-1 - 2137185 "COVPCOSI TI ON AND METHOD FOR | NHI Bl TING
SCALE" This invention relates to the treatnent of aqueous systens-and, nore
particularly, to the inhibition and renoval of solid deposits in industrial
heati ngrand cooling systens. 5 The water used in industrial aqueous

syst em8! sdch as steam generating boilers, hot water heaterz, gﬁng
exchangers, cooling towers, dquhiqgtion'systens, cleaning:i/t ,5pipe ~

| i nes, gas scrubber systens, and associ ated ‘equi pnment contai ns vari ous !

i npuri ti es."CONPOSTTION i D METHOD GOR VINHEKE MG deltie earth cations such
as cal cium i d severgl s bi carbonat e,
car bonat e, EXE?%a#g%e‘ggg?g?g?f%#\%gpﬁgat%}?e str’i %@'{,@;brslfdsaf%@ﬁsde. These :

ani ons ayetensi and, coobe npaahicibanlps eté pthent vh ihit jon tanad pH, pressure,
or 15 teaRsvai U E £5118CaSYSEER Oln t PRaREESEAE &t Aliddpnal ions with

i
whi ch the torn1|nso}uﬁle products. The nbst comon 1hpurities in
i ndust r F3PL 4RI PY8ERBFt es are the water hardening ions such as the cal ci um

maggesi um amile s benah sed o1 . i hdu stk 41 Caigieoys ey pidned iguEmas?20

car bona, c u r copper present can
al so regga'\?vi ?%ﬁ%ﬁgggﬁgtg?gguﬁé&?éa%\%%ﬁ ﬁ?eca erélb%{sbag{\d formthe

respect e¥eh2anaprex ¢PRbing| towers s dasalinabion systansn qledmings

accumul a}etexaswisigeeﬁeésL@a§y§éms@fi $pseeme ghd afpami@a my al so 25
contain vari ous, so c d |ron18§%gﬁ$ silt, sand, and
S

. I
ot her n?ﬂ‘é?ﬁ?‘eﬁﬁt?gﬁl’géhégn’f%?g?)‘ir’%lU&ﬁg'&g{&{%%‘ri B kifiSat e as sl udge
depak0t typhcahdysysttude | abkadbineesarntly bzt jorescsuch rag loalfadeswat er and nay

bepr 0dygetlay £RATRILAEs Pn TEAA! sSYE ERL nidh € Ufidiflagh th SO the vater.

TRe slu ge nmay becone |ncorgorated I N e scal e deposits and the
preci pi PAEaEPPRARE Y cCRERRRRCE nesl fRkR, R2¥312tes RIRFRMAYR A strongly

adherengisfehte, and fluoride. These anions and cations combine
and form precipitates due to the pH, pressure, or

15 temperature in the system or the presence of additional
ions with which they form insoluble products. The most
common impurities in industrial water supplies are the
water hardening ions such as the calcium, magnesium and
carbonate ions. In addition to precipitating as

20 carbonates, calcium and magnesium as well as any iron or
copper present can also react with phosphate, sulfate, and
silicate ions and form the respective complex insoluble
salts. These so0lid reaction products accumulate on
surfaces of the system and form scale. The water may also

25 contain various solids such as mud, clay, iron oxides,
silt, sand, and other mineral matter and microbiological
debris that accumulate as sludge deposits in the system.
Iron oxides may be present in the feedwater and may be
produced by corrosion of metal surfaces in contact with

30 the water. The sludge may become incorporated in the

' scale deposité and the precipitates tend to cement the
sludge particles and form a strongly adherent scale. |



- 2- Sludge and scal e dep05|ts greatly reduce heat transfer efficiency by
settling at Iom/flom/p0|nts in the systemand limting the-circul ation of
-the water and insulating it fromthe heat surfaces. In additi.on to
interfering 5 with heat transfer and fluid flow, .corrosion of netal A=
surfaces under neat h -t he deposits is facilitated since corrosion contrf

ag s are unabl.e to contact the surfaces effectively. The deposits

har or bacteria. Renpval of the deposits can cause expensive del ays and 10
shutdown of the system Water at the_rgﬂfuively hi'gh tenperatures in steam
generating boilers and hard waters are esSpecially susceptible to scale

formati on. Extrenelgl§.¥§rgnacgé;lgq@gétéfkéig}éaﬁi ea%etlaeﬂtoxﬁsheeakng

and rupture in boile 1" trea nents of f eedwat er
to industrial spffdriengynbyssebtl trg nat kﬁﬂuﬁﬂQﬁ|Rﬂint§né“fﬁpﬁr§UF6ﬁmdo not

aﬂequat Iel %/ r e[TD\éQFSthdhgﬁdtﬁ@' ¢ fir 691 &t 1'6h &ms&wmezvamouasuaaeﬁngl
chemi cal trea ave, been_use rev r.eno cal e

sl udge in aque(r)rsrs'E §f“e§r€ E?ﬁg %ﬂﬁ#ﬁ‘%g ?‘gﬁt%tu&é‘népal I'\? rﬁggg\'}és t he
cgnbi ned use &f wd thr beapi taahafengand E&uhdiﬁiwaicnnnmsimmnet metadi nt ai n
the solids in the ks’ u p@&?ﬁewnatﬁgsaﬁwﬁétﬁ el 1% A sifceermoval .

The precipitating chen1ca conmonl y enployed 25 for
ash and sodlunlﬁﬁ@§ﬂﬁ&9@s°°ﬂﬁ§ﬂés?%ﬂ??% el &o GPntactathg inity of
boi'ler water as smi&glaeetsuerhydtweﬂy Amwerdqbqsnfs lsec Walroy! daetendaot her

30 sol 1 ds condi HeBnePE P ERE A¥PPafEn TeY Rd Rt v BRI AT

quantities oflQ isbssdgwny s thenpysven. trmateruaﬂtghQﬁqu«;qmeéy pﬂsated

&yudge and resu%k%ph?ath?es in steam generating boilers and hard waters
are especially susceptible to scale formation. Extremely
severe scale deposits can cause localized overheating and
rupture in boilers.. ' '

15 Since external treatments of the feedwater to
industrial systems such as softening, coagulation, and
filtration do not adequately remove solids and
solid-fcrmihg_substances. various internal'chemicai- _
treatments have been used to prevent and remove scale and

20 sludge in agueous systeﬁs.~'Thepchemica1 treatment
generally involves the combined use of a'precipitating
agent and a solid conditioner to maintain the solids in
the boiler water in a suspended state for effective
removal. The precipitating chemicals commonly employed

25 for calcium salts are soda ash and sodium phosphates.
Magnesium is precipitated by the alkalinity of boiler
water as magnesium hydroxide.

