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Description

[0001] The present invention relates to a procedure for producing a grafted starch derivative. The invention also
relates to products manufactured using this procedure and to their use.

[0002] Manufacture of a graft copolymer from corn starch and e-caprolactone is partly known. Patent JP 04093315
describes a method for grafting true corn starch with poly-e-caprolactone (PCL) by preconditioning the poly-e-caprol-
actone with methyldicyanate and triethylamide in a toluene solution prior to the addition of true corn starch. Moreover,
patent JP 05125101 describes graft copoplymerization of starch with e-caprolactone in a dimethyl acetamide solution
in the presence of triethylamine and lithium chloride. Other literature relating to aliphatic polyesters deals with com-
pounding of the above-mentioned substances. A drawback with the methods described is the use of solvents detri-
mental to health.

[0003] To reduce the price of aliphatic polyesters and to improve their biodegradability, they have been blended with
polymers obtained from renewable natural resources, such as starch. Compounding of the polymers mentioned above
can be achieved by currently known methods (described e.qg. in patent PCL/EP92/00959 and in articles: Koenig, M.F.
and Huang, S.J., Biodegradable Polymer/Starch Blends, Composites and Coating, Polymer, Mater, Sci, Eng., 67, 1992,
pp. 290-291 and McCarthy, S.P., Tanna, S.T. and Gross, R., Biodegradation of Blends of Bacterial Polyester and Starch
in a Compost Environment, Polym. Mater. Sci. Eng., 67, 1992, pp. 294-295), but the mechanical properties of polymer
blends obtained by compounding deteriorate rapidly as the starch content increases. In addition to the deterioration
of mechanical properties, the use of starch also increases the hydrophilicity of the product, thus reducing its water
resistance. Therefore, the product is structurally unsatisfactory for many present-day applications.

[0004] In view of the circumstances described above, it is desirable to find new methods for producing hydrophobic,
biodegradable products having a good water resistance and mechanical properties adequate for their applications.
[0005] With the starch derivatives grafted with an aliphatic polyester produced by the procedure of the invention, the
properties described above can be achieved and the drawbacks avoided. In the procedure of the invention, starch or
a starch derivative can be graft-copolymerized without a catalyst or with the aid of a suitable ring-opening catalyst with
a cyclic, ring-structured ester monomer, hereinafter simply referred to as cyclic ester, which, as a result of polymeri-
zation, forms aliphatic polyester grafts in the starch or starch derivative.

[0006] Inthe procedure of the invention, a starch derivative grafted with aliphatic polyesters can, in optimal conditions,
be manufactured without a solvent or other medium. The fact that aliphatic polyesters are grafted in starch or a starch
derivative has been established by a FTIR analysis.

[0007] The procedure of the invention produces a hydrophobic product which can be used as a hot-melt adhesive
component and which can partly or completely replace the commonly used non-biodegradable polymers.

[0008] The products of the invention are characterized in that they are water insoluble, hydrophobic, have a low
melting point and a low water transmission.

[0009] Products manufactured by the procedure of the invention can also be used for the coating of paper or card-
board to increase the water resistance and reduce the water transmission of paper or cardboard.

[0010] The invention is described in greater detail by the aid of the following application examples. These represent
typical ways of producing and using the product of the invention. The application examples are only intended to dem-
onstrate the invention without limiting the scope of protection of the invention in any way.

[0011] The starch described in the invention may be any starch extracted from a natural raw material (true starch),
e.g. barley, potato, wheat, oat, corn, tapioca, sago, rice or other tuber or grain based starch with an amylose content
of 0-100 % and an amylopectin content of 100-0 %. The starch derivative may be an alkoxylated starch, e.g. hydrox-
yethyl or hydroxypropyl starch, an esterified starch, e.g. starch acetate, a chemically or enzymatically hydrolyzed starch,
an oxygenated starch or a carboxymethylated starch.

