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(57) Abstract

Ring opened ethanolamine bis methylene phosphonates and their N-oxides obtained by prolonged boiling (eg. 2 hours to 4 days) of
the commercially available mixture of closed and open phosphonates at high alkalinity (eg. greater than pH12) are more effective than the
original mixture at inhibiting scale in system containing high concentration of alkaline earth metal.
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WATER TREATMENT

The invention relates to agents for use in water treatment and in particular to

ethanolamine -N, N-bis(methylene phosphonates) having the formula:

CH2PO3X;

HOCH,CH,;N T

N CHoPO3X,

where X is hydrogen or a cation such that the resulting salt is water soluble, which

will be referred to herein collectively as EBMP, and their N-oxides.

EBMP has been recognised as scale inhibitor which is particularly effective in
reducing scale formation in water containing very high levels of calcium and/or
barium. It has long been recognised that the method used for commercial
manufacture of EBMP, i.e. the reaction of ethanolamine, formaldehyde and
phosphorous acid inevitably produces a mixture comprising approximately 50% of
EBMP of the formula HOCH;CH,N(CH2PO3H,), and 50% of a cyclic ester of EBMP
of the formula

CH2 CH2PO3H2
SN S

CH, N

| |
0 CH;

\ HPOZ/

While it has been recognised that the cyclic material was less active as a scale
inhibitor than EBMP itself, the general view has been summed up in EP O 564 248
page 7 lines 41 to 46 or in GB 2 306 465 page 3 lines 5 to 8.
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The former states that since the cyclic ester is itself a scale inhibitor (albeit less
active than EBMP itself) it therefore contributes to the overall activity of the
composition, and that it is in any case liable to be hydrolysed to EBMP on exposure
to alkaline systems under normal conditions of use. The conclusion is expressed

that the cyclic material does not therefore constitute a problem.

GB 2 306 465 indicates that the cyclic material positively contributes to the
compatibility of commercial EBMP with high concentrations of alkaline earth metals,

and that its presence is therefore advantageous.

The N-oxide of EBMP is prepared by reacting the amine with hydrogen peroxide.
The use of the N-oxides of such amines in water treatment was described in

EP 4 37722. The N-oxide of the cyclic ester was described and stated to be
advantageous in US 4 977,292,

Thus the prior art teaches that the presence of the cyclic ester in EBMP is not a
problem, but rather an advantage, that it contributes to the scale inhibition properties
of the product and is responsible for the property of EBMP which gives rise to its
main commercial utility. The N-oxide of the cyclic ester has been specifically
claimed as a useful product. It is moreover believed that the cyclic ester is

hydrolysed, under normal conditions of use, in alkaline water.

We have now discovered that most of the foregoing assumptions or assertions
regarding EBMP and it cyclic ester are false:- The hydrolysis of EBMP cyclic ester
requires prolonged heating, e.g. for several hours at reflux in a substantial excess of
strong alkali, or for several days at temperatures below reflux, conditions which are
not encountered in the normal course of use of the product. We have further
discovered that the cyclic ester is substantially ineffective as a scale inhibitor and
confers no benefits on the commercial product, either in respect of scale inhibition or
compatibility with barium or calcium. Thus prolonged heating of normal commercial

EBMP in strong alkali, surprisingly, can almost double its effectiveness.
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Our invention therefore, according to one embodiment provides a scale inhibiting
composition for addition to aqueous systems which is prepared by heating a mixture
of EBMP and its cyclic ester in strongly alkaline agueous solution and which
comprises non-esterfied ethanolamine bis(methylene phosphonic acid) or a water
soluble salt thereof and less than 50% by weight based on the said non-esterfied
ethanolamine bis(methylene phosphonic acid) or salt thereof of a cyclic ester of
ethanolamine bis(methylene phosphonic acid). Preferably the proportion of cyclic
ester is less than 40%, more preferably less than 30%, especially less than 20%,

most preferably less than 15%, e.g. less than 10%, ideally less than 5%.

