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MATEB REATMENT AGENT The present invention relates to a novel nethod of

phosphonatlon which is particularly useful for the preparation of water \

t rreat ment agents t hat i nhi bi t scal e formation and/or corrosion of netal

e.g. --iron, surta@@s by aqueous systens, such as boiler water. The invention
rel ates espeC|alIy to certain novel agents which are effective when preseﬁ
I n very Iom/cthentratlons e.g. 0.1 to 100 ppm Such agents, on account o&
the mini num copgentrations required for effective action, are known as '

threshol d ag?F presen% tinvﬁﬁ:qgh G-elates to a novel method of phosphonation Q
which is particularly useful for the preparation of water treatment R
agents that inhibit scale formation and/or corrosion of metal, e.g.
iron, surfaces'by'aqueous systems, such as boiler water. The
invention relates especially to certain novel'agents which are
effective when present in very low concentrations e.g. 0.1 to 100

ppm.

Such agents, on account of the minimum concentrations required for
effective action, are known as threshold agents. The threshold
levels are typically very much lower than would be required to
achieve useful protection by a stoichiometric reagent such as a
classical chelating agent. |

‘While a large number of threshold agents are known, some of which are
both scale inhibitors and corrosion inhibitors, the most effective
and commercially acceptable scaling inhibitors are relatively
ineffective, and are not used commercially, as corrosion inhibitors
and vice versa. One group of compounds, which has been reported to
show scale and corrosion inhibiting properties, is phosphonosuccinic
acid and its salts. These are not, however, sufficiently effective
to have enjoyed significant commercial success. The compound has
been fairly expensive to make by the conventional route, which
entails reacting a diester of maleic acid with dimethyl phosphite to
form a phosphonosuccinic ester intermediate. The intermediate is
then hydrolysed.

- A part1cuTar1y successful class of scale 1nh1b1tors is 2-phosphono-

gaem ~1,2,4 - tr1carboxybutane and its salts which will be referred to
co]lectxve]y here1n as "PTCB™. This is prepared by reacting the
above descr1bed phosphﬂnnsucc1n1c ester intermediate with methyl
acry]a;g to form the.ester of_the desired product, which must then be
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| evel;s arg typically very nmuch ower than would be required to achieve
useful protection by a stoichionetric reagent such as a classical chelating
agent./ Wiile a | arge nunber of threshold agents are known, sone of which
are bgth scale inhibitors and corrosion inhibitors, the nost effective and
commefcially acceptable scaling inhibitors are relatively ineffective, and
are ot used comercially, as corrosion irghibitors and vice versa. One

group of compounds, which has been reported to show scal e and corrosion

i nhifbi ting properties, is phosphonosuccinic acid and its salts. These are
however hydedflfysed enThys dfsf & oterry eextpen srineepeodesy esh atgninti ?}tﬁtmt of oymeer Ci a:
sugcess. The n Y, [ 0, y the conventiona
te, whi chcggf%ﬁl gﬁer te;_gg Qﬁg %éoglttéést"é"ﬁégf%na elpté 5@59# h di net hyl

pjlosphi t e t o Newenbhal gssodphasoberrcicomeresady suscessuli dnecomphbitiinh ewibhdi at e
then hydr gy efleapdh la%aqbc%g' dafs S HECES Srpbctilash Ghrifedh SyIfhpi tors i

- phosphono- 1, tricar ut ane and be referred
to collecti véP?CWéF‘éT—W"aé“d P?CB“d tnibe pse rb‘ﬂelﬂartéé b‘yeatm phgerbteimbove

‘described phesphRRCRAMET 8)$teRS! GihitRIQRABEbat erfct fvdT5t Bidated by other
scale inhibitors. PTCB is not, however, normally used commercially
as a corrosion inhibitor.

The most cost effective and commercially successful organic corrosion
inhibitors in current use are 2-hydroxy-2-phosphonoacetic acid,

(HO), PO CHOH.COOH, and its sa]ts, hereinafter collectively referred
to as HPP. HPP has some major drawbacks as a corrosion inhibitor, in.
that it is relatively ineffective in the presence of zinc, which is
widely used in water treatment, and in chlorinated water systems It
is not very effective as a scale inhibitor.

The phosphonation of water-insoluble long chain olefins in a
non-aqueous solvent, with phosphorous acid and a free radical
catalyst, has been known since 1965 from a paper by Yoshiki Okamoto
and Hiroshi Sakurai in Kogyo Kayaka Zasshi 68, 11 (1965). The
products have not been reported to be useful as corrosion or scaling
inhibitors.

Attempts to phosphonate more reactive, water-soluble olefins such as
acrylic or maleic acid with phosphorous acid have given negligible
yields of phosphonated products.

GB 1458235 describes the preparation of certain scale inhibitors
based on similar chemistry to the Japanese paper. The products are
prepared, typically, by reacting hypophosphorous acid with acrylic
acid. However two examples, namely examples H and I, describe an
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cryLate fo formthe ester .of the desired product, which nust then be

2 hydrolysed This is a very expensive process on account both of the cogt
of the reagents and the nunber of steps involved. Nevertheless it has bee ‘
comercially successful in conpetition with much cheaper products because
it is effective in particularly |ow concentrgtion and is said to be useful
in the treatnent of certain problemwater systens, which cannot be
effectively treated by other scale inhibitors: PTCB is not, however

normal |y used cQmegedirahédionSof phespHIFLES dchdiithOferylic acid, in the
presence of a catalytic amount of potassium persulphate. The
products are not specifically identified but it is implied, on the
basis of their phosphorus analysis, that they are phosphonated
oligomers of acrylic acid. The performances of these reaction
products as scale inhibitors are mentioned in the Table 1 on p. 6 of
the patent. This Table shows that they are markedly inferior to the
other examples of the invention quoted in the Table and indeed not
significantly more effective than commercial polyacrylic acid which
is quoted as a comparative example.

The Tatter observation is, in fact, easily explained. We have
repeated examp]e$ H and I of GB 1458235 and discovered that the
reaction product is in fact polyacrylic acid. NMR confirms the
absence of any P-C bonds. Presumably the Patentee had failed to
remove all inorganic impurities before conducting its analysis.

The failure of phosphorous acid to give useful yields of effective
phophonated water treatment agents with unsaturated carboxylic acids,
has led to the abandonment of this approach and reliance instead on
the costly multi stage routes using phosphite esters and carboxylate
esters.

There are many references in the art to the use of phosphono
carboxylic acids in water treatment and to their preparation starting
from alkylphosphites. They include US 2 478 390, US 2 957 931, US 3
923 876, US 3959 168, US 4 042 324, US 4 057 511, US 4 351 796 and
DE-A-3 044 214.

One class of organophosphonic compounds, which have not hitherto been
accessible except by very expensive multi stage syntheses of no
commercial interest, and whose potentialities have therefore been
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The post gcost effective and commercially successful organic corrosion

i nhi bijtors in current use are 2-hydroxy-2-phosphonoacetic acid, (HO[err]
PO .COOH, and its salts, hereinafter collectively referred to as HPP.
HPP has some mmj or drawbacks as a corrosion inhibitor, - in that it is

rel atfvely ineffective in the presence of 4inc, which is widely used in
water treatnent, and in chlorinated water systens. It is not very

effective as a scale inhiblh The phosphonati on .of mater-lnsoluble | ong
chaiai ol ef i nsOVeT180kedn- akfud &s‘”%ﬂiﬂeﬁﬂPhQﬁPh‘PﬂﬁﬁéspHér'@ﬁ}s 8en areprsed toee

radwCal cat al Wfie 2 /Bad Bﬁ@bhbﬁ'@%o ighge aJc%Sbj PPEDa iRgDRe b%e‘fﬁ?hld&*te@amto

ot boen repott CaPMSAENGALERIS %gge&ﬁaﬁé@'am o é@%thm FhpRite and ¢

Attenpts to pfmﬁm@arme nthe rmatmgeesw &5 -theh Uddpen f ielL nSl'h§U§1lhr<'%$ng
acrylic or lc acid wt oro*s acid ;hav "%IVEH ne dgﬁble yi el ds

of lahosprun1at% ﬁBrb&hﬁ?tEXpe"SPve chemical curiously w 15 not
-available, and the subsequent preparative steps add substantially to

the cost of the product. It has also been proposed to synthesise
2,3-diphosphonobdta-1,4-dioic acid by reacting the tetraethyl ester
of phosphonomaleic acid with diethyl phosphite in the presence of a
base and hydrolysing the resu1ting_estef. Again the cost of the
reagents and of the ensuing steps is prohibitive.

We have now discovered that lower molecular weight (eg. less than 10
carbon atom) olefins and acetylenes, especially water soluble hydroxy
olefins and acetylenes and salts of carboxy olefins and acetylenes
such as alkali metal salts, (e.g. propyolates, acrylates and/or
maleates or allyl or propargyl alcohol) react with water soluble
phosphites in aqueous solution, usually at elevated temperatures, in
the presence of free radicals to form high yields of novel products
which are generally very much cheaper to make than conventional
phosphonated products such as PTCB and yet are at least comparable to
the latter, and in some cases superior, in performance as scale
inhibitors.

Moreover the products are also highly effective as corrosion
inhibitors, especially in the presence of calcium jon, They are in
many cases substantially superior to HPP in the presence of chlorine
and of the hypochlorite or hypobromite commonly present in
chlorinated water systems and/or in the presence of chlorine dioxide.
The products are also more effective as corrosion inhibitors than HPP
in the presence of zinc ions. '
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GB 1458235 descri bes the preparatlon of certain scale inhibitors based on
sim’lar ¢hemistry to the Japanese paper. The products are prepared,
typically, by reacting hypophosphorous acid with acrylic acid. However t
exanpl es, nanely exanples H and |, describe an

3 al I.eged reaction of phosphorous acid with acrylic acid, in the presenc
of a catal ytic anount of potaSS|un1persulﬁhate. The products are not
specifically identified but it |s inplied, on the basis of their phosphorus\

analysis, ”‘ﬁ“ t1r3ﬁ/are}y pwE)eq’%rPecP are ane reaction products obtained with *

maleates, acrylates or mixtures thereof, or propargyl alcohol. 1In
the case of maleates, the product is generally a mixture of a
phosphonosuccinate salt with previously unreported components which
we believe include members of the homologous series of the general
formula H(CHCO,M.CHCO,M), POsM, wherein n usually has an average
value of 2 to 5 and M is a cation. Typically the mixture may
comprise a phosphonosuccinate (n=1) and-a substantial proportion of
the higher homologues. It is also possible that hydroxy and/or
sulphate substituted oligomers are formed. The mixture usually
contains a small proportion of phosphate.

We have also discovered that acetylenic compounds and especially
water soluble acetylenic alcohols and carboxylate salts, react with
phosphite salts in the presence of free radica] initiators especially
persulphates, to form a range of vicinal diphosphono compounds which
are of value as scaling and corrosion inhibitors.

In particular we have discovered that propargyl aicohol and its
homologs react with alkali metal phosphites in the presence of, eg,
persulphates to form novel compounds which combine good scale
inhibiting properties with good inhibition of corrosion especially in
calcium containing systems.

According to the present invention either the products of the
foregoing reactions or any of their novel components, eg. oligomers
of the above formula, may be used as scaling inhibitors or as
"corrosion inhibitors.

According to a first embodiment the invention provideé a method of
phosphonating a preferably water-soluble or sparingly water soluble,
active, ethylenically or acetylenically unsaturated compound by
reacting it with a water soluble phosphite salt in the presence of
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ol i gpmers, of acrylic acid. The performances of these reaction products as
scale iphibitors are nentioned in the Table 1 on p. 6 of the patent. This
Tabl e ows that they are markedly inferior to the other exanples of the

i nvent/f on quoted in the Table and i ndeed not significantly nore effective
than Lomercial polyacrylic acid which is @quoted as a conparative exanpl e.
The fatter observation is, in fact, easily explained. W have repeated
exapples H and | of GB 1458235 and di scovered that the reaction product is
%ﬁct pol yauffigienticofia seuRenbnicabad et ok disselviag ofotanyeageat Horids.

Pr

umably thf sEsivankee daal dapt! 6 the reEPIGA ﬁHtu‘rEC’ra‘?\ﬂ”bF s'u'i“?’rkﬁ ehikes.

before conductlng its analysis.. The failure of phoSphorous acid to give

useful vyi el dsfrée adigat |t\9eC?5’rY86F1cﬁ"|éF'&fa%1@r pf?@éfttﬂr%’hﬂfa%m Yngatumated

‘unsat urat ed cavmpeund t6 aaq:ah@lﬁphoha@edl gerivatine abasTdesBNthefsoll Pért aep&PaCh
and reliance jnstea stly multi stage routes using phosphite

.esters and caar%S%ﬁ gtaéedeﬂ’gYeé‘% There are many references in the art to the
use of phosphono carboxylic acids in water treatnment and to their

preparation Sfﬁar£éﬂmg"active, unsaturated compound" includes ethylenically and
acetylenically unsaturated compounds in which the unsaturated bond is
activated by the proximity of at least one hydroxyl, carbonyl,
carboxylate, sulphonate and/or phosphonate group or by inclusion in a
strained ring. Preferred examples include alkali metal maleates,
acrylates, propiolates, butyne-1, 4 dioates, butyne-1, 4-diol,
propargyl alcohol, vinyl sulphonate, vinyl phosphonate, allyl
alcohol, norbornene and cyclopentadiene.

Thus according to a second embodiment, the invention provides a
method for the preparation of scaling and/or corrosion inhibitors
which comprises heating: (1) at least one water soluble carboxy,
hydroxy, sulphono or'phosphono olefin having the general formula
RyC=CR, where at Teast one R group is a COOM, CH,OH, SO3M or PO3M,
group and each of the other R groups may be the same or different and
each represents hydrogen or a hydrocarbon or substituted hydrocarbon
group, or in which two of the R groups together form a cycloalkyl or
cycloalkenyl group, or part thereof, and M is a cation such that the
salt is water soluble; with (2) a water soluble salt of phosphorous
acid; in the presence of (3) sufficient of an aqueous based solvent
to dissolve at least part of each of the reagents; and (4) sufficient
- free radicals to form a phosphonated oligomer of said olefin.

According to a third embodiment our invention provides a method of
preparing vicinal diphosphono compounds which comprises reacting an
acetylenic compound with a phosphite salt in the presence of
sufficient free radical to convert a substantial proportion of said
acetylenic compound to a vicinal disphosphono compound, preferably in
an aqueous based solution.
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from al kyl phosphites. They include US 2 478 390, US 2 957 931, US 3 923

876, US 3959 168, US 4 042 324, US 4 057 511, US 4 351 796 and DE- A- jusiaieic
214. One class of organophosphoni ¢ conpounds, which have not hither t§
accessi bl e except by very expensive nmulti stage syntheses of no conmergg
I nterest, and whose potentialities have therefore been
4 over | ooked, are the vicinal diphosphorates. It has been proposed t

Preferably the acetylenic compound is water soluble, e.g. an
acetylenic alcohol or carboxylate salt, especially one having less
than 10, more particularly less than 6, eg. less than 5 carbon atoms.
We have found that propargyl alcohol reacts according to our
invention to give a particularly effective and novel combined scaling
and corrosion inhibitor, namely 2,3-diphosphonopropanol, usually formed
in admixture with some phosphonated oligomers of propargyl alcohol.
Other novel and useful compounds which may be prepared by the method

of our invention and which are included in our invention comprise
compounds of the formula.

PO3H, PO3H,

R-CH

CH-R’

Where R is a hydroxy and/or carboxy substituted alkyl group having a
total of 1 to 5 carbon atoms and R’ is hydrogen, a carboxylate group,
a hydrocarbon group having from 1 to 4 carbon atoms or an R group,
and their salts. Preferably the compound has a total of less than
six carbon atoms. '

The invention according to a fourth embodiment provides novel
phosphonated oligomers of active olefins which oligomers have the
formula

H{CHRCHR] ,-PO3M,

wherein at least one R group in each unit is a COOM, CH,0H, sulphono
or phosphono group and the other R group which may be the same as, or
different from, the first R group, is hydrogen or a COOM, hydroxyl,
phosphono, sulphono, sulphato, Ci-7 alky],-cl_7 alkenyl group or a
carboxylate, phosphono, sulphono, sulphato and/or hydroxy substituted
Ci.7 alkyl or Cy_7 alkenyl group, and each M is a cation such that
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make 2, 3-di phosphono propionic acid by preparing the triethyl ester of

2- phpsphonoacetic acid and reacting it with triethyl phosphite and

| dehyde. The resulting ester is then saponified. The starting ester is
xpensi ve chem cal curiously which.is not readily available, and the
equent preparative steps add'substantﬁally to the cost of the product.
has al so been proposed to synthesise 2, 3-di phosphonobut a-1, 4-di oic acid

reacting e tetraet ester of phosphonongl ei ¢ acid wi_th diet
oo te ot TS UREAE i TasHerols RASR KT OF s AN, 1 As $RRLFY HhEh ol o1
I'n the coey.afp the.r ePpfierasblgnd hds vhkiecedsss nhastiepy. ik 2ptotd.biti ve.
have now di scovered that | ower nol ecular weight (eg. |l ess than 10 carbon
tom olefins and acetyl enes, especially water soluble hydroxy ol efins and
cetyl enes afllisdnvenidioncakssoryovides iphosphenatedicppeinigesuci the abree i net al
fsalts, (e.9. rrAANO! AiteSn vﬁﬁ:’cu' e;%@rggﬁﬂ%gﬁaﬁﬁ%ﬁwmsauwlea;% tRpopar gyl

al cohol ) react wth water sol ubl e oS S 1 n aqueous solution, usually
at el evat ed tlEHNMIRA: grougs derived fpmddfterest monomeradindalns whdch & hihiggh

yi el ds of novgtaPratiueicf ¥hilehsane gresdnpl eVid VindHede &hstRREkordadedake than

convent i onal ohocphenal e R Qi W haPut ok S VEE EhaThineER!

least one [CH, CHCOOM] and at least one [CHCOOM CHCOOM] group.

The invention, according to a preferred embodiment, provides a novel

. phosphonated oligomer or mixture of phosphonated oligomers of maleic
acid, of the formula H(CHCO,M.CHCO,M),PO3M, where n is greater than 1
and M is a cationic species such that the compound is water soluble,
and especially mixtures of such compounds with phosphonosuccinic acid
or its water soluble salts, often in a minor proportion by weight
based on the total weight of the solvent-free mixture.

It is particularly preferred, according to the invention, to use
reaction products which comprise: up to 50% by weight of a
phosphonosuccinate based on the weight of the solvent-free
composition; a phosphonated dimer of maleate; optionally a minor
proportion by weight, relative to the weight of dimer, of higher
phosphonated oligomers of maleate; and from 0.5 to 5% by weight of
alkali metal phosphate.

According to a further preferred embodiment the invention provides a
novel phosphonated oligomer of a water soluble acrylate comprising an
average of from 2 to 15 acrylate units per mole and exhibiting at
least one NMR 3lP resonance characteristic of a C-P bond.

According to another embodiment our invention provides a novel
vicinal diphosphonate of the formula RCHPO3M, CHR'PO4M, where R is a
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the Latter, and in sone cases superlor in performance as scal e inhibitors.
Moreover the products are also highly effective as corrosion inhibitors,
especially in the presence of calciumion, They.are in many cases
substantially superior to HPP in the presence of chlorine and of the
hypochl orite or hypobrom te comonly presgnt in chlorinated water systens
and/or in the presence of chlorine dioxide. The products are also nore
effective as corrosion inhibitors . than HPP in the presence of zinc ions.
hydroxy, carboxy, phosphono, sulphato and/or sulphono substituted

alkyl group having up to 5 carbon atoms, R’ is hydrogen, a
carboxylate, a Cy_4 hydrocarbon or an R group and M is hydrogen or a
cation or cationic group.

The invention further provides the use of the reaction products and
novel phosphonated oligomers and vicinal diphosphonates according to
the invention as scale inhibitors or as corrosion inhibitors in
aqueous systems, or as detergent builders or chelating agents for
metals.

In particular the invention provides a method for the treatment of
potentially scale forming aqueous systems, or of potentially
corrosive aqueous systems, to inhibit scaling or corrosion
respectively, which comprises adding thereto a threshold amount (e.g.
an effective amount less that 100 ppm by wt.) of a novel compound or
mixture of compounds according to the invention.

The invention further provides a method for the preparation of a
compound or mixture of compounds of the invention, which comprises
reacting together water soluble salts of maleic and phosphorous acids
in aqueous solution and in the presence of an effective amount of a
free radical initiator, and preferably in an aqueous based solvent.

Examples of acetylenically unsaturated compounds which may be used in
the method of our invention include propargyl alcohol, -propiolates,
buta-2,3-yne-1,4-dioates, and other acetylenically unsaturated
alcohols, carboxylate salts and hydroxycarboxylate salts having less
than 10 carbon atoms.

The novel vicinal diphosphono compounds of the present invention may
be prepared by reacting an aqueous solution of the acetylenically
unsaturated alcohol and/or water soluble salts of the carboxylate
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5 Particylarly preferred are the reaction products obtained with nal eates,
acryl gtes or m xtures thereof, or propargyl alcohol. In the case of

mal eafes, the product is generally a m xture of a. phosphonosuccinate salt

wi th /previously unreported conponents which we believe include nenbers of
-the jhonol ogous series of the general formipa H(CHCO[err] M CHCO[err] M [err]
PO[grr]Merr] wherein n usually has an average value of 2 to 5 and Mis a
catfon. Typically the m xture may conprise a phosphonosuccinate (n=l) and a
tantial pémmt i N thé dale mdygbes withtd phosphites ussaHlysanpdkal bl e t hat

d/ g b
daal 1y cont BeFAT aRESHNT£E EhoH BBt P sRa L o GF R d o PR s e e
t hat acetyl ermfcfmnpaﬂmdksandlhes‘meelraaldh;zalmlaee typlicdlly provtidedbycaddioghol s
and car boxyl 8iGEbhRuIpRER, 1 SHrPRARRE: dfand ity ol crvBF B SBRASRERD 1 o

rfadical initirators' espeti forma range I cl nal
di phosphono ¢oepukies, \nign,cm:rar asf 5S¢ @éefﬁ'ablzhlmoﬁg "ehﬁﬂ Q‘%’r pbsthen
inhibitors. acetylenic compound into the diphosphono compound. Instead of water

it is possible to use other aqueous based solvents such as aqueous

ethanol, aqueous methanol, aqueous dioxan or aqueous acetone. Such
solvents are preferred where the acetylenic compound is only
sparingly soluble in water.

The reaction may give rise, in addition to the diphosphono

derivative, to some phosphonated oligomers of the acetylenic reagent.'
These oligomers, and reaction products containing them, have valuable
scale and corrosion inhibiting propertieé and are included in our
invention. The reaction may additionally form a proportion (usually
minor) of geminal diphosphonate. The reaction product also,
typically, contains some phosphate. The mixtures of vicinal
diphosphonate, geminal diphosphonate, phosphonated oligomers and/or
inorganic phosphate show synergistic activity.

Important differences between the preferred methods of the present
invention, and prior art attempts to prepare phosphonates from
olefins using phosphorous acid, include: the use of an aqueous based
solvent and the use of salts rather than free acids. The reaction
preferably is run at neutral or alkaline pH. Elevated temperatures
are preferred and the amount of free radical initiator required is
often substantially more than is usually used in free radical
catalysed reactions. The initiator is preferably dosed continuously
or intermittently to the reaction mixture to the extent required to
keep the reaction'going to comp]etion. '
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In particular we have di scovered that propargyl alcohol and its honol ogs
react wth al kali netal phosphites in the presence of, eg, persul phateg to
form novel conpounds which combi ne good scale inhibiting properties wt
good inhibition of corrosion especially in calciumcontaining systens.
According to the present invention eitherpythe products of the foregoing
reactions or any of their novel conponent’s, eg. oligoners of the above
formula, may be used as scaling inhibitors or as corrosion inhibitors.

