r 2150942 COVPCSI TI ON AND METHOD FOR | NHI BI TI NG SCALE Thi s i nvention
relates_to the treatnment of aqueous systens and, nore particularly, to the
inhibvﬁ\pn_and renoval of solid deposits in industrial heating and cooling f
systeng./ 5 The wat er .used’in steam generating boilers, cooling towers,
desalination units and other industrial aqueous systens co?ﬂiﬁagr' ous
impurities. The inpurities typically include al kaline eart uch EE
cal cium barium and nagnesi um and several anions such as 10 bi carbonate; ™
carbonate, sulfate, oxal ate, phosphate, silicate, and fluoride. These

ani ons and cations conGOMBROSIMTIGN AN METHOD ROR INHS BITINGe SCALEpr essur e,

or tenperature in . senc f g iéq¥§ 14 h whi ch
they forminsol ubl'ﬂgqgsr g’é&%ﬁg}gﬁhég%g%g1§8C§%§D%F€§n%%éﬁ]§efs_ [ |dr1‘:4 ustrial
wat er suppl i esSystemshangdat BprRapachifaglacly, uhe g ninh i ien @ddonat e

ions. In addi triepidviad RECSbRiBARPES BEsCEADORAESEr i £P I Hd AR RN hdRINESi UM as
well as any iron_ar cggggr resent can al so react with phosphate, sulfate,

and silicate 8941294 fif30® t he respective conplex insoluble salts. These
solid reactison pr qheCwateecusudain Steamr fenesaving o Kertss,novad ifng m

scale. The t I LN L O SOl . I I ron
oxi des, sil tﬂg%éggrﬁ%?’%grgQ?héhelr‘é?&%agﬁgrggl?]%ém Cro %J%%%%O%ri S
t hat accunul atsystremss contadasdepoivus impunities: crthe rimpundti®@s may be

present in theyaedwakeinalddeby1ikel phedeseeh hvaepindsduth fs ER1IdivHy f aces
in contact with the water. Cfﬂ%ﬂéncor orated in the scale ..

_ The sludge may be -
déposits and ORE ifMeciapd: BagResing £ 8RB 2 PRFEDUAS cles and formb.
30 a strongly vi¢agbonateGakarbonate, sulfate, oxalate, phosphate,

silicate, and fluoride. These anions and cations combine
and form precipitates due to the pH, pressure, or
temperature in the system or the presence of additional
ions with which they form insoluble products. The most
15 common impurities in industrial water supplies are the
water-hardening calcium, magnesium and carbonate ions. 1In
addition to precipitating as carbonates, calcium and
magnesium as well as any iron or copper present can also
react with phosphate, sulfate, and silicate ions and form.
20 the respective complex insoluble salts. These solid
reaction products accumulate on surfaces on the system and
s form scale. The water may also contain various solids ‘%ﬁ
.such as mud, clay, iron oxides, silt, sand, and other
mineral matter and microbiological debris that accumulate
25 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 the water. The sludge
may become incorporated in the scale deposits and the
precipitates tend to.cement the sludge particles and form
30 a strongly adherent scale.
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T
-2- Sludge and scal e deposits greatly reduce heat transfer efficiency by
settling-at low flow points in the systemand limting the circul ation of
the water and insulating it fromthe heat transfer surfaces. In addition_tQ

™7

5 interfering with heat transfer and fluid flow, corrosion of nmetal - /~",
surfaces underneath the deposits is facilitated since corrosion controI‘Z/
agents are unable to contact the surfaces effectively. The deposits also
har bor bacteria. Renoval of the deposits can cause expense del ays and 10
shut down of the system Water at the relatively high tenperatures in steam
generating boilers and hard waters are especial |y susceptible to scale

formation. Extrenelly severe scale deposits-can cause ] ocal.ized overheatin
and rupture in boiq]édé’.e pRd scy; ﬁcgegﬁﬁif'ﬁa?:?? . rﬁé%ces_d‘(ﬁ‘?gs“?&#@ﬁi ngfJ
coagul ation, agEifdilencyt ibyn seatddngadeqloweflow epaintsdn dtheamysten

sol I d-form ng SiP(Neahy \Hlel B1ZchIRELBA! of NENE (ledd SHdHSIARI RPN
used to prevent and renove scal e and sludge in aqueous_systens. The

chenical 20 tridatfirom ther heat) Srangéneraprjacesol vEY addHL @MitPd use of a
Er _elci pi t at i ns_ﬁﬁ.@ttfe&ridaggw%%i ﬂteaen% hhOPEF and nfiﬁ@iﬂdﬂe clﬂﬂriodﬁoinnl the

oi ler water in a suspen st at e, e pre itating chemca Q n
enpl.oyed. for &;’q d'f%ﬂigél‘??a&?g gBSﬁ‘ﬁgﬂgfingﬂ'go‘éﬁQﬁﬁ génd{a@&i%%gngsi um
i s precipitateshrge tdor caisiani congrol sgehts ace cunaislerdimeaxinbadty dhexi de.
fhe precipltalgy:Facls!ddtect 1781001 fRel debSHPYS hlid hddbor Batieeisal nod
fromthe boiler by blowdown. In [ owdown, e sl udge-contal ning boiler
water is renp\RERAVAL@fh the, drPesiEs, GanIFIuUSe exRRRTNAAYHARSure wit hin

the boiler. 16 smitdvwn f Rbleysgsleny! awgtandaet ivg selddivalydigh
temperatures in steam generating boilers and hard waters
are especially susceptible to scale formation. Extremely
severe scale deposits can cause localized overheating and
rupéure in boilers.

. 15 Since external treatments such as softening,
coagulation, and filtration 4o not adegquately remove
solids and solid-forming substances, various internal
chemical treatments have been used to prevent and remove
scale and sludge in aqueous systems. The chemical

20 treatment for boilers generally involves the combined use
of a precipitating agent and a solid conditioner to

N maintain the solids in the boiler water in a suspended
state. The precipitating chemicals commonly employed for
calcium salts are soda ash and sodium phosphates.

25 Magnesium is precipitated by the alkalinity of boiler
water as magnesium hydroxide. The precipitate or sludge
is periodically removed with the water drained from the
boiler by blowdown. 1In blowdoﬁn, the sludge~-containing
boiler water is removed through a valve by rapidly

30 reducing the pressure within the boiler.

A variety of polycarboxylate and other soluble, polar
polymers such as acrylate and methacrylate polymers have
been used as solid conditioners in industrial water
systems. The presence of small quantities of these



pol ymers such as acrylate and nethacryl ate pol yners have been used as solid
conditidners in industrial water systens. The presence of small quantities
of t e -3- polyners inproves the fluidity of sludge and results in the
ford?ﬁzzn,of amor phous, frangible and serrated preci.pitates instead ‘of

har d} nse crystals that formscale on surfaces.. Phosphonates are used
extensively in water treatnent 5 as precipitation inhibitors and are e
effective in threshold ampunts that are3markedly |ower than the N
st oi chi onet rpel yrenstimpegiesedhieoif lakdliayi 0f siudgeuasnd eresgltheisagle
formng act ! Allmalied YE QHdIcoMBubO" £-BRLRLELNInG OLOPEL O0: Y %&‘?éfté%slo an
agueous system o e present I nvéntion-conprises scale | arount s
of a copol ynEIst@ad 9 hasdys 8ensec Gryekalan bétofOFMes¢%ﬁ¢n9Q15% ggesl5 and

of the fornula [ eHdspMieiatet R’ @geat éxi:éﬁélvely fn ﬁét@r“@éé&tﬁéﬂ@b' e
salt there f and a water .sol yble organlc 8 g ?# acl ébM@ter ol ubl e
salt ther HREGHRIGEISN TRABAEPRS RS REFNEFFSR ﬁYesﬁ%J reeheldqueous
system of t kumqmﬂssartthammet marrkeddpr Lleweratihangtbet stohehigmétardscal e

i nhi bi ti ng f"‘cﬁ‘?{ﬁ* ladiied \’:ﬁ‘é&a@ﬁﬁgt bg BE&EQQQ&ffn&%ﬁe Jhg or esent

invention p es un xpecte Iy superl
forming action.

