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FOAMED STARCH POLYMER

" The present invention relates to a process for producing
a substantially biologically degradable polymer foam, a
procesé for the production of a polymer mixture suitable for
the prodﬂctidn of the biologically degradable polymer foam, a
biologically degradable polymer foam and uses of the
biologically degradable'polymer foam.

The production of foahéd polymers is a known proéess and
is effected either mechanically without pressure or by heans
of foam-forming agents or else by sudden expansion of gases,
expansion agents, or solvents which, at higher pressures,
produce an inflation pressure in the plastic or liquid-
polymer composition.

Such polymer foams have the most varied uées in, among
other things, packaging, thermal insulation, acoﬁstic
insulation, construction and many fields of use of daily
life. As is generally the case with polymers or plastics,
disposal or degradability constitutes an important factor
also in the case of foamed materials, particularly if the
foamed materials have a high strength and_éompressing is not
readily possible. |

For this reason, a number of foamed substances of so-
called biologically degradable polymers are known such as,

for instance, starch foamed materials, in connection with
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which, starting from, fdr instance, native or so-called
disaggregated starch, such a foamed material is produced by
ﬁeans of an expansion agent. Thus for almost a century a
sponge made from starch has been knoWn which is produced in
the manner that a boiled starch paste is cooled to
temperatures below the freezing point and the water then
removed from the sponge mass by thawing.

In Federal Republic of Germany 23 04 736 a process for
the production of a foamed material is described in which
carbohydrates or polysaccharides in granulated, compacted or
coarsely crystailine form are heated until dry in a tunnel
furnace for 10-40 minutes at 200 to 400°C with the addition
of small amounts of organic or inorganic acids or acid salts.
Due to the pyrolysis of the carbohydrate material which takes
place, inflation occurs, whereby a carbonated foam material
is obtained. |

In Federal Republic of Germany 32 06 751, a relatively

rigid foam is obtained by an extrusion process in which

‘heating of the. starch material is effected already in an

extruder due to the shearing forces and the pressure,
inflation and foaming of the emerging geléting starch taking
place due to the development of gas upon the reaction of
expansion agent additives with simultaneous solidification of
the starch paste. As expansion égent additives, calcium

carbonate and phosphoric acid are described, whereby carbon
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dioxide is pfoduced.

WO 91/02023 describes a starch foam contaiﬁing starch
and ethylene acrylic copolymer which is obtained by adding an
expansion agent such as sodium bicarbonate in the presence of
a polymerié acid. Once again, carbon dioxide is the
expansion gas. |

In WO 91/18048 a nucleating agent is applied to granules
of starch. The nucleating agent is decomposed by heat,
whereupén the development of the foam commences. As
nucleating agent, carbonateé enter into consideration, so
that once again carbon dioxide is the responsible expansion
agent.

Starch foam can however also be produced in the manner,
fo; instance, that powdered starch is mixed with water, this
mass_is extruded and upon the extrusion the starch is
inflated by the steam which is produced.

Ail such starch foams of this type which have been
described are, as a rule, partialiy or completely
biologically degradable, in which connection, of course,'the
degradability can be negatively influenced by the addition of
synthetic additives or plastic additives. Furthermore, it
has been found that by the introduction of water as expansion
agent or by the use of carbon dioxide as expansion gas, a
foaming of the starch can be effected, but a non-uniform cell

structure is established which,'in its turn, requires



ﬁhsﬂkﬂﬂﬁwB«m Replaced

- N

‘additional additives. Furthermore, the required percentage

of expansion agent or water necessary to produce the
corrésponding steam is very high aﬁd amounts up to about 20%.

The use of water in combination.with the starch
furthermore has other disadvantages which can be recognized
in particular in connection with the development of so-called
‘thermoplastic starch, which disadvantages are described in
detail in a number of publicationé such as internétional
patent application WO 90/05161 as well as the article
"Sorption Behavior of Native and Thermoplastic Starch" by
R.M. Sala and I.A. Tomka, in Die angewandte makromolekulire
Chemie 199:45-63, 1992; as well as ETH Dissertation No. 9917
by R.M. Sala, 1992, ETH Zurich.

As a result thereof it would be advantageous to use
thermoplastic starch or polymer blends containing
thermoplastic starch and, for instance, polycaprolactoné as
basis for the production of a stafch foam. Since water which
is bound in the starch does not enter into consideration for
the production of suéh a foam, ordinary physical or chemical-
expansion agents are necessary, which_make the advantage of
the biological degradability of pure thérmoplastic starch and
its blends questionable or do not represent naturally growing
resources. Furthermore, a number of'naturally occurring
expansion agents are compatible with the thermoplastic starch

or are thermally unstable or increase the thermal degradation
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of the thermoplastic sﬁarch.

One object of thé present invention is therefore to
propose a biologicaily_degradable polymer foam which has the
most uniform possible cell structure of low density, very
good mechanical properties and the greatest pdssible
resistance to water. 1In accordance with the invention, this
object is achieved by a process preferably in accordance with
Claim 1.

A method is proposed for the production of a
substantially biologically degradable polymer foam, starting
from thermoplastié or disaggregated starch or from a polymer
mixture consisting of thermoplastic or disaggregated starch
with at least one other biologically degradable hydrophobic
polymer. The starch or starch mixture is first of all mixed
with a biologically degradable fibrous or capsular material
which has the ability to bind water by capillary_agtion and
which is at least partially treated or substantiéily fully:
saturated with water. The biologically degradable/material - -
mixture thus produced can be either isolated and, for
instance, granulated so as to be subsequently processed
stepwise in aiseparate process, or else, be directly
processed, with pressure and temperature control,.in such a

manner that the water bound by capillary action in the

-material is released so as to effect a foaming of the

polymer. The great advantage of introducing water as
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expansion agent by means of the fibrous or capsular materials

is that, due to the binding of water by capillary action,
undesired interactions with the polymer matrix can be. |
avoided. Furthermore, the ratio of total-water to amount of
expansion agent can in this way be kept very low, namely at
less than 0.1 wt.%, referred to the total weight of the
starch/material mixture.

