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Description

The invention relates to a method for the preparation of a calciumcomplexing polycarboxy compound based on
a polysaccharide.

From a technical standpoint, phosphates are the most suitable as calcium{inding agents ("builders') in detergents.
However, because of the eutrophication of surface waters, the use of phosphates is increasingly less desirable and
there is therelore a need for agents to replace phosphates. Such agents must be able to bind calcium, and preferably
also magnesium, well and, in addition, be biodegradable, non-toxic and readily soluble in water and have no adverse
influence on the action of the detergent and must also be inexpensive. Many agents have already been investigated,
but only a few such as nitrilotriacetate, zeolites and polycarboxylates, meet the above+nentioned requirements to an
extent which renders them also usable in practice. However, doubts are still being expressed as to the safety of nitrilo-
triacetate. Zeolites, polycarboxylates and nitrilotriacetate are not degradable, or are degradable to an inadequate ex-
tent, and, moreover, zeolites have the disadvantage that, because of the necessary "carrier' effect, they form usable
"builders'only in combination with other agents. Polyacrylate is currently commonly used as a "cobuilder" ot this type.

Oxidised carbohydrates have also been proposed as substitutes for phosphates. Polydicarboxysaccharides in
particular have suitable characteristics lor this purpose. These compounds can be obtained by oxidation of carbohy-
drates, for example with periodic acid followed by chlorite, or directly with hydrogen peroxide or sodium hypochlorile.
During this oxidation, the two vicinal hydroxyl functions in the cyclic hexose unit (for example glucose) of the polysac-

charide are converted into two carboxyl functions, with ring opening. Methods of this type have been disclosed, for
example, in Netherlands Patent Application 70.12380, and M. Diamantoglou et al., Tenside Detergents 14,250-256
(1977) and M.S. Nieuwenhuizen et al., Starch/Stdrke37,192-200 (1985).

The known methods for the oxidation of polysaccharides have a number of disadvantages. The use of periodic
acid is fairly expensive because of the necessary regeneration of the periodic acid and is also laborious because the
polysaccharide dialdehyde formed with periodic acid as an intermediate has to be further oxidised to the dicarboxylic
acid using other agents, such as chlorite or hypochlorite. Hydrogen peroxide is also a relatively expensive oxidising
agent and, moreover, makes the use ol a catalyst, such as a tungsten compound, desirable for a sufiiciently effectMe
conversion; in addition, the low pH required for this reaction is a drawback because of the depolymerisation which
occurs. The reaction with hydrogen peroxide is also not very specific, so that the 6-hydroxymethyl group is also oxidised
to some extent and significant depolymerisation (chain shortening) takes place.

Polysaccharides that are oxidised with the known methods are always based on glucose, such as 1,4-a-glucans
or -polyanhydroglucoses (starch, amylose, amylopectin and substances derived therefrom) and 1,4-p-glucans (cellu-
lose and derivatives thereof). Nieuwenhuizsn et al. (Starch/Stdrke 37, 192-200 (1985)) also investigated the oxidation
of other polysaccharides, namely inulin (Polyanhydrof ructose) and alginate (polyanhydromannuronate/guluronate) with
periodate/chlorite; the oxidation products thus obtained from lhese polysaccharides were, however, found to have
poorer calcium-complexing properties than the oxidation products ol polysaccharides based on glucose, such as starch
and starch derivatives.

It has now been found that inulin can be oxidised in such a way that a polycarborysaccharide is obtained which
has a surprisingly high calcium- and magnesium- binding power, combined with a good biodegradability.

The method according to the invention is therefore characterised in that inulin is oxidised with a hypohalite in a
total amount of less than 1.2 times the theoretical amount required for the oxidation of each C3-C4 dihydroxyethylene
group of the inulin to two carboxyl groups, to obtain a polycarboryinulin having at least 1.0 carboryl group per mon-
osaccharide unit.

lnulin is a polysaccharide which mainly consists of fructose units. Naturally occurring inulin is a 2,1S-fructan with
a terminal glucose unit. The structure ol inulin is shown in the figure. The degree of polymerisation (DP) is highly
dependent on the source of the inulin and can range from 6 to 100 or more. lnulin occurs, inter alia, in Jerusalem
artichokes (Helianthus tuberosusl, artichokes (Cynara scolymus), chicory (Cichorium intybus), dahlias (Dahlia sp.) and
dandelions (Taraxacum officinale).lnulin from Jerusalem artichokes has an average degree of polymerisation of about
't 5-30, depending on the stage of growth of the plant. The structure and possible uses of inulin are described, for
example, by A. Fuchs and A.G.J. Voragen, Koolhydraten in Nederland (Carbohydrates in the Netherlands), 1988, 13-18.