The composition for inhibiting formation of scale in

10 an aqueous System of the present invention comprises scale
inhibiting amounts of a copolymer which possesses’ \;}
recurring units of the formula:

' —cI:H —_ clzn—
COOH COOH
15 and of the formula
-cnz—cn"—
|
Z

where Z :gpreéehts —CHZSO3H'
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i nhi bition of deposition and formation of scale, particularly those
cont ai ni.ng cal ci um and magnesi um 10 phosphates and silicates and iron__

soxi de, on netallic surfaces of industrial water systenms. The conposif{fn

and nethod are effective when used at |low treatnent levels and in

- high tenperatures and pressures in steamgenerating boilers and in
hi gh’ hardness and 15 alkalinity. Indeed, the present invention also

. provides the surprising additional advantage-that, in pressurized boiler

systens (which nornally operate at. an al kaline pH, ner al | rom9.5 to
12), an in-seFViEe"@FEinFﬁS“Ei?eﬁ?lgaﬁP?&? t%ﬂ#iiiégi$tofﬁ&¥ &Srds, t he
i nvention provrganis pbosphhoiicodcidner i agraten saluhhes sads shepeefauri zed

boi I er. Furthehe iethdd BeeinhOMEif§atnd NeoGidildOBcallel A8 BROSPhONAL €
and a copol yner havin

the recurying units eci fj ed above but w.th Z bein
Corry. CPe Y T aueeuga By SEa™: PEERE of STeRT AANERILGN (GAREE 4888, ARAABEG 2o
al so provi des tiohithei sByseenmi sealé chnh iiyi efrigdEmountm exfs whiez edpodiymers and

this forns anqQther.,as e sent invention. It will be appreciated
t hat by "pres%&?i%g gg?%ggénigeagégh,boilers operating at a pressure of at

| east 50 psig, geTbeapresent| iaventionsprpviies yunexpedtedly: Supsgips g,
5D o sapreastsisn ue Adshat éldn ing fomieine o el ort F0's P
2 4P, 10 St 1000200, LoD, BLSERILEg AR i bichesklh 10 !
about [err]ijcatph®@phaites aodabbdlicategcand imoriZixids gon merdddic err] at
800 psig. and g e3bQu! oleCihBugtc F8P MBS sydiCenl S e IdBRUSIRIORTRNAYS
One OF MO e M hoa are offedtive. hhen used afidw Featnent 1ovels and '
in water at high temperatures and pressures in steam
generating boilers and in water of high hardness and
15 alkalinity. Indeed, the present invention also provides
the surprising additional advantage that, in pressurized
boiler systems (which norméﬁly operate at'an alkaline pH,
generally from 9.5 to 12), an in-service cleaning effect
can be obtained. 1In ¢ther words, the invention provides a
20 method of removing scale from a scaled pressqrized
boiler. Further, it has been found that the combination
of the phosphonate and a copolymer having the recurring
_ units specified above but with Z being -5033, i.e.,
~ : units derived from vinyl rather than allyl sulfonic acid
25 also provides this in-service cleaning effect in
pressurized boilers and this forms another aspect of the
present invention. It will be appreciated that by
"pressurized boilers"™ we mean boilers operating at a
pressure of at least 50 psig, generally at least 80 psig,
30 typically 80 to 150 psig, (low pressure), generally 150 to
600 psig (moderate pressure) and above 600 and up to, say.,
2000 psig (high pressure). 1In such boilers, the water
will be at its boiling point which will vary from about
298°F. at 50 psig, to about 324°F. at 80 psig, to about




5 thereof. The preferred organi c phosphonic acids are al kyl ene phosphonic

aci ds -and phosphonocar boxyl i c aci ds.
genergg%éornula [err] wherein mis an integer from1l to 10, [err] |s

hydr o
hydro
the general f
car bon atons,

formula: [err
al kynyl havin
car bon at ons;

or 10 an al kyl group having from1 to 4 carbon atons, [err] "~
hydrogen, or an al kyl group having from1l to 4 carbon atons

Sui t abl e phosphoni c aci ds have the

OI’

ornmula: [err] wherein [err] is an alkyl group having 1 to 10"»

benzyl, or phenyl; or the general formula: [err] wherein
[err] is an al kylene group having frogm 1l to 10 carbon atons;

] (I'V) wherein R5 is hydrogen, alkyl, aIkenyI

B AR el Ty BB bl i 40, °

or the general
or

having 1 to 4aB@ﬁbosaiﬁnunntHZQQGWgsmg., [err] is hydrogen or methyl and R8

,”10ERF B T Vs 33‘."1:“’?&?#”"“%03*k"é%ﬁ%i‘:ﬁﬂﬁng:fﬁ”;ﬁ. ds,

is a carboxyl
aci ds, hydrox
or water solu

b6 buble tor 3anie @hagrhandse acddsy Opr EPGFF ef8olyhie

conpounds aseeRel &0 [ | (THE pr e dd Tlgamiec phodphonic acids are

8@\2@4?&”&%‘% SR N BB bhonsrar BREYHS #7480y i

et hyl enedi am
hydr oxyet hyl i
acid-1,2,4 an
dlphosphonlc

the preparati

10

Suealsl e sphodpleomnia tacideehave. thiee generakyfarnylatene

on
"HO

SICEN T

-/ NP

HO Rz,/ﬁ ~OH -
wherein m is an integer from 1 to 10, R is hydrogen or
an alkyl group having from 1 to 4 carbon atoms, Rz is
hydroxyl, hydrogen, or an alkyl group having from 1 to 4
carbon atoms- or the general formula:

3
\11 ' P/
/// | \\\ (11)
HO an OH
wherein R3 is an alkyl group having 1 to 10 carbon
atoms, benzyl, or phenyl; or the general formula:

HO _ 0 OH.
™~ <Li:--cu2 : _ carg <
Ho/ \ OH
~ N-R, -
. og (11D
| 0\ P cnz/ ca.‘,—-i d
__no/ \oa

acid is comercially avallable and conventional procedures for

tSreferred

O
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of this and other such phosphonic acids are described, for exanple, in U.S.
e§tents 3, 214, 454 and 3, 297,578. .The nost 20 preferred am nophosphoni ¢ acrd
i's conmercjally avail able and t he preparation of this and other suc ,;
phosphoni ¢ aci ds by conventi ohal procedures is described for exanpl &%
U.S.. Patents 3,234,124 and 3,298, 956. 2-phosphonobut ane tricarboxylic
aciael, 2,4 is commercially available and 25 these and ot her such
phosphonocar boxyl i ¢ aci ds can be prepared by conventional procedures such
as those described, for exanple, in U S. PRateent 4,020,101 of Geffers et al.

O her suitabl e phosphqni ¢ _aci d LN or | yde,, § Or exanpl e,
di ethylenetria %feesi:qugeﬁlsa ?ﬂigﬁéﬁag ﬁ%gbﬁ %?Y:{m%a%) C13LL° lof

triet hyl enet etgarhamea tiomsa( 06t fthieegenghat pfiormelaci d), hexanet hyl enedi ami ne
-7- tetra(net hyl ene phosphonigg aci g), agrnoethylldene di phosphoni ¢ aci d,

am nopcopyl i dene di phosphonic éb\g hydnéxyprop dene di phosphoni c acrd
hydr oxybut yl i dene di phosphoni c "ﬁy r OXYTEX Bene drphosphonrdlgard 5
1- phosphonoet hane-1, 2-di carb ic acid ngd____,cooa

2- phosphonobut ane-1, 2, 3, 4-t et racar boxyl i c®aci d. The conposition of the
present i nventwhate‘imrt Fierdsc bygricges ,aalkyiphalkenybon yaikvynyl thaiwding aci d

or anhydride qf cfﬂr%ndaﬁaﬂsal bxanwtf?%fo@fmrqraﬁrﬂ& Yalerg sol ubl e
he copo

salt thereof. é g are copolynmeri Zing maleic.acid
or anhydri de FarRamAte deneyiks P thy c acid or an alkali netal