[0012] The ring-opening catalyst described in the invention may be any catalyst used in ring-opening polymerization
of a cyclic ester, such as an organometallic compound of aluminum, stannum or zinc. Usable aluminum compounds
are aluminum alkoxides, alkylated aluminums and alkylated aluminum polyalkoxides, such as diethylaluminum meth-
oxide, diethylaluminum allyloxide, aluminum isopropoxide, triethylaluminum and aluminum porphyrins. Usable zinc
compounds are zinc alkoxides, such as diethylzinc ethoxybromide and diethylzinc-4-pentenyl-1-oxide. Usable stan-
nous compounds are stannous halides, derivatives of tributyltin and triphenyltin, such as stannous chloride, bromide
and iodide, tibutyltin methoxide, triphenyltin acetate and stannous octoate.

[0013] Inthe procedure of the invention, the catalyst content in graft copolymerization may be 0-5 w-% (percent by
weight) of the cyclic ester, suitably 0.05-5 w-%, preferably 0.5 w-%.

[0014] In the procedure described in the invention, the starch or starch derivative can be graft-copolymerized with
cyclic esters even without a ring-opening catalyst.

[0015] The grafted aliphatic polyester described in the invention may be a polyester derived by graft-copolymerization
from any cyclic ester. Among cyclic esters, the most usable are lactones of various ring sizes, such as 4-ring 7-buty-
rolactone, 5-ring &-valerolactone and 6-ring e-caprolactone.
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[0016] In the procedure of the invention, a cyclic ester is allowed to react with starch or a starch derivative without
a medium in a mass polymerization process, producing a starch derivative grafted with a polyester and having an
aliphatic polyester content of at least 26 %, suitably 80 %, preferably 67 %.

[0017] The reagents used; the starch or starch derivative, ring-opening catalyst and cyclic ester need not be dehy-
drated or specially dried, but unnecessary moisture should be avoided because it may prevent graft-copolymerization
of the starch or starch derivative with the cyclic ester.

[0018] In the procedure described in the invention, oxygen inhibiting the polymerization of aliphatic polyesters is
eliminated by performing the polymerization in a nitrogen atmosphere.

[0019] Inthe procedure described in the invention, the reaction temperature may be 100-200°C, suitably 120-180°C,
preferably 150-180°C. The reaction time may be 3-12 hours, suitably 6-12 hours. A suitable reaction time is 3 hours
when the reaction temperature is 180°C, a preferable reaction time is 6 hours when the reaction temperature is 150°C.
[0020] The product obtained by the procedure of the invention is a starch derivative grafted with aliphatic polyesters,
having an aliphatic polyester content of at least 26 %, suitably 80 %, preferably 67 %.

[0021] A basic rule for the manufacture is as follows:

[0022] The cyclic ester, ring-opening catalyst and starch or starch derivative are allowed to react in a container placed
in an oil bath under a reaction temperature of 150°C while stirring the reaction mixture. After a reaction time of 6 hours,
the product is placed in a receptacle in the liquid condition. The mass relationship between the reagents is so chosen
that the proportion of aliphatic polyester in the grafted starch derivative obtained as a product of the graft-copolymer-
ization reaction is in the range of 26% - 80%. Alternatively, the reaction can be implemented without a catalyst.
[0023] The grafted starch derivative produced by the procedure of the invention is a product suited for use as a hot-
melt adhesive component. Hot-melt adhesives often consist of three main components: a thermoplastic polymer, ad-
hesive resin and wax. Besides these, small amounts of various additives are used for adjustment of the properties.
The commonest adhesive resins used in hot-melt adhesives are derivatives of pine oil resin or hydrocarbon resins.
The thermoplastic polymers are polyolefins (polyethylene, polypropylene), ethylene vinyl acetate copolymers, styrene-
butadiene-styrene or styrene-isoprene-styrene block copolymers. The most commonly used waxes are synthetic PE
waxes. In other words, most of the raw materials of hot-melt adhesives are products of the petrochemical industry.
[0024] The products manufactured by the procedure of the invention are made of raw materials based on biodegrad-
able or renewable natural resources. They are starch derivatives grafted with aliphatic polyesters and have properties
that meet the requirements applying to raw materials of hot-melt adhesives. They can be used to replace polymers
based on products of the petrochemical industry and employed in hot-melt adhesives. The products are water insoluble,
hydrophobic grafted starch derivatives having a low melting point and an aliphatic polyester content of at least 26 %,
suitably 80 %, preferably 67 %.

