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COMPCSI TI ON FI ELD OF THE INVENTION s 'This invention relates to a scale
and/ or corrosion inhibiting conpositions for agueous systens conprising (a)

.pol'yaspattic acid, and (6)scAMRARD/GI® CORKOSIONINAPBAIRE COMPORETION he
conpositions are effective scale 1 nhibitors and corrosion inhibitors, but

are ‘al so advant ageous froman enviro m ecause they are
non-toxic, contain no heavy netals, an hgj\?‘eﬁ?iﬁtt e mngphorus. to They
al so have sigaifcapt cal cidnlharda I ahl or ine
Stabl o BACKGROUND GF TN RUENPR ene 1ot fa afder 2asft TN b RBRoB
or mning systens conguédusspsteiny edmprising ke polygspamitsacidy anki (i wated solghlound
reservoirs. Such water, contai,ng dissalved inorgani.c salts.. Wen this water
circulates through t hRMOFRISTated pligamen eefﬁﬂp?fﬁ'BF'Tg"ﬁ’geﬂEe W&r‘%a?ﬁ ‘Hﬁl‘\g‘%&soadlpi ng
system a portion of tdeerosiad ighibitdis, bftste dlbd@ddaftafedts fvm@inairdriiental staalmint

i ncreases the concentration of inorganic.salts in. the St | f .the

sol ubility of these sXf3use Ry gneRdpxle. °?’§a“é%@é'ﬂ'erﬂ‘)talf3r“’é@/‘5f Eglf PRATPRRFYY ¢ ake
place) As tile salds THe@als@hdvabignifidhni dARiunliaRIness kolGaticé adtrexdhloingBréing g
systen) they form scale or deposits. The scale Inhibits effective heat
transfer, restricts 1980/ | ow of the wat er, and pronotes the devel opnent of
under deposit corrosion. Consequently, it is necessary to renove the scale

by cleaning. Such cleaning is expRAUREROCNDURETRR INURNTIGNt nust be
shut down, | abor costs are incurred) and production is delayed. In view of

these problens, preventin i 104 | RBlirgSr RISV L&hk dofheSEdth RvdrS RN -
Scal e formation céﬁ be inﬁ\lfage?tggeegu[)@ ng%!l ng ag gequeggs?etﬁs%ng _grﬁc .e‘llét {Br%g’
conpound to the wat erpondseagfiamnndssgroundmeserypits. Suabuvaterspntains dissolved inorganic

chel ati ng/ sequesteri I I InCdRl i ggg}g@; fpased
upon the anount of ca@ﬁ%ﬂgygﬁﬁ&%%%%%&g%%gﬁg n Eaﬂ}l%goaeogs' srilstem
cl eaned. This net hod aolingsysiamlagoiting piithe water iy lgst dygre theievaportion. (idis increases
oustomarily used, Mor [ | SHQV " i n
conmpounds perforned atge %ﬁ%ﬁ@%&%@ﬁ%ﬁ&élﬁé@%ﬁ% blff?%er%éﬁ H@@E"S%%%‘%s are
used in significaet| ywdteisacdelaln pebipitation eitkthkeiptacnount s and are known as

"threshol d i nhibitors". anpl of.. *166166* * 10002*,, 1 200
threshol d inhibitors ar e%ﬁ%ﬂﬁ%ﬁfﬁ‘@@%ﬂ’éﬁwi"@ﬂ SE%':GB?%“MM syfto, 4y Yo

acryli e/ mal ei ¢/ sul f orscdle frGleporRy. SThe EcaleQftibil RFf¢cHvedREt AR @ restidts the flow sfthsuch
as phosphonates) inorganic Bhosghglt ﬁs‘) azol es, .zinc, and,nol ybdate @r.e
often used with scal §"3SAPHPREPES b Aevgignment BlepPaRrPSiop: F‘TCB‘FH% &
wat er treat rr:s nt ch Ie M reedsSary el Hﬁogeths sﬁn\biy r‘ctaﬁdi.rtgef rstxaulhdlganjag &%Rﬁeﬁﬂ%ﬁbﬁcausc

Envi ronnental regul ati ons prohibit e use of sych corrosion inhibitors as
chromates and restri c?ﬂ\“B‘H%"RE‘r“étbﬁBW"{?WE\)éPémmﬁ?ﬁncﬁ‘ﬁ%d?ﬂ%dep%@c?ﬂs g”ﬁ?f&/ In

netal s. The trend i s \idvser e Rotlend tiverdtin® e R BSHnatdRaThreRN&d th Bale rathidval.
nontoxi c, have little or no phosphorus, have high calci um hardness

tol erance, are chlori nel bPififeranadenan be inbihided by adding asapuesteringor pelatingi gh
scal e and corr osi on hLhAARG gl uBRRRHER sfert NS Emb AL  BPRBIAca kB 05t Of

wat er has increased, causing higher reuse’higher cooling cycles whic
results in cooling wepapangreguediigasteichiomeiriramonn dasad kpenithe ampuntoficalsivm . U, S,

Patent 5,523, 023 ol al #iadiiGRURAR! ih 1 IS Wil Li LOIYARARLAIG e B1d and

phosphonobut ane tricarboxylic acid which are”use or a I ae cl eaners,
U.S. is Patent 5,386, igdstiahi iscknsasive aad nritestompglyutséde ni xt ure of pli osphonat ed

ol i goners havi ng the gene Ayl a; . H R0~ .00 M.. rel st
one R group in each unit 1f'@'leafitt %6@?7?‘ ag?:hgz_'@?é%eu‘fdﬁ %ﬁ%m\c’)\érs%fgdngﬁ%gfﬁh%go
group and the other R&s bigidypiiteieatctalaialibilves. tSneh @apeundsjre oved ihi dignificently I&eem  t he
First Rgroup, s g g iOmetio Ssunts ahd bl Bioon s “thRrhai MaRRors ! BAKPRS of

