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WATER TREATMENT COMPOSITIONS

The presend nvention relates o compositions suitable for use in water (reatinent as corrosion
amu scale inhibitors. The compositions are also useful as defloccutants. cement setting
retandants and sequestrants. and may be used to provide anticorrosion pigments for use in

paints.

Phosphonosuccine acid, HyO;PCHCOOTCHLCOOH and its salts have been made by
reacting an aikyvl phosphite ester with an alkyl malcate in the presence of a base catalyst in an
anhyGrous medium, and saponifying the resuliing phosphonosuccinaie cster. [t is known to

- pe capable, when presen! in Jow coucenirations (cg. 20110 106 ppm) of reducing scaling in
5Caic ‘orming waicr sysléms and the corrosion of ferrous metais in cortosive,
caictum-containing water systems. {lowcver it iy ex pensive to make by the above route and

15 fess effective than other, cheaper agents.

31458235 purports 1o make a phosphonated oligomer of acrylic acid by reacting
prospiorous acid with acrylic acid in water and in the presence ol a persulphate free radical
asice. However it hés been sho'wvn that under the conditions deseribed, the product is
predorningiely poiyacrylale. Prospaorus NMR confirms that only traces of phosphonate arc

formed.

(P-A-0491391 describes a reaciion of sodium rhosphite witk active olelins sucl: as sodium
analeaie inalkaline solution in the presence o' e peroxide or persalt. The reaction forms a
mixinre consisting predominantly of phosphonosuccinate and

1-mosphono-1 2.3 4-tetracarboxy butane, (the phosphonated dimer of succinic acid which is
rzierred to herein as "the dimer”) together witk sodium phosphatc and traces of higher
wiagoirers of suceinic acid. The product is greatly superior to conventional
rhosproncsuceinic actd as & corrosion nfitbiter. E*-A-0569731 showed that the dimer is a
significantsy more oflcctive cotrogion inbibitor than phosphonosuccinic acid. but that ine
mixiure of the 1wo is syacrgistic. The mixturz obtained in thc above reaction Lypically has a

imean degrue of polyreerisation of shout 1.2 1o 1.3 conrespondiag o about 15 1o 20% by
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weipin of Gimer. This fortuitously corresponds to the optimum synergistic efiect. as

demansirated in Example 6 o BP-A-05657351.

Hoti 1P-A-049139! and EP-A-056973{ described the reactios of phosphite szits with olefins
gencatly. but do not recommend the use of fumaric acid or its salts.  EP-A-0491391 states
tisai iumaric acid is comparatively unrcactive, and EP-A-0569731 siates that fumarate docs

not rudel to a significuni extent unaer normal reaction condilions.

e Lave found that when a fumarate salt is reacted with a phosphile salt io an agueous
wehal'ne medium condaining a frec radical iniiiator. a product is formed consisting
prrdeminantly of phosphonosuccinaie. together with only a trace of dimer (between about 0.5
&0d anont 2% by weight of the tetal solids).  Because the reaction is comparatively siower ,
the compating reaction fo forr: phosphale can give tise 10 high levels of the fauer, which have
acen feuid o affoct the stability of the product.  We have discovered that the problem can be
weeravne by using 4 relatively diluie initiator sotution and/or by adding the initiator

sufficieatiy slowly to the nmixta.

Swprisingly. the phosphonosuccinaic abtained (rom the phosophonation of fumarate, was
el saperior 10 the product previcusly described in EP-A-0491391 and KP-A-0569731,
abtatned by phosphonating walcate salfts, when 1he two were compared lor usc as a corrosion
atid scating inhibitor in aikaline, nacd water systems. Such systems have posced praoblems

»izieh. umid now conventional swaer treatment agents liave proved inadequatc o cure. Tnese

discaveries are directiy contrary 1o the clear tcaching of the above cited prior arl. “I'he product

