; hi e3e2F62C (6T617.1 WO 0014467 1 PCTNS00/ 01945 SCALE AND/ OR CORROCSI ON

| NHI Bl TI'NG COVPOSI TI ON FI ELD OF THE I NVENTION 5 This invention relates to a
scal e and/or corrosion inhibiting conpositions for aqueous systens

conpri si ng wapoquetryaspartic acid, and b) a water sol ubl ePEHESIREHAL ed

ol igonmer. The conpositions are effective scale inhibitors and corrosion
inhibitors, but are SGALE ANHARGEBROSIONININBITING SOMBOMTIN ndpoi nt
because they are non-toxic, contain no heavy netals, and have little
phosphorus. They al so have si gnFIEIROF EHEINYBENTAOMess tol erance and are
chl orine/ brom ne stable. BACKGROUND OF THE | NVENTI ON 15 WAter used in

i ndustrial cooling dhisdhventign elates énsscalermed/of comosipn inbibitingl calopssitigpe fiets or
from underground reservyoirs. Such \)/vater cant aé(ns ﬂ)issolve i.norgani c salts.
Waen this wat eraqt‘:‘?oruéﬁ’(sg SOPRPHER P‘h‘%asﬂggfacé AR P BMEEE ARG o) i ng t ower s
in a cooling syshosshonAedslighinen T cbiifosiktng hreieFedtiv® bcatblifhibitort ki evapor ati on.
This increases the con %ntrﬂ;ti onﬂgfp I, nor gani gr salts in the system If the
solubility of t‘}?éfeﬂmwﬁ{ uors, pub gre\disp advantagenys fameag enyrasgiepial SidBeioti | | t ake

place. As the sgbiuse e arleRbi-adxe, bhtdil Bo héiv@ hdals, SldHadS Br1ebhApkR@. | N
system they formscale or deposits. The scale inhibits effective heat

transfer, r&strTheyglse heversigyificagt calsumypardness talsernen awgstechlorine/breming opnent  of
under deposit cogfpsi on. Consequently, it is necessary to renove the-scale
by cl eaning. Such cleaning is expensive because 25 equi pnent nust be
shut down, |abor costs are incurred, and production is del ayeﬁm“llmmuwluﬂmmm“
t hese probl ens, preventing SBACKGROUND OF THE INGESTI@N to s .
Scal e formation can be inhibited by adding a sequestering or chekeing
conpound t o014 he wat évatémpead iatmdustsiyisdoeling orlitiniAfBydms@bmas from rivers, lakes,
chel ati ng/ sequest eri 3?0 cgﬁpound re%&i I e(;Iq iﬁn a stoichi rreh,ri ¢ amount based
upon t he anountPo8fs 1o widersgound tesarpins STuGhn ke coiang disselysd H9tR3BilSs syst em
cl eaned. This raf)ohef thisRruted citdilatéstivoRiH the Reat SxcBMIRERThY EooRRE tMREsin
customarily used. Mre than 50 years ago it was discovered that certain
conpounds per f ot $peHNGSYSKMgmPpartien of the water is logt dueitthie gyapgragion. SThininexsassdunds
are used in sighLid : : t.ol qhi | ¢ e known
gtﬂif:dgfc\:@r{ya{@n $%¥§%%+J§H% ?1 thd é‘}Jgfef?lr.mItf tHe SoldBRE U heRD chit i

as "threshold inhibitors"”.
20  water is exceeded, precipitation will take place.

As the salts precipitate on the internal surface of a cooling system, they form
scale or deposits. 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

25  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.

Scale formation can be inhibited by adding a sequestering or chelating
compound to the water treatment system. The amount of a chelating/sequestering
compound required is a stoichiometric amount based upon the amount of calcium

30  and magnesium cations in the aqueous system cleaned. This method of the scale
inhibition is expensive and not customarily used.