Where inulin is mentioned in this description, this signifies any polysaccharide which to a substantial extent consists
of 2,1-B-anhydrofructose units. Thus, the invention also applies to sinistrin, a branched inulin.

With the method according to the invention, the polycarboxyinulin which, depending on the reaction conditions
chosen, conlains on average 1.5 to 2 carboxyl groups per fructose unit is obtained in virtually quantitative yield. This
polycarboxyinulin has a degree of polymerisation which is little lower than that of the inulin used as starting material
and is readily soluble in water and has good biodegradability. The structure of a polycarboxyinulin having 2 carboxyl
groups per fructose unit can be represented schematically by the formula:
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The calcium-binding powerof the polycarboxy-inulin prepared in this way is betterthan that of the polycarboxyamy-
lose and polycarboxymaltodextrin obtained in accordance with the known method, which latter compounds, in turn,
belong to the best calcium-binding agents amongst the modified carbohydrates to date. The product oblained using

the method under consideration is therefore outstandingly suitable as a replacement for phosphate in detergents, or
as a cobuilder together with, for example, zeolite NaA, and for other similar applications.

The oxidation of polysaccharides with hypohalite, in particular hypochlorite, is known per se. Hypochlorite is a
relatively inexpensive oxidising agent and leads to the desired dicarboxy product in one step. However, with the known
methods the yield from the oxidation with hypochlorite is fairly low and incomplete oxidation and, additionally, depolym-
erisation occur and the characteristics of the product are unsatisfactory. Furthermore, in the known conversions, an

approximately three-fold excess of hypochlorite is used, which is a disadvantage economically and ecologically.
It has been found that the said disadvantages do not occur or occur to a much smaller extent if a low concentration

ol oxidising agent is maintained during the oxidation reaction. A further improvement is achieved il hypobromite andi
or hypoiodite is used as the actual oxidising agent. ln contrast to the known oxidations of polysaccharides with hy-
pochlorite, a stoichiometric amount of oxidising agent can then suffice. These measures are described in the earlier
Dutch patent application 8902786, which was not publishedbefore the filing date of the present application. Further-
more, il is found that the oxidation proceeds more favoutably because inulin is readily soluble in water.

The amount of oxidising agent required is appreciably smaller than in the case of the methods according to the
prior art: according to the invention, less than 1.2 times the theoretical amount is used, compared with about 1.5-3
times this amount in accordance with the prior art.

ln principle, lhree molecules of hypohalite are required per lructose unit for the oxidation of C3-C4 hydroxyl groups
of inulin, in accordance with the empirical equation (in whlch X represents halogen):

+30x- "3X-+JH20
CHOH-.CHOH c00- coo-

A more extensive oxidation of inulin is accompanied by oxidation of the hydroxymethyl group (C5) ol the fructose
unit. However, the presence of such more highly oxidised units in the product does not have an adverse influence on
the calcium-binding properties ol the product. An incomplete oxidation of the C3-C4 hydroxyl groups also still provides
a usable oxidation product. The inulin is oxidised in such a way that the oxidation product contains on average 1.0-3.0
and preferably 1.2-2.6 carboxyl groups per original f ructose unit.

The oxidation ol inulin can be carried out using hypohalite, in particular hypobromite or hypoiodite, as such, which
is preferably supplied in the form of salt, for example as sodium hypobromite or potassium hypoiodite, but may also in
part be supplied in acid form. ln the text which follows, for reasons of clarity, mention is made only of hypobromite,
bromine, bromide etc., but the same also applies in principle for hypoiodite, iodine, iodide etc.

Preferably, the hypobromite is prepared in the reaclion medium, for example by oxidation of a suitable bromine
compound or by disproportionation of bromine to bromide and hypobromite. Since, in principle, there is back-formation
of bromide on the oxidation of the polysaccharide by hypobromite, a smaller, for example catalytic, amount of bromide
in the reaction mixture can then suffice.

