US 20080277620A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2008/0277620 A1

Kesavan et al. 43) Pub. Date: Nov. 13, 2008
(54) POLYSACCHARIDE BASED SCALE Publication Classification
INHIBITOR (51) Int.CL
(76) Inventors: Subramanian Kesavan, East CO7H 3/00 (2006.01)
Windsor, NJ (US); Gary CO2F 5/10 (2006.01)
Woodward, Northwich Cheshire COIK 8/52 (2006.01)
(GB); Floryan Decampo, Shanghai
(CN) (52) US.CL ....cvveennnne 252/175; 536/123.1; 507/211
Correspondence Address:
JERICHO B. PACHO (57) ABSTRACT
RHODIA INC.
CN 7500, 8 CEDAR BROOK DRIVE A depolymerized-carboxyalkyl polysaccharide formed by de
CRANBURY, NJ 08512 (US) polymerizing a polysaccharide having from 0.5 to 3.0 degrees
of substitution and reducing the molecular weight of said
ppl. No.: , polysaccharide before or after said depolymerizing provides
21) Appl. N 12/151,560 1 haride bef f id depol iz id
) a biodegradable scale inhibitor useful to prevent deposition of
(22) Filed: Jul. 7,2008 scale comprising, for example, calcium, barium, sulfate and

salts thereof. The depolymerized carboxyalkyl polysaccha-

ride is particularly useful in off shore oil production squeeze

(60) Provisional application No. 60/928,169, filed on May treatments and in the treatment of scale formed in industrial
8, 2007. water treatment.

Related U.S. Application Data

Barium sulfate Inhibition after 2h vs Mw for guar 1.6 DS

120.00

100.00

80.00

% Inhibition ’

o ‘-“--~\-\-

40.00 // "\\\
20.00

0.00 _
1000 10000 100000 1000000

Mw (g / mol)

" [~ 25ppm ——50ppm —&—250ppm




Patent Application Publication  Nov. 13,2008 Sheet 1 of 3 US 2008/0277620 A1

120.0
- Guar A _ =2 ppm
G B (AR
100.0 :Jar“ X Q* ..-'_.' =10 ppm
P f ’ =25 ppm

% Inhibition
3

H
o
o

0 10000 20000 30000 40000 50000 60000 70000 80000
Average Mw (g / mol)

% Inhibition of calcium carbonate vs. Mw of guar 1.6 DS

FIGURE 1



Patent Application Publication  Nov. 13, 2008 Sheet 2 of 3 US 2008/0277620 A1

100.0

90.0

70.0 /

60.0 1

N\
N
o

% Inhibition
8
=3

40.0

30.0

20.0

10.0

00 +—4J} . ; . : .
0 10000 20000 30000 40000 50000

Mw (g / mol)

I-O-First run =O==Second run ==»=Third run === Average of 3 runs—|

% Inhibition of calcium carbonate vs. Mw of guar 1.6 DS at 10ppm active

FIGURE 2



Patent Application Publication  Nov. 13,2008 Sheet 3 of 3 US 2008/0277620 A1

Barium sulfate Inhibition after 2h vs Mw for guar 1.6 DS

120.00

100.00

80.00

YR N

1000 10000 100000 1000000
Mw (g / mol)

" [~9—25ppm —f50ppm —A 250ppm

FIGURE 3



US 2008/0277620 Al

POLYSACCHARIDE BASED SCALE
INHIBITOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from U.S. Provi-
sional Patent Application Ser. No. 60/928,169, filed May 8,
2007.

FIELD OF THE INVENTION

[0002] This invention relates to scale and corrosion inhibi-
tors for use in the prevention of scale on equipment that is
exposed to water. The present invention will be described
herein with particular reference to a composition and method
for preventing scale and corrosion during oil extraction. Even
more particularly the present invention relates to a composi-
tion, process of making said composition, and a method use-
ful for squeeze treatment of oil wells in oilfield applications.