AR I

66*
*1661 *G00002*



sul phato, C, _, alkyl, G ., elkeayl group or a carboxyl ate, ph4sph@r1-cMAY 2003
I

sul phor~o, sul phato, and/or hydroxy substituted G., alkyl or G _~ al i<eny
‘group) and each Ivl is a cativn such that the phosphonated oligQrer is

water soluble and n is 1 tq,6,. These 25 conpositions, jnhibit scale .

formati on and/or the ékﬂfspﬂgf'gﬁ‘tﬁtf‘ WP%?P“’@?‘{)%@@a’a?bs°§’ﬁi5é‘ﬂ'¥llg°"_§%’§f’§#§‘.“° SUMVARY
OF THE | NVENTI ON 30 ThbEmer ¥eddbhiPert, bctosion inRibi¥éralls@chiafipHobihbrahs, iﬁcﬂ?«ﬁ&r
corrosion inhibiting conpositions for aqueous systenms such as cooling

waters, mning wat er s phsahates, agoles, zinc, angsolytats, apreafien used #ith seale édubitersvi ng hi gh
| evel s of hardness and al kﬁlﬂ@ﬁ@){? %@ﬁ“ﬁﬁa&%g"ﬂﬁg : &Phﬁéﬁhlsé@ltb@' wat er

sol ubl e pol yaspartic acid; an ter sol osphonat ol'i goner
havi ng t he gener al sf oensidoamentfligeiRepdtile. Enpitprmentaigegutationsiprohibit theaus of sushe R

group in each unit is o CH .or p nd. t he
ot her R group which rrﬁ%qblent%l;bec’ggérrehmg%l,[egg‘?dtrgilq‘??lg}sea%tm%@o&]anlﬁﬁtgfo? iqges"?e%
group) is hydrogen or skhhé2@Obtallayithe oendlis alghrospd oatbarestmethehamicals theydiahen- C,

allryl, C _, alkenyl group or.a carboxyl at hosphon sul phono, sul phato:
and/ or hydroxy substi ?"df‘e vﬁ[ltilic’ra’f"l!’s?s]’%?msc,ﬁé"ﬁg‘fgc ﬁl‘ﬁ’gﬁ%eﬁr“gﬁrﬂ‘}“aﬁj each M
is a cation such that clilbrheploadp bl 2d anthé gaeEme hove high edaleatd todosionéftcady.i S 1
to 6, typically > 1 aBd < 6} I n ampunt effecti%ge to i.nhibit scale
formation. The eorBosPEBHOT P I§W5’F1§‘}t§fl?e€°% VIR “t"l‘F_é"?“_Ffﬂ‘H""b‘fgth‘@E"a! etoa
greater extent than m&meﬂﬁmeﬁglcadw‘ﬂmqésp&m coolifd Ratbrd WP hibh BRdRGLYT tY
of the individual 20 conponents- The conpositions are environnental ly
desirgbl e because theykﬁwmﬁnispxi c, contain no heavy netals, and have |ow
ox no phosphorus. They haves Pa@htisi$26,851 felaRMoGhbilpdskBh0RESidePoFLPREE acid ! ©
ehl orine/brom ne stable, and also ' effectively inhibit coaosion. zs BEST
MObE A, NA OTHE~t MODEZMd@besphanebiitane frjcatspxylin acid whirheare usad for elisaline elpgsersi ViSon i s
a water sol uble pakyaspat s bes 136 dlclosts QatedoROR Gibxedt of hbsndrAU@Blidopiads t he
term " pol yaspartic ac?d'_‘ s'?lal I bfeéc?:g?lgs)??ﬁllejsgﬂt oglﬁxr?%l ad% %a+ts ané(? :
derivatives of pol yashsyingitie gsesra forpulayespartic aci d,

H{CHRCHR],--POM,

wherein at least one R group in each unit is a COOM, CH,0H, sulphono, ot
20 phosphotio group and the other R group which may be the same as, or different
from, the first R group, is hydregen or a COOM, hydroxyl, phosphono sulphono,
sulphato, C,,alkyl, C,, alkenyl group or a carboxylate, phosphonoe, sulphono,
sulphato, and/or hydroxy substituted C, ;alkyl or C,; alkeny! group, and each M is a
cation such that the phosphonated oligomer is water soluble and n is | to 6. These
25  compositions inhibit scale formation and/or the corrosion of retal exposed to

aqueous systems.