& 4 particularly effective scaling iohibitor in hard water (eg. above 200ppm Ca) and at high
2 fop above &), 1 was also found ¢ de a sabstanlially superior corrusion inhibitor
compered W phosphunosuccinic acid prepared by the more expensive estet route, over a wide
rappe W conditions, but cspecialty at selatively high calcium concentrations and pH. The
aracduc has been found w be an effective defloceslant {or defloceulating suspensions of fine
“Olics, suen as tieniem oxide, and a usclul sequestrait, cg lor addition 1o detergent

AHTASITONS,
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£Jur invention therefore provides a method of making a waler trcatment agent which
Soahprizes reacting 3 water sedubie phosphite sait with a famarate salt in watcr in the presencrs

'3 tree radical toitiator.

neearding 1o a second embodiment the initiator is added o a synergistic mixtuic of the
pnosphite and the fumaeate 4t a rate and (or 2 time suflicient w form a yicld of
rhosphunosuceinate greater than 80% based on, the weight of phosphite cmployed, but not
sufficiently rapidly (o form more than 8% by weigit phosphate based on the weight of

phusphite employed.,

Azeording o a third embodimen( the invention provides a mixture of a phosphonosuccinate
sall with from 0.7 to 5% by weigh, based on the total weight of the mixture of a

3 ~uhosphono- 13,3 4-tefracarboxy butance sait.

Avecording to @ fourth cimbodiment said mixwre containg less than 8% by weight of phosphate

Euasct, un the ttal weight of the mxiure.

fwccording to a ifth embodimem the invention provides (he use in wader (realment or as a
deilocculant, coment setting refardant. or sequestrant of a composition prepared according to
suid {irst or second embodiments and/or comprising a mixture aceording w said third or

iourtl, ecmbodimems.

The awthod o our rsemion accurding 1o the first embodiment requires the use of an al lcast

spastingly water soluble salt of (umaric acid such a5 an alkali meial or ammonium salt.

{ienerally preferred are sodium and polassium salts. Simifarly the phosphite is prelerably o

water soiuble salt of eg. an alkati metal or aramonium. preferably sodium or potassium.
The veangents are preferably used in subsiantially stochiometric proportions. Small cxcesses
af eitiwr teagent can he tolerated dut result in a reduction of efficiency with respect to the

-~

ager ta exeess. for comumercial reasons we preler that neither reagent should be present ina
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SLHiCRININELNIC CXCEsSs m more than. about 10% by weight, although higher excesses are

lechisivally possibie.

19¢ nitimor is preforabiv hydrogen peroxide although other [ree radical sources may be used,
such 2s hydropetoxides. chlonngs dioxide, sudium or other alkaii meral persuiphate,
prerurbonate. chioraie or hypochiorive, azo compounds such as 4.4'-azobiscyanovaletic acid,

cleeirolysiy, ulirz violet or other tonising radiation or ultrasound.

The daitiator is proferab'y supplisd o the reaction mediwm at a rate sufficient (o maintain the
reacion, ut feast untl'a significant vicld of product has been obtained.

I acueral {or ceonomical operation the yieid should be greater than 30% preferubly greater

3da

Cum 70%. more prefurably geeuter than 80%. cg. greaier thar 9G% and the reaction should

ke nlace in ander 34 bours, prelerably less than 25 hours, ¢.g. 9 © 20 hous.

e reaction mediunt is an aquecus medium preterably containing more thas 30% more
arciurabiv more than 50%. especially more than 60%, cg. 60 W 70% by weight o the
reugenis. Concentrations above 70%% solids are generally undesirably viscous. A preferred

TR 18 63 (o 68% sohids.

i ne inftiator is preferably added to the reaction medium continuously or inteemitiently at a
aede seilicient to maintain the reaciton unul it is substantially complete. 'The rate ol addition
2 "indiator 18 controlied vo be sufliciently high to avoid an unsconomically slow teaction, but
sot se high as v cavse substantiai confamination of the product by {ormation of phosphate.
L prevens the latier we nrefer 1o usc as the initiator 2 relatively dilute hydrogen peroxide

sobudon having o strength tess thon 10% by volume on volume, v.g. (1.5 to 5%, more
vreeably ¢ (0 4%, especially 2 o 3%. The use of a dilute solution of initiator cnables the

vate ot additon of the peroxide 1o be more readify controlled.