More than 50 years ago it was discovered that certain compounds performed
as highly efficient scale inhibitors. Such compounds are used in significantly lower

than stoichiometric amounts and are known as “threshold inhibitors”. Examples of
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r: WD 00/44677 PCT/US00101945 2 threshold inhibitors are phosphonates and
wat er sol uble acrylic/maleic/sulfonic polyners or copol ynmers. Corrosion
inhibitors, such as phosphonates, inorganic phosphates, azoles, zinc, and
nol ybdat e, @pGoedsi£n used with scale inhibitors. In additporuswoeisective
performance, water treatnment chem cals nust be 5 environnental ly

accept abl e. Envthreshole iihibitorsegeiplaispionstegoand Rabedr soltbie acrgléc/iaéleisdsalfondxor r osi on

i nhibitors as chrorrat es and restrictions.are ng}w$ (s\:n?xl ent for the use of

all heavy net al RIS Of FORAYmMeLs. Homgsipn AibYors i AR PRBAYEal s t hat

are nontoxi c, hgms%plhau&stdzelesrzumpmﬂhﬁlﬂyﬂaen'etﬁe offcMBed Wil scaRliftibitgrd)ar dness
tol erance, are chlorine/hromne stable, and at the sane tinme have high

scal e and corrosi on 1Bpdditiontp effectiye performapceowatet{zeameng ehemicalidpist be  he cost
of water hassi kRl Aeloibld KRS RELAS okl hOGhe @Y Gl Whi ch
results in cooling waters wth hi gh hardness and kal1nity contents. U.S.
Pat ent 5, 523, 028orrasioatimubitors @@h@y@teﬁ paghrestaesiops arsinpy  prevajent ferr the wseafi d and
phosphonobut ane Is o) I c| eaners

U S. 15 Patent gﬁéé?%ebgg di 8¢ egl(s&elésjal%m\k/’\g d%\fa%r ‘iﬁeﬁt Jhe u':lré'fé§t1|1 %ﬁh%sphonat ed
ol i gonmer s havi nexidkave dittlerea o phasphures, ht{eﬂﬂﬂ@kﬂm/hm{émom‘mcem at | east

one R group in each hosphono grou
ona the ot her "RESPER e oAy a P ime T RER Sipie g RO he O

first R group, B&ﬁ%ﬂﬂ&@@ réqliur&ném\ﬂe cb3t @F Wiyt has RteaRAORAsiAEhigheno,
sul phato, C,., alky or a_ carboxyl ate, phosphono,

rou
sul phono, sul phﬁ“@m‘mF%}’“ﬁﬁﬁW&fﬁﬁf pn poglipgcyaters Q’Ftk§‘}gh6‘ﬁfdeﬁss andy| keny|
group, and eachgihiirdtydosaits.0on such that the phosphonat ed ol i gorrer is water
soluble and nis 1 to 6. These 25 conpositions inhibit scale formation
and/ or the corrosi onU&f Patent 815230 osslates tacompagiiens CQ’FEU%@SP“E@I\W!U THE
| NVENTI ON 30 Thbﬁdéh%%p%@ﬁc*b%&ng ?rlcﬁx‘b‘c? e Beifi SRR aleELJPfoE hlilglfn%'li’e/aﬁ’ér rosion
i nhibiting conpositions tor aq ueou systens such as cool 1 ng water's, mning
wat ers and 15 \\Pat@x}/5/846,078 &s@@*&t U@@@i@h&ﬂﬁng&m& tfphosphonaddanligothersi ng hi gh
| evel s of hardnﬁss atgd al k t{) nlty The conpositions conprise: (a) a water
sol ubl e pol yasplfFpnethegmgraliomula” 1y 3 water sol ubl e phosphonated ol i gorer
having the general fornula: H CHRCHR|H{CHRCHR] -lP@Myherein at | east one R
group in each unit is a COOM CHZCH, sul phono, or phosphono group and the
ot her R group which may be the sanme as, or different from the first R
group, is hydroggérefrat RastohdR ghiug iPeach mxpﬂaamwﬁwmh@m@mw phato, C,
al kyl, C _, alkenyl group or a carboxyl ate, phosphono,” sul phono sul phat o,
and/ or hydr 3y Bhisghqnp graug at the ofherB. groyp which-maybe deisamg ps, gf @iffrentand each M
is a cation suc S and nis 1
froh'E LR o gpaﬁs SRAYAREG b 8 UMy atoky M BRbhcRB b Phdo,