The hypobromite can also be prepared in situ by oxidation of a bromide, for example sodium bromide, by electro-
chemical msans, that is to say by withdrawal of electrons. ln this case also there is back-formation ol bromide during
the oxidation and a catalytic amount therefore suffices. This oxidation can be carried out, for example, by passing an
electric current for some time through a solution of the inulin bromide and, if appropriate, a base in an electrochemical
cell which is known per se. Preferably, inert electrodes, for example made of graphite or platinum alloys or platinum
on titanium, are used in this cell. By means of a suitable choice of electrical voltage ancVor electrolyte concentration it

can be ensured that the concentration of the oxidising agent remains low. The advantage of electrochemical oxidation

3
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is that the product contains much less salt ballast.

Furthermore, it has been found that hypobromite can be produced in in the reaction me-

dium by oxidation of bromide wilh chlorine-containing oxidising agents, such as chlorine, hypochlorite, chlorite, etc.,

in particular hypochlorite. With this method, the concentration of oxidising agent is kept low lor example by adding the

5 hypochlorite solution slowly dropwise to the reaction mixture or by passing chlorine gas slowly through the reaction

mixture.
A catalytic amount ol bromide is understood to be an amount ol less than, for example, 2Oo/" ol bromide in equiv-

alents relative to the oxidation equivalents required. A larger amount is not harmful, but has no additional advantages

I

worthy ol note. Preferably, 0.5-10 equivalents of bromide are used per 1 00 theoretically required oxidation equivalents.

10

15

ln the case of the oxidation w1h hypochlorite, the bromide can preferably be added to the inulin but may optionally also

be added to the hypo-chlorite.
An increased reaction rate can be obtained by adding a catalytic amount ol a salt ol cobalt, manganese, copper,

nickel or iron (ca. O.01 - 1 o/"). This rate increasing effect was already reported for the oxidation of cellulose (I P. Nevell

and O.P. Singh, Text. Res. J. 56, 270 (1986); O.P. Singh, Text. Dyer Printer 15, 35 (1982); V.A. Shenai and Fl.B. Prasad,

Text. Fles. J. 42, 603 (19721 and !!,671 (1974)) and the oxidation of starch (J. Potze and P Hiemstra, Starch/Stirke

1s, 217 (1963)).

The oxidation can be carried out in a conventional manner, i.e. for example at a temperature of between 10 and

25oC, a pH ol7-11 and with slow addition of the oxidising agent, such as hypochlorite (usually dissolved in water), to

the inulin.
ll necessary the temperature can be raised during the reaction in order to achieve a suitable reaction time and

20

degree ol conversion. Surprisingly, the result of the oxidation reaction is found to be better if during at least part of the
ln this context it is possible,

tor example
9F after 1 to 4 hours. lt is also possible, with a suitable rate of addition of the oxidising agent, to use such an elevatsd

temperature during the entire reaction.
The reaction mixture is usually worked up by concentration and separation, for example by adding methanol and

filtering off the precipitated product. A low pH of, for example, 6-8 can be maintained during working up. Working up

30 while a low pH can give rise to hydrolysis and the depolymerisation

35

The salts, in particular sodium chloride, can also be separated off simply by direct evaporation of the reaction

mixture, owing to the good solubility of the oxidised inulin in water at a pH of 6 or higher. Alternatively, the salts can

be separated off by dialysis or ultrafiltration. After the salts have been removed in this way, the product is obtained by

evaporation and, if necessary, further purification.
The reaction mbdure can, however, also be concentrated in its entirety, followed by freezedrying, spraydrying or

a similar procedure. The product then still contains salts, such as sodium chloride and sodium bromide, but this does

not have an adverse influence on the calcium-binding properties, so that a virtually equivalent calcium-lcinding agent

can be obtained at lower production costs in this way. The working-up ol the

with completely, in which case a readily usable, liquid calcium-binding agent
detergents.

reaction mixture can even be dispensed
is obtained, lor example for use in liquid

40

K,n,, where K=Z{lCal(1-Z)} = Kinre"z. ln this
for the polymer. Conversion of this equation gMes (nt - pCa + logZ(1-Z) - aZ , where a - c.log e (see M. Floor, A.P.