ihe dilute peroxide is typically acded at 4 raic of from 2 to 10 em” he'! mol™ based on

fumarere. preferably S0 8 c.g. 6 tc 7 over @ period of from 5 to 40 hours.  However Lo
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Snitntse shosphale fonmation € is preterred to reducs the rate of peroxide addition afier the
wticliar, 18 abowt 70% complete {usualiy alter 810 19 hours) o from Lo § cm® i mol™ C.
St e, 'The reaction uRy then be eontinucd tor o further 8 to 16 hours ¢.g. until yields of
araitivs then ¥% auve been achieved.  The oprimum dose rate will depend on the initiator
cm!)h wyed g fie concentration «t which it is added as well as <he concentration of the
reatent . amd the ph and iemperature ol the reaction mixwre. The above recommended rates
appiy 10 dilule peroxide added ¢ o reaction mixture containing 65% solids refluxing under

sinuspheric pressure at oH10.

e cenclion is desirably carricd oul ot elevated temperature and prefcrably at retlux
iemacature. The reflux may be adjusied to maintain the preferred water concentration of the

sy, Wo preder that the reaction is carricd out in an inert atmospicre, ¢.g. under a nitrogen

sanket

it is essibie io carry out the reaction at emceratures above the normal boiling point ol fhe

stixtare i an auociave. og. temperatures up 1o 250°C,

Jhe prloof the reaction mixture 18 preferably alkaline. Alkough it is technically possible Lo
use a pt ag fow as 6, or even 5.5, the reaction is very siow at any pH below 7 and requires pli
abarse 7.5 o ot to more than 90% completion in a realistic time. The peelerred pllis 8 o 12,
typicatly ¥ o 1. Higher pl gencrally gives a [aster reaction but a pii above (0.5 may render
Ifre preduogt undcsirab.‘j alkaline for many purposes. Completion of the reaction may he
.monisered by p NMR in 150). In this way the rate of formation of phosphonate and
shosphate may be checked and the addition rate of initiator adjusted where necessary 10
maich the reaction conditions. We prefer to inctude a heet of from | 1o 10% by weight of the

wofal mixture of product from a pravious batch.

“he ajorementioned detaited description applies spegificaily (o batch preparations but may
readily be adapied io confinuous ur semi-contituous operation including preparation in a pipe

o feup reactor, 1t is also possible to wtilise fuidised bad reactors.
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e mixture according to the third or fourth ecmbodiments of e invention comprises
paasplemosuccinic acid or is salts and [rom 0.1 to 5% by weight of total solids. preferably

from 0.2 to 4% vspecially 0.5 o 2% ol i-phosphone-1,2.3 4-tetracarboxy butane (the dimer).

Uine salt may, prelerably, be a water soluble sait such as an alkali metal (¢g. sodium or
putassium) oc an ammonium sait. Aliernatively it may be u calcium salt or other alkaling
sarth mew or trapsition metal. o.p. barium. magnesium, winc. aluminium, iron. copper,

aickel o cobait sait.

The water sofuble salts are useful Tor water (reatment and the water insoluble salts are of

valuc as anti-cotrosive pigmerds. 2., Tor incorporation in painis and coating compositions.

i'fe trixture preferably contains less than 8% phosphatc. expressed as disodinm phosphate,
fry weigh? based un total solids, morc preferably less than 7%, especially less than 7.5%.
Pypicaliy (he phosphate is present in propottions hetween 4 and 6%. In gencral we prefer
wat iess (hate 3.5 moie% of the phosphores in the mixiure (s present as phosphate. and

especialiy fegs than 3 moie %. ¢.g 0.5 (0 2.5 mole%.

Acsosding {o the fourth embodiment our invention provides a method of reating water
purticuiar)y water containing arore than 25ppm of calcium and/or barium. cspecially more
‘han SOppat. cg. more than 100ppm: more especially more (han 200ppm. and/or pH greater

thait 7.5, espeuially pit greater thaa 8.