Accor di ng tqh@ﬂem@ of" hﬁ%ﬁubﬁmfegg hyod Sgbw'ﬁdﬁmiam%é]h@?lg{ of

phosphonat i ng wat er - s rin water so
active, et hy'*mérﬁcdﬁl?f%igéﬂtsacétgl-l ani ¥lkaly Wﬁéhtﬂfpﬂi ‘&itéormﬁhﬂ-eby react | ng it

with a wat epefilcthl £ PRAGHM hel eadbtandna tdieaPKASIEMER10phosphite. In each
case the alkali metal is preferably sodium, but other cations which
form soluble phosphites and which do not interfere with the reaction
may be used. Examples include calcium, potassium, Tithium and
magnesium. Phosphonium (eg. tetra alkyl or tetrakis hydroxymethyl),
ammonium and substituted ammonium such as tetramethyl ammonium and/or
mono-,di- and/or tri- ethanolammonium may also be used, but are not
preferred.

The proportion of phosphite to unsaturated compound is preferably
substantially stoichiometric, i.e. equimolar in the case of
ethylenically unsaturated compounds or 2:1 molar in the case of
acetylenes. A small excess of either reagent may be present, however
substantial excesses of the phosphite are generally undesirable.
Excesses of the unsaturated compound generally result in the
formation of unphosphonated oligomers. Since the latter are usually
effective water treatment agents in their own right, and are often
useful synergists with the phosphonated products of this invention,
comparatively large excesses of the unsaturated agent can be
tolerated.

Preferably the mole ratio of ethylenically unsaturated compound to
phosphite is from 1:5 to 15:1, usually 1:1 to 3:1, especially 1.3:1
to 2.5:1 e.g. 1.5:1. Generally, higher proportions of phosphite to
unsaturated compound will be required to phosphonate acetylenes. For
“instance the proportion of phosphite to acetylene may be from 10:1 to
1:10, usually 5:1 to 1:8, especially 3:1 to 1:5, e.g. 2.5:1 to 1:2,
preferably 2:1 to 1:1.

The unsaturated compound is preferably a maleate, acrylate or a
mixture thereof or a propiolate or allyl or propargyl alcohol. Other
olefins and acetylenes include methacrylate, vinyl sulphonates, vinyl
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6 sufficient of a solvent, cabable of dissolving both reagents, to

di ssolve at |least part of the reaction m xture, and of sufficient free

i fal to convert a substantial proportion of said unsaturated compound to
osphonat ed derivative. Preferably the solvent is an aqgueous based

ent. The term "active, unsaturated i%npound" i ncl udes ethylenically
acetylenically unsaturated conpounds rf which the unsaturated bond is
vated by the proximty of at |east one hydroxyl, carbonyl, carboxylate,
honat e and/ 0 phpna cl ysj on i & strai ned ring.
erred exB Ié%'%q r[}%g é\ﬁ@ P’%e?é?]bﬁﬁ#%%efzs&' agng dtes, propiol ates,
bufyne-1, 4 #jbaubme- E)tm)/-rlfeeate%nm-cbbrnene, vinyl acetate,

2,3-butene-1,4-diol and 2,3-butene-1-o01-40ates. Compared with

maleates, fumarates have been found comparatively unreactive.

We prefer to carry out the preparations at a concentration of the
reagents at which the reaction mixture will just remain fully
dissolved and stirrable at the reaction temperature.

The reaction may, however, be carried out in the presence of
sufficient solvent to dissolve only part of the reagents, but
sufficient, preferably, to form a stirrable slurry. For instance
amounts of total solids may be from 0.5 to 96% by weight of the
reaction mixture, more usually 1 to 95% e.g. 10 to 90%, especially 20
to 85%, preferably 35 to 80%, more preferably 50 to 80%, for example
60 to 78% or 70 to 75%.

The desired concentration may conveniently be achieved by dissolving
the reagents in, e.g. water, and evaporating down, e.g. until the
mixture is still just stirrable, or by heating a mixture of
phosphorous acid and the unsaturated compounds and neutralising with
hot concentrated base such as sodium hydroxide, prior to adding the
free radical initiator.

The reaction requires a source of free radicals for the system, e.q.
an ammonium or alkali metal persulphate or peracetate, hydrogen
peroxide, a hydroperoxide, chlorine dioxide, sodium chlorate, sodium
hypochlorite, organotin hydrides, azo compounds such as

4,4’ -azobiscyanovaleric acid, electrolysis, ultra violet or other
ionising radiation or ultrasound, or any combination of the
foregoing.

[
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propar gyl, al cohol, vinyl sul phonate, vinyl phosphonate, allyl alcohol,
nor bor nene and cycl opent adi ene. Thus according to a second enbodi nent
the invention provides a nethod for the preparation of scaling and/or
corrosion inhibitors which conprises heating: (1) at |east one water
sol ubl e carboxy, hydroxy, sulphono or phosphono ol efin having the general
formula RRC=CR2 where ‘at | east one Rgroup is a COOM CHerr]OH SOerr]M
or PO[err]Merr] group and each of the other R groups nay be the sane or
di f f erent andrheaaipunepimseats dﬂ/ﬂmgemrobfafﬁtydrmaabcgtneraisdbdéﬁetmﬁmds

Syl oal kyl " orttyErtsRi byl Tel b Feslt idn el oBERE bR Floe Rellfan sucn
that the salt is water squbIe with (2) a water soluble salt of

phosphor ous QQ@?Fvgﬁgzpﬁ% ?'ﬁ%e(ﬁﬂgﬁyiﬂhqfﬁﬂ%rofs%UfﬁﬂH%R?%%b@§Eg

solvent to dis the re
sufficient fride reatitiansta somnireﬁmgn gRorgAsonzhledt big gﬁ@rﬁar wathigap Lotef2h

According to ) rd ﬁw BRdUnt S Yhiay sa.ltmhaog I?ﬁ@dfd q86e B RS @Jn be

pr epari ng V|C|nal hong, conpounds |ses reacting a
tol erated General]y the quantity of free rad1ca1 required Js
substantially greater than in normal free radical catalysed
reactions. Excess free radical source is, however, preferably
avoided on economic grounds and to minimise contamination of the
product. Generally the more water present, the more free radical is
required in order to complete the reaction. Also, more elevated
temperatures may permit the reaction to proceed with less addition of
free radicals. We therefore prefer to use a concentrated reaction
mixture e.g. at least 60% and preferably more than 70% total
solids. Under these conditions the amount of initiator required is
typically from 1 to 10 mole% e.g 2 to 8 and preferably from 3 to 6
mole% based on the unsaturated reagent. However if the reaction is
performed in a more dilute system, and/or at lower temperatures,
higher amounts of initiators such as sodium, potassium or ammonium
persulphate may be required, typically from 10 to 30% by weight of
the unsaturated reagent, e.g. 20 to 25%.

The reaction mixture is preferably at a pH at least neutral, or
slightly alkaline. Acid pH should be avoided.Typically pH should be
above 5 and especially above 5.5 preferably above 6 more preferably
above 6.5 e.g. 6.8 to 10 most preferably 7 to 9 at least initially,
although the pH may be allowed to drop below 7 as the reaction
approaches completion.

The reaction normally procedes in an aqueous based solvent which is
typically water, provided the selected reagents are sufficiently
soluble. Water miscible organic solvents may be included, where
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acetyl eni ¢ compound with a phosphite salt in the presence of sufficient
free radical to convert a substantial proportion of said acetylenic

conmpound to a vicinal disphosphono conpound preferably in an aqueous based

solutiogn. _ 7 Preferably the
acetyl.enic conpound is water soluble, e.g.;y@an acetylenic al cohol or

carboxyl ate salt, especially one having | ess than 10, nore particularly
Sl ess than 6, eg. less than 5 carbon atons. W have found that propargy

ghwobe{egg% aeeR ¢ f‘gnotre QkiAgIYCEsTuBNe LrRagbiva .2 THRY khTieherdnousdf ecti ve
- contain suff1c1ent water to dissolve the phosphite to a substantial
extent. The organic solvent may for example comprise methanol,
ethanol, iso-propanol, ethylene glycol, propylene glycol, a water
soluble oligomer of ethylene or propylene glycol such as diethylene
glycol, a water soluble mono- or di- ether of ethylene or propylene
glycol or of an oligomer thereof, such ethylene glycol monomethy]l
ether, ethylene glycol dimethyl ether, diethylene glycol monomethyl
ether or diethylene glycol mono ethyl ether, glycerol, a water
soluble glyceryl ether, acetone, and/or dioxan. The requirement to
dissolve the phosphite and the olefin or acetylene in the same
aqueous based solvent is the main limitation on choice of
unsaturated reagent. In cases of difficulty it may be possible to
carry out the reaction in anhydrous dioxan.

The reaction mixture generally requires heating for at least part of
the reaction time in order to initiate and maintain the reaction.
Preferably temperatures above 60°C, more preferably above 80°C, e.g.
90°C to the boiling point of the mixtures are used, and maintained
for from 30 mins to 8 hours in order to compiete the reaction.

Higher temperatures, e.g. under pressure, for example in an
autoclave, may be advantageous. Typically the temperature is between
50 and 250°C e.g. below 200°C and preferably below 150°C. Optimum
temperatures are usually in the range 95 - 140°C e.g. 100 - 130°C.

We prefer that the reaction should be carried out under an inert
atmosphere, e.g. nitrogen. This helps to improve the yield of
product.

The reaction may be carried out batchwise, semi-continuously or
continuously e.g. in a pipe reactor. The free radical source may all
be added initially or, preferably, in a plurality of additions, or
continuously or semi-continuously throughout the reaction.
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and corrosion inhibitor, nanely 2,3-dipho§phonopropano|, usual ly forned in

admi xture with some phosphonated oligoners of propargyl alcohol. O her
novel and useful compounds which nay be prepared by the method of our

i nventi on and which are included in our
formula. [err]

group having a total of 1 to 5 carbon atons and R is hydrogen, a

car boxyl at e group,

an R group,

than six carbgg
provi des nove

have t he

ﬁ % c-ﬂ]‘?:h}g“lY 'Qtth,%'}e }1{19 FQFﬁUQQWh enbodi ment

ONErs o Ve § &R ollgoners
erm1 ent]y during the react1on per1od to an aqueous solution of

the phosphite.

The product typically contains a proportion, e.g. in the case of
maleates, up to about 40%, by weight thereof, of the phosphonated
monomer (e.g. phosphonosuccinate) the remainder comprising a
phosphonated dimer possibly with small amounts of higher homologues,
and inorganic salts such as phosphates.

In view of the fact that phosphonosuccinic acid and its salts are
relatively poor scale and corrosion inhibitors, we attribute the
strikingly enhanced performance of our novel reaction products, or at
least those derived from maleates, to the presence either of higher
homologues or of chemically modified oligomers, e.g. hydroxyl or
sulphate derivatives and/or to the presence of inorganic phosphate.
We believe that certain of these homologues may be inherently
superior to phosphonosuccinates as scale and corrosion inhibitors.

We also believe that there is synergistic action between the
components of our novel reaction products.

The compounds or mixtures of our invention are of particular value as
corrosion inhibitors in systems containing calcium ions and may also
be used in conjunction with zinc salts.

The products are effective in the presence of chlorine, chlorine
dioxide, bromine, hypochlorite, hypobromite and other oxidising
biocides. They may therefore be used to treat chlorinated water
systems or systems sterilised by other oxidising agents. They are
useful in cooling water treatment, treatment of industrial process
water, boiler water treatmént, desalination plant and for treating
water used or produced in oil wells including injection water,
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i nvention conprise conmpounds of tRe
Where R is a hydroxy agsgd/ or carboxy substituted al kyl

a hydrocarbon group having from1l to 4 carbon atons or
aia ntalxém"rsesahe ield e:ffepbdﬁpﬁohattedcpnmduuhm thds somedingds of | ess
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formila . . "HCHRCHR] [err]-PQJerr]Merr] wherein at | east
one R grpoup in each unit is a COOM CH err]OH, sul phono or phosphono group
and thefother R group which may be the sanme as, or different from the

[ group, is hydrogen or a COOM hydroxyl, phosphono, sul phono,

o, C1 7 alkyl, Cerr] alkenyl groupén'61carboxylate phosphono,
sul ph¢gno, sul phat o and/ or hydroxy substitu{ed ClL 7 alkyl or C1 7 al kenyl
and each Mis a cation such that

produced water, and water used for hydrostatic testing of pipelines.

They are also of value as detergent builders or auxiliary builders,
e.g. in conjunction with zeolites, or as metal chelating agents, e.g.
in metal extractions. They may be used in aqueous based functional
fluids such as hydraulic fluids, Tubricants, cutting fluids and oil
field drilling muds.

For example the compounds and mixtures of the invention may be used
in squeeze treatment of o0il wells in conjunction with calcium salts,
or may be added to drilling muds or to oilfield injection water,
produced water or water for hydrostatic testing, as well as to
various industrial cooling waters and process waters and to water for
use in central heating systems. They are especially effective in
preventing barium sulphate scale.

Squeeze treatment of boreholes, eg. to prevent formation of BaSO4
scale, typically entails impregnating the formation in the environs
of the hole with a calcium salt of the inhibitor, which is
subsequently leached into any aqueous system circulating in the hole
to provide controlled slow release.

For example in 0il wells the hole is flushed out with aqueous
surfactant to provide a water wettable surface and then impregnated
with a solution of the inhibitor. The calcium salt is formed in situ
either by calcium in the formation, where the latter comprises
limestone, or by subsequent treatment of the hole with an aqueous
calcium salt, e.g. where the formation comprises sandstone.

The compounds and mixtures are useful in treating chlorinated water
systems for which many threshold agents'are ineffective. Effective
concentrations may typically range from 0.1 to 50 ppm depending on
the nature of the aqueous system, preferably 0.5 to 20 ppm especially
1 to 10 ppm e.g. 1.5 to4 ppm.
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t he phosphonated oligoner is water soluble and-n is greater than 1, eg. up
to 6. Preferably n has value less than 5 eg. 1.2 to 3. Thi s inventi of
al so provi des phosphonated cooliginers of the above formula, but in whi
the [CHRCHR][err] chain contains at |east two [ CHRCHR] groups-derived fr
different nonomers and in which n has a tptal value of at |east 3. For

exanpl e we include a phosphonated triner or higher cooligoner of maleate
and acrylate containing at |east one [CH err] CHCOOM and at |east one

[ CHCOOM CHCQ N, &sO0YPcord id: eco ENéeq i&bio qﬁ‘}rgé '?Be&oinacﬂﬁbeﬁsﬂo?\dmth

enbodi nent, provides a nov onat e oner or m xt
phosphonat e8! ARGHEY 5 &9ﬁ/¢ﬁﬂ1él%9&3@P%F1OBthﬂhe°¥hﬂrnM4§fr treatment agents

H( CHOCL er 1 ] MrfeteHng:  duMrhge kS0l auch] & et dnithelraltim (@Al efp Lhagigand M -
is a cationic specie such { the i?égz @HIS wat er sol ubI

especi al | y rAeREeHeSY %‘GE?F’C bp<aon8 BRI®Snd10c20 1kyheid or its
wat er sol ubl gy ﬁiﬁe%,, oﬁgﬁtalmya 1Mtao25 Mode @thePsudyhatRs g, (055 @drefid he

total \NEIthsdiphona es, Cyo- zofgbggngh§élgbealky1 phenol sulphates, )
sulphosuccinates, sulphosuccinamates, lignin sulphonates, fatty ester
sulphonates, Cyg_pqg alkyl phenyl ether sulphates, C10-20 alkyl
ethanolamide sulphates, Cyg.pg9 alpha sulpho fatty acid salts, C10-20
acyl sarcosinates, isethionates, Cyg.pp acyl taurides, C1p-20 alkyl
hydrogen phosphates), non-ionic surfactants (eg. ethoxylated and/or
propoxylated Cjg_og alcohols, ethoxylated and/or propoxylated Cig.s9
carboxylic acids, alkanolamides, amine oxides, and/or C10-20 acyl
sorbitan and/or glyceryl ethoxylates) amphoteric surfactants (eg.
betaines, sulphobetaines, and/or quaterised imidazolines), and/or
‘cationic surfactants (eg. benzalkonium salts, C10-20 alkyl trimethyl
ammon{um salts, and/or Cyq.pp 2alkyl trimethyl or tris(hydroxymethyl)
phosphonium salts); sequestrants, chelating agents, corrosion
inhibitors and/or other threshold agents (eg. sodium
tripolyphosphate, sodium ethylenediamine tetracetate, sodium nitrilo
triacetate, tetra potassium pyrophosphate, acetodiphosphonic acid and
its salts, ammonium trismethylene phosphonic acid and its salts,
ethylenediamine tetrakis (methylene phosphonic) acid and its salts,
diethylenetriamine peﬁtakis (methylene phosphonic) acid and its
salts); tolyltriazole and mixtures of nitrate, benzoate, HHP and/or
PTCB) biocides (eg. tetrakis (hydroxymethyl) phosphonium salts,
formaldehyde, glutaraldehyde)}; oxidising biocides and/or bleaches
(eg. chlorine, chlorine dioxide, hydrogen peroxide, sodium
perborate); foam controlling agents such as silicone antifoams;
oxygen scavengers such as hydrazines and/or hydroxylamines; pH
controlling and/or buffering agents such as amines, borates, citrates
and/or acetates; chromium salts; zinc salts; and/or other water
treatment agents such as polymeric dispersants and coagulants
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It is«iparticularly preferred, according to the invention, to use reaction
products which conprise: up to 50% by wei ght of a phosphonosucci nate based
on the weight of the solvent-free conposition; a phosphonated di mer of

mal eate; optionally a m nor proportion by weight, relative to the weight of
di mer, of higher phosphonated oligoners of igal eate; and fromO0.5 to 5% by
wei ght of al kali netal phosphate. According to a further preferred

enmbodi ment the invention provides a novel .phosphonated ol i goner of a water
sol gl e acryl dneluddngrpod ymajl edn, apoéyagaﬂcbt dndopo Ty vti oy st ] ploonyicadei dgnaids per

Cp bond. adiglaaltso SERSHRE B by BEFRINEERTERSESS S hovel
vi cinal di pho:mpbxhdattesm Thhenﬁemmhapmh-m dorfwasions CoRSing —pM err]
where RIS a effective amount of a product of the invention as aforesaid and any
of the aforesaid known water treatment agents. Such formulations
may, for example, contain from 5 to 95% by weight of a product of the
invention and from 5 to 90% by weight of one or more of any of the
- aforesaid water treatment agents.

Detergents according to this invention may comprise 2 to 70%,
preferably 3 to 50% eg. 5 to 20% by weight surfactant and 5 to 60%,
preferably 10 to 45% eg. 15 to 30% by weight total builder, the major
portion of any balance being typically a carrier, solvent or diluent.

The builder may consist of a phosphono or diphosphono product
according to this invention. Alternatively the builder may comprise
such a product together with one or more other builders such as
zeolite, sodium tripholyphophate, potassium pyrophosphate sodium or
potassium carbonate, sodium citrate, sodium nitrilotriacetate, sodium
silicate and or sodium ethylene diamine tetracetate. Thus the
product of the invention may consitute from 1% to 100% of the total
builder, eg. 5 to 90% especially 10 to 80%. The balance may comprise
an inert solid such as sodium sulphate, or a 1iquid medium such as
water or a lTow molecular weight polyethlene glycol. The detergent
may additionally comprise: up to 5% by weight, eg. 0.01 to 2% by
weight, of optical brightener; up to 5% by weight e.g. 0.01 to 2% by
weight of soil suspending agent such as sodium carboxymethyl
cellulose; and up to 6%, more usually up to 2%, by weight, each, of -
perfume, dye, enzyme, bleach, buffers and other conventional
ingredients of solid or Tiquid detergent composition.

The invention will be illustrated by the following examples. All°
preparations were carried out under an atmosphere of nitrogen.
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9 hydrqxy, carboxy, phosphono, sul phato and/or sul phono substituted al kyl
group having up to 5 carbon atons, R is hydrogen, a carboxylate, a C\4
hydr ocarbon or an R group and Mis hydrogen or a cation or cationic gr&up.
The invention further provides the use of the reaction products and novdl -
phosphonat ed ol i goners and vici nal di phospdionates according to the

I nvention as scale inhibitors or as corrosion inhibitors in aqueous
systens, or as detergent builders or chelating agents for netals.

The evaluations were performed in accordance with the following test
methods:

Test Method No. 1

Synthetic seawater brine having total CO, content of 100mg.1” 1
prepared to the following formulation:

Formulation Component Concn. (q.17!

NaCl 49.06
MgCl,.6H,0  22.21

NayS0, 8.18
CaCl,.2H,0 3.074

KC1 1.390

KBr 0.202
NaHCO4 - 0.191

pH - 8

500m]1 of synthetic seawater concentrate and the appropriate
amount of a 0.5gm/litre stock solution of the inhibitor are
heated to, and maintained at, 80°C and pH adjusted to 8.00 +
0.01. 0.125gm of precipitated calcium carbonate, having 60% by
weight aragonite and 40% calcite, is added and the pH monitored
for 60 minutes.

If no drop in pH greater than 0.1 units is observed the
inhibitor is providing 100% inhibition of aragonite scaling.
The test is repeated until the minimum (threshold)
concentration for 100% inhibition has been determined.
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In particular the invention provides a nethod for the treatnent of
potentially scale form ng agueous systens, or of potentially corrosive
aqueous’ systens, to inhibit scaling or corrosion respectively, which
conprises adding thereto a threshold anobunt (e.g. an effective anount |ess
that 100 ppm by wt.) of a novel conpound orgom xture of conpounds according
to the invention. The invention further provides a nethod for the
preparation of a conpound or m xture of conpounds of the invention, which
conpri ses readesbhdethbabNoer?2 wat er sol uble salts of nmleic and phosphorous
ac?&é i n aqueous solution and in the presence of an effective anount of a
free radical initiator, and preferably in an agueous based sol vent.

Exanpl es of adgeifiedie fairmyt ivnswatierai edrepansdunitay ingitde henmube: used in the
met hod of our invention include propargyl alcohol, propiolates,

but a- 2, 3-yne- 1, 4-di gates, and ot her acetylenically unsaturated al cohol s,
car boxyl at e sal t s NaRd hydroxycb]f%@ﬁyl.ihte salts having |l ess than 10 carbon

at oms. NaySO4 16.265 g
NaHCO5 5.25 g
MgC1,6H,0 35.55 g
€aCl,2H,0 9.535 g
SrC1,6H,0 0.26 g
KC1 2.955 g
H3805 0.43 g
pH 7.8

The synthetic formation water is seeded with precipitated
calcium carbonate and pumped through a 1/16 inch bore capillary
tube at 90°C and at a rate of 25ml/min until the pressure
across the tube reached 5psi. The inhibitor is observed to
determine any continuing rise. The minimum concentration of
inhibitor to stop further rise of pressure is determined.

v

Test Method Nos. 3 and 4

These tests are based on the measurement of Tinear
polarisation using an  "ELECTROCHEMICAL INTERROGATOR" to
determine the corrosion current. The rate of corrosion is
expressed in mm per year of iron lost from the surface of the
carbon steel work electrode. The auxiliary electrode is
platinium and the reference electrode saturated calomel. The
calcium test (Method 3) used a medium containing 120ppm Ca++
and 213 ppm C1 at a pH of 7.5 and a temperature of 25°C.

|

|
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The novel, vicinal di phosphono conpounds of the present invention may be
prepared by reacting an aqueous solution of the acetylenically unsatura\ed
al cohol and/or water soluble salts of the carboxyl ate

10 reagent, as the case may be, with a phosphite, usually an al kali nepal
phosphi te such as sodi um or potassiun1pho§ﬁhite in the presence of free
radicals. The free radicals are typically provided by addi ng sodi um

persul phate, in sufficient quantity to convert a substantial proportion,

eg, nore tha 9 e r n QnO, | syl EnQnpound int%l
the di phosphgﬂga‘fgc%ﬁﬁdiﬁ%ﬁége@dgﬁ&aﬁ?%@" Corttd®n ARE LY EndiS _
200 ppm C1°, a pH of 7.5 and a temperature of 25°C.