In order to achieve the excellent physical and/or
mechanical properties of thermoplastic starch in a starch
foam of the invention, one preferably starts from
thermoplastic starch or a polymer mixture containing
thermoplastic starch in which the content of water in the
thermoplastic starch or polymer mixture is less than 5 wt.%
and preferably less than 1 wt.%. The thermoplastic starch or
polymer mixture can be mixed with up to 30 wt.3 of fibrous or
capsular material which is treated or saturated with water.
It is essential, ubon the mixing of the polymer or the
polymer mixture with the material treated with water that the
process pérameters such as pressure and temperature do not
reach values which lead to the liberation of the capillarily
bound water and/or the expansion agent. As a rule ﬁherefore,
the mixing of the thermoplastic starch or the polymer mixture

with the material which has been treated with water takes

‘place, for instance in an extruder, in a temperature range of

about 100°C to 200°C, this temperature range or the optimal .
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temperatures to be selected depending on the plasticizing or

-7 -

swelling agent in the starch and thus on the melt viscosity
of the starch.

As fibrous or capsular materials the following fibers'
enter into consideration: hemp, jute,_éisal, cotton,
flax/linén, natural silk or abaca. So-called ramie fibers
élso known, fqr instande, as fiberé of so-called China grass
have been found to be particuiar advantageocus.

Ramie fiber is frequently-also-referred to as so-called
high-performance fiber difectly from nature, since it
represents a true alternative to the synthetic industrial
fibers. Ramie fibers are therefore frgquently also.used as
reinforcing fibers in view of their high tear strength, low
elongafion upon rupture, as well as their high adherence.
Uses include the strengthening of rubber bands, as
reinforcing fiber for building materials such as cement and
plaster, as reinforcing fibers for thermosetting polymers, as
well as reinforcing fiber for geotextiles.

But ramie fiber has the particular advantage that it is
completely decomposable or biologically degradable due to its
natural origin.

As fibrous or capéular materials, however, substances
such as expanded clay aggregate, silica gel, agarose gel,

cephatex gel and ceolith are also suitable.
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The thermoplastic starch preferably contains as

plasticizing agent or swélling agent one of the following
substances: glycerol, sorbitol, pentaerythritol, trimethyl
propane, polyvinyl alcohol, amino alcohol, other polyhydric
alcohols, mixtures of these compohénts, ethoxylated
polyalcohols such’'as glycerol and ethoxylate or sorbitol and
ethoxylate. This list is not 1imitative and the use of other

plasticizing or swelling agents which are suitable for the

production of thermoplastic starch is possible, in which

~connection, as already stated above, water is not suitable.

Instead of thermoplastic starch, one can also use a
polymer mixture which contains, among other things,
thermoplastic starch and at least one other hydrophobic
polymer component such as, for instance, a cellulose
defivatiﬁe having a degree of substitution less than 2, sucﬁ
as cellulose ether, cellulose ester or a cellulose co-ester;

an aliphatic polyesﬁer-such as polycaﬁrolactone,
polyhydroxybutyric acid, polyhydroxybut&ric acid/hydroxy-
valeric acid copolymef or polylactic acid;

a hydrophobic protein, such as zein; and/or

a polyvinyl alcohol prepared by non-one-hundred-per—cent

hydrolyzation of polyvinyl acetate, preferably with a degree

- of hydrolyzation of about 88%.

As example of a cellulose ether, mention may be made of

cellulose diethyl ether (CDE), which can be processed
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thermoplastically at 190°C with, for instance, diethyl
tartrate as plasticizer, and which cellulose ether is
biologically degradable. The maximuﬁ water absorption at
20°C is only Jjust 0.04 parts by weight. | |

As example of a cellulose ester,.mention may be made of
cellulose diacetate (CDA) or, as co-ester, cellulose acetate
butyraté, which can be processed thermoplastically wifh
plasticizers at 180°C and which are biologically degradable.
The maximum water absorption at 20°C in water is only just
0.05 parts by weight.

Polycaprolactone can be processed without plasticizer at
120°C; it;is partially crystalline, with a melting point of
between 60°C and 80°C and a vitreous solidification at =-50°cC.
Its mechanical properties are comparable to those of low-
density polyethylene. The maximum watef absorption at 20°C
is less than 0.01 parts by weight and, in additioh,
polycaprolactone is biologidally.degradable; One great
advantage of the use of polycaprolactone is that it is
readily miscih;e with thermoplastic starch without the
necessity of using a so-called phasenmediator._

Polyhydroxybutyric acid/polyhydroxyvaleric acid
copolymers can be processed thermoplastically; they have good-
mechanical properties and a low water absorption of less than
0.01 parts by weight, and they are furthermore biologically

degradable. The same is true of polylactic acid which,
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- although it can be readily processed thermoplastically, has

good mechanical properties and is biologically degradable.

As hydrophobic protein, zein, for insténce, is proposed,
it being cabable of beiné thermoplastically processed with
0.2 parts'by weight of lauric acid or diethyl tartrate at
130°cC. |

Finally, mention should also be made of polyvinyl
alcohol, known for instanée under the brand name'Noviol, in
which case the polyvinyl acetate used for its production is
preferably 88% hydrolyzed. .