BACKGROUND OF THE INVENTION

[0003] Scaling is a problem that is commonly encountered
wherever minerals are dissolved in water. It is a serious prob-
lem in aqueous systems, such as cooling water systems; water
purification systems; boilers; desalination plants; gas scrub-
bing; steam generators; dishware and hard surface cleaning;
gas and oil production processes, such as topside and down-
hole applications, sub-sea flow lines, umbilical lines, capil-
lary strings, gravel packs, functional fluids used in oil pro-
duction; paper processing; sugar refining; mining (heap
leaching); and geothermal wells.

[0004] In the case of industrial water treatment, such as
cooling systems and boilers, the formation of scale is depen-
dent on the characteristics of the water, such as, hardness, pH,
temperature and the concentration. In these systems stability
to oxidizing biocides, such as bleach (sodium hypochlorite/
hypobromite), is very important. In addition, because the
cooling water reaches the environment, generally via streams,
rivers, oceans and other waterways, the environmental profile
of scale inhibitors has becoming increasingly regulated.
[0005] Inoilfield production, water is heavily used in the oil
extraction systems. For example, the water is injected under
pressure into an oil reservoir that contains what is generally
known as formation water. The pressurized water forces sub-
surface oil and formation water into nearby production wells.
Formation water is usually hard water that contains various
scale forming polyvalent metal cations, such as barium, cal-
cium and magnesium. Under certain conditions these metal
ions form insoluble salt deposits or scale in processing equip-
ment n.

[0006] For offshore oil or gas production, seawater is often
used as the injection water for extracting oil. Seawater con-
tains sulfate and carbonate anions. When seawater and for-
mation water come together, the sulfate or carbonate for
example from seawater reacts with barium and/or calcium
formation water to form insoluble salts, such as barium sul-
fate, calcium sulfate and calcium carbonate. The insoluble
salt deposits or scale readily form on pipes and other produc-
tion equipment. Sometimes, the formation water may also
contain radioactive materials that are incorporated in the
scale.

[0007] Scale formation can be mitigated or controlled by
several methods. For example, calcium carbonate scale can
be treated by adding an acid or CO,. However, acid addition
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can cause increased corrosion and large quantities of acid
may be needed to lower the pH sufficiently. As such, this
process may be economically unattractive. Equipment can be
periodically chemically or mechanically cleaned to remove
scale.

[0008] The formation of deposits can be prevented by the
use of chemical compounds referred to as “scale inhibitors.”
Scale inhibitors are substances that significantly reduce the
formation of scale, partly by inhibiting crystallization and/or
retarding the growth of scale forming minerals when applied
in sub-stoichiometric amounts. Currently, scale is often
treated by the addition of sub stoichiometric levels of water
soluble organic scale inhibitors in the 1-500 ppm dosage
range. These scale inhibitors are often referred to as threshold
scale inhibitors, i.e. there is a threshold dose level below
which they do not inhibit scale formation. This limit is often
referred to as the minimum inhibitor concentration (MIC).
[0009] In order to deliver a required scale inhibitor into an
oil production well a squeeze treatment is often performed.
This is a method in which a scale inhibitor solution is pumped
directly into a formation, often via the production well. An
over flush of sea water is used to push the inhibitor further into
the formation and into the region around a production well.
When oil is subsequently produced, scale inhibitor is released
into the water which is produced with the oil.

[0010] Clearly some degree of adsorption onto the forma-
tion rocks is required so that the inhibitor is released slowly.
Inhibitors used in oilfield applications must be stable down-
hole to high temperatures and they must be compatible with
seawater and the formation water present in the oil formation.
The lifetime of the squeeze treatment is the time that it takes
for the inhibitor in the produced water to drop below the MIC.
Any produced water is either re-injected or eventually
reaches the environment, so the environmental profile of the
inhibitor is very important and there is a growing need for
biodegradable scale inhibitors.

[0011] Well known organic scale inhibitors, used in mul-
tiple applications, are typically polymeric e.g. polyacrylates,
polymaleates, poly sulfonates, or small molecules, such as
phosphonates and bisphosphonates.