to 6, typlcally>1 nt effective t
formati on. sulphato, C,. 7alkyl Cl ; alkenyl group or a carboxylate, phosphono, sulphono,

sulphato, and/or hydroxy substituted C, ,alkyl or C, , alkenyl group, and each M is a
cation such that the phosphonated oligomer is water soluble and nis 1 to 6. These
25  compositions inhibit scale formation and/or the corrosion of metal exposed to

aqueous systems.

SUMMARY OF THE INVENTION

30 This invention relates to scale inhibiting and/or corrosion inhibiting

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



The conpositions are synergistic because they inhibit scale to a greater
extent than was expected in view of the scale inhibition activity of the

i ndi vi dual 20 conponents. The conpositions are environnentally desirable
because t hepo ara@e7mon toxi c, contain ng heavy netal s, and BCAVESH/OADOr no
phosphorus. They have significant cal ci unf hardness tol erance, are

chl ori ne/ br oni gesthermal watersphaging high leseisaaf hardndsy anddkdbinity.c dhe ownppsitioes BEST
MODE AND OTHER, = Conponent (a) of the scale inhibitor conposition is a
wat er sol ubl e pol'yaspartic acid. For purposes of this invention) the term
"pol yaspartic acid" shall be construed to include salts and derivatives of
pol yaspartic acid. Polyasparti.c .acid, 3a salts thereof, and derivatives of
pol yaspartic acid aé;)e V\éﬂ‘%eﬁﬁ?} egﬂﬁésﬁ?rg’ca‘ég’é’r“fibed in US Patent 5,523,023
which is hegeby incorporated by reference. Preferably used is polyaspartic
acid having a nol ecul ar wei ght, according tQ gel -perneation WO 00l 44677 4
PCT/ US00/ 01945 chr o<h'at oGrgirh selublp ghasghanated pliggmsg hayieg the gansrabfrgmuls; of er abl y
1,000 to 5,000, nost preferably 2,000 to 4,000. The polyaspartic acid is
preferably used as a salt, in particular as a sodiumsalt or potassium
salt. Wiether polyaspartic acid is USKHRGHRIrePQdhpm of an acid or a salt
depends upon the pH of the aqueous systemtreated. s Preferably the salts
of polyaspartic acid are sodiumsalts. Derivatives of polyaspartic acid,

for exanpl eo anhydr i wieseinft lgpst greRogotp in each whit isun COOM,CH,Obh) ndplionb,ndro

pol yaspartic acid ag a.result of olysis upder use,conditions, also can
be used. Conponent RASSPSFO gTRUP %’@é?%‘%ﬁrﬁ%%ﬁ&%%@?%aﬂ“‘? LY wat er

sol ubl e phosphonocadiffersitifiotn, @leifiqRegross s hydfvged 6 aabbuMa hedehtylim sal t,
typically found as 1o mi xture of oljgoners. These oligoners are described

in U S Patent 5, 3880Phsn RN, splabgio.iCa.r tlktor paPad BT of aFEPSEE: The
| st t I 5 0dr i
general structura ‘;}?WR@EQ};@H?“%%@E“W° ﬁ?&&@ﬁbﬁﬂﬁé@b%&ﬁ&%x@?ﬂ iC

oligoner salts is: H erein’at |l east one’'R group in

each unit 18 a CoOOMIkemKATPRD, and 9aetoMds 2 satiopisedishas the Rbesplipnasgdcplighmerds her R

group whi ch may be - Of . Qi . I . oup, is
hydr ogen or a coow‘k’ﬁf/"d‘? g@;fﬁ&ﬁ sglstgﬁbﬁgﬁé@f%%fg%%?k’s%P‘g‘ﬂgr%tg,ﬁic&sig{ al kyl ,