L)

a variety of polycarboxylate and other water soluble,
"polar polymers such as acrylate polymers have been used as
30 solids conditioners in industrial water systems. The
presence of small quantities of these polymers improves
the fluidity of the precipitated sludge and results in the

ciumsalts are soda



-3 - formation .of anor phous, frangi bl e and serrated- pr eci p| tat es. |nstead of
hard, dense, crystals that form scale on surfaces. The finely di sper§ed
solid particles remain suspended and are carried out of the systemby the. 5

fl ow of/ ter or by bl.owdown. The precipitation of scale form ng. conmpounds
can be@vent ed by inactivating their cations wth chelating or
sequest®fing agents so that the solubility of their reaction products is \_J

not exceeded. Various nitrogen 10=c@ntai ni ng conpounds. such as :

et hyl enedi 438 n! Blr aﬁi&%héuQQ'ﬁraﬁézﬂléfan&tééﬁa?&édl acid have been used
as chelants 1 n water treatge % sp onates_are %zqec%}baﬁgtswely I n water
treat nelresdpitates inersad Ak BRF rs SREE i LT T ™t hreshol d
amount s gdadle aaheslmmfheéby Imherfihehytdnspemedlnmﬁd iparhintdes required for
chel ating_or._segu IsN h C t ion for

i nhibiti a1""(51r %glts on o gggl granééﬁrggégﬁg é@s‘tlgér]n%qg\%tﬁqygﬁaént I nvention
corrprrSsefdcw) ommt@@pmbvrbépwﬁﬁmrc acid or anhydride and styrene

sul fonic acid or ﬁeW%tr‘éE: altub.hensaft s&ﬁﬁéeﬁémﬁgaébrﬁﬁcgﬁm§ d&msphonat e of
t he general fornula; Pa&ER V\/aer 3&% qbq" £ and x is 1,
to 6, oPePreyenfede kg VE :"f‘ERﬁJ]' e?%rﬁog(sr‘gléib-? §t Te‘r’f‘% and [err]
s an ald&ylswectfmfgr talgtents so that the solubility of their
reaction products is not exceeded. Various n:.trogen
10 conta:.n:r.ng compounds such as- ethylened:.amn.ne tetraacetic-
acid and n:LtrJ.lotrJ.acetJ.c ac:l.d have been used as chelants

- in water treatment .
- Phosphonates are used extens1vely in water
_treatment as prec1p1tatlon 1nh1b1tors and are effective
15 in threshold amounts that are markedly lower than the
stoichiometric amount required for chelatlng or '
sequestering the scale forming cation. :
‘The composltlon for inhibiting formation of scale
in an aqueous system ‘of the present invention comprlses a)
20 a copolymer of maleic ac1d or anhydrlde and styrene
| sulfonic acid or a water soluble salt thereof: Db) an
. organic phosphonate of the general formula:

CSfesnopbe o
- ” ; . _Rf/f__ | : ’ a. R4 ) | _ .

n

wherein R is

—CH,—F—OH;
OH



l1to5 carbon atons, or a water soluble salt thereof; and 5 c) an

anrnocarboxylate chelatlng conpound of. t he general formul a: [ERR] whergin X
~is.1 or 2, Rrepresents [err] or [err] : ~and each Z -'gE§§ -
;|nduV|duaIIy 10 represents a .-COOH group, or a water soluble salt th of .
-The nethod of.inhibiting the formation of scale in an aqueous system of the
pr.esent invention conprises adding to th@ Ssystem a scal e inhibiting anmount
of "t he conp05|t|on 15 The present "i nyention provi des unexpectedly

superior inhi bi tin0R sokodePesi &, 08naNd {67 11BE b 08, Obr SEA Ehe RAd @M Fdrhola:
t hose contai ni ng cal ci um and nagnesrunrphosphates and silicates and iron

oxide, on the nmetallic structures of |ndustr|al wat er systens. The
.conposition 20 and nethod are effectlve sed in water ‘at high
tenperatures and pressures in st eam ggfe grjﬁ_ ilers and the copol yner
remai ns sol uble in water of high hardness aI|n|ty The i nvention
exhibits the threshold effect of the i nH®iXi®&h of formation of netallic -
salt 25 crystals and the prevention of their. adherence to heat - transfer

surfaces at. Iom1treatnent | evels. The chelaébgg used in tg
present inventi ofP&F&iRafer SsoPlLPE 2 poRRT HOxIF A s,a gp‘r"é’fper"rfe rom
am nocar boxyl at e 1citel 5t cagbsanpeonds 6f ea ewdyé enesll vl nesalt e et @naci d

"1 and all |t RoolnPBosnipant RaPRY L L ThRS ki NFORAIT oA Ehe YRR o

especially prefeﬁpeauéhelatlng conmpound. 5 The present I nvention
enpl oys wat er soluble am no aIkyI%ne QE%SQhOQHC aci ds, hydroxy or am no
~al kyl i dene- _ : ’

L

~ wherein x is 1 or 2, R represents - (CH,) -2 or
-CHZ”H N[~ ({CH ) Z]2 and each Z 1nd:v1dually

10 represents a -COOH group,; or a water soluble salt
thereof. The method of inhibiting the format;on of scale |
in'an aqueous'systeh-of'the present invention comprises
aoilng to the system a scale 1nh1~1t1ng amount of tne
com9051t1on. . .