H,0;P COOH
H,C PO;H,
HOOC HO PO;H,
HEDP
COOH
PBTC
/_ POzH,
Ne— PO3H,
\—PO,H,
AMP
[0012] These products are not readily biodegradable and as

environmental concerns become more important chemicals
such as scale inhibitors, are increasingly scrutinized and leg-
islated. Currently, preferred phosphonates and bisphospho-
nates include PBTC, HEDP, AMP and diethylenetriamine
methylene pentaphosphonate.

[0013] One drawback to the polymers and phosphonates
described hereinabove is that they are not readily biodegrad-
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able. They generally are less than 60% biodegradable in 30
days. Furthermore, the currently available HEDP and AMP
phosphonates based products are not stable against oxidizing
biocides such as bleach.

[0014] There have been several attempts to provide
improved “eco-friendly” or environmentally safe biodegrad-
able scale inhibitors. Well known industrial eco-friendly scale
inhibitors, include various polyaspartates and inulin.

[0015] Bain, Fan, Fan and Ross describe a thermal polyas-
partate for use as a biodegradable scale inhibitor. (D. Bain, G.
Fan, J. Fan and R. Ross “Scale and Corrosion Inhibition by
Thermal Polyaspartates™, Corrosion/99 paper 120, NACE
1999). However, the proposed thermal polyaspartate does not
perform well, particularly under severe scaling conditions
such as that of production wells.

[0016] Kohler, Bazin, Zaitoun and Johnson propose the use
of certain Polyaspartates or Carboxy Methyl Inulin (CMI) as
a biodegradable scale inhibitor. (N. Kohler, B. Bazin, A.
Zaitoun, T. Johnson “Green Inhibitors for Squeeze Treat-
ments: A Promising Alternative”, Corrosion/04 paper 4537,
NACE 2004) However, the proposed CMI and polyaspartates
do not work as well as other non-biodegradable inhibitors and
neither product is fully biodegradable.

[0017] Overall, the known polyaspartates and inulin are not
highly active and require huge doses to perform at an accept-
able level. Accordingly these known polyaspartates and inu-
lin are not very cost effective when compared to current
non-biodegradable products. Thus, there is a widely-recog-
nized need in the oilfield and water treatment industries for
new cost effective biodegradable scale inhibitors, capable of
operating under severe scaling conditions.

[0018] A common practical problem is that such biode-
gradable inhibitors do not exhibit sufficient thermal stability
in use. Even where scale inhibitors are highly cost-effective,
further constraints are imposed by the need for them to be
thermally and hydrolytically stable, safe for operators to use,
environmental friendly and compatible with high levels of
scaling cations and other chemicals that may be added to the
system, such as corrosion inhibitors, both non-oxidizing and
oxidizing biocides and demulsifiers.

SUMMARY OF THE INVENTION

[0019] In one aspect, the present invention is a method of
manufacturing a depolymerized carboxyl alkyl guar having a
degree of substitution of up to 3 carboxylic groups per sugar
unit for use as a scale inhibitor

[0020] Inanotheraspect,the present invention is a modified
polysaccharide that is effective at inhibiting various scale
formations. In still yet another aspect, the invention is a
method of manufacturing a polysaccharide based scale
inhibitor by selecting an optimal molecular weight and
degree of substitution range for scale inhibition to.

[0021] In another aspect, the invention is a method of
manufacturing a polysaccharide based scale inhibitor com-
prising the steps of varying the degree of substitution and
reducing the molecular weight of a polysaccharide via oxi-
dation, enzyme reduction, acid reduction, ionizing radiation,
or electronic beam radiation, whereby one or more carboxy-
alkyl groups is formed on said polysaccharide before or after
reducing said molecular weight.

