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INHIBITION OF INORGANIC OR BIOLOGICAL t
CACO3 DEPOSITION BY SYNTHETIC F
P O LY S A C C H A R I D E D E R I VAT I V E S c

5 i

Work for the present invention was supported in part c
by a grant from the U.S. Department of Commerce,
National Oceanic and Atmospheric Administration.

BACKGROUND OF THE INVENTION ,0
1 . F i e l d o f t h e I n v e n t i o n '
This invention relates generally to the subject matter t

of inorganic and biological CaCOs formation. More t
particularly, it relates to the inhibition of OCOs-con- t
taining deposits by synthetic polysaccharide deriva- 15 <
tives. These derivatives have been found effective for <
the inhibition of the formation of inorganic or biological <
CaCOj-containing deposits on a surface with which 1
t h e y a r e c o n t a c t e d . j

2 . Descr ip t ion o f the Pr io r Ar t : 20 I
Control of CaCOj-encnLStration and growth of calci- i

fying organisms on surfaces in marine environments has
long been recognized as a potentially solvable problem. (
By preventing or slowing the occurrence of these "foul
ing" substances in organisms, the useful lifetime of sur- 25
faces such as hulls of ships and pilings of docks can be
increased. In the case of hulls of ships, prevention of
fouling also has the effect of allowing the ship to move
more efficiently through the water.

Historically, the problem has been approached by 30
impregnating or coating surface with compounds thatinterfere with the metabolism of fouling organisms. For
example, the use of inhibitors of carbonic anhydrase, an
enzyme often involved in calcification, has been sug
gested for such use (Costlow, J. D., Physiol. Zoology, 35
32:177 (1959). More recently, inhibitors of the enzyme
polyphenol oxidase, also involved in the calcification
process have been shown effective as anti-fouling com
pounds (Turner, R. D., Symposium on Marine Biodete-
rioration. Naval Institute Press. Washington, D.C.). 40
Less specific metabolic inhibitors, such as organotin
compounds, are also being applied (Good, M. L., Sym
posium on Marine Biodeteroration, supra).

In addition, CaCOs crystal growth occurs abiotically
in most natural solutions leading to unwanted calcified 45
deposits. For example, scale builds up anywhere in the
sea where nucleation occurs, because sea water is super
saturated with respect to CaCOs by a factor of 5 to
10-fold, allowing crystal growth to proceed spontane
ously (Stumm. W.. and Morgan, J. J., Aquatic Chemis- 50
try, John Wiley and Sons, Somerset, N.J. (1981)). Inor
ganic scales are also often encountered as unwanted
deposits in pipes and boilers where supersaturation becomes a problem due to evaporative concentrations of
ions. Carboxylaies. such as NTA, ethylene diamine 55
tetraacetate (EDTA) and gluconates have been used to
retard or inhibit the precipitation of supersaturated
solutions of calcium carbonate, although somewhat
high concentrations are needed for these compounds to
act as effective inhibitors. He.xametaphosphate, at 1--10 60
ppm concentration was found to retard scaling leadingto the widespread use of polyphosphates as scale inhibi
tors in municipal and industrial water systems. (Mon-
santo's Technical Bulletin No. IC/SCS-323, Dequest
2010 Phosphonate).

In recirculating cooling water systems, calcium car
bonate is generally the predominant sealant. Since cool
ing towers are efficient air scrubbers, this circulating

water is saturated with CO2, establishing an equilibrium
between bicarbonate and carbonate in solution. As the
pH of the water rises, this equilibrium shifts towardscarbonate. Heating also produces a shift in the dissolved
inorganic carbon equilibrium to the right, producing
c a l c i u m c a r b o n a t e :

C a - + + 2 H C O 3 C02 -f- H20

Finally, calcium carbonate shows an inverse solubility
trend, being less soluble at higher temperatures. All of
these factors tend to produce scaling on critical heat-
transfer surfaces which reduces the heat transfer effi
ciency, increases frequency of required cleaning and
decreases the life of the system. Several of the inhibitors
of the precipitation of calcium carbonate show the pho-
nomenon of a threshold effect, e.g., the prevention of
precipitation from supersaturated solutions of sealants
by substoichiometric levels of inhibitors. Present mechanistic theories postulate that the threshold agent is
absorbed on the growth sites of the sealant crystallite
during the process of crystallization and alters the
growth pattern so that the resultant secant crystals are
formed more slowly and are highly distorted, (Reddy
M. M., and Nancollas, G. H., Desalination 12:61
(1973)).