15 The preeent invent:on provxies unexpectedly superior
inhlbztlpn of dep051tzon and formation of scgle.
particularly those containing calcium and magnesium _
phosphates and silicates and iron oxide, on the metallic

~ structures of induztrial water systems. The composition

(A 20 and method are efféctive-wheh.uséd in water at high
s “temperatures and_ptessures in'steam generating'boilers and
the copolymer remains soluble in watet of high hardness

T8 and alkalinity. The 1nventlon exh:blts the threshold

effect of the inhibition of forma:zon of metallic salt
25 crystals ané the prevention of their adherence to heat
transfer surfaces at low treatment levels. -
The chelating co:npeunds used in the present invantion
are water soluble aminocarboxylétes. The preferred
ahinocarboxylaté chelating compounds are ethylenediamine



phdsph‘oni c acids, or water s_bl uble salts thereof. The preferred canpounds

are ammtri (nethyl ene phosphoni c acid), hydroxyethylidene-1,|-di phosphonic
acid g@ggMater 10 sol ubl e salts thereof. o : -
Hydr ox hyl i dene-1, -I-di phosphonic acid is especially preferred. Oher

_sui tabl e phosphoni ¢ acids having these fornul as include ethyl enedi am ne

“ tetra(met hyl ene phosphonic acid), diethylenetriam ne penta (nethylene -,

phosphoni ¢ acid), triethyl enetet ra%gj ne‘hexa 15 (met hyl ene phosphonic
aci d), hexamet hyl enedi am ne .t et ra(Tet hyl ene. phosphoni ¢ aci d), :

Pyl oxypr oA RS e 3R pha” L i IBLROREERYS 6T T o B i Iphoni c fcid,

and hydr oxy¥R5ag 4 déndhgisshpsshenredagpapopnds, xThe koAl dibeof the
present i nuaiveeory friadila sCavRr theSsandl! eni P Lot L] sewel v eidfigmal ei ¢
‘acid or anhg/drl de ai% styer}e sulf OBI ﬁe??' d or water soluble salts thereof. .
The pol yner® i RSE aPEG 65 F88p 5P FRFF 09 nEOMRP RS acid or anhydride with
styrene sl f onithea@r¢sentaingéntliknl empkoné water tselufe arGowventi onal o
addi tion polyuiEdHe Proxphdnikode i, RFaPsRy COF Caind | ¥y Liaddeee radical -
‘initiators may be Q?g%eg?‘ Anot Eer’ @t_ﬁo?b?ffi?oqmci ng %Jﬁ{a coepol ynmers is- )
to copol ymiNoAPhOR cRCdAS8 1aRT ¥RFRENBOABRLMESAL b5 EheT§¥frat Mthe copol yner
i n accor danmeeftrwd lcompoutdisi aral anthber s (methy benev pio spirodifcur - .
-trioxide-or [,\C 3%'; nd assdescribed. in aatent 3,072, 618.
- . The degree %‘?i@s’m?’ nalt%r}%;?lé%g%qgggé gﬂ? ggg@%a%‘??’gjréf ya.%léodsrrp ’_’e ewasr]:u 5 onation .
is prefekPespluble spltsritberepdt.i vBYroppethphidene st yrkrdighaspheatis and
mal ei ¢ anhygliglg &l Qupedianqy Fb@fé@ﬁée@'Obtﬁé@-lsuw;sf& (PrybgiReded. The
copol yner gengera containsS from about 10 to abou nol e percent o e 7,
I ge IIQ/ t% btl?éb{QOléa tfthg
sul fonat e, @cids h_ving these .f.o._rx_nu_ as in u_e‘gthy__e i N
tetra(methylene phosphonic_ acid), @ieth_ylenetriamine penta
(methylene phosphonic acid), triethylenetetraamine hexa
15 (methylene phosphonic acid) ¢ hexamethylenediamine
tetr_a(m_ethylene phosphonic acid); _am'inoethy-_]_.i_den_e
diphosphonic acid, a_mi-nopropyliden'e-'d'.iphqs_phgni_.'c acidq,
hydroxypropylidene d-iphoSphbn’ic acid, hydroxybutylidene
diphosphonic acid, and ,hydroxyhexyli’dene- diphosphonic acid.
20 The. composi_tion of.-_ the prese'z_'x.t i_n_vel_':ti.ori:. further
comprises a water soluble co?}o_iyme:_&-f maleic acid or
anhydride and styrene sulfonic acid or water soluble salts
there_of. The polymer may be prepared by copolymerizing _
maleic _aéi:_i or anhydride with styrene sulfonic’ acid or an _
25 alkali metal salt thereof. Conventional addition ' '
polymermization methods in the presence of light or free
radical initiators may be "empldyed_;. Another method of
producing the copolymers is to copolymerize the maleic and
styrene monomers and su-'lfo_n_a,te the copolymer in accordance
30 with conventional methods such as with a sulfur |
trioxide-organic phosphorus compound as described in U.S.
Patent 3,072,618. ~The degree of sulfonation can vary but
substantially complete sulfonation is preferred.

nediamin



5 Preferably, the nole ratio of styrene sul f onat e nnretres to maleic acid
or anhydride derived noieties is fromabout 1:1 to about 4:1 and especrally
is fromabout 1:1 to about 3:1. The average nol ecul ar wei ght of th '
copol ymer is not 10 critical so long-as the pol yner is water solusz%L
'GEneraIIy, the nol ecul ar weight is preferably fromabout 1,000 to

25\990 and especially is fromabout 6,000 to about 10,000. The .