[0022] Inyet another aspect, the invention is a polysaccha-
ride based scale inhibitor comprising a polysaccharide having
a substitution between 0.5 and 3.0 and a molecular weight up
to 500,000
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[0023] The present invention in yet another aspect is a
biodegradable polysaccharide based scale inhibitor whereby
said scale inhibitor is stable under various temperatures.
[0024] There is also provided a method for inhibiting scale
in a production well comprising injecting down a well an
aqueous fluid comprising a biodegradable polysaccharide
having a degree of substitution between 0.5 and 3.0 and a
molecular weight up to 500,000; wherein adding an effective
amount biodegradable polysaccharide prevents or reduces
scale in said production well.

[0025] It is a further object of this invention to provide a
biodegradable scale inhibitor having improved scale removal
at high temperatures.

[0026] It is still another object of the present invention to
provide a scale inhibitor that can be formulated with a rela-
tively low level of a biodegradable polysaccharide for cost-
effective performance.

[0027] It is a further object of the present invention to
provide methods of treating scale or corrosion in subterra-
nean wells comprising the steps of first squeezing a biode-
gradable polysaccharide scale inhibitor of the invention into a
reservoir section surrounding a well and second recycling
said scale inhibitor through the well with formation fluids.
[0028] Another object of the invention is to provide a scale
inhibitor comprising a biodegradable polysaccharide having
a high tolerance to organic/inorganic salts, such as KCl, tet-
ramethyl ammonium chloride (TMAC), Ca*>* and Mg>* ions.
[0029] Yet another object of the invention is to provide a
biodegradable polysaccharide based scale inhibitor that is
stable against oxidizing biocides such as bleach.

[0030] Still yet another object of the invention is to provide
a biodegradable polysaccharide based scale inhibitor that is
thermally and hydrolytically stable.

[0031] Still another object of the invention is to provide a
polysaccharide based biodegradable scale inhibitor effective
in severe scaling conditions.

[0032] These and other objects of the invention will readily
be apparent to those skilled in the art as reference is made to
the detailed description of the preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a graph showing the percentage inhibition
of calcium carbonate versus the weight average molecular
weight of guar 1.6 DS.

[0034] FIG. 2 is a graph showing the percentage inhibition
of calcium carbonate versus the weight average molecular
weight of guar 1.6 DS at 10 ppm for different runs.

[0035] FIG. 3 is a graph showing barium sulfate inhibition
after 2 hours versus the weight average molecular weight of
guar 1.6 DS.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The present invention concerns novel functional-
ized polysaccharide based scale inhibitors comprising depo-
lymerized carboxyalkyl polysaccharides from 0.5 to 3 car-
boxylic groups per sugar unit formed by a process of
depolymerizing a polysaccharide, particularly a carboxyalkyl
polysaccharide. The polysaccharide may be further deriva-
tized with alkylcarboxy groups after the molecular weight has
been reduced.

[0037] Preferred polysaccharides in accordance with the
invention are derivatized polygalactomannans. More prefer-
ably the polysaccharides in accordance with the invention are
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carboxyalkyl derivatized polygalactomannans having a
degree of substitution of between about 0.5 and about 3.0.
Particular levels of degree of substitution may be preferred for
particular scales and applications.

[0038] As used herein, the term “degree of substitution”
means the average substitution of functional groups per anhy-
dro sugar unit in the polygalactomannan gums. In guar gum,
the basic unit of the polymer consists of two mannose units
with a glycosidic linkage and a galactose unit attached to a
hydroxyl group of one of the mannose units. On the average,
each of the anhydro sugar units contains three available
hydroxyl sites. A degree of substitution of three would mean
that all of the available hydroxyl sites have been esterified
with functional groups. A particularly preferred functional
group is the carboxymethyl group. Good results have been
obtained with starting materials having a degree of substitu-
tion of between about 0.5 and about 3.0. and more preferably,
materials having a degree of substitution ranging from about
0.5 to about 2.0.

