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The present invention relates to a conposition and net hod for the

. chemi cal treatnent of aqueous i ndustrial systenms to prevent or reduce
the formation of inorganic scales on surfaces within such systens.
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Contamination of surfaces can be a serious
economic problem in many commercial and industrial
agueous processes. This contamination is generally
caused by the buildup of organic or inorganic
materials on a surface in an agueous system.

Inorganic contaminants in the form of scales are
particularly troublesome. Scale formation results
from the deposition of mineral compounds present in
the water used in an agueous system. Because they
form a hard, rock-like deposit on surfaces in contact
with the water, such as the walls of pipes,
reservoirs, tanks, and other containment elements in
aqueous industrial systems, the formation of scales
may cause serious process problems in an agueous
industrial system. Scale formation is especially
problematic in geographical areas which have hard
water.

Examples of inorganic contaminants which may
appear as scales in an aqdeous system include barium
sulfate, calcium carbonate, calcium sulfate, calcium
phosphate, calcium oxalate and other inorganic metal
salts which are well known in the art. Often the
scale that appears is a mixture of several
contaminating materials.

If the formation of scales is not controlled, the
buildup of material can interfere with process
operations, lower the efficiency of processes, waste
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aqueous industrial system. Numerous additives can be

used in various situations, depending on the type of

scale causing the problem, and also depending on

conditions in the industrial system where scale

formation occurs. For example, certain organic

polymers and. copolymers can be added to an aqueous

system for this purpose, including polymers and

copolymers made from such monomers as acrylic acid,

acrylamide, vinyl sulfonic acid, maleic acid, or

maleic anhydride; polymers and copolymers made from

maleic acid; and terpolymers and copolymers using

these and other similar components.

Another group of additives which has been used to
reduce or prevent the formation of inorganic scales on
surfaces in aqueous systems is polyphosphates. This
group may include, but is not limited to,
tetrapotassium pyrophosphate, sodium tripolyphosphate,
sodium hexametaphosphate, and the like.

Finally, organic compounds that include
phosphorus-containing moieties have been used in the
battle against inorganic scale buildup. These
phosphorous-containing compounds include, but are not
limited to, products commonly referred to as
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For example, it is known that mixtures of
polyphosphates with organic polymers similar to and
including polyl{acrylic acids) are effective in
reducing formation of barium sulfate scales. Products
containing this combination have been used
commercially for many years, and have provided a major
benefit by reducing downtime in industrial processes,
and improving quality of the product made in these
éystems.

Although the above additives and combinations
have provided various advantages and benefits, it is
always advantageous and beneficial to increase the
efficacy in reducing or preventing the buildup of
scales on surfaces in aqueous systems.

Disclosure of the Invention

Accordingly, the present invention is directed to
a composition and method for improving the prevention,
reduction, or inhibition of scale buildup on surfaces
contacted by an aquecus medium in industrial systems.

A principal advantage of the present invention is
the provision of a composition and method for the
prevention, reduction, and/or inhibition of barium
sulfate scale and/or other types of scale on the
surfaces contacted by an aqueous medium in industrial
systems where large amounts of water are used.
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effective for accordance with the purpose of the invention, as
embodied and broadly described, the present invention
is directed to a composition for the prevention,
reduction, and/or inhibition of scale buildup in
systems utilizing an aqueous medium.

Accordingly, in one aspect of the invention,
there is provided a composition having an anionic
organic polymer, a polyphosphate compound, and an.
organophosphonic acid compound, in which the three
components are present in an amount effective for
controlling the formation of inorganic scales in an
aqueous system. Such scales include scales containing
barium sulfate, calcium sulfate, calcium carbonate,
calcium phosphate, and calcium oxalate.

In another aspect of the invention, there is
provided a composition for controlling the formation
of scales containing barium sulfate on the surfaces of
industrial systems which contact an aquecus medium
containing barium sulfate wherein the composition is a
mixture having an anionic organic polymer, a
polyphosphate compound, and an organophosphonic acid
compound. Mixtures having these three components have
been found to be very effective in controlling the
precipitation or formation of barium sulfate scales.