am nocar boxyl at es, phosphonat es and capogypers are 15 generally used in the
formof an alkali netal salt and usually as the sodiumsalt. Qher suitable

wat er sol ubl e sal ts Thel el tioten griopor tiORBNDETE t#1 8fe SHLEOHAEE Hwd Ne

| t The f of, t-he acidic dr ogens neede
f]gt Ee reSI aggg ‘ﬁ%jr'gﬁ%re%%pﬂé $ %%%% E@QP ehSaﬂﬁgfﬁF Phot%2 f%pl aced. :
Thus, the catronlmi,fbio@emylemﬂ@dof Gheacopriymerogeperally Hconkaing fxtom
_The copol yner ISaE&WeIGGIEB'dBdhtt% el p%?l:uhlteoial:ﬁé Q.Ylf y€g! 1 onal

t hod Wi | si bl dd ea nponent s Separately
'?g ag uneolusessyé"t%éﬁ"pﬁ%sl JoH® F2 Pe°€oﬁ$§ﬁ?§ﬁts?b %t'él%it? &%RR her
in the form of atcomqteﬁcrannd'Eheam@qﬂmiﬂbrde:@ﬁeahmoﬂeeseﬂtxsnﬁfﬁ%;éﬁbut

enerally conpri 0 { O0; P r t t.0
gbout 6, ypar'[n; bfefwer ght ‘g@p%l g%'d QS%PQ%ﬂQf ?8még rgugg%’yiafo atoo Lﬂb%

_pheferably about 5 to about 5, parts by wei ght of the phosphonate, ‘and
fromabout 0.1 to abmg akﬁ.&ag@ Qi‘dife%b'l}étab@%hg ofl ehe oPymdRris ddt

wel ght rati ot GerEFERa Re Yoha AR tRR BaTrmgt 18 (RaER, SaTwBle by of or abl y
of from about Generally, the molecular weight is preferably from about
o ' 1,000 to about 25,000 and especially is from about 6, 000
' to about 10,000. _ _ .
The aminocarbexyleteSr phosphonates and copolymers are
15 generally used in the form of an alkali metal salt and
usually as the sodium salt. Other suitable water solubie
salts include potassium;.ammonium, zihc, and lower amine
salts. -The free acids may also be used and all of the
acidic hydrogens need not be replaced nor need the cation
20 be the,same for those replaced. Thus, the cation may'be
any one of or a mixture of NH,, H, Na, K, etc. The
copolymer is converted into the water soluble salts by
conventional methods. : :

Whils it is 90551b1e to add each of the. conponents
separately to an aqueous system, it is generally more
‘convenient to add them together in the form of a
composition. The composition of the present invention
geﬁerally'comprises from about 0.1 to about 100,
preferably about 2 to about 6, parts by weight of the
30 copolymer; from about 0.1 to abqut'loo,_preferably about

0.5 to about 5, barts_by weight of the phosphonate, end Y
~from about 0.1 to about 100, preferably about 0.5 to about

5, parts by weight of the aminocarboxylate. The polymer
~ and phospaonate are-used in weight ratios generally of



\bout 1:4, and especially of about 1:1. In general the

4:1to_,

amn q%'oxylate and the copolynmer are used in the weight ratios- of fTon1
about /1 to about 1:10, 5 preferably of from about 30:1 to about 10:1,
and especially of about 18:1. The ratio-of am nocarboxylate to phosphonate

.|s general |y from about 50:1 to.about 5:1, preferably from about 20:1 to

" about 5:1, and especially of fromabout: 10 1 to about 8:1. 10 The 7,

conpositions may be added as dry powder's and pernitted to dissolve durlnd*f
use but . fiveRaabguirb0uketp iabaute ¥:30n Preferedbly ofl Gromnaboutihe sol utions

‘gener al | y:e0pbaaBodt O £PUHA Qébéﬁﬂh@ubﬂgb%wht meriﬁnt of the.
conp05|t|on ang é&ferabl ai,n from.ab out 15 40, wei ght
o]

nt
per cent . éh?*ﬁ%ﬁfeb gy &f cPﬁggVﬂﬁFeﬂFEn?§e?o water in
any ordein the weigint xitiémaainﬁnnmtabmutaﬁmed to- hbeuhalelOys a

Subst obckeFBE Lbfy AP Hor 'Wode® 105 (ol ABADIapgcal e and sl udge and

depends e na t he aqueous reated. The

phosphon@fBeahal byii ¢ calr e \A & d%éﬂéﬁeﬁésaﬂénSS%b@EthFeon t he
anounts @6 PROESPIESHa €& USd rg;eﬁe*tﬁhﬁqaalﬁohphﬁbw soROovBdsboGESSHL, i N the

syst em |y r dqgsage e 0 extent on the ncentration e

of suspeﬁﬂﬁge $£ %‘g& g‘fﬂh& &tpau} g:‘a'lsoPPg eBBFFbﬁbEYn ?he system

The conpﬁsomlohogenhOaAIgo|&bank&ihi)the aqueous systemin an anount of = ,

fron1§§out Orfé ééhég%&%iéﬁg) tgﬁ;gaaéal %IQQg Epgheggd Haeferably of from
er e

about 1 to, about arts % |1 on wat er The
conposi t PBRRikFed hfQ ¢ A uARg HﬁeUG@toP°5@a&&HeE‘Fo“ﬁE§e%ncontaln|ng

ot her InﬁhedfeﬁﬁSosusqwéwslsbmmd ITheWwgbai thibasat genérauw as alkalies,

L, BRbRLh Eran PO LY T ot 3 ey BHCpol SRR gERLRS: D o0l ces,

- comp051t10n and preferably contain from about. 1l to about '

15 40 weight percent. The solutions can be made by adding
the ingredients to'water in-any order. P _

' . The amount of the composition added to the water is a
substoichiometric amount that is effective to inhibit
scale and sludge and depends on the nature of the aqueous

20 system to be treated. The'phosphpnate and -

- aminocarboxylate dosage depends to some extent on the :
amounts of hardness causing and scale:forming compounds
present in the system. The copolymer dosage depends to
some extent on the concentration.of suspended solids and

25 existing levels of solids buildup in the system. The -
composition generally is added to thé_aqueoué_system in an :.l - "~
amount of from about 0.01 tofabout.SOO'parts per'million
(ppm) and preferably of from about 0.1 to about 50 parts
per million of system water. - '