SUMMARY OF THE INVENTION

30 This invention relates to §cale inhibiting and/or corrosion inhibiting

compoesitions for aqueous systems such as cooling waters, mining waters and



30 ~ salts thereof, and derivatives of polyaspartic acid are well Qnﬁmeﬁqmﬁ3
are desexibtd in U S Patent 5,523,023 which is hereby incorporated by

ref erence. Preferably used is polyaspartic acid having a nol ecul ar wei ght,
according to gel-perneation 3 2 ~ MAY 203 chromat ographi ¢ anal ysi s)  of
from 500 to 10, 000, pr efothemtsl yatdrs bodnethighdevels of hardssss apgd alkalinia| Jhexomperitiogs
4,000) The polyaspartigo i 1s preferably used as a salt, ire particular
as a sodiumsalt or potassiumsalt, Wether polyaspartic acid is used in
the formof an acid ar a salt depends upon the pH of the agueous system
treated. 5 Preferably the zgltsagnrgahﬁgs ar%hcaagjddare sodiurrt salts.
Derivatives of polyaspatti aci 4V 0% exBTpr e gnﬂyﬁPldes of pol yaspartic
acid, which can conyert into polyaspartic acid as a result of hydrolysis

undar use conditions, aiso gan bt used. onent ..(b f the scalge

i nhi-bi tor conposition is a (ﬁ?/at e?wgﬂlsag?lﬁl’qﬁ%ﬁ%ﬁgéﬁ%%gwgl@ BRSTYaREs o ¢ |
preferably a sodiumsalt, typically found as 1o m xture of oligoners. These
oligoners are described ira U'S, Patent 5,386 0%? whi ch hereby is

i ncorporated by reference. The general str ¢GRI EMN:a for these water
sol ubl e phosphonocarboxylic oligoner salts is: _ HCHRCHRle -PO-IVlIz is
wherein at |east one R group in, each unit is a COOM CHt OH, sul phono, or
phosphono group and®t he ot F&preiR shleastgne Riareun ingesh it is HEOONREHQH, sylphone, or
di,ff'ereat from the first i I
phosphono s~tl| phono, sul ph &S%@??’?uﬂaﬁﬁé%%gf?mﬁﬁeﬁy greolﬂ%%rg)%m
carboxyl ate, zo phosphono, diffsteptfour thedicst Blgeoup, is lydubger orlayGOAMHydeuydst i t ut ed

C ,~ alkyl or G _y al kenyl e LS eatipn such that .th
ph, osphonat ed ol i gomer is \Rg{s T %%iﬂuﬂg °éﬁﬁa%34¥hé'i’§l b 'da%fnyiﬁr&l%‘e’arlalcyngy‘iateand
< 6. ' Preferably used as {phwpheat,eulplmob, siipsig e hydnowysulstiryediQ;. , aityil golyer

salts are salts hayjing the i n i fic_versiaon,of bove. gener al
structural fornul a?ﬂ 25 | ~[ 8&%&% g’&%?c?’%sl\alacﬁ%ﬁgbﬁg%&ﬁﬁgéc’ggm%ﬁtﬁyéﬁgmﬁ’%
wei ght ratio of phosphonat etterdoluljlomed n is d to) typasiher t arel <af; irdanaminf effeedvBio | to

1: 13, 30 preferably 4:1 to,1:9) e prefbrably &rn 1;4 to 1:9. 4 21
MAY' ~~~3 For sone appli caﬂ*‘gﬁ cz‘i[lT"%P‘;‘i"'g’ﬁiﬂ’eferabl e to add a water sol uble

copol ymer to the scal e i nhiThd dompgsithasnesintreient betake théy isiBieeale to a greater
phosphi nocar boxylic polynmer, malefic acid or malefic anhydride

. 1 1.C AL RO y.Irer,
aerylit polymer, methdHine ﬁﬁlﬁ?ﬁ’é‘?d BrYep W o Srerscalegpybis Vil qfthednditidnal ¢
and/ or phosphi no f snetdopiparehts. I TRE comPoifists Al leXvirdnA&ntAlly ldediabik B&Bﬁ@ tieP B hyTer S
or acrylic/maleic copolyners. Oher optional conponénts I nclude
phosphor i obut ane tri caPBHEAHBIBRRY, mata, gidhayelow peno Rhipsphongh cBish bave,
pol yphosphat es, hydr oxyaidut: kASRemPhRAASIHANA! e Aokl bBRiRdmblk] kARLY | 0ae
.phosphoni e acid). The scal e inhibiting conpositions inhibit the Tormation
of cal ci um carbonat e, °ffectively dphibii coppRiffphat e, cal ci um sul fate, and ot her
scale formng species. They are ' particularly useful is the pH range of

8.0 to 9.0 and at rr~peratures of 6 nhl bi ting
je BEGubBESD oHifidinfks

conpositions are used at the m ni num dosage ppm preferably in a
dosage of 5.0 to 500. 0 pp&mﬁﬂéﬁﬁ (apgﬁﬁee;cﬁp Mbl}oq'cgméa%itigg 9&'3 V‘%td??o%ble

polyaspartic acid. For putposes of this invention, the term “polyaspartic acid” shall

be construed to include salts and derivatives of polyaspartic acid. Polyaspartic acid,
30 salts thereof, and derivatives of polyaspartic acid are well known and are deseribed
in U.S. Patent 5,523,023 which /is hereby incorporated by reference. Preferably

used is polyaspartic acid having a molecular weight, according to gel-perreation



15 ASBR~Vr ATY~-NS ' ~~ The followi ng are the abbreviations used in th
exanmpl es: AA: AAMPS ACI R 2000 acrylic/sul foz~ic copol ymer, manufact ur§d1 MAY 2003
Rohm&Hass Co. zo AR-540 acryliclsul fonlc Copol ymer manufactured by Al eo