§,F t hereof by follow ng convennbonal 2ocedures such-as those descri bed
U. S. Patents 3,706,717 and 3, §79, 288}0f 15 Si egele. Conventi onal
addltlonal pol yneri zati on net hou€Hi rmthEHpreseRge of |ight or free radical

initiators my,fein Rg is hydrogen, alkyl having 1 to 4 carbon atoms
or carboxyl, R7 is hydrogen or methyl and R8 is a
carboxyl or phosphonate. ,
Water soluble amino alkylene phosphonic acids, hydroxy
10 alkylidene phosphonic acids,_phosphonocarboxylic acids, or
water soluble salts thereof are especially preferred. The
most prefercred compounds are aminotri (methylene phosphonic
acid), ethylenediaminetetra(methylene phosphonic acid),
hydtoxyethylidéne-l,l-diphosphonic acia, 2-phpsphonobutane
15 tricarboxylic acid-1,2,4 and water soluble salts thereof.
The hydroxy alkylidene diphosphonic acid is commercially
N~ available and conventional procedures for the preparation
of this and other such phosphonic acids are described, for
example, in U.S. Patents 3,214,454 and 3,297,578. The most
20 preferred aminophosphonic acid is commercially available
and the preparation of.thie and other such phosphonic acids
by conventional procedures is described for example, in
U.S. Patents 3,234,124 and 3,298,956. 2-phosphonobutane
tricarboxylic acid-1,2,4 is conmerciaily available and
25 these and other such phosphonocarboxylic acids can be
prepared by conventional procedures such as those
described, for example, in U.S. Patent 4,020,101 of Geffers
et al. Other suitable phosphonic acids havihg these
formulas include, for example, diethylenetriamine
30 penta(methylene phosphonic acid), t:iethylenetetzaamlne
hexa (methylene phosphonic acid)}, hexamethylenediamine



enpl oyed. Generally, the copolynerization may be effected-at from about 30
to about [err] using a peroxide in an inert nedium The copol yner nay be
deri for exanple, 20 by sol ution pol ymerization of maleic acid and
sodi qy .yl sulfonate in the presence of hydrogén perOX|de The '
correspégndi ng vinyl copolymers for use in the pressurised  boiler treatnent
met'hod of the present invention may be prepgred in a simlar manner fron(:}
mal ei ¢ acid or anhydrlde 25 or fumaric acid and vinyl sulfonic acid or a ™~

wat er sol ubl etéeég (hOEh ne gﬁl@{weadaraqporahmaataylautaenate and
car boxyl at e dggap u on gree, of scal i nhi tlon needed.

th
copol ymer gen PSP %ﬁf%] *(ﬁﬂkﬂﬂﬂﬁpgﬂ}ﬁﬁfnﬁb iP 86p§8“ﬁﬁlécb !cent of
sul f onat e noi hydesxppriopyl i depe dliptgispHonda aleddt, 8@droxgbatyl28enel e

percent of th fee% u ate

oi ot 1 o5 conpa} EROSRIINA Cacia s nyBP diyeaey1 1ot Wl bbb mphORsSLac 2EY ©

t he carboxy?aieph9$ab¢%@9€hﬁﬁ#1¥x¥T@kﬁﬂ&ﬂﬂﬁﬂliFSGFG dappdt 25 nnle per cent .

For the V|ny|25§0 : ﬁbﬁﬁ*ﬁﬁéum¥2%3;‘u%éiﬂﬂédiﬁaﬁyqi&Dhe&aeS especially
0

conpri se about 75 nol rcent, . .of the C and th car boxyl at e
moi eties from abotR® 5%P?EP%§§§§ fgp @ﬁfq"¥ﬁ8t§98r§§5 R8F ecul ar

wei ght of thecompniqesransal&phaxio|an§olymekong aalelie poligner is water

sol uble. 10 aﬁgégg §§§g liequl h nggsafrom
about 500 to a t il%% %%ef a#ﬂr @119@. s%Ifl""\yﬁlrigf grcagl GFfrom about
800 to abolf %a! Bﬁosﬁﬁﬂb%%d%%x%ﬂ?§ﬁlg? 'roﬂpﬁb °iYGG Py B8 PreBaned. A -
copol yner havbygcapowymeriuing(ﬂaleﬂomacrﬂnoi @mhqﬂhﬁdE|de tamat Lyl asidf oni

15 acid of abQYEh afIQf &if@%f%“ﬂél&‘%?iﬂﬁ Jfkaﬁgoﬁkt%loggltsthereof
by followxng conventional procedures such as those
described in U.S. Patents 3,706,717 and 3,879,288 of

15 Siegele. Conventional.add1tiona1 polymerizatlon methods
in the presence;of'light or free rad;eai initiators may be
employed. Generally. the copolymerization may be effected
at from about 30 to about 120°C. using a peroxide in an
inert medium. The'copolYmer may be derived, for example,

20 by solution polymerization of maleic acid and sodium allyl
sulfonate in the presence of hydrogen petoxide. The
corresponding vinyl copolymers for use in the pressurised
'boiler treatment method of the present invention may be
prepared in a similar manner from'maleic acid or anhydride

25 or fumaric acid and vinyl sulfonic acid or a water soluble

' salt thereof. '

The relative proportions of sulfonate and carboxylate
depend upon the degree of scale inhibition needed. The
copolymer generally contains from about 10 to about 80

30 mole percent of sulfonate moxeties and correspondingly
from about 90 to about 20 mole percent of the carboxylate
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especially preferred. Preferred vinyl sulfonate copol yners include those
having a"weight ratio of maleic acid or anhydride to vinyl sulfonic acid of
Bbout 1:1.5 or about 1:3 and a mol ecul ar wei ght of about 7,000 to ab"b:20
9, 000. Although t he best results are generally obtained mnth the 1: 4&9
ratio, in practice because of the relatively high cost of the vinyl
sulfgnic acid, a nole ratio of 1:1.5 is generally preferred even though the
results are not quite so good. 25 The phogpboni ¢ acids and the
copolyners are generally used in the formof an alkali netal salt and

usual ly as themewdtﬂessalPrefldublguuthdﬂsahﬁnnatesmbubteesabomprnseude

pot assium a i aBo\dle | P3G 1 s Yeldd SO
be used and g“?BbPEl 2 ggldlc 30 hydrog é%gcﬁﬁg;%f {B% ggsgégggg aﬂg %@%d

the cation be ESHE°F8}aPﬁo@% ?E&ﬁ%ﬁﬁﬂfpr*ﬁﬁn§‘°ﬁhé G&Fl yaBRuE 85 one of
or a mxture ofmolLer percént Na, Fét , theé ozinylhasulfolateccopslymeys;t thei nto the

wat er sol ubl g §§ik§n9¥aCﬂ&g@?*ﬁéng%gﬁg¥i¥¥yscoqpr;%e !@bh@ Bh Eé 9§Sﬁ69ée to

add the phosphonic acl gueous System
it is generall 9eﬁsﬁetceﬁvéh#e¢ﬂPQHWd acm’ermeogr@me#wntsh@o\iesmw fxom

conposi tion. 3BBue0sPOLHt ABGuEOT 28 o Id Yer¥entJ NVeNntion general ly
weight of the copotDforverted iinfeditir Sfaisﬁxr 8% RE0GonR1uRer i ByRaBoLT
0.5 to 5, parterbgicelgao anmmmﬂm:adlsdwat@nspihbye.the pol yner
a”d phOSDhOTBCG@ﬁéE‘agW péﬁé%iét{‘:t ﬁ&@%ﬁc‘ﬁﬁ.ai:owbﬂgﬁt"‘?hﬁgisrEibﬂ of
ut from preferably of from abqut :
and especi al | yabout 500 to about 100,000. The molecular welgh
preferably from about 800 to about 25,000 and especially
is from about 1,000 to about 15,000. A copolymer having a
mole ratio of maleic acid or anhydride to allyl sulfonic
15 acid of about 1:1 and a molecular weight of about 2,000 is
'__espec1a11y preferred. Preferred vinyl sulfonate
copolymers include those having a weight ratio of maleic
acid or anhydride to vinyl sulfonic acid of ebout 1:1.5 or
about 1:3 and a molecular weight of about 7,000 to about
20 9,000. Although the bestireshlts are generally obtained
with the 1:3 mole ratio, in prectice because of the
'relatively highicost of the vinyl sulfonic acid, a mole

o ratio of 1:1.5 is generally preferred even though the
results are not quite so good.
25 The phosphonxc acids and the copolymers are generally

used in the form of an alkali metal salt and usually as
the sodium salt. Other suitable water soluble salts
" include potassium, ammonium, zinc, and lower amine salts.
The free acids may also be used and all of the acidic
30 hydrogene need not be replaced nor need the cation be same
. " for those replaced. Thus, the cation may be any one of or
a mixture of NH4, H, Na, K, etc. The copolymer is
:converted into the warer soluble salts by conventional
methods.