30  The compositions of this invention may include or be
added to water dontainihg other ingredients customarily
employed in water treatment -uch as alkalies, lignin
derivatives, other polymers, tannins, othér phosphonates,
biocides, and corrosion inhibitors. The composition may



efficiently mxed with the water of the system The treatment cheni

are customarily added to the makeup or feed water |ines through whi

enters the system 5 Typically, an injector calibrated to deliver.a

predetern1ned anount periodically or continuously to the makeup water is
yed. The present invention is especaally useful in the treatnent of

alkallne boi |l er water such as .the feed br 10 makeup water in a steam

‘gener ating boi | ebe” Buotodimiddmts payedvcatdogenbene | it opicl htheel quickly and

o From about 50 P oty Hlade W1k che' kheed 1Bt fh Sidledll Mot oosure
of from abo

conposi ti on and E@%W%Ph%%ﬁé gth ﬁP§t?§aF#f%n§$‘?ﬁf5 %%lﬁ d%‘?"r ped"by
the fol | ow ng exfeed asater Wine's ahiropaht whith Witeei ghtersl 5 sdtumi se

i ndi cat ed. W%ﬁﬁ{]?dé@q&%@éiﬁoleﬁigpﬁtgé §a CRURARL 1 CONt 2 i g

one -part of hydr Rosphon of~ 20 -
nitrilotriacetic® QFeEﬂﬂP ot sex1pdipglbf e:ce@mﬂgnnnuaﬁYsﬁnnuhﬁ

styrene suIfonalﬁgggubragﬁaﬁzi@ngﬁ@qbogdmere prepared. The treatnen;-.
| ut I t di d S ite,
b myaronde. i FAARRD IR B 3RTRRPRELRIEY GhesRY RIS o1 e
t he boil er wat ertreatmesit icfh adlkadinecboilen Wwabée suchsmsLuhenfaeﬂNdnm nlng
h
the same am%%ﬂfeﬁ Q«atie%atﬁe'at s@e‘im g@hé:ﬁ@gné?ﬁofﬁ?dpa&{ SJC} g

- conponent of e conposition were con

and scal e i nhi bi }YHEFR) FooFeneradl 8f°Pﬁé§ge§oPEt?oﬁ%mBQ#Q$Q§&ﬂQ§H§iPm n a

- 8 --be i'ntroduced at any | ocation where it will be quickly and . :
Jﬁg@gter

smal | | abor at orya!hmd e298Mticc Rbvad B37eE.r ¢ib8abbe3Bebe} and desrédmskd rof he .

Regoeedi ggfmgfy il RS A0 4B0ul55bobBLEG S s EBCLATSRS/SHE! Ghiod].
The compos1tlon and method for its use of this
15 1nvention are 111ustrated by the following examples in
. which all parts are by_welghtﬂunless otherwise indicated.
| . EXAMPLES 1 and 2 |
Aqueous solutlons of a compos;t1on containlng cnhe part
of hydroxyethylldene dlphosphonlc acid, one part of

20 nitrilotriacetic acid,. and three or six ‘parts of a
' copolymer of sodlum styrene sulfonate and maleic anhydrlde
ware prepared. The treatment solutions also contain
sodium phosphate, sodium ‘sulfate, sodium sulfite, sodium
 hydroxide, and sodium ohlorlde in amounts sufficient to.

- 25 probide the boiler water'composition shown below in Table
I. Solutions containing the same amounts of the treatment
chemicals and the same parts of each component of the
composition were also prepared. _ _

The sludge conditioning and scale inhibiting
30 properties of these solutions were evaluated in a small
laboratory boiler which had three removable tubes as
described in the Proceedings of the Fifteenth Annual Water
Conference, Engineers Society of Western Pennsylvania, pp.



"

-9 - 9 87 102 (1954) The feedwater for the Iabo-ratory boi | er was )
prep@i by diluting Lake Zuri ch, IITinois tap water with distill&d water
to 4 pm total hardnesss as [err] and addi ng calciumchloride to provide a

6 to 1 elemental 5 calciumto nmagnesiumratio. The feedwater and chem cal

treatnent solutions were fed to the b0|Ier in aratio of 3 volunes of :
feedwater to 1 volune of solution giving a feedwater total hardness of 30 ~
ppmof [err]. The scaling tests for_ all the treatnent solutions were 10 ™

conduct edgpy; g4lj pd 440, boi‘*leﬁrf&ld@’%%‘w £} tRePgh Bﬁ?EtEEyEBSE?QU er

f eedwat er gi vi ng. approxi nat el

ncentrations er water

sal i nes avRis 2B €RA T ef) Qihed’cb?ﬁ:y‘dg diake Jruriied  IAAANEAE $8PUFRBATtO give a -
boi I er waj£en af i i 1hes %mnwuroatﬁﬂn&ohew RgrbReseanmeschtdn 15 shown in

Table I. TA LE% Sodi
- Carbonat e3¢ 344}
681 ppns28alcium tdkmhgﬂaéiﬂﬂlnatnus [ @hre] feedwater and chem$5Bappm Sodi um

_Sulfate reifﬂéﬂt solutions were}%g% QQUE§'|%SQIeﬁ 1n a fgﬁlgeéﬁosphateless

t han

Ll ca%:ﬁ}/m ccmonffo ﬁ?prﬂfgddudﬁmacm 6P| ae igmmggn Sodi um

1 ppm

as [err] volumes of feedwaty AP gpwodmme of S?Héts‘,@al gAyingses were run for *°

45 hours gaedwate R malerham@fe%g %f0f304%m0%lfgcééﬁ ko/ feger]). Upon the
conpletion of . a test, ‘b’e Ier tléges wer I Vi, uaII\é renoved fromthe

“boi | er an®? ’e"%c%ﬁ%t%r
"l engt mofcmtmmmmrmmm Mrb&ﬂlomg, teonbepbedenl aftar ed Vi aI

and.