Far example the compounds and mixtures of the invention may be used in squeeze treatment
ol aii - vells in conjunction wiliy calcium salts, or may be added to drilling muds or to oilficld
:jection waler, praduced water or waler for hydrosiatic testing, as well as (o various
rdustrial cooling waters and prucess waters and 10 water for use in central heating systenus.

Phey may be used to inhibit burigi sulphate scals.

reatnient of boreloles. eg. to prevent formation of BaS(), seaic when sca water js injected

“nty ol hearing straia containing high levels of barium typically entails impregnating the
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iomnation m the eavicons of the hole with a calcimn sait ol the inhibitor, whick is
suhsequently leached into any aqueous sysiem circulating in the hole to pravide controlied

sl ..Luu.'.::

Yar example in oif welis the hole is flushed out with uyueous surfaciant to provide a water
watkabic surface and i hen-in-aprcgnauod with u solution of the inhibitor. The calcium salt is
{rrmed ta situ either by caleium in (he formation. where the laticr comprises limestone, or by
subsequent ireatment of the hole with an aqucous calcium salt, c.g. where the formation

comprises \dnditon\

At :muvcly the composilions tuy be used. for example, to treat boiler water, water used in
evaporali /0 cooling qyst'cms. waler in heal exchange systems including cooling water and
wal in ceintral healing systems, process water used m chemical, metallurgical and other
manuiact.ising operations. vl well injection and produced water. water used jn hydrostatic

testing and water (or swimming nocls, and ior air conditioning,

e ¢ wapound and mixtures arc particutarty uscful in treating chlorinated waler systems for
N witicl: any threshold agents are incffective. Uffeetive concentrations may {ypically range

fame 31 o 300 ppm depending ¢o the nature of the aqueous system but arc usually less than

+tippm and generally dess than S0pom. preferably 6.5 to 20 ppun especially { to 10 ppm e.g.

L5 w4 ppm.

e sompositions arc eﬁ%uvc at inhibiting the corrosion of ferrous metals including mild
sieel aad also of aluminium and i slloys. Ti can inhibit the formation of calcium carbonate

or ealeiuy sulphate seale us well as barium and strontium scales.

Accurding o @ further sbodineat our invention provides a corrosion inhibiting, pipment
which is 2 sofid cnmpositién which may he prepared by reacting a concentrated aqueous
selition of'a water soluble corrosios inhibiter according o the invention with a-base or sall of
Cil i, 2ne, barfura, aluminiuy or other polyvalent metat and precipitating a solid salt of a

-u* viaent metal.
—_—
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seenrding 10 & further smbodiment sur invention ')rov:des a corrosion inhibiting coating

commesizion containing a pigment according o e :nvcutmn.

“he worension inhibiling pigment may be dissolved or dispersed in an anti-corrosive paind,
vannsh. enamel, tacquer, or vther coating formulation. The formulation may comprise a
weatile lquid vehicte, such as waier or a volatic organic solvent including petroleum spirit,
wrnentine, kotones. esters and/or aromatic hydrocarbon sojvent, and/or a drying oil, such as
rinsoed ofl, soya oil. tng oil and dehydrated castor ail. which may optionally be dissolved in

szle volale organic .mi%nl or emelsified in said water.

1fw formiation typically may also comprise a resin, ¢p a polycsicr, urca {ormaldehyde,
melumine, acrylic, polyurethane. vinyl chlonde, vinyt acclate, phenelic or epoxy resin
d:ssotved or dispersed therein and/or a dispersed pigment. We prefer that the pigment should
ne o should comprise other cosrosion inhibiting piginents such as red lead. pntassium Zne
chresate. metallic zine or aluminium powder or zine oxide andror that the formulation
sheust contain one or mwore of the other corrosion inhibitors referred to above in addition to

e surrosion inhibiting pigment of the inveauon.