G. Kieboom and H. van Bekkum, Starch/Stdrkelf!, 348 (1989)). For the known
45 oxidation, this constant log Kinr is at best in the range of 6-7. The products obtained using the method under consid-

eration have a log K;n, of between 7 and 9 or even higher. A parameter which is meaningf ul in practice for the calcium-

complexing characteristics is the calcium-sequestering power (SC), which is defined as the number of mmoles of Ca

(ll) that can be added to 1 gram of complexing
(M. Floor, A.P.G. Kieboom and H. van Bekkum,

agent until the concantration of noncomplex calcium reaches 10-s M

Starch/Stdrke 41, 348 (1989)). The SC is 'l-1.75 tor starch derivatives
50 oxidised with hypochlorite and 2.5tor starch derivatives oxidised with periodate and chlorite. The products obtained

in accordance with the method under consideralion have a SC of about 2, i.e. clearly higher than the known oxidised

polysaccharides which are economically comparable.
The invention also relates to calcium- ancUor magnesium-binding agents which contain polycarboxyinulin obtained

in the manner described above. To f urther improve the calcium-binding properties, these agents can also contain other

known "co-builders", such as phosphates, nitrilotriacetate and corresponding compounds such as ethylenediamine-

telraacetate and oxydiacetate, and zeolites. ln particular, the combination with zeolites yields an outstanding builder

fordetergents. lnamixtureofapolycarboxyinulinwithazeolite,aratioofI0:Ito1:10can,forexample,beused,
depending on the intended application, etc.

4
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The invention also relates to detergents which contain the above+nentioned calcium- ancl/or magnesium-binding
agents, or the polycarboxyinulin obtained in the manner described above, in an elfective amount.

Example I (comparative)

'I .0 g of inulin (chicory) and 100 mg of sodium bromide were dissolved in 30 ml of water. A sodium hypochlorite
solution (10 g C|y'l00 ml) was added to the solution in small portions (about 0.5-1 ml). After an immediate rise in pH

to about 11 , the pH began to fall again. The pH was maintained at a value of 9-9.5 by adding 1 M NaOH. When the
fall in the pH became slow, which indicates too low a hypochlorite concentration, tresh hypochlorite solution was added.

ln total 700 mg of Cl, were consumed. The oxidation reaction time was 3 hours The product was isolated by concen-
trating the solution to a volume of 15 ml and pouring into 70 ml of methanol, with stirring. The precipitate was succes-
sively filtered off, washed with methanol and dried under reduced pressure. The isolated solution was 1.0 g.

The product has good calcium-binding properties, which can be seen from Table A, in which the most important

reaction parameters are also indicated. The structure ol the dicarboxy product was confirmed on the basis of the 13C

NMFI spectrum.

10
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Example ll

20
2.0 g oi inulin (chicory), dissolved in 20 ml ol water, were oxidised in accordance wilh the method ol Example l, in

the presence of 500 mg of NaBr. ln total 15 ml oI hypochlorite solution were consumed. The oxidation time was 20
hours. The isolated yield was 1 .2 g. Both the dissolved product and the isolated product are found to have good calcium-
binding properties. See Table A.

Example lll

2 g of sinistrin (squill) were oxidised in accordance with the method of Example I in the presence of 450 mg ol
NaBr with 16 ml ol hypochlorite solution. The oxidation time was 20 hours. The results of the measurement of the
calcium-binding power and on the isolated product are given in Table A.

30 Example lV

5.95 g of inulin (Jerusalem artichoke) and 1.0 g of sodium bromide were dissolved in 100 ml of water. The inulin
was oxidised in the manner described in Example l-77 ml of hypochlorite solution were added in the course of 2|
hours. After this addition, the solution already displayed good calcium-binding properties, these were found clearly to
improvelurtheraftera reaction time of 18 hours. The yieldof isolated product was 5.0 g. The results are given in Table A.

Example V

40

Example lV was repeated with the proviso that the reaction temperature was raised to 40-45'C when approximately
hall of the theoretically required amount of hypochlorite solution had been added. The total reaction time was shortened
to 6 hours as a result. The consumption ol hypochlorite at the end of the reaction was more than 90o/" of the theoretical
amount. The consumption of alkali was also high (see Table A). The isolated product had an intrinsic complex constanl
of 9.1.

45 Example Vl (comparative)

2.0 g of inulin (chicory) were oxidised in accordance with the method of Example l, but without bromide. The
hypochlorite consumption was '12 ml instead of 7 ml. The results are given in Table A.

50 Table A

1 ) Alkali consum relative to theory, in o/o

5

Example Temp oC Time (hours) eq.HOC| o/o Alkali consumption o/o 1) Yield o/" 2) Kinr SC

I

il

ilt

22

22

3

20

20

63

57

ot

n.d.

45

50

50

65

65

7.1

7.8
9.0

1.0

1.75

2.O((

2) Based on a complete conversion wilh M = 236 of the disodium salt

E



Example Temp'C Time (hours) eq.HOC| "/" Alkali consumption o/" I) Yield % 2) Krnr JU

IV

VI

22

22-45*

22

20

6

3

98

96

91

50

85

n.d

65

90

n.d.