[0025] The starch polymer derivatives described above can be used as components in hot-melt adhesives containing
polyolefins, resins and waxes. Their applicability for this use has not been previously described.

[0026] Hot-melt adhesives are generally manufactured by melting the raw materials in a high temperature, generally
150-200°C. Due to this manufacturing process, the raw materials of hot-melt adhesives must have a melting point not
exceeding the process temperature, preferably below 150°C. Because of the high process temperatures, the raw
materials must have sufficiently stable melt viscosity values to ensure that the properties of the adhesive being man-
ufactured will not change during manufacture and storage. In addition, since hot-melt adhesives are generally mixtures
of several components, their raw materials must have a good intermixing capability. The grafted starch derivative of
the invention meets these requirements. These grafted starch derivatives have melting points clearly below the process
temperatures, which is an advantage from the viewpoint of energy saving as well. Besides having advantageous melting
characteristics, the grafted starch derivatives mix well with the raw materials generally used in hot-melt adhesives and
have a sufficient viscosity stability for this application, too, as demonstrated by Example 8.

[0027] The applicability of a grafted starch derivative manufactured by the procedure of the invention as a component
of hot-melt adhesives has also been investigated by preparing hot-melt adhesive formulations from it and measuring
the tenacity properties of the adhesive obtained (Example 9). The properties are compared to "standard formulations"
commonly used in this field, which consist of a thermoplastic polymer, e.g. ethylene vinyl acetate (EVA), adhesive resin
and wax. In Example 9, EVA is partly or completely replaced with a grafted starch derivative. By comparing the tensile
strength values of adhesive mixtures containing grafted starch with those of so-called standard adhesive mixtures, it
can be seen that the values are of the same order, which further confirms the applicability of the product of the invention
as a raw material for hot-melt adhesives.

[0028] The invention relates to a hydrophobic product with a low melting point, applicable for use in hot-melt adhe-
sives, blending with thermoplastic polymers such as polyolefins, ethylene vinyl acetate copolymers (EVA), styrene-
butadiene-styrene block copolymers (SBS), styrene-isoprene-styrene block copolymers (SIS) and resins (such as hy-
drocarbon resins, terpene resins and pine oil based resins) and consisting of a starch derivative grafted with aliphatic
polyesters and containing a proportion of aliphatic polyesters as defined above.

[0029] The properties of the product of the invention vary depending on the length of the grafted aliphatic polyester
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chain and the amount of polyester. As the proportion of polyester in the product increases, its water-solubility decreases.
The product has an emollescence temperature in the range of 30-90°C, which is significant in respect of processibility.
As a general rule, the lower the emollescence temperature, the better the processibility of the product.

[0030] The hydrophobic, water insoluble and impermeable product described in the invention can also be used as
a coating material for paper and cardboard to improve the water resistance of said fibre based products and to reduce
their water transmission. The applicability of grafted starch derivatives for these uses has not been previously described.
[0031] That grafted starch derivatives manufactured by the procedure of the invention can be applied to improve the
water resistance of paper or cardboard was demonstrated by coating cardboard with the product of the invention and
comparing the water absorption capability of coated cardboard with the corresponding properties of uncoated card-
board. The results presented in Example 10 show that the absorption of water into cardboard is reduced to about one
tenth when the cardboard is coated with the product of the invention.

Example 1.

Grafting true starch with  e-caprolactone with the aid of stannous octoate (150  °C, 6 hours)

[0032] The starch used was true barley starch. Graft-copolymerization was implemented using e-caprolactone in the
presence of stannous octoate as catalyst.

[0033] Inthe laboratory experiments, the following basic formula was used, yielding a final product with an aliphatic
polyester content of about 67 % of the total amount of the product.

1 26.3 g of true starch (as dry matter)
2 50.0 g of e-caprolactone
3 0.25 g of stannous octoate

[0034] The reaction was carried out by mixing in an oil bath at a reaction temperature of 150°C. The reaction time
was 6 hours. After the reaction, the product was cooled down and the conversion of e-caprolactone was determined
by heating a sample of the product at 105°C for 3 hours. The conversion was determined from the amount evaporated
from the sample. In different laboratory experiments, the conversion of e-caprolactone varied between about 8-99 %.
Conversion measurement is used to establish the amount of inert e-caprolactone in the reaction product. For instance,
the value 97% means that the inert e-caprolactone content of the reaction product is 3%. In the present example, the
conversion of e-caprolactone was 96.2%.