of about 1:1. The conpositions may be added as dry powders -and permtted to
di ssolve ' during use but normally are used in 15 the form of aqueous
SO|UtIQﬁ§ The solutions generally contain fromabout 0.1 to about 70

wei gh cent of the conposition and preferably tontain fromabout 1 to
about wei ght percent. The solutions can be made by adding the
‘ingredients to water in any order. 20 The anpunt of the conposition ;}

added to the water is a substoichionetric &mwount that is effective to

i nhibit, control,wRiLé Oft FRIMPEBLItAE tddadl Qﬂﬁepﬁagp38998d5cpd‘ ah\¢ nature
of the aqueou systeqto be treat%i The g honi ¢ aci d rﬁs- depends_to
some extent oﬁh ¢ HECRRL YRR PR Run &9s 2R A9PRQUE Y SteB, ﬁg‘%onpounds

present in thgemssakly mdksunoﬂueniehtetanaddtthemcabgethecdimrtﬁhtfutm
caIC|un1concegfr@le&mkégggﬁﬂpseqﬁﬁp W@k@&tqg Bﬁsﬁhe épgsg olyner dosage
ent on the r

depends to sone ext concentration o uspended ds-and 30
exi sting Ie§e4%vﬁﬂt%ﬂﬂ|QﬁFQﬁﬁﬂkinquPfﬂﬁGssfSP@n#boﬁheoebnﬁesﬁb¢%h.E@herally

is added to tptefeuaﬁng;&n&ueﬂnlum ?n @ﬁg&@trgiwgﬁgﬁhabpughg &dpd Dy Olﬂ%;pl{BOSOO
refer ro

Bg;nt Saggresp %A§I$§g%faq° %W%.Oﬂ:to %t ﬁggt' Bﬁegﬁ 8&' ﬁ%“%o%a%swl ons of

this inventiohe rmttm(ﬁmd@iahtb@facmodphosmhbnﬁ.ccacidl. ni Gegnet &kly, the

i ngredi ent s e 1dna W%i‘d‘ adldClark’ Eé‘tEEEHE EHC@%@Sc@méésgffon

l'ignin deriva |ves ot her tanni ns, _Q onat

bi oci des, ARSER Metaht it r#%%ﬁqﬂﬁm§b°Pﬁ £PP|&ﬂFart°fﬁP°BFe§§h972ed boiler .
wat er treat megreférabiny df from abowt 4:Q addabbatcpslyand esseotwEphonate o/
in conblnatH%k\gthéifwfer-solubIe hardness preC|p|tat|ng agent, typically

a
The compositions may be added as dry powders and

permitted to dissolve during use but normally are used in

15 the form of aqueous solutions. The solutions generally
contain from about 0.1 to about 70 weight percent of the
composition and preferably contain from about 1 to about
'40 weight percent. The solutions can be made by adding
the ingredients to water in any order. '

20 The amount of the composition added to the water is a
substoichiometric amount that is effective to inhibit,
control, and/or remove scale and sludge and depends on the
nature of the aqueous system to be treated. The
phosphonic acid dosage depends to some extent on the

25 amounts of hardness causing scale forming compounds
present in the system. Generally, the amount_is
calculated from the calcium concentration and'consequent
water hardness;_ The copolymer dosage depends to some
extent on the concentration of suspended solids and

30 existing levels of solids buildup in the system. The
composition generally is added to the aqueous system in an
amount of from about 0.01 to about 500 parts per million
(p.p.m. ) and preferably of from about 0.1 to about 100
ppm, and especially of from about 5 to about 50 ppm.
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phosphat e such .as sodi um phosphate, e.g., disodiuml|o phosphate or

tri sodi um phosphat e, potassi um phosphate or ot her phosphate incl udi ng /
Bol yphosphates, e.g., sodi um hexaret aphosphate or a fluorophosphate, or é%/
carbonate, typically sodium carbonate. The pH in the pressurized boil er\_
w |k nornally be adjusted, if necessary, to about 15 9.5 to about 12,
prekgrably about 10 to about 11. This pH can be achi eved by nalntalnlng t he
reconmended al kalinity value for the particular boiler enployed by adding
appropri ate quantities of caustic soda. Th al kalinity value can be

det ermi ned using well known met hods, such ai 20 by titration against
standard acid. Tyibiec Somposikaonspofyhbisi invenkipmmay InAIKEs o5obet i on

gener al : Iy colr)afdaera () ahw: Qog}thﬂnﬁh Ué%ﬁ@%{.ﬁﬁcﬁfe’iﬂa’ oammahiyt OT%O%
especially a € e mer e
anmount of haf® gﬁé§¥°Sr HEg? %gxﬁgﬁﬁggzg&$ﬁ % J%gq &J#f s&itably from
about 5 to aUGuﬂVQGWPGGn gsheblppiymerawt;anm#nsfyqﬂhQﬁ1nhﬂﬂam@mmtE§5 to

about 35% em%lialdsx %haUEoEEosQoabQHﬁiﬁﬁ%rby Vil @iir-tibular ,t Forrel ative
wei ght proportlo

d t t
sui fabl ) 11 oREsePasdzeg oilRe YdEee PhrenPhente sy ' FoRalgRY, 17
500, pr?fgralﬂwaﬂtc.ﬁtm topofigmes hydvxphghphmiatmrﬂnmlmmmm andithg aagent
er par | 0 ; n an
gspeglalIyypygfggrsg&ﬁgﬁﬁ hXQ?ﬁel? ?§?8£%D ?1J§(HQéh (”ﬁybfka¥iy a
g@gsphonate Phospbate SUCh: RRgsadinm BB°%£RE$F(CP19H3:Qﬁﬁﬂﬁaumb from about

e

287t 0 aboutp Pho@phateobrsteissdlancphosphdte, quoguss iiino iphvEphlate Ber oduced
oY o OF oL B ef RhSpehalL spBEyAhg PR EPMOGACIST T i P the
hexametaphosphate or a fluorophosphate, or a carbonate,
typically sodium carbonate. The pH in the pressurized
boiler will normally be adjusted, if necessary, to about
15 9.5 to about 12, preferably about 10 to about 1l1l. This pH
can be achieved by maintaining the recommended alkalinity
value for the particular boiler employed by adding
appropriate quantities of caustic soda. This alkalinity
- value can be determined using well known methods, such as
20 by titration against standard acid. Typically, the
copolymer is added as an agueous solution generally
containing about 0.1 to about 508, preferably about 2.5 to
10%, especially about 3 to about 5% by weight (active) of
the copolymer. The amount of hardness precipitating agent
25 in the solution is suitably from about 5 to about 50% (or
solubility limit), preferably from about 15 to about 35%,
especially about 25 to about 35%, by weight. Thus, the
- relative weight proportions of the copolymer and hardness

_precipitating agent are suitably from 0.1:50 to 10:1,
30 preferably from 1:15 to 2:3 (i.e. 0.1 to 500,_prefe:ab1y
1.5 to 15, parts by weight of hardness precipitating agent

per part by weight of copolymer ), especially from 1:11 to
1:13. In an especially preferred method, the total amount
of the copolymer, phosphonate, and precipitating agent

35 added to the system is from about 20 to about 2500 ppm of
system water. '



customarily added to the nakeup or feed water lines 5 thr

ough whi ch water

pre @békn1ned anount periodically or continously'to the nmakeup water is

enpl The present invention is especially useful-int
the feed or makeup water in a steam 10 generating boiler.

entaz::zre system Typically, an injector calibrated to deliver a

he treatnent of
Such boiler

systens are generally operated at a tenperature of from about 298 to about~
[err] and a pressure of from about 50 to about 2,000 psig. The conp05|t|o\hz
and nethod of this invention are illustrated by t he foll owi ng exanples in

which all parts 15 are by wei ght unl ess @jherwi se indicat
Agueous sol utions of a conposition containing equal parts

ed. EXAMPLES
of

hydr oxyet hyl i dengéli Qiioh m&dbeaahwbahéaat &y sme Poespiomi ¢ aci d)