Since the thermoplastic starch is hydrophilic and the
above-mentioned partners for the production of a polymer

mixture are of a hydrophobic character, it is necessary or

-édvantageous as a rule to use for the production thereof a-

'so-called phase mediator which is compatible both with

thermoplastic starch and at the same time with the
hydrophobic polymef. Due to the different cohesion energy

densities of starch and the hydrophobic polymers, block

' copolymers enter into consideration, namely ones which

consist of a block which is soluble in starch and a block
which is soluble in the hydrophobic polymer phase. It is, of
course, essential in this connection fhat tﬁe'phase mediator
also be biologiéally degradab;e and that it can be suitably
processed thermoplastically. Aslan example thereof, a

polycaprolactone/polyvinyl-alcohol copolymer may be
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mentioned. As phase mediator, however, there also enter into

consideration reaction products between a hydrophobic
biologically degradable polymer and the thermoplastic starch
which are compatible with the hydrophobic polymer phase. In
this connection, for instance, thé biologically degradable
polymer can, for-instancé, have reactive groups such as, for
instance, epoxy groups, or else acid-anhydride groups, whiéh
react with at least a part of the thermoplastic starch.

The phase mediator to be used or the quantity thereof to

be employed is, in the final analysis, a question of

optimalization; it is essential in the case of the polymer
mixtures which are to be used for the production of the foam

that it be as homogeneous or uniform as possible in 6rder to

‘be able to produce a foam which is also as uniform as

possible.

In_accordance with a preferred embodiment of the
process, thermoplastic starch or the polymer mixture
containing thermoplastic starch which has a water content of
less than 1 wt.% is mixed with 2-20 wﬁ.%, and preférébly
about 4-8 wt.%, of water-saturated ramie fiber having a fiber
length of about 0.3-4.0 mm in a temperature range of about
130°C to 170°C. The mixing can take place, for instance, in
a single-shaft or co-rotating or counter-rotating twin-shaft
extruder or a Kokneader® or else in-a batchwise unit such as

an internal mixer or "Banbury® mixer". It is important in
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this mixing process that the water which is bound by
capillary action in the ramie fiber not be liberated. On the
other hand, however, temperature and pressure as well as the
mechanidal work introduced must be such that no degradation
of the thermoplastic starch takes place._ The temperature for
the incorporation”is furthermore dependent on the swelling
agént of plasticizing agent used in the thermoplastic starch,
which can greatly affect the melt viscosity of the starch.
Thus, for instance in the case of a thermoplastic starch
which contains glycerol, lower temperatures are to be used
upon the incorporating of the ramie fibers than in the case
of thermoplastic starch which contains sorbitol for instance.

Now, it ié possible, in principle, to isblate the
thermoplastic starch to which ramie fiber has been added or
the polymer blend containing thermoplastic starch and to

store it as a so-called polymer raw material for the further

production of a starch foam in a separate operation or at a

later time. The other possibility consists of diréctly
processing the soft cdmpound further, for instance by
injection into an injection mold in which casé also the
mo;ding produced in this manner is, as before, not defoamed.
For the production of the foam, it is now important that
the starch compound be processed at elevated temperature and
pressure, for instance 200°C to 210°C, whereby the capillary

active water in the ramie fiber is released so as to foam the
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starch. In this connection, it is possible to process the

starch melt containing the ramie fibers in an extruder at the
said temperature of about 200°C, or to extrude or injection
mold it, the thefmoplastic starch or the polymer mixture
foaming upon leaving the die. Or, however, the injection
molding which has”alfeady been produced can be introduced
into a mold and be foamed at elevated temperature and
pressure.

In contradistinction to the various starch foams known
from the prior art, the foam produced in accordance with the

invention, consisting of thermoplastic starch or the polymer

-mixture containing thermoplastic starch, has an extremely

uniform cell structure, a low denSity, and excellent
mechanical properties. The mechanical properties are, of
coﬁrse, also decisively influenced by the presence of the
ramie fibers, since, as is known, ramie fibers are capable of
substantially'improving the mechanical properties of polymers
or plastids.

Upon the production of the biologically degradable
polymers suitable for foaming such as, for instance, the
thermoplastic starch, it-is, of course, also possible, and at
times also advantageous, to operate with additives such as,
for instance additional plasticizing agents, lubricants,
softeners, etc. Fufthermore, it may be advantageous if the

material intended for incorporation which has the water bound
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therein by capillary action, such as for instance the ramie
fibers, be treated on its surface before the incorpofation,
for instance gummed or degummed, in order to permit better
wettability by the polymer. Additives such as fire-proofing
agents,'coloring substances, etc. can also be used upoﬁ the
compounding of thé polymer or the polymer mixture..

Upon the production of the polymer foam, it must be seen
to.it, however, when adding additives such as plasticizing
agents, lubricants and, in particular, softeners, that the
viscosity is not too low. A low viscosity has a negative
effect on the production of the foam and in case of too low a
viscosity there is the danger of collapse. Low viscosity on
the part of the material to be foamed can, however, also
result if the further polymer component used in the polymer
mixture in addition to the thermopiastic starch has a very
low viscosity and the overall viscosity is low due to too
high a proportion of this further component. In general,
upon producing a polymer blend for use for the pfoduction of
a foam'in accordance with the invention, it should be seen to
it that the viscosity of the thermoplastic starch contained
therein is not substantially reduced. Too low a viscosity,

however, also results if the water content in the material to

‘be foamed 1s too high. Flnally, too low a_v1scosxty can also

be a sign that the thermoplastic starch used in the material

to be foamed is too strongly degraded.
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The properties of the polymer foam can, however, also be
controlled by, for instance, the length of the ramie fibers
used, or else by admixing different materials such as, for
ins£ance, ramie fibers with cotton fibers in order, for
instance, to produce a greater flexibility of the foamed
material. The miking of ramie fibers with, for instance
expanded clay aggregaté or silica gel,_etc..is, for instance,
also possible.