In a further aspect of the present invention,
there is provided a method for controlling the
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When the organophosphonic acid compound is used
in combination with the polyphosphate compound and the
anionic organic polymers in accordance with. the
present invention, there is a synergistic effect in
the prevention, elimination, reduction, and/or
inhibition of inorganic scale buildup on the surfaces
in contact with aguecus media (including water) which
have inorganic scale-building salts therein, in
systems and processes which utilize such agqueous media
and which are defined herein as aqueous systems or
agqueous industrial systems. As shown in the following
description and examples, the synergistic effect of
the combination of at least one organophosphonic acid
compound with at least one anionic organic polymer and
at least one polyphosphate compound resulted in a
substantial reduction in barium sulfate precipitation
from an aqueous medium containing barium sulfate.
Accordingly, the composition of the present invention
is substantially more effective that the mixtures and
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of the invention.
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Figure 1 is a graphical representation of a cost
comparison of barium sulfate scale inhibitors. . The
cost factor versus percent scale inhibition in aqueous -
medium having a pH of 5 is shown to illustrate the
advantages of the present invention. Over a large
range of treatment rates, a combination of polyacrylic
acid and polyphosphate gives the result designated by
AP. Addition of organic phosphonic acids to this
mixture gives the noticeably improved results shown as
lines A (for Formula A) and B (for Formula B).

Baest Mode for X t Inventi

In accordance with the present invention, the
composition must have at least one of each of an
anionic organic polymer, a polyphosphate compound, and
an organophosphonic acid compound. These three
components of the composition are present in a
combined amount effective for controlling the
formation of inorganic scales in an aqueous system.
According to the invention, the combined amount of an
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conposi ti ons of O FONA%Eye omopolymers, copolymers, terpolymers,
etc.) used in the composition and method of the
present invention include any of the conventional
anionic organic polymers used in scale reduction
applications. As used herein, anionic organic
polymers include, but are not limited to, polymers
resulting from the polymerization of one or more of
the following monomers: acrylic acid, acrylamide,
vinyl sulfonic acid, maleic acid, maleic anhydride,
and the like. Examples of such anionic organic
pelymers include, but are not limited to,
polyacrylates, polymaleic acid, polymaleic anhydrides,
hydrolyzed polyacrylonitrile, polymethacrylic acid,
sulfonated AMPS, vinyl sulfonic acid, and the sélts
thereof. Other anionic organic polymers that can be
used are polymers (preferably copolymers) resulting
from the polymerization of one or more of the above-
listed monomers with one or more nonionic monomers
such as acrylamide, styrene, and the like. The
molecular weight of the anionic organic polymers
(including copolymers) is not critical and anionic
organic polymers used in the present invention may
have any molecular weight as well known in the art.

Part of the mechanism of preventing scales from

forming is the "dispersing" of the precipitating
materials. An anionic polymer will attach to the
initial crystal of precipitated material and coat it
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aggl onerate an
anionic organlc polymer is a polymer of acrylic acid

(e.g., a homopolymer of acrylic acid). Most
preferably, the anionic organic polymer is a copolymer
of acrylic acid and acrylamide having a molecular
weight of about 3000 to about 5000. For example, BSI
91, a polyacrylic acid, and BSI 75, a polyacrylic acid
copolymer, can be used in the present invention. Both
are available from Buckman Laboratories International,
Inc. in Memphis, Tennessee. .

The polyphosphate compounds used in the
composition and method of the present invention
include any of the conventional polyphosphate
compounds, preferably those used in scale reduction
applications. Examples of polyphosphate compounds
which may be used in the present invention include,
but are not limited to, pyrophosphates and
polyphosphates coordinated with sodium or potassium,
such as sodium tripolyphosphate, potassium
pyrophosphate, and sodium hexametaphosphate. Sodium
hexametaphosphate is preferably used at a pH of about
5-6. The preferred polyphosphate compound used in the
composition and method of the present invention is a
tripolyphosphate. Tripolysphosphates are preferably
used at a pH of about 10-11. More preferably, the



surfaces in contact with aqueous sol utions used in aqueous systens,

e.q., walls of pipes. reservoirs, and the like. |In additioep—surfaces—
generally tend to be ani oni ¢ so repul sion occurs there as well.
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wat er - sol Wiglo®em9201 Preferably, the anionic organi c pptyDss/o268t he
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polyphosphate compound. Preferably, these organic
phosphonic acids have the general structure:
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Typically, the molecule contains at least several
phosphonic acid groups. It may be water-soluble,
depending on the characteristics of the R substituent.
For example, the R substituent may be an organic
amine. Such organophosphonic acids are described in a
paper given April 5§, 1991 at the Association of Water
Technologies in San Antonio, TX by Robert Cavano
entitled "Phosphonates: Lore and Legend", the
disclosure of which is hereby incorporated by
- reference.