A speculative model of organic matrix structure and
function, based primarily on aspects of mollusk shell
proteinaceous matrix biochemistry, as well as a briefreview of the proteinaceous organic matrices from vari
ous other phyla was presented by Weiner, S., Traub,
W., and Lowenstam, H. A., "Organic Matrix in Calci
fied Exoskeltons", in Biomineralization and Biological
Metal Accum., pp, 205-224 (1983), Westbroek and De
Jong, Eds., Reidel Publishing Co., incorporated herein
by reference. Further characterization of the various
matrical components, such as the soluble matrical frac
tion containing glycoprotein components can be found
in Krampitz, G., Drolshagen, H., Hausle, J., and Hof-
Irmscher, K, "Organic Matrices of Mollusk Shell", in
Biomineral, and Biol. Metal Accum., supra, pp. 231-247
(1983), incorporated herein by reference. Calciumbind-
ing, sulfated, high molecular weight glycoproteins havebeen identified in the soluble matrix of several species.
In addition, this soluble fraction may also contain a
number of smaller molecular weight glycoprotem com
ponents (Weiner, S., Lowenstam, H. A., and Hood, L.
J., J. Exp. Mar. Biol. Ecol., 30:45-51 (1977)). A further

I characterization of the amino acid sequence of soluble
mollusk shell protein by peptide analysis afrer cleavage
of the proteins on both sides of the Asp rwidu ,̂
showed a pattern of repeating sequence of aspartic acids
separated by either glycine or serine in an alternative

) manner with Asp. The repeating sequence observed is
of the form (Asp-Y)«-type. where Y is a single ammo
acid. The natural proteinaceous matrix of almost all
mineralized tissues studied to date (both vertebrates and
invertebrates) contain proteins which are enriched in

D aspartic acid (Asp) and/or glutamic acid (Glu) (Veis.
A., and Perry A., Biochemistry 6:2049 (1967)); Shutt-
lewroeth. A., and Yeis. A.. Biochem. Biophys. Acta,
257:414 (1972)).

The (Asp-Y)rt-type sequence was hypothesized to be
5 present in the organic matrices from a variety of mollus-

can species, such as Crassosrrea virginicia, yfercenaria
mercenaria,. Crassostrea irredescens and Nautilus pom-
pilius. and it was suggested that these sequences played
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a function as a template for mineralization, although
X-ray diffraction studies showed that there was a poor
march between the Ca-Ca distances in the crystal lattice
and the potential calcium-binding sites along the
polypetide chain for this sequence (Weiner S., and
Hood Lm Science 19; 987 (1975); Weiner S., in The
Chem. and BioL of Mineral Connective Tissues. Veis A.,
ed., pp. 517-521, Elsevier North Holland, Inc. (1981);
and Weiner S., and Traub'W., in Struct. Asp. of Recog.

Bosch, L.. Eur. J. Biochem. 99:559-567 (1979). incorpo
rated herein by reference).

Sikes. C. S., and Wheeler, A. P., in concurrently filed
and co-pending application entitled "Inhibition of Inor
ganic and Biological CaCO} Deposition by a Polysac
charide Fraction Obtained from CaC03-forming Or
ganisms" incorporated herein by reference, disclose a
method of inhibiting the formation of CaCOs-contain-
ing deposits by applying a polysaccharide-containing

and Assembly in BioL Mascromoiec. Balaban, N., Suss- 10 fraction, substantially free of protein components, iso-
man, J. L., Traub, W., and Yonath, A., eds., pp. 467-482
(1981), incorporated herein by reference).

Acknowledging that the process of CaCO} nucle-
ation and crystal growth itself is central to the process

lated from CaCOs-containing tissues obtained from
CaC03-forming plants or animals. As such, the polysac
charide-containing materials have been shown to have a
broad range of MW ranging from 500 to 10®, and

of encrustration by all calcifying organisms, such as 15 higher.
barnacles, oysters, ship worms, algae and the like.
Wheeler, A. P., George, J. W. and Evans, C. A., Science
212: 1397 (1981), incorporated herein by reference,
made the discovery that a 170,000 MW glycoprotein

None of the cofiled, copending applications by the
present inventors are considered prior art to the present
i n v e n t i o n .