Yo curting comnpositions may additionally contain any of the conventional paint ingredicnts,

neiudmg plgments such as titantum oxide. iron oxide. cachon biack. phthalocynanine
Hamesnts or aluminium stearate, chlorinated rubber, polystyvenc, silicone. asphalt, werting
agents. dispersants. cimulsificrs, biovides. Hocculants, marine antitouiants, antilcams,

«iscusidions, fire retardants, flourescers, acrosol propellunts, laic, clay and/or plasticisers.

Ateriatively 1he water seluble corrosion inhibitors of the invention may be used 10 provide a
oorrosion inhibiting treatment for metal surfaces such as steci. aluminium and aluminium
alloys alier any machining and prior to storage, coating, clectropiating, polishing or ctching,
Vymicalfy the work is soated with an aqueous solution containing m least an operative amount
of suid corrusion inhibitor og, 10 .0 200 pprt preferabiy 25 w 300 ¢g 20 (o 200 cspecially 25

o U0 more especially 310 80 pox

—_—
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Liier voriacting with the corrosion inhibiting solution the work may be rinsed and/or
xuieeted 10 one Or more coating or finishing operations such as resin coating, lacquering,
snamcliing, patoling. cleetrophorctic couting, spattering. vapour deposition.

seeimdeposition. ctchuyg chemical or electrical polishing or may be pul aside for storage.

‘The work may be greased for storage. but an advantage of the lrcatment is that greasing and

acnee subscquant degreasing may be avoided.

Fac composition ol the invention: may be used 1o defloceutute dispersed or suspended solids
11 Hynid media. The dispersed or suspended solid may be any particulate solid which is
sulticrcutly chemicaily inort 1o oe dispersed or suspended in the agueous medium. The
narticies are preferably inorganic, axd subsuntislly water insoluble eg. a mincral such as an
alumiiwstiicaie or metal ore.  Examples include sale, calcite, bartie, mica, clays such as china
ey and bentonile, shales, hacmatile, bauxite. magnetite, galena, copper or tron pyriles, coal,
eahic, ttanium oxide and zine oxide. The invention aiso covers the suspension of soluble or
spatin aiy soiuble snlids in saturated aqueous «.oluhons thereol.

Fhe seiid may, for example, be a detergent builder or fabric conditioner, a clay for usc in the
awenuluctare of ceramic articles. ar an abrasive, pigment, dye, pesticide, cosmetic or
shurmacettival. or a weighting agen: (or oil weli drilling muds. 'The dispersed particles may

sifernatively comprise a polymer. resin or laiex, eg for use in paints and printing inks.

e perliere size of the solid is preferably safficiently small {0 erable the pacticles to the
ceacdity dispersed or suspended.  For example we prefer that the panticies size is less than

lerzim oy dess than Q.5mm preferably 4.5 io 100 micron especially | to 50 microns.

he propoctions of solid may be from | © 90% by weight bascd un the total weight of the
covpesivion. More usaaily the composiion comprises from 16 to 90% preferably 20 to 70%,

Lo 20 55% by weight ef suspended solid.
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b fiquid mediom niay be waler, optionally containing & dispersant such as a dilute
surfactant or lignin sulphonate and/or suspending agent such as carboxymethy! cellulose or
swoly Anyl pyrrolidone. The composition may. for cxample. be in the form of a mechanical
Jisporsion, stuery, paste, clay or mud. or a sedimented dispersion capable of redispersion by

shak.ag or st;rﬂnw

Vhe Lot of the liquid medium is usually acutral or alkaline cg. greater than 7. preferably 8 to

i4. especially 9t 12,

I Hquud medwm may oplionaily contain water miscible or cimuisifiable organic solvents.
et stev are pot nonnally nseded and unless specifically required, cg whete the suspension is

miensiod for use us a paml compaosition, they arc preferably absent.