Both tests used 60 ppm inhibitor (expressed as the acid) and
swept from -20mv to +20mv with respect to rest potential in 1
minute.

Example 1:

A solution of maleic acid (1.74Kg, 15M) and sodium hydroxide

(1.2Kg, 30M) in water (4.5L) was added over lhr 40min to a
stirred refluxing solution (102-103°C) of H3P03(820g, 10M) and
sodium hydroxide (800g, 20M) in water (2L). Over this period
a solution of ammonium persulphate [684g, 20mol% (w.r.t.
maleic acid)] in water (1.3L) was added dropwise. After these
additions the reaction mixture was refiuxed for 15mins and
then a further 5mol% ammonium persulphate solution (171g in
330ml water) was added dropwise over 30min. After a further

30min reflux the solution was allowed to cool slowly. A 31p
n.m.r. spectrum of this reaction mixture (D,0) showed that 88%

of the phosphorous acid had reacted and that 5% had been
oxidised to H3PO4. 40% by wt. of the organo-phosphonic acids
present was phosphonosuccinic acid (n=1) and 60% by wt. higher
homologues with n>1. A 4. n.mr. spectrum indicated that
approximately 85% of the disodium maleate had reacted. The
average value of n is therefore approximately 1.5. The
product contains about 2% by weight of sodium phosphate.

Example 2:

A solution of maleic acid (174g, 1.5M) and sodium hydroxide
(120g, 3M) in water (450m1) was added dropwise over lhr 20min
to a stirred refluxing solution of HyP03(82g, IM) and sodium
hydroxide (80g, 2M) in water {200ml1). During this period
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It 15 possible to use other aqueous based sol vents such as aqueous et hanol,
aqueousy met hanol , aqueous di oxan or aqueous acetone. Such solvents are
preferyed where t he acetyl eni.c compound is only sparingly soluble in water.
The reaction may give rise, in addition to the di phosphono derivative, to
some phosphonated oligoners of the acetylgnic reagent: These oligomers, and
reaction products containing them have valuable scale and corrosion
inhibiting properties and are included in our invention. The reaction nmay

tional |y sbotum persudphatd o(71.ugyaldopmors wor )t .of in%'Th”admdz pio.@_sfﬁgorr:]aifur o

Th reaction _Rr t aI ypi c cont ai ns, one ph :

of vi ci nal gii. cga orfat mrbserr??ial%ﬁi SRBSHIPIN AP ”B?Tosp‘g t eheSRi goner s
and/ or i norgaddtmphssqchleasdtsinmw styme'regismdc]femct i18i minutes Ialfmorﬁh@ﬁt g
di fferences Ng t p 0 prese I nven an
prior art at ?gé%feg ? "nﬁ?eéﬁr E&{)lﬁldg ﬁgﬁés ﬂ%%g)lv&s ﬁg&%? PY\‘H‘B osphor ous
aci d, includ®&ing heThEéOa)ﬂ on ampiemn@d luaSed'efﬁhixadnforand fur¢herse30f salts
rather than fige afg! then dRweEAG EOSY to room temperature. 3lp and I

n.m.r. spectroscopy indicated a product- identical to the first
example.

Example 3:

A solution of acrylic acid (72g, 1M) and sodium hydroxide
(40g, 1M) in water (200m1) was added dropwise over 0.75h to a
stirred refluxing solution of phosphorous acid (8.2q, 0.1M)
and sodium hydroxide (8g, 0.2M) in water (100ml1). During this
time sodium persulphate (47.6g, 20mol% wrt to the acrylic
acid) was added portionwise. The solution obtained was boiled
for 0.25h and then sodium persulphate (10g) was added over
0.25h to this boiling solution. 31 nom.r. spectral data
indicated that 30mol1% of the phosphorous acid had been
oxidised to phosphate; the remainder had reacted with the
acrylic acid to produce a phosphonate material. A 13¢ a.m.r.
spectrum indicated that all the acrylate had reacted. The
product must therefore contain ca. 14 acrylic acid units to
each phosphorus.

Example 4:

A solution of acrylic acid (9g, 0.125M), maleic acid {14.5g,
0.125M) and sodium hydroxide (15g, 0.375M) in water (250m1)
was added dropwise over one hour to a stirred refluxing
solution of phosphorous acid (10.3g, 0.125M) and sodium
hydroxide (10g, 0.25M) in water (100m1). During this period
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preferably is run at neutral

or alkaline pH Elevated tenperatures are

preferred and the anount of free radical initiator required is often

substantially nore than is usually used in free radi cal

cat al ysed

reactions. The initiator is preferably dosed continuously or |ntern1ttently

to the reaction mxture to the extent
to conpl etion.

al kali netal
acryl ate,

sodium persulphate (11.9g, 20mol1% wrt olefins) was added
portionwise. The solution obtained was refluxed for 0.25hr
and then allowed to cool to room temperature. A 31P n.m.r.
spectrum indicated that 67mol% of the H3PO; had reacted to
give material containing PC bonds and 13mol1% had been oxidised
to phosphate. 13¢ and 1 n.m.r. spectral data indicated that
all the acrylic acid and ca. 90% of the maleic acid had
reacted. Therefore the material formed has 1.5 acrylic acid
and 1.3 maleic acid units to each phosphorus.

Example 5:

The product of Example 1 was tested for scale inhibition in
comparison with sodium phosphonosuccinate and PTCB using the
aragonite test (Test Method No 1 above). The test results are

listed in Table 1, expressed as ppm of the 100% inhibitor.
The test was repeated in the presence of 3 ppm chlorine and
again after the product had been exposed to 3ppm chlorine
dioxide for 1 hour at 60°C with identical results.

The results of a test of tube blocking with aragonite scale
(Test Method No 2 above) are also recorded in Table 1.

The product was steam distilled and no phosphorus was detected
in the distillate.

requéyed to keep the reaction going
_ The nmethod of the invention preferably enploys
salts of any acid reagents, e.g. an alkali netal propiolate,

Table 1
Test Example 1 | Phosphonosuccinate | PTCB
Aragonite (Test No 1) 1.4-1.5 4.7-4.8 1.0-1.1
Tube Blocking (Test No 2)| 0.5-0.6 |1.0-1.4 - 0.8-1.0
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met hacryl ate and/ or nmal eate and a di-al kali netal phosphite. In each case
the alkali netal is preferably sodium but other cations which formsoluble
phosphites and which do not interfere with the reaction may be used.
Exanpl es include cal cium potassium |ithium and nagnesi um Phosphoni um
(eg. tetra alkyl or tetrakis hydroxynethyl), 2&ammoni um and substituted
ammoni um such as tetramethyl amoni um and/ or nono-,di- and/or tri-
ethanolannnnl gmpfiRy §al so be used, but are not preferred The proportion of
Sgghlte to unsaturated conpound is preferably substantially

hi ometri uyi r C t 1C aturated
conpounds or Vgh)ﬂ r‘?ﬁ'l %}fo%ﬁ”%’%% gdbg g? aggﬁyl e%@sum{kﬁ%f ?’}A‘ égge s of either
reagent may alps ds@d) waowwsded drwpwisenovert 0eXYedoes reflutiagphosphite are

general ly un tgr do ¢ rally
result in thg%?tﬁé?gtklmoun o Eﬁoghﬁg&gst ggﬁgl | ﬂ?ér‘?grsc@lg?nce tﬁﬁbﬁatter are
usual |y ef f edtdvexidat €. 1t2§eapc AL 1ag‘éﬁte§ {100mhki r Duvingr Lhjis pewivd are often
useful syner gio8in Wer&ltplﬂﬁt@f'(%@lﬁn%rﬁﬂ%pﬁ Fdyctwingl dbRod v gdd)on,
ively XCESSes unsat u 0
/conparat el Ian?e excesses, of e unsaturated agent can be tol'erated.
was added portionwise. The react1on mixture was boiled for a
further 0.5h. 3P n.m.r. analysis of the reaction mixture
indicated that 82mo1% of the phosphorous acid had reacted to
give organo-phosphorus materials. All the remaining phosphorous
acid had been oxidised to phosphate. 13¢ n.m.r. data indicated
that all the vinyl sulphonic acid had reacted and therefore that
the product contained on average 3.7 vinyl sulphonic acid groups

to each phosphorus.

Example 7

A solution of allyl alcohol (58g, 1M) in water (500ml1) was added
dropwise over 5h 10min to a stirred refluxing solution of
phosphorous acid (82g, 1M) and sodium hydroxide (80g, 2M) in water
(200m1). During this period sodium persulphate (59.5g, 25mol%
w.r.t. the allyl alcohol) was added portionwise. The product
obtained as analysed by 31p and 13¢ n.m.r. spectrscopy. This
indicated that ca. 7lmol% of the phosphorous acid had reacted

and ca.l4mol% had been oxidised to phosphate. All the allyl
alcohol had reacted, therefore the product obtained contains

an average of 1.4 allyl alcchol units to each phosphorus.

Example 8

~ A solution of vinyl phosphonic acid (19.3g.0.18M) and sodium
hydroxide (14.3g, 0.36M) in water (200m1) was added dropwise over
2.75h to a stirred refluxing solution of phosphorous acid (5.1q,
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Preferably th
phosphite is
2.5:1 e.qg. 1.
conmpound wi | |
proportion of
to 1:8, espec
The unsaturat
t hereof or
acetylenes in

e nole ratio of ethylenically unsaturated conmpound to
from1:5 to 15:1, usually 1:1 to 3:1, especially 1.3:1to

5:1. Generally, higher proportions of phosphite to unsaturate&d

be required to phosphonate acetyl enes. For -instance the .

phosphite to acetyl ene may tm§§r0n110 1to 1:10, usually 5:1¢
lally 3:1to 1:5, e.g. 2.5:1t0 1:2, preferably 2:1 to 1:1. '
ed conpound is preferably a nal eate, acrylate or a m xture

gggéml P S Frgt%hl‘&&dergp |Qah§§?fh0\” V&Qﬁr(lgblﬁf)l ns and

vin onat e
A solution of sod1um persu]phate ( .8g, ca. 20mo1% w r.t. the

vinyl phosphonic acid) in water (65ml1) was added simultaneously
over the same period. After these additions the reaction mixture
was boiled for ca. 1.5h and then a solution of sodium persulphate
(4g) in water (25m1) was added dropwise over 0.5h. 31p nom.r
spectroscopy of the reaction mixture indicated that all the vinyl
phosphonic acid had polymerised and that ca. 25-30% of the
phosphorous acid had been incorporated into the product polymeric
mixture. The remaining unreacted phosphorous acid had been
oxidised to phosphate.

Example 9}

A solution of maleic acid (116g, 1M), sodium hydroxide (106g,
2.65m) and phosphorous acid (12.5g, 0.15M) in water (450ml1) was
heated to 95°C in a boiling water bath.” Sodium persulphate (60g,
0.25M) was added in small portions at 5 minute intervals to the
well stirred solution over a period of eight hours. A further
portion of sodium hydroxide (5.5g) was added after 5 hours to
keep the solution alkaline and prevent rapid oxygen evolution
when the persulphate was added. Analysis of the product as in
Example One showed that 17% of the phosphorous acid used had

been converted to phosphate, 9% remained unreacted, 26% had been
converted to phoshhonosuccinic acid and the remainder to polymeric
species. The average n was 5.2.

Example 10

A solution of maleic acid (110Kg, 950M) and sodium hydroxide (170Kg
of a 47% aqueous solution, 2000M) in water (255Kg) was added slowly
over 3h to a stirred refluxing solution of phosphorous acid (60Kg,
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12 .phosphonates, 2,3-butyne-1, 4-diol, butyne-1, 4-di oat es,
2, 3-butyne-1-o0l - 4- oat es, nor - bornene, vinyl acetate, 2,3-butene-1,4-diol and
2, 3-butene-1-o0l -4o0ates. Conpared with nal eates, fumarates have been found

conparatively unreactive. We prefer to carry out the preparations at a
concentration of the reagents at which thegreaction mxture will just
remain fully dissolved and stirrable at the reaction tenperature. The

reaction may, however, be carried out in the presence of sufficient solvent
toii ssol ve (J82M) pad tsodfiut hgdreddentl2sKpwif su7ki sorittionpriafey ably, to form

56% by vei ghindietbhe(Pkabr; QRN e R gt bisPeot Sedivd PeribalBle oy "0 to”
90% especi al(by.9KQ, 285M(30mol% w.r.t. maleate)) in water (116Kg) (150L

in total) was added simu1tanéous]y over the same period. The

reaction mixture was refluxed for 1h after which the remaining

sodium persulphate solution (50L) was added over 0.5h. Refluxing

was continued for a further 3h after which the reaction was

allowed to coel. Analysis of the product indicated a very

similar composition to that described in Example One, ca.

84mo1% of the phosphorus acid had reacted and 12mo1% had been

oxidised to phosphate.

Example 11:

The product of Example 1 was tested against sodium
phosphonosuccinate, a mixture of equal parts by weight sodium
phosphosuccinate and sodium polymaleate, PTCB and HPP in
corrosion inhibition tests "calcium only" (Test Method No 3
above) and "zinc only" (Test Method No 4 above). The results
in mm/yr are recorded in Table 2.
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to 85% preferably 35 to 80% nore preferably 50 to 80% for exanple 60 to

78%or 70 to 75%

by dissolving the reagents in,
just stirrable,

the mxture is stil

e.g. water,

or by

The desired concentration may conveniently be achig
and evaporating down, k&
JHeating a mxture of phospho

e.g.

acid and the unsaturated conpounds and neutralising with hot concentrated

base such as sodi um hydroxi de,

prior to adding the free radi cal

initiator.?¥

The reaction requires a source of free radicals for the system e.g. an

ammoni um or al kali nmetal persul phate or peracetate, hydrogen peroxide, a
hydr oper oxi de, chl orine dioxide, sodiumchlorate, sodium hypochlorite,
organotin hydrides, azo conpounds such_as 4, 4'-azobi scyanoval eric acid,
el ectrolysis, ultra violet or othéﬁgh%%ising radi ati on or ultrasound, or
any conbi nati on of the foregoing.
Inhibitor Ca++ 3.5hrs Ca++20hrs In++3.5hrs | Zn++ 20hrs
Blank 0.270 -- -- --
Sodium Phosphonosuccinate 0.135 -- -- .-
Sodium Phosphonosuccinate 0.069 0.068 -- -
and Sodium polymaleate
Example 1 0.048 0.020 0.021 0.020
PTCB 0.064 0.079 -- --
HPP 0.025 0.008 0.246 0.160
Example 12:

The product of examples 1, 3
1, 2 and 3(above).
3.

and 4 were compared using test methods

The results are reported in the following Table
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13 . The,anmount and rate of formation of free radical generated determ nes
the extenty to which the reaction may proceed and the tine required.
Preferablfy the anount -of free radical initiator is sufficient to take the
reactionfto conpletion in reasonable tinme (e.g. wthin 0.25 to 24 hours).
Smal | er /anbunts may be used if inconplete rgactions can be tol erated.
Ceneral Iy the quantity of free radical requffed is substantially greater
than in normal free radical catal ysed reactions. Excess free radical

sour(‘“i s, however, preferably Table 3:
Inhibitor Example 1 Example 3 Example 4

Test No. 1 2.3 5-10 2.7-2.9

( Test No. 2 1.4 2.4-2.8 | 1.0-1.2
Test No. 3
(i) after 3% hours | 0.048 0.037 0.029

B (ii) after 20 hours 0.02 0.03 0.021

¥

Example 13

The product of Example 1 was found to give 100% inhibition of
barium sulphate scale after 4 hours at a level of 50ppm. in
water at 90°C containing 126mg 1! barium ion and 1210mg 1-1
sulphate ion at pH6.5 (determined at 25°C). The inhibition
after 24 hours was 82%. B

Example 14

A solution of propargyl alcohol (28g, 0.5M), made up to 500m]
with water was added dropwise over 6h to a stirred reflxing
solution of phosphorous acid (82g, 1.0M) and sodium hydroxide
(80g, 2.0M) in water (200ml1). The reaction was maintained under
an atmosphere of nitrogen. During the addition period sodium
persulphate (ca. 48g) was added portionwise (about 8g h '1).

A further 10g of sodium persulphate was then added over about
0.5h. Water (ca 500ml) was added and about 500ml1 was distilled
from the reaction mixture to remove any propargyl alcohol as an
azeotrope with water. The dark brown solution obtained was
analysed by 31py m.r. spectroscopy (in D,0). The reaction
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avoi ded qQn econom c grounds and to mnimse contam nation of the product.
Cenerally the nore water present, the nore free radical is required in:
order to conplete the reaction. Al so, nore el evated tenperatures may °
permt the reaction to proceed with | ess addition of free radicals. W
therefore prefer to use a concentrated reqﬁgion m xture e.g. at |east 60%
and preferably nore than 70% total solids.” Under these conditions the
anount of initiator required is typically from1l to 10 nole%e.g 2 to 8 and

preferably f g k0o 7ol Aot i afdl phBSo iR a8 ! UrBbaSS: CORE R jor figuever i f
the reaction is ﬁgf?rned In.a more dilute sgstenl and/or at 1 owe 4
t enper at ures,°fh‘f"§ﬁ r (@A 8Pk 181 1421diphesehanos dchydraxywaopaie poikssi um or
anmoni um per sehPFhg J0no10f BROEpheFus WiPical hon ff beiaikedt & 3R Matuei ght of
t he unsaturateg r3§gent" e %ﬁ 20 to %g@% The reaciloq3n1xture S
preferably afhd NRiTaremadned 4sHanesrted, phasnhgkeis, 357 &al i nle.n-MaBi d pH shoul d
be avoi ded. Typtzalakycordistentl &itle thbgredictandt BigRdcaviey above 5.5
preferably above 6 nore preferably above 6.5 e.g. 6.8 to 10 nost preferably
7 to 9 at least initially, although the pH may be all owed to drop bel ow 7

as the react iExampl€nd®aches conpl eti on.

The product of example 14 was taken without purification and
tested for scale and corrosion inhibition as follows:-

(a) Scaling (Test method 1)

The product of Example 14 provided 100% inhibition of aragonife
scale at a concentration of 1.0 - 1.2 mg.l'1 total active
expressed as phosphonic acid.

This is sufficient to indicate commercial utility as a scale
inhibitor.

(b) Corrosion Inhibitor (Test method No. 3)

After a contact time of 3.5 hours the corrosion rate was measured
at 0.043mm/yr. After 20 hours the corrosion rate was measured

as 0.029mm/yr. This indicates potential commercial utility as
corrosion inhibitor.

Corrosion inhibition has been observed at concentrations below
10ppm, which correspond to the levels of HPP required. The
novel compounds of the invention moreover retain their activitly
in chlorinated water systems, systems, unlike HPP.
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The reaction normally procedes in an agueous based sol vent which is
typicalgy water, provided the selected reagents are sufficiently sol uble. ]
Wat er fh scible organic solvents nay be included, where
14 regquired for nore sparingly solubl.e reagents. The sol vent shoul d
contgfn sufficient water to dissolve thggphosphite to a substantial extent.
The érgani c sol vent nay for exanple conprise nethanol, ethanol,
i so-propanol , ethylene glycol, propylene glycol,; a wat er sol ubl e ol i goner
of_ethylengzggﬂngpylene egcoI such as dlethylene
4

In a field test, an open recirculating cooling water system in
a chemical manufacturing plant was operating under the following

conditions;
rate of circulation - 120m3/hr
cooling tower inlet temp. 33°C
cooling tower outlet temp. 25°C (at 18.3°C wet bulb)
heat load 4x105kJ/hr
make up water 3600kg/hr
blowdown 2300kg/hr
acid dose rate (36%HCT) 0.313 Kg/hr

product of Example 1
(dose rate) 0.72Kg/hr

pH of Cooling water 6.8
conductivity 1050 microsiemens
product of Example 1
(concentrations) 55mg 1-1
calcium hardness 260mg 1:%
total hardness 340mg 1
chloride 260mg 1-1
tolyltriazole

(copper corrosion inhibitor 1.0mg 1-1

A continuous corrosion probe gave measurements of the corrosion
between 0.025 and 0.076mm per year. Coupons of mild steel and
copper were suspended in the cooling water. After 25 days the
coupons were retrieved and weighed. The steel coupon was found

to have lost metal at a rate equivalent to 0.034mm/year. The copper
coupon lost metal at a rate equivalent to 7.6x10'4mm/yr.
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gl ycok, a water soluble nono- or di- ether of ethylene or propyl ene glycol

or of an oligoner thereof, such ethylene glycol nononethyl ether, ethyl%ne
gl ycol dinmethyl ether, diethylene glycol nononethyl ether or diethyl ene

gl ycol nmono ethyl ether, glycerol, a water soluble glyceryl ether, acetonNe,

and/ or di oxan. The reqU|renent t o di ssol vgit he phosphlte and the olefln or

acetylene in the same aqueous based solvent is the nmain [imtation on

choi ce of unsaturated reagent. In cases of difficulty it may be possible to
carry out t hEhé daeédaingi coraobialr oate duakifiies asTHexceddentbproteatice

e
general | re
o ti At o SPTAL e, f hnsRra Ber A 1p.n001 g ety SRRl A0 0 Or e
60[err] C, not:edqouoéflaraatbnqe,a\'baeé, aongndexgm,gsg@trwpd; SubhEshed i1 ng point of

t he nlxtures fi rom30 nmns to 8 hours in order
84, rgagﬁ &‘st'_fTW 4Rk BL oL dtyf.

to conplete t er tenperatudres, e.g. under pressure, for
exanpl e in an autoclave, nay be advantageous.. Typically the tenperature is

bet ween 50 aggmﬁﬂgca £.9. below 200[err]C and preferably bel ow 150C.
Optimum tenperatures are usually in the range 95 - 140C e.g. 100 - 130C.

A solution of methacrylic acid (43g, 0.5M) and sodium hydroxide
(20g, 0.5M) in water (300ml) was added dropwise over 3h to a
stirred refluxing solution of phosphorous acid (13.7g, 0.17M)

and sodium hydroxide (13.4g, 0.33M) in water (100m1). Sodium
persulphate (23.8g, 20mol% w.r.t. the methacrylic acid) was

added portionwise over this period. After this a further 0.5M

of methacrylic acid and 20moi% of sodium persulphate were added

in a Tike manner. A 31p p.m.r. spectrum indicated that ca. 61%
of the phosphorous acid had reacted to give organophosphorus
materials. 13¢ n.m.r. indicated that all the methacrylic acid had
reacted and therefore that the resulting product contains on average
10 methacrylate units to each phorphorus.