7.8

9.1

<4

175
2.0

n.d.
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Table A (continued)

1) Alkali consumption relative lo theory, in o/o

2) Based on a complete conversion with M = 236 of the disodium salt

'After 3 hours al 22" a further 3 hours al 4O-45'C
n.d. = not delermined

Claims

Method for the preparation of a polydicarboxy-inulin by oxidation of inulin in an aqueous reaction medium, char-
acterised in that inulin is reacted with a hypohalite in a total amount of less than 'l .2 times the theoretical amount
required forthe oxidation of each C3-C4 dihydroxyethylene group of the inulin to two carboxyl groups, for a sufficient

time to obtain a polydicarboxyinulin having an average of at least 1.0 carboxyl group per monosaccharide unit.

2. Method according to Claim 1, characterised in that inulin is oxidised in the presence of hypobromite.

3. Method according to Claim 2, characterised in that hypobromite is generated in the reaction medium by oxidation

of bromide present in a catalytic amount of 0.5-1 0 equivalents per 1 00 theoretically required oxidation equivalents.

4. Method according to Claim 3, characterised in that the bromide is oxidised with hypochlorite.

5. Method according to Claim 3 or 4, characterised in that a temperature of at least 35oC is maintained for at least

the final part of the reaction time.

6. Method according to Claim 3, characterised in that the bromide is oxidised electrochemically.

7. Method according to one of Claims 1-6, characterised in that inulin is oxidised to a polydicarboxyinulin having
1.2-2.6 carboxyl groups per monosaccharide unit.

8. Polydicarboxyinulin obtainable using the method according to one of Claims I-7, having an average of at least 1.0

carboxyl group per monosaccharide unit, and having a calcium sequestering capacity of 1.75-2 mmoles of Ca per
g, said calcium sequestering capacity being defined as the number of mmoles ol Ca(ll) that can be added to 1

gram of product until the concentration of non-complexed calcium reaches 10-s M.

9. Calcium-binding composition which contains a polydicarboxyinulin obtainable using the method according to one
of Claims 1-7 and having a calcium sequestering capacity of 1.75-2 mmoles of Ca per g, together with a zeolite.

10. Detergent which contains a polydicarboxyinulin according to Claim 8 or a calcium-binding composition according
to claim 9.

11. Use of a polydicarboxyinulin obtainable using the method oI one of claims 1-7, having a calcium sequestering
capacity ol 1.75-2 mmoles of Ca per g as a calcium binding agent.

so Patentansprtche
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1 Verfahren zur Herstellung eines Polydicarboxyinulins durch Oxidation von lnulin in einem wiiBrigen Beaktionsme-
dium, dadurch gekennzeichnet, daB lnulin umgesetzt wird mit einem Hypohalogenit in einer Gesamtmenge von
weniger als dem 1,2{achen der theoretischen Menge, die erforderlich ist zur Oxidation von jeder C3-Co-Dihydro-
xyethylengruppe des lnulins zuzwei Carboxylgruppen, eine ausreichend lange Zeit, um ein Polydicarboxyinulin
zu erhalten mit einem Durchschnitt von mindestens 1,0 Carboxylgruppen je Monosaccharideinheit.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB lnulin in Gegenwart von Hypobromit oxidiert wird.

6
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3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB Hypobromit im Beaktionsmedium entwickelt wird durch
Oxidation von Bromid, das in einer katalytischen Menge von 0,5 bis 10 Aquivalenten je 100 theoretisch erlorder-
lichen Oxidationsdquivalenten vorhanden ist.

5 4. Vertahren nach Anspruch 3, dadurch gekennzeichnet, daB das Bromid mit Hypochlorit oxidiert wird.

5. Verfahren nach Anspruch 3 oder 4, dadurch gekennzeichnet, daB eine Temperatur von mindestens 35"C aufrecht-
erhalten wird wiihrend mindestens dem letzten Teil der Reaktionszeit.

10 6. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB das Bromid elektrochemisch oxidiert wird.

7. Verfahren nach einem der Anspr0che 1 bis 6, dadurch gekennzeichnet, daB das lnulin zu einem Polydicarboxyinu-
lin mit 1 ,2-2,6 Carboxylgruppen je Monosaccharideinheit oxidiert wird.