I wvention is of particuiar value in providing mobile highly concentrated slurrics of
sipmets. and espectatly of titanium oxide. for use as or in paints and other coating

Conrasitions,

Aceonding to 8 speciiic embodiment there is provided a coating composition comprising: an
wuenss tasea Hiquid vehicle, an organic hinder comprising a drying oil or resin emulsificd or
serspersed with said lquid vehiclke; particles or a pigmoent, which in the absence ol a
velteccutunt, have 1 lendency o ilucenlate and which arc suspended or dispersed in said
und vehwele; and a water solubis composition of the invention in an amount sufficient to
niiisit the Hoczulation ol the pigment.
i preforred pigment 18 titantum oxide but any other pigment which has a tendency to
Auecsiate may be used. For example, oiher asciul pigments include, iron oxide, carbon
niaek. phithalocyanine pigments or alurniniup steamic. The pigment may comprise cotrosion
Fvuibiting pigments such as read i, potassicen zine chromate, metallic zinc or aluminium
pewder o Zne oxide or zing, calciund or ajuminium phosphate, or crirates.
I
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he comogition may be added o cement compositions including portland cement, hydraulic

e, pozsolan. slag bauxiie, cinrent fonduc, dental cement, gypsum, plaster. concrete, grout

and ftliers Lo prevent premature sciting.

e compositions arc useful as ssquestrants. (or use &s builders, stain removers and peroxide
stubilisers in detergen! and bleucn preparations. The composition may l)ipically be present in
fhe detergent in concentrations from 0.01 (o 20%, usually 0.1 to 10% eg. 0.5 10 5% based on
Lw wuight of the formui_gilion. e doetergent may coniain from 2 1o 50% by weight
syrinctas, incinding an.y of the surfactants listed below, preterably 4 to 40% espcecially 5 to
3% oy, & Lo 20%. The detergent preferably contains from S v 50% by wetght of builders
stch us godium tripalyphosphate. sadium pyrophosphare, zeolite or sodium citrate, and an

emicat bleach and soil suspending azeni in rinor amounts £y, 0.01 to 2% each.

Products sccording (o the invention reay be used in combination with other water treatment
ngenls ncluding: surfactants, sucn a4 wionic surfactanis (e Ciopp alkyl benvene

suiphe vates. Croa, alkyl sulphaies, Cyuap, alkyl 1o 25 mole ether sulphates. Cyyyg parafin
sUiphenates, Cligze s0aps, (g e alkyl phenoi sulphates, sulphosuccinates, '
sulpisuccinamates. lignin sulphonatus, fatty ester sulphonates, Cyq50 alkyl phenyl cther
salpirses, g tiky! ¢t§1anolamicie suiphates, Cyg.5p alpha sulpho fatty acid salts. Cyyzp
acyi ssrcosinates, isethionates, y.q acyl taurides, Cg9 alkyl hydrogen phosphates),
20n-.002 surfactants (e.g. ethoxyiatud and/or piopoxylated sy alcohols, ethoxylated
and/or progoxylated g5y carboxylic acids. alkanoiamides, amine axides, and/or C, g, acyl
sarsiwn ard/or glyc'.er,q), cthoxylates) amphoteric surfactants (cg. betainces, sulphobetaines.
iy quaternised inudavolines} ana/or cutionic surfactants (cg. benzalkonium salts, Cig.09
alieef wrimethyl ammonium salts. andfor Oy 50 aikyl trimethyl ot tristhydroxymethyl)
paesprionium salts): sequesirants, chelating agents. corrosion nhibitors andfor other
thresaeld sgents (cg. sodium tripclyphosphawe, sodium cthylenediamine letracetale, sodium

ando ‘riacelale, tetra potassivm pyrophosphate. acciodiphosphonic acid and its salts,

urmonia trismethylene phospaunic acid and its salts. ethylencdiamine tetrakis (methylene
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phosphonic) acid and s salts): wlytnazole and mixtures of mitrate. benzoate,

Z-ivy droxy-2-phosphonaacetic scid and its salts andfor 2-phosphono-1,2 4-iricarhoxybutane
it o bs salts) biocides {(eg. tetrakis (hydroxymethyl) phosphonium salts, formaidehyde,
glaturaidehyde); oxidiving biocides und/or bleacher (e.g chiorine, chiorioe dioxide, hydrogen
peroniae, sodium perborate): foam controlfing agents such as silicone antifoams; oxygen
SCUVLRERLS s:i.':h as hydrazines andror hydroxylamines: pH conirolling and/or buffering agents
siwch s amings. borates, citrates audfor acctates: chromium salts: xinc salts; and/or other
waic: treafment agents such as polymerie dispersants and coagulants including polymaleic,
notyuerylic and poly vinytsulphonic acids and their salts, slarches and/or carboxy methyl

gelin.ose, ane/or molybdates.