ERETER 5° BEAONEIBERF of the central

" the boiler feeduater gzvmg apptoxmately 10 _
concentrations of the bo;ler water salmes ana aﬂjustlng

the composition of the treatment solut;on to glve a boiler
water after the 10 concentratlons having the compos:tzon
15 shown in Table I. '
TABLE 1
. Sodium Hydroxide atc NaOH ': . 258 ppm
Seéium éa:bonate as.NazCO3 . _" 120'ppm_
Sodium Chloride as NaCl = - 681 ppm
20  Sodium Sulfite as N32503  soppm
seaium Sulfate as Na2504 819 ppm
Silica : as 5i0, less than 1 ppm
Iron - ~ as Fe .. less than 1l ppm _ _
Phosphate as PO, _ 10-20 ppm - ;J
25 The scaling tests were run for 45 hours each at a ' -
boiler pressure of 400 psig (28 kg/cm ). Upon the =
completion of a test, the boiler tubes were 1nd1v1dually | r

removed from the boiler and the scale or deposit present on
6 inches _(15.cm) of the central length of each tube was

30 removed by scraping, collected in a tared vial, and.
weighed. The results of the tests are shown in Table II.



'meighed; The results of the tests are shown in Table 1 - 10'- TABLE'#
I'l Additive Scal e Dosage in- Reduction Run No. Additive t

- Feed . (9% Styrene - 0.5 66.1 sul fonate and nalelc
~anhydride copolyner (1) 10 2 Hydr oxyet hyl i - _ 0.5
dene di phospho- nic acid (I11) 4 - ~-Nitrilotriacetic " 1.0 . .7 6. 0
acid (Ill1) 15 5 I+ 11 + Il : 0.5 - 95.5 (3: 1:1
active) 6 [+ 11 -+ 11 ' 0.°5. ©96.0 (6:1:1 actlve) The

conparative results on scale formati oh hown in 20 Table Il denpnstrate

‘that the conposition and method of  the present_invention provide scale

i nhi bition that

added separately.  EXAMPLE 3 25 - - The s |
.study the efficiency of the conposition of

,conponents as %ﬁﬂ'hbvesAd§19{€¥e”t'”g the

of existing gcare rm

S

very consi derably suﬁﬂﬁﬂ&ilﬂb that of the conponents

orat c% oiler was used to
que q each of its
&Pn Ofg ew scal e or -renpoval
he b was first

al ed boi {z5im)

operated to form 30 scale on the tubes and™ boi | er water surfaces. The
arount of calciun1phosphate (hydroxyapatite) scale was

1

Styrene : 0.5 ~ 66.1
sulfonate and :
maleic anhydride

-copolymer (I)

" Hydroxyethyli- - 0.5  20.0
-~ dene diphospho- S
nic-acid'(II)-

Nitrilotriacetic 1.0 6.0
acid (I111) - | RS
I+II+1II1 . 0.5  95.5
(3:1:1 active) : : .

I +II+III 0.5  96.0

(6-141 active)

The comparative results on scal° formation shown in

20 Table I1I demonstrate that the composition and method of
the present invention prov1de scale 1nh1b1t1on that is
very considerably superior to that of the components added
'separately.

10
\_

18
o
. 25

| EXAMPLE 3 |
The same laboratory boiler was used to study the

.efficiency of the composition of this invention and each
s ]_, _ of its components as additives in preventing the formation
of new scale or removal of existing scale in an already
scaled boiler. The boiler was first operated to form
30 scale on the tubes and the boiler water surfaces. The
amount of calcium phosphate (hydroxyapatite) scale was
established by conducting several runs.:



establlshed by conducti ng several runs. "~ After the prescaling, the boiler
was s own to renove one tube specinen and determine the initial anmount
-of sc d@’on the tubes. The operation was-continued for another 45 hours .
usi ng edwat er containing 30 ppm (as 5 [err]) total hardness and the
treatnent additive. Other boiler water chem cals such as those described in
Exanpl es 1 and 2 were ‘al so used. The boil er water pressure was 400 psig and "
‘the boiler water concentration was ten tinmes. The scale deposited on the
testing tubes was 5.98 10 grans Caﬂérage) during the first stage

(prescal ing) ddi tional urin th sec nd stage where no
addi tive treatgrgﬁ eom%eﬁ\%ilh'b%e ;Epﬁees' °[ T4 are shown in
;ab:e 111, réABLE bhé &5be speczzfn and determ1ne thdkkhiﬁﬂﬁi amoaa) Lng |
cal e Dosa Reducj,i on Run t he Fee
(g/[err] )?g/fg?}f ?n th?g% ?$ he oqﬁrqﬁgﬁnwyas cont1nued for 8 .99
54 anofbher 45 hownd|msyeg PeedwBier egmntaining 30 ppm 2Aas (0.07)

-(0 71) goeggoS)lﬂ EQE'ME main@néi &% tive W%séi& @daik ive Hyd;ft%eet hyli dene

hosphonic acid (I .
N| trilotri RE&LRE "ater3°hemi°al% %‘éFhS# 6'8’°5e HAesrrihed (0 |t§xasn:>1es| + 11+ F

111 (3:1:11 2nd 2 wetéoaﬁ§6 ﬁ@e&S) THO bdi Ir water preldsi)e Wi ng@aul ts

denDnstrate the uge§g 13: w Eg}(goncentratlon was ten times.

.

The scale-deposited on the testing tubes was 5.98
10 grams (average) during the first stage (prescallng) and an
additional 8.99 grams durzng the second stage where no

additive treatment (blank) was added. The results of the &“J
_tests are shown in Table III. '
~ TABLE 111
15 .~ Additive - Scaling Scale
_ .Dosage in Rage Reduction
Run No. 2Additive the Feed (oAt )ghn?) {3) -
' . {(ppm)
20 . additive) . o :
2  Styrene | 2 (0.07) (0.71) 100.8

Sulfonic Acid and
maleic anhydride (I)

3  Bydroxyethylidene 3  1.52 15,31 - 83.1
25 diphosphonic acid o : _ ER
- (11) : _ ' : o _ A

4 Nitrilotriacetic .3 - 3,64 36.66 59.5 - -
acid (111) - : : .

5 I + II + IIT (3:1:1 2 (0.65) (6.55) 107.2
30 active)
_ The results demonstrate the unexpéctedly superior
effectiveness of the composition and method of this
invention in_removing_existing-scale .