The present invention accordingly provides a

-biologically degradable polymer foam consisting essentially

 of foamed thermoplastic starch or a foamed thermoplastic

polymer mixture which is compounded or treated with a
material which is capable of binding water by capillary
action. This material can either be a fibrous material such
as hemp, jute, sisal, cotton, flax/linen, natural silk, |
abaca, or preferably ramie fibers; or else a capsular
material such as, for instance, expanded clay aggregate,
silica gel, aéarose gel, Sephatex gel or Ceolith.

The polymer foam defined in accordance with the

- invention is suitable, inter alia, as packaging material, as

thermal or acoustic insulation, or, in general, as absorbing
material and for various uses in construction.
The invention will now be explained in further detail

with reference to various embodiments.
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Example 1: Oﬁe starts from thermoplastic starch which
has been prepared by digesting 65% starch with 35% sorbitol.
The operation is carried out in a Theysohn TSK 045 Compounder_
(twin-shaft extruder with shafts rotating iﬁ the same
direction) with.different liquid/solid ratioﬁ. The following
température'pfdffle is selected in the extruder:

Zone 1, 25°C; Zone 2, 130°C; Zone 3, 150°C; Zone 4,
.170°C; Zone 5,.150;C; Zone 6, 140°C; Zone 7, 140°C; Zone 8,
170°C.

10 kg/hr of thermoplastic starch granulates are
introduced into Zone 1 and melted; In Zone 5, 1500 g/hr of
thermoplastic starch, 840 g/hr of ramie fibers having a fiber
‘length of 0.5 mm, and 200 g/hr of stearic acid are
furthermore added. The ramie fiber had been pretreated by
moistening or substantially saturating with water before its
admixturé. This was followed by mixing and the removal of
the melt dnd cooling. It should be seen to it in this
- connection that the material does not foam already upon the
compounding, which can be obtained by temperatures which are
definitely below 200°C. The following extruder values were
selected:

Speed of rotation of extruder: 200 rpm
Torque: 65% of the maximum torque

Mass pressure (die): 4-8 bar



' This Sheet Has Been Replaced

As an alternative to the procedure used in Example 1,

one can also start from native starch, in which case the
thermoplastic starch is first of all digested by the addition

of sorbitol. It.should be seen to it in this connection that

any moisture present in the native starch is removed by the

application of a Vacuum._ It is essential that the
thermoplastic starch have only a low moisture contént'upon
the processing or the incorporating and compounding with the
ramie fiber, i.e. that the moisture content is preferably

less than 1% by weight.

Example 2: The same compounding unit is used as in
Example 1. 'Again, 10 kg/hr of thermoplastic starch

(containing 35 wt.% sorbitol) is added in Zone 1 and melted.

.In Zone 5, there then are added an additional 1500 g/hr of

thermoplastic starch as well as 1200 g/hr of ramie fibers
having a fiber lgngth-of 0.5 mm, as well as 200 g/hr of
stearic acid. | |
Extruder values:
_Speéd of rotation of the extruder: 200 rpm
Torque: 80% of the maximum torque i
Mass pfessure (die): 4 bar
Temperature profile compounder:
Zone 1, 25°C; Zone 2, 130°C; Zone 3, 150°C; Zone 4,
170°C; Zone 5, 1305C; Zone 6, 120°C; Zone 7, 120°C;.Zone 8,

le60°C.
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Example 3: As basis in Example 3 there is used native
starch which is added in Zone 1 of a similar compounding unit
as that used in Examples 1 and 2. In Zone 1, 13.5 kg/hr of
starch are added, and in Zone 2 10 kg/hr of sorbitol. This
is followed by the digestion of the starch to form
thermoplastic starch. The steam produced is drawn off by a
vécuum'in Zone 4. 1In Zone 5, 200 g/hr of finished
thermdplastic starch as well as 1200 g/hr of ramie fibers
having a fiber length of 1 mm as well as 200 g/hr of stearic:
acid are added. The melt thus produced is removed and
granulated.

Extruder values:

Speed of rotation of the extruder: 200 rpm
Torque: 65% of the maximum torque
Mass pressure (die): 40 bar

Temperature profile compounder:

Zone 1, 80°C; Zone 2, 160°C; Zone 3, 190°C; Zone 4,
180°C; Zone 5, 160°C; Zone 6,_140°C; Zone 7, 140°C; Zone 8,
170°C. '

As the temperature profile cleariy shows,'temperatures
of between 160°C and 190°C are established in Zones 2 to 4,

which temperatures are necessary or preferred in order to

- digest thermoplastic starch. The temperatufes are then

reduced to 160°C or less in order to prevent the emergence of

the moisture from the capillaries of the ramie fibers.
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Instead of sorbitpl, one can, of course, aléo.use
pentaerythritol or glycerol or some other éuitable
plasticizer for the digesting of the thermoplastic starch.
Depending on the viscosity of the starch/plasticizer mixture
.or the thermoplastic starch thus digested which is
established, lower temperéturés can be selected in Zone 4 and

following zones for the incorporating of the ramie fibers.

Example.4: - All adjustments as in Example 3, only that
in Zone 5, 400 g/hr of stearic acid are newly added rather
than 200 g/hr.