Chem cal, Inc. BTC phosphonobutane .tricarboxyl i idalso.i.sho S

Bayhi bi t 25 AM rmanuf aéﬁﬁ?‘é‘&g’&}”%&%ﬁ“’ pfromy 402, 10008, Bredfimhly 1 9PLis ybod, st
"Mlineters Per 'feat. ptefefablyd,000304000( CTha @biglaspactionttd ifipreféf6Iy usetiQd a salt, in

manuf aci urcd by o Bayer Co:. 5 ??é 1 Y 20D, P agli_‘e‘g%s i xt u,re,é),f di

pl ~osphonocar boxyl i ¢ a@FleHArEgbipdium salt on potassiym, st Whethesp §acid Is used In
manuf actured by Al bri ghfededraRikid 1@ salddper AR RSHMT e Aqiethd s9uteniirbded,
illustrate specific enbodi nents of the 5 invention. They arc not consi dered

to linit the applicdti Srfessblythe slts of\pelyespestic acid arg spdiumyselismPerivativestof pelyaspatisy
enbodi nents will be usgful %MD : 0 j bition)
to Scal e inhibition fa?élglg?/té:r a s@%dfﬁqﬁ?ﬁﬁsf%‘a%@ég@éﬁ%gg%%ﬁ?lnmg pCM and

PAA wer e eval uat ed wi t polydypartic agidcha e teswtdfhydrolysismidonae enditiodscalsctcersbe us&kver al
controls were al so eval uat e, |. | ved addjn he.test scal e
i nhi bitor conposition (annﬁér%tmpg%gtc H}(ehc?fdsf%rlle "Fléugl?‘ée}?mmeslﬁan {slag'jahf "(‘)°h'é'1’?°sol ution
conprising 90.0 ml of BPhosplenearbo:§lipolidomef sallpreftrably atodiusalt ttypidally ot dson

(14.7 g of Cad z.2H.Onj.t 7 . of. the al kal init (o] j on
((1.59 g of NasCO, '3~ t”%‘%’z EJ“(r)ﬁg"'%é%c@fﬁ"/"F‘F‘%“é“r”)“? %“%‘G"i‘lz‘%)bﬁitpéﬁé‘i%gb'lﬁ ask.
The resulting initial whishhengiyésingeposandibe referewes.c ThegeneralutrudagralGatiola far o
ppm total alkalinity as CaCO = 500 mand.pH = 8.5). The flasks were

t hen covered and put oﬁﬂtafse-@s’i‘°5§1°n%‘8%°¥@n=°&£°"fésaﬁﬁ’azs. After the shaker
time ended, 20 the entire test solution volunme was filtrated through
VWhatman # 5 filter paper. The filtrate was then titrated with 0.011V1l EDTA
solution to determ ne the anobunt of calci urH[FBﬁEHﬁlmgO% the test solution.

The results are seti;sforth in the Tables | and 11, wherg, each % i nhibition

is an average of 5 repetitiogns and where the % cal cium.inhibition was
cal cul ated as fol | ows: 25 THFESEbE 9as15 $5pupiippach upit iyp COOM, CH,0H, sulphono, or

phosphono group and the other R group which may be the same as, or
different from, the first R group, is hydrogen or a COOM, hydroxyl,
phosphono sulphono, sulphato, C, ;alkyl, C, , alkeny! group or a carboxylate,

20 phosphono, sulphono, sulphato, and/or hydroxyl substituted C, ,alkyl oz C, 4
alkenyl group, and each M is a cation such that the phosphonated oligamer is
water soluble and n is 1 10 6, typically > 1 and < 6.
Preferably used as the water soluble phosphonecarboxylic oligomer salts are
salts having the following specific version of the above general structural formula:
25
H[CH(CO,Na)-CH(CO,Na)],PO,Na,

where “n” <5.

The weight ratio of phosphonated oligomer to polyaspartic acid is from 8:1 to 1:12,
30  preferably 4:1 to 1:9, more preferably from 1:4 to 1:9.



[(ppm A - ppm B) - (500 - ppmB)] x 1Q0 where: 30 500 - initial 21%2%‘3
concentration of 500 ppm as CaC03 ppm 6 2 1 MAY' 200 ppnn A = cél
concentration as ppmof CaCO- in the filtrate, after thetestlng and ppm B

= cal ci um concentrati on as m of 03.is t a ter he t,esti ng.
"2 ~ 1~1" 2Q03 TABLE I TI SP PREHSRCRSHYp R "P’%&ﬂ’gﬁ)&“ﬁﬁﬂ“fb © %W"éo‘ﬁu ds
p~m'solids ratio % Tl e Qhﬂltﬁ%&ﬁn&s@& fortinstAnde R&pﬂn&m@o‘@ll&pﬁﬁn& hal€ic Beid 2. 5

12.5 1:1 56.8 f 4,9 to 5. Dt 6. 12191Moe~3125
22,5 1:9 57.4 t 4.0 0,9 maisicpnhydside pojymgr,acryliep W%HE“P@EEHFE ehamd it | show

the Q@ TI for PCM PAA Q?(ﬂﬂﬂés mﬁhﬁxf‘émaﬁrdﬂir FEB dmno%&ﬁsﬂanuésrﬁefsﬁﬁlyd for
PCM PA. A bl ends having from 4: 1:9 ratio espeC|aIIytom14to
1: 9 ppmsolids rati®s. acrvadnéfompcmqbwsmtoh@crxé@m@&@epqlmmts fromthe Table |

pl us additional test resul

whet her the PCM PAA bl endsb\%" %g‘éaih?’g‘ {’&g‘%‘g“}a" %oﬁgﬁ&&@ﬁ%?ﬁ&@%@ﬂ C

EFFECT OF BLENDS PCM- talyliezole,rorttophibdphete, ablpptmsphates)hyidroxy @hy lideteAliphofphbuic dcidn
. PGM PAA bl ends  Pr edi Casnefr(xj tri r;[xozldi?rlune ;-:rl'losphomc acid).