{11 Car boxy| rehers ot wihi By QS 4BR AR 151 85kEY kg

p@a;ggﬁpobutane

onlr¢ acid and

mal ei ¢ acid Memgpfi the e&xﬂtam.wei’l\ylet toka&nent ex:eoncam &&ellyl sulfonic
acid to mal e g g@\cofﬂaeadﬂd ‘toOftté ?na\%’%ﬁs Eeﬂéé&dwai!b@ iiked ment

sol utions al 80 i n sodi um phosphate, sodi um sul &a
¢

sodi um hydPosrrugh wh kdyiwakesh egteg s the gygten. o Fyp

sodium sul fite,
Y¢ADrovide the

bgl ! fr Wi'iteriﬁm témw ito Bellivet. aApseBaten?inedtanoumg the
laenti cal anpbun e Lre
30 he pr cocRtE 1SRATRITH, o Genbiass SB0 ke RERER Whebe8 PO | D0

the treat nenempheyedal SThendrepentaliavensionnis - BFPES\%]-%X)
the composi tL QDS VB Endll & L EH'Eeda or makeup water in a

each of -
steam o/

10 generating boiler. ‘Such boiler systems are generally

operated at a temperature of from about 298 to

about

637°E.'and a_pressure of from about 50 to about 2,000 psig.
The composition and method of this invention are

illustrated by the following examples in which
15 are by weight unless otherwise indicated.
EXAMPLES

all parts

Aqueous solutions of a composition containing equal

parts_of hydroxyethylidene diphosphonic acid, .

aminotri (methylene phosphonic acid), ethylenediaminetetra
20 (methylene phosphonic acid), or 2-phosphonobutane

tricarboxylic acid-1,2,4 and of a copolymer of

allyl .

25

30

sulfonic acid and ihleic acid having a molecular weight of
about 2,000 and!é/éllyl sulfonic acid to maleic acid mole
ratio of 1:1 were prepared. The treatment solutions also
contain sodium phosphate, sodium sulfate, sodium sulfite,
sodium hydroxide, and sodium chloride in amounts
sufficient to provide the boiler water cpmposition,shewn
in Table I. A solution containing the identical amounts
of the treatment chemicals except for the composition of
the present invention and solutions containing the
identical amounts of the treatment chemicals and
equivalent amounts of each component of each of the
compositions were also prepared.



The sl udge conditioening and scal e i.nhibiting properties of these sol utigns
were evaluated in a snmall |aboratory boiler which had three renovabl®, tubes
‘as described in the Proceedings of the Fifteenth Annual Water 5 Confer¥fige,
Engi neers Society of the Western Pennsylvania, pp. 87-102 (1954). Th :
feedwater for the l|laboratory boiler was prepared by diluting Lake Zurich,
Illjnois tap water with distilled water to 40 ppmtotal hardness as [err]
and adding calciumchloride to provide a 6 to 1 10 elenental calciumto
magnesiumrati o. The feedwater and chem cal treatnent solutions were fed to
the boiler in a ratio of 3 volunes of feedwater to 1 volune of solution
giving a feedwater total hardness of 30-ppg® ef CaCO3. The scaling tests for
all the treatnent solutions were 15 conducted by adjusting boiler bl owdown
to 10 percent of Th@esbodgercandikianingiandrgcaleapphdkikingl y 10-fol d
concentrati Opr 6pet BEe®0bf CEh¢'d Qo 1N idRS watd a¥alehtBd LheaCopRppi tion of

the treat men]r,‘aﬁol u%l on té) | v%%m Iﬁ] té."valil_ter after ﬁhe 1g-fol d

concent r at i oh2REYR RS ¥ ROLERT & SfnTeAoYaBLe FUPSSERE | Sodium
" Hydroxi de asdesckibed in the P qgeadingsumfCihieoFifteenthlaBaiBal Water 120

m Sodi um ' p 2 dj | as
pp sCBbREEIENES, [Slgﬁdéilneers SOciet?Efrrﬂflb Westerfl bg%%%%’gﬁ

o] ) 1eRe FRaEBE AT B FeaRuatiy or the Labareraty) pou
Phosphate boiles yasrgrepared byl @idQting BAke ZubtchgaliDinépsteapere run
b a st CRECE, PLOF STy e Maled B3 0P ol £30a R hELARERR B0l ot and
the scal e orC¥e@ps?nd Bdding calcdumehdordflet ko provide a 6 to 1
10 elemental calcium to magnesium ratio. The feedwater and
chemical treatment solutions were fed to the boiler in a
ratio of 3 volumes of feedwater to 1 volume of solution
giving a feedwater total hardness of 3d ppm of Caco3.
The scaling tests for all the treatment solutions were
15 conducted by adjusting boiler blowdown to 10 percent of
the boiler feedwater giving an approximately 10-fold
concentration of the boiler water salines and adjusting
the composition of the treatment solution to give a boiler
water after the 10-fold concentration having the
20 composition shown in Table I.

L TABLE I
Sodium Hydroxide as NaOH 258 ppm
Sodium Carbonate as Nazco3 120 ppm
Sodium Chloride as NaCl 681 ppm
25  Sodium Sulfite as NAzso3 ’ " S0 ppm
Sodium Sulfate as NAst'4 819 ppm
Silica as Sioz less than 1 ppm’
. Iron as Pe less than 1 ppm
Phosphate . as PO4 : 1b-20 ppm
30 The scaling tests were run for 45 hours each at a

boiler water pressure of 400 psig. At the completion of a
test, the boiler tubes were individually removed from the
boiler and the scale or deposit present on 6 inches of the



- 13 - central length of each tube was renoved by scraping,- col]Jected in a

tared-yjal,

TABLEALI4) 5
Scal @”Ryn .
Addi t ¥ ve(s)

None (Bl ank)
5 0. 063
average 15

Hydr oxyet hyl i dene
(rry 20 4

32.9 tetra(nethylLe
2-Phosphonobut3%§

t he Boil
(g/ft2/

Water (ppm
- .0.213

70.4 acid and mal eic acid copolynmer (1:1; weig

nol ecul ar wei ght of aRgqut 2, 000)

5 0. 148 : 63% 5 di hgsghoni c
cenppholenqtfePhyragh tube;was removed % 5£5821n9

phosphoni c aci ¢b1ikétedSin a tabedyvialdiand weighed.

QgsgéE’arg shown ?Hogs%llg;

Addi tive Dosage in

er Rat e -

hr) (%9 Conpar at
- 2

(1)

g, acid) (IV).6

and wei ghed. The results of the tests are shown in Table |1

Scal i ng

Reducti on No.

Ive Runs 10 1
Al lyl sulfonic%%
3
acid.
50.7

The results of 0. 143

21.6 tricarboxylic acid

1,2,4 (V) 30 TABLE II_ Eyanples 1 I+ 11 (1:1
active) $ 0. 007 OBdditive -
: Dosage in. Scaling Scale
Run . the Boiler Rate , - Reduction
No.  Additive(s) Water (ppm) (g/f£/hr) (%)
' Comparative Runs |
10 1 None (Blank) = 10,213 -
2 Allyl sulfonic S 0.063. 70.4
acid and maleic '
acid copolymer
(1:1; weight average
15 molecular weight of
about 2,000) (1)
3 Hydroxyethylidene 5 0.148 30.5
diphosphonic acid-
(II)
20 ¢4 Aminotri (methylene -5 0.105 50.7
phosphonic acid)
" (I1II). :
5 Ethylenediamine- 5 0.143 32.9
' tetra(methylene - ' '
25 phosphonic acid)
(IV)
6 2-Phosphonobutane 5 0.167 21.6
tricarboxylic acid
1,2"4 (V)
30 Examples
1 I+ II (1l:1 active) 5 0.007 96.7
2 I + IIT (1:1 active) 5 0.005 97.7
3 I + IV (1l:1 active) 5 0.010 95.3
4 I+ IV (1:1 active) 5 0.010 95.3



2 Il + 111 .(1:2 active) 5 0. 005 97.7 3

(1:1 active) . 5 0. 010 95.3 4 I + 1V (1:1

5 , 0. 010 o 95. 3 - 14 - The conparative results
formati on shown in Table I'l denonstrate that the conposition and nefhod

t he.-present invention provide scale inhibition that unexpectedly is very
congi,derably superior to that of the 5 conponents added alone. In a second
series of tests, the systemused in Exanples 1 - 4 was first run for 45
hours wi thout any addition of copolynmer and then one of the three, tubes
was taken out and replaced by a clean tube. The systemwas 10 then run for
a further 45 hours but this tine with a-gopolynmer of sodiumvinyl sulfonate
and .mal ei ¢ acid added. After this further period of 45 hours, the scale in

the three tubes veite \gompacdte ive kfsulets dhiUsScaXed FoahnhtOon Gdhdwie ihesul ts of

hi | b : duri h
second 45 nout*Bat: esdipfoatl ok e LAl R LA e e Rt L 11

capabl e of rekBeiPrpsand dnyaption Providenseale tinbipdrheRr i ¥@%f scale on a
cl ean tube. Threxpesdddlyobbavery considepably nsugee ibel toveher bEbithel 1 1. 20