Example 18

A solution of butyn-1,4-diol1({10.8g, 0.125M) in water (200ml) was
added dropwise over 5h to a stirred refluxing solution of
phosphorous acid (20.55g, 0.25M) and sodium hydroxide (20g, 0.5M)

in water (100m1). Over this period a solution of sodium persu]phate
(11.9g) in water (130m1) was added simulataneously. A 3lpn.m.r
spectrum of this reaction mixture indicated that ca. 11% of the
phosphorous acid had been converted to organophosphorus compounds.

Example 19

A solution of acetylene dicarboxylic acid (mono potassium salt)
(50g, 0.329M) and sodium hydroxide (13.2g, 0.329M) in water (150ml)
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We préfer 'that the reaction should be carried out under an inert
at nosphere, e.g. nitrogen. This helps to inprove the yield of product.
The reaction may be carried out batchw se, sem -continuously or
continuously e.g. in a pipe reactor. The free radical source may all be
added initially or, preferably, in a plw@gegality of additions, or
continuously or sem -continuously throughout the reaction.

was added dropwise over 5h to a stirred refluxing solution of

phosphorous acid (53.9g, 0.658M) and sodium hydroxide (52.6q,

1.316M) in water(200ml1). Over a period of 6h (starting at the

same time as the acetylene dicarboxylic acid addition) a solution

of sodium persulphate (31.3g) in water (130ml) was also added.

A 3lp nm.r. spectrum of the reaction mixture indicated that ca.
30mol1% of the phosphorous acid had reacted to give
organophosphorus compounds.

Example 20

A solution of acetylene carboxylic acid (10.1g, 0.144M) and
sodium hydroxide (5.8g, 0.144M) in water (200ml) was added
dropwise over 5.5h to a stirred refluxing solution of
phosphorus acid (23.66g, 0.288M) and sodium hydroxide (23.0g,
0.575M) in water (150ml1). A solution of sodium persulphate
(13.7g9) in water (130m1) was also added simultaneously over this
period. The reaction mixture obtained was studied by 31p and
3¢ n.m.r. spectroscopy. This indicated that ca. 85mol% of
the phosphordus acid had reacted to give organophosphorus
compounds and 12mol% had been oxidised to phosphate. The

main organophosphorus component (which contained ca. 50mol% of
the reacted phosphorus) was 2,3-diphosphonbpropanoic acid. No
acetylene carboxylic acid remained unreacted.

Example 21

A solution of maleic acid (58g, 0.5M), phosphorous acid

(41g, 0.5M), and sodium hydroxide (80g 2M) in water (300ml)

was evaporated in vacuo until a ca. 75%w/w solids / 25% w/w

water mixture was obtained. This mixture was heated
-
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To maxi m se the yield of phosphonated product it is sonetinmes necessary to
add the unsaturated reagent, continuously or intermttently during th
reaction period to an aqueous sol ution of the phosphite. The product®
typi.cally contains a proportion, e.g. in the case of naleates, up to about
40% by weight thereof, of the phosphongged nonomer (e.g. '
phosphonosucci nat e) the remai nder conprising a phosphonat ed dlner possi bly
with snall anDunts of hi gher honol ogues, and inorganic salts such as

phosphat es. % ‘é'u?éé"nﬁm%h@.e&au‘ettwéé}ﬁtnohawm@musﬁd Ritgreai d and its salgs

are relativei scal qgr05|on |nh|b|tq%@ ﬁﬁ attrib te t he
strikingly mdlaarﬂnaétfﬂﬂeﬁf’f'ﬁﬁrﬁ RIEPIr AEVer PREOE 8h 1B 6 ARFEIOr 4t | east
t hose derivy, (ﬁd shdum patstapeste (8g),hBmgd%ewende the hnaﬂelﬁe)hirghalteﬂ‘lonol ogues or
of chemi cal |y MDALLT o6hieq bRWFLS. c§: Fog ¥FWEEY WS also distilled

out of the reaction mixture during this period. After the

addition the reaction mixture was allowed to cool to give a

viscous clear oil. 3P n.m.r. Spectroscopic analysis indicated

that 82% of the phosphite had reacted to give organophosphorus

material.

In the following claims the word “comprises" is used to mean
"contains or consists of".
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sul phate derivatives and/or to the presence of inorgani

phosphonosucci nates as scal e and corrosion inhibitors.

believe that certain of these honol ogues may be |nherentl ﬁEerlo

there is synergistic action between the conponents of our

product s. TEAIMSnpounds or mixtures of our invention
value as corrosion inhibitors in systens cont ai ni ng cal

c—phosphate—¥é

s

are of parti cuI ar
ciumions and nmay

al so be used in conjunctlon with zinc salts. The roducts are effective

in me presente of ®&th 8¢ i ¢fe Phesphanatiag AroRe tive, el ARl

hypObronmi te and Oﬁf@:ry]@mdi'ﬁyﬂ&sﬁttﬂ“a‘té’@%omﬂ-&lﬁbﬂ P?I)?‘Setgg?f

cahypdthl orite,
R 9{ emles #ﬁ@ert 0

I.SI Ng

treat chlorinated S syst ns ster
agents. They are aéﬁfbﬁf’ %Seﬁbﬁ% ﬁEj] e PEeseREROf £y df'h%'ﬂ:t B¢e |7'ﬁ€1%3t]r| al
process water, botoeonvettern substtntial, prdip&ﬁﬁdh%f@%ﬁ'@ﬁxbo@mtéod treating

wat er used or progh’&‘s%ﬂohﬂe(a' &eﬁ%%ﬁe’ nﬂd"g' {&veht eCctalpgbnle o% dr1sso'lvmg the

reagents, in an amount sufficient to dissolve
the reaction mixture.

2. A method according to claim 1 wherein said so
based solvent.

3. A method according to either of claims 1 and
active, unsaturated compound is an ethylenica

at Teast part of

lvent is an aqueous

2; wherein said
1y or

acetylenically unsaturated alcohol or carboxylate, sulphonate or
phosphonate salt which is at least sparingly soluble in-a medium
capable of dissolving alkali metal phosphites.

A method for the preparation of scaling and/or corrosion
inhibitors, which comprises heating: (1) an aqueous solution of
at Teast one water soluble salt of a carboxy, hydroXy, sulphono
or phosphono olefin having the general formula RyC=CR,, wherein
at least one R group is a COOM, CHy0H, SO3M or PO;M, group and
each of the other the R groups may be the same or different and
each represents hydrogen or an aliphatic hydrocarbon or
substituted hydrocarbon group, or in which two of the R groups
together form a cycloalkyl or cycloalKenyl group, or part
thereof, and M is a cation such that the salt is water soluble;
with (2) a water soluble salt of phosphorous acid; in the
presence of (3) sufficient free radicals to form a phosphonated
oligomer of said olefin.

A method according to claim 4 wherein said olefin comprises an
alkali metal maleate, acrylate and/or methacrylate.
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16 produced water, and water used for hydrostatic testing of plpellnes
They are al so of value as detergent builders or auxiliary builders,

conjunction with zeolites, or as netal chelatlng taI
extractions. They may be used in aqueous based fu mm gl MIM;IIHECh as
et d

hydraulic fluids, lubricants, cutting flubds and or

10.

11.

12.

13.

14,

ris

A method of preparing vicinal diphosphono compounds which
comprises reacting an acetylenic compound with a phosphite salt
in the presence of sufficient free radical to convert a
substantial proportion of said acetylenic compound to a vicinal
diphosphono compound.

A method according to claim 6 wherein said acetylenic compound is
water soluble.

A method according to either of claims 6 and 7 wherein said
acetylenic compound is an acetylenic alcohol or carboxylate salt
having less than ten carbon atoms.

A method according to claim 8 wherein said acetylenic compound is
propargyl alcohol.

A method according to any foregoing claim wherein said acetylenic
compound is an alkali metal propiolate, or
buta-2,3-yne-1,4-dioate.

A method according to claim 1 wherein the reaction
occurs substantially in an aqueous medium having a neutral or
alkaline pH. ’

A method according to claim 11 wherein the initial pH is 7 to 9.

A method according to any foregoing claim wherein the amount of
free radical initiator is from 1 to 30% molar based on the
unsaturated compound.

A method according to any foregoing claim wherein the amount of
solvent present is insufficient to dissolve all of the reaction
mixture at room temperature but sufficient to provide a stirrable
composition under reaction conditions.

-

Sheet Has Been Reﬁ laced

\\ll\l\\|||\\ i

*ng muds.



For exanpl e the conpounds and m xtures of the invenLLGHAﬂﬁf%ﬁ%1ﬁﬁern

ueeze treatnment of oil wells in conjunction wth caIC|un1saI
ded to drilling nmuds or to oilfield injection vvatB“‘“ Hmﬂ

ter for hydrostatic testing, as well as to variou |ng
yaters and process waters and to water for3use in central
They are especially effective in preventing barium sul phate scal e.

Sq
ad
wa

S

ho

r]n

ueeze treatnent of boreholes, eg. to prevent formation
e, typicali.y Amteihod acoprdiggata n@atmé4f\d‘remaim dhei reagk

le wth a cal C'%s%%ﬁaqfl%t%ﬁ HN&'OIN&P #‘agﬂ edud §&'ﬁr§§

to any aqueous systen1C|r rovi
| ease.  For exsaiitéon revepwrahem@ pwwﬁemeandscm?éhwn@

eatlng syst ens.

of BaS( err]
stenrverons of the
ﬂ%ﬂﬂtkﬂ | eached

e controlled sl ow
uBT RNt B0 Aadédus

surfactant to proyidegatheireictsght abl e surface and then inpregnated with a

SO

lution of the inhibitor. The calciumsalt is forned in

16. A method according to either of claims 13 and 14
reaction mixture contains from 50 to 20% total s

17. A method according to claim 15 wherein from 1 to
free radical initiator compound is added to the
either initially, or continuously or intermitten
of from 0.25 to 24 hours.

situ

wherein said
olvent.

10% molar of
reaction mixture,
tly over a period

18. A method according to any of claims 1 to 12 wherein the
' composition contains from 20 to 50% by weight of the total

composition of an aqueous based solvent.

19. A method according to claim 18 wherein from 10 to 30% by weight
of free radical source, based on the weight of the unsaturated
compound is added to the reaction mixture continuously or
intermittently over a period of 0.25 to 24 hours.

20. A method according to any foregoing claim wherei
radical source is a persulphate.

21. A method according to any foregoing claim wherei
temperature is maintained between 5°C and 250°C,
part of the reaction.

n the free

n the reaction
during at least

22. A method according to claim 16 wherein the temperature is

maintained between 80 and 150°C.
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ei t herv by calciumin the formation, where the latter conprises Ilnestone
or by subsequent treatnent of the hoIe w th an aqueous

where the formation conprises sandstone. The co xtures are
useful in treating chlorinated water systens for m@mgi ,H"

agents are ineffective. Effective concentrations nd from
0.1 to 50 ppm dependi ng on the nature of the aqueous system preferably 0.5

to 20 ppmespecially 1 to 10 ppme.g. 1.5 tod4 ppm
23. A method according to claim 21 where the reaction is effected at

the boiling point of the mixture.

24. A method according to any of claims 21 to 23 wherein the reaction
is effected under elevated pressure.

25. A method according to claim 24 wherein the reaction is effected
in an autoclave.

26. A method according to any foregoing claim performed under an
inert atmosphere.

27. A method according to claim 26 in which the inert atmosphere is
nitrogen.

28. A method according to any foregoing claim wherein the reaction
medium is water

29. A method according to any foregoing claim wherein the reaction
medium comprises a water-miscible solvent.

30. A method according to claim 29 wherein said solvent comprises
methanol, ethanol, isopropanol, ethylene glycol, a water soluble
oligomer of ethylene glycol, propylene glycol, a water soluble
oligomer of propylene glycol, a water soluble mono- or di- methyl
or ethyl ether of ethylene or propylene glycol or of an oligomer
of ethylene or propylene glycol, glycerol, a water soluble
glyceryl ether, acetone and/or dioxan.

31. A phosphonated oligomer of an active olefin, said oligomer having
the formula H{CHR CHR],PO3H wherein at least one R group in each
[CHRCHR] unit is a COOM, CH,OH, sulphono, sulphato or phosphono
group and each other R group which may be the same as or
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17 Rrodugts according to the invention may be used in conbination wth one
another, and/or in conjunction with other water treatnent agents—ncluding:

surfactants, such as anionic surfactants (eg. Cerr] al kyl benzene

sul phonates, Cerr] ol efin sul phonates, Jerr] alkyl sulphatiﬂ ﬂ

al kyl 1 to 25 nole ether sul phates, (erms] parafin sul phonat I"ﬂ, I"""I'””m
«soaps, C[err] alkyl phenol sulphates, sulphosuccinates, Su|phOSUCCI

| ignin sul phonates, fatty ester sul phonates, Clerr] al kyl phen ether
sul phat es, C[ er dliffdrieplt Btomabind Fiirske Rsgrtqupai £ hydGjgenr pr pa@d,s}(;y@mﬁ atty

acitl salts, rk £h : ﬂ&%ﬁ d
Cerr] aIkyI &whﬁﬂﬁ%shdaéﬁﬂgeg)Bﬁ}haféonﬂé?gﬁ% aé¥g%err% %oxy:aEZd .
and/ or pr opoxyl axred C@‘QDX)], Aydorxyh sphosphomey Patsaidphang/ é'llb%i'—ﬂ@b@dyﬁmpd Cerr]

carboxylic acids, i a " . i b tan
and/ or gl yceryl et o] a% (aj“aqjﬁ’én 12?‘?0‘&?0%&9!? isABN 2R of] %uEill thay! tiPr bi

sur ants (eg. betaines,
sul phobet ai nes, PaAsPhANagedht ﬂsm F%WGE%%ISPH&CBE é’ﬁjdﬁ‘ ?3 SEkepkAn Ehan 1.
surfactants (eg benzalkonlun1salts C[err] al kyl trlnethyl anmoni um sal ts,

and/or Cerr] alkyl tr t hyl t t hyl h I
sequest r ant cﬁe%ﬁ?’?%ldgg%yﬁ%&[‘éé{‘é ifél‘ e?ﬁ%{%og‘gy@ g gﬂgﬁﬁg}’gﬁ’#z)shol d

agents (eg. sodirfas an average value of from 1.2 to 3.

33. A phosphonated cooligomer having the formula [CHRCHR],, where
each R group in the molecule is, separately, as defined in claim
31, and containing at least two different [CHRCHR] groups derived
from different monomers, and wherein the total value of n is at .
least 3.

34. A cooligomer according to claim 33 comprising at Teast one
[CHCOOMCHCOOM] group and at least one [CH,CHCOOM] group, where M
has the same significance as in claim 24.

35. A composition according to either of claims 31 and 32 comprising
at least one phosphonated oligomer of maleic acid of the formula
H[CHCO,MCHCO,M],, PO3M, where M is a cation such that the
composition is soluble.

36. A composition according to each of claims 32 and 35 comprising:
up to 50% by weight of a phosphonosuccinate, based on the weight
of the composition; a phosphonated dimer of alkali metal maleate;
not more than a minor proportion by weight, based on the weight
of the dimer, of higher phosphonated oligomers of maleate; and
from 0.5 to 5% by weight of the composition of an alkali metal
phosphate.

\
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tripel yphosphate, sodi um et hyl enedi am ne tetracetate, sodiumnitrilo

triacetate, tetra potassi um pyrophosphate, acetodlphosphonJ I

salts, amoni umtrismnet hyl ene phosphonic acid and its salt ﬂ m” ”1 "I,IT”",
ethylenedlanlne tetrakis (nmethylene phosphonic) acid and its sé&

di et hyl enetri am ne pentakis (nethyl ene phosphonic) acid and |ts salts)
tolyltriazole and m xtures of nitrate, benzoate, HHP and/or PTCB) bi oci des
(eg. tetrakis (hydrox nethyl) phosphoni um sal ts, formal dehyde,

gl ut ar al deh¥he) A Riwisanenatgd ol 16 8pmaYs Of i Waker se iHes agry ate HIGBPT hei nac am or | m

di oxi de, hydrogs\vbragéow ¢Pom 0€b UrS a&rﬁ%@tmmsfmm&m@uﬁm agents su
as silicone antifo n scaven such gédra2|nes and/ or

g
hydr oxyl ani nes; 84 5?1‘@9 ¥ | 197§ a?ﬂf/ﬂ uf\’%ﬁqnﬁ@cea Aractenist igs0hAtEs,
bor at es, C|tratsauand/or acetates; chromumsalts; zinc salts; and/or other
wat er treatnent agents such as polyneric dispersants and coagulants

38. A vicinal diphosphonate of the formula RCHP03M2CHR1P03M2 where R
is a hydroxy, carboxy, sulphono, sulphato and/or phosphono
substituted alkyl group having 1 to 5 carbon atoms, R is
hydrogen, a carboxylate, a C;.4 alkyl group or an R group and M
is hydrogen or a cation or a cationic group.

39. A vicinal diphosphonate according to claim 38 having a total of
less than six carbon atoms. '

40. 2,3-diphosphonopropan-1-01 and its salts.
41, 2,3-diphosphonabuta-1,4-diol and its salts.

42. A composition comprising a vicinal disphosphonate according to
any of claims 38 to 41, a minor proportion by weight based on the
weight of said diphosphonate of phosphonated oligomers thereof
and between 0.5 and 5% by weight of alkali metal phosphate.

43. The calcium salt of a product according to any of claims 31 to
42.

44. A composition comprising a product according to any of claims 41
to 43 and a surfactant, bjocide, sequestrant, chelating agent,
foam control agent, buffer, oxygen scavenger, and/or another
threshold, sta]ing and/or corrosion inhibitor.

45. The use of a composition according to any of claims 31 to 44 for
water treatment.
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18 #ncl wdi ng pol ynal ei ¢, pol yacrylic and pol yvi nyl sul phoni ¢ aci ds and
their salts, starches and/or carboxy nethyl cellul ose, andlor nolybdates-
The invention provides formulati ons conprising an effective anount of a
product of the invention as aforesaid and any of the afor es?"““nmmﬂl
treatment agents. Such fornmul ati ons may, fpor exanple, contai

by wei ght of a product of the invention and from5 to 90% by *wef*ght of one
. or nmore of any of the aforesaid water treatnent agents. Det ergent s

accordi ng to,khi s ' ORI S t @ 700 e .3 to 50? eg.
5 @ 20% by \ﬁéigﬁthhs%%]gé‘?%ﬁmn@ gﬁ{%n %%)g};o g?%&é%aﬁaﬁglwg% % eg. 105 to

30% by wei ght total builder, the major portion of any bal ance bei ng

typically -a Qarritge. yPh¥EWdiRg & LVEM 46 to inhibit corrosion.

48.

49,

50.

51,

52.

53.

A method of treating potentially scale forming or corrosive water
systems which comprises adding thereto an amount between 0.1 and
100ppm of a composition according to any of claims 31 to 44
effective to inhibit said scale formation or corrosion
respectively.

A method according to claim 48 wherein said water system contains
chlorine, bromine, and/or chlorine dioxide.

A method according to either of claims 48 and 49 for treating
cooling water, boiler water, process water, water in desalination
plant and water used or produced in oil fields.

A method according to any of claims 48 to 50 wherein said water
system contains calcium and/or zinc ions.

A method according to any of claim 48 to 51 wherein said water
system is capable of forming barium sulphate scale if not
treated.

A method according to any of claims 50 to 52 for squeeze
treatment of an oil well or other borehole which comprises
impregnating the formation in the neighbourhood of the hole with
an aqueous solution of a product according to any of claims 30 to
42 and 44 and forming the calcium salt thereof in situ, by
reaction with calcium already in the formation and/or by
subsequently impregnating the formation with an aqueous solution
of a calcium salt.
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The buil der may consi st of a phosphono or di phosphono product according to
this invention. Alternatively the builder may conprise such a product
together with one or nore other builders such as zeolite, sodium

tri phol yphophat e, potassi um pyrophosphat e sodi um or potassi um carbonat e,
sodiumcitrate, sodiumnitrilotriacetate, sodiumsilicate and or sodi um
ethyl ene dianine tetracetate. Thus the product of the invention nmay
consitute from1%to 100% of the total builder, eg. 5 to 90% especially 10

to 80% The | anc conprise,an inert solid sugh, as sodi um sul phate, or
a liquid medi®dm %?ﬁ%ﬂﬁﬁf&mpefnﬁonpwmvﬁw g‘F° i%f’f’%oﬁ'b&/&fﬂm%efgl ycol ,
'tI)'he detﬁrgen]E maysuzdialt tangnadd Y¥roemepto B9% by ﬂe@gﬁl%oﬁ'ybw\ﬁdhl ,wheﬁeirﬂ-sgi%to 2%
y wei ght, of optyi ri enerz_up,to 52 ight.e..0..0. .01 to. 2% by

wei ght of soil s&é@iﬁﬂ?ﬁaﬂ%‘éﬁs £rpmy 1 o ig%f?&m@h%?%&%mﬁ”%mqfulaose;_ and

up to 6% nore uswapbyitipntacce¥dingy toeinyhone edctlaiat Hetdbwk, dye, enzyne,

bl each, buffers and other conventional ingredients of solid or liquid

det ergent conposition. The invention will be illustrated by the follow ng
exanpl es. Al 155pr dhApbRTISNS Gampes tidioni aecosdinduitdesladm S comptising & to 50%
nitrogen. by weight surfactant and from 10 to 45% by weight builder.

* [ L ] S *
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19 RThe«evaIuatlons wer e perforned in, accordance with the foll ow ng test
met hods: Test Method No. 1 Synthetlc seq er;brkﬂe~haV|ng.LDtal_
CO[err] content of 100ng.1l[err] is 1 WETELE D osc - o

BN

Agstrgct _ i

il. Unsaturated compounds which can be dissolved in aqueous based

"solvents, such as ethy1enic or acetylenic carboxylate or alcohols

with less than 10 carbon atoms, especially maleic and/or acrylic acid

or propargyl alcohol, are reacted with alkali metal phosphite in

aqueous solution at neutral or alkaline pH in the presence of free

radical initiators such as persulphate to form threshold scale and

corrosion inhibitors.
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preparéd to the Lollomnng fornul ati on:
Concn. (q. 1[err])¥ 4. NadCl
M 3 422 -

hg
0.

pHEL - ‘-*\5}
apbrb tting(e) aﬁﬁﬂﬁt-oﬂOw‘@nﬁgnil tre stock solutidn of the inhibitor are

mrf ed i @t

.\',

r.- A X
Brr] 05fS 35672
G 202l0 (-LKI .......... Nﬁ.-ch er r]

'é.'f.“b EQ'l}-ﬁ N 14 B:Q"'J veres
. 8355008 iMsynt heti ¢ seawat er

cor‘ﬁ:entér:a‘&e apa{,mh& to paged =,

anpagedi.-kkaiopegkdats..80[ err] C and pH adﬂusted tgr 8GO0k
ApOBCPpi.t.at.ed. calcium carbonate, havi ng—60%" y“wmjjﬁfﬁﬁf@mﬂ+#

and 40@bcaIC|te s atded—amd—hdATER FEERPENEAGENT 60 minutes. |f no drop
in pH greater than 0.1 units is_observed the

The present invention relates to a novel method of phosphonat1on
which is particularly useful for the preparat1on of water treatment
agents that inhibit scale formation and/or corrosion of metal, e.g.
iron, surfaces by agueous systems, such as boiler water. The
invention relates especially to certain novel agents which are
effective when present in very low concentrations e.g. 0.1 to 100

ppm.