Extruder values: 200 rpm-

Speed of rotation of extruder: 60-65% of the
maximum torque

Mass pressure (die): 30-40 bar

Example 5: 13.5 kg/hr of starch are'added in Zone 1 and
10 kg/hr of sorbitol in Zone 2. This is followed by
digestibn of the starch. Undesired water is removed in Zone
4. 200 g/hr of completely dlgested thermoplastic starch 240
g/hr of ramie flbers of a fiber length of 2 mm, and 360 g/hr
of a neutral fatty-acid ester as processing aid are added in
Zone 5. The melt is withdrawn_and_granulated.
Extruder values:
Speed of rotation of extruder: 250 rpm
Torque: 55% of the maximum torque

Mass pressure (die): -~
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Temperature profile of extruder:
Zone 1, 80°C; Zone 2, 160°C; Zone 3, 190°C; Zone 4,
180°C; Zone 5, 170°C; Zone 6, 160°C; Zone 7, 160°C; Zone 8,

170°C.

Example 6; ‘The same procedure as in Example 5, only
that 470 g/hr of brocessing aid is edded-in Zone 5 instead of
360 g/hr.

Extruder values:

Speed of rotation of extruder: 250 rpm
Torque: Lower value than Example 5
Mass pressure (die): ==
Temperature profile of extruder:
Zone 1, 80°C; Zone 2; 160°C; Zone 3, 190°C;
Zone 4, 180°C; Zone 5, 150°C; Zone 6, 135°C; Zone 7, 135°C;

Zone 8, 135°C.

Example 7: 10 kg/hr of completely digested
thermoplastic starch are added in Zone 1, and 160 g/hr of
water are added as processing aid in:Zone 2. The water is
then removed in Zone 4. 2000 g/hr of completely digesﬁed
. thermoplastic starch as well as 2400 g/hr of ramie fibers of
a fiber length of 2 mm, and 360 kg/hr of a neutral fatty-acid
ester as processing aid are added in Zone 5. The melt is
then withdrawn and.granulated.

Extruder wvalues:
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Speed of rotation of extruder: 200 rpm

Torque: 65% of the maximum value
Mass pfessure (die):' -
Temperature profile of extruder: _
Zone 1, 40°C; Zone 2, 130°C; Zone 3, 155°C;
Zone 4, 170°C; Zohe 5, 150°C; Zone 6, 140°C; Zone 7, 140°C;

Zone 8, 170°C.

Example 8: 10 kg/hr of completely digested
thermoplastic starch are added in Zone 1, and'160 g/hr of
.water as processing aid in Zone 2. Thé water is removed in
- Zone 4. 2000 g/hr of completely digestéd thermoplastic
starch as well as 1200 g/hr of ramie fibers héVing a fibgr
léngth of 1 mm and 360 g/hr of a neutral fatty-acid ester as
processing aid are added in Zone 5. Thereupon; the melt is
withdrawn and granulated.

Extruder values:

Speed of rotatioﬁ of extruder: 200.rpm
Torque: 50-55% of the maximum value
Masé pressure (die): --
Temperature profile of_extruder:
Zone 1, 25°C; Zone 2, 130°C; Zone 3, 155°C;
Zone 4, 170°C; ane 5, 150°C; Zone 6, 140°C; Zone 7, 140°C;

Zone 8, 170°cC.
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Example 9: Basis: Completely digested thermoplastic

starch with 33% glycerol; fiber length 0.5 mm, water content

. of the fiber: 7%.

Temperature profile of compounder:

Zone 1, 100°C; Zone 2, 180°C; Zone 3, 180°C; Zone
4, 150°C; Zone 5,”120°C; Zone 6, 120°C; Zone 7, 120°C; Zone
8, 170°cC.

In Zone 1, 15 kg/hr of thermopléstic starch granulate
are added and melted. 1In addition, 340 g/hr of ramie fibers
are added in Zone 4, and 1500 g/hr of thermoplastic starch
and 200 g/hf of stearic acid in Zone 5. This is followed by
removal of the melt and cooling. It must be seen to it that
the material does not.féam already upon the compounding
(temperature less than 200°C).

Extruder values:

Speed of rotation of extruder: 150 rpm
Torque: 45% of the maximum torque

Mass pressure (die): 4 bar

Example 10: Completely digested thermoplastic starch

with 33% glycerol; fiber length 0.5 mm, water content of the

fibers: 7%.

Temperature profile of ¢ompounder:
Zone 1, 100°C; Zone 2, 180°C; Zone 3, 180°C;
Zone 4, 150°C; Zone 5, 120°C; Zone 6, 120°C; Zone 7, 120°C;

Zone 8, 170°C.
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. 20 kg/hr of thermoplastic starch granulate are added in
Zone 1'and melted. In addition, 670 g/hr of ramie fibers are
‘added in Zone 4, and 2500 g/hr of thermoplastic starch and
200 .g/hr of stearic acid in Zone 5. This is followed by
removal of the melt and coqling. Temperatures not more than
200°C.

Extruder values:
| Speed of rotation of extruder: 100 rpm
Tordue: 55% of the maximum torque

Mass pressure (die): 10 bar

Example 11: Completely digested thermoplastic starch
with 33% glycérol; fiber length 0.5 mm, water content of the
fibers: 7%.
Temperature profile 6f compounder:
" Zone 1, 60°C; Zone 2, 180°C; Zone 3, 180°C;
Zone 4, 150°C; Zone 5, 120°C; Zone 6, 120°C; Zone ?, 120°C;
Zone 8, 170°cC.
20 kg/hr of thermoplastlc starch are added in Zone 1.
1260 g/hr of ramie fibers are added in Zone 4, and 3000 g/hr
of thermoplastic starch and 200 g/hr of steari¢ acid in Zone
5. Granulation.
Extruder values:
Speed of rotation of extruder: 200 rpm
Torque: 50% of the méximum torque

Mass pressure (die): 12 bar
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Example 12: Polymer blend, consisting of 50%
ﬁhermopiastic starch (digested with 35% sorbitol and glycerol
in a ratio of 1:1) and 50% polycaprolactone; fiber length-o.s
mm, water content of the fibers: 7%.