[0039] In one embodiment of the invention a preferred
derivatized polygalactomannan has a general formula (I):

(0):4
X0
(0]
X0
0X O (0):4
*,
X0
0 Ofo -Q |
X0 OXo
n
X=Hor —R—COOH
[0040] wherein a degree of substitution of 3 would refer to

all three X groups per ring being derivatized. R is preferably
C,-C,, linear, branched or substituted alkyl, with hetero
atoms such as, for example, amine, carboxy, ether, alcohol or
thio functionalities. Alternatively, R may be C, to C,, aryl or
C, to C,, substituted aryl group.

[0041] Polygalactomannans are naturally occurring
polysaccharides composed principally of galactose and man-
nose units and are usually found in the endosperm of legumi-
nous seeds, such as guar, locust bean, honey locust, flame
tree, and the like. Guar flour, for example, is composed mostly
of'a galactomannan that is essentially a straight chain mannan
with single membered galactose branches. The mannose units
are linked in a 1-4-.beta.-glycosidic linkage and the galactose
branching takes place by means of a 1-6 linkage on mannose
units in an irregular manner. The ratio of galactose to man-
nose in the guar polymer is about one to two.

[0042] As will be known to those skilled in the art, the guar
endosperm is commonly referred to as “purified splits”,
“double purified splits” or “triple purified splits” depending
upon the degree of purification. “Purified splits” are obtained
by mechanical separation of the endosperm from the hull and
germ of the guar seed in as pure and intact a form as possible
with no other processing steps. Repeating the process pro-
duces double purified splits. Repeating the process again
produces triple purified splits. Splits are then ground into guar
powder. Preferred forms of carboxyalkyl polysaccharide
include raw splits, powder or solution.

Nov. 13,2008

[0043] Locust bean gum is also a polygalactomannan gum
of similar molecular structure in which the ratio of galactose
to mannose is one to four. Guar and locust bean gum are the
preferred sources of the polygalactomannans, principally
because of the commercial availability thereof.

[0044] In use the polygalactomannan may be either in its
natural state (i.e., pure guar gum or locust bean gum) or may
be derivatized. Derivatized polygalactomannans include one
or more non-ionic and/or ionic groups. Examples of the types
of functional groups involved in producing the derivatives
include hydroxyalkyl groups, carboxyl group, carboxyalkyl
groups, quaternary ammonium groups, sulfonate groups,
cyanoalkyl groups, phosphate groups, siloxane groups and
the like having varying degrees of substitution and molecular
substitution. Specific examples of such polygalactomannans,
include hydroxypropyl guar, hydroxyethyl guar, carboxym-
ethyl guar, carboxymethyl hydroxypropyl guar, guar hydrox-
ypropyltrimonium chloride and the like having varying
degrees of substitution and molar substitution. Such deriva-
tized polygalactomannans are sold by Rhodia, Inc. under the
trade names Jaguar 8000, Jaguar 8710 and Jaguar 8600. Many
commercially available starting guar materials may contain
small amounts of additives such as borax, glyoxal and the
like. These starting materials are expressly intended to con-
stitute part of the present invention.

[0045] Alternative polysaccharide materials which may be
selected as the starting material include starches, celluloses
and xanthan gum. Examples of starches include both natural
and modified starches, such as dextrinated, hydrolyzed, oxi-
dized, cross-linked, alkylated, hydroxyalkylated, acetylated,
or fractionated (e.g., amylose and amylopectin). The starch
may be of any origin, for example, corn starch, wheat starch,
potato starch, tapioca starch, sago starch, rice starch, waxy
corn starch or high-amylose corn starch.

[0046] Examples of celluloses include hydroxyethyl cellu-
lose, hydroxypropyl cellulose, cellulose gum, carboxymethyl
cellulose and alkyl celluloses. Similar to the polygalactoman-
nans, these derivatized materials may have a degree of sub-
stitution and/or molar substitution ranging from about 0.0 to
about 3.0.

[0047] Still other polysaccharides which may be selected as
a starting material include polydextrose, chitin/chitosan and
derivatives thereof, alginate compositions, carageenan gum,
pectin, gum karaya and gum arabic.