effectlveness of the conposition and met hod of this |nvent|on I n. renmovi ng

“exi sting -scale - 12 - CLAIMS 1. A corrporsnj "E" ﬂ"!“ﬂtﬁl’”ﬂﬂ[} inhi b@g =

formation of scale in an aqueous system co | yner - '

~maleic acid or anhydrlde and styrene sul foni ¢ aci d"ér"a Wat'er sol ub

salt thereof; b) "an organic phosphonate of the-general formula: [ERR] 10

whétein Ris [ERRl nis 0 to'6, and x .is=1120-6, or of the general formula:
[EQR] 15 wherein X is -OH or [err] and ferr] .is an alkyl-group of from1l.
to 5 carbon atons, .or a water. sol uble sa%LAiﬁgreof; and c) an

anm nocar boxyl at e chelatlng conmpound of t eral formula: [ERR] 20

wherein x is 1 or 2, R rEDreﬁe&Bﬁposiﬁéﬂ s tablerfdr -iAhiditieach Z
individually re a water soluble salt. thereof. 2.

rese
A conposi tion ageﬁ?‘a?ﬁﬁnt‘afc?‘é?ﬁré ”&o%r?%‘ﬁ%“? r%/rﬁ N SRS ts by
wei ght of the copolyner, fromOal 25 ¢opdDyimgraress npless gitidfoxt he

phosphonate, and o 0 Loha 300 836" 8, PYGHEL s 10 e ABIOLARGNM ot e

3. A conpositioh cor am 1o or Ich the osphonate 1s a
hydr oxy aIkyIBdeaétphhepagﬁ:c acid or a mater 'sol ubl e salt t her eof .

b) an organlc phosphonate of the general

R\\\N . (CH,CH,), — N R
R/{ S Y

. formula:

—m

U
- 10 wherein R is
_ o
-CHZ-%foH"
"OH
nis O to 6, and x is 1 to 6, or of the general formula:
'o Rl
HO-T-C-P-OH
HO X OH
15 wherein x is -OH or --NH2 and Rl is an alkyl group of from
1 to 5 carbon atoms, or a water soluble salt thereof- and
c) an amlnocarboxylate chelatlng compound
(2 _ | of the general formula:
] . . RN[—(CHZ)X-ZJZ
R 20 wherein x is 1 or 2, R represents - (CH,) -2 or

~CH CHN[ -(CH,) ~2] and each Z individually represents a
-COOH group, or a water soluble salt thereof.

2. A composition acéording to claim 1 comprising
from 0.1 to lOO‘pafts'by weight of the copolymer, from 0.1

25 to 100 parts by weight of the phosphonate, and from 0.1

to 100 parts by weight of the aminocarboxylate. '

3. A composition according to claim 1 or 2 in
whlch the phosphonate is a hydroxy alkylldene phosphonic
acid or a water soluble salt thereof.



- in which t

- 13 4. ___Assenﬁesrfron—attordlng to cIa|n11 or 2 in which the - )

. phos ate IS h dene I, 1-di phosphonic acid or a water sol uble

“salt ﬂi“ jm\ ﬁ!‘ﬁ tion- accor di ng to any one of 5 clains 1 to 4
assa nole ratio of styrene sulfonate noieties to-

mal eic acid or nalelc anhydride noieties of from1l:1 to 4:1 and a nol ecul ar

wei ght of from 1,000 to 25,000. 6. - A conposition according to-any one of

10 clainms 1 to-5 in which the am nocarboxylate is nitrilotriacetic acid

a water soluble salt thereof. Z 13 A conposition according to any one of

the preceding clalns co r|5|n%é aqueous sol ution of a conposition

comprising 15  4- omposi SREding bopglaimpl Qkighinof a

copol ynehiclt tineé eploosphoml teld samydrioxyethysabibaai-t,aci d, said copol yner

?3“%2%??2#‘??&#“&‘%% 3r o WeroRorbBgcedly BBpedodel Ly Collbl o calt

"~ thereof; 5. A compoqgtiqnwgnqgrging §0panYSOb9 o&i ght of

hyds oxy@wy:hs denes 14 ltrdlwﬂ{mpm %@%‘1%@& ﬁawaaeﬁofel PREfoSeEL thereof

an romO0.5 a %p qf nitrilotriacetic acid or a mater o
_soluble S hgiadis “aé§5m°ie 1es”'t eig agigoortM8ked€cording to claim 7°
in whi c&mhjﬂrrﬂmaﬁqiﬂr:rém&ﬁ ﬂm:lnedullatov%rghanﬂrsmSlQ@ﬂlat) 10, 000 and a -

styrene sk ONGE ¢ di Q%dg(?%e nole ratio of from1:1 to 3:1. 9. A;

conposi t1 on accor ‘substantially as described in any one
of Exanples 1 to & 10\ %mﬁq%%acpﬁnﬂangu k9 aananecmfof scale in an

. aqUEGUSCHYHHEN CEITE | £ Nehiashdithe lemindRagpok9lhte is
' nitrilotriacetic acid or a water soluble salt thereof. :
7. A composition according to any one of the N
preceding claims comprising an aqueous soluﬁion'of a
composition comprising
15 - a) from 2 to 6 parts by weight of a
copolymer of maleic.anhydride and_styrene sulfonic acid,
said copolymer having a molecular weight of from 1,000 to
25,000 and a styrene sulfonate to ﬁaleic'anhydride mole
ratio of from 1:1 to 4:1, or a. water soluble salt thereof;
20 - - b) from 0.5 to 5 parts by weight of
hydroxyethylidene-1, l-diphosphonic acid or a water soluble
salt thereof- and
c) from 0.5 to 5 parts by weight of
nitrilotriacetic acid or a water soluble salt thereof.
25 - 8. A composition according to claim 7 in which
' the copolymer has a molecular weight from 6, 000 to 10,000
and a styrene sulfonate to maleic anhydride mole ratio of
from 1:1 to 3:1. ' :
. 9. A composition according to claim 1
30 substantially as described in any one of Exampies-l to 3.
10. A method for inhibiting formation of scale
in an aqueous system comprising adding to the'system a
scale inhibiting amount of _
_ a) a copolymer of maleic acid or anhydride
35 and styrene sulfonic acid or a water solhble-salt thereof;