The invention according to a second embodiment provides a method of inhibiting
scale formation which comprises adding a scale inhibiting composition as aforesaid

to a potentially scale forming aqueous system.

According to a third embodiment the invention provides a method of manufacture of
a water treatment agent which comprises the step of heating a composition
comprising from 0 to 60% by weight EBMP based on the total weight of the
composition and from 40 to 100% by weight of EBMP cyclic ester based on the total
weight of the composition with from 3.5 to 10 molar proportions of alkali in agueous
solution at a temperature greater than 100°C for a time sufficient to hydrolyse at least
30% of the weight of said cyclic ester, preferably more than 50%, more preferably
more than 60%, especially more than 70%, e.g. from 80% to 95%.

Depending on the temperature and pH the reaction may require from about 4 hours
up to 4 days to complete. At reflux temperature we prefer to heat for from 2 to 10
hours, more usually 3 to 8 hours, preferably 3 to 6 hours. The pH should be greater
than 10, preferably greater than 11, more preferably greater than 12, most preferably

greater than 12.5, especially greater than 13, e.g. 13.5 to 15.

The temperature should preferably be 105 to 150, e.g. 110 to 130°C, and typically
reflux temperature, although use of an autoclave to achieve higher temperatures is
not excluded. Such higher temperatures may permit the use of shorter heating
times.
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The reaction mixture preferably has a total solid concentration greater than 20% by

weight, more preferably greater than 30% eg. from 40% to saturation.

The product is a highly effective scale inhibitor with particular applications in
preventing scaling in oil wells where formation waters contain very high levels of
alkaline earth metals and in particular barium, calcium and/or strontium. For
example such water usually contains more than 200mg per litre of alkaline earth
metal, often more than 500mg per litre and sometimes more than 1000mg per litre.

Concentrations above 2000 mg per litre are not unknown.

The great majority of scale inhibitors are ineffective to prevent or significantly inhibit
scale under such conditions. EBMP however is highly effective in such systems.
The pH of such systems is generally between 4.5 and 9, usually 5 to 8, e.g. 6 to 7.5.
Under these conditions there is no tendency for the cyclic component of EBMP to

hydrolyse.

The product may be added in concentrations of from 5 to 1000ppm, preferably 10 to
800ppm, more preferably 20 to 700ppm, especially 30 to 600ppm, e.g. 60 to
500ppm.

According to a fourth embodiment the invention provides an N-oxide of EBMP,
comprising less than 50% by weight, based on the weight of EBMP N-oxide of the N-
oxide of the cyclic ester.

According to a fifth embodiment the invention provides a method of making an
N-oxide of EBMP which comprises reacting hydrogen peroxide with a composition
according to said first embodiment or a product of the method of said third

embodiment.

The N-oxide is sensitive to the conditions required to hydrolise the cyclic ester and

the reaction with hydrogen peroxide should therefore be effected after hydrolysis.
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The reaction may be carried out in the presence of a catalyst such as sodium

bicarbonate and/or carbonate.

The preparation of the N-oxide is preferably carried out in a conventional manner by
reacting the amine with aqueous hydrogen peroxide. The peroxide may be present
in a substantially equimolar amount based on the amine or in a (preferably very
small) stoichiometric excess, e.g. in a ratio of from 1:0.9, amine to peroxide, to 1:1.1.

The excess of peroxide is preferably less than 0.05% based on the stoichiometric
weight.

The process is typically carried out in aqueous solution. Optionally, a non
phosphonate sequestrant such as EDTA may be used in the preparation which
prevents decomposition of the hydrogen peroxide by chelating the metal ions which
catalyse its decomposition. Alternative sequestrants include other chelating agents

such as pyrophosphate.

The reaction may be performed at elevated temperature, e.g. 20 to 50°C, preferably
30 to 40°C. Higher temperatures, e.g. up to 100°C may be used, but are preferably
avoided because of the risk of forming nitrosamines.