The scale inhibiting compositions inhibit the formation of calcium carbonate,

10 caleiwn phosphate, cal¢ium sulfate, and other scale forming species. They are
' particularly useful in the pH range of 8.0 to 9.0 and at temperatures of 40°C to 65°C.,
The scale inhibiting compositions are used at the minimum dosage of 0.1 ppmn, but
preferably in a dosage of 5.0 to 500. 0 ppm, most preferably 10.0 to 200. 0 ppm.

15 ABBREVIATIONS '+

The following are the abbreviations used in the examples:

AAAAMPS ACUMER 2000 acrylic/sulfonic copolymer, manufactured by
Rohmé&Haas Co.
20
AR-540 acrylic/sulfonic copolymer manufactured by Alco Chemical,
Inc.
BTC phosphonobutane tricarboxylic acid also known as Bayhibit
25 AM, manufactured by Bayer Co.
MPY corrosion rate in “Milimeters Per Year.
PAA polyaspartic acid known as VPOC 240!, manufactured by
30 Bayer Co.



Achieved % Tl . Increase difference % T1S.0 0.020.0 12.95 + 201 4% Még %ﬂﬁ-
1.960,0t $.13.1 21.022.9 II.13.1 +21.91:732.170, 6+3%,5~5 8.5e22.5 11.92. Q-
22.51:920.457. 4+ 37.0 25 The data in Table Il show that the blends of pCM

and PA. A achi eved signgdyccantly hig ou?@‘nﬂﬂu&’@fjﬂ?s?h&rﬁ%oﬁ Rrheididiigémdrdos e
|

whi ch have been theoretically predicted.. The erence between the
achi eved val ues and predicted val uesslts knopynds BRGORR 288, magufsgtuddpy g 2 ~

s~~~ 200 ' ' EXALVIPLE 2 (9pi nner B#%BE}?&%QM% Test Met hod) The
ee 1

conpositioas were also tested on m 0) test coupons as '
corrosion inhibitors. The TheSxampleswiiichfhlldBowillokbistate Fesifie emprdimenis df the

eval uate 5 conpositjons, JTft rocedur e i nyol.v addi tha.t. :COIJ.0Si on
i nhi bi tor conposi tigon l{“éfﬁ%?fhﬁ-h pséccﬁgf%’gld%rﬁ%?é %(e{hel ﬁpglfcgg%i Dg%é%'ﬁuehi%h Itlr'g a
test jar) conprising Zoftemplited that@the imbodirents wilDik Befifl of the hardness stock
solution (70.fi g of CaCl=.2H O plus 42,0 g of MyCl =. 6HO per liter), and
100.0 mM of the alkalinity stock solution (8.5 g Na~CO, plus 20.2 g of
NaHCO plus 35.5 g of Ns~S04 per liter). ThxamPred 1to the water was

adjusted to 8 $. The nmild steel coup r us d into the water in
the test jar ot~ the spindle which i &]%ﬁ’:g%gﬁﬁf&ﬂg’gm?@ the drive,train.
The heat was funmedion and S ikEHTHGY fof ddveeal daleliftEbile! idndyY\hitalnifg HOM R AR
50C. The drivetrain was funmed on at its standard speed, After 4 full days

) p
the system was fumed ofeFevaliRiphwith thesisndud caleiira sarbanate shakeriest Sexeral ceBPlsosi on
rate as MPY was 15 calyad Mo@Valuatddhe results are set forth in the Table I
as Eli average of 2 repetitions. The results of this coaosion test are
shown in Table Il which fGhermgsdureinglved pdding taptestscpls inpbigpeamuoritiay(mrount

CORI t CSI ON >CEST) 20P : i , . -
sol i dsMPY25. 00. 020. 12%@88* -%?tgg g‘}gf@é? {flion comprising 90.0 m! of DI warer, 5.0 ml of
10. 015. 06. 15. 020. 0150, 8ite BREmGHBsdtian (. hawf\GaCl, 2HOitorrad §18 auilt ofthelalkalinity
insuti 'tei~nt corrosi i nhi bj a d e, T I of this
tost confirmthis.  TheSreidiibRlcs e MiRlod, HEeenER it TakAl Salty !
PCMis a weak and | nsulsk dherssultingrinitiaitestwateripadginttens wedeo vadalam as QdGnesonf PCM
and PAA are shown to .. r Lesion fatgs,, dndi cating cprrosion
i nhi bition synergy be?%gﬁ%@%&&%EQE ity aélgPﬁé'ssl'%'nﬂf‘entﬁais%i‘%feo‘ﬁmr ate
for the PAA al one is roteredhadput bma shakdr et S0PC foe thL&bus. Adantiie shaledr émeagied,
deposited on coupops acrd.ther re conpari.so i th e rest of
t esti ng(coupons fr€e g}e °§%’5F°é‘)£(xg%n V&?%waﬁgfq?%ﬂm&“gh%ammis filter paper. The
filtrate was then titrated with 0.01 M EDTA solution to determine the amount of
calcium remaining in the test solution. The results are set forth in the Tables I and
II, where each % inhibition is an average of S repetitions and where the % calcium
inhibition was calculated as follows:

25
% Threshold inhibition ( % T1) =

[((ppm A -ppmB) = (500-ppm B)] x 100
where:
30 '

500 = initial calcium concentration of 500 ppm as CaCO, ppm;



