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T{I present invention relates to a novel method of phosphonation Q
which is particularly useful for the preparation of water treatment -

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 successfu1 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

N

‘REPLACED SHEETS SG

4 Description : paged ..d.... to paged .E.....

heet Has Been Replaced W Claim(s) :paged 'ﬁ’ to paged . /....

"} Drawingfs) :paged...... to paged ..........

Hll““ \“l“ um “‘ ¥ Adbstract : paged ... %... to paged ...
DATE GF RECEIPT e




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 successful 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,

(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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alleged 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 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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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-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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Particularly preferred are the reaction products obtained with @QRF
maleates, acrylates or mixtures thereof, or propargyl alcohol. 1In i
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 godd 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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sufficient of a solvent, cabable of dissolving both reagents, to
dissolve at least part of the reaction mixture, and of sufficient
free radical to convert a substantial proportion of said unsaturated
compound 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 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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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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the phosphonated oligomer is water soluble ahd n is greater than 1,
eg. up to 6. Preferably n has value less than 5 eg. 1.2 to 3.

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(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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hydroxy, carboxy, phosphono, sulphato and/or sulphono substituted
alkyl group having up to § 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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reagent, as the case may be, with a phosphite, usually an alkali
metal phosphite such as sodium or potassium phosphite in the presence
of free radicals. The free radicals are typically provided by adding
sodium persulphate, in sufficient quantity to convert a substantial
proportion, eg, more than 50%, preferabiy more than 60% of the
acetylenic compound into the diphoéphono 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 1nterm1ttent1y to the reaction mixture to the extent required to
keep the reaction going to comp]et1on

-
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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. 1In 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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| phosphonates, 2,3-butyne-1,4-diol,butyne-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-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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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 comp]étion 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. 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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required for more sparingly soluble reagents. The solvent should
contain sufficient 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-tontinuous1y 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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To maximise the yield of phosphonated product it is sometimes "p
necessary to add the unsaturated reagent, continuously or

intermittently during the reaction period 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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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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Products according to the invention may be used in combination with
one another, and/or in conjunction with other water treatment agents
including: surfactants, such as anionic surfactants (egq. C10-20 alkyl
benzene sulphonates, Cyg.pq olefin sulphonates, Cyq.og alkyl
sulphates, Cyg_9g alkyl 1 te 25 mole ether sulphates, C10.20 parafin
sulphonates, Cyg_9q S03ps, Cyg.p9 alkyl phenol sulphates,
sulphosuccinates, sulphosuccinamates, 1lignin 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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including polymaleic, po]yacry1ic'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 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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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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Test Method No. 2

Synthetic formation water is prepared, having the Formula:

NaC1 110.08 g
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
H3B0; 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.

S

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 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 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

This Sheet Has Been: Replaced




22

sodium persulphate (71.4g, 20mol% w.r.t. maleic acid) was
added in portions to the reaction mixture. After these
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 14
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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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.

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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Example § '

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 (100ml1). During 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. 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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0.062M) and sodium hydroxide (4.93gm. 0.123m) in water (100ml).

A solution of sodium persulphate (8.8g, ca.20mol% 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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732M) and sodium hydroxide (125Kg of a 47% solution, 147M)

in water (90Kg). 100L of a solution of sodium persulphate
(67.9Kg, 285M(30mol1% 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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Inhibitor Ca++ 3.5hrs | Ca++20hrs In+3.5hrs

Blank 0.270 -- --

Sodium Phosphonosuccinate 0.135 -- --

Sodium Phosphonosuccinate 0.069 0.068 --

and Sodium polymaleate

Example 1 0.048 0.020 0.021

P7C8 0.064 0.0?9 -- --

HPP 0.025 0.008 0.246 0.160
Example 12:

The product of examples 1,

1, 2 and 3(above).

3.

3
The results
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Yable 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
(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%. '

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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consists of ca. 70mol% organo-phosphorus compounds; the majority
of which (ca. 80%) is 1,2-diphosphono 3-hydroxy-propane. The
remaining 30mo1% 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.

Exampie 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 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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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 4x105kJ/hr

make up water 3600kg/hr

blowdown 2300kg/hr

acid dose rate (36%HCT)
product of Example 1

(dose rate)
pH of Cooling water

0.313 Kg/hr

0.72Kg/hr
6.8

conductivity 1050 microsiemens
product of Example 1

(concentrations) 55mg 1-1
calcium hardness 260mg 1-1
total hardness 340mg 1-1
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.
coupon lost metal at a rate equivalent to 7.6x10'4mm/yr.

The copper
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The foregoing corrosion rate qualifies as "excellent" protection
according the standard defined in "Cooling Water Treatment - a
Code of Practice," P62, Appendix A4, Section L, published in
1982 by the Industrial Water Society.

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

under an atmosphere of nitrogen. Over a period of 1h a solution
of sodium persulphate (6g9), Smol% 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. 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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CLAIMS

1. A method of phosphonating an active, ethylenically or
acetylenically unsaturated compound by reacting it with a water
soluble phosphite salt in the presence of sufficient free radical
to convert a substantial proportion of said compound to a
phosphonated derivative, and a solvent, capable of dissolving the
reagents, in an amount sufficient to dissolve at least 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 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.

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

i~




10.

11.

12.

13.

14,

* c L M S *

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.

-
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15.

16.

17.

18.

19.

20.

21.

22.

A

A method according to claim 14 wherein the reagents are
substantially all dissolved in an aqueous solvent and the
solution evaporated to provide said composition, prior to and/or
during the reaction.

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

A method according to claim 15 wherein from 1 to 10% molar of
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.

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.

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.

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

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.

A method according to claim 16 wherein the temperature is
maintained between 80 and 150°C.
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23.

24.

25.

26.

27.

28.

28.

30.

31.

. R0 0

A method according to claim 21 where the reaction is effected at
the boiling point of the mixture.

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

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

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

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

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

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

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.

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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33.

34.

35.

36.

; N

different from the first R group is hydfogen or a COOM, hydroxyl,
phosphono, sulphono, sulphato, Cy_y alkyl or C;_7 alkenyl group
or a carboxy, hydroxy, phosphono or sulphono substituted C;_y
alkyl or Cy_7 alkenyl group, each M is a cation, such that the
phosphonated oligomer is water soluble, and n is greater than 1.

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

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.

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.

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

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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37.

38.

39.

40.
41.

42.

43.

44.

45.

IR 0 MR o

A phosphonated oligomer of a water soluble acrylate comprising an
average of from 2 to 15 acrylate units per molecule and
exhibiting at least one NMR31P resonance characteristic of aC-P
bond.

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.

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

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

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.

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

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.

The use of a composition according to any of claims 31 to 44 for
water treatment.
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46.
47.

48.

49,

50.

51,

52.

53.

A

The use according to claim 45 to iﬁhibit 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.

s Sheet Has Been Replaced

T

« o s OR
. ;-;}gﬁi’ ,fé -



54. A detergent composition comprising from 2 to 70% by weight of
surfactant and from 5 to 60% by wéight 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.
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