An interest in further elucidating the role played by
obtained from the proteinaceous matrix that permeates 20 the structural part of the polysaccharide matrix from
the CaC03 of oyster shell is a very potent inhibitor,
rather than an initiator of CaC03 nucleation and crystal
growth as previously thought. T̂ e 170,(XX) MW glyco
protein was identified by staining for carbohydrates and
it was shown to contain 10.2% carbohydrate by weight. 25
The molecuar weight and carbohydrate content re
ported for the glycoprotein form oyster shell are com
parable to those observed for the protein obtained from
clams by Crenshaw. M. A., Biomineraiization 6: 6
(1972 ) , i nco rpo ra ted he re in by re fe rence . 30

Wheeler, A. P., and Sikes, C. 5., in concurrently filed
and copending application entitled "Inhibition of the
Formation of Inorganic or Biological CaCO.vContain-
ing Deposits by a Proteinaceous Fraction Obtained

CaC03-forming animals in the inhibition of CaCOs
encrustation and growth of calcifying organisms,
prompted the present inventors to search for other
potent and commercially useful inhibitors of said pro-

25 cesses. This successful innovation and perfection, for
the first time, of obtaining synthetic biopolymers having
a natural polysaccharide matrix-like structure, resulting
in a significant number of novel and highly potent cal
cium carbonate-position inhibitors, now opens the pos-

30 sibility of using the synthetically derived biopolymers
for the inhibition of calcium carbonate deposition in
pipes, boilers and the like, of widespread use and indust
rial environments, as well as for the prevention of foul
ing of surfaces in marine environments. The use of these

CaCO}-Forming Organisms", incorporated 35 highly potent inhibitors for the inhibition or retardation
herein by reference, disclose a method of inhibiting the of calcium carbonate deposition has heretofore been
formation of CaCOs-containing deposits with a glyco- unknown in the an.
protein-containing fraction isolaltrf from CaCOt-con- SUMMARY OF THE INVENTION
taming tissues obtained from CaCO.n-forming plants oranimals. As such, the glycopeptide-like materials have 40 The present invention relates to a method of inhibit-
been shown to have a broad range of MW ranging from ing the formation of CaCOj-containing deposits on a
400 to 10®. and higher. surface by applying a composition comprising an m-

Sikes. C. S. and Wheeler. A. P., in concurrently filed ticalcification-effective amount of a polysaccharide
and copending application entitled "Inhibition of Inor- derivative. The present method is useful for the preven-
ganic or Biological CaCOj Deposition by Poly Amino 45 tion and/or retardation of inorganic scaling, as well as.
Acid Derivatives", incorporated herein by reference,
funher disclose a method of inhibiting the formation of
inorganic or biological CaCOs deposition by applying a
synthetic amino acid polymer having a proteinaceous
m a t r i x - l i k e s t r u c t u r e . 5 0

Coccolithophoridae are calcareous algae character
ized by their ability to form a calcified cell cover con
sisting of calcite plates called coccoliths. The coccoliths
from the species Emiliania huxleyi were shown to con
tain a water-soluble acid polysaccharide possessing 55
Ca---binding capacity (de Jong, E. W.. Bosch L. and
We s i b r c e k , P. . E u r. J . B i o c h e m . . 7 0 : 6 11 - 6 2 1 ( 1 9 7 6 ) ) .
The polysaccharides were characterized to have a het
erogeneous matrix containing uronic acid and having
high affinity and low affinity sites for binding of Ca~ -. bO
(de Jong, E. W.. Dam. W.. Westbroek. P., and Cren
shaw. M. A . , i n The Mech . o f M ine ra l , i n t he Invene-
brates and Plants. Watabe. N.. and Wilbur, K. M.. eds.,
Universitv of S. Carolina Press, Columbia. S.C. pp.

for the inhibition of fouling by plant or animal organ
isms.

.A more complete appreciation of the invention and
many of the attendant advantages thereof, will be

50 readily perceived as the same becomes better under
stood by reference to the following detailed description
of the present invention.