Examples of organophosphonic acids which may be
used in the present invention include, but are not
limited to, aminotris (methylenephosphonic acid),
diethylenetriaminepenta (methylene phosphonic acid),



-9- pol yphosphat e conpound used in the present invention I's sodi um
tripol yphosphate. _The organophosphonic acid conpounds used in the
conposition and method of the present invention i nclude any of the
-convent i onal phosphorus-contai ni ng or gani ¢ conpounds used in water
treatment. Any or ganophosphoni ¢ acid conpound may be used in

accordance “ﬁﬁﬂ#&b?F present invention as long as it pr
‘synergistic in the prevention, el im nation, reduction, and/or

i nhibition of inorganic scal e buil dup, including bariumsulfate scale
bui | dup, on surfaces in contact mﬁrhIQqaeous media, when it is

conbi ned with an anionic organic polynmer and a pol yphosphat e conpound.
Preferably, thdperoxyathylidengbis piphoaphaciidsabadk, tbetxpiss-al structure:

0 [ methylene phosphonic FSc:LdD %£ dJ.amlnoc clohexane, |
OH e nnleﬁyle

contai ns at Ie§§F¥§§&€rQFthyleﬁﬁdgﬁﬁﬁﬂFﬁnébFﬁxgr88 QXéT%n?mwﬁ
wat er - sol ubl e, pentmpenhengabnstdﬂé siuly actidsi, sandstbé lilee R substituent.

For exanpl e, ! Nordieiaiall | URE! oF Yl bIRAAR RG] 108 1Ecr W Okom

or ganophosphoni ¢ ac er given April 5, 1991 at
t he ASSOC|at|oﬁ“HF“VﬁP€ {meth Y#%%?wﬁﬂ?ﬁﬁhﬁ?ﬁQ1aggﬁ?Anton|o TX by Robert
Cavano ent inydxdxryieohypidenebis (phesphohicegend), téerakis<i scl osure of

whi ch is hereby, ée}téﬁg% mghsgpﬁani% adfd gf'%ﬁmln0ﬁgcloesgﬁr(ll?éTP|£'§iof

or ganophosphoni c I nvention

i ncl ude, but art®t¥ekis- meFPHi?%ﬂ EQPSEhﬁqﬁﬁ|ﬁ9§d(ﬁ§tﬁ§?%h%%ﬁﬁ?ﬁﬁﬂnic aci d),
di et hyl enet ri arperajamet.a ( net hyl ene phosphoni ¢ aci d),

The amount of organophosphonic acid compound,
polyphosphate compound and anionic organic polymer in
the composition and method of the present invention is
an amount effective to control the formation of
inorganic scale buildup on surfaces in contact with
agueous media in systems which utilize aqueous media,
i.e., in aqueous systems or aqueous industrial
systems, and to provide the synergistic effect
discussed herein:. Although there is no intention to .
be limited to specific amounts, in certain aspects of
the present invention, the composition has about 0.1%
to about 60.0% organophosphonic acid compound; about
1.0% to about 50.0% polyphosphate compound and about
1.0% to about 60.0% anionic organic polymer. 1In
certain preferred embodiments, the composition has
about 0.1% to about 10.0% organcphosphonic acid
compound; about 1.0% to about 20.0% polyphosphate
compound and about 1.0% to about 30.0% anionic organic
polymer. In the most preferred embodiments, the
composition has about 0.1% to about 4.0%
organophosphonic acid compound; about 1.0% to about
10.0% polyphosphate compound and about 1.0% to about
20.0% anionic organic polymer. All amounts are given
as weight percent based on the total weight of the
composition.
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=10 - hydroxyethylidenebi s (phosphoni-e—aci-d), tetrakis-——pthy ene
phosphoni ¢ acid of diam nocycl ohexane, t et raki s- met hyl ene phosphoni c
.acid of diam no nethyl pentane, the salts of such acids, and the |ike.
Preferably, the organophosphonic acid is selected from

anmi not ri s(welok¥d,67€ Phosphonic acid), hydr oxyet hyl i denpér/ssogpteog phoni c
“acid), tetrakis- nmet hyl ene phosphoni ¢ acid of diam nocycl ohexane, and
tetraki s-nmet hyl ene phosphonic aci'd of di gin no mnet hyl pent ane.