2 1 MAY 2003 CLAIMS W claim 5 1. A scale andlor corrosion |nh|b|térg
conposition conprising: (a) polyaspartic said; and (b) a water solu MAY 203
phosphonat e ol i gonmer salt having the general 1 o fornula: H CHRCHR] o - POBMB
wherein at | east one R group in each unit is a COOM CH=OH, sul phono, or |5
phosphoao group and the other R group mhich naybe t he sane as, or different
from the ~t R goup) is hydro en or a droxyl fphos ono. sul phono,

sul phato, C,,y $lkyl) C,. Syl E)"tl"é‘ﬁ'bc"&FmH“ Hg"s

sul phono, sul phata, and/ or hydr oXxy M%kgsﬁggegldc ~ al kyI or C .~ al kenyl
group, aad each Mis a cation such that the phosphonated ol i gomer is water
soluble arid nis 1 to 6, 20 preferably > 1 and < 6, and such that wei ght

ratio of (b) to (a)sis fromfplto dy co%cen&hﬁn idaCON Qe Wil M 1
wherein the water soluble E%osphonate Z9 ol i gone as t he Pbrnu | a:
H CH(GOzNa) - CH( CO~-Na) ] al 2?0, | Vas whenfter thatesting. 1 to S. 30" 2 1 MAY 2003

3, The conposition of claim2 wherein the polyaspartic acid is sel ected
fromthe group consisting of polyaspartic acid, salts thereof, derivatives
thereof, slid mxtures thereof. S 4. The conposition of claim3 wherein the
wei ght ratio of phospltorlated oligonmer to polyaspartic acid tois from4:1
to 1:9. 5. The conposition of claim4 wherein the average nol ecul ar wei ght
of the polyaspartic avid is from500 to 10,000 as determ ned by

gel -perneation 10 chromatography. 6, The conposition of claimS which
conprises at Least one additional conponent selected fromthe group
consisting of acrylic/sulfonic copolyners) acrylidmal eic copolyners, and

m xtures thereof. LS 'y, ?. The conposition of claim®6 wherein the weight
rati o of phosphonated oligoner to pol yaspertic acid tois from1:4 to 1:09.
8. The conmpositiotl of claim7 Werein the average nol ecul ar wei ght of the
20 polyaspartic acid is from 2,000 to 4,000 as determ ned by gel - perneation
chr omat ogr aphy. 9. The conposition of claim8 which coliprises at |east one
addi ti onal eoenponent selected fromthe group consisting of tolyltciazole,
benzotti azol e, Zs orthophosphate, and pol yphosphates. 10. A ntthod for
inhibiting the formation of scale in an aqueous system conprising; m



2 1 MAY 2003 i htroducing the conposition of clains 1, 2, 3, 4, 5, 6,47 ﬁ
or 9 into said aqueous systemin an anount e~'ective to inhibit the 21 Y 2003
formati on of sole. 11. The method of claim 10 wherein said conposition is

used itt concentrations $orn 5 ppta to 20Q ppm 12. The nethod of claim 11
wherein said scale is cal ciuaz carbonate. l%mmt hod for inhibiting the
formation corrosion in as aqueous sy oy oduci ng the
conposition of clains 1, 2, 3, 4, S, Sié')efp ,é%ﬁggpgpgb§ai d aqueous system
in a coaosioa Inhiblt>hg amount. is 14. The nethod of claim 13 wherein said

conposition is usedsin conc@M ati onBAfAr om SEEMIPAA0 200 ppm Vii.
AN AL A AY. ALl . A . A . A~ ppr%lid9o. pom gids $$84&i0$C % T1

a] ca] ca) ca] ca] ca] ca] ca] ca] calffcalc 125 1:1 56849

a] cal] ca] ca] c<a] cajeca] ca] cap®al] ca] caf.ta] ca] cal)] cal] ca] cab®o = 6.0

a! BCNP[ +=LeV- q+| #t nSzupkf a\ Wi] ca] ca] eg§ ca] ca] ha] ca] c 70.6 +3.1

a] caU] ca] ca] ca] ca] ca] ca] ca] ea] ca] ca] gajca] ca] pg ca] ca] ca] spdkga] cajc al]c
ajca]cal: PruUtc!!"""8$5%890Y000&| &8Kk&&&&' K' 6.5 ] ({upkfa\ W.dl¢g] calca]calc
a] cal] ca] calU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] c$a] ca] ca] ca]
ca] ca]ca] ca]cal] ((1s The results in Table I show the % TI for PCM/PAA blends. The synergism
YY) FAp, N, e n e B oo o] tngn]omnns 5 > C {vglghy VK a\ V] U ¢ aul

Al cal cal cal cal ¢ id lesly indicated for PEM/PAA blsrids hevin Homm 4:1 to 19 dofids ralor
a] i?aU% ca] cal] ca] cal] cakgeaiulietdd 2whe R gahhdlial aAdscal] cal cal ca] ca] ca] ca] ca] caj
caj caj Ca

C.a.c....G 0000000111#1G1UT3%lq [ ehpys Se selecsed zesplisdiom the Tabie ks additionaljtesh U] ca] ca

Il oN A\ 0
chUl o8] cal onal call cas s 1T aE Re S F s R0R By BR e AR RRLC ) Cl

- {vagkf a[ VKkf a\ V] | cadd] c akiibi} evaesgism] c" a] ca] ca] ca] ca] ca] ca] c$a] ca] ca] cal] ca] cau
] ca] ca] c*a] cal] ca] ca] caU] ca] caU] ca] cal] ca]ca]c. a

;5 B==A>a>{>| >>>>>-?2D???7@ @4 QLK@ @ @ C} xr mgb] XSkf ] ca] ca] ca] cau
] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca C

a] caD*] ca] ca] ca] ca] ca] ca] cal] ca] camﬁ&fgﬁ% fﬁ}‘ENﬁH]

| CqC~CDz DDEs EuEEEEF?’:‘;'@,f@?@'@{@@q@;@he

cal] ca] caU] ca] cal] ca]|caU[ca] caUcaJca] cla] caU] ca]C

] cal] ca] ca] calU] ca] ca]ica] ca] calfca] c" a] cq=HomMH PARYR' .( ) Prepicled ¥dkct(eyed Fincrease difference

109 () - FY109%&' () - L1Q%E 9'PAmOZRTY ) - * ppf). + 1 'PTI] . %TL .