“scale lnhlbltlng amount  of a) a copolynmer of- cid or anhydrlde 35
and styrene: sul fonic acid or a water soluble: salt thereof an

organi c phosphonate of the general fornula def uﬁ a mater
sol ubl e salt- thereof; and C) an am no carboxy uuw npou
of the general formul a as defined in claimil, or & méteﬁ sbl e sa

theggof 11. A nethod according to claim 10 in which the copol ymer >

organic phosphonate and am no:carboxyl ate are -added in the formof a
conposition as claimed in any one 10 af jglainms 1 to 9. 12. A nethod
according to.claim10 i.n which the conposition is added o the aquequs
systemin an anount of from ®lo130o588nps PRogRhonRte | ot the JansrAlater.
13. A net hod fmxmulhrﬁpﬂineﬂaﬂnnclhxmrllarla w8tenhschubhe alwposition
conprises_fron%gge.éﬁ parts by weight of the copolyner, fromO0.1 to 100
parts by weigh ' ‘phosphonate, and fromO0.1 to 100 parts by weight of
t he am nocarboxyl ate. 14. Adlet |i®d andser 6rRRBokBlakg dting Loppoundo

to 13 in whi chfheh@f@érpéwt@ﬂnﬁn% RxdaexYnabkyhi deaemPhpsohodivated d or a
wat er sol ubl e met hod according to claim 14 in which

S her eof
t he phosphonat%gi%b {k?é?ﬁ?ﬁ° ¢ne- | , | - di phosphonic acid or a water
sol ubl e salt thereof. 251. A method h&corAingt kodchaimr o nin twhigly thee. of

claims 10 to 15?%6'1%4{lé£3h égbeaﬁ%gfﬂhwgﬁ'hyﬁ 8aa§§ ?miﬂ&'@a%oﬁi’é@@ead;e

sul fonate to ic acid or 1;1 to 4. ,
mol ecul ar wei ghdded in dothe T of 25°GG@°Siti°“ as claimed in any one

10 of. cla;ms 1l to 9. :
P ' "~ 12. A method accordlng to claim 10 in which the
\J_" composition is added to the aqueous system in an amcunt of
from 0.01 to 500 parts per million of system water.
_ ' 13. A method according to claim 11 or 12 in
15 which the composition comprises from 0.1 to 100 parts by
weight of the copolymer, from 0.1 to 100 parts by weight
of the phosphonate, and from 0.1 to 100 parts by weight of
the aminocarboxylate. : _
_ .14, A method accordlng to any one of claims 10
20 to 13 in which the phosphonate is a hydroxy alkylidene
~ phosphonic acid or a water soluble salt thereof.
15. A method according to claim 14 in which the
phosphonate is hydroxyethylidene-1,1l-diphosphonic acid or
L '~ a water soluble salt'thereof.
25 l6. A method according to any one of claims 10
to 15 in which the copolymer has a mole ratio of styrene
¥ | _  sulfonate to maleic acid or maleic anhydride of from 1:1
| “to 4:1 and a molecular weight of from 1,000 to 25,000.
17. A method according to any one of claims 10
30 to 16 in which the aminocarboxylate is nitrilotriacetic
acid or a water soluble salt thereof. :
18. A method according to claim 10 comprising
adding to the boiler water an agueous solution of a
composition comprising



. ..an atréous

17, A neLhev aee U|UIH9 to any one of .clains 10 30 to 16 in which the’

am r box riacetic acid or a water soluble salt”thereof.
18. met h Tﬂﬁm ﬂ“ H‘“I aim 10 conprising adding to the boiler Wwat er

a cenposition conprising - 15 - a) from2to 6
parts by weight of a copol yner of mal eic anhydride and styrene sulfonic
acid, said copolymer having a nol ecul ar weight of from 1,000 to 25,000 and’; -
"a styrene sulfonate to maleic anhydridé nole 5° ratio of from1l:1 to 4: 1‘“
or a water soluble salt thereafjsby from0.5 to 5 parts by weight. of .

~hydr.oxyet hyl i dene- | I-dlphosphonlc acid or er. soLubl e salt. thereof;
"and ¢) fromO0.5 to Bparktome ke &hPaBFslay HF%‘ h‘o?kl%lcet ic acid or a-
wat er é@éd@ﬁtsadﬁ nidlerizofanhydird deoapds stiyoeneegupfaniledacid an anount of

from (f?nlgé oS%C)qlﬁﬂﬂr;rigﬁgm%l | #%ﬁe?:(:l‘é@t ﬁEngﬂttQ? PPbhei ;06 to A Met hod

~accor f he nol etul ar wei ght from
6, 000 Zb:QQD(ﬁnﬁzﬁuftﬁieﬂﬁ5ﬁ%ﬁﬁ9ﬂ§§§uFPonaﬂélFoaﬁﬁYGFbaeaﬂ%&%r|de nole ratio

ofgfromadid d® from 123 A MBhhed aceatdirngolabléasalilthebsspntially as
her ei nbef or e descrlbﬁg. from 0.5 to 5 parts by weight of
hydroxyethylidene-l 1- dlphosphonlc acld or a water soluble ,
salt thereof; and : AT ' o o %_
' ' c) from 0.5 to 5 parts by-weight of ' -
10 nitrilotriacetic acid or a water soluble salt thereof;
said cbmposition being added in an amount of from 0.1 to ,
"50 parts per millica of water in the boiler. - ' : SZ-
19. A method according to claim 18 in which the -
copolymer has a molecular weight from 6,000 to 10,000 and
15 a styrene sulfonate to maleic fanhydride-mole ratio of '
" from 1:1 to 3:1. . | o
20. A method according to claim 10
substantially as hereinbefore described.

P
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