The amount of organophosphoni ¢ acid conpdtind, pol yphosphat e conpound
and ani oni ¢ organic gol ymer in t he conposition and net hod of the

present invention i%he comppsifi oft EBEj PSP YR HARe 38y nat i on of
i norgani ¢ scal geherhlly witesirdoligie prcaatecidispdrsibleaqm@dmaynedi a i n
systens which N a | [ | AQLEMS Y08 or
aqueous i ndust #IEa}ahé&'i @%%W%%W‘S%‘Fo??%‘éeﬁe syner gi st t(‘:.'&ef fect
di-scussed her eFRSexvehs A thhe dike Ag PALdAB: oB-Jo a8 €-imted to
speci fi c anpunilowifigCpowdérs ASREteyomay bet AfsfsPrditin Watield ae, dt he
conposition ha b . % 6Q. Q% o onj Ci
conpound; abou?ng 83&}8%},[%0%%%&%%3% o'pgrgbhoé%%g?%%o&nlb%ugnd about
1.0% to about @8%¥0byawebshte aghAddedotpnguerys progess Atreamsierr ed

embodi mralnts,h t heseeUPos| LAk dIRs ldike ahoubi.ﬁt%%sp ahmﬂb chd 0% vohoson

or ganophosphoni id, . cQ und:__about . 1. 0_about . D% yphosphat e
conpound and aE%ﬂ?gﬁgbﬁ/g?% %%%e ﬁeﬁ%’gnﬁgﬁgé%%?%a ]fo% a‘zﬁ%dgoéld;%gr. In the
nmost pr ef er r ed 2@HBOUE NBPYPCSE] [ALream OFPo¥EBEBYORASCAMRINIMNGI Bt 0 about

4. 0% or gan@ghiesibonediwe i &k %W@théboa@éo@%tﬁéuﬁb@uh an 10.0%
pol yphosphat e %&r}“ﬁgugd and abot te 1.0%'¢t otabout . 2c(>). O‘J/é)taw. [P‘I[ C organic
polymer. Al a 3 a?%s‘éﬁr(‘/'en COIPORA éﬁf’ b%r%’én‘f Rt he total

wei ght of the surfagepoéei¥on.walls of pipes, reservoirs, and the
like) in the agueous system and controls inorganic
scale buildup on the surface, i.e., it eliminates,
prevents, reduces and/or inhibits the formation of
such scales on the surface. The present invention
operates both by the presence of the compositions of
the invention in agueous mediums and by the contact of
the compositions with surfaces in those mediums as
described above.

Other additives may be used in the compositions
and method of the present invention as long as they do
not have an adverse effect on the control of the
formation of scales. For example, conventional water
treatment compounds may be used in the composition and
method of the present invention. The composition of
the present invention may be used at any pH normally
encountered in aqueous systems, for example, in oil
wells, pulp mills, paper-making processes and the

. like. .
The present invention further relates to a method
- for controlling the formation of inorganic scales on
surfaces in an aqueous system. The agqueous system is
contacted with a composition comprising an anionic
organic polymer, a polyphosphate, and an
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- 11 - The conpositions of the present invention are

general ly water soluble or water-dispersible and may be added directly
-t 0 aqueous process streans and/or reservoir and the |ike as solids,
e.g., as free- flow ng powders, or they may be dissolved in water at
~any deS|redw8 {rations e.g., about 25%to about TESPrisenegse®nt , and
added to aqueous process streans reservoir, and the like in solutions.
When t he conpositions of the present jnvention are added to an

agueous process streamor a reservoir co ining an aqueous nedi um or
to any ot her aqueous nediumin an aqueous system the conpositionis in

contact with orgapdphesphonig. achkdl | sTheseithree CoFPPNSNES, aXRd t he

like) in _the aqyféwntsmi McanBifneat sndent W@lf‘sucaliyaéﬁfé&lti\ihm on the
surface, i event s ﬁduces and/ or é;nhlblts t he

: | i
formation of ‘t”é?ﬁ?{mér g‘ltlé'é‘goﬁhfhgog'ﬂ?'f’a% H‘émﬁlgggéﬁt SFAVERt TN
oper at es bot h byhe Raqyecse system.t he conpositions of the invention in

aqueous medi uns and 'ﬂiétﬂi:%s%%t aﬁbeﬁémn id %ﬂqmaﬂyoaﬁeﬁi hisgurfaces in
t hose nedi uns ag% (P i&ﬁ bed abov N 8ﬁd|t|ves may be used
in the conpositTOhsFeUCHLRF 8t 958"8? PR ?ﬁessc@%esi FPBFEBA"Es | ong as they
do not havebamium\anlfatef.f cBarbumt swlbate ragalsis,t @§ wellfasgmti on of

scal es. For exag@dfes Cdliﬁt%'ltrh?x%abtlﬁ@i'einorgaﬂi&%d%mﬁ@@ﬁ&?dﬁe may be used
I n the conposit esent invention he conposition

of t he prest‘f’1 ﬁﬁbﬁﬁmﬁﬁuﬁaﬁnﬂgsﬁﬁi§? %ﬁﬁ?ﬁnﬁ R8I PYPSE" encount ered
i n aqueous systweaking @lantappelpi midls, and vl weldsl.p nills, paper-making

processes and the Thé'éShpos;tzon an&hﬂégﬁéﬁmgg dH@yg&gggﬁtfurther rel ates

h f or ntroll.i r i on i.nor i | n
to a method 1n&€né§%& f% 11&%strate8 Q$Iw£§ é) thé)f%SQO%lsca €s o

examples. It is to be understood that the invention
is not to be limited to the specific conditions or
details set forth in these examples except insofar as
such limitations are specified in the appended claims.

