
EP 0122013 B1 Description This invention relates to polymeric additives for
water. Most industrial waters contain alkaline-earth metal cations, such as
those of calcium, barium and 5 magnesium, and several anions such as
bicarbonate, carbonate, sulphate, oxalate, phosphate, silicate and
fluoride. When combinations of these anions and cations are present in
concentrations that exceed the solubility of their reaction products,
precipitates form until these concentrations are no longer exceeded. For
example, when the concentrations of calcium ion and carbonate ion exceed
the solubility of calcium carbonate, a solid phase of calcium carbonate
will form. 10    Such concentrations are exceeded for various reasons, such
as partial evaporation of the aqueous phase, changes in pH, pressure and/or
temperature, and the introduction of additional ions that form insoluble
compounds which the ions already present in the solution. As these reaction
products are precipitated on the surfaces of the water-carrying system,
they form scale or deposits, accumulation of which prevents effective heat
transfer, interferes with fluid flow, 15 facilitates corrosive processes,
and harbours bacteria. Scale is an expensive problem in many industrial
water systems and causes delays and shutdowns for cleaning and removal.
Scale-forming compounds can be prevented from precipitating by inactivating
their cations with chelating or sequestering agents, so that the solubility
of their reaction products is not exceeded. Generally, this requires as
much chelating or sequestering agent as cation, since chelation is a 20
stoichiometric reaction, and these amounts are not always desirable or
economical. Almost fifty years ago, it was discovered that certain
inorganic polyphosphates would prevent such precipitation when added in
amounts far less than the concentrations needed for sequestering or
chelating. By "polyphosphates" is meant phosphates having a molar ratio of
metal oxide to P206 in the range 1:1 to 2:1. 25    When a precipitation
inhibitor is present in a potentially scale-forming system at a markedly
lower concentration than that required for sequesering (stoichiometric) the
scale-forming cation, it is said to be present in "threshold" amounts. See
for example, Hatch and Rice, "Industrial Engineering Chemistry", Vol. 31,
pages 51 to 53 (Jan. 1939); Reitemeier and Buehrer, "Journal of Physical
Chemistry", Vol. 44, No. 5, pages 535 to 536 (May 1940); and U.S. Patent
Specifications US-A-2,358,222 and US-A--2,539,305. 30     Generally,
sequestering takes place when the weight of the threshold active compound
is greater than that of the scale-forming cation components. Threshold
inhibition generally takes place at a weight ratio of 



threshold active compound to scale-forming cation components of less than
0.5:1.0. Certain water-soluble polymers, including groups derived from
acrylamide and acrylic acid have been used to condition water-containing
scale-forming compounds, for example, see U.S. Patent Specifications 35
US-A-2,783,200; 3,514,476; 2,980,610; 3,285,886; 3,463,730 and 3,518,204.
U.S. Patent Specification US-A-3,928,196 discloses the use of a copolymer
of 2-acrylamido-2- methylpropylsulphonic acid and acrylic acid in
inhibiting scale. U.S. Patent Specification US-A--3,879,288 discloses the
use of a polymer of fumaric and allylsulphonic acids in conjunction with
zinc sulphate as a scale and corrosion inhibitor in a water supply. 40
French  Patent Specification  FR-A-2,511,688  discloses  compositions
containing  certain aminocarboxylate chelating agents together with a
polymer of methacrylic and 2-acrylamido-2- methylpropanesulphonic acids and
their use in preventing scale formation in aqueous systems. U.S. Patent
Specification US-A--3,578,589 discloses mixtures of non-ionic surface
active agents and (meth)acrylic acid polymers of molecular weight 400 to
95,000 and their use as scale preventors (see Claim 45 1). Among the
surface active agents is nonylphenoxypolyethylene-oxyethanol. There is
however no suggestion that the (methlacrylic acid polymer should be a
copolymer containing a sulphonic acid group. U.S. Patent Specification
US-A-4,176,059 describes a scale preventor comprising soluble molybdate
ion, a surfactant, and possibly a polyacrylate. The present invention is
based on the discovery that an admixture of a water-soluble polymer so
comprising a carboxylic acid and a sulphonic acid, or their salts,
including the copolymer of U.S. Patent US-A-3,928,196, in combination with
a water-soluble polycarboxylate, an ethylene oxide derivative, a metal salt
and/for a sulphonate, has a greater effect than would be expected from the
sum of their separate effects, i.e. is synergistic. Our copending
application number 86110150.9 (EP-A-0 210 5901, which is divided out of the
present 55 application claims a method of inhibiting the formation of
insoluble alluvial, metal oxide and metal hydroxide deposits in an aqueous
system that is a cooling system, a reverse osmosis system, a desalination
plant or a gas scrubber, comprising adding to the water in the system at
least 0.1 mg/I of a water-soluble polymer comprising an unsaturated
carboxylic acid and an unsaturated sulphonic acid, or their salts, the
weight ratio of carboxylic to sulphonic acid being in the range 1:20 to
20:1, and at least one 60 phosphonate. The present Invention provides an
admixture comprising: (a) a water-soluble polymer having a weight-average
molecular weight of less than 25,000, as 