D E T A I L E D D E S C R I P T I O N O F T H E

3 5 I N V E N T I O N
The present invention arose from the analysis of the

monosaccharide composition of matrices of calcified
structures from calcareous algae, and the like. The po
tential role of negatively charged sulfated, phosphated

bO or carboxylated derivatives of sugar residues, such as
galactose, mannose. glucose, and the like, as "active
sites" for nucleation and crystal formation, led the pres
ent inventors to the speculation that simpler synthetic
polymers carrying negatively charged monosaccharide

135-153 (1976). incorporated herein by reference). The 65 residues at appropriate locations within a polymeric
polysaccharide matrix was also shown to contain ester
sulphates by incorporation of radioactive sulphated
groups (de Jong, E., Van Rens, L.. Westbroek. P. and

structure would interfere with the calcifying activity of
the CaCO} structure-forming plants and animal organ-
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The present invention discloses a method of prevent
ing the formation of CaC03-containing deposits on asurface comprising, applying to said surface a composi
tion comprising an anticalcification effective ̂ ount ota polysaccharide of at least 500 MW. of the formula: 5

P o l y ( X „ Y m ) ^ , . . .
wherein the polymer is formed by a or ̂  glycosidic

linkages between adjacent monomers;wherein each X. independently, is the radical of an L or jq
D furanosic or pyranosic monosaccharide or disac-
charide containing 5 to 7C containing at least one
group of the formula:

- { C R 2 2 ) r 1 5 ^
— R 3 ^

attached through a C wherein ^ ^ •
each R2, independently, may be H, C|-C4 c

C1-C4 alkenyl, C1-C4 alkynyl, C1-C4 haloalkyl, r
C1-C4 haloalkenyl. C1-C4 haloaikynyl, halogen, i,
O H , C 1 - C 4 e t h e r o r C 1 - C 4 a m i n e ; 1

each R̂ , independently, is COOH, CONH2, COR̂ . t
COOR^ COOM, SO4H, SO3HNH2. S03R^ r
S04R^ SO4M, PO4H2, PO3HNH2, PO4HR , ,
P02H(0R ' ^ )2 o r P04R2^ whe re in 1

each R^ independently, is C1-C4 alkyl, C1-C4 alke- ̂
nyl, C1-C4 alkynyl, C1-C4 haloalkyl, C1-C4 ha
loalkenyl, or C1-C4 haloaikynyl; M is Na, K, J Ca ̂

each Y, independently may be X where R̂  may fur- |
ther be H, Ci-C4alkyl, Ci-C4alkenyl, Ci-C4alky-
nyl, Ci-C4 haloalkyl, C1-C4 haloalkenyl, C1-C4
haloaikynyl, OH, OR'̂ , C1-C4 amine, C1-C4 alka-
n o l o r p h e n y l ; a n d « . • r 3 5

m/n may vary from 1 to 10, in an amount effective for
inhibiting the formation of CaCOs-containing de
posits.

The polysaccharide structures of the present inven
tion have been shown to have an effect on the rate of
precipitation of CaCOs as measured by a change in the
pH of the CaC03-containing solution. As such, the
present invention relates to polymers of D or L mono
saccharides attached through a or /3 —O— glycosidic
bridges in the form of a linear or branched backbone.
Preferred are the polymers where the —O— glycosidic ̂ 5
bridges are formed through I—▶d or 1—<4 bonds of C-
atoms corresponding to different monosaccharides al
though bridges formed between other C-atoms are also
contemplated herein. The monosaccharide polymers of
this invention are those having a MW approximately 50
500 to 10® daltons and even higher and containing the
above-indicated monosaccharide residues. Polymers
having a.MW lower than 500 show diminished antical-
ciflcation activity. Although the upper limit for the
MW of the monosaccharide polymer is only determined 55
by the solubility of these compounds in the medium,
higher MW polymers may also be used, provided that
the presence of the insoluble materials does not interfere
with industrial operation. One of the preferred M^y
ranges for the present monosaccharide polymers is 60
2,000-107. Also preferred are 2,000-lO**, 2,000-10 ,̂
2,500-20,000 4,000-8,000 and 3,500-10.000 MW.