EXAMPLES
Example 1

The data given below in Table 1 and Table 2
illustrate the synergism provided by the composition
of the present invention. At both pH levels S5 and 7,
the additive effect from the separate components was
much less than the observed result of the combined
materials.

First, the following soclutions were prepared:

-- a 300 ppm solution of barium chloride,
prepared by dissolving 0.5336 g of BaC12*2H20 per
liter of deionized water;

-- a 200 ppm sodium sulfate solution, prepared by
dissolving 0.2957 g of Nazso4 per'liter of deionized
water; and _

-- a 111.11 ppm potassium chloride solution,
prepared by dissolving 0.1111 g of KCl per liter of
deicnized water.



surfaces in an aqueous system The aqueous systemis contacted with a

2QﬂDQ§LLLQD_£QﬂﬁLLSLng_aﬂ_anIOHIF QLgaki-e=pol yrer , --a—pol-ypheosphate—ard—
WD 96/ 29291

,PCT/U896/02698 - 12 - or ganophosphoni c

aci d. These three conponents are present in a conbi ned anount

syner gi st i ¢ sgposhf ecti ve for controlling the fornati ACTABSINGEMgani c

‘'scales in t he agueous system The present invention is

particularly useful in the reduction py prevention of scales containing

barium sul fate. Barium sulfate scales, as well as scal es contai ni ng

ot her inor ganl Cc COI'TpOUI’]dS |n agqueous , IndUStE & syst ens

un
such as paper - rﬂmasﬁgaﬁFaﬁF58°bﬁ$tP?ﬁ|? he, §OBPPS{ELPR © The
conposi ti on andpresdmd mﬁreméoprwemtprepareﬂ/ém making al PuS¥rated by way

of - the fol | owi Ngeive GEATRLGH ahlt am@ng%e dyndeiEaiead baiothe inventi on

Is not to be limted to the speC| IC con ‘ilons or details set forth in

t hese exanpl es TP hhSopspined the ppm dosage, Qf,fack, EOBBERFRY ed in the
appended cl ai nEbelow as showmplia Table 1. TeBte maudtgi usingeFormula Table 1

and Table 2 aldde! Sy Ehyogﬁ Exn%?jévggrprow ded by the conposition of

t he present |nvent|on s.5 and 7, the additive effect
fromthe separ X¥Wdfdient s &al5 Par?ﬁuﬂP#%%ﬂ;QH%BHIUH€°§B§GF?ed result of
t he conbi ned materials. 4.57 partsrpélyddwyliied hewdngxsol utions were
pr epar ed: -- @ 300 ppMygoLLte N ndidi'd ety 2ehde:

phosphonic

acid) (A)
Polyacrylic acid X was a copolymer of acrylic acid and
acrylamide.

25 ml of the barium chloride solution was mixed
with the combination of Formula A in a 2-0z. bottle.
The pH of Formula A had been adjusted to be about 10-
11 by addition of sodium hydroxide. This is the
preferred pH when working with sodium
tripolyphosphate. Next, 25 ml of the sodium sulfate
solution,  its pH adjusted with sodium hydroxide, was
introduced. The bottle was capped and allowed to sit
overnight at 25°C. Controls were made which contained
only 25 ml of the barium solution and 25 ml of the
sulfate solution. Blanks were made which contained
only 25 ml of the barium solution and 25 ml deionized
water.