determined by low-angle-laser light scattering, and that comprises (i)
acrylic acid and/or methacrylic acid; and (ii) 2-acrylamido-2-methylpropyl
sulphonic acid and/or 2-methacrylamido-2-methylpropyl sulphonic 65 acid;
where the weight ratio of (i):(ii) is in the range from 1:20 to 20:1; and 2
EP 0122013  B1 flask tests were used with solutions stored for 24 hours at
constant temperature. The standard test conditions used were as follows:
Calcium    Calcium     Calcium 5
carbonate   sulphate   phosphate Calcium, mg/l       200         2000
200 Bicarbonate, mg/l   600          -          - to Sulphate, mg/I       -
4800         - Phosphate, mg/l      -           -           4 15
pH                 8.0-8.2       7.0         8.5 Temperature, [err]      65
65          60 Four flasks were used for each test; one for a control (no
inhibitor), one with the copolymer alone, one 20 with the other inhibitor
alone, and the last with both inhibitors. For all inhibitors, a level of
inhibitor was picked that by itself would give 0 to 50 percent inhibition
as determined by the following equation: [err] [err]=level of test species
initially; [err]=level of test species at end of control test; and ST=level
of test species at end of inhibitor test. 30    Calcium was used as the
test species in the calcium carbonate and calcium sulphate tests, and
phosphate was the test species in the calcium phosphate test. Synergism was
determined by comparing the percent inhibition obtained using both
inhibitors, each at the same level as used alone, with the sum of the
inhibition obtained using the inhibitors alone. The results are summarized
in Tables A, B and C. In each of the Tables, the Example number corresponds
to a particular combination of inhibitors, 



35 although the concentration varies from Table to Table. Examples 2D to
16D The synergistic effects of the AA/AMPS copolymer and other building
blocks for corrosion inhibition were determined in eight-litre test cells
using synthetic four-cycle Pittsburgh water at pH 7.5. The tests were 40
run for 7 days at a constant temperature of [err]. Two steel test coupons
(1 inchx2 inches, (25.4x 50.8 mm) were suspended on glass rods in each test
cell. The test solution was constantly agitated by a submersible pump and
air was constantly bubbled through the solution to keep it saturated. The
various test solutions were treated with the AA/AMPS copolymer and the
other building blocks, alone or with a combination of the copolymer and
another building blocks. Synergism was determined by 45 comparing the
corrosion rates obtained on the test coupons from the cells containing the
individual inhibitors with those from the cell containing the combination
of inhibitors. The results are summarized in Table D. 50 55 60 65 4    EP 0
122 013 B1 [err]    EP 0122013 B1 [err]    EP 0122 013 B1 



[err]    EP 0 122 013 B1 [err]    EP 0122 013 B1 The following Table
indicates in respect of which aspect the combination of each of the above
Examples demonstrates synergism. Example     [err]       [err]      [err]
Corrosion 5 1          X 2          X           X           X 10
3                      X           X 4                      X           X 5
X 15 6                      X           X          X 7
X 20                    8                       X           X 9
X 11                                  X 25 12
X 13                                  X 30                    14
X 15                                             X 16
X 