15 8. Polydicarboxyinulin, erhdltlich durch Anwendung des Verfahrens nach einem der Anspr0che 1 bis 7, mit einem
Durchschnitt von mindestens 1,0 Carboxylgruppen je Monosaccharideinheit und mit einer Calciumsequestrie-
rungskapazitAt von 1,75 bis 2 mMol des Ca je g, wobei diese Calciumsequestrierungskapazitdt definiert wird als
die Anzahl an mMol Ca(ll), die zu 1 g des Produktes zugesetzt werden kann, bis die Konzentration von nicht
komplex gebundenem Calcium 10-5 M erreicht.

,n

9. Calciumbindungszusammensetzung, die ein Polydicarboxyinulin enthdlt, erhiltlich unter Anwendung des Verfah-
rens gemiiB einem der Anspruche 1 bis 7- und mit einer Calciumsequestrierungskapazitdt von 1,75 bis 2 mMol
Ca je g zusammen mit einem Zeolith.

25 10. Detergenz, das ein Polydicarboxyinulin gemiiB Anspruch 8 oder eine Calciumbindungszusammensetzung gemiB
Anspruch 9 enthdlt.

11. Verwendung eines Polydicarboxyinulins, erhiltlich unter Anwendung des Verfahrens von einem der Anspr0che 1

bis 7, mit einer Calciumsequestrierungskapazitit von I,75 bis 2 mMol Ca je g als ein Calciumbindemittel.
30

Bevendications

35

1. Proc6d6 de pr6paration d'une polydicarboxy-inuline par oxydation d'inuline dans un milieu de r6action aqueux,
caract6ris6 en ce que I'inuline r6agit avec un hypohalite en une proportion totale de moins de 1,2 lois la quantitri
th6orique n6csssaire pour t'oxydation de chaque groupe dihydroxy6thylerne en C3 A Co de l'inuline en deux groupes
carboxyle, durant un temps suffisant pour obtenir une polydicarboxy-inuline ayant une moyenne de au moins 1,0
groupe carboxyle par unit6 monosaccharide.

10 2. Proc6d6 selon la revendication 1, caract6ris6 en ce que l'inuline est oxyd6e en pr6sence d'hypobromite

3. Proc6d6 selon la revendication 2, caract6ris6 en ce que l'hypobromite est g6n6r6 dans le milieu r6actionnel par
oxydation de bromure present en une quantit6 catalytique de 0,5-10 6quivalents pour 100 6quivalents th6orique-
ment n6cessaires A l'oxydation.

4. Proc6d6 selon la revendication 3, caract6ris6 en ce que le bromure est oxyd6 par de l'hypochlorite

5. Proc6d6 selon la revendication 3 ou 4, caract6ris6 en ce que une temp6rature d'au moins 35oC est maintenue
durant au moins la partie finale du temps de r6action.

6. Proc6d6 selon la revendication 3, caract6ris6 en ce que le bromure est oxyd6 6lectrochimiquement

7. Proc6d6 selon l'une quelconque des revendications 1-6, caract6ris6 en ce que l'inuline est oxyd6e en une polydi-
carboxy-inuline ayant 1 ,2-2,6 groupes carboxyle par unitd monosaccharide

8. Polydicarboxy-inuline qu'on peut obtenir en utilisant le proc6d6 selon l'une quelconque des revendications 1-7,
ayant une moyenne d'au moins 1,0 groupe carboxyle par unit6 monosaccharide, et ayant une capacit6 i complexer
le calcium de 1 ,75-2 mmoles de Ca par g, ladite capacit6 d complexer le calcrum 6tant d6finie comme le nombre
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de mmoles de Ca(ll) qui peuvent 6tre aiout6es d 1 gramme de produil lusqu'A ce que la concenlration de calcium

non complex6 atteigne 10'5 M.

9. Composition complexant le calcium quicontient une polydicarboxy-inuline qu'on peut obtenir en utilisant le proc6d6

selon l,une quelconque des revendications 1-7 et ayant une capacit6 d complexer le calcium de 1'75-2 mmoles

de Ca par g, en mdme temps qu'une z6olite.

10. D6tergent qui contient une polydicarboxy-inuline selon la revendication 8 ou une composition complexant le cal-

cium selon la revendication 9.

11. Urilisation d,une polydicarboxy-inuline qu'on peut obtenir en utilisant le proc6drl selon l'une quelconque des re-

vendications 1-7, ayant une capacit6 A complexer le calcium de 1,75-2 mmoles de Ca par g comme agent com-

plexant du calcium.
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