A 2 ml sample was removed from the bottle and
placed with 18 ml of the potassium chloride solution
in a centrifuge tube and shaken. The sample was
analyzed for barium using an atomic absorptiocn
spectrophotometer. Percent inhibition was calculated,
based on the ppm of barium in the control subtracted

- + from the ppm of barium in the test sample, divided by
the ppm of barium in the control subtracted from the
ppm of barium in the blank. This is shown in Tables 1



prepared by dissolving 0.5336 g of BaCl [err]*2H err] O per
dei oni zed water;

.and

--_a 200 ppm sodi umsul fate sol ution,
di ssolving 0.2957 g of Na[err],S(err] per

di ssolving 0.1111 g of KO per

96/ 29291
- 13 -
pr esent

wo 96’29%?1

diluting by a factor of 10.

liter of

i nvention were prepared by makin
For mul a”

liter of
-- a 111.11 ppm potassi um chl ori de sol ution,
dei oni zed wat er.

liter

dei oni zed

of

prepared by
wat er ;
prepared by
WO
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05% active solutions of the conposition of the
a 0.5%

active solution and

%ont ai ned the ppm dosage of each

conponent bel ow as shown in Table 1. Test results using Formla A
are al so shown amd Tal#s percent Eeduotiow in precipitgfets sodi um
tri pol yphosphat e <L§§%¥E¥ts pol yacrylic acid (X
1.38 parts am notri s(mnet hyl ene phosphoni ¢ acid) (A
Pol yacrylic acid X was _a copolyner of acrylic acid and acryl anj de.
25 m of the bdriumchloride s@lution s m xed ith the conbi hati on of
Formula Ain al2-o0z, bottle. The pH of% Reduntier Al hadRedwshiomj ugted to
be about 10- AddipiveHerd | o oPo=agelij ui® WG?WF’&? T 3’?‘%9%%‘*
preferred pH wien working with]soBRtm élypho phat e PINExt, 25 m of
t he sodi um sul ' ts—pittadiosted—wtp—sodiomrhydroii de, was
i ntroduced. The bolitlg J@seLap eg and 3l I owed, t0 sit ovggm ght |at
25[err] C Controléga%r% made whi ch contai ned only 25 m of thel|barium
solution and 2% m of the sulfate 4ol ution. Bl anks were nade whi ch
cont ai ned polyacrylate X 2.65 0.6 0

phosphonic acid A 0.8 0 0

expected result | all above 12.0 14.7

obgserved result all abovei 25.8 21.1

The data in Table 2 are from a variation
(Formula B), in which a different commercially
available polyacrylate (a homopolymer of acrylic acid)
and a different commercially available phosphonic acid
were used to prepare the composition of the invention.
Formula B, its components listed below, contained the
ppm dosage of each component below as shown in Table
2. Test results using Formula B are also shown in
Table 2. Again,
better than expected.

the combination produced results much

Formula B: 4.05 parts sodium tripolyphosphate
4.57 parts polyacrylic acid (Y)
1.38 parts

hydroxyethylidenebis (phosphonic

acid) (B)



only 25 ml of the bariumsolution and 25 nl deioni zed wat er . A

2 mM sanple was reppved fromthe bottle and pl aced with 18-—m—efthe—m—
pot assi um chl ori de sol ution in a centrifuge tube and shaken. The sanple
.was anal yzed for bariumusing an atom c absorption
spect rophotoneter. Percent inhibition was cal cul at ed, based on the ppm
of bari um {y dshsregOnt rol subtracted fromthe ppm of brcTause6OR6Mhe t est
“sanpl e, divided by the ppmof bariumin the control subtracted fromthe
ppm of bariumin the blank. This is sr@wqgip Tables 1 WD 96/ 29291
PCT/ US96/ 02698 - 14 - and 2 as percent
reduction in precipitate. TABLE 1
% Reducti on % Reducti on Additive BB 2 Dosage in Precipitate
in Precipitate ' ppm pH 5 pH 7
pol yphosphat e 2.35 11. 4 14. 7 pol yacryl ate X
2. 65 (e V) phospiom ¢ agrd A U. 38 '
0 ‘ 0 exppcted result | alyl gédde¥Von 12 .90Rreduction L4. 7
Additive Used Dosage in Precipitate in Precipitate l
ppm pH 5 PH 7
polyphosphate 2.35 11.4 14.7
polyacrylate ¥ | 2.65 0.2 0
phosphonic 0.8 3.9 0
acid B
expected . all above 15.5 14.7
regult
observed all above 25.8 23.7
result

Figure 1 illustrates in another way the advantage
of the present invention. Over a large range of
treatment rates, the combination of polyacrylic acid
and polyphosphate, an effective commercially available
product, gave the result designated by AP. Addition
of the organic phosphonic acids to this mixture gave
the noticeably improved results shown as lines A (for
Formula A) and B (for Formula B). Graph 1 shows the
results at pH 5.