The N-oxides are useful as scale and corrosion inhibitors, and as sequestrants.
They may be used as cement setting retarders and as deflocculants, e.g. for

suspensions of kaolin, calcium carbonate or titanium oxide.

The invention is illustrated by the following examples:-

EXAMPLE 1
EBMP, prepared by reacting together ethanolamine, formaldehyde and

phosphorous acid in the presence of hydrochloric acid, contained 50% by

weight based on the total solids of cyclic ester.
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After boiling for five hours under reflux, at 120°C with 6.5 molar proportions of

sodium hydroxide in an aqueous solution containing 50% by weight total
solids and having a pH of 14, the composition comprised 94% by weight non-
“cyclic material based on the total weight of cyclic and non-cyclic.

The cyclic ester separated by crystallisation was compared with the original 50/50
mixture and with the product of the example in a scale inhibition test (tube blocking)
using water containing 800mg/l Ca as CaCos, 200mg/l magnesium, 800mg/l
bicarbonate (as calcium bicarbonate) at pH9, temperature 50° and at a dosage rate
of 30ppm by weight of solids. Th effectiveness is measured by the drop in pH. The
untreated solution gave a final pH of 7.27. The cyclic ester gave a pH of 7.57, which
was not a significant difference from the blank. The normal commercial 50/50
mixture gave a final pH of 7.80, the product of the example gave a final pH of 8.57
indicating a substantial improvement.

In conclusion the ring opened material obtained by treatment with strong alkali is

highly effective, as a scale inhibitor.

EXAMPLE 2
The product of example 1 is reacted with 1.04 mole % hydrogen peroxide at
40°C. 20% of the total addition of peroxide is first mixed with the EBMP and
stired for 30 minutes until the initial exotherm has subsided and the

remainder is added with stirring over 45 minutes and then maintained at
40°C for two hours.

The product is a highly effective sequestrant and scale and corrosion inhibitor.
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CLAIMS

A scale inhibiting composition for addition to aqueous systems which is
prepared by heating a mixture of EBMP and its cyclic ester in strongly alkaline
aqueous solution and which comprises non-esterified ethanolamine
bis(methylene phosphonic acid) or a water soluble salt thereof and less than
50% by weight based on the said non-esterified ethanolamine bis(methylene
phosphonic acid) or salt thereof of a cyclic ester of ethanolamine

bis(methylene phosphonic acid).

An N-oxide of EBMP, comprising less than 50% by weight, based on the
weight of EBMP N-oxide of the N-oxide of the cyclic ester.

A composition according to either of Claims 1 and 2 wherein the proportion of

cyclic ester is less than 20% by weight based on the weight of EBMP or
EBMP N-oxide, respectively.

A method of inhibiting scale formation which comprises adding a composition
according to either of Claims 1 and 2 to a potentially scale forming aqueous
system.

A method of manufacture of a water treatment agent which comprises the
step of heating a composition comprising from 0 to 60% by weight EBMP
based on the total weight of the composition and from 40 to 100% by weight
of EBMP cyclic ester based on the total weight of the composition with from
3.5 to 10 molar proportions of alkali in aqueous solution at a pH greater than
10 and at a temperature greater than 100°C for a time sufficient to hydrolyse

at least 30% of the weight of said cyclic ester.

A method according to claim 5 wherein the heating time is sufficient to

hydrolyse more than 70% by weight of said cyclic ester.
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A method according to claim 5 wherein the temperature is between 110°C and
130°C

A method according to claim 5 wherein the pH is greater than 12.
A method according to claim 8 wherein the pH is from 13.5 to 15.

A method according to claim 8 or 9 wherein the reaction mixture is refluxed for
2 to 10 hours.

A method according claim 4 wherein the composition is added to the aqueous
system in a concentration from 5 to 1000ppm.

A method of making an N-oxide according to claim 2 which comprises

reacting a composition according to claim 1 with hydrogen peroxide.
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