“he invention provides formulatiens comprising an cffective amount of a mixwre or product
»f the invention as aforesaid and any oi" the afuresaid known water treatment agents, Such
‘wtmvlations may. for example. contain from 5 to 95% by weight of a product of the
iyvention and from 5 1o 0% by weight of onc or more of any of the aforesaid water (reatment

agenty, ‘ddmormnv the f ormuiations may conkain up io 90% of a diluent, filler or solvent.

“he invention. according to a furiher vmbodiment provides aqueous, solutions containing
Jrom .5ppm to saturaiion of any of the aforesaid products mixiures or formulations

aceurciing o the invention.

ke invenfion is iustrated by vhe following examples :-

A soiuiion of nhosphorm‘s acid (4.0 moj; 318.0 g) and fumaric acid (4.0 mol; 464.3 g) in
water {860 mi) was stirred rapidly fo form ar even paste S0% wi sodium hydroxide was

wddeg aver ) hoear. (16 mole eq: 12830 o).

Yhe selution {adiusted to pIF10). was reduced 10 1 63% slurry, by distillation of water. using

Dhents Swark appuratos, (1172 g) and heated at rellux for 30 mins.
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A 13% vfv solution of hydrogen peroxide was added under an atmosphere of nitrogen to the
reactunts at reflux at an initial rate of 25 em® ar' with co-distillation of water to maintain 2
55% slurry. After 8-9 hours the rate was reduced 10 10 em’ " . Following a further 10

tours addition of peroxide at reflux. (lotal addition time 19 hrs), 600 em” of water was added
t the reaction mixiuee und heated ot reflux for 30 mins, cooled to 10°C and fillercd through a
santer {grade 3} (o remove resicual insoluble disodiom (umarate. g NMR {in 1,0) indicated

5% conversion io the letrasodivm salt of phosphonosuccinic acid.

& 52%, wiw soiution of the provduct separated by ion chromatography comprised 45.4% w/w

phosphonosuccinic acid, 0.72% diaser, 2.3% phosphate, 0.2% phosphite and 0.4% maleate.
Example 2

The following were charged 1o a reagticn vesset: | e water, S7.1¢ product of Example |
(4{% soluiion). fumaric acid (464.0g, 4 nwles), phasphorous acid (327.0g, 3.99 moles). This
wais then acutralised with 1226.72 sodium hydroxide (30%), and the pl 1 adjusted to 10.1.

+ V3321 warier then removed by disteibution to give s shurry containing 65% solids. 600mls
1.4% hydrogen peroxide soluticn then added over 23 hours willi water semoved from the
vessou. by distiliation at the same rale ay this addition.

“Ris gave a 93% convarsion 10 phosphonosuccinaic.

Phe producy bad o crystal size of | (r to 20 microns and low viscosity,

Eaxample 3

» &A% product of example T {(40% sotution). fumaric acid (300g, 2.58 moles) and

niosphorous acid (212g, 2.38 moles) were charged to 2 reaction vessel. These are neutralised

L W PATENTS | No. 0266 P. 17/20
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and tie pll adjusted to 1.1 with 8271 ¢ sodium hydroXide solution (50%). 913y watcr wese
tee omoved oy distillation to give a sturry containing 65% solids. 600mis of 2.5%
iydroger peroxide solution then added over 25 hours. The product had an average crystal

sizx tess thar S microns and wits very viscous.