TABLE 111 Agt] ﬁ;ggﬁﬁge le in the Boiler Reducti on Exanpl e
Addi ti ves 5 & tdgfd ﬁ) ng Conpar ative || 30

77.8 5 In a second series of testsgithe system used in (5 (1:1
active) 25 6 Examples 1 V¥l 4+was first run for 45 houB@ without any - 110.1
o addition of copolymer and then one of the three tubes was
taken out and replaced by a clean tube. The system was
10 then run for a further 45 hours but this time with a
copolymer of sodium vinyl sulfonate and maleic aciad
added. After this further period of 45 hours, the scale
in the three tubes was weighed as before.  Thus,
comparison of the results of this test with those of an
15 untreated blank (no polymer added during thé second 45
hour period) enables one to assess whether the polymer was
capable of removing scale and also preventing the
" formation of scale on a clean tube. The results obtained
are shown in the following Table III.
20 ~ TABLE III

_ Active Dosage Scale
) in the Boiler Reduction

Example Additives ' Water, (ppm) (%)

Comparative II 30 77.8
5 I+ 1II 30 _ . - 115.1
(1:1 active) '

(%

25 6 VI 4+ II | 30 o 110.1
(l:1 active) - '
VI = copolymer of sodium vinyl sulfonate and maleic
acid (1.5:1; weight average molecular weight of
about 7,000 - 9,000).

30 It can be seen that, in Examples 5 and 6 where the
combination of phosphonate and vinyl or allyl copolymer
was used, the scale reduction was greater than 100%, thus
indicating the removal of existing scale.



(1:1 active) VI - copol of sodi umvinyl sulfonate and mal ei¢ acid

(1.5 k %IMMMMHMM EI ar wei ght of about 7,000 - 9, 000). | t
can 5 and 6 where the conbination of phosphonate
and or al 1y copolyner was used, the scale feduction was greater than
100% Thus indicating t he renoval of existing scal e. -15- CLAIMS 1. A
conposi tion suitable for controlling ggale in an aqueous system which @
conprises a copolymer which possesses recurring units of the formula: __Of

- CH [err] 5 and of the formul a: [G&®IMShherein Z represents [err] or a

wat er soluble salt.the e:ﬁmpmetmnwamrcamleubbe 8688P6L1 PRYSHESOTE Cimcdl or
A wat er solubhe sal t Q§§Qﬁu_¥h s A co ositiQ ccording.to claim
1 in which tHe %chosp he: acta mtpﬁé' Sgngrﬁf’p YREfa¥ %‘F p%%e ‘?‘Pm i's
an integer frennnrxns:MhlﬁﬁLQﬁsﬂhpdﬁ@gmnler an al kyl group_having fromlto
4 carbon atoms, R2 is 15 hydroxyl, hydrogen, or an al kyl group having from
1 to 4 carbon atons; or the general formula:. [err]

(1'l') wherein Ris an alkyl gro ﬁEVFHﬁ_i to 10 carbon atons, benzyl, or
phenyl; or the general forrrulaCOOH COOE ' .

5 and of the formule:

—CH,—CH— - o/

Z

wherein 2 represents -CH2503H
or a water soluble salt thereof, and a water soluble organic
phosphonlc acid or a water soluble salt thereof.

10 2. A comp051t10n according to claim 1 in-which the
phosphonlc ac1d ‘has the general formula

HO\\\\ﬁ Tl ?’//_on
'/// ' ? P (I)
HO NS AN OH
wherein m is an integer from 1 to 10, R, is hydrogen or
an. alkyl group having from 1 to 4 carbon atoms, R2 is

15 hydroxyl, hydrogen, or an alkyl group having from 1 to 4
carbon atoms; or the general formula:s.

HO
/p.-—'.cf—r'\. o (11)

wherein'R3 is an alle group having 1 to 10 carbon atoms,
benzyl, or phenyl; or the general formula: -
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- 16 - [err] _ - (rery mhereln—ferrfﬂﬁ§ﬂﬁ+f&ky+ene gLoup
having from1l to 10 carbon atons; or the general rmul a: \\
¢1V) 5 wherein [err] is hydroden, al kyI al kenyl j!mul"ﬂﬂuﬂ"”!h

carbon atons; phenyl:; cycloalkyl having 3 to 6 c

phenet hyl or [err] vherein Ris hydrogen, alkyl having 1 to 4 carbon at ons
or 10 carboxyl, R7 is .hydrogen or nmethyl and R8 is a carboxyl or

phosphonat e. 3. A conposition accordilfig=to claim 2 in which the
phosphonic acid is an am no al kyl ene phosphoni c aC|d or a water sol uble

salt thereof. 15 HOL. WA conposition accordin unrn 2 in which the
phosphonic acid is am noN i hyl ene phosphoek A conposi tion
according to claim2 in |ch phosphoni c ra |§\\

et hyl enedi am netetra hylene pRgsphonic a . A
conposition according to claim2 in which phosphonlc aC|d |§I§Ihydroxy

al kyl i dene phosphonic acid or a - peﬁgsyluble sal t thereof .

conposi tion accordin%i o claim6 ifN which t e 5 pho pho aC|d i's

hydr oxyet hyl i dene-1, ' pphonyc acid. 8. A co on according to
claim2 in which the phos anl 2a0|d i s a phos@Hegmo: éf:fxyllc acid or a
wat er sol ubl e salt t hgye0f.

LQ} . wherein R4 is an alkylene group having from 1 to 10 carbon
atoms; or the general formula:

is
,/’ "" cooH o aw)

HO COOH

S wherein R5 is hydrogen, alkyl, alkenyl or alkynyl having up
to 4 carbon atoms; phenyl; cycloalkyl having 3 to 6 carbon
atoms; benzyl; phenethyl or

R R

lﬁ 7
— CH CH R8
N wherein R6 is hydrogen, élkyl having 1 to 4 carbon atoms or
10 carboxyl, R 7 is hydrogen or methyl and R8 is a carboxyl or

"phosphonate. _ _
' 3. A composition according to claim 2 in which the
~ phosphonic acid is an amino alkylene phosphonic acid or a
water soluble salt thereof.
15 4, A composition according to claim 2 in which the
phosphonic acid is aminotri{methylene phosphonic acid).
5. A composition according to claim 2 in which the
phosphonic acid is ethylenediaminetetra(méthylene phosphonic
acid).



9. A conposi; fa ing to claim2 in which the 10 phosphonic acid is
2- phospht nobumgmmimﬂMimlc acid-1,2,4. 10. A conposi tion accordi ng
to clgpy 1 tow A S copol ymer and the phosphonic acid are present .
in a ht ratio of from10:1 to 1:10. 11. A conposi'tion according to
claim10 in which the 15 copol ymer and the phosphonic acid-are present in a
wei ght ratio of from4:1 to 1:4. 12. A conposition according to claim1l%t