One of the preferred embodiments of the present
invention is a homopolymer having glycosidic linkages
between monosaccharides carrying a substituent de- 65
rived from COOH. PO4H2 or SO4H a or and/or
derivatives thereof. Any D or L monosaccharide of the
above type may be used for obtaining the homopolymer

of this invention. Some of the preferred monosaccha
rides are hexoses, pentoses, deoxyhe.xoses and deox-
ypentoses carrying COOH(R*̂ ), P04H2(R'*)2 or
SOaHfR"*) substituents. Some of the most preferred
monosaccharide derivatives are those carrying the sub
stituents at the 6 position. Also preferred are the mono
saccharides carrying the COOHfR**), P04H2(R'̂ )2 or
S04H(R'*) attached to the 2 or 3 positions. Some of themost preferred monosaccharide are galacturonic acid,
glucuronic acid, mannuronic acid, and the correspond
ing monosaccharide carrying P04H2(R'*)2 or S04H(R )
instead of the COOH substitutent.

In another form of the present invention, the mono
saccharide polymers may be random a or ̂  glycosidic
co-polymers of a first D or L monosaccharide deriva
tive of the above type with at least one other monosac
charide or derivative thereof. The other lyionosaccha-
ride may be any monosaccharide, including D or L
monosaccharides. Preferred are arabinose, ribose, xy
lose, rhamnose and derivatives thereof, although other
monosaccharides and derivatives thereof are also con
templated in the present invention. The ratio of the first
monosaccharide derivatives to the other monosaccha
rides in the polymers may vary between 1:1 to 1:10.
Preferred ratios are 1:2, 1:3 and 1:4, although lower
ratios are also contemplated.

Another form of the present invention encompasses
ordered a or )3 glycosidic co-polymers monosaccha
rides of the first type or derivatives thereof, with at least
one other monosaccharide or derivative thereof. The
other monosaccharide or derivative thereof in the or
dered co-polymers can be any monosaccharide, includ
ing but not limited to, D or L penmses, deoxypentoses.i hexoses, deoxyhexoses, or derivatives thereof. Some of
the most preferred are arabinose, ribose, xylose, and
rhamnose or derivatives thereof. The ratio of the first-
type monosaccharide derivatives to the other monosac
charides in the polymers may vary between 1:1 to 1:10.J Preferred ratios are 1:2, 1:3 and 1:4, although lower
ratios are also contemplated.

Some of the preferred homo- and co-polymers are
those wherein the first monosaccharide is replaced by a
disaccharide or derivatives thereof. The disaccharides^ may be any combination of hexoses, deoxyhexoses,
pentoses, deoxypentoses and derivatives thereof carry
ing a COOHCR-̂ ), P04H2(R2'*) or SOaHCR-*) substituent
at positions 6, 3 or 2, although other positions are also
contemplated in the present invention.° The monosaccharide polymers of the present inven
tion have been found to have scale inhibiting properties,
especially for calcium carbonate scales. As such, they
can be used in sea water distillation plants, cooling
systems, black liquor evaporators, waste concentrators
and similar equipment. In addition, the present com
pounds are useful for the prevention of calcified formations by organisms such as barnacles. molliKks. sea ur
chins. and calcareous algae, among others, ihe biologi-

yQ cal formation of calcium carbonate (fouling) is a com
plex process intimately associated with the metabolism
of the organism. The forming crystals are normally
insulated from the external environment by several
membranous or cellular layers. These layers represent a

65 potential barrier that could prevent an inhibitor of cal
cium carbonate crystal formation, particularly macro-
molecular ones, from reaching the site of crystal
growth .
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The monosaccharide polymers of the present inven- <
tion appear to be good inhibitors of biological calcifica- I
tion and thus are effective in controlling calcification by i
both plants and animals. One possibility is that a small <
amount of the inhibitor in the solution where the plant 5
or animal organism exists reaches the site of calcifica
tion, and once there the mechanism of inhibition may be
similar to that occuring during inorganic calcium car
bonate crystal formation in vitro. However, it is also
possible that the inhibitors may interfere with the me- 10
tabolism of the organism, thereby inhibiting calcifica
tion indirectly.