Example 4

"Vhe product of cxampie 1 was compared with phosphonosuccinate obtained by the
sapenification of the methyl ester 11:-§ulting from the reaction of methyl phosphate with
raeihy] icaleate. The cumparison was made using coupon tests which involved immersing
weigheed mild stecf cnupons in watcr containing varying conceatrations of caicium over a
range of pH. "The weigin ioss was measured and cortosior caiculated in mils per year. The

resulls are set oui in the following iablc.

TABLE
I.,. T 'Icmditio'ns. "7 T Carrosion rate mm T year
" Inhikitor (ppm : aC05(ppm) | nH Fxample { Coinparative
expressed as | ! Lixarople
et i
PO ¢ LRSS N . ) — ]
{ 3 0 ; 7.0 0.009 .03
= 5 1o ' 7.4 G031 0.031
1 : o2 7.5 0.039 (.043
16 i 50 7.5 0.038 0.057
G ! 100 | $ 0.C55 0.060
10 1 250 8 T oms | o065
(P : - 506G i 8.5 0.034 G.043 —1
| 100 8.5 1.026 0037 __]
Example T

. fe predict of Example | was conpered, in o tube blocking experiment, with the product of
prosphonating sedium maleate as described in BB-A-056973. Water at 60°C coniaining

300ppn: caicium expressed as carbonate equivalent and 430ppin HCO,™ expressed as calcium
carbonaie cquivalent (Langelier index 2.6) aund having pH at 20°C of 9. was pumped through

e
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2 swindess steet capillary for 3,500 seconds and the pressure differcntial measured. The onsel

27 sealing was regisiéred as a rise in pressure. which becaine exponential as the tube blocked

With f1.5ppm of the comparative example. biocking occureed after 2,500 seconds. With the
sutne concentration of Kxample | only partial blocking was observed even after 3.500

seconds. At lppm inhibttor hath products were effective in prevent blockage throughout the

iost.
Example 6

Phe cefloceuiating ability of the product of Example 1 was compared with that ol a
shoshitc/maicate rc-ziciidn praduct according to the cxample of EP-A-0569731 which had 2
deyrez of polymerisation of L3, The two products were cach added to samples of a 65% by

weight suspension of titanium oxide in water 2t a feved of 0.1% by weight of the sample.

Pae viscositios of the two samples were measured st 25° and 21 sex™ using a "Carfmed”

contralied stress theometer with d¢ta paralicl plates and Tmm gap,

The Runarate product of Txample | lowered the viscosity from 10.88 Pas t6 0.153 Pas. The

walcate product of the prior art onfy lowered the viscosity to 0.336 Pay
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CLAIMS -
AR A A

A methoo of making & waler trcatment ageni which comprises reacling a water
<¢luble phasphite sult with a watcr soluble fumarate salt in water in the presence of a

tree radical intuaior.

A method aceording o claim 1 in which the initiator is added to the mixture of
phosphitc and fimarate o & rate and for 2 time sulficient to form a yield of
phosphonosuccinate greater than 80% bascd on the weight of phosphite employed but

w! sutficiently rapidly o form mare than 8% phosphate.
A meihed according lo claim 2 wheretn the free radical initiator is hydrogen peroxide.

£ rixiure of a phosphonosuccinate salt with from 0.1 to 5% by weight based on the

total weight of the mixteee of'a 1-phosphono-1,2,3,4-letracarboxy butane salt.
A mixture according to claim 5 conwining less than % by weight of phosphate.

A method of tresting water systems (o inhibil cocrosion of metals and/or deposition ol
seale whicn comprises avding thercto from 0.1 to 300 ppm of a mixture according to

cithier of claims 5 and 6.

A method of inhibiting Fiocculation of a dispersion or suspension of particulate solids
in fiqud medium which comprises adding thercte a deflocculunt amount of a mixture

aecording to cither of ciaims 5 and 6.

A deteryen: formulation comprising from 0.01 to 20% by weight ol @ mixtuce

aecordmyg (o cither of clainw 3 and 6.

/: suspension of particles of a Mloceulable solid in water coniaining a flocculation

nhibiting amocunt of 2 mixiure sccording to cither of claims 5 and 6

——

/.
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