in which the copolymer and the phosphoH7C‘acid are present in a weight hd

ratio of about 1:6. 2@ compokitionAacenpdihyi €6 6L&OMJR N{ntwhidly e of the

er cont of digrpidhit dehd 1% STROSKRY SRRV 38Re PEGHIoAGs FolF Bl of
mal ei ¢ aci d watiex isetublle salk &degesitti on according to claim 13 in.which
the 25 copol yner £Onpra Rmgosd®idd hecdaiRberneeteih 6f il hyicrsuWdeonic
aci d ”D'?t$§ﬁ,a” from75 1q Z%Qﬁgge pehcing of galslg aci d nggeples. 15.
A conposi t QEEE iy s¥etRELifeReal nd—eiahrePhanimi 2¢id he
nol ecul ar wei ght &f t ffe cMnposidlipmeacicerfiing 560clai 0D, DO0shilch theA
Cores 417 RO LG bbbl ERLE LSS el atle (he
in whi ch t hesoiikle saltudhgmeodt- t he copol ymer is 1,000 to 15, 000. - 18
- 18. A conposi tg on aCRiniPoid tiondAkcorainl tBecpaghesi Ny whaERB i ch
e T e S G RPRAF R lass' BEL AL DR sl B,
10. A composition according to claims 1 to 9 in which o
the copolymer and the phosphonic acid are present in a weight
ratio of from 10:1 to 1:10. _
11. A composition according to claim 10 in which the
15 copolymer and the phoéphonic'acid'are present in a weight
ratio of from 4:1 to 1:4. '
12. A composition according to claim 11 in which the
copolymér and the phosphonic acid are present in a weight
ratio of about 1:1.
20 13. A composition according to any one of the
preceding claims in which the copolymer comprises from 10 to
80 mole percent of allyl sulfonic acid moieties and from 90
to 20 mole percent of maleic acid moieties. _
14. A composition according to claim 13 in which the A
25 copolymer comprises from 25 to 75 mole percent of allyl
sulfonic acid moieties and from 75 to 25 mole percent of
maleic acid moieties. '
15. A composition according to any one of the
preceding claims in which the molecular weight of the
30 copolymer is from 500 to 100,000.
16. A composition according to claim 15 in which the
molecular weight of the copolymer is from 800 to 25,000.
17. A composition according to claim 16 in which the
molecular weight ?f the copolymer is 1,000 to 15,000.
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5 . the hardness precipitating agent is disodiu hosphate N
sodi.um hexa net aphosphate. 20. A _conposition acgﬁmubmm {1 ﬂ! 8 or ’
whi ch contains 0.1 to 500 parts by V\Blg{bt of har ng agent=

per part by weight of copolymer. A conposition
according to claim20 wW-ch Acsmnepﬁétios chesdbmwobynmmtofbfthmrdness

precipitati ngom&mﬁrcmmts Rihien ¢hktBbrCceBmpYBés #2ravef POFLd ON
according to l?zﬂ:ydne%g; r?g'etc pé.'%r %Cﬁ’?‘gl ggﬁpgal ns ich is aqueous. 15 23.

A conposi tion accor Ble for inhibiting formation of
scal e in an aqueous syst9sm @ogpmposhgian aqoendingotaitelminnfléy iropd ister of

mal ei ¢ agi d Kk Adpdnekd e@ﬁ&%a%ﬁh aﬁehé g@p&iys@{ d#aaé fed@ eyl ar
0 to

wei ght of fro%o 25, an-a ¥ oni c acl elc acid 20
nmole ratio ofP te 9‘aﬁ8 Ayl Beyac e ?EB%%P*F;"&‘*- di phosphoni ¢ aci d,

ahm' noLri (et hyl )ene phoohoniac cambd)sitebhyheaeaaﬁ%@ n@clatﬁéﬁh( ey o Q@‘v‘ »
phosphonic a phosphbqn | car i c, aci ; sai
copol yrer an?hgeﬁhd%roﬁ%gg'ﬁsn:aciaglgdggg ﬁ‘g'?ﬁ%eg’én‘f f?yﬁ/ qtﬁﬁ%“r%ﬁq o of 25
about 1:1. 2prec idf@rﬁi@sl fgentapesr gang by weight 1ogmm@mmem.|y as
describetoin any one oR1t.heaFxarBbeEt i8h acco?@in %o "Bt JoPy hcﬁ@?xt rol l'ing
scale in an a&é_‘? S %eri? c ri SL gbaddl 11‘ stem a copol yner

whi ch 30 posSEFadNEecarr FRg P’PE Bf Yh'ée ﬂ‘@:’\ﬂssZS and of the
formul a: [er Hredigridiatingr agentepes bart]bﬁOwﬁgm:vﬁ dopolydre, sal t

t pereof, and a water sghubl £ g&ﬁﬁgﬁgﬁp%qsggggg inrggcittgo %r"ei'ian%w%ts%lrfn% | .ubl e

satt thereof accor ich the
phosphonat e r?é&c@ﬁéngeﬁéﬁéw Bhighals aqueous.
15

23. A composition according to claim 1 suitable for
inhibiting formation of scale in an aqueous system comprising
an aqueous solution of a copolymer of maleic acid and allyl

10 sulfonic acid, said copolymer having a molecular weight of
from 800 to 25,000 and an allyl sulfonic acid to maleic acid
20 mole ratio of about 1:1 and hydroxyethylidene-1,1-
diphosphonic acid, aminotri(methylene phosphonic acid),
ethylenediamine tetra(methylene phosphonic acid), or
15 2-phosphonobutane tricarboxylic acid 1,2,4; said copolymer
' and said phosphonic acid being present in a weight ratio of
25 about 1:1. . [
N 24, A composition according -to claim 1 substantially
| as described in any one of the Examples. ‘
20 25. A method for controlling scale in an aqueous
system comprising adding to the system a copolymer which l
30 © possesses recurring units of the formula:
—CH — CH —
| cI:oon éoon
25 and of the formula:
—CH,—CH—

2

wherein Z represents -CHZSO3H
30 or a water soluble salt thereof, and a water soluble organ:.c
phosphonic acid or a water soluble salt thereof. _
35 26. A method according to claim 25 in which the i
| phosphonate has the general formula: i




-19- Lerr]

for

" [err]

wh | = '.teger from1l to 10, [err] is hydrqgen or an
al kyf A oup‘g ﬂlﬂmagﬁ]\j“k carbon atonms, [err] is hydroxyl, hydrogen,
or ﬁ%&lkyl ml10s 1 to 4 carbon atons; 5 or the general

(1) wherein [err] is an alkyl group having

1 to 10 carbon atons, benzyl, or phenyl; or the general fdrmula: [err]

(LI'l) 10 wherein [err] is an aIkerneIQroup having from1l to 10 carbon
“(I'V) wherein [err] is hydrogen,*‘

at ons;
al kyl ,

cycl oal kyl \behzyl ;Ohenet hyl or R R _. -
[err] wherein [err] is hydro al kyl Mg 1 to 4 carbon atons or 5
carboxyl, [err] is hydrogendgy a err] is a'carﬁékyl or
phosphonate. 27. A et accoxdi g o

10

or the general fornmula: [errT

al kenyl or al kynyi havin - 20 - up to 4 carbon atons; phenyl;

28.

having 3 to 6 B&gbo

WA

A nmet hod according to claim26 in which the phosphonic acid

idﬁ 26 in which the phosphonic
acid is an anmino al kyl ene " phosphontc 2éid or a water soluble salt thereof.

is am notri (methyl ene, phosphonic acid). 29 A_met hod according to claim

28 in whi chwhgkein m is an integer from 1 to 10, R, is hydrogen of an

5

10

alkyl group having from 1 to 4 carbon atoms.-R2 is hydroxyl,
hydrogen, or an alkyl group having from 1 to 4 carbon atoms;
or the general formula:

" HO 0 R oh
N 1 ﬁ,//  |

HO Nﬂz Og

(II1)

wherein R3 is an alkyl group having 1 to 10 carbon atoms,
benzyl, or phenyl; or the general formula:

HO> E— cuz_ - an_ g< OH '. .
" >¢-n‘-n/ > (111)
i R W Vel

wherein R, is an alkyleng group having from 1 to 10 carbon
atoms; or the general formula:

_yo\g 25

B du

coon (1v)
2= COOH

wherein R5 is hydrogen, alkyl, alkenyl or alkynyi having



phosphonlc acid is ethylenedlan1netetra(nethyléﬁE-EFBEBﬁﬁnrc~ae+d)

* A nethod according to claim28 in MhIChJ' e aC|d |s: >
hydroxy alkylldene phosphoni ¢ acid or a water ” Bﬂ 7
A- et hod according to claim26 in which the phosﬁhon|CLa

hydr oxyet hyl i dene- 1, 1- di phosphoni c acid. 20 A nethod according
o ¢glLaim26 in mhich t he phosphonic acidis a phosphonocarboxyllc acid or a

wat er sol ubl.e salt thereof. A et hod according to claim26 in which

t he phosphonic acid is 2- phosphonobuEﬁpe tricarboxylic acid-1,2,4. 25

34. A nmet hod according to any oné of clains 22 to 30 in mhlch t he

copol ymer &@o desarbom atoms; sphemyk: peyekoalkitl Having A fteniéc caaben

noi eti es ag@ohgonbggz?Q ; 2Ph8Rkenperéent of maleic acid noieties. 35. A
met hod accordlng to claim34 ip which tf; 30 copolymer conprises from25 to

75 nmol e percent of allyl sulfohéc acid leties and from75 to 25 nole

percent of maleic acid noieties$.. -21} 36. A nethod according to any one
of clainms 25 to 35- in whicitrt@8 notecCRr—wer ~of the copolyner is from
500 to 100, 000. 37. A method according to claim36 in which the 5 nol ecul ar

~wei ght of Ua%rfé%%én% h§g£6eah§091if12§a999g Pleo T ecd P0G t3mEOLH Ng tO

claim36 in which_t ul.ar wei t he polyper is 00 to 15, 000.
So- " 3 RO BREY R ARgLEoRURTOSRR OF TELRYE 298 R A 1% CHRHGNYn ST

copolyner phdsphonpliteni c acid are added as a 10-conposition as clained in
qu one of clapfis 1 tQ gdthoa according to claim 26 in which the
phosphonic acid is an amino alkylene phosphonic acid or a
water soluble salt thereof. :
10 28, A methed according to claim 26-in which the

phosphonic acid is aminotri(methylene phosphonic acid).