Témperature profile éf compounder:

Zone 1,  60°C; Zone 2, 180°C; Zone 3, 180°C;
Zéne 4, 120°C; Zone 5, 120°C; Zone 6, 120°C;'Zone 7, 120°C;
Zone 8, 150°cC.

20 kg/hr of the polymer mixture are added in Zone 1.
1260 g/hr of ramie fibers are added in zone 4.

Extruder values:

Speed of rotation of extruder: 200 rpm
Torque: 50% of the maximum torque

Mass pressure (die): 4.0 bar

Example 13: Polymer mixture according to Example 12.
Tempefature profile of extruder:
Zone 1, 60°C; Zone 2, 180°C; Zone 3, 180°C;
Zone 4, 120°C; Zone 5, 120°C; Zone 6, 120°C; Zone 7, 120°C;
Zone 8, 150°C:
20 kg/hr of a polymer mixture granulate are added in
Zone 1. 2100 g/hr of ramie fibers are added in Zone 4.
Granulation.
Extruder values:
Speed of rotation of extruder: 200 rpm

Torque: 50% of the maximum torque
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Mass pressure (die): 4.0 bar

Example 14: 1In contradistinctioﬁ to the previously
prepared polymer mixtures in.which potato starch served as
starch basis, completely digested cbrn thermopiastic starch
with 35% sorbitol'is used in the present example 14. Fiber
length 0.5 mm; water content of the fibers: 7%.

Temperature profile of extruder:

Zone 1, 60°C; Zone 2, 160°C; Zone 3, 180°C;
Zone 4, 160°C; Zone 5, 160°C; Zone 6, 160°C; Zone 7, 160°C;
Zone 8, 170°C. _ _

Addition of 15 kg/hr of thermoplastic staréh in Zone 1.
In addition, 900 g/hr of ramie fibers are added in Zone 4,
and 1500 g/hr of completely digested thermoplastic starch ahd
400 g/hr of-stearic acid in Zone 5.
| Extruder values:

Speed of rotation of extruder: 200 rpm'
Torque: 45% of the maximum torque

Mass pressure (die): 6.0 bar

Example 15: Thermoplastic starch similar to Example 14;
length of fiber 0.1 mm; water content of ﬁhe fibers: 7%.
Temperature.profile of extruder:
Zone 1, 60°C; Zone 2, 160°C; Zone 3, 180°C;
Zone 4, 160°C; Zone 5, 160°C; Zone 6, 160°C; Zone 7, 160°C;

Zone 8, 170°C.
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Addition of 15 kg/ﬁr of thermoplastic starch in Zone 1.
In Zone 4, in addition, 1800 g/hr of ramie fibers, and in
Zone 5 1500 g/hr of thermopléstic starch and 400 g/hr of
stearic acid. |
Extruder values:
Speed of rotation.of extruder: 200 rpm
Tofque: 45% of the maximum torque

Mass pressure (die): 10 bar

Example 16: Thermoplastic starch similar to Examples 14
and 15; length of fiber 1.0 mm; water content of the fibers:
18%. |

Temperature profile of extruder:

Zone 1, 60°C; Zone 2, 160°C; Zone 3, 180°C;
Zone 4, 160°C; Zone 5, 160°C; Zoné 6, 160°C; Zone 7, 160°C;
Zone 8, 170°C3,_

In Zone 1, addition of 15 kg/hr of thermoplastic starch.
In Zone 4, addition of 1800 g/hr of ramie fibers. In.Zone 5,
addition of 3000 g/hr of thermoplastic starch and 400 g/hr of
stearic acid,l Granulation.

Extrudef values:

Spéed of rotation of extruder: 200 rpm

Torque: 50% of the maximum torque

Mass pressure (die): 6.0 bar
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Example 17: Pure polycaprolactone; length of fiber 1.0
mm; water content of the fibers: '18%..
Temperature profile of compounder:
Zore 1, 30°C; Zone 2, 150°C; Zone 3, 150°C;
Zone 4, 80°C; Zone 5, 80°C; Zone 6, 80°C; Zone 7, 80°C; Zone
8, 80°C. |
In Zone 1, addition of 15 kg/hr of polycaprolacﬁone. In
Zone 2, addition of 1800 g/hr of ramie fibers, in Zone 5
addition of 5 kg/hr of polycaprolactone.
Extruder values: |
Speed. of rotation of extruder: 125 rpm
Torque: 45% of the maximum torque

Mass pressure (die): 5.0 bar

Example 18: Digested corn thermoplastic starch with 32%
sorbitol; length of fiber: 0.5 mm; water content of the
fibers: 18%.

Temperature profile of compounder:

Zone 1, 60°C; Zone 2, 180°C; Zoné 3, 180°C;
.Zone 4, 180°C;iZone 5; 180°C; Zone 6, 180°C; Zone 7, 200°C;
Zone 8, 200°C. '

In Zone l addition of 25 kg/hr of thermoplastic starch.
In Zone 4, addition of 1830 g/hr of ramie flbers, in Zone 5
addition of 4 kg/hr of thermoplastic starch. 1In this
experiment, foaming was effected directly after the addition

of the fibers within the same process.
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- Extruder values:

Speed of rotation of extruder: 100 rpm

Torque: 70-80% of the maximum torgque

Mass pressure (die): 50 bar

Example 19: The production was effected now, in

contradistinction to the examples indicated above, on a Buss

Ko-Kneader (46 mm screw diameter). As base there was used

starch and plasticizer (35% sorbitol); length of fiber: 0.5
mm; water content of the fibers: 7%.