[0048] The depolymerized carboxyalkyl polysaccharide
may be manufactured in a single or multi step process com-
prising of at least one derivitization stage and one depolymer-
ization stage. The present invention is not limited to any
particular order or number of processing steps, the depoly-
merization and carboxyalkylation steps can be carried out
concurrently. Depolymerization can be carried out using any
suitable depolymerization process as is well know in the art.
Depolymerization may occur using solution or carboxyalkyl
polysaccharide powder or in the case of underivatized
polysaccharide also on the raw polysaccharide splits. For
example depolymerization may also be performed by spray-
ing hydrogen peroxide or other oxidizers on carboxyalkyl
polysaccharide powder, as shown in U.S. Pat. No. 6,884,884
by Jesse Magallanes et al. assigned to Rhodia, Inc. and which
is herein incorporated by reference in its entirety.
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[0049] Further examples of depolymerization methods to
reduce the molecular weight include, by radiation (including
ionizing, ultraviolet and electron beam), chemical (including
acids and oxidized hydrogen peroxide) or enzyme reduction.
The present invention is not limited to these methods.
[0050] In a preferred embodiment of the invention the
molecular weight of the carboxyalkyl polysaccharide is
reduced by heating the polysaccharide in the presence of
hydrogen peroxide.

[0051] The applicants have discovered that there is a range
of molecular weight and degree of substitution which may be
determined to achieve optimum performance as an effective
scale inhibitor. The method of the invention allows for inde-
pendent control of the molecular weight and the degree of
substitution. Experiments have shown that for barium sulfate
scale inhibition there is optimum performance obtained with
adegree of substitution of 1.6 and a weight average molecular
weight range around or below 500,000.

[0052] The depolymerized carboxyalkyl polysaccharides
of'the invention are effective for the inhibition of scale caused
by metal carbonates and basic carbonates, particularly those
of' metals of Group IIA of the Periodic Classification, as well
as scale caused by carboxylate, fluoride, hydroxide, phos-
phate, phosphonate, silicate and sulfate. BaSO4, SrSO4,
SrCO3, CaCO3, Mg(OH)2, CaSO4, CaF2, ZnS, FeS, PbS,
NaCl, calcium phosphate, silicate, silica, Scale inhibitors of
the invention may be useful in aqueous based functional
fluids such as hydraulic fluids, lubricants, cutting fluids and
oilfield drilling mud.

[0053] In particular, the depolymerized carboxyalkyl
polysaccharides of the invention may be used in squeeze
treatments. They are especially effective in preventing barium
sulfate scale. For example, in oil extraction the pipe or well is
typically flushed out with aqueous surfactant to provide a
water wettable surface and then impregnated with a solution
comprising an inhibitor. The calcium salt may be formed in
situ either by calcium in the deposits where the latter com-
prises limestone, or by prior or subsequent treatment of the
pipe or well with an aqueous calcium salt, for example, where
the deposits comprise sandstone.