The monosaccharide polymers of the present inven
tion are significantly stable polymeric structures, and it
appears that they are not biodegraded or deactivated 15
through catabolism. The inhibitory potencies of the
various polysaccharides are preserved for up to several
hours without being metabolically degraded. Further,
all MW polymers are stable and maintain their calcium
carbonate-forming inhibitory activity in vitro at room 20
temperature for over 100 hours, and even longer peri
ods of time. In addition, the polysaccharides can resist a
treatment with moderate amounts of pressure (18 psi)
while preserving their characteristics and activities.
Moreover, the polymers of this invention possess high 25
stability and undiminished inhibitory activity of cdcium
carbonate formation when kept under refrigeration for
periods of up to a year and longer.The preparation of the various monosaccharide (or
disaccharide) polymer derivatives of this invention can 30
be accomplished by a variety of known methods (Flow
ers, H. M., "Chemical Synthesis of Oligosaccharides",
in Methods in Enzymoiogy. Vol. 50, Chapter 7:93-121,
Ginsburg, V., Ed., incorporated herein by reference).
However, one of the preferred methods for preparing 35
monosaccharide polymers of this invention having dif
ferent kinds of sugar molecules and specific stereochem
istry are those disclosed by Ruckel, E. R., and
Schuerch, C., "Preparation of High Polymers from
l,6-anhydro-2,3,4- t r i -0-subst i tuted )3-D- 40
glucopyranose", J. Org. Chem. 31:2233-2238, (1966),
and modifications thereof, incorporated herein by refer
ence. The proportion of the glycosidic isomeric compo
sition in a polysaccharide structure can be controlled by
the conditions of the reaction, as disclosed by Zachoval, 45
J., and Schuerch, C., "Steric Control in the Polymeriza
tion of l,6-anhydro-j3-D- glucopyranose Derivatives",
J. Amer. Chem. Soc. 91:1165-1169 (1969) and modifica
tions thereof, incorporated herein by reference.

The random and ordered co-polymers can be synthe- 50
sized in like manner provided that the molar quantities
of various monosaccharides (or dissacharides) con
tained in the desired polymer are taken into consider
ation. Thus, if a galacturonic acid-glucuronic acid-xylu-
ronic acid polymer is to be prepared (1:1:1), equimolar 55
amounts of the three monosaccharides (or in other cases
of disaccharides) have to be incorporated as starting
materials in the reaction mixture. The MW of the thus
prepared polymers will vary over a desired range. The
MW range can be varied by controlling the different 60
variables involved in the polymerization reaction. Thus,
temperature, time of incubation, amounts of catalysts,
polymerization initiator, and the like, can be varied for
obtaining specific MW polymer ranges, as is known in
t h e a n . . .

The thus prepared polysaccharides can be utilized as
such, or they can be further purified by known meth
ods. Some of the preferred methods for the purification

of the present polysaccharides are recrystallization
from appropriate solvents, gel chromatography and
solvent extraction, although other methods are also
contemplated in this invention.

The carbohydrate analysis may be carried out by any
known method. However, one of the preferred methods
is that which uses the phenol-sulfuric acid method of
Dubois, M.. Gilles. K. A., Hamilton. P. A., and Smith.
F.. Anal. Chem. 28:350-356 (1956), and modifications
thereof, which is incorporated herein by reference. The
phosphate content of the monosaccharide polymers
may be determined by the phosphate analysis method of
Marsh. B. B., Biochim. Biophys. Acta 37:351-61 (1959),
and modifications thereof, incorporated herein by refer
ence. The sulfate analysis may be carried out by the
method of Antonopoulos, C.A., Acta Chem. Scand.
16:1521-22 (1962), or modifications thereof, incorpo
rated. herein by reference.

The synthetic polysaccharide inhibitors of all MW
are inhibitory of the formation of calcium carbonate
deposits. Included are polysaccharides having a molecular weight range of 500to 10« K daltons. Possibly, there
may be an optimum molecular size for a given polymer
that is the most effective inhibitor on a weight basis.
This preferred size is related to the dimensions of the
forming calcium carbonate crystal nucleus. From what
is currently known the polysaccharides having a molec
ular weight of 2.000-30.000 seem to have the highest
inhibitory activity of calcium carbonate crystal forma
t i o n .