Example 2.

[0035] Grafting a starch derivative with e-caprolactone with the aid of stannous octoate (150°C, 6 hours)

[0036] The starch derivative used for graft-copolymerization was hydroxypropylated starch with a molecular substi-
tution level of about 2.2. Graft-copolymerization was implemented using e-caprolactone in the presence of stannous
octoate as catalyst.

[0037] The following basic formula was used in the laboratory experiments.

1 24.9 g of hydroxypropyl starch
2 50.0 g of e-caprolactone
3 0.25 g of stannous octoate

[0038] The reaction was carried out by mixing in an oil bath at a reaction temperature of 150°C. The reaction time
was 6 hours. The conversion of e-caprolactone was 97.3% and the emollescence temperature of the product was
45.6°C.

Example 3.

[0039] Grafting a starch derivative with e-caprolactone with the aid of stannous octoate (180°C , 3 hours)

[0040] Graft-copolymerization of the starch derivative was carried out by varying the basic formula presented in
Example 2 by raising the temperature to 180°C and reducing the reaction time to 3 hours. The conversion of e-capro-
lactone was 95.2% and the emollescence temperature of the product was 48.2°C.
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Example 4.

Grafting a starch derivative with  e-caprolactone with the aid of stannous octoate (100  °C, 12 hours)

[0041] Graft-copolymerization of the starch derivative was carried out by varying the basic formula presented in
Example 2 by reducing the temperature to 100°C and increasing the reaction time to 12 hours. The conversion of €-
caprolactone was 99.1% and the emollescence temperature of the product was 51.5°C.

Example 5.

[0042] Varyingthe proportion of aliphatic polyester in graft-copolymerization of a starch derivative with e-caprolactone
in the presence of stannous octoate

[0043] Thereactionwas carried out as in Example 2 but using varying amounts of starch derivative (1), e-caprolactone
(2) and stannous octoate (3). The amounts of these substances used and the properties of the products obtained are
presented in Table 1. Test 5B corresponds to Example 2 presented above.

Table 1.
Formulas used and properties of the products
Test | 19 29 3g Aliph. pol.est content, w- | Conversion % | Emoll. temp. Water solubility, %
% °C
5A 25.0 | 37.4 | 0.125 40 85.8 50.0 11.8
5B 249 | 50.0 | 0.25 67 97.3 45.6 5.9

Example 6.

Grafting a starch derivative with  e-caprolactone with the aid of aluminum isopropoxide (160 °C, 1/2 hour)

[0044] The starch derivative used for graft-copolymerization was starch acetate with a substitution level of 0.45.
Graft-copolymerization was carried out using e-caprolactone in the presence of aluminum isopropoxide as catalyst.

1 21.3 g of starch acetate (as dry matter, DS 0.45)
2 45.0 g of e-caprolactone
3 1.0 g of aluminum isopropoxide

[0045] The reaction was implemented as in Example 2 but the reaction temperature was 160°C and the reaction
time 1/2 hour. The conversion of e-caprolactone was 98.6% and the emollescence temperature of the product was
74.4°C.

Example 7.

Grafting a starch derivative with  e-caprolactone without a catalyst (150 °C, 3 hours)

[0046] Graft-copolymerization of the starch derivative was carried out according to the basic formula presented in
Example 2 by reducing the reaction time to 3 hours. No catalyst was used in the reaction. The conversion of e-capro-
lactone was 99.3% and the emollescence temperature of the product was 37.6°C.

[0047] The product showed a greater degree of fluidity than the product obtained in a corresponding manner using
a catalyst according to Example 2. Therefore, a product produced with the aid of a catalyst will be harder and more
durable than a product manufactured without a catalyst.