C, .~ al kenyl group iohibi scalerfoomayibnt e, 20 phosphono, sul phono, sul phato,
and/ or hydroxyl subsgtituted.C .7 alkyl.qr C -~ al | ,grou and each Mis
a cation such that eecoﬁlﬁ?)sétb%gﬁractsgbcr%ftfcg’ﬁﬁaé?qhgy Wﬁ@ﬁ%cﬁ‘gﬁ%ﬁ%ﬂwgnd nis 1to
6) typically >edternfithn <wds.exp¥celien aibiv\of ths&chi@inhibllidn Wetivety of thie iHdivedual
phosphonocar boxylic oligoner salts are salts having the foll ow ng specific
version of 2 hecgélmé‘“ﬁ & PTPasitiontATe pRyliropmentplfylesipable because they are non-

H[ CH( COZNa) - CH{offZdirkaliri iRl hRm¥AR! &d hve 15w-or I@&dﬁﬁm&t Thé§ hd¥e Of
phosphonat ed ol i gonmer to polyaspartic acid is from8:1 to 1:12, 30
preferably 4: 1siggfiganycal¢ippbaigdness tlerpics, are drerinedrangng steple, and also

effectively inhibit corrosion.

25 BEST MODE AND OTHER MODES

Component (a) of the scale inhibitor composition is a water soluble
polyaspartic acid. For purposes 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 described
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-permeation



i WD 00/44677 5 PCT/ US00/ 01945 For some applications it is preferable to
add a water sol uble copolyner to the t0O ~5 The follow ng are the *
abbrevi ations used in the exanples: 5 scale inhibiting conposition, for

i nst ance pQﬁ§Pﬁh9ﬁcarboxylic pol ymer, ,mal efic acid or malgirgsoatiydride
pol ymer, acrylic polynmer, methacrylic polyner and their copolyners with
sul foni ¢ and/ orchpdieaedhphic dndlysit,iof rai S00 &S 10,00ppreferddlyy G001ty |5j006,5mdsf oni C
copol ymers or acrélic/naleic copoal rs. Xher. optiaqnal conponents include

phosphonobut anePreferabli 2,00 f00% ¢ iTB%/PQ YASDATHG 3citig Peeferghly nsp Rb itfatte,

pol yphosphat es, nyail0%y£iddithnl SR1e pelbRasRROWHenBEpdlyasphitid Rid i héed®i hy| ene
phosphoni c acid). The scale inhibiting conpositions inhibit the formation
of cal ci um car bibs e of em pcid oira J3H depsnas wwon ¢hel pH efithesaguecys systeaanieatadher scal e

form ng specjes ' FRYA ' h : 0 to 9.0
and at t errpeDr at %rF %%%ﬁlftﬁélgagpta%ﬁ d@%&éldﬁg{% kultﬂrlﬂllhé)l ??ﬁ’é‘"ﬁ%@gg‘gﬁsf’%ﬂg are
used at the ni nicid)forcssvgieadiydide: oppriyasprutic quids fmbichlshrycanmerpindbosage of 5.0 to

500. O ppm nost preferably 10 0. 0 ppm ABBREVI AT 20,25 30
AA: AANPS ACLJINER! G A5iad P |°¥@F#@W%W%WEF?“%&P@SP%&‘S% Rohm&Haas
Co. AR-540 acryli c/ Qonfpanént () @ptik ¥éity inhibitetfca@boritim iby wilet@hblteni cal , | nc.