Example 2

The present invention was also tested on site in
a paper mill. This mill produces in excess of 700
tons per day of linerboard. A recurring problem over



observed result all above 25.8 21.1 The data in
Table 2 are froma variatiqqan_.___ (Formula B),_in which . a different

comercially avai | abl e pol yacryl ate (a honopol ymer of acrylic acid)
.and a different commercially avail abl e phosphonic acid were used to
prepare the conposition of the invention. Formula B, its conmponents

| i sted bel qygofyaseai ned t he ppm dosage of each conponerUT/USeé/eR698S Shown
“in Table 2. Test results using Fornula B are al so shown in Tabl e 2.
Agai n, the conbination produced results nﬁ% better than expected.
Formul a B: 4.05 parts sodiumtripol yphbsphat e 4. 57
parts polyacrylic acid (Y) 1.38 parts

hydr oxyet hyl i debB®i ¥§3rd o keen buildup of barium 3“&@?&? B?ale in VO
96/ 29291 production equipment, including heddbbxd8964AA698

- 15 -

% Reduction E}I?f%c% | or'1rhls scﬂcjig Fa{l/ep{%%c}‘ﬁ%% oo headbo’f"r ecipitate
in Precipitate reducing the quality of thepaper prodng pH 7

A combination of polyphosphate and polyacrylic
acid had been used to reduce problems and increase
time between machine shutdowns for required cleanings.
At a certain level of treatment, this combination may
work very well. Typical treatment in this case is
about 0.25 parts per million {(ppm) of polyphosphate in
the total water flow, and 0.10 ppm polyacrylic acid.

In an attempt to improve performance, a
composition according to the present invention, i.e.,
phosphonic acid, polyphosphate, and polyacrylic acid,
was used in the ongoing treatment, replacing the
polyphosphate/polyacrylic acid combination. The
revised treatment was at a cost equal to that of the
original treatment. 25% of the original treatment was
replaced by a phosphonic. acid. Addition rates were
approximately 0.19 ppm polyphosphate, 0.075 ppm
polyacrylic acid, and 0.09 ppm phosphonic acid.

As a result of this program, there was a
significant reduction in the buildup of barium sulfate
scale in this paper machine. After running this
program for 6 weeks, all holes in the headbox were
clear and unplugged. A small amount of scale that was
sighted was extr¥emely light and not problematic. This
mill now uses the combination of this invention to
control barium sulfate scale.



pol yphosphat e 2.35 11. 4 14.7 pol yacrylate Y
2.65 0.2 0 ~phosphoni c 0.8

3.9 0 acid B expect ed al | above 15.5
14.7 resul t observed al |l above 25.8

23.7 resul t Figure 1 illustrates in another way the
advant age wopodHezdghe present invention. Over a |arge rangeraIfUssen2698 eat nent
rates, the conbination of polyacrylic acid and pol yphosphate, an
effective commercially avail abl e p[qupL, gave the result designated by
AP. Addition of the organi c phosphoni'c acids to this m xture gave

the noticeably inproved results shown gs |ines A (for Formula A) and B
(for Fornula B). Graph 1 shows the Claims s at pH 5. Exanpl e 2

The present inventian wad sbmposieien csmpstisdinon a paper mll. This

m Il produces in excess of 70Q,) an!QNFol& SiPanik bbighbeard. A recurring
pr obl em over
{b) a polyphosphate,
and (c) an organophosphonic acid
wherein (a), (b), and (c) are present in a combined
amount effective for controlling the formation of
inorganic scales in an aqueocus system.

2. The composition of claim 1, wherein the
anionic organic polymer is a polyacrylate.

3. The composition of claim 2, wherein the
polyacrylate is an acrylic acid/acrylamide copolymer.
4. The composition of claim 1, wherein the

polyphosphate is sodium tripolyphosphate.

5. The composition of claim 1, wherein the
inorganic scales are scales containing inorganic metal
salts selected from barium sulfate, calcium carbonate,
calcium sulfate, calcium phosphate and calcium
oxalate.

6. The composition of claim 5, wherein the
inorganic scales are scales containing barium sulfate.
7. The composition of claim 1, wherein the

amount of the anionic organic polymer ranges from
about 1.0% to about 60.0% by weight; the amount of the
polyphosphate ranges from about 1.0% to about 50.0% by
weight and the amount of the organophosphonic acid
rangeslfrom about 0.1% to about 60.0% by weight.

8. The composition of claim 7, wherein the
amount of the anionic organic polymer ranges from

. about 1.0% to about 30.0% by weight; the amount of the
, polyphosphate ranges from about 1.0% to about 20.0% by
weight and the amount of the organophosphonic acid
ranges from about 0.1% to about 10.0% by weight.