Example 8.
Use of a grafted starch derivative in hot-melt adhesives
[0048] This example illustrates the change of viscosity occurring in a grafted starch derivative during storage. The

viscosity stability of the grafted starch derivative is tested by melting the starch derivative and storing it in an ageing
oven at 170°C. A viscosity measurement was performed at daily intervals at a temperature of 160°C with a Brookfield
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viscosimeter using the Thermocell heating system (Spindel 28 and 0.6 rpm). The results are presented in Table 2,
which shows that, after 4 days of storage, the viscosity falls by 47% of its original value. The allowed maximum change
(in the circumstances in question) is often given as 50% by manufacturers of hot-melt adhesives.

Table 2.

Viscosity stability of hot-melt adhesives

Time Viscosity, mPas | Change, %
After melting 13400 0

1 day 10700 20

2 days 8450 37

3 days 7230 46

4 days 7050 47

Example 9.

Use of a starch derivative grafted with polylactone in hot-melt adhesives

[0049] This example illustrates the properties of a hot-melt adhesive blend containing a starch derivative grafted with
polylactone.
[0050] As model blends for a hot-melt adhesive, a mixture of EVA (ethylene vinyl acetate copolymer), adhesive resin

and wax was used in two different mixture ratios. The adhesives to be studied were prepared by replacing the EVA
partly or completely with a grafted starch derivative. Table 3 shows the proportions of different components used in
the hot-melt adhesives.

[0051] From these mixtures, test pieces about 3 mm in thickness were cast and their tensile strength and break
elongation were determined according to the ISO 527 R standard. The results obtained for the test pieces are presented
in Table 4.

Table 3.
Formulas for hot-melt adhesives
Sample | EVA w-% | Grafted starch derivative, w-% | Resin w-% | Wax w-%
1 45.0 45.0 10.0
2 225 225 45.0 10.0
3 45.0 45.0 10.0
4 33.3 33.3 33.3
5 33.3 33.3 33.3

Table 4.
Mechanical properties of hot-melt adhesives
Sample | Tensile strength MPa | Break elongation %
1 2.03+£0.47 9.0+£0.8
2 3.16 + 0.17 527+40
3 1.49 £ 0.02 430+32
4 2.11+0.39 56+18
5 2.22+0.31 1769

[0052] On an average, the tensile strength values of grafted starch derivatives are of the same order as the strength
of the reference adhesives. The strength of adhesives can be varied by changing the mixture ratios (see reference
samples 2 and 5).
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Example 10.

Use of a grafted starch derivative for the coating of paper

[0053] This example illustrates the water resistance of cardboard coated with a grafted starch derivative. For the
testing, a 10*10 cm? piece of uncoated cardboard was coated with a 10w-% solution of grafted starch derivative which
was applied evenly onto the cardboard by means of a roller. The average amount of coating on the cardboard was 20
g/m2. After this, 1.0 g of water was placed on the cardboard coated with grafted starch derivative and on an uncoated
reference board and the water was allowed to soak. After 15 minutes, unabsorbed water was removed and the amount
of water absorbed was determined by weighing. The grafted starch derivative used was a product manufactured ac-
cording to Example 2. Table 5 presents the results obtained.

Table 5.

Water resistance of uncoated and coated cardboard

Test | Amount of coating, g/m2 | Water absorbed, %

1 11.4
2 18 1.6
3 26 0.4

[0054] The results indicate that the water resistance of cardboard is considerably improved by coating the cardboard
and by increasing the amount of coating.

Claims

1. Procedure for producing a grafted starch derivative, in which procedure a cyclic ester is allowed to react with starch
or a starch derivative in such a way that a starch derivative grafted with an aliphatic polyester is obtained, char-
acterized inthat the graft-copolymerization is carried out as mass polymerization so that the proportion of aliphatic
polyester is at least 26 w-%, suitably not exceeding 80 w-%.

2. Procedure as defined in claim 1, characterized in that a proportion of aliphatic polyester in the grafted starch
derivative obtained is 67 w-%.

3. Procedure as defined in any one of the preceding claims, characterized in that the graft-copolymerization is
implemented using as an aid a suitable catalyst, such as the catalyst used in ring-opening of lactone, and that the
catalyst is one of the following: a) stannous octoate, b) aluminum isopropoxide, and that the catalyst content in
graft-copolymerization is 0-5 w-% of the lactone, suitably 0.05 - 5 w-%. preferably 0.5 w-%.