BTC phosphonobut.ane tricar box¥,l ic acid al sog known as Hayhj bit AM
manuf act ur ed byPhesRASROEPOXYlispligamersalt. preterably asofiumysal, tupjcally foppd asyear . pAA

pol yasparti g a%&t&aMigaﬁer\ﬁ’msa6@§omew&y&@eﬁua%dum/p§ayg,rzs@@38 W
001 44677 ( PCTNS00/ 01945 PCM aqueous m xture of phosphonocarboxylic acid

ol i goreri ¢ sal t Whikihbuebyds insmpesarikby gderenesin (e gensrab rusiural formulpfortpses on | nc.
The exanpl es wWhiygh & RblePodhbhockbbtBit bRidme BAGHS: | ¢ embodi ments of the

H[CHRCHR],--PO M,
15
wherein at least one R group in each unit is a 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,; alkenyl group or a carboxylate,
20 phosphono, sulphono, sulphato, and/or hydroxyl substituted C, ;alkyl or C,,
alkenyl group, and each M is a cation such that the phosphonated oligomer is
water soluble and nis 1 to 6, typically > 1 and <6.
Preferably used as the water soluble phosphonocarboxylic 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,
3

o

preferably 4:1 to 1:9, more preferably from 1:4 to 1:9.



5 invention. They are not considered to limt the application of this
invention. It-is contenplated that other enbodi ments will be useful.
EXAMPLE 1 (CaC03 Scal e Threshold Inhibition) to Scale inhibition for
several scal@od/da3iibi ti ng bl ends contai nfng PCM and PAA weper/asaloudsed with
t he standard cal ci um carbonate shaker test. Several controls were al so
eval uat ed. The pr oc&dusmand applidatient iaid prefigratiléie &id a twatee sdleble cdpolyinteoto the

conposi tion (anount ecified..n Tables I and.l| to, a solution copprising
50,50 of D - wEHB TG sepraytians K dustineg eiihiateabrdsabiish et £ of
Cadl | . 2H20/ | i t egr)mal@e kg dfide ilynedk, defyic pblkaki, RictMorsiopdtyhaladt tep (( 1.59 g
of NazCO3 + 14.8 g of NaHQO3)/liter) to a 125 nl shaker flask. The

resul ting initi%Polymsts WithsuHonie andipsiphpsphina functionglities, prefegbbaco, = 500 ppm
total alkalipit CRGR3 = he fl asks were then
covered and gut%gﬁ&{as shaﬁ?rpég’?w%(%’a?ggm?g?fé:g%%%r?csr; After the shaker tine
ended, 20 the entir ©Othaoptigul eanpenenivinclude pwsphonotutane griratboxdieghidhhat man # 5

e 20 R A o .

determ ne t he anoun I e’'results
are set forth ianinbei(hethyese phogpidniclacidpher e each % inhibition is an average

of 5 repetitions and_ where fhe % cal ciumjnhibitjion was_.cal.cul ajed as

fol l ows: 25 Threshol distA '_Bf“?l“&ﬁ cpmBRsfOps ‘_“E’[b(tﬁlbﬁﬂléoﬁna-u_oﬁﬁfr‘faiﬁmmc %%te, ppm
B)] x 100 Wher ealchiin pRéiphatd, Baltiul sulfaé, Ghd Bihe:0R8E Rirmadg speidl TheParppm as CaCo,
ppm WO 001 44677 7 PCTI US00/ 01945 ppm A = cal ci um concentration as ppm of
CaC03 in the fiParticyiagly usefpldp thepkl sapge qf § ¢ to 90pngd gifemperatures of 43¢ ¢bfient r at i on

as ppm of CaCO3yidkchib st oonPbdifidns st £ bleMinimum désagd¥P O it B4t
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 2401, manufactured by

30 Bayer Co.



8 TABLE | TI FOR PCM PAA BLENDS PCT/ US00/ 01945 5 PCM PAA PCM PAA ppm sol i ds
ppmsolids ratio % Tl 25.0 0.0 25:0 54.1t 7.5 20.0 5.0 4:1 56,4 f 6.5 12.5
12.5 1:156.8t 4.9105.020.0 1:460.0t 6.03.121.91:7 70.6 ~3.12.5