Such agents, on account of the minimum concentrations required for
effective action, are known as threshold agents. The threshold
Tevels are typically very much lower than would be required to

achieve useful protection by a stoichiometric reagent such as a

classical chelating agent.

While a large number of threshold agents are known, some of which are
both scale inhibitors and corrosion inhibitors, the most effective
and commercially acceptable scaling inhibitors are relatively
1neffebtive, and are not used commercially, as corrosion inhibitors
and vice versa. One group of compounds, which has been reported to
show scale and corrosion inhibiting properties, is phosphonosuccinic
acid and its salts. These are not, however, sufficiently effective
to have enjoyed significant commercial success. The cdmpound has
been fairly expensive to make by the conventional route, which
entails reacting a diester of maleic acid with dimethyl'phosphife to
form a phosphonosuccinic ester intermediate. The intermediate is
then hydrolysed.

A particularly successful class of scale inhibitors is 2-phosphono-
1,2,4 - tricarboxybutane and its salts which will be referred to
collectively herein as "PTCB". This is prepared by reacting the
above described phosphonosuccinic ester intermediate with methyl
acrylate to form the ester of the desired product, which must then be
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inhibitor is providing 100%inhibition of aragonite scaling. The test is
repeated until the mninmum (threshold) concentration for 100% i nhi biti
has been determ ned. 20

Met hod No. 2 Synthetic formati on water is prepared, having the Fornul a:

NaCl

110.08 g
2

hydrolysed. This is a very expensive process on account both of the
cost of the reagents and the number of steps involved.

Nevertheless it has been commercially sgccessfu] in competition with
much cheaper products because it is effective in particularly low
concentration and is said to be useful in the treatment of certain
problem water systems, which cannot be effectively treated by other
scale inhibitors. PTCB is not, however, normally used commercially
as a corrosion inhibitor.

The most cost effective and commercially successful organic corrosion
inhibitors in current use are 2-hydroxy-2-phosphonoacetic acid,
(H0), PO CHOH.COOH, and its salts, hereinafter collectively referred

on
Test

to as HPP. HPP has some major drawbacks as a corrosion inhibitor, in'

that it is relatively ineffective in the presence of zinc, which is
widely used in water treatment, and in chlorinated water systems. It
is not 'very effective as a scale inhibitor.

The phosphonation of water-insoluble long chain olefins in a
non-aqueous solvent, with phosphorous acid and a free radical
catalyst, has been known since 1965 from a paper by Yoshiki Okamoto
and Hiroshi Sakurai in Kogyo Kayaka Zasshi 68, 11 (1965). The
products have not been reported to be useful as corrosion or scaling
inhibitors. |

Attempts to phosphonate more reactive, water-soluble olefins such as
acrylic or maleic acid with phosphorous acid have given negligible
yie]ds of phosphonated products.

GB 1458235 describes the preparation of certain scale inhibitors
based on similar chemistry to the Japanese paper. The products are .
prepared, typically, by reacting hypophosphorous acid with acrylic
acid. However two examples, namely examples H and I, describe an

This is the replacement sheet

pate: =% SEP 13%



Na[err] SO err] 16. 265 g - NaHCJ err ] 5.25 ¢

MyCl [err]6H err] 0 35.55 ¢ CaCl [err]Herr]O 9.535 ¢
SrCl[err]6Herr]0 0.26 g Kd 2.955 ¢
H err] BO[err] 0.43 ¢ pH 7.8 The

synthetic formation water is seeded with precipitated cal ci um carbonate and
punped through a 1/16 inch bore capillary tube at 90[err]C and at a rate of
25m /mn until the pressure across the tube reached 5psi. The inhibitor is
observed to determine any continuing rise. The mini num concentration of
inhibitor to stop further rise of pressure is deternined. Test Met hod
Nos. 3 and 41leged reaction of phosphorous acid with acrylic acid, in the

presence of a catalytic amount of potassium persulphate. The
products are not specifically identified but it is implied, on the
basis of their phosphorus analysis, that they are phosphonatéd
oligomers of acrylic acid. The performdnces of these reaction
products as scale inhibitors are mentioned in the Table 1 on p. 6 of
the patent. This Table shows that they are markedly inferior to the
other examples of the invention quoted in the Table and indeed not
significantly more effective than commercial polyacrylic acid which
is quoted as a comparative example.

The latter observation is, in fact, easily explained. We have
repeated examples H and 1 of GB 1458235 and discovered that the
reaction product is in fact polyacrylic acid. NMR confirms the
absence of any P-C bonds. Présumab1y the Patentee had failed to
remove all inorganic impurities before conducting its analysis.

The failure of phosphorous acid to give useful yields of effective
phophonated water treatment agents with unsaturated carboxylic acids,
has led to the abandonment of this approach and reliance instead on
the costly multi stage routes using phosphite esters and carboxylate
esters.

There are many references in the art to the use of phosphono
carboxylic acids in water treatment and to their preparation starting
from alkylphosphites. They include US 2 478 390, US 2 957 931, US 3
923 876, US 3959 168, US 4 042 324, US 4 057 511, US 4 351 796 and
DE-A-3 044 214.

One class of organophosphonic compounds, which have not hitherto been
accessible except by very expensive multi stage syntheses of no
commercial interest, and whose potentialities have therefore been
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These tests are based on the measur enent  of | i near pol arisation
using an "ELECTROCHEM CAL | NTERROGATOR' to determne the corrosion
current. . The rate of corrosion is expressed in mmper year of iron | ost
fromthe surface of the carbon steel work el ectrode. The auxiliary

el ectrode is platiniumand the reference el ectrode saturated cal onel. The
calciumtest (Method 3) used a nedi um contai ning 120ppm Ca++ and 213 -ppm C
at a pH of 7.5 and a tenperature of 25[erﬁ]C.

21 _ :

overlooked, are the vicinal diphosphonates. It has been proposed to
make 2,3-diphosphono propionic acid by preparing the triethyl ester
of 2-phosphonoacetic acid and reacting it with triethyl phosphite and
formaldehyde. The resulting ester is then saponified. The starting
ester is an expensive chemical curiously which is not readily
available, and the subsequent preparative steps add substantially to
the cost of the product. It has also been proposed to synthesise
2,3-diphosphonobuta-1,4-dicic acid by reacting the tetraethyl ester
of phosphonomaleic acid with diethyl phosphite in the presence of a
base and hydrolysing the resulting ester. Again the cost of the
reagents and of the ensuing steps is prohibitive.

We have now discovered that lower molecular weight (eg. less than 10
carbon atom) olefins and acetylenes, especially water soluble hydroxy
olefins and acetylenes and salts of carboxy olefins and acetylenes
such as alkali metal salts, (e.g. propyolates, acrylates and/or
maleates or allyl or propargyl alcohol) react with water soluble
phosphites in aqueous solution, usually at elevated temperatures, in
the presence of free radicals to form high yields of novel products
which are generally very much cheaper to make than conventional
phosphonated products such as PTCB and yet are at least comparable to
the latter, and in some cases superior, in performance as scale
inhibitors.

Moreover the products are also highly effective as corrosion
inhibitors, especially in the presence of calcium ion, They are in
many cases substantially superior to HPP in the presence of chlorine
and of the hypochlorite or hypobromite commonly present in
chlorinated water systems and/or in the presence of chlorine dioxide.
The products are also more effective as corrosion inhibitors than HPP
in the presence of zinc ions.
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The zinc test (Method 4) used a nmedium containing 20 ppm Zn++, 200 ppm C1,
a pHof 7.5 and a tenperature of 25[err]C Both tests used 60 ppm

i nhi bitor (expressed as the acid) and swept from-20nmv to +20nv with
respect to rest potential in 1 mnute. Exanpl e 1: A solution of maleic
acid (1.74Kg, 15M and sodi um hydroxide (1.2Kg, 30M in water (4.5L) was
added over 1hr 40mn to a stirred refluxing solution (102-103[err]C) of

H err]PO[err] (820g, |I0M and sodi um hydroxi de (800g, 20M in water (2L).
Over this period a solution of anmoni umﬁer sul phate [684g, 20nol % (w.r.t.
maleic acid)] in water (1.3L) was added "dropw se. After these additions the
reaction m xture was refluxed for 15m ns and then a further 5nn|@6annnn|um

per sul phatﬁiﬁilcﬁqaéiy f%greé]are the reaction products obtained with
maleates, acrylates or mixtures thereof, or propargyl alcohol. In
the case of maleates, the product is generai]y a mixture of a
phosphonosuccinate salt with previods]y unreported components which
we believe include members of the homologous series of the general
formula H{CHCO,M.CHCO,M), PO3M, wherein n usually has an average
value of 2 to 5 and M is a cation. Typically the mixture may
comprise a phosphonosuccinate (n=1) and- a substantial proportion of
the higher homologues. It is also possible that hydroxy and/or
sulphate substituted oligomers are formed. The mixture usually
contains a small proportion of phosphate.

We have also discovered that acetyfenic compounds and especially
water soluble acetylenic alcohols and carboxylate salts, react with
phosphite salts in the presence of free radical initiators especially
persulphates, to form a range of vicinal diphosphono compounds which
are of value as scaling and corrosion inhibitors.

In particular we have discovered that propargyl alcohol and its
homologs react with alkali metal phosphites in the presence of, eg,
persulphates to form novel compounds which combine good scale
inhibiting properties with good inhibition of corrosion especially in
calcium containing systems.

According to the present invention either the products of the
foregoing reactions or any of their novel components, eg. oligomers
of the above formula, may be used as scaling inhibitors or as
‘corrosion inhibitors.

According to a first embodiment the invention provides a method of
phosphonating a preferably water-soluble or sparingly water soluble,
active, ethylenically or acetylenically unsaturated compound by
reacting it with a water soluble phosphite salt in the presence of
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.330m water) was added dropwi se over 30mn. After a further 30m n reflux
the solution was allowed to cool slowy. Aferr]p nnmr. spectrumof this
reaction mxture (D{err]0) showed that 88%of the phosphorous acid had
reacted and that 5% had been oxidised to Herr]PO[err]. 40% by w. of the
or gano- phosphoni ¢ aci ds present:- was phosphonosuccinic acid (n=l) and 60% by
wt. higher honol ogues with n>1. A [err]Hg n.mr. spectrumindicated that
approxi mately 85% of the disodiumnmaleate had reacted. The average
value of n is therefore approximately 1.5. The product contains

about 2% bysWﬁmntofofsmyowax&h%mm@ of d@%wh@g %oth rRagents,i gy of maleic
acid (174q, 1. N% and_so |un1h°?rOX|de %} SM%% ter AS0n ) was
added dr opwAsssodV¥erati heastrpart of othe §?4°rr‘8@l 1éF1Bei AD s‘BcI stiigsien
Hl err] PO[ er Fré82@dich) tandns unsdbgdintsialleproB0et ioAMf i saidairtyat (RO ) -
During thi Sc5§38u89 to a phosphonated derivative. Preferably the solvent is an

aqueous based solvent.

The term "active, unsaturated compound" includes ethylenically and
acetylenically unsaturated compounds in which the unsaturated bond is
activated by the proximity of at least one hydroxyl, carbonyl,
carboxylate, sulphonate and/or phosphonate group or by inclusion in a
strained ring. Preferred examples include alkali metal maleates,
acrylates, propiolates, butyne-1, 4 dioates, butyne-1, 4-diol,
propargyl alcohol, vinyl sulphonate, vinyl phosphonate, allyl

alcohol, norbornene and cyclopentadiene.

Thus éccording to a second embodiment, the invention provides a
method for the preparation of scaling and/or corrosion inhibitors
which comprises heating: (1) at least one water soluble carboxy,
hydroxy, sulphono or phospheno olefin having the general formula
R,C=CR, where at least o@e R group is a COOM, CHoOH, SO3M or POsM,
group. and each of the other R groups may be the same or different and
each represents hydrogen or a hydrocarbon or substituted hydrocarbon
group, or in which two of the R groups together form a cycloalkyl or
cycloalkenyl group, or part thereof, and M is a cation such that the
salt is water soluble; with (2) a water soluble salt of phosphorous
acid; in the presence of (3) sufficient of an aqueous based solvent
to dissolve at least part of each of the reagents; and (4) sufficient
- free radicals to form a phosphonated oligomer of said olefin.

According to a third embodiment our invention provides a method of
preparing vicinal diphbsphono compounds which comprises reacting an
acetylenic compound with a phosphite salt in the presence of
sufficient free radical to convert a substantial proportion of said
acetylenic compound to a vicinal disphosphono compound, preferably in
an aqueous based solution.
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22 sodium persul phate (71.4g, 20mol % w. r.t. naleic acid) was added in
portions to the reaction mxture. After these additions the solution
was refluxed for 15 mnutes and then another 5 nol % of sodi um persul phat e
(17.99) was added over 30 mins. The solution obtained was refluxed for a
further 30 mns and then allowed to cool to roomtenperature. [err]P and

[err]Hn.mr. spectroscopy indicated a product identical to the first
exanpl e. Exanpl e 3:

Preferably the acetylenic compound is water soluble, e.g. an

acetylenic alcohol or carboxylate salt, especially one having less

than 10, more particularly less than 6, eg. less than 5 carbon atoms.
We have found that propargyl alcohol reacts according to our

invention to give a particularly effective and novel combined scaling
and corrosion inhibitor, namely 2,3-diphosphonopropanol, usually formed
in admixture with some phosphonated oligomers of propargyl alcohol.
Other novel and useful compounds which may be prepared by the method

of our invention and which are included in our invention comprise
compounds of the formula.

PO3H, PO3H,

I l

R-CH CH-R’

Where R is a hydroxy and/or carboxy substituted alkyl group having a
total of 1 to 5 carbon atoms and R’ is hydrogen, a carboxylate group,
a hydrocarbon group having from 1 to 4 carbon atoms or an R group,
and their salts. Preferably the compound has a total of less than
six carbon atoms.

The invention according to a fourth embodiment provides novel
phosphonated oligomers of active olefins which oligomers have the
formula

H[CHRCHR] ,-P03M,

wherein at least one R group in each unit is a COOM, CH,OH, sulphono
or phosphono group and the other R group which may be the same as, or
different from, the first R group, is hydrogen or a COOM, hydroxyl,
phosphono, sulphono, sulphato, Cy.7 alkyl, Cy_y alkenyl group or a
carboxylate, phosphono, sulphono, sulphato and/or hydroxy substituted
C1-7 alkyl or Cy 4 alkenyl group, and each M is a cation such that
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A solution of acrylic acid (72g, 1M and sodi um hydroxide (40g, 1M in
water (200m ) was added dropw se over O 75h to a stirred refluxing solution
of phosphorous acid (8.2g, O 1M and sodi um hydroxide (8g, 0.2M in water
(100m ). During this tinme sodi um persul phate (47.6g, 20ml % wt to the
acrylic acid) was added portionw se. The sol uti on obtained was boiled for

0. 25h and then sodi um persul phate (10g) wgs added over 0.25h to this
boiling solution. [err]p n.mr. spectral data indicated that 30nol % of
t he phosphorous acid had been oxidised to phosphate; the remainder had
reacted wt htnehﬁhmhyhimedaol omer psowates sohibdepimdhat &s meeatdratharAljerr] C

n.mr. spect her r{g gat ?’qe 5\1}%%2{{ lhiitﬁ‘iugcfe\élsarc gaéjq rqaft%ds The

pr oduct nust efore con ain acrylicaci sfo
phosphor us. Exanpl e 4: A sol ution of acryllc acid (9g, 0.125“@, mal ei ¢

acid (14.50,This invention also provides phosphonated cooligimers of the above
formula, but in which the [CHRCHR], chain contains at least two
[CHRCHR] groups derived from different monomers and in which n has a
total value of at least 3. For example we include a phosphonated
trimer or higher cooligomer of maleate and acrylate containing at
least one [CH, CHCOOM] and at least one [CHCOOM CHCOOM] group.

The invention, according to a preferred embodiment, provides a novel

. phosphonated oligomer or mixture of phosphonated oligomers of maleic
acid, of the formula H(CHCOZM.CHCOZM)HPO3M2 where n is greater than 1
and M is a cationic species such that the compound is water soluble,
and especially mixtures of such compounds with phosphonosuccinic acid
or its water soluble salts, often in a minor proportion by weight
based on the total weight of the solvent-free mixture.

It is particularly preferred, according to the invention, to use

reaction products which comprise: up to 50% by weight of a

phosphonosuccinate based on the weight of the solvent-free

composition; a phosphonated dimer of maleate; optionally a minor

proportion by weight, relative to the weight of dimer, of higher

phosphonated oligomers of maleate; and from 0.5 to 5% by weight of
~alkali metal phosphate.

According to a further preferred embodiment the invention provides a
novel phosphonated oligomer of a water soluble acrylate comprising an
average of from 2 to 15 acrylate units per mole and exhibiting at
Teast one NMR 31P resonance characteristic of a C-P bond.

According to another embodiment our invention provides a novel
vicinal diphosphonate of the formula RCHPO3M, CHR’POsM, where R is a
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0.125M and sodi um hydroxi de (15g, 0.375M in water (250m ) was added
dropwi se over one hour to a stirred refluxing solution of phosphorous acid
(10.3g, 0.125M and sodi um hydroxide (10g, 0.25M in water (100m ). During
this period - 23 sodi um

per sul phate (11.9g, 20mol %wt ol efins) was added portionw se. The sol ution
obt ai ned was refluxed for 0.25hr and then allowed to cool to room

tenmperature. A f[err]P n.mr. specterﬁindicated that 67nol % of the
H err]PO[err] had reacted to : :

hydroxy, carboxy, phosphono, sulphato and/or sulphono substituted
alkyl group having up to 5 carbon atoms, R’ is hydrogen, a
carboxylate, a Cy_4 hydrocarbon or an R group and M is hydrogen or a
cation or cationic group. .

The invention further provides the use of the reaction products and
novel phosphonated oligomers and vicinal diphosphonates according to
the invention as scale inhibitors or as corrosion inhibitors in

aqueous systems, or as detergent builders or chelating agents for
metals. '

In particular the invention provides a method for the treatment of

potentially scale forming aqueous systems, or of potentially

corrosive aqueous systems, to inhibit scaling or corrosion

respectively, which comprises adding thereto a threshold amount (e.q.

an effective amount less that 100 ppm by wt.) of a novel compound or
. mixture of compounds according to the invention.

The invention further provides a method for the preparation of a
compound or mixture of compounds of the invention, which comprises
reacting together water soluble salts of maleic and phosphorous acids
in aqueous solution and in the presence of an effective amount of a
free radical initiator, and preferably in an aqueous based solvent.

Examples of acetylenically unsaturated compounds which may be used in
the method of our invention include propargyl alcohol, propiolates,
buta-2,3-yne-1,4-dioates, and other acetylenically unsaturated
alcohols, carboxylate salts and hydroxycarboxylate salts having less
than 10 carbon atoms.

The novel vicinal diphosphono compounds of the present invention may
be prepared by reacting an aqueous solution of the acetylenically
unsaturated alcohol and/or water soluble salts of the carboxylate
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give material containing PC bonds and 13nol % had been oxidised to
phosphate. [err]C and [err]H n.mr. spectral data indicated that all the
acrylic acid and ca. 90% of the naleic acid had reacted. Therefore the
material fornmed has 1.5 acrylic acid and 1.3 nmaleic acid units to each
phosphor us. Exanpl e 5: The product of anple 1 was tested for scale

I nhibition in conparison with sodi um phosphonosucci nate and PTCB using the
aragonite test (Test Method No 1 above). The test results are listed in-

Table 1, expressed as m of the 100%..nhibjtonr...,The test s..hepeated in
t he presen_cerﬁﬁgeﬁgp g SRR N ’a@’ém %Pb%ﬁrphﬂﬁﬁ: 6‘?8%& \é\ﬁaﬂ kﬁgbn exposed
to 3ppm chl omete phophdlee fsueh lasheodiuat 06 Potasd i@mwphdsphifemtinctiie pessdncs.

oy & SE g Bl U (L 81" oPE RISl 85! adfigod Mo
sodium persulphate, in sufficient quantity to convert a substantial
proportion, eg, more than 50%, preferab1y more than 60% of the
acetylenic compound into the diphosphono compound. Instead of water
it is possible to use other aqueous based solvents such as aqueous
ethanol, aqueous methanol, aqueous dioxan or agueous acetone. Such
solvents are preferred where the acetylenic compound is only
sparingly soluble in water.

The reaction may give rise, in addition to the diphosphono
derivative, to some phosphonated o]igomers_of the acetylenic reagent:'
These oligomers, and reaction products containing them, have valuable
scale and corrosion inhibiting properties and are included in our
invention. The reaction may additionally form a proportion (usually
minor) of geminal diphosphonate. The reaction product also,
typically, contains some phosphate. The mixtures of vicinal
diphosphonate, geminal diphosphonete, phosphonated oligomers and/or
" inorganic phosphate show Synergistic activity.

Important differences between the preferred methods of the present
invention, and prior art attempts to prepare phosphonates from
olefins using phosphorous acid, include: the use of an aqueous based
solvent and the use of salts rather than free acids. The reaction
preferably is run at neutral or alkaline pH. Elevated temperatures
are preferred and the amount of free radical initiator required is
often substantially more than is usually used in free radical
catalysed reactions. The initiator is preferably dosed continuously'
or intermittently to the reaction mixture to the extent required to
keep the reaction'going to completion.
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The product was steamdistilled and no phosphorus was detected in the

distillate. Table 1 Test
Exanmpl e 4 Phosphonosucci nat e PTCB Aragonite (Test No 1)
1.4-1.5 4.7-4.8 1.0-1.1 Tube Bl ocking (Test No 2)
0.5-0.6 1.0-1.4 0.8-1.0

11

The method of the invention preferably employs alkali metal salts of
any acid reagents, e.g. an alkali metal propiolate, acrylate,
methacrylate and/or maleate and a di-alkali metal phosphite. In each
case the alkali metal is preferably sodihm, but other cations which
form soluble phosphites and which do not interfere with the reaction
may be used. Examp]eé include calcium, potassium, 1ithium and
magnesium. Phosphonium (eg. tetra alkyl or tetrakis hydroxymethyl),
ammonium and substituted ammonium such as tetramethyl ammonium and/or
mono-,di- and/or tri- ethanolammonium may also be used, but are not
preferred. .

The proportion of phosphite to unsaturated compound is preferably
substantially stoichiometric, i.e. equimolar in the case of
ethylenically unsaturated compounds or 2:1 molar in the case of
acetylenes. A small excess of either reagent may be present, however
substantial excesses of the phosphite are generally undesirable.
Excesses of the unsaturated compound generally result in the
formation of unphosphonated o]igomers.' Since the latter are usually
effective water treatment agents in their own right, and are often
useful synergists with the phosphonated products of this invention,
comparatively large excesses of the unsaturated agent can be
tolerated.