Temperature profile in the Buss kneader:

Zone 0, 90°C; Zone 1, 90°C; Zone 2, 130°C; Zone -3,

150°C; Zone 4, 150°C. | '

‘The Buss kneader has 4 heatihg zones (Zones 1-4); Zone 0
corresponds here to the heatable screw.-

The starch was premixed here with 2.5% ramie fibers
(referred to the final product TPS = starch +.sorbitol).
13.5 kg/hr starch/fiber mixture and 7 kg/hr sorbitol were

added together in Zone 1. This was followed by the

plasticizing and then cold granulation.
Kneader values:
Kneader speed of rotation: 200 rpm

The specific power consumption is 300 Watt hours/kg
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Production 6f the Polymer Foam Containing Ramie Fibers

Example 20: Foam test 1: Material from Example 9 is
used.

The foaming is effected on a single-screw extruder of
the Collin Company (screw diameter: 45 mm)

Temperature profile of extruder (°C): 120/160/200/200/
200 '

Foaming was effected by a capillary threaded thereon

having a length of 8 mm and a diameter of 1.5 mm.

The pressure reached at the highest speed of rotation
(120 rpm) was maximum 70 bar.

" The lowest density obtained was 340 kg/m3.

Example 21: -- Foam test 2: Material from Example 16.

The foaming was effected on an Arburg injection molding
machine (Type 270 M, screv diameter 25 mm). |

In this case, extrusion was effected into the open with
a circumferential speed of 30 m/min through a die having a
diameter of 1 mm.

Tem_peratu're profile (°C): 120/180/210/210/210

Density reached: 300 kg/m3.

Example 22: Foam test 3: Material from Exampie 19.
Heré, extrusion into the open was effected on the above
injection molding machine through a 3 mm die.

Temperature profile (°C): 90/140/160/200/200
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Density reached: 160 kg/m3

Example 23: Foam test 4: Material from Example 18.

The foaming is carried out here in a single process
diredtly on the Theysohn Compounder immediately after the
admixing of the ramie fibers (for parameters, see Test 18).
The effective temperature of thé mass was about 200 - 210°C
here. - Pfessures of up to 50 bar were obtained. The foaming
was effected through a capillary of a length of 3 mm and a
diameter of 3 mm. |

Density reached: 190 kg/m3

The foaminé with ramie fibers is determinatively
influenced, in addition to a suitable material, by two
parameters, namely the pressure and the temperature. 1In
addition, the speed of emergehce of the melﬁ or the foam
plaYs a role. One can say, in principle, that with an
increase in pressure (up.to 300—406 bar) and, in the case of
ramie fibers, with lower temperature-the foam obtained has an
increasingly }ower density. The minimum temperature-is, to
be sure, limited to about 200°C since otherwise the water
which is stpreqhih'the ramie fibers cannot be iiberated. The
temperature shoﬁld not exceed 210°C when uéing thermoplastic
starch since with increasing temperature a degradation of the
TPS can take place, which results in an impairment of the
foam. Therefore, suitable cocling of the foaming unit must .

be provided.' The pressures obtained with the installations
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used amounted only up to about 70 bar (ordinary production

plants operate with 250-350 bar). The foams produced in this

" way with ramie fibers all had a density within the range of
160 to 340 kg/m3, which, in comparison with the density of
the starting materials within the range of about 1500 kg/m3,
‘nevertheless represents a respectable foaming. With
optimized process cqnditibns, nevertheless a clear reduction
in the density can still be obtained here.

From the foaming tests carried out, it resulted,
furthermore, that it is preferable to operate with a fiber
length of about 0.5 to 0.6 mm of the ramie fibers. The
proportion of ramie fibers was preferably 4-8 wt.% referred.
to the total weight of the foam since in the case of
saﬁurated ramie fibers and a higher percentage, the amount of
water thus resulting in the material to be foame&.may be too
high, és a result of which the yiscosity is'greatly reduced
due to too high a content of water. - Low viscosity.upon the
production of the foam is, however, as already stated, not
desired. '

With the foam materials produced in Examples 20—23;
compression tests were furthermore carried out. A cylinder
of a height of 15 mm was used. The foam mate:ial which was
introduced into it was pushed in 3 mm, held ih inward-pushed
condition for 1 minute, and then released, a further minute

being waited before measuring the restoration. As comparison

Replaced
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with this, a thermoplastic starch containing 31.5 wt.$%
sorbitol without fibers was used for reference purposes, this
thermoplastic starch being foamed with 3.5% water and 0.15
wt.% microtalc (as nucleation agent). Both the four foamed
ﬁaterials used in accordance with Examples 20—23-and the
reference foam were conditioned at 70% humidity.'

The foamed ﬁaterials_containing ramie fibers gave a
restoration of 82-91%, the material in accordance with
Exampfe 22 gave a restoration of 87-91%, and the foam in
accordance with Example 23 a restoration of 88-91%. As
compared with this, the reference fdam without ramie fibers
gave a resﬁoration of 81-89%.

It is thus shown that the foamed materials produced in
accordance with the invention have a somewhét'higher
compressive strength than the reference foam.

Finally, it may also be pointed out that the foamed
materials produced in accordance with Examﬁles 20-23 showed a
higher resistance to humidity than the reference foam. This
effect is probably due, in particular, to the proportioﬁ of
ramie fiberslin the foam.