22.5 1:9 57%t%.p.0 25.0 0:25 12.0 t 1.7 15 The resul tspciuiapies! show
the % Tl for B IZ>AA bl ends. The synergismis clearly indicated for PCM PAA

bl ends having from 4:1 to 1: Qaguebds@sixtufeldf phosph@@eirbdxlylic adidaligbmerito | : 9 ppm
solids ratios. Table Il shows the sele results fromthe Table | plus
additional test results. The ?%§E“9%%§89}‘32§F*‘5ﬂ’@‘3’6t“f@ et er mi ne whet her
t he PCM PAA bl ends 20 exhi bi t ARYiBRIEOViIEh IABLE || SYNERG STI C EFFECT OF
BLENDS PCM al one m % Tl PAA alone. m % Tl PCM + p_gp P m+ m.PCM PAA bl ends
Predicted ratio 9al Theisramrles whigh follow walk Blwstente spepifip embadinres of tho . 02d. 012. 95

+ 201: 451. 960. 0+ 8. | 3 AR Lol ed 1. : . 38 .58

So5 511 5p. o0 yioh S Tievake Hf Lorbibeed iyt eboplicadetfor difnifioCrche, 0 B
bl ends of PCM acmhtelatedthatethedembaiméntowititheysdfulgher % Tl val ues (achi eved)
t han those which have been theoretically predicted. The difference between

t he achi eved val ues and predicted values ranged from8.1%to 38.5% . WO
00/ 44677 g PCT/ US00/ 01945 EXAMPLE 1
(CaCO, Scale Threshold Inhibition)
10 Scale inhibition for several scale inhibiting blends containing PCM and PAA

were evaluated with the standard calcium carbonate shaker test. Several controls
were also evaluated.
The procedure involved adding the test scale inhibitor composition (amount
specified in Tables I and II ) to a solution comprising 90.0 ml of DI water, 5.0 ml of
15 the calcium stock solution (14.7 g of CaCl,.2H,0/liter), and 5.0 ml of the alkalinity
stock solution ((1.59 g of Na,CO, + 14.8 g of NaHCO,)/liter) to a 125 ml shaker
flask. The resulting initial test water parameters were: calcium as CaCO,= 500
ppm, total alkalinity as CaCO,= 500 ppm and pH = 8.5). The flasks were then
covered and put on a shaker at 50°C for 16-18 hours. After the shaker time ended,
20  the entire test solution volume was filtrated through Whatman # 5 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 resuits are set forth in the Tables I and
I, where each % inhibition is an average of 5 repetitions and where the % calcium

inhibition was calculated as follows:

25
% Threshold inhibition ( % TI) =
[(ppm A -ppm B) + (500-ppm B)] x 100
where:

30

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



EXAMPLE 2 (Spinner Bath Corrosion Test Method) The conpositions were al so
tested om mld steel (CL010) test coupons as corrosion inhibitors. The
"Spinner Bath Corrosion Test" was used to eval uate conpositions. The
procedur e iwwokased addi ng the test corrosion inhibitor corpoeswiomas (anmount
specified in Table I1l) to a solution imh a test jar, conprising 7.8 liters
of DI water, 100.0 ml of the hardness stock solution (70.6 g of CaCl2. 2H20

plus 42.0 g of MyClL Q per_ | 100. 0 t kal inity stock
solution (8.5 ¢ Naz&rg';%l us 2°6!°§I"g£% e"@ﬁfﬁff pBF’uors}1 c?@bs‘“}g}g%ﬁ"ﬁ%zsm per
liter). The pH of the water vaisrthelfestiigeand 0 8. 5. The nmild steel coupons
were suspended into the water in the test jar on the spindle which in turn
was attached to the drive train. The heat was turned on and the tenperature
of the waters was Maippin@ Aed adalchBcontdiratién A4PpmAIITOBS ik tHE Mgk, 0N at its
standard speed. After 4 full days the systemwas turned off, coupons
renoved, cl eaned, weighted arfdictHe tsli%%n rate as MPY was 15 cal cul ated. The
results are set forth in the Table Il as an average of 2 repetitions. The
results of this corrosion test are shown in Table 11l which follows. TABLE
11 (RESULTS OF SPI NNER BATH CORROSI ON TEST) 20PCM ppm sol i dsPAA, ppm