Preferably the mole ratio of ethylenically unsaturated compound to
phosphite is from 1:5 to 15:1, usually 1:1 to 3:1, especially 1.3:1
to 2.5:1 e.g. 1.5:1. Generally, higher proportions of phosphite to
unsaturated compound will be required to phosphonate acetylenes. For
‘instance the proportion of phosphite to acetylene may be from 10:1 to
1:10, usually 5:1 to 1:8, especially 3:1 to 1:5, e.g. 2.5:1 to 1:2,
preferab1y 2:1 to 1:1. '

- The unsaturated compound is preférably a maleate, acrylate or a
mixture thereof or a propiolate or allyl or propargyl alcohol. Other
olefins and acetylenes include methacrylate, vinyl sulphonates, vinyl
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24 Example 6 Vinyl sul phonic acid (100g of a 30%W w sol ution of the
sodiumsalt, 0.23M was added dropw se-over 0.25h to a refluxing stirred
sol uti on of phosphorous acid (6.28g, 0.07M and sodi um hydroxi de (6. 12g,
0.15M in water (100m ). During this period sodi um persul phate (10.9g,
20mol % w. r.t. vinyl sul phonic acid) was added portionw se. The reaction

m xture was boiled for a further 0.5h. [err]p nnmr. analysis of the
reaction m xture indicated that 82nol % of the phosphorous acid had reacted
- to give organo-phosphorus materials. Al the remaining phosphorous acid had
been oxi dised to phosphate. [err]C n.mr. data indicated that all the

vi nyl sul phonic acid had reacted and therefore that the product contained
on aver age 3phbsphonatesylyBemitynacl,d-dialypstyne-1,4-dioates,

2,3-butyne-1-01-4-oates,nor-bornene, vinyl acetate,
2,3-butene-1,4-diol and 2,3-butene-1-o0l-4oates. Compared with
maleates, fumarates have been found comparatively unreactive.

We prefer to carry out the preparations at a concentration of the
reagents at which the reaction mixture will just remain fully
dissolved and stirrable at the reaction temperature.

The reaction may, however, be carried out in the presence of
“sufficient solvent to dissolve only part of the reagents, but
sufficient, preferably, to form a stirrable slurry. For instance
amounts of total solids may be from 0.5 to 96% by weight of the
reaction mixture, more usually 1 to 95% e.g; 10 to 90%, especially 20
to 85%, preferably 35 to 80%, more preferably 50 to 80%, for example -
60 to 78% or 70 to 75%.

The desired concentration may conveniently be achieved by dissolving
the reagents in, e.g. water, and evaporating down, e.g. until the
mixture is still just stirrable, or by heating a mixture of
phosphorous acid and the unsaturated compounds and neutralising with
hot concentrated base such as sodium hydroxide, prior to adding the
free radical initiator.

The reaction requires a source of free radicals for the system, e.q.
an ammonium or alkali metal persulphate or peracetate, hydrogen
peroxide, a hydroperoxide, chlorine dioxide, sodium chlorate, sodium
hypochlorite, organotin hydrides, azo compounds such as

4,4’ -azobiscyanovaleric acid, electrolysis, ultra violet or other
ionising radiation or ultrasound, or any combination of the
foregoing.
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to each phosphorus. Exanple 7 A solution of allyl alcohol (589, 1M in
wat er (500m ) was added dropwi se over 5h 10mn to a stirred refl uxing

sol ution of phosphorous acid (82g, 1M and sodi um hydroxide (80g, 2M in
water (200m ). During this period sodi um persul phate (59.5g, 25nmol %w. r.t.
the allyl alcohol) .was added portionw se. The product obtained as anal ysed
by [err]P and [err]C n.mr. spectrscopy. This indicated that ca. 71nol % of
t he phosphorous acid had reacted and ca. | 430l % had been oxi dised to
phosphate. Al the allyl al cohol had reacted, therefore the product

obt ai ned contains an average of 1.4 allyl alcohol units to each phosphorus.
Exanpl e 8  The amount and rate of formation of free radical generated determines

the extent to which the reaction may proceed and the time required.

Preferably the amount of free radical initiator is sufficient to take
the reaction to comp1etion'in reasonable time (e.g. within 0.25 to 24
hours). Smaller amounts may be used if incomplete reactions can be
tolerated. Generally the quantity of free radical required is
substantially greater than in normal free radical catalysed
reactions. Excess free radical source is, however, preferably
avoided on economic grounds and to minimise contamination of the
product. Generally the more water present, the more free radical is
required in order to complete the reaction. ATso, more elevated
temperatures may permit the reaction to proceed with less addition of
free radicals. We therefore prefer to use a concentrated reaction
mixture e.g. at least 60% and preferably more than 70% total

solids. Under these conditions the amount of initiator required is
typically from 1 to 10 mole% e.g 2 to 8 and preferably from 3 to 6
mole% based on the unsaturated reagent. However if the reaction is
performed in a more dilute system, and/or at lower temperatures,
higher amounts of initiators such as sodium, potassium or ammonium
persulphate may be required, typically from 10 to 30% by weight of
the unsaturated reagent, e.g. 20 to 25%.

The reaction mixture is preferably at a pH at least heutra], or
slightly alkaline. Acid pH should be avoided.Typically pH should be
above 5 and especially above 5.5 preferably above 6 more preferably
above 6.5 e.g. 6.8 to 10 most preferably 7 to 9 at least initially,
although the pH may be allowed to drop below 7 as the reaction
approaches completion.

~ The reaction normally procedes in an aqueous based solvent which is
typically water, provided the selected reagents are sufficiently
soluble. Water miscible organic solvents may be included, where
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A sol ution of vinyl phosphonic acid (19.3g 0.18M and sodi um hydr oxi de
(14.3g, 0.36M in water (200m) was added dropwi se over 2.75h to a stirred
refl uxi ng solution of phosphorous acid (5. 1g,

25 0.062M and sodi um hydroxi de (4.93gm 0.123m) in water (l00mM). A

sol ution of sodium persul phate (8.8g, ca.20ml % w.r.t. the vinyl phosphonic

acid) in water (65m) was added sinultane 4'st over the sane period. After

these additions the reaction . m xture was boiled for ca. 1.5h and then a

sol ution of %ﬂhW}‘dE%F%P@a&@ r g}% %cﬂuw %aé@ﬁ’?) PRSs ?f’%l Ca{i{ogﬁ)q"ihse over

0.5h. [err]Pn ect eactron m xture at al
t he vi nyl contain suff1c1ent water to dissolve the phosphite to a substantial

extent. The organic solvent may for example comprise methanol,
ethanol, iso-propanol, ethylene glycol, propylene glycol, a water
soluble oligomer of ethylene or propy]ené:glyco1 such as diethylene
glycol, a water soluble mono- or di- ether of ethylene or propylene
glycol or of an oligomer thereof, such ethylene glycol monomethyl
ether, ethylene glycol dimethyl ether, diethylene glycol monomethyl
ether or diethylene glycol mono ethyl ether, glycerol, a water
soluble glyceryl ether, acetone, and/or dioxan. The requirement to
dissolve the phosphite and the olefin or acetylene in the same
aqueous based solvent is the main Timitation on choice of
unsaturated reagent. 1In cases of difficulty it may be possible to
carry out the reaction in anhydrous dioxan.

The reaction mixture generally requires heating for at least part of
the reaction time in order to initiate and maintain the reaction.
Preferably temperatures above 60°C, more preferably above 80°C, e.g.
90°C to the boiling point of the mixtures are used, and maintained
for from 30 mins to 8 hours in order to complete the reaction.

Higher temperatures, e.g. under pressure, for example in an
autoclave, may be advantageous. Typically the temperature is between
50 and 250°C e.g. below 200°C and preferably below 150°C. Optimum
temperatures are usually in the range 95 - 140°C e.g. 100 - 130°C.

We prefer that the reaction should be carried out under an inert
atmosphere, e.g. nitrogen. This helps to improve the yield of
product.

The reaction may be carried out'batchwise, semi-continuously or
continuously e.g. in a pipe reactor. The free radical source méy all
be added initially or, prefefab]y, in a plurality of additions, or
continuously or semi-continuously throughout the reaction.
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phosphoni ¢ acid had pol ynmerised and that ca. 25-30% of the phosphorous acid
had been incorporated into the product polyneric m xture. The remai ni ng

unr eact ed phosphorous acid had been oxi di sed to phosphate. Exanpl e 9 A
solution of naleic acid (1169, 1M, sodium hydroxide (106g, 2,65n and
phosphorous acid (12.5g, 0.15M in water (450m ) was heated to 95[err]C in
a boiling water bath. Sodi um persul phate (60g, 0.25M was added in smal
portions at 5 mnute intervals to the well stirred solution over a period
of eight hours. A further portion of sodilsn hydroxi de (5.5g) was added
after 5 hours to keep the solution al kaline and prevent rapid oxygen

evol uti on when the persul phate was added. Analysis of the product as in
Exanpl e One Tahmadali tdahelyPéldf of Iphoptmapberd pueduadi dit vsedometdmeeen converted

to phosphate, 9%.r 9 beg to
phosphonosué‘éfﬁsc?rzgfodggg %gﬁ%@ﬁg?t%{%{%ﬁ rréc??{b\{g %gtﬁ‘es The average
n was 5.2. intermittently during the reaction per1od an aqueous solution of

the phosphite.

The product typically contains a proportion, e.g. in the case of
maleates, up to about 40%, by weight thereof, of the phosphonated
monomer (e.g. phosphonosuccinate) the remainder comprising a
phosphonated dimer possibly with small amounts of higher homologues,
and inorganic salts such as phosphates.

In view of the fact that phosphonosuccinic acid and its salts are
relatively poor scale and corrosion inhibitors, we attribute the
strikingly enhanced performance of our novel reaction products, or at
least those derived from maleates, to the presence either of higher
homologues or of chemically modified oligomers, e.g. hydroxyl or
sulphate derivatives and/or to the presence of inorganic phosphate.
We believe that certain of these homologues may be inherently
superior to phosphonosuccinates as scale and corrosion inhibitors.

We also believe that there is synergistic action between the
components of our novel reaction products.

The compounds or mixtures of our invention are of particular value as
corrosion inhibitors in systems containing calcium ions and may also
be used in conjunction with zinc salts.

The products are effective in the presence of chlorine, chlorine
dioxide, bromine, hypochlorite, hypobromite and other oxidising
biocides. They may therefore be used to treat chlorinated water
systems or systems sterilised by other oxidising agents. They are
useful in cooling water treatment, treatment of industrial process
water, boiler water treatment, desalination plant and for treating
water used or produced in oil wells including injection water,
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Exanpl e 10 A solution of maleic acid (110Kg, 950M and sodi um hydroxi de
(170Kg of a 47% aqueous sol ution, 2000M in water (255Kg) was added slowy
over 3h to a stirred refluxing solution of phosphorous acid (60Kg,

26 732M) and sodi um hydroxi de (125Kg of a 47% sol ution, 147M

16
produced water, and water used for hydrostatic testing of pipelines.

They are also of value as detergent builders or auxiliary builders,
e.g. in conjunction with zeolites, or as metal thelating agents, e.g.
in metal extractions. They may be used in aqueous based functional
fluids such as hydraulic fluids, lubricants, cutting fluids and oil
fie]d'dri11ing muds. '

For example the compounds and mixtures of the invention may be used
in squeeze treatment of o0il wells in conjunction with calcium salts,
or may be added to drilling muds or to oilfield injection water,
produced water or water for hydrostatic testing, as well as to

various industrial cooling waters and process waters and to water for
use in central heating systems. They are especially effective in
preventing barium sulphate scale.

Squeeze treatment of boreholes, eg. to prevent formation of BaSO,
scale, typically entails impregnating the formation in the environs
of the hole with a calcium salt of the inhibitor, which is
subsequently leached into any aqueous system circulating in the hole
to provide controlled slow release.

For example in 0il wells the hole is flushed out with aqueous
surfactant to provide a water wettable surface and then impregnated
with a solution of the inhibitor. The calcium salt is formed in situ
either by calcium in the formation, where the latter comprises
limestone, or by subsequent treatment of the hole with an aqueous
calcium salt, e.g. where the formation comprises sandstone.

The compounds and mixtures are useful in treating chlorinated water
systems for which many threshold agents'are ineffective. Effective
concentrations may typically range from 0.1 to 50 ppm depending on
the nature of the aqueous system, preferably 0.5 to 20 ppm especially
1 to 10 ppm e.g. 1.5 to4 ppm. _ ,
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in water (90Kg). 100L of a solution of sodium persul phate (67. 9Kg,

285M 30mol % w.r.t. naleate)) in water (116Kg) (150L in total) was added

si mul taneously -over the sanme period. The reaction-m xture was refluxed for
| h after Which the renai ni ng sodi um persul phate solution (50L) was added
over 0.5h. Refluxing was continued for a further 3h after which the
reaction was allowed to cool. Analysis of the product indicated a very
simlar conposition to that described in Exanple One, ca. 84nvol % of the
phosphorus acid had reacted and 12nol % had lbeen oxi di sed to phosphate.
Exampl e 11: The product of Exanple 1 was tested against sodium

phosphonosuccinate. a m xture, of  equal arts b ght sodi um
phosphosucci ng't“)ed[uﬁﬁﬁ a§88T‘§}rﬂgp V&I DR ! ‘qﬂTW i’ﬁd”ﬂﬂP‘F Fo@Bingddpovith

i nhi bition teste ahc’eﬂea‘i,umndim'yfn (CBaginchbih adtNotBenhaye) t&@@'tmelxtn&%e%ky

(TGSt Method Noc1hd ARV ShrFaREnEESYLLR asNadTThYL sUkFadtahits OtEd ! lngo a

benzene sulphonates, C10-20 olefin sulphonates, C10_20 alkyl
sulphates, Cio- 20 a]kyl 1 to 25 mole ether sulphates, C10- 20 Parafin
sulphonates, Cyq_oq soaps, C10-20 alkyl phenol sulphates,
sulphosuccinates, sulphosuccinamates, 1ignin sulphonates, fatty ester
sulphonates, C10-20 alkyl phenyl ether sulphates, Ci0-20 alkyl
ethanolamide sulphates, C10-20 2lpha sulpho fatty acid salts, C10-20
acyl sarcosinates, isethionates, C10-20 acyl taurides,'clo_zo alkyl
hydrogen phosphates), non-ionic surfactants (eg. ethoxylated and/or
propoxylated Cig.og alcohols, ethoxylated and/or propoxylated C10-20
carboxylic acids, alkanolamides, amine oxides, and/or C10-20 acyl '
sorbitan and/or glyceryl ethoxylates) amphoteric surfactants (eq.
betaines, sulphobetaines, and/or quaterised imidazolines), and/or
cationic surfactants (eg. benzalkonium salts, C10-20 alkyl trimethyl
ammonium salts, and/or Ci0-20 21kyl trimethyl or tris(hydroxymethyl)
phosphonium salts); sequestrants, chelating agents, corrosion
inhibitors and/or other threshold agents (eg. sodium _
tripolyphosphate, sodium ethylenediamine tetracetate, sodium nitrilo
triacetate, tetra potassium pyrophosphate, acetodiphosphenic acid and
its salts, ammonium trismethylene phosphonic acid and its salts,
ethylenediamine tetrakis (methylene phosphonic) acid and its salts,
diethylenetriamine peﬁtakis (methylene phosphonic) acid and its
salts); tolyltriazole and mixtures of nitrate, benzoate, HHP and/or
PTCB) biocides (eg. tetrakis (hydroxymethyl) phosphonium salts,
formaldehyde, glutaraldehyde); oxidising biocides and/or bleaches
(eg. chlorine, chlorine dioxide, hydrogen peroxide, sodium
perborate); foam controlling agents such as silicone antifoams;
oxygen scavengers such as hydrazines and/or hydroxylamines; pH
controlling and/or buffering agents such as amines, borates, citrates
and/or acetates; chromium salts; zinc salts; and/or other water
treatment agents such as polymeric dispersants and coagulants
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including polymaleic, polyacrylic and polyvinylsulphonic acids and
their salts, starches and/or carboxy methyl cellulose, and/or
molybdates. The invention provides formulations comprising an
effective amount of a product of the invention as aforesaid and any
of the aforesaid known water treatment agents. Such formulations
may, for example, contain from 5 to 95% by weight of a product of the
invention and from 5 to 90% by weight of one or more of any of the
aforesaid water treatment agents.

Detergents according to this invention may comprise 2 to 70%,
preferably 3 to 50% eg. 5 to 20% by weight surfactant and 5 to 60%,
preferably 10 to 45% eg. 15 to 30% by weight total builder, the major
portion of any balance being typically a carrier, solvent or diluent.

The builder may consist of a phosphono or diphosphono product
according to this invention. Alternatively the builder may comprise
such a product together with one or more other builders such as
zeolite, sodium tripholyphophate, potassium pyrophosphate sodium or
potassium carbonate, sodium citrate, sodium nitrilotriacetate, sodium
silicate and or sodium ethylene diamine tetracetate. Thus the
product of the invention may consitute from 1% to 100% of the total
builder, eg. 5 to 90% especially 10 to 80%. The balance may comprise
an inert solid such as sodium sulphate, or a liquid medium such as
water or a Tow molecular weight polyethlene glycol. The detergent
may additionally comprise: up to 5% by weight, eg. 0.01 to 2% by
weight, of optical brightener; up to 5% by weight e.g. 0.01 to 2% by
weight of soil suspending agent such as sodium carboxymethyl
cellulose; and up to 6%, more usually up to 2%, by weight, each, of
perfume, dye, enzyme, bleach, buffers and other conventional
ingredients of solid or liquid detergent composition.

The invention will be illustrated by the following examples. All
preparations were carried out under an atmosphere of nitrogen.
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Bl ank 0.270 -- --

- - Sodi um Phosphonosucci nate 0.135 - -

-- -- Sodi ' um Phosphonosucci nat e 0. 069

0. 068 -- : -- and Sodi um pol ynal eate Exanple 1
0. 048 0. 020 0.021 - 0. 020 PTCB

0. 064 0. 079 -- HPP

0. 025 0. 008 0.24619 0. 160

Exampl e 12: :

The evaluations were performed in accordance with the following test
methods: '

Test Method No. 1

Synthetic seawater brine having total CO, content of 100mg.1'1 is
prepared to the following formulation:

Formylation  Component Concn.(g.1°1)

NaCl 49.06
MgCl,.6H,0  22.21

Na,S0, 8.18
CaCly.2H,0  3.074

KC1 1.390

KBr 0.202

NaHCO4 0.191

pH 8

500m] of synthetic seawater concentrate and the appropriate
amount of a 0.5gm/litre stock solution of the inhibitor are
heated to, and maintained at, 80°C and pH adjusted to 8.00 +
0.01. 0.125gm of precipitated calcium carbonate, having 60% by
weight aragonite and 40% calcite, is added and the pH monitored
for 60 minutes.
If no drop in pH greater than 0.1 units is observed the
inhibitor is providing 100% inhibition of aragonite scaling.
The test is repeated until the minimum (threshold)

" concentration for 100% inhibition has been determined.
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The product of exanpfes 1, 3 and 4 were conpared using test nethods

1, 2 and 3(above). The results are reported in the following Table
3. 28

Tabl e 3:

20
Test Method No. 2

Synthetic formation water is prepared, having the Formula:

NaCl 110.08 g
NapSO4 16.265 g
NaHCO4 5.25 g
MgC1,6H,0 35.55 ¢
CaCl52H,0 9.535 g
SrC1,6H,0 0.26 g
KCl 2.955 g
H3303 0.43 g
pH 7.8

The synthetic formation water is seeded with precipitated
calcium carbonate and pumped through a 1/16 inch bore capiliary
tube at 90°C and at a rate of 25ml/min until the pressure
across the tube reached 5psi. The inhibitor is observed to
determine any continuing rise. The minimum concentration of
inhibitor to stop further rise of pressure is determined.

Test Method Nos. 3 and 4

These tests are based on the measurement of linear
polarisation using an  "ELECTROCHEMICAL INTERROGATOR" to
determine the corrosion current. The rate of corrosion is
expressed in mm per year of iron lost from the surface of the
carbon steel work electrode. The auxiliary electrode is
platinium and the reference electrode saturated calomel. The
calcium test (Method 3) used a medium containing 120ppm Ca++
and 213 ppm Cl1 at a pH of 7.5 and a temperature of 25°C.
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| nhibitor Exanpl e 1 Exanpl e 3 Exanple 4 Test No. 1
2.3 5-10 2.7-2.9 Test No. 2 1.4

2.4-2.8 1.0-1.2 Test No. 3 (i) after 3[err] hours 0. 048
0.037 ° 0.029 (ii) after 20 hours 0.02 0.03

0. 021 Exanpl e 13 The product of Exanple 1 was found to give 100%

I nhi bition of barium sul phate scale after 4 hours at a |level of 50ppm in
water at 90[err]C containing 126ng 1[err] bariumion and 1210ng 1[err]

sul phate ion at pH6.5 (determ ned at 25[@&r]C). The inhibition after 24
hours was 82% '

The zinc test (Method 4) used a medium containing 20 ppm Zn++,
200 ppm C1°, a pH of 7.5 and a temperature of 25°C.

Both tests used 60 ppm inhibitor (expressed'as the acid) and
swept from -20mv to +20mv with respect to rest potential in 1
minute.

Example 1:

A solution of maleic acid (1.74Kg, 15M) and sodium hydroxide
(1.2Kg, 30M) in water (4.5L) was added over lhr 40min to a
stirred refluxing solution (102-103°C) of H3P05(820g, 10M) and
sodium hydroxide (800g, 20M) in water (2L). Over this period
a solution of ammonium persulphate [684g, 20mol% (w.r.t.
maleic acid)] in water (1.3L) was added dropwise. After these
additions the reaction mixture was refluxed for 15mins and
then a further B5Smol% ammonium persulphgte solution (171g in
330m1 water) was added dropwise over 30min. After a further

30min reflux the solution was allowed to cool slowly. A 31p
© n.m.r. spectrum of this reaction mixture (D,0) showed that 88%

of the phosphorous acid had reacted and that 5% had been
oxidised to H3PO4. 40% by wt. of the organo-phosphonic acids
present was phosphonosuccinic acid (n=1) and 60% by wt. higher
~homologues with n>1. A 4. n.mr. spectrum indicated that
approximately 85% of the disodium maleate had reacted. The
average value of n 1is therefore approximately 1.5. The
product contains about 2% by weight of sodium phosphate.

Example 2:

A solution of maleic acid (174g, 1.5M) and sodium hydroxide
(120g, 3M) in water (450m1) was added dropwise over lhr 20min
to a stirred refluxing solution of H3PO3(82g, 1M) and’ sodium
hydroxide (80g, 2M) in water (200ml). Ouring this period
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Exanple 14 A solution of propargyl alcohol (28g, 0.5M, made up to 500m
with water was added dropw se over 6h to a stirred reflxing solution of -
phosphorous acid (82g, 1.0M and sodi um hydroxi de (80g, 2.0OM in water
(200mM ). The reaction was mai ntai ned under an at nosphere of nitrogen.
During the addition period sodi um persul ppate (ca. 48g) was added
portionw se (about 8g h[err]). A further g of sodi um persul phate was then
added over about 0.5h. Water (ca 500m ) was added and about 500m was

distilled f_r%tﬂtﬁh?p"e??tﬂt#hﬁﬂe Ml WSt Z0mo®AOY.e. NY mAl eRar gy{d)al wghol as an
azeotrope with mgtﬁr. he dark brown solutlon_obtalne% was agahysed by
31Pn. mr. speddpdd@opRontitAnendP. theneraachion omixture. fier thes

additions the solution was refluxed for 15 minutes and then
another 5 mol% of sodium persulphate (17.9g) was added over 30
mins. The solution obtained was refluxed for ,a further 30
mins and then allowed to cool to room temperature. 31p and 4
n.m.r. spectroscopy indicated a product- identical to the first
example.

