4 wherein carboxylic polymer is an acrylic/sulfonic
25 copolymér having a mole ratio of acrylic to sulfonic of 98:2 to 20:80.
26
27 6. The composition of claim 5, which comprises at least one additional
28 component, selected from the group consisting of tolyltriazole, benzotriazole,
29 phosphonates, molybdates, zinc, orthophosphate, and polyphosphates.
30
31 7. A method for inhibiting the formation of phosphate precipitation and deposits in
32 an aqueous system which comprises:

12



10%#&' () - EFMFQFUFR\ FaFbF_/ B4/ Kl ;i 109%#& ()-i 10%#& ()-i 109%#& ()-i

10%#& () -1 10%#& () - bFdFpFt FYFFFADB4/ KI ;i1 10%#& () -1 10%#& ()-i 10%t& ()-i
10%#& () -WODQ98689 () -1 10%#& () - FFFFFFFt T4B4/1 10%t& () -1 POHSO(I4706

109%6& (%- I 109%#& ()-i 10%#& ()- /K ; FFFFFFFsS3B4/i 109%t& ()-i 10%#& ()-1i

109#& () -1 10%#t& ()-/ Kl ;i 10%t& ()- FFFFFFFsS3B4/1 10%#& () -1 10%#& () -1
109t& (2-/ K ;i 0‘V#&ufdd-ucmg&o/ﬁ&spl)atéfﬁﬁﬁﬁEﬁgSaﬁi@bsltldﬂ)w&a{m 1§ 2% &, ¢r) - / K
L 10%#&' ()-i 10%t& (6) 109%#t&' () - GG GEEEE3B4/ i
into an aqueous$ system containing a phosphate corrosion inhibitor in
4 an amount effective to inhibit the formation of phosphate precipitation.
5
6 8. The method of claim 7 wherein the pH of the treated aqueous system has a pH
7 from 6.8 to 9.3.
8
s O The method of claim 8 wherein said composition is used in concentrations from
10 0.1 ppm to 500 ppm.
11

12 10.  The method of claim 9 wherein the pH of the treated aqueous system has a pH

13 from 8.0 to 8.6.

14

15 11.  The method of claim 10 wherein said composition is used in concentrations
16 from 1.0 to 20.0 ppm.

17

18 12. A phosphate stabilizing composition for aqueous systems comprising:

19

20 (a) polyaspartic acid,

21

22 (b)  an anionic carboxylic polymer, and

23

24 (c) a water soluble phosphonate oligomer,

25

26 where the weight ratio of solids of (a) to (b) is from about 1:9 to about 9:1, and
27 such that such that the weight ratio of water-soluble phosphonate oligomer to
28 polyaspartic acid is <1:1 or > 1:9.

29

30 13.  The composition of claim 12 wherein the polyaspartic acid has average
31 molecular weight from 1000 to 10 000 and the ratio of (a) to (b) is from 4:1 to
32 1:2

13
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109%#t&' () WO D988 () - CCEGSGVGXGZQ GdDB4/ Kl ;i 10%#& () -i 10UF&ISPY/44706
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109& () -1 10%#& ()-/ Kl ;i 10%¢ 'g)-i 0%t & ga-GGGGGGHoTSBM 10% & ()-i
109%#&' (}-/ Kl ;i average molecular weight from 500 to 20,000.

5 15.  The composition of claim 14 wherein carboxylic polymer is selected from the

6 group consisting of acrylic/sulfonic copolymers, acrylic/maleic copolymers,
7 phosphinocarboxylic, acrylic/maleic/sulfonated styrene,
8 acrylic/ethoxylate/acrylamide, maleic/ethylacrylate/vinyl acetate and mixtures
) thereof.
10

12 16.  The composition of claim 15 wherein carboxylic polymer is an acrylic/sulfonic
12 copolymer having a mole ratio of acrylic to sulfonic of 98:2 to 20:80.
13

14 17. The composition of claim 16, which comprises at least one additional

15 ‘component, selected from the group consisting of tolyltriazole, benzotriazole,
16 phosphonates, molybdates, zinc, orthophosphate, and polyphosphates.
17

18 18. A method for inhibiting the formation of phosphate precipitation and deposits in

19 an aqueous system which comprises:

20

21 introducing a phosphate stabilizing composition of claim 12, 13, 14, 15,
.22 16, or 17 an aqueous System containing a phosphate corrosion inhibitor

23 in an amount effective to inhibit the formation of phosphate

24 precipitation.

25

26 19.  The method of claim 18 wherein the pH of the treated aqueous system has a pH
27 from 6.8 to 9.3.

28

29 20.  The method of claim 19 wherein said composition is used in concentrations
30 from 0.1 ppm to 500 ppm.

31

32 21 The method of claim 20 wherein the pH of the treated aqueous system has a pH

14
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