sol i dsiMPY25. 00. 020. 120. 05. 09. 815. 010. 06. 525

10. 015. 06. 15. 020. 010. 80. 02S. ONA" PAA is known to be very weak and
insufficient corrosion inhibitor when 30 used alone. The results of this
test confirmthis. The results of this test also show WO 00/44677

PCTI L1S00/ 01945 10 PCMis a weak and insufficient corrosion inhibitor.
However, blends of PCM and PAA are shown to have nuch | ower corrosion
rates, indicating corrosion inhibition synergy between PCM and PAA. ' The
corrosion inhibition rate for the PAA alone is not shown in Table |

because a heavy scal e was deposited on coupons and therefore conparison
with the rest of testing(coupons free of scale) would not be valid. WO
00144677 11 CLAI M5 PCT/USOQJ01945 W claim 5 1. A scale and/or corrosion

i nhibiting conmposition conprising: (a) polyaspartic acid; and (b) a water
sol ubl e phosphonate oligoner salt having the general t o formula:

H CHRCHR) " - - PO3Mz wherein at | east one R group in each unit is a COOM
CHZOH, sul phono, or 15 phosphono group and the other R group which may be
the sane as, or different from the first R group, is hydrogen or a COOM
hydr oxyl , phosphono sul phono, sul phato, C,,7 alkyl, C, _, alkenyl group or a
car boxyl ate, phosphono, sul phano, sul phato, and/or hydroxy substituted C, _,
al kyl or C,_, alkenyl group, and each Mis a cation such that the
phosphonat ed oligoner is water soluble and nis 1 to 6, 20 preferably > 1
and < 6, and such that weight ratio of (b) to (a) is from8:1 to 1:12.



2. The conposition of claim1 wherein the water sol uble phosphonated 2s

ol i goner has the fornula: H CH(CO2Na)- CH(COZNa)]"PQ Na2 where "n" i§ 1 to
5. 30 WO 00l 44677 12 PCT/ US00101945 3. The conposition of claim2 wherein
the pol yaspghlohgss?ci d s selected fromthe group consistiperofoopedayaspartic
acid, salts thereof, derivatives thereofg and m xtures thereof. 5 4. The
conposition of claim3 wherein the weight ratio of phosphonated oligoner to
pol yaspartic acid tois from4:1 to 1: FABLE The conposition of claim4
wherein the average nol ecul ar wej ghFoR PEMPALOBYLENDE tic acid is from 500
to 10,000 as determ ned by gel-perneation 1 o chromatography. 6. The
conposition of claim ich c ri ses | east one additional conponent
selected fromhthe gro E—V&onsi s%, of m sul foni c_copol yners,

acrylic/ mal ei ¢ copol PRERQlds 5 @P®iSQlidsy o5 38y eof . 15 7. ZTHe conposition of
claim6 wherein the wét-8ht rati% of phozfl%nat ed ol i g(gﬁél‘r"-?o pol yaspartic
acid tois from1:4 t808:9. 8. Sthe compotition of cl abrh*6-dherein the
average nol ecul ar wei §hé of thd220 pol yakpartic acid 6$#48m 2, 000 to 4, 000
as determ neld by gel - p&r neati 0”0&hr onat ogfaphy. 9. THE.0cb®Position of claim
8 which conprises at Bdast one2additional:7conponent $8l6éeici.éd fromthe group
consisting of tolyltrRazole) beddotri azol:®, 2s orthopfidsphate, and