Example 3:

A solution of acrylic acid (72g, 1M) and sodium hydroxide
(40g, 1M) in water (200m1) was added dropwise over 0.75h to a
stirred refluxing solution of phosphorous acid (8.2g, 0.1M)
and sodium hydroxide (8g, 0.2M) in water (100ml). During this
time sodium persulphate (47.6g, 20mol% wrt to the acrylic
acid) was added poftionwise. The solution obtained was boiled
for 0.25h and then sodium persulphate (10g) was added over
0.25h to this boiling solution. 31p n.m.r. spectral data
indicated that 30mol% of the phosphorous acid had been
oxidised to phosphate; the remainder had reacted with the
acrylic acid to produce a phosphonate material. A 13¢ n.m.r.
spectrum indicated that all the acrylate had reacted. The
product must therefore contain ca. 14 acrylic acid units to
each phosphorus.

Example 4:

A solution of acrylic acid (9g, 0.125M), maleic acid (14.5g,
0.125M) and sodium hydroxide (15g, 0.375M) in water (250ml)
was added dropwise over one hour to a stirred refluxing
solution of phosphorous acid (10.3g, 0.125M) and sodium
hydroxide (10g, 0.25M) in water (100ml1). During this period

Tris i the replacsment ahoel

Date: =5 SEP 19%



29 consi sts of ca. 70nol % or gano- phosphorus conpounds; the majority of
which (ca. 80% is 1, 2-di phosphono 3-hydroxy-propane. The renmai ni ng 30nol %
of phosphorus was ca. half oxidised to phosphate and half renained as

unr eact ed phosphorous acid. 13C n.mr. data was consistent with the product
outlined above. Exanpl e 15 The product of exanple 14 was taken w thout
purification and tested for scale and corrosion inhibition as follows: -

(a) Scaling (Test nethod 1) 23

sodium persulphate (11.9g, 20mol% wrt olefins) was added
portionwise. The solution obtained was refluxed for 0.25hr

- and then allowed to cool to room temperature. A 3p n.m.r.
spectrum indicated that 67mol% of the H3PO5 had reacted to
give material containing PC bonds and 13mo1% had been oxidised
to phosphate. 13¢ and 4 n.m.r. spectral data indicated that
all the acrylic acid and ca. 90% of the maleic acid had
reacted. Therefore the material formed has 1.5 acry]ic' acid
and 1.3 maieic acid units to each phosphorus.

Example 5;

The product of Example 1 was tested for scale inhibition in
comparison with sodium phosphonosuccinate and PTCB using the
aragonite test (Test Method No 1 above). The test results are

listed in Table 1, expressed as ppm of the 100% inhibitor.
The test was repeated in the presence of 3 ppm chlorine and
again after the product had been exposed to 3ppm chlorine
dioxide for 1 hour at 60°C with identical results.

The results of a test of tube blocking with aragonite scale
(Test Method No 2 above) are also recorded in Table 1.

The product was steam distilled and no phosphorus was detected
in the distillate.

Tab1e'1
Test : ' Example 1 | Phosphonosuccinate PTCB
Aragonite (Test No 1) 1.4-1.5 4.7-4.8 1.0-1.1
Tube Blocking (Test No 2)| 0.5-0.6 1.0-1.4 0.8-1.0
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The product of Exanple 14 provided 100% i nhibition of aragonite scale at a
concentration of 1.0 - 1.2 nyg.1[err] total active expressed as phosphonic
aci d. This is sufficient to indicate comercial utility as a scale

i nhi bitor. (b) Corrosion Inhibitor (Test nethod No. 3) After a contact
time of 3.5 hours the corrosion rate w4 neasured at 0.043mmyr. After 20
hours the corrosion rate was neasured as 0.029mm yr. This indicates
potential comrercial utility as corrosion inhibitor. Corrosion inhibition

has been obg#&ipleds at concentrations bel ow 10ppm which correspond to the
| evel s of HPP required. The

Vinyl sulphonic acid (100g of a 30%w/w solution of the sodium
salt, 0.23M) was added dropwise over 0.25h to a refluxing
stirred solution of phosphorous acid (6.28g, 0.07M) and sodium .
hydroxide (6.12g, 0.15M) in water (100m1). DOuring this period
sodium persulphate (10.9g, 20mol% w.r.t. vinyl sulphonic acid)
was added portionwise. The reaction mixture was boiled for a
further 0.5h. 3!P n.m.r. analysis of the reaction mixture
indicated that 82mol1% of the phosphorous acid had reacted to
give organo-phosphorus materials. All the remaining phosphorous
acid had been oxidised to phosphate. 13¢ n.m.r. data indicated
that all the vinyl sulphonic acid had reacted and therefore that
the product contained on aVerage 3.7 vinyl sulphonic acid groups
to each phosphorus.

Example 7

A solution of allyl alcohol (58g, IM) in water (500m1) was added
dropwise over 5h 10min to a stirred refluxing solution of
phosphorous acid (82g, 1M) and sodium hydroxide (80g, 2M) in water
(200m1). During this period sodijum persulphate (59.5g, 25mol%
w.r.t. the allyl alcohol) was added portionwise. The product
obtained as analysed by 31p and 13¢ n.m.r. spectrscopy. This
indicated that ca. 71mol% of the phosphorous acid had reacted

and ca.l4mol% had been oxidised to phosphate. A1l the allyl
alcohol had reacted, therefore the product obtained contains

an average of 1.4 allyl alcohol units to each phosphorus.

Example 8

A solution of vinyl phosphonic acid {19.3g 0.18M) and sodium
hydroxide (14.3g, 0.36M) in water (200ml) was added dropwise over
2.75h to a stirred refluxing solution of phosphorous acid (5.1g,
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novel conmpounds of the invention noreover retain their activitly in
chlorinated water systens, systens, unlike HPP. .
30 Example 16 In a field test, an open recirculating cooling water
systemin a chem cal manufacturing plant was operating under the follow ng
condi ti ons; _ :

25

0.062M) and sodium hydroxide (4.93gm. 0.123m) in water (100m1).

A solution of sodium persulphate (8.8g, ca.20mol% w.r.t. the
vinyl phosphonic acid) in water (65ml) was added simultaneously
over the same period. After these additions the reaction mixture
was boiled for ca. 1.5h and then a solution of sodium persulphate
(4g) in water (25m1) was added dropwise over 0.5h. 3lp n.m.p
spectroscopy of the reaction mixture indicated that all the vinyl
phosphonic acid had polymerised and that ca. 25-30% of the
phosphorous acid had been incorporated into the product polymeric
mixture. The remaining unreacted phosphorous acid had been
oxidised to phosphate.

Example 9

A solution of maleic acid (116g, 1M), sodium hydroxide (106g,
2.65m) and phosphorous acid (12.5g, 0.15M) ‘in water (450m]) was
heated to 95°C in a boiling water bath.” Sodium persulphate (60g,
0.25M) was added in small portions at 5 minute intervals to the
well stirred solution over a period of eight hours. A further
portion of sodium hydroxide (5.5g) was added after 5 hours to
keep the solution alkaline and prevent rapid oxygen evolution
when the persulphate was added. Analysis of the product as in
Example One showed that 17% of the phosphorous acid used had

been converted to phosphate, 9% remained unreacted, 26% had been
converted to phosphonosuccinic acid and the remainder to polymeric
species. The average n was 5.2.

Example 10

A solution of maleic acid (110Kg, 950M) and sodium hydroxide (170Kg
of a 47% aqueous solution, 2000M) in water (255Kg) was added slowly
over 3h to a stirred refluxing solution of phosphorous acid (60Kg,
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rate of circulation 120n8/ hr - cooling tower inlet

t enp. 33[err]C . cool'ing tower outlet tenp. 25C (at
18. 3[err] C wet bul b) heat | oad

4x10[ err] K3/ hr make up water 3600kg/ hr

bl owdown 2300kg/ hr acid dose rate
(36%1C ) 0. 313 Kg/ hr 26roduct of Exanple 1

(dose rate) 0. 72Kg/ hr pH of Cool ing water 6.8
conductivity 1050 m crosi enens - product of

Exanpl e 1 732M) and sodium hydrox{dsoft2hkgr af i;oAz} solution, B&HY 1[err]

cal ci um har dne 2 fs : ot al hardness
340ny 1[err]dﬂ1 Riter (90Kg). IOOé.hfgg?(sj%{ﬁﬁrl 01.° sodium per‘sulphattZeGOm\J 1lerr]
tolyltriazol @7.9Kg, 285M(30mol% wiedpperleasetbdnomatierhibiakeg) (B0bny 1[err] A

continuous cy keE{19NwiX¥ ABEHAMRuTBASMAFEM Qﬁg tife GRIiB8] Ohe
reaction mixture was refluxed for lh after which the remaining
sodium persulphate solution (50L) was added over 0.5h. Ref]uxihg
was continued for a further 3h after which the reaction was
allowed to cool. Andlysis of the product indicated a very
similar composition to that described in Example One, ca.
84mol1% of the phosphorus acid had reacted and 12mol1% had been
oxidised to phosphate.

Example 11:

The product of Example 1 was tested against sodium
‘phosphonosuccinate, a mixture of equal parts by weight sodium
phosphosuccinate and sodium polymaleate, PTCB and HPP in
corrosion inhibition tests "calcium only"” (Test Method No 3
above) and "zinc only" (Test Method No 4 above). The results
in mm/yr are recorded in Table 2. ' '
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bet ween 0. 025 and 0.076mm per year. Coupons of mld steel and copper were
suspended in the cooling water. After 25 days the coupons were retrieved
and wei ghed. The steel coupon was found to have |ost netal at a rate

equi valent to 0.034mM year. The copper couporylost netal at a rate

equi valent to 7.6x10[err]nmyr.

31 The foregoing corrosion rate qualifies as "excellent" protection
according the standard defined in "Cooling Water Treatnent - a Code of

Practice,"” P62, Appendix A4, Section L, published in 1982 by the Industri al
Wat er Soci ety.

-Table 2:
Inhibitor | Ca++ 3.5hrs Ca++20hrs In++3.5hrs In++ 26;;;

Blank 0.270 -- .- --

Sodium Phosphonosuccinate 0.135 | -- -- --

Sodium Phosphonosuccinate 0.069 0.088 -- .-

and Sodium polymaleate _

Example 1 0.048 0.020 0.021 0.020
PTC8 0.064 - 0.079 -- . --

HPP 0.025 0.008 ' 0.246 0.160

Example 12:
The product of examples 1, 3 and 4 were compared using test methods

1, 2 and 3(above). The results are reported in the following Table
3.
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Exanpl e 17 A solution of methacrylic acid (43g, O 5M and sodi um
hydroxi de (20g, 0.5M in water (300m ) was added dropw se over 3h to a
stirred refluxing solution of phosphorous acid (13.7g, 0.17M and sodi um
hydr oxi de (13.4g, 0.33M in water (10OOM ). Sodi um persul phate (23.8g,

20mol %ow. r.t. the nethacrylic acid) was added portionw se over this period.
After this a further 0.5M of methacrylic acid and 20nol % of sodi um

persul phate were added in a |ike manner.28 A [err]P-n.mr. spectrum

i ndicated that ca. 61% of the phosphorous acid had reacted to give

or ganophosphorus materials. [err]C E.E r;.indicated that all the

nmet hacrylic acid had reacted and t that the resulting product

contains on average 10 nethacrylate units to each phorphorus. Exanpl e 18
Inhibitor Example 1 Example 3 Example 4

Test No. 1 2.3 5-10 2.7-2.9

Test No. 2 1.4 2.4-2.8 1.0-1.2

Test No. 3 '

(i) after 3% hours 0.048 0.037 - .0.029

(i1) after 20 hours | 0.02 0.03 0.021

Example 13

The product of Example 1 was found to give 100% inhibition of
barium sulphate scale after 4 hours at a level of 50ppm. in
water at 90°C containing 126mg 171 barium ion and 1210mg 1-1
sulphate ion at pH6.5 (determined at 25°C). The inhibition
after 24 hours was 82%.

Fxample 14

A solution of propargyl alcohol (28g, 0.5M), made up to 500ml
with water was added dropwise over 6h to a stirred reflxing
solution of phosphorous acid (82g, 1.0M) and sodium hydroxide
(80g, 2.0M) in water (200ml). The reaction was maintained under
an atmosphere of nitrogen. During the addition period sodium
persulphate (ca. 48g) was added portionwise (about 8g h ’1).

A further 10g of sodium persu]phate was then added over about
0.5h. Water (ca 500ml1) was added and about 500m1 was distilled
from the reaction mixture to remove any propargyl alcohol as an
azeotrope with water. The dark brown solution obtained was
analysed by 3pn.m.r. spectroscopy (in D,0). The reaction
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A solution of butyn-1,4-diol (10 8g, 0.125M in water (200m ) was added
dropwi se over 5h to a stirred refluxing solution of phosphorous acid
(20.55g, 0.25M and sodi um hydroxide (20g, O 5M in water (10OmM). Over
this period a solution of sodium persul phate (11.9g) in water (130nml) was
added sinmul ataneously. A Jerr]Pn.mr spectrumof this reaction m xture

i ndicated that ca. 11% of the phosphorouggaci d had been converted to

or ganophosphor us conpounds. Exanpl e 19 A sol ution of acetyl ene

di carboxylic acid (nmono potassiumsalt) (50g, 0.329M and sodi um hydr oxi de
(13. 29, O.32ZAMistsnofa¢£r 70M&%bygano-phosphorus compounds; the majority

of which (ca. 80%) is 1,2-diphosphono 3-hydroxy-propane. The
remaining 30mol% of phosphorus was ca. half oxidised to phosphate
and half remained as unreacted phosphorous acid. 13¢ n.m.r.

data was consistent with the product outlined above.

Example 15

The product of example 14 was taken without purification and
tested for scale and corrosion inhibition as follows:-

(a) Scaling (Test method 1)

The product of Example 14 provided 100% inhibition of aragonite
scale at a concentration of 1.0 - 1.2 mg.l'1 total active
expressed as phosphonic acid.

This. is sufficient to indicate commercial utility as a scale
inhibitor.

(b) Corrosion Inhibitor (Test method No. 3)

After a contact time of 3.5 hours the corrosion rate was measured
at 0.043mm/yr. After 20 hours the corrosion rate was measured

as 0.029mm/yr. This indicates potential commercial utility as
corrosion inhibitor.

Corrosion inhibition has been observed at concentrations below
10ppm, which correspond to the levels of HPP required. The
novel compounds of the invention moreover retain their activitly
in chlorinated water systems, systems, unlike HPP.

This is the replacement sheel

Date: g § bt W



32 was added dropw se over 5h to a stirred refluxing solution of
phosphorous acid (53.9g, 0.658M and sodi um hydroxi de (52.6g, 1.316M in
wat er (200m ). Over a period of 6h (starting at the sanme tinme as the

acetyl ene di carboxylic acid addition) a solution of sodium persul phate
(31.3g) in water (130m ) was al so added. Aferr]p nnmr. spectrumof the
reaction nixture indicated that ca. 30nmoP% of the phosphorous acid had
reacted to give organophosphorus conpounds. Exanpl e 20

Example 16

In a field test, an open recirculating cooling water system in
a chemical manufacturing plant was operating under the following
conditions; '

rate of circulation 120m3/hr
cooling tower inlet temp. 33°C

cooling tower outlet temp. 25°C (at 18.3°C wet bulb)

heat load 4x105ka/hr
make up water 3600kg/hr
blowdown 2300kg/hr
acid dose rate (36%HC1) 0.313 Kg/hr

product of Example 1 _
(dose rate) 0.72Kg/hr

pH of Cooling water 6.8
conductivity 1050 microsiemens
product of Example 1 _
(concentrations) 55mg 1-1
calcium hardness 260mg 1:%
total hardness 340mg 1
chloride 260mg 1-1
tolyltriazole

(copper corrosion inhibitor 1.0mg 1-1

A continuous corrosion probe gave measurements of the corrosion
between 0.025 and 0.076mm per year. Coupons of mild steel and
copper were suspended in the cooling water. After 25 days the
coupons were retrieved and weighéd. The steel coupon was found

to have lost metal at a rate equivalent to 0.034mm/year. The copper
coupon lost metal at a rate equivalent to 7.6x10'4mm/yr.
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A sol ution of acetyl ene carboxylic acid (10 1g, 0.144M and sodi um

hydr oxi de (5.8g, 0.144M in water (200m ) was added dropw se over 5.5h to a
stirred refluxing solution of phosphorus acid (23.66g, 0.288M and sodi um
hydr oxi de (23.0g, 0.575M in water (150m ). A solution of sodium

persul phate (13.7g) in water (130m ) was al so added si nultaneously over
this period. The reaction mixture obtaindd was studied by [err]P and
[err]C n.mr. spectroscopy. This indicated that ca. 85mol % of the
phosphorous acid had reacted to give organophosphorus conmpounds and 12nol %

had been oxi Hi%&aregeipeRyKas Eon TPl'Eee R hi dﬁﬁa%ﬁ)pﬁé%ﬂ 8ht's PEBR§FFIBAL (whi ch
cont ai ned caacdaPdPidothé $thpdieRdeethddn9s PiTablg W@ﬁer Treatment - a

2, 3-di phosphgn acet car bo i d remai ned
unr eacfed P 8(%5 ﬁ&a %lce’qug%l GPPW‘&YA g%‘?tc’%‘lccd p(‘ghbs(i‘ g
?ggg%h?rous desdby 4he, Iﬁﬁt&l‘!{r1a‘amdt610($loutnﬂyydrOX| de (80g 2M in water

Example 17

A solution of methacrylic acid (43g, 0.5M) and sodium hydroxide
(20g, 0.5M) in water (300ml) was added dropwise over 3h to a
stirred refluxing solution of phosphorous acid (13.7g, 0.17M)

and sodium hydroxide (13.4g, 0.33M) in water (100ml1). Sodium
persuiphate (23.8g, 20mol% w.r.t. the methacrylic acid) was

added portionwise over this period. After this a further 0.5M

of methacrylic acid and 20mol% of sodium persulphate were added

in a like manner. A 3!P n.m.r. spectrum indicated that ca. 61%
of the phosphorous acid had reacted to give organophosphorus
materials. 13C n.m.r. indicated that all the methacrylic acid had
reacted and therefore that the resulting product contains on average
10 methacrylate units to each phorphorus.

Example 18

A solution of butyn-1,4-dio1(10.8g, 0.125M) in water (200ml1) was
added dropwise over 5h to a stirred refluxing solution of
phosphorous acid (20.55g, 0.25M) and sodium hydroxide {20g, 0.5M)

in water (100ml1). Over this period a solution of sodium persulphate
(11.99) in water (130ml1) was added simulataneously. A 3lpp.m.r
spectrum of this reaction mixture indicated that ca. 11% of the
phosphorous acid had been converted to organophosphorus compounds.

Example 19

A solution of acetylene dicarboxylic acid (mono potassium salt)
(509, 0.329M) and sodium hydroxide (13.2g, 0.329M) in water (150ml)
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was evaporated in vacuo until a ca. 75%W w solids / 25% w w water m xture
was obtained. This m xture was heated

33 (tenperature mai ntai ned between 110 and 120[err]C) and stirred under
an atnosphere of nitrogen. Over a period of Ih a solution of sodium

per sul phate (6g), 5mol %w.r.t. the maleatg) in water (50m ) was added
dropwi se. ca. 10g of water was also distilled out of the reaction mxture
during this period. After the addition the reaction mxture was allowed to
cool to give wasvaddedudregwdde dvelr. SH ebri Btirred refSuxdhg aatabioh ehal ysis

| ndi cat ed phosphorous acid {(53.9g, 0.658M) and sodium hydroxide (52.&g,
1.316M) in water(200m1). Over a period of 6h (starting at the
same time as the acetylene dicarboxylic acid addition) a solution
of sodium persulphate (31.3g) in water (130ml) was also added.

A 3lp num.r. spectrum of the reaction mixture indicated that ca.
30mol1% of the phosphorous acid had reacted to give
organophosphorus compounds.

Example 20

A solution of acetylene carboxylic acid (10.1g, 0.144M) and
sodium hydroxide (5.8g, 0.144M) in water (200ml1) was added
dropwise over 5.5h to a stirred refluxing solution of
phosphorus acid (23.66g, 0.288M) and sodium hydroxide (23.0q,
0.575M) in water (150ml). A solution of sodium persulphate
(13.7g) in water (130m1) was also added simultaneocusly over this
period. The reaction mixture obtained was studied by 31p and
3¢ nom.r. spectroscopy. This indicated that ca. 85mol% of
the phosphordus acid had reacted to give organophosphorus
compounds and 12mol1% had been oxidised to phosphate. The

main organophosphorus component (which contained ca. 50mol% of
the reacted phosphorus) was 2,3-diphosphonopropanoic acid. No
acetylene carboxylic acid remained unreacted.

Example 21

A solution of maleic acid (58g, 0.5M), phosphorous acid
(41g, 0.5M), and sodium hydroxide (80g 2M) in water (300m1)
was evaporated in vacuo until a ca. 75%w/w solids / 25% w/w
water mixture was obtained. This mixture was heated
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that 82% of the phosphite had reacted to gi ve organophosphorus materi al .
In the follomﬁng clainms the word "conprises” is used to nean "contains or
consi sts of" 34 CLAI M

1. A nethod of phosphonatlng a conpound havi ng a carbon-carbon doubl e or

triple
33

(temperature maintaiﬁed between 110 and 120°C) and stirred

under an atmosphere of nitrogen. Over a period of lh a solution
of sodium persulphate (6g), 5mol% w.r.t. the maleate) in water
(50m1) was added dropwise. ca. 10g of water was also distilled
out of the reaction mixture during this period. After the
addition the reaction mixture was allowed to cool to give a
viscous clear oil. 31p n.m.r. Spectroscopic analysis indicated
that 82% of the phosphite had reacted to give organophosphorus
material.

In the following claims the word "comprises" is used to mean
"contains or consists of”.
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bond adj acent to at |east one hydroxyl, carbonyl, carboxylate, sul phonate

and/ or phosphonate group by reacting it with a water—seluble phoshite
salt at a pH of at | east 5 and in the presence of fr e adlcal said pH
and said free radical being sufficient to convert a s enRemamm
proportion of said conpound to a phospﬁénated derivati nt
capabl e of dlssoIV|ng the reagents in an anobunt suff|C|ent

at | east pg IH§ the reaction m xture. 2. A net hod accordlng to alm
wherein sa vent is an aqueous based sol vent. 3. A nethod according
to either Cains 1 and 2 wherein said active, unsaturated compound is

an et hyl enijcal laymé@thoacef wheapmbtmguasamnm,ecétbybamnoﬂ1dr otar boxyl at ed,

ool um - capdSpE) G TGY HsoRuTiiy AR elnd TSR O Wiy | G
according to Csalluble phospghie maépamthmmresemabfrﬁgl ﬁrrd/eat freer vadisal
i nhi bitors, V\/nlt%h Elé%%bgeﬂtr%ydr ré&artqpnadzpjggﬂp cS dﬁrnuogb qQf at |east

one wat er e car box x ) phono or ? ono oIefln havi ng

t he general fornlms@honateda[d@nmﬂm anf]a sphEsTnCaRab) HHOIRIBE SNR is a
COOM  CH[ err | ORlga g &, " kM dar aftliner sufi¥l €Tenk to dissolve at 1east part of

the reaction mixture.

2. A method according to claim 1 wherein said solvent is an aqueous
based solvent.

3. A method according to either of claims 1 and 2; wherein said
active, unsaturated compound is an ethylenically or
acetylenically unsaturated alcohol or carboxylate, sulphonate or
phosphonate salt which is at least sparingly soluble in a medium
capable of dissolving alkali metal phosphites.