9. The composition of claim 8, wherein the
amount of the anionic organic polymer ranges from
about 1.0% to about 20.0% by weight; the amount of the

[

N O O
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- 16 - the years has been buildup of bariumsulfate scale in
producti on equi pnent, including headboxes, and - cleaners. This scale can
.plug holes in the headbox, reduci ng the quality of the paper produced.
A conbi nation of pol yphosphate and pol yacrylic acid had been used to
reduce probLRygaedss | ncrease ti me between machi ne shut gomosesiozess

‘requi red cl eani ngs. At a certain level of treatnment, this conbination
may work very well. Typical treatnment.in this case is about 0.25
parts per mllion (ppm of pol yphosphate * the total water flow, and
0. 10 ppm pol yacrylic acid. In an attenpt to inprove performnce, a
conposi ti on accRPiRpRpsRhatee rpngsenfreR @Yot - 0% &o about kB<Bhd¥ ¢ aci d,
pol yphosphat e, waikiw!aat tHe eamoaht, of theasrgsmeibhosphbaiengeidg treat nent,

repl aci ng the \ / RO ylJ Gl Q\eC L {.on. The
revi sed treat rrezﬁ?n%%s %&g%&%&? g'%i’é?&%o@ﬁgﬁ JO.S)%,[ %gbhggbggfgi nal

treatnment. 25% of t kP or iRymeshods Earneprtyebkling thepfoa@atbgna®hbhosphonic
acid. Addition ifRdHEganif Gcalesaphl suriates i) akP auecpsl ¥pbeenhate, 0.075

PP ¢ o0l YRS U 61l 04 o0 02PRT RROSRIC Aot Lo As a

result of this progran <here was' r éduct fon in the
bui | dup of bari GPmRRA¥tdkan compydgiBvgin this paper machine. After running

this program for 6 weeks, (@)l aRohRSohic tdeydigadpRtiywers clear and

unpl ugged. A small anount of sgcal hat sighted was extrenely |ight
and not problematic. This @ﬁl? hS%nggﬁ?Qiﬁfbonbination of this

invention to control & i U®)sanfarganephesphonic acidwme/ 29291
PCT/ US96/ 02698 wherein (a), (b), and (¢) are present in a combined

amount synergistically effective for controlling the
formation of inorganic scales in the agqueocus system.
11. The method of claim 10, wherein the
inorganic scales are scales containing barium sulfate.
12. The method of claim 10, wherein the aqueous
system is a paper making machine, a pulp mill, or an
cil well.

A



- 17 - 1. A conposition

-0 i-c Qrganic polymer, . ._._.

conprising:. J(akian. ani
(b) a pol yphosphat e, o and (c) ‘ar or ganophosphoni ¢ aci d
wherein (a), (b), and (c) are present in a conbined amount effective
for controlling the formation of i norgani ¢ scales in an aqueous system
2. The cowgashbiepn of claim 1, wherein the ani oni ¢ OpgRWSIE/REISY NEr | S
‘a pol yacryl ate. 3. The conposition of claim2, wherein the
polyacrylate is an acrylic acid/acrylanm de copol ymer. 4, The
conposition of claiml, wherein the g!?/phosphat e i s sodium
tripol yphosphate. 5.. The conposition of claim1l, wherein the
inorganic scales are scal es containing inorganic netal salts_ sel ected
from barium sul fate, - - & um
phosphate and cal ciu xal at e. 6. The conpositiof of claimb5,
wherein the i nor -cal es afe scal es contai ning barium qul fate.
7. The conposition Am 1, wherein the anount of the gnionic
organi ¢ pol yner rang about 1.0t to about 60. 0% by wgi ght; the
amount of the po from about 1.0% f o aboutf &O. 0% by
wei ght and t he anoun fanges flr om about
0.1%to about 60.0% 8: The: conposttion off claim 7,
wherein the anou rganl C polyrrer ranges from about
1.0% to about 30.0% pol yphosphate ranges
fromabout 1.0%to a . |ght and t he ampunt of |t
or ganophosphoni ¢ aci ange§ from apout O. 1%to about [10. 0% by wei ght .
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{54) Title: SCALE CONTROL IN AQUEOUS INDUSTRIAL SYSTEMS
(57) Abstract

A composmon containing an anionic organic polymer, a polyphosphate, and an organophosphonic acid, where these three components
of the composition are present in a combined amount synergistically effective for controlling the formation of inorganic scales in an aqueous
system. Also provided is a method for controlling the formation of inorganic scales on surfaces in an aqueous system. The aqueous system
is contacted with a composition comprising an anionic organic polymer, a polyphosphate, and an organophosphonic acid. These three
corgnonens are present in a combined amount synergistically effective for controlling the formation of inorganic scales in the aqueous
system.