35 Example E 40 g of zinc ion was added to 8 iitres of Pittsburgh tap water
that had been concentrated 4 times. Ten experiments were run, five without
additive and five with 20 mg/l of 60/40 AA/AMPS. The temperature of the
test solutions was maintained at [err]. The pHs of the five solutions
without additive were 7.0,7.5, 8.0, 8.5 and 9.0, respectively. The pHs of
the five additive-containing solutions were likewise 7.0, 7.5, 8.0, 8.5 40
and 9.0, respectively. Samples were taken after one and three days from
each of the solutions. The samples were filtered and the zinc ion
concentration determined by atomic adsorption spectrometry. The results are
summarized in Table E. Both solutions at pH 9 contained 0.25 mg/I AMP to
prevent any [err] precipitation and interference at the high pH with the
zinc data. 45                                          TABLE E Initial zinc
concentration 5 mg/l in 4 cycle Pittsburgh [err]; [err] Zinc concentration
(mg/l) Zinc concentration (mg/l)      with 10 mg/I 60/40 50
without additive          AA/AMPS copolymer pH          Day 1         Day 3
Day 1         Day 3 7.0           4.1           4.5           4.5
4.8 55 7.5           3.8           4.4           4.8           [err] 8.0
0.90          0.65           4.6           4.7 60                8.5
0.30          0.25           4.5           4.9 9.0          0.25
0.30           4.6           4.6 1 88 mg/I [err], 24 mg/l Mg, 328 mg/l SO4,
70 mg/l [err], 40 mg/I [err]. 65 2 Values slightly elevated above 5 mg/l
due to a concentrating effect due to solution evaporation. 9    EP 0122 013
B1 Claims 1. An admixture comprising 



(a) a water-soluble polymer having a weight-average molecular weight of
less than 25,000, as 5 determined by low-angle-laser light scattering, and
that comprises (i) acrylic acid and/or methacrylic acid; and (ii)
2-acrylamido-2-methylpropyl sulphonic acid and/or
2-methacrylamido-2-methylpropyl sulphonic acid; where the weight ratio of
(i):(ii) is in the range from 1:20 to 20:1; and (b) at least one
water-soluble compound that is an alkylphenoxy poly(ethyleneoxy) ethanol, a
propylene-terminated ethylene oxide adduct, a polymer of maleic acid or
anhydride, a polyacrylic acid, a 10 phosphino carboxylic acid, a copolymer
of acrylamide and an acrylate, a copolymer of acrylic acid and
2-hydroxypropyl acrylate, a copolymer of maleic acid or anhydride and a
sulphonated styrene, a sulphonated polystyrene, a zinc salt or a molybdate
salt; in which the weight ratio of (a):(b) is in the range 1:50 to 50:1. 2.
An admixture as claimed in Claim 1, in which the weight ratio of (i):(ii)
lies in the range 1:4 to 4:1. 15    3. A method of inhibiting the
precipitation (including threshold inhibition, dispersion, solubilization,
and particle size reduction) of scale-forming salts in an aqueous system
that is a cooling system, a reverse osmosis system, a desalination plant or
a gas scrubber, comprising adding to the system at least 0.1 mg/I of an
admixture as claimed in Claim 1 or 2, in which ingredient (b) is other than
a zinc or molybdate salt. 4. A method of inhibiting the corrosion of the
metal in an aqueous system that is a cooling system, a 20 reverse osmosis
system, a desalination plant or a gas scrubber, comprising adding to the
system at least 0.1 mg/l of an admixture as claimed in Claim 1 or 2, in
which ingredient (b) is a zinc or molybdate salt. Patentanspruche 25    1.
Ein Gemisch, enthaltend (a) ein wasserlosliches Polymer mit einem mittleren
Molekulargewicht von weniger als 25.000, bestimmt durch
Engwinkel-Laserlichtstreuung, und welches enthalt (i) Acrylsdure und/oder
Methacrylsaure; und (ii) 2 - Acrylamido - 2 - methylpropylsulfonsiure
und/oder 2 - Methylacrylamido - 2 - methylpropylsulfonsire; wobei das
Gewichtsverhiltnis von (i):(ii) im Bereich von 1:20 bis 20:1 liegt; 30 und
(b) wenigstens eine wasserl6sliche Verbindung, die ein
Alkylphenoxypoly(ethylenoxy)ethanol, ein Ethylenoxidaddukt mit endstindigem
Propylen, ein Polymer von Maleinsaure oder Maleinsaureanhydrid, eine
Polyacrylsiure, eine Phosphinocarbonsiure, ein Copolymer aus Acrylamid und
einem Acrylat, ein Copolymer aus Acrylsaure und 2 - Hydroxypropylacrylat,
ein Copolymer aus Maleinsaure oder 35 Maleinsaureanhydrid und einem
sulfonierten Styrol, ein sulfoniertes Polystyrol, ein Zinksalz oder ein
Molybdatsalz ist; wobei das Gewichtsverhiltnis von (a):(b) im Bereich von
1:50 bis 50:1 liegt. 