"4. A method for the preparation of scaling and/or corrosion
inhibitors, which comprises heating: (1) an aqueous solution of
at Jeast one water soluble salt of a carboxy, hydroxy, sulphono
or phosphono olefin having the general formula R,C=CR,, wherein
at least one R group is a COOM, CH,OH, SO3M or PO3M, group and
each of the other the R groups may be the same or different and
each represents hydrogen or an-aliphatic hydrocarbon or
substituted hydrocarbon group, or in which two of the R groups
together form a cycloalkyl or cycloalkenyl group, or part
thereof, and M is a cation such that the salt is water soluble;
with (2) a water soluble salt of phosphorous acid; in the
presence of (3) sufficient free radicals to form a phosphonated
oligomer of said olefin. | '

5. A method according to claim 4 wherein said olefin comprises an
alkali metal maleate, acrylate and/or methacrylate.

I
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group and each of the other R groups may be the sane or different and each
represents hydrogen or an aliphatic hydrocarbon or substituted hydrocarbon

group, or in which two of the R groups tﬁgefhef—%efﬁka—eye+ealkyI or
cycl oal kenyl group, or part thereof, aanN% a |o S ch t hat the
olefinis water soluble; with (2) a mater ﬂophorus
acid, in the presence of (3) suffici ent35free r l , forma

phosphonat ed ol i goner of said ol efin. to Claim4

wherein said olefin conprises an al kal i netal mal eat e, acrylate and/ or
met hacryl at e.

6. A method of preparing vicinal diphosphono compounds which
comprises reacting an acetylenic compound with a phosphite salt
in the presence of sufficient free radical to convert a
substantial proportion of said acetylenic compound to a vicinal
diphosphono compound.

7. A method according to claim 6 wherein said acetylenic compound is
water soluble. '

8. A method according to either of claims 6 and 7 wherein said
acetylenic compound is an acetylenic alcohol or carboxylate salt
having less than ten carbon atoms.

9. A method according to claim 8 wherein said acetylenic compound is
propargyl alcohol.

10. A method according to any foregoing claim wherein said acetylenic
compound is an alkali metal propiolate, or
buta-2,3-yne-1,4-dioate. '

11. A method according to claim 1 wherein the reaction

occurs substantially in an aqueous medium having a neutral or
alkaline pH.

12. A method according to claim 11 wherein the initial pH is 7 to 9.

13. A method according to any foregoing claim wherein the amount of
free radical initiator is from 1 to 30% molar based on the
unsaturated compound.

14. A method according to any foregoing claim wherein the amount of
solvent present is insufficient to dissolve all of the reaction
mixture at room temperature but sufficient to provide a stirrable
composition under reaction conditions.

-’
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6. A method according to Claim1 wherein the reaction occurs substantially
in an aqueous nedi um having a neutral or alkaline pH ~—7. A nmethod
according to Claim6 wherein the initial pHis 7 to 9. 8. pﬁsgﬁédagdsseenRemaced_
according to any foregoing claimwherein said acetylenlc canp
-al kali metal propiolate, or buta-2,3-yne-1, 4-dioate. wéﬂlﬂﬁ]“ll
according to any foregoing clainmmherein t$€ anount of free r

e

initiator is from1l to 30% nol ar based on unsat urat ed conpound. 10. A
met hod according to any foregoing claimuwherein the amount of sol vent

Present e i TOHELA SPlolndiBSELn B4 igle b Sak RGRLAR, Uy ure at room

t enper at ure ent e C on under
reacti on conditi cbstantially all d1sso1ved in an aqueous solvent and the .

solution evaporated to provide said compos1t1on, prior to and/or
dur1ng the reaction.

16. A method according to either of claims 13 and 14 wherein said
reaction mixture contains from 50 to 20% total solvent.

17. A method according to claim 15 wherein from 1 to 10% molar of
free radical initiator cdmpound is added to the reaction mixture,
either initially, or continuously or intermittently over a period
of from 0.25 to 24 hours.

18. A method according to any of claims 1 to 12 wherein the
composition contains from 20 to 50% by weight of the total
composition of an aqueous based solvent.

19. A method according to claim 18 wherein from 10 to 30% by weight
of free radical source, based on the weight of the unsaturated
compound is added to the reaction mixture continuously or
intermittently over a period of 0.25 to 24 hours.

20. A method according to any foregoing claim wherein the free
radical source is a persulphate.

21. A method according to any foregoing claim wherein the reaction
temperature is maintained between 5°C and 250°C, during at least
part of the reaction.

22. A method accordiné to claim 16 wherein the temperature is
maintained between 80 and 150°C. '

2 LT —

Date: = § SEP 19%'



11. A nmethod according to Claim10 wherein the reagents are substantially

all dissolved in an aqueous solvent and the sol ution evaporated to
provi de said conposition, prior t o and/ orThig aslPeem Replacedn. 12.

met hod according to either Clainms 9 and 10 wher ion m xture
contains from50 to 20% by wei ght total solvent} od according
to daim1l1ll wherein from1l to 10% nol ar fgee radical 1nitrator . conpound

is added to the reaction m xture elther initially, or continuously or

intermttent &ghoveﬁe% ge é)ocl;'d(?%g ar I gl Hﬂ\e?é ﬁQUFé ctionds @ffg?:ttg

according to € conp05| i‘on confains rom
20 to 50% by wei ghe bfilihg poinblofcdhpamdktinen of an aqueous based sol vent.

24. A method according to any of claims 21 to 23 wherein the reaction
is effected under e1evated pressure.

25. A method according to claim 24 wherein the reaction is effected
in an autoclave.

26. A method according to any foregoing claim performed under an
inert atmosphere.

27. A method according to claim 26 in which the inert atmosphere is
nitrogen. '

28. A method according to any foregoing claim wherein the reaction
medium is water

29. A method according to any foregoing:c1aim wherein the reaction
medium comprises a water-miscible solvent. '

30. A method according to claim 29 wherein said solvent comprises
methanol, ethanol, isopropanol, ethylene giycol, a water soluble |
oligomer of ethylene glycol, propylene glycol, a water soluble
oligomer of propylene glycol, a water soluble mono- or di- methyl
or ethyl ether of ethylene or propylene glycol or of an oligomer
of ethylene or propylene glycol, glycerol, a water soluble
glyceryl ether, acetone and/or dioxan.

31. A phosphonated oligomer of an active olefin, said oligomer having
the formula H[CHR CHR],POsH wherein at least one R group in each
[CHRCHR] unit is a COOM, CH,O0H, sulphono, sulphato or phosphono
group and each other R group which may be the same as or

DT e s o rmmmant shoe
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36- 15. A nethod aCcording to Claim 14 wherein from 10 to 30% by wei ght of
free radical- source, based on the weight of the unsaturated conpound is
added to the reactThimSheet Has BéeurRéaEeéal nuously or intermttently over a

period of -0.25 to 24 met hod according to any foregoing claim
wherein the free rad| :

per sul_phat e. 17. A net hod
according to any fore90|ng cI ere|n33he reaction tenperature is
mai nt ai ned between 5[err]C and 250[err] C, "during at | east part of the
reaction.

different from the first R group is hydrogen or a COOM, hydroxyl,
phosphono, sulphono, sulphato, C;_y alkyl or Cy_y alkenyl group
or a carboxy, hydroxy, phosphono or sulphono substituted Ci.7
alkyl or C;_y alkenyl group, each M is a cation, such that the
phosphonated oligomer is water soluble, and n is greater than 1.

32. A composition comprising oligomers according to claim 31 wherein
n has an average value of from 1.2 to 3.

33. A phosphonated cooligomer having the formula [CHRCHR],, where
each R group in the molecule is, separately, as defined in claim
31, and containing at least two different [CHRCHR] groups derived
from different monomers, and wherein the total value of n is at '
least 3.

34. A cooligomer according to claim 33 comprising at least one
[CHCOOMCHCOOM] group and at least one [CH,CHCOOM] group, where M
has the same significance as in claim 24.

35. A composition according to either of claims 31 and 32 comprising
at least one phosphonated oligomer of maleic acid of the formula
H[CHCO,MCHCO,M], POsM, where M is a cation such that the
composition is soluble.

36. A composition according to each of claims 32 and 35 comprising:
up to 50% by weight of a phosphonosuccinate, based on the weight
of the composition; a phosphonated dimer of alkali metal maleate;
not more than a minor proportion by weight, based on the weight
of the dimer, of higher phosphonated oligomers of maleate; and
from 0.5 to 5% by weight of the composition of an alkali metal
phosphate.

I

A
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18. A nethod according to Claim17 wherein the tenperature 1 s -mai nt ai ned
bet ween 80 ~and 150[err] C 19. A nethodh@§§m*gH L&y 17 where
the reaction is effected at the boiling point ﬁﬂ%mure 20. A

met hod according to any of Clainms 17 toql 19 mhe on is effected
under el evated pressure. 21. A nethod accord| wherein the
reaction is effected in an autocl ave. 22. A nethod according to any
foregoi ng claimperformed under an inert atnosphere. 23. A et hod

accor di ng t @7¢ @& phdphonated ohidomer iafeatwatenospgibte acxyhate comarising an
average of from 2 to 15 acrylate units per molecule and
exhibiting at least one NMR31P resonance characteristic of aC-P
bond.

38. A vicinal diphosphonate of the formula RCHP03M2CHR1PO3M2 where R
is a hydroxy, carboxy, sulphono, sulphato and/or phosphono
substituted alkyl group having 1 to 5 carbon atoms, R! is
hydrogen, a carboxylate, a Cj_4 alkyl group or an R group and M
is hydrogen or a cation or a cationic group.

39. A vicinal diphosphonate according to claim 38 having a total of
' less than six carbon atoms. '

40. 2,3-diphosphonopropan-1-01 and its salts.
41. 2,3-diphosphonobuta-1,4-diol and its salts.

42. A composition comprising a vicinal disphosphonate according to
any of claims 38 to 41, a minor proportion by weight based on the
weight of said diphosphonate of phosphonated oligomers thereof
and between 0.5 and 5% by weight of alkali metal phosphate.

43. The calcium salt of a product according to any of claims 31 to
42.

44, A composition comprising a product according to any of claims 41
to 43 and a surfactant, biocide, sequestrant, chelating agent,
foam control agent, buffer, oxygen scavenger, and/or another
threshold, scaling and/or corrosion inhibitor.

45. The use of a composition according to any of claims 31 to 44 for
water treatment.

e eptcamant sns
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24. A method according to any. foregoing clai mwherein the reaction nédium
I's water. 25. A method according to any foregoing ;m.ﬁsﬁeet\hegaeéhR

reaction nedi um conpri ses a water-mscible solvent
37 26. A nmethod according to Caim?25 wherein said s
met hanol , et hanol ,

i sopropanol, ethyl 88e glycol, a

ol i goner of ethylene gl ycol, propylene

46.
47.

8.

49,

50.

51.

52.

53.

The use according to claim 45 to inhibit scale fOrmation;
The use according to claim 46 to inhibit corrosion.

A method of treating potentially scale forming or corrosive water
systems which comprises adding thereto an amount between 0.1 and
100ppm of a composition according to any of claims 31 to 44
effective to inhibit said scale formation or corrosion
respectively.

A method according to claim 48 wherein said water system contains
chlorine, bromine, and/or chlorine dioxide.

A method according to either of claims 48 and 49 for treating
cooling water, boiler water, process water, water in desalination
plant and water used or produced in oil fields.

A method according to any of claims 48 to 50 wherein said water
system contains calcium and/or zinc ions.

A method according to any of claim 48 to 51 wherein said water
system is capable of forming barium sulphate scale if not
treated.

A method according to any of claims 50 to 52 for squeeze
treatment of an oil well or other borehole which comprises
impregnating the formation in the neighbourhood of the hole with
an aqueous solution of a product according to any of claims 30 to
42 and 44 and-forming the calcium salt thereof in situ, by
reaction with calcium already in the formation and/or by
subsequently impregnating the formation with an aqueous solution
of a calcium salt.

ARORHR I 7o i v copacoman sen
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glycol, a water soluble oligoner of propylene glycol, a wat er sol ubl e rmono-

or di- nmet hyl or ethyl ether of ethylene or propylene glycol or of an
ol i goner of ethyl ene or propyl ene glycol, - gylcerci, a water sol uble

gl yceryl ether, acetone and/or dioxan. 27. A phosphonated ol i-gonmer of
mal eic acid of the formula H CHCO err] MCHCO err] M [err] PJerr]Merr]
where Mis a cation such that the conposition is sol dBisSh Been Bepladedr
than 1. 28. A conposition conprising honooligoners ac I im27
wherein n has an average value of from1l.2 to 3. ion-
according to each of Cains 27 and 28 conprising: up to 50% by wei ght

of a phosphonosucci nate, based on the meigbi of the conposition; a
phosphonat ed di mer of alkali netal naleate; " not nore than a m nor
proportion by wei ght, based on the weight of the dinmer, of higher
phosphonat ed ol i goners of mal eate; and fromO0.5 to 5% by weight of the

conposi tion okgan paalkedrigefiet@mpositiBhQmpAi Sing from 2 to 70% by weight of
surfactant and from 5 to 60% by weight of builder, wherein said
builder comprises from 1 to 100% of the weight thereof, of a
composition according to any one of claims 31 to 43.

55. A detergent composition according to claim 54 comprising 5 to 50%
by weight surfactant and from 10 to 45% by weight builder. '

* [ L M S %*
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30. The calciumsalt of a product according to any of clains 27 to 29.
31. A conp05|t|on conpri sing a prodict according to Claim30 and a

surfact ant, bi oci de, sequestrant, chel ating agent, foam control agent,
buffer, oxygen scavenger, -and/ or anot her threshold scaling and/or
corrosion inhibitor. 32. The use of 42 conposition to any of Claims 27 to
31 for water treatnent. 33. The use of a conposition accordlng to any of
Clains 27 to 31 to inhibit scale formation.

WATER TREATMENT -AGENT

Abstract

Unsaturated compounds which can be dissolved in aqueous based
solvents, such as ethylenic or acétylenic carboxylate or alcohols
with less than 10 carbon atoms, especially maleic and/or acrylic acid
or propargyl alcohol, are reacted with alkali metal phosphite in
aqueous solution at neutral or alkaline pH in the presence of free
radical initiators such as persulphate to form threshold scale and
corrosion inhibitors. |
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to 31 effective to inhibit said scal'e formation or
respecti.vel y. .
system cont ai ns chl ori ne, broni ne, and/or chlorine di oxid& ™
lr:r)watlhod aceqrAiNvgg to either of Clains 35 and 36 for treatmg coQli q
oi l er

or

38 34. The use of a.conposition according to any-of...Cl.ai.ns,. 27
dnhibit corrosionm .35. A nethod of ‘treating potenti al =t V%sta] e
corrosive water systems which conpri ses addin t"
between 0.1 and | 00ppm of a conposition accorg

1.

36. A nethod according3to C ain35. \-Ahét“el n sa A \’/i/'at'g

A method of phosphonating a compound having a carbon-carbon double or tnple

bond adjacent to at least one h_ydroxy-l, carbonyl, carboxylate, sulphonate and/or
- phosphonate group by reacting it with a water soluble phoshite salt at a pH of at
least 5 and in the presence of free radical said pH and said free radical being |

sufficient to convert a substantial proportion of said compound to a phosphonated

derivative, and a solvent capéble 'df-_ dissolving the reagents in an amount sufficient

~ to dissolve at least part of the r¢a¢ti(_)n _m__ixture.

A method according to Claim 1 wherein said solvent is an aqueous based solvent.

A method according to either Claims 1 and 2 wherein said active, unsaturated

compound is an ethylenically or acetylenically unsaturated alcohol or carboxylated,

sulphonate or phosphonate salt which is at least sparingly soluble in a medium

capable of dissolving alkali metal phosphites.

A method according to Claim 1 for the preparatlon of scalmg and/or corrosion

~ inhibitors, which comprises hcatmg (1) an aqueous solution of at lcast one water

| soluble carboxy, hydroxy, sulphono or phosphono olefin having the general formula

R,C=CR, , wherein at least one R group is a COOM, CH,OH, SCM or PO,M,

- group and each of the other R groups may be the same or different and each

represents hydrogen or an aliphatic hydrocarbon or substituted hydrocarbon group,
or in which two of the R groups tdge_ther'form a cycloalkyl or cycloalkenyl group,
or part thereof, and M is a cation ‘'such that the olefin is water soluble; with (2) a

water soluble salt of phophorus acxd, in the presence of (3) sufficient free radicals

to form a phosphonated ohgomer of said olefin.

A method according to Claim 4:wl_1erein said olefin comprises an. alkali metal

maleate, acrylate and/or methacfylaite._ _
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fields. 38. A nethod according to-any-of Clains 35 to 37 wherein said

wat er system contains cal cium and/ or zinc ions. 39. A net hod
according to any of Claims 35 to 38 wherein said water systemis capable

of form ng barium sul phate scale if not treat ed. 40. A nethod -accordi ng
to any of Clainms 37 to 39 for squeeze treatment of. oil well or - other
bor ehol e whi ch conprises inpregnati ng'%?e formation in the nei ghbourhood

of the hole with an aqueous solution of~a product according to any of
Caims 27 to 29 and 31 and formng the calciumsalt thereof in situ, by
reaction with calcium already in the formati on and/ or by subsequently

i npr egnat ishg A heethed nmtordingwict Elaim 1 wherginethesreaction ooenrsfsubstantiallyuin 8al t .
41. A detergent conposition_ conprising f.ram 2'lt-10 70 % by wei ght of
surfactant arfqueous medigm having gyl 8&9‘?1& %P bui | der, " wherein said
bui | der conprises from1 to 100% - I

7. A method according to Claim 6 wherein the initial pH is 7 to 9.

8. A method according to any foregoing claim wherein said acetylenic éompound is

an alkali metal propiolate, or buta-2,3-yne-1,4-dioate.

9. A method according to any foregoing claim wherein the amount of free radical

initiator is from 1 to 30% molar based on the unsaturated compound.

10. A method according to any foregoing claim wherein the amount of solvent present
is insufficient to dissolve all of the reaction mixture at room temperature but

sufficient to provide a stirrable composition under reaction conditions.

" 11. A method according to Claim 10 wherein the reagents are substantially all.diSS.olx?ed :
in an aqueous solvent and the sbluti_on evapofé.ted to provide said cqmpbsition, prior

to and/or during the reaction.

12. A method according to either Claims 9 and 10 wherein said reaction mixture

contains from 50 to 20% by weight total solvent.

13. A method according to Claim 11 .'wherein from 1 to 10% molar free radical initiator
compound is added to the reaction mixture either initially, or continuously or

intermittently over a period of from 0.25 to 24 hours.

14. A method according to any of Claims 1 to 8 wherein thé composition contains from

20 to 50% by weight of the total composition of an aqueous based solvent.

L
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of the wei ght thereoff of a corrp05|t|on -according to any one of Cains 27

to 31.

39 42. A detergent

_coerOSI tion according to Claim4l conprising 5 to 50% by wei ght
surfactant and from 10 to 45% by wei ght buil der. :

- 15.

16.

17.

18.

19.

20.

21.

22.

36

A method according to Claim 14 wherein from 10 to 30% by weight of free radical
source, based on the weight -of the unsaturated .compound is added to the reaction

mixture continuously or intermittently over a period of 0.25 to 24 hours.

‘A method according to any foregoing claim wherein the free radical source is a

persulphate.

A method according to any foregding claim wherein the reaction temperature is

maintained between S°C and 250°C, during at least part of the reaction.

A method according to Claim 17 wherein the temperature is maintained between 80

and 150°C.

A method according to Claim 17 where the reaction is effected at the boiling point

of the mixture.

A method according to any of : Cla’ims 17 to 19 wherein the reaction is e_,ffécted' :

under elevated pressure.

A method according to Claim 20 "wher;i_n.tht: reaction is effected in .an autoclave.
A method according to any foregéiqg claim performed under an .inert aﬁnosphere.
A method according to Claim 22 in. which the inert atmosphere. is ﬁit;ogen.

A method according to any forego_iﬁg claim wherein the reaction medium is water.

A method according to any fdregoing claim wherein the reaction medium comprises

a water-miscible solvent.’
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26.

- 27.

28.

29.

30.

31.

32,

33.

37

A method according to Claim 25 wherein said solvent comprises methanol, ethanol,
isopropanol, ethylene glycol, a water solﬁble oligomer of ethylene glycol, propylene
glycol, a water soluble oligomer of propylene glycol, a water soluble mono- or di-

methyl or ethyl ether of ethylene or propylene glycol or of an oligomer of ethylene

or propylene glycol, gylcerci, a water soluble glyceryl ether, acetone and/or dioxan.

A phosphonated oligomer of maleic acid of the formula H(C.I-ICO,-MCHCO2 N
PO,M, where M is a cation such that the composition is soluble and n is greater

than 1.

A composition comprising homooligomers according to Claim 27 wherein n has an

average value of from 1.2 to 3.

A composition according to each of Claims 27 and 28 comprising: up to 50% by
weight of a phosphonosucbinité, based on the weighf of the composition; a
phosphonated dimer of alkali metal maleate; not more than a minor proportion by
weight, based on the weight of the dimér, of higher phosphonated olig_dmers of
maleate; and from 0.5 to 5% by_'_wei.ght of the composition of an alkali metal

 phosphate.

The calcium salt of a product dccording to any of claims 27 to 29.

A comiposition comprising a pr_oduct according to Claim 30 and a surfactant,
biocide, sequestrant, chelating égént,- foam control agent, buffer, oxygen scavenger,

and/or another threshold scaling and/or corrosion inhibstor.

‘The use of a composition to any of Claims 27 to 31 for water treatment.

The use of a compdsition according to any of Claims 27 to 31 to inhibit scale

formation.

I ey sep ow
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34.

- 35.

36.

37.

38.

39.

40.

41.

38
The use of a composition according_ to any of Claims 27 to 31 to inhibit corrosion.

A method of treating potentially _s‘calé forming or corrosive water systems which
comprises adding thereto an amount between 0.1 and 100ppm of a composition '
according to any of Claims 27 to 31 effective to inhibit said scale formation or

corrosing fespectively.

A method according to Claim 35 wherein said water system contains chlorine,

bromine, and/or chlorine dioxide.:

A method according to either of Claims 35 and 36 for treating cooling water, boiler

water, process water, water in desalination plant and water used or produced in oil

fields. _

A method according to any of Clail_ris-35 to 37 wherein said water system contains

calcium and/or zinc ions.

A method according to any of Claims 35 to 38 wherein said water system is capable

of forming barium sulphate scale if not treated.

A method according to any of _Claiins 37 to 39 for squeeze treatnient of oil well or
other borehole which compri's'esf impregnating the formation in the neighbourhood
of the hole with an aqueous soluﬁoﬁ of a product according to any of Claims 27 to
29 and 31 and forming the calcium salt thereof in situ, by reaction with calcium
already in the formation and/or by subsequently impregnating the formﬁtion with an

aqueous solution of a calcium salt..

A detergent composition comprising_ from 2 to 70 % by weight of surfactant and
from 5 to 60% by weight of builder, wherein said builder comprises from 1to0 100%

of the weight thereof, of a composition according to any one of Claims 27 to 31.

M e
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42, A detergent com’poSiﬁon according to Claim 41 comprising 5 to 50% by weight
-~ surfactant and from 10 to 45% by weight builder.
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WATER TREATMENT AGENT
- ABSTRACT

Unsallturated. cdmpounds which can be dissolved in aqueous based solvents, such
as ethylenic or acetylenic carboxylate or alcohols with less than 10 carbon atoms,
especially maleic and/or acrylic acid or propargyl alcohol, are reacted with alkali
metal phosphite in aqueous solution at neutral or alkaline pH in the presence of
free radical initiators such as persulphate to form threshold scale and corrosion

inhibitors.
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