4. Procedure as defined in any one of the preceding claims, characterized in that the starch is a true starch extracted
from a natural raw material, such as barley, potato, wheat, oat, corn, tapioca, sago, rice or other tuber or grain
based starch, and that the true starch has an amylose content of 0-100 w-% and an amylopectin content of 100-0
w-%.

5. Procedure as defined in any one of the preceding claims, characterized in that the starch derivative is at least
one of the following: a) alkoxylated starch, b) esterified starch, c) chemically or enzymatically hydrolyzed starch,
d) oxygenated starch, e) carboxymethylated starch.

6. Procedure as defined in any one of the preceding claims, characterized in that the grafted aliphatic polyester is
a straight-chain lactone polymer containing at least one of the following components: a) y-butyrolactone monomer,
b) &-valerolactone monomer, c) e-caprolactone monomer.

7. Procedure as defined in any one of the preceding claims, characterized in that the graft-copolymerization is
performed in a reaction temperature of 100-200°C, suitably 120-180°C, preferably 150-180°C, and that the graft-

copolymerization is performed in a reaction time of 3-12 hours, suitably 6-12 hours.

8. Crafted starch derivative consisting of a water insoluble grafted starch derivative having a proportion of aliphatic
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polyester of at least 26 weight% used as a component in hot-melt adhesives.

Grafted starch derivative consisting of a water insoluble grafted starch derivative having a proportion of aliphatic
polyester of at least 26 weight% used for the coating of paper or cardboard.

Grafted starch derivative according to claim 8 or 9, characterized in that the proportion of aliphatic polyester in
the product is 67 weight%.

Patentanspriiche

1.

10.

Verfahren zur Herstellung eines gepfropften Stérkederivats, wobei ein zyklischer Ester mit Starke oder einem
Starkederivat derart zur Reaktion gebracht wird, dass ein mit einem aliphatischen Polyester gepfropftes Starke-
derivat erhalten wird, dadurch gekennzeichnet, dass die Pfropf-Copolymerisation als Blockpolymerisation durch-
gefiuihrt wird, sodass der Anteil an aliphatischem Polyester wenigstens 25 Gew.-% betragt und zweckmaRigerweise
80 Gew.-% nicht Ubersteigt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Anteil an aliphatischem Polyester in dem ge-
pfropften Starkederivat 67 Gew.-% betragt.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Pfropf-Copolymeri-
sation unter Verwendung eines geeigneten Katalysators als Hilfsmittel durchgefiihrt wird, wie einem zur Ringoff-
nung von Lacton verwendeten Katalysator und dass der Katalysator ausgewahlt ist aus: a) Zinn(ll)-Octoat, b)
Aluminium-Isopropoxid, und dass der Gehalt an Katalysator in der Pfropf-Copolymerisation 0 bis 5 Gew.-% des
Anteils an Lacton betragt, zweckmaRigerweise 0,05 bis 5 Gew.-%, bevorzugt 0,5 Gew.-%.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass es sich bei der Starke
um eine echte Starke handelt, die aus einem natlrlichen Rohmaterial wie zum Beispiel Gerste, Kartoffeln, Weizen,
Hafer, Mais, Tapioka, Palmstarke, Reis extrahiert wurde oder um eine andere, auf Knollen oder Korn basierende
Starke, und dass die echte Starke einen Gehalt an Amylose von 0 bis 100 Gew.-% und einen Gehalt an Amylopektin
von 100 bis 0 Gew.-% aufweist.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass es sich bei dem Starke-
derivat um wenigstens eines der folgenden handelt: a) alkoxylierte Starke, b) esterifizierte Starke, ¢) chemisch
oder enzymatisch hydrolysierte Starke, d) oxidierte Starke, e) carboxymethylierte Starke.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass der gepfropfte aliphati-
sche Polyester ein geradkettiges Lacton-Polymer ist, das wenigstens eine der folgenden Komponenten enthalt:
a) y-Butyrolacton Monomer, b) d-Valerolacton Monomer, c) e-Caprolacton Monomer.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Pfropf-Copolymeri-
sation bei einer Reaktionstemperatur von 100 bis 200 °C, zweckmaRigerweise 120 bis 180 °C, bevorzugt 150 bis
180 °C durchgefuhrt wird, und dass die Pfropf-Copolymerisation mit einer Reaktionszeit von 3 bis 12 Stunden,
zweckmaRigerweise 6 bis 12 Stunden durchgefuhrt wird.