GLO%& ()-310%& ()-, z1G9%& % [ RBORIZE) . - i5P30R: ()1:?*“3352 60.0 +8.]

xWU3! PSMBLO%& () - ! SMpSReal ety - L1aRq e, 131%2l9 17 Jal 706 383

& ()-! SMBLO%s<&’ ()z-f! SR 100 OO ol BT A5 11 oM ioucieh [ TED 100

& ()-y&10%0& ()-3 10 10 1Q2MLOY& ) - l\/$0‘V'§ -.0* XO~\:1

$109%& ()-y!!' 109%& ()-f @ 1 %@‘Pﬁf’éﬂ ‘?6‘%%3!9@%? ‘gfi“%é'ﬁ%%""‘z*whv)@!fsy 10%n
m significantly higher % TI values (achieved) than those which have been theoretically

predicted, The difference between the achieved values and predicted values ranged
from 8.1% to 38.5%.



& ()-0@B}"?~\: I L7  10%08 ()-q 1wl0%0& ()- yS)10% & ()-!yS) 10% ()-!yS) 10% E)
& ()- ' 910%0%' () - BCEFHI JKLzbl > 100 =s* 10%0&' ()- Ys*) =s*10%08 () 9¥] MAY 2003
=s* 10%08 () - Ys* =s*10%0& ()-Y =s*10%0& ()- YLMN eD>! 10 @ 10%k)F& () -

10%k) F& ()- @10%k)F& ()- @O%kK)F& ()- g & ()-m 100 100+=L]| [ : D>!

S 109%0k) 9&' ()-y S 10%k) 4& ()-y 10%k) F& ()- ' 10%8k)B& ()-y 10%k)F& ()-
@109%) & ()- LeV|[:D>! y&LO%kK)F& ()SpinteBmiTonagor TesyMethoddi-k) F& ()- vy

7100 FE () Sf/‘;sé G T bl bars Il st s&&iﬁ@é’;&% s

)S C%L%F/(l;o) g&( §§ +]|c iﬁg n T &Wsmiﬁﬁ?m ‘(S):mnéfﬁhﬁ%b?rfsu@?esgk@w/ e&to(e)/al;ates 10% +
0, Od-* 0, 0, 00 *
& ()-z R3( 103% M_&3() ¢ &'}”@* B '%"z*’d}‘ﬁ‘ "i‘%{?ﬂ&‘[\@ﬁ‘?g g“’?‘%‘l °”°"I‘i‘b‘§}i‘§}

PIRIS!I TIU c! | obU4! ' | L68gcsition (mnfbﬂdt’%ﬂeﬁrﬁéd&ﬂ’&bIBm)lﬂﬁ/ddh&oﬁha 6 j@%ﬁ:ﬁm@gn

3(1098& ()-z 3(10% &' ()-zg! 109

i (100 0O - (<| ( & Jrs&grfgr water, @b%@%‘,&h@e SR geliton % (406 g of CaCl, 28,0
0%; & ()- 8$5%<(°)/W@/&| [ phisdd.0 g?fME@Q%ﬁf@ fet L@, 'é@?ﬁo& rﬁl)uftﬂe alk@fifi§ sfotk $Bhution

\13%? YfgL) ()Z %(%) 10 10 §F£‘m%£@1&5 %925055 :&115)3 5y g°@fh§@w&hﬂ) The pH of
'F10% & ()-z" k' "' Ro] ( tHelwakekhhs adjubfeddd 8 9. &hd thild steel coupans were suspended into the water

' in the test jar on the spindle which in turn was attached to the drive train. The heat
was tumed on and the temperature of the water was maintained at 50°C. The
drivetrain was turned on at its standard speed, After 4 full days the system was
turned off, coupons removed, cleaned, weighted and corrosion rate as MPY was

15  calculated. The results are set forth in the Table III as 2 average of 2 repetitions.

The results of this corrosion test are shown in Table III which follows.

TABLE Il
(RESULTS OF SPINNER BATH CORROSION TEST)
20
PCM, ppm solids PAA, ppm solids MPY

25.0 0.0 20.1

20.0 5.0 9.8

15.0 10.0 6.5

25 10.0 15.0 6.1
50 20.0 10.8

0.0 25.0 NA!