The various MW polymers of this invention may be
utilized directly without additives or carriers for inhib
iting the deposition of calcium carbonate whether of
inorganic or biological origin. Alternatively, the vari
ous polymers may be.utilized by adding an effective
amount of the inhibitor to a liquid in contact with a
surface on which the deposits may form. Such is the
case of industrially useful and commercially important
containers, e.g., boilers, piping, desalinators. cooling
towers, and the like. The various saccharide polymers
of this invention can be added to water, water-contain-
ing liquids, or other liquids in an amount as small as 0.01
ng/ml. The upper limit for the amount of the inhibitor
is only given by its solubility in the liquid to which it is
added. However, if the presence of insoluble residues of
these polymers does not interfere with industrial opera
tions, it may be desirable to add these inhibitors in an
amount greater than that given by their solubility limit.
A preferred range of the various polysaccharide deriva-

I tives for controlling inorganic calcium carbonates scal
ing is 10—^-10^ tig/vnl Other preferred ranges are
10—*-0.1 /xg/ml and 0.1-10^ fig/ml of the various poly
m e r i c d e r i v a t i v e s .

When the present inhibitors are utilized for their
i anti-fouling characteristics in order to prevent the en-

crustrations of plant or animal organisms, they can be
added to a liquid, such as water, water-contamting liq
uids or other non-aqueous liquids, preferably an amount
about 0.001-1,000 fig/ml. although larger amounts can

) also be used. Used within this range of concentrations,
the present inhibitors find an application in the preven
tion of encrustration of organisms in. e.g.. running
water piping or sewage piping, among others.

The present inhibitors can also be.applied directly to
5 a surface before i t becomes in contact wi th CaCOvcon-

taining liquids, e.g., industrial containers, marine sur
faces such as those in piers, ships, and the like. The
present inhibitors may be applied by themselves or in
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combination with other salt deposition inhibitors, anti-
rust agents, or the like and/or with a carrier, dirwtly to
the exposed surface, or they may be mixed with other
polymers used for the protection of said surfaces. A
variety of carriers are contemplated for the application
of the present inhibitors. Some of the most common
carriers include aqueous and nonaqueous liquids, gels,
oils, organic and inorganic solvents, compressed gas<̂
and the like. However, any carrier may be used accord-
ing to the needs. When used in hî  concentrations by
themselves, the polysaccharide inhibitors of this inven
tion may be highly viscous and can be easily applied to
a surface. After the application of the inhibitors, an
appropriate length of time may be allowed for the pene- , 5
tration of the inhibitor into the surface, as is the case
with porous surface materials, such as wood, ceramics
and the like. Thus, a large storage of the present inhibi
tors is created within the material and the surface may
then be sealed with a polymer. Altemauvely. the vari- 20
ous M W polymers may be mixed with a carrier to form
a suspension which can be applied to a surface. The
present inhibitors may be applied to any type of surface
which may be exposed to the formation of inorganic or
biological CaCOs deposits. Some of the most common 25
materials to which the present inhibitors may be applied
are metals, woods, synthetic polymers and copolymers,
glass, ceramics, and painted or otherwise coated sur
faces, although other materials are also contemplated.
When in contact with the CaCOs- containing liquid, the 30
inhibitors will slowly leach out from underneath the
polymeric layer. The present inhibitors may further be
applied in admixture with the above polymer, e.g.,
paints or any synthetic polymer used for the protection
of surfaces. When the present inhibitors are used in
admixture wirh a polymer, they can be used in a con
centration of between 0.001-90% by weight, although
higher or lower concentrations are also contemplated in
this invention. Some of the preferred concentrations are ̂
1-75% by weight. Other preferred concentrations ̂ e
5-25%, 25-50% and 10-40% by weight. When applied
to a surface the present inhibitors may be formulated as
a powder, solution, suspension, gel, oil, aerosol, paste or
v i s c o u s c o l l o i d . 4 S

Having now fully described the invention, it will be
apparent to one of ordinary skill in the art that m ŷ
changes and modifications can be made thereto, with
out departing from the spirit or scope of the invention as
s e t f o r t h t h e r e i n . 5 0