[0054] Effective concentrations of oxidized carboxyalkyl
polysaccharides may typically range from 1 to 500 ppm,
preferably 1.5 to 20 ppm, and more preferably 2 to 10 ppm.
For oilfield scale prevention where barium sulfate is a prob-
lem, concentrations in the range 5 to 200 ppm, preferably 8 to
25 ppm, and more preferably 10 to 20 ppm are optimal.
[0055] Depolymerized carboxyalkyl polysaccharides scale
inhibitors according to the invention may be used in combi-
nation with one another or in conjunction with other water
treatment agents, including surfactants, such as anionic sur-
factants (for example, C,, ,, alkyl benzene sulphonates, C,,_
20olefin sulphonates, C,,_,, alkyl sulfates, C,,_,, alkyl 1to 25
mole ether sulfates, C,, ,, paraffin sulphonates, C,,_,, soaps,
C, .20 alkyl phenol sulfates, sulphosuccinates, sulphosucci-
namates, lignin sulphonates, fatty ester sulphonates, C,,
alkyl phenol ether sulfates, C,,_,, alkyl ethanolamide sul-
fates, C, 5 alpha sulphofatty acid salts, C, ,_,, acyl sarcosi-
nates, isethionates, C,, ,, acyl taurides, C,,_,, alkyl hydro-
gen phosphates); non-ionic surfactants (for example,
ethoxylated material or synthetic C.sub.8-25 alcohols,
ethoxylated fatty acids, ethoxyl/propyleneoxy block copoly-
mers, ethoxylated fatty amines, mono- and di-alkanolamides,
amine oxides and C, ,_,, acyl sorbitan and/or glyceryl ethoxy-
lates); amphoteric surfactants (for example, betaines, sulpho-
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betaines, and/or quaternized imidazoline); or cationic surfac-
tants (for example, benzalkonium salts, C , ,, alkyl trimethy]
ammonium salts, and/or C,, ,, alkyl trimethyl or tris (hy-
droxymethyl) phosphonium salts); sequestrants, chelating
agents, corrosion inhibitors and/or other threshold agents (for
example, sodium tripolyphosphate, sodium ethylenediamine
tetracetate, sodium nitrilo triacetate, tetra potassium pyro-
phosphate, acetodiphosphonic acid and its salts, ammonium
trismethylene phosphonic acid and its salts, ethylenediamine
tetrakis (methylene phosphonic) acid and its salts, diethylen-
etriamine pentakis (methylene phosphonic) acid, hexameth-
ylenediamine tetrakis (methylene phosphonic) acid, bishex-
amethylenetriamine pentakis (methylene phosphonic) acid
and ethanolamine bis(methylenephosphonic) acid and its
salts); tolyltriazole and mixtures of nitrate, benzoate, HHP
and/or PTCB) biocides (for example, tetrakis (hydroxym-
ethyl) phosphonium salts, formaldehyde glutaraldehyde);
oxidizing biocides and/or bleaches (for example, chlorine,
chlorine dioxide, hydrogen peroxide, sodium perborate);
foam controlling agents such as silicone antifoams, acety-
lenic diols; 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; or other water treatment agents such as polymeric
dispersants and coagulants including polymaleic, polyacrylic
acids, and polyvinylsulphonic acids, polyacrylic acid salts,
and polyvinylsulphonic acid salts, starches and/or carboxy
methyl cellulose and molybdates.

[0056] The invention provides formulations comprising an
effective amount of a depolymerized carboxyalkyl polysac-
charide of the invention and any of the aforesaid known water
treatment agents. Such formulations may, for example, con-
tain from 5 to 95% by weight of a depolymerized carboxy-
alkyl polysaccharide of the invention and from 5 to 90% by
weight of one or more of any of the aforesaid water treatment
agents.

[0057] Scale inhibitors according to the present invention
have been found to be particularly effective for scale inhibi-
tion in water containing upwards of 4000 ppm alkaline earth
metal ions, generally expressed as ppm calcium carbonate.
The present invention also provides a method of treating
water, said method comprising the addition thereto of an
effective amount of an inhibitor according to the present
invention, as hereinbefore described.

[0058] The water may be, for example, cooling water, oil-
field water, water used in paper manufacture, water in a
hydraulic system, water in a desalination system (including
membrane process and evaporative process desalination sys-
tems), boiler water, geothermal water or water in an irrigation
system.

[0059] Not only is the depolymerized carboxyalkyl
polysaccharides scale inhibitor of the invention superior in
terms of cost because of its use of inexpensive polysaccha-
rides and oxidizing agents as well as the ease of performing
depolymerization and molecular weight reduction, but it is
also highly effective against a broad variety of scale. The
depolymerized carboxyalkyl polysaccharides of the inven-
tion also exhibit excellent stability characteristics, particu-
larly thermal stability. Under optimum conditions of use, the
inhibitors according to the present invention are biodegrad-
able and environmentally safe.

[0060] The invention is illustrated by the following non-
limiting examples.


