pol yphosphat es. 10. AOfet hod f @5.0i nhi bi t0:29 t he forndRiOenl.df scale in an
aqueous system conpri si ng: WO 0D/ 44677 PCT/ US00/ 01945 13 introducing the
conposi tion @f cl ai NFhelresults in3Table)1 show the %6 TI for PAM/PAADleddsS aTHE s@fngiaiS Syst em

in an anpbunt effective o inhibit the forpmation of scale. . 11.. The nethod of
clai m 10 wherei I‘Fé%ﬁ“éi 1%8&@?%@ ﬂ%‘@ag‘ﬂn%g%éﬂtt? i't9i38h % om 5 ppmto
200 ppm 12. Theggeehinpfom:4ab aioPpilsoidieragbsd said scale is calcium
carbonate. 13. A nethod for inhibiting the fornation corrosion in an

aqueous systemio cohihe Hiskeys tPWPﬁG@tgﬂSN@ fravethe dable & plus asiditiomaldesti ns 1, 2,
3, 4, 5 6, 7, ?»ﬁu@sr. The tddf fa?lﬁ@'afi_a@aﬁ@aﬁdéﬁﬁxﬁr@uegeﬁhsﬁéwmralew' bi ting

amount. 15 14. The nmethod of claim1l erein sald conposition s used in
concentrati gts fxlgbit Synpigist0 200 ppm . A@®. Aul . A& r. Aa

TABLE 11
SYNERGISTIC EFFECT OF BLENDS
PCM alone PAA alone PCM/PAA blends
PCM +PAA Predicted Achieved Increase difference

ppm % Tl ppm % TI Pom+ppm. ratio %TI . %TI . %TI

5.0 39.0 200 129 5+20 1:4 51,9 60.0 + 8.1

3.1 21.0 219 11.1 3.1+21.9 1.7 32.1 70.6 +38.5

2.5 85 22.5 119 25+225 1.9 204 57.4 +37.0

25
The data in Table II show that the blends of PCM and PAA achieved

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%.
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y10%&' () - S310%&pley 4230 9o&MELL Kitip0Rer(liter), @2&1 (0,0 BI dflibgalkglinitBstoEk@olulions q

1056 ~ 10 () ( Rovkd pf0s PRS2 0T NAHiLE sl e grddfiid. P et ok P e

1098 3T10%&14) - @R datRwes adJLQEHQS/&S (The/milkDsteR] ¢Quponshd¥&suspended into the water
/R’ - = 0, 0, ' 0 1 _
, 10% () -/ _=10% ?r’.lglfeotésqgf _;a(r on the spmgle whxch( LtuYnf w:!ais(,)a{t(zac e%)to th]é%rive_train. The heat

was turned on and the temperature of the water was maintained at S0°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 Il as an average of 2 repetitions.

The results of this corrosion test are shown in Table 1II which follows.

TABLE III
(RESULTS OF SPINNER BATH CORROSION TEST)

? 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
5.0 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 confirm this. The results of this test also show
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'The corrosion inhibition rate for the PAA alone is not shown in Table II because a
heavy scale was deposited on coupons and therefore comparison with the rest of
testing(coupons free of scale) would not be valid.
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wherein at least one R group in each unmit is a COOM, CH,OH, sulphono, or
15 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, sulphono,
sulphato, and/or hydroxy substituted C, ; alkyl or C, , alkenyl group, and each M is a
cation such that the phosphonated oligomer is water soluble and n is 1 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,

whete “n” is 1 to 5.

30
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5 4 The composition of claim 3 wherein the weight ratio of phosphonated

oligomer 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 § which comprises at least one additional
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 § 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:
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13. A method for inhibiting the formation corrosion in an aqueous system

10 comprising:

introducing the composition of claims 1, 2, 3, 4, 5, 6, 7, 8, or 9 into said

aqueous system in a corrosion inhibiting amount.

15 14,  The method of claim 13 wherein said composition is used in concentrations

from 5 ppm to 200 ppm.