- 29. A method according to claim 28 in which the
phosphonic acid is ethylenedlamlnetetra(methylene phosphonic
acid).

15 30. A method according to claim 28 in which the

phosphonic ‘acid is a hydroxy alkylidene phosphonic acid or
a ‘'water soluble salt thereof.

31. A method according to claim 26 in which the
phosphonic acid is hydroxyethylidene-1,1-diphosphonic acid.
o/ 20 32. A method according to claim 26 in which the

phosphonic acid is a phosphonocarboxylic acid or a water
soluble salt thereof. o
33. A method according to claim 26 in which the
phosphonic acid is 2-phosphonobutane tricarboxylic acid-1,2,4.
25 34, A method according to any one of claims 22 to 30
in which the copolymer comprises from 10 to 80 mole percent
of allyl sulfonic acid moieties and from 90 to 20 mole
percent of maleic acid moieties. oY
35. A method according to claim 34 in which the
30 copolymer comprises from 25 to 75 mole percent of allyl
sulfénic acid moieties and from 75 to 25 mole percent of
maleic acid moieties. |



40. A. nethod’éEEBTdrﬁaﬁ;dﬂgTiid139 in which the conp05|t|on S added to the
f

aqug syst fromO0.01 to 500 parts per mllion in system
watfar . Xﬂml ing formation of scale in a 15 steam

ge tfng b er aeco?dlng to-claim25 which conprises addi ng tothe boiler
wat n aqueous solution of a copolynmer of nmaleic acid and allyl sulfonic

aci d, said copol yner having a nol ecul ar wei ght of from1,000 to 15, 000 angk-

an allyl sulfonic acid to maleic acid |Le ratio of about 1:1 and 20 o
hydroxyethylldeneﬁ% 1- di phosphoni ¢ aci“d, “am notri (et hyl ene phosphoni ¢
aci d) et hyl enedi arf®ne ﬁe@?ﬁbﬁétﬁ?F@ﬁ@lﬁmd%?ﬁRﬁﬁcPQﬁnQﬁ cliims 25 to 35

2- phosphonokut anechr khar RexpbhtafCidight 2ot t il by BI's b b
phosphoni c %8 %gﬁg present in a melght rati o of about 1:1 and said
ei nd

conposi tion ded in an 25 anmobunt of fromO0.1 to 100 parts per
mllion of water B#-thd twethed.adGordimettwd kecim3ai nin twhidmithe?5

substant | 8| j188u983Chebgl:! B e O6p 340 Bod Lo 24 RIgHI Tor the
9 -

treat nent of scal pressurlsed r water stem conpri ses

adding to the syssgm aThepBethed WFW%S%S%#’% rlifhgvh}rﬂhc &hef the

formul a: [ embleculaZ?wetgHt0bft tive f Espol Bier &d |1 VOTU &id 15 Jou.esents [err]
or [err] or a wat gg_s s.0l

ol ubl eof ,. and of a uhl.e ,organic
phosphoni ¢ acid of mét%F§E§$u%f%PEéﬂ99t?&nﬁﬂ% one o -°lalmsl¥ %%
met hod accoidi which ChalnopalymenWBmﬂlnhnﬁmhqnﬂqn&nldsannuadﬂaﬁ @asda n any

one of clgi EBmpdsifidh - as claimed in any one of claims 1 to 24.°
40. A method according to claim 39 in which the
composition is added to the aqueous system in an amount of
from 0.01 to 500 parts per million in system water. .
41. A method of inhibiting formation of scale in a
15 steam generating bdiler according to claim 25 which comprises
adding to the boiler water an aquecus solution of a copolymer
-of maleic acid and allyl sulfonic acid, said copolymer having
a molecular weight of from 1,000 to 15,000 and an allyl
sulfonic acid to maleic acid mole ratio of about 1:1 and
20 hydroxyethylidene-1,1-diphosphonic acid, aminotri{methylene
phosphonic acid) ethylenediamine tetra(methylene phosphonic
acid), or 2-phosphonobutane tricarboxylic acid, 1,2,4; said
copolymer and said phosphonic acid being present in a weight \;,
ratio of about 1:1 and said composition being added in an
25 amount of from 0.1 to 100 parts per million of water in the
boiler. ) _
42. A method according to claim 25 substantially as
described- in any one of the Examples.
43. A method for the treatment of scale in a
30 pressurised boiler water system which comprises adding to the
system a copolymer which possesses recurring units of . the
formuila: : _
—CH——CH—

COOH COOH



-

~45. A nmethod according to claim43 h nic acid is
one defined in any one of clains 2 to 9 13'““'”"‘"'!]”" E A met hod
“according. to any one of. claims 25 to 40 an h a wgter.
sol ubl-e hardness preC|p|tat|ng agent is al so added to the system :
met,hod-according to claim46 inwhich a water sol ubl e hardness
pregypitating agent Is also added to 15 2 the systemin an anmount fromO.1
to 500 parts ] BE gL Qfét by melgh% of the copolymer. 48. A nethod
according to & a|n1 mﬂ t he hardness precipitating agent is added to
the systemin an anbunt from1.5 to 15 parts by welght per part by weight
of 20 the copol ymer. 49. A-6Hpod—a€Bording to any one of claims 46 to
48 in which the hardness preC|p|tat|ng|agent S sodlun1phosphate 50. A

nmet hod according to any one of clains 26 25 td 48 in which the hardness
precipitating agent is disodiumor trisodiun1phosphate or sodi um hexa

et aposphat g edbinaTERERdadRERT St (h AL rs'% ) 9 2% 4and 43

to 50 in which_the anoun Hofat’e and pre0|5ltat|ng
agent added & Fhéh§§§9€n1F553®ff¢dM§§EF;ﬁﬁﬂq %ﬂiﬂ(ﬂhquhgamcmater.
52. A net hogcddaceedangatér Cs6lubYe ﬁmtﬁ{ueﬂéy as hereinbefore

descrlged. 44. A method according to claim 43 in which the
copolymer is one defined in any one of claims 13 to 17.

U ' 45, A method according to claim 43 or 44 in
which the phosphonic acid is one defined in any one of
claims 2 to 9.

10 46. A method according to any one of claims 25
to 40 and 43 to 45 in which a water soluble hardness
precipitating agent is also added to the system.

47. A method acéording to claim 46 in which a
water soluble hardness precipitating agent is also added to

15 the system in an amount from 0.1 to 500 parts by weight per
part by weight of the copolymer.

48. A method according to claim 47 in which the
hardness precipitating agent is added to the system in an
amount from 1.5 to 15 parts by weight per part by weight of

S 20 the copolymer.

49, A method according to any one of claims 46
to 48 in which the hardness precipitating agent is sodium
phosphate.

50. A method according to any one of claims 46
25 to 48 in which the hardness precipitating agent is disodium
or trisodium phosphate or sodium hexa metaphosphate.

51. A method according to any one of claims 25
to 40 and 43 to 50 in which the total amount of copolymer,
phosphonate and precipitating agent added to the system is

30 from 20 ppm to 2500 ppm of system water.

52. A method according to claim 43 substantially

as hereinbefore described.