2. Eine Mischung wie in Anspruch 1 beansprucht, in welcher das
Gewichtsverhiltnis von (i):(ii) im Bereich von 1:4 bis 4:1 liegt. 3. Ein
Verfahren zur Hemmung der Fillung (darunter Schwellenhemmung, Dispersion,
Solubilisierung 40 und Teilchengrdgenverringerung) von
Kesselstein-bildenden Salzen in einem wasserigen System, welches ein
KuhIsystem, ein Umkehrosmosesystem, eine Entsalzungsanlage oder ein
Gaswascher ist, umfassend das Zusetzen von wenigstens 0,1 mg/l einer
Mischung, wie sie in Anspruch 1 oder 2 beansprucht ist, in welcher der
Bestandteil (b) von einem Zink- oder Molybdatsalz verschieden ist, zu dem
System. 4. Ein Verfahren zur Hemmung der Metallkorrosion in einem
wasserigen System, das ein Kuhisystem, 45 ein Umkehrosmosesystem, eine
Entsalzungsanlage oder ein Gaswascher ist, umfassend das Zugeben von
wenigstens 0,1 mg/I einer Mischung, wie in Anspruch 1 oder 2 beansprucht,
in welcher der Bestandteil (b) ein Zink- oder Molybdatsalz ist, zu dem
System. Revendications 50 1. Melange comprenant: (a) un polymere
hydrosoluble ayant une masse mol6culaire moyenne en poids inferieure A
25.000, qu'on determine par diffusion de lumiere avec laser A petit angle
et qui comprend (i) un acide acrylique et/ou un acide methacrylique; et
(ii) I'acide 2 - acrylamido - 2 - methylpropyl - sulfonique et/ou l'acide 2
- 56 methacrylamido - 2 - methylpropyl - sulfonique; le rapport ponderal de
(i):(ii) etant dans l'intervalle de 1:20 A 20:1; et (b) au moins un compose
hydrosoluble qui est un alkylph6noxy - poly(ethyleneoxy)ethanol, un produit
d'addition d'oxyde d'ethylene a terminaison propyline, un polymere d'acide
maleique ou de son anhydride, un acide polyacrylique, un acide
phosphinocarboxylique, un copolymere d'un acrylamide et 60 d'un acrylate,
un copolymere d'acide acrylique et d'acrylate de 2-hydroxypropyle, un
copolymere d'acide ou d'anhydride mal6ique et d'un styrene sulfone, un
polystyrene sulfone, un sel de zinc d'un molybdate, le rapport pond6ral de
(a):(b) 6tant compris entre 1:50 et 50:1. 2. M6lange selon la revendication
1, dans lequel le rapport ponderal de (i) a (ii) est compris entre 1:4 et
4:1. 65    3. Procdde pour inhiber la precipitation (notamment l'inhibition
de seuil, la dispersion, la solubilisation 10   



* C   L.  N   S * EP 0122 013 BI et la reduction de la grosseur des
particules), des sels formant du tartre dans un systeme aqueux qui est un
systeme de refroidissement, un systeme d'osmose inverse, un atelier de
dessalement ou un epurateur de gaz, qui consiste 3 ajouter au systeme au
moins 0,1 mgAI d'un melange selon la revendication 1 ou 2 dans lequel
l'ingredient (b) est autres qu'un sel de zinc ou un molybdate. 5     4.
Proced6 pour inhiber la corrosion d'un m6tal dans un systeme aqueux qui est
un systeme de refroidissement, un systeme d'osmose inverse, un atelier de
dessalement ou un 6parateur de gaz, qui consiste 3 ajouter au systeme au
moins 0,1 mg/l d'un m6lange selon la revendication 1 ou 2 dans lequel
l'ingredient (b) est un sel de zinc ou un molybdate. 10 15 20. 25 30 35 40
45 50 55. 60 65    