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A method of inhibiting the formation of CaCOs-
containing deposits on a surface, comprising applying to
said surface an anticalcifying composition, comprising: 55
a substoichiometric amount of a monosaccharide or

disaccharide polymer of at least 500 MW of the for
m u l a

P o l y ( X „ Y . „ ) 6 C

wherein the polymer is formed by glycosidic linkages
between adjacent monomers;

wherein each X independently, is the radical of a
monomer selected from the group consisting of 65
furanosic monosaccharides, pyranosic monosac
charides and disaccharides containing 5 to 12C
atoms and one group of the formula:

- ( C ) r - R ^
R i

attached to a C-atom thereof, wherein
each R2, independently is H, C1-C4 alkyl, C1-C4

alkenyl, Ci-O alkynyl, C1-C4 haloalkyl, C1-C4
haloalkenyl, Ci-Ca haloalkynyl, halogen, OH,
C1-C4 ether of Cj-O amine;

each R3, independently, is COOH, CONH2, COR̂ ,
COOR ,̂ COOM, SO4H, SO3HNH2, SO3R*.
SO4M, PO4H2, PO3HNH2, P04HR'», PO2H-
(0R'*)2 or P04R2'h wherein each R'*, indepen
dently, is C1-C4 alkyl, C1-C4 aJkenyl, C1-C4
alkynyl, C1-C4 haloalkyl, C1-C4 haloalkenyl, or
C1-C4 haloalkynyl; and M is Na, K, ̂  Ca or ̂

each Y, independently, is X wherein R3 further is
H, C1-C4 alkyl, C1-C4 alkenyl, C1-C4 alkynyl,
Ci-C4 haloalkyl, C1-C4 haloalkenyl, C1-C4 ha
loalkynyl, OH, Ci-0 amine, Ci-O alkanol or
phenyl; and

m/n varies from 1 to 10; in an amount effective for
inhibiting the formation of CaC03-containing
deposits.

2. The method of claim 1 wherein the polymer has a
2,000-10^ MW.

3. The method of claim 2 wherein the polymer has a
MW of 2,000-106.

4. The method of claim 3 wherein the polymer has a
MW of 2,500-20,000.

5. The method of claim 4 wherein the polymer has a
MW of 3,500-10,000.

6. The method of claim 1 wherein the surface
whereto the polysaccharide is applied is made of a ma
terial selected from the group consisting of wood, glass,
ceramic, metal, synthetic polymers and copolymers,
and painted or otherwise coated surfaces.

7. The method of claim 1 wherein said polymer is
applied in admixture with a carrier in the form of a
powder, soludon, suspension, gel, oil, aerosol, paste or
viscous colloid.

8. The method of claim 1 wherein the CaC03-con-
taining deposit comprises a CaC03-fonning organism.9. The method of claim 1 wherein at least lO-̂ ĝ/ml
of the polymer are added to a liquid in contact with said
s u r f a c e . _ .

10. The method of claim 8 wherein 0.001 %-90% by
weight of the monosaccharide polymer is applied to
said surface.

11. The method of claim 9 wherein about 0.001-1,000
ptg/mi of the monosaccharide polymer are added to
said liquid.

12. The method of claim 7 wherein the earner is a
p a i n t . . L ,

13. The method of claim 1 wherein the polymer is
I formed from a monosaccharide selected from the group

consisting of glucuronic acid, galacturonic acid, mannu-
ronic acid, methyl esters thereof and mixtures thereof.

14. The method of claim 1 wherein the polymer is
formed from at least one monosaccharide selected from

) the group consisting of glucuronic acid, galacturonic
acid, mannuronic acid in combination with at least one
other monosaccharide selected from the group consist
ing of arabinose, ribose, xylose, and rhamnose.
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The method of claim 1 wherein the polymer is15. The method of claiin 14 wherein the formed from at least one disaccharide formed form two

ride polymer is monosaccharides selected from the group consisting of
polygaiacturonic acid, poly glucuronic acid, po y hexoses deoxvhe.xoses. pentoses, and deoxypentoses.nuronic acid, poly (mannuronic acidarabinose). poly hexoseŝ(mannuronic acid-nbose), poly f' 17 The method of claim 1« wherein at least one di-

:Seietcred.?o°:rg™t'conS;g°"
(galacturonic acidribose). poly (galacturonic acid- 10 -CUUti. , . » . .
xylose) and poly (galacturonic acid-rhamnose).
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