Gepfropftes Starkederivat bestehend aus einem Wasser-unléslichen gepfropftem Stéarkederivat mit einem Anteil
an aliphatischem Polyester von wenigstens 26 Gew.-% verwendet als Bestandteil in einem Hot-Melt-Kleber.

Gepfropftes Starkederivat bestehend aus einem Wasser-unléslichen gepfropftem Stéarkederivat mit einem Anteil
an aliphatischem Polyester von wenigstens 26 Gew.-% verwendet zur Beschichtung von Papier oder Pappe.

Gepfropftes Starkederivat nach den Anspriichen 8 oder 9, dadurch gekennzeichnet, dass der Anteil an alipha-
tischem Polyester in dem Produkt 67 Gew.-% betragt.

Revendications

1.

Procédé de fabrication d'un dérivé d'amidon greffé , dans lequel procédé un ester cyclique peut réagir avec un
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amidon ou un dérivé d'amidon de maniére a obtenir un dérivé d'amidon greffé avec un polyester aliphatique,
caractérisé en ce que la polymérisation de greffage est effectuée en tant que polymérisation de masse afin que
la proportion du polyester s'éléve au moins a 26% en poids et de fagcon appropriée n'excéde pas 80% en poids.

Procédé selon la revendication 1, caractérisé en ce qu' une proportion de polyester aliphatique de 67% en poids
est obtenue dans le dérivé d'amidon greffé.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que la copolymérisation de
greffage est implémentée en utilisant un catalyseur approprié tel qu'un catalyseur utilisé pour I'ouverture de I'an-
neau du lacton et en ce que le catalyseur est parmi: a) octoate d'étain, b) aluminium iso-propoxide, et en ce que
le contenu en catalyseur pendant la copolymérisation de greffage est de 0 & 5% en poids de lacton, de fagon
appropriée 0,05 a 5 % en poids, de préférence 0,5% en poids.

Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que I'amidon est un vrai
amidon extrait d'une matiere naturelle brute telle que I'orge, la pomme de terre, le blé, l'avoine, la céréale, le
tapioca, le sagou, le riz et d'autres amidons de plantes tubériféres ou a base de grains et en ce que le vrai amidon
a un contenu en amylose de 0 a 100% en poids et un contenu en amylopectin de 100 a 0% en poids.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que le dérivé d'amidon est
au moins un des suivants: a) amidon alkoxylé, b) amidon estérifié, c) amidon hydrolysé de fagon chimique ou
enzymatique, d) amidon oxydé, e) amidon carboxyméthylé.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que le polyester aliphatique
greffé est un polymeére de lacton a chaine droite contenant au moins un des composants suivants: a) monomere
y-butyrolacton, b) monomeére d-valérolacton, ¢) monomere -caprolacton.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que la copolymérisation de
greffage est effectuée a une température de réaction de 100 a 200°C, de fagon apropriée 120 a 180°C, de préfé-
rence 150 a 180°C et en ce que la copolymérisation de greffage est réalisée en un temps de réaction compris
entre 3 et 12 heures, de fagcon appropriée entre 6 et 12 heures.

Dérivé d'amidon greffé constitué d'un dérivé d'amidon greffé insoluble dans I'eau ayant une proportion de polyéester
aliphatique d'au moins 26 % en poids utilisé en tant que composant dans des adhésives de collage a chaud.

Dérivé d'amidon greffé constitué d'un dérivé d'amidon greffé insoluble dans I'eau ayant une proportion de polyéster
aliphatique d'au moins 26 % en poids utilisé pour enduire du papier ou du carton.

Dérivé d'amidon greffé selon la revendication 8 ou 9, caractérisé en ce que la proportion du polyester aliphatique
dans le produit est de 67% en poids.
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