PAA is known to be very weak and insufficient corrosion inhibitor when
30 used alone. The results of this test confitm this. The results of this test also show

}
/



109 ()-  h10% (). t10WR & ()-  SYL0%W~) Y& ()- YyF10%)& ()az .
)5)).’(*?*|[:bU4! @(L%cygrl) Y& ()- 910%/~) Y& ()-z | 410%/~) Y& () - &10%{2)“«31!53) 2003
Q &10%-) & ()- 10%(~) Y& ()- *p+, n,;7=[-bU4l -s* 1096~)5& ()- )10%(~) Y& ()-
%0%/~) Y& ()- @  $10%MCMYSa diak and tndufidibn) edfofipn ighibitor. However, blends of PCM and

L1096(( Y& ()--:-z-|-}-~---vUAl 10% R -& ()- . o e
"10% (R! - &'( % ) - 310Y|~) {/16&‘6)“&!3"?\5) '?gﬁ"méﬂ’;‘é‘gff’f‘?ﬁ“’%‘i“ﬁ&6‘%“&“%?)“9““‘“ inhibition
- FLOYW #W&' () - - - . 2. 3. dmbrgfbdfwietPCM abd PEMX&’ () -

(10%7) m& ()- F10-R - 10-R ~10-R - @O0%R -& ()- @0% Rl -& ()-

@O0%R -& ()-K a...G 00[[:vU4l b &10%& ()- Ml0% & ()- &10% Q% & () -
&LOUDE ()- &10%$8& ()- f10%) u& ()-00000011hH, 4q }10%M) m&' () - V&q
}10%) m& ()-Vg }10%m) m& ()-Vg }10%m) m& ()-Vg }10%r) m& ()-Vq

Y 10%1) m& ()-V S10%m) m& ()- 11 11#121<1cC, 4q }10%1 n& (q }10%m) n& ()- Vg
}10%) m&' ()-Vg }10% m& ()-Vg }10%) m& ()-Vg }10%rm m& ()-Vq

"The corrosion inhibition rate for the PAA alone is not shown in Table II because a
heavy scale was depesited on coupons and therefore comparison with the rest of
testing(coupans free of scale) would not be valid.

10
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-Vg  }10%m m& ()-Vg }10%m & ()-Vg }10%m) m& ()-Vq

-Volt 1ul~1111kK++4q }10%m) n&} ()-Vgqg } 1;)%0 Ticl(l)ll\c/:q

- Vi 10%) nm&' ()-V; clE xi zq 10% ) - V1 +q

-V;qcl}lé xi?&q }10%m m&' () - Vg }logi‘a%é()-Vq }10%m m&' () - Vg
-V1111111dD+q }10%) n& ()-V;q }10%nn& ()-Vg }10%m m& ()-Vq
-Vg }10%m) '1 J-Vg }10%m m& ()-Vg }10%n) m& ()-V1111111kK++q
-Vg  }10%n) MREEFEVG  }110%0) m&' () - Vg

5 1 A scale and/or corrosion inhibiting composition comprising:

(a) polyaspartic acid; and

(b)  a water soluble phosphonate oligomer salt having the general
10 formula:

H[CHRCHR],--PO,M,

wherein at least one R group in each unit is a COOM, CH,OH, sulphono, or
s phosphono group and the other R group which may 'be the same as, or different
from, the first R group, is hydrogen or a COOM, hydroxyl, phosphono sulphono,
sulphato, C,; alkyl, C,, alkenyl group or a carboxylate, phosphono, sulpheno,
sulphata, and/or hydroxy substituted C, , alkyl or C,; alkenyl group, and each M is a
cation such that the pliosphonated oligomer is water soluble and n is I to 6,

20  preferably > 1 and <6, and

such that weight ratio of (b) to (a) is from 8:1 to 1:12.

2. The composition of claim 1 wherein the water soluble phosphonated

25 oligomer has the formula:

H[CH(CO,Na)-CH(CO,Na)],PO,Na,

where “n” is 1 to S.

!

30




}10%m) m& () - W; c1E xizq }10%n n& ()-V11222 22C(+q }10%m) m& ()-V; c QEIMER2003
y10%my m& () - Vg } 10%n 318 (Jrhe/fbm ﬁ@o@‘@ﬁ%h‘%em the polyaspartic acid is selected from

} 10%n) &' () - V22333337323t S2 10 YIS 1006 & () -1 S/V & () - miO/ +107 +107 +
7°10% +& ()-) df &¥40% +& ()hcmmwna ofgpalyes pam\mrssmrlﬁeefséer}vmes yhereof,
s10%$& ()- Syl s' 109&* && 008 ,/& ()- hyls 10%G G () -

yls' 10% & ()- yls' 109& ()- sg'ﬂ) 110% & ()- 110%& ()- ' 110%& ()-
110% & ()- 110% & () - 510% & ()-8 818&8*8/80858eG+ ! 10% & ()- !

1006 () 110% & ()1 1 1of PP sien s ey we RGBTSR, ()

ohgomer to polyaspartic acid to is from 4:1 to 1:9.

5. The composition of claim 4 wherein the average molecular weight of the
polyaspartic acid is from 500 to 10,000 as determined by gel-permeation
10 chromatography.

6. The composition of claim 5 which comprises at least one additionel
component selected from the group consisting of acrylic/sulfonic
copolymers, acrylic/maleic copolymers, and mixtures thereof.

15 .

7. The composition of claim 6 wherein the weight ratio of phosphonated

oligomer to polyaspartic acid to is from 1:4 to 1:9.

8. The composition of ¢claim 7 wherein the average molecular weight of the
20 polyaspartic acid is from 2,000 to 4,000 as determined by gel-permeation
" chromatography.
9. The composition of claim 8 which comprises at least one additional

component selected from the group consisting of tolyltriazole, benzotriazole,
25 orthophosphate, and polyphosphates.

10. A method for inhibiting the formation of scale in an aqueous system

comprising:

1
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110% & ()- ' ! h8mBn8r8we{ 8| 8}8eG, !10% & ()- '! 110% & ()- !10% &
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aqueous system in a corrosion Inhibiting amount.

15 14.  The method of claim 13 wherein said compositidm is used in concentrations

from S ppm to 200 ppm.
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