The formulas and test conditions of Examples 1-23 are,
of course, merély exampies serving for the further
explanation of the present invention. It is possible, of
course, instead of pure thermoplastic starch, to use polymer

mixtures which contain thermoplastic starch. In this
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connection, it should be seen to it, in particular, that the
total viscdsity oﬁ'the mixture is not substantially less than
the viscosity of the pure thermoplastic starch. Furthermore,
it is possible to use, instead of ramie fibers, fillers which
on the one hand are biologically degradable and on the other
hand have the ability to bind water by capillary action. The
basic concept of the invention is that for the foaming of a

bioiogically degradable polymer, instead of expansion agents

- or free water, one can use a filler which is also

' biologically degradable and which is capable of binding water

by capillary action.
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A process for the production of a substantially
biologically degradable polymer foam, characterized by
the fact that thermoplastic or. disaggregated starch or é
polymef mixture of thermoplastic or disaggregated starch
with at least one biologicaliy degradable hydrophobic
polymer is mixed with a biologically degradable fibrous
or capsuiar material which is capable of binding water
by capillary action and which is at least partially
treated with water or saturated, and that thereupon, or
in a separate process step, the polymer/material mixture
is so proéessed, under pressure and temperature control,
that the water bound by capillary action in the material

is liberated so as to effect the foaming of the polymer.

A process, in particular'according to Claim 1, .
characterized by the fact that thérmoplastic starch or
the polymef mixture containing thermoplastic starch is
mixed with up to 30 Qt.% of fibrous or capshlar material
treated or saturated with water, the water content of
the thermoplastic starch or of the'thermoplastic
starch/polymer mixture being less than 5 wt.% and

preferably less than 1 wt.%.

I
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A process, in particular according to one of Claims 1

and 2, characterized by the fact that the mixing of the
thermoplastic starch or the thermoplastic sfarch/polymer
mixture with the fibrous or capsular material is
effected within a temperature range of 100°-200°C, and

preferably 130°-170°C.

A process, in particular according to one of Claims 1 to
3, characterized by the fact that the fibrous or
capsular material comprises at least one of the
foll§wing fibers:_ hemp, juté, sisal, cotton,

flax/linen, natural silk and/or abaca.

A process, in particular according to one of Claims 1 to

3, characterized by the fact that the fibrous or

capsular material comprises at least one of the

following substances: expanded clay aggregate, silica

gel, agarose gel, cephatex gel and/or Ceolith.

A process, in particular according to one of Claims 1 to
4, characterized by the fact that the fibrous or

capsular material comprises ramie fibers.

A process, in particular according to one of Claims 1 to

6, characterized by the fact that the polymer mixture

~contains, in addition to thermoplastic starch, at least

one of the following hydrophobic polymers:

g g
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- cellulose derivative having a degree of
_substitution less than or équél to 2, such as
cellulose ether, cellulose ester, or cellulose co-
ester;

- aliphatic polyester, such as caprolactone,
polyhydroxybutyric acid, polyhydroxybutyric
acid/hydroxyvaleric acid copolymer and polylactic
acid;

- hydrophobic proteins, such as zein; and/br

- polyvinyl alcchol, prepared by non-one-hundred-per-
cent hydrolyzation of polyvinyl acetate, preferably

with a'deQree of hydrolyzation of about 88%.

A process, in particular according to Claim 7,
characterized by the faét that the polymer mixture
compriseé a polymeric phase mediator or a macfomolecular
dispersing agent, fhe phase mediator or the dispersing
agent being respdnsible for the molecular coupling of

the starch phase with the hydrophobic polymer phase.

A process, in particular accordihg to any of Ciaims 1 to.
8, characterized by the fact that for the production orl
digestion of the thefmoplastically processable starch,
at leasf one of the following substances is used as
swelling or plasticizing agent or as softener:

- sorbitol, glycerol, pentaerythritol, trimethyl

e
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propane, polyvinyl alcohol, a hydroxy acid such as
lactic acid and/or the salt thereof, polyvinyl
alcohol, am ethoxylated polyalcohol, and/or

mixtures of the above-mentioned substances.

10. A process, in particular according to any of Claims 1 to
| 9, characterlzed by the fact that thermoplastlc (sic) or
a thermoplastic starch/polymer mixture having a water
content of less than 1 wt.% are (sic) mixed with 2-20
wt.%, and preferably 4-8.wt.%, of water-saturated ramie
fibers having a fiber length of about 0.3-4.0 mm, and
preferably about 0.4~0.6 mm, within a temperature range

of about 120°-180°C, and preferably 130°-170°C.

~11. A process, in_particular.acéording to any of Claims 1 to
10, characterized by thé fact that for the production of
the foam, the mixture of thermoplastic starch or of
thermoplastic starch/polymer mixture with the ramie
fiber is processed at a temperature of about 200°-210°C
in order to effect the liberation of the water bound by
capillary action in the ramie fiber; which water serves
as expansion agent fbr the inflating of the

thermoplastic starch.

12. A process for the production of a polymer mixture '
suitable for the production of a biologically degradable

polymer foam, characterized by the fact that

T A
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thermoplastic starch or a polymer mixﬁufe containing
thermoplastic starch and a hydrophobic polymer having a
water content of less than 1 wt.3$ are mixed with up to
30 wt.%, and preferably'about 4-8 wt.%.of ramie fibers
substantlally saturated with water, in a temperature

range of 130°-170°C.

A biologically degradable polymer foam, characterized by
foamed thermoplastic starch of a foamed polymer mixture
comprising thermoplastic starch and at least one

hydrophobic polymer, which foam contains ramie fibers.

A polymer foam, in particular according to. Claim 13,
characterized by foamed thermoplastic starch and
comprising at least 3 to 30 wt.% of ramie fibers,

referred to the total weight of the foan.

A polymer foam, in particular according to either of
Claims 13 and 14, characterized by foamed thermoplastic
starch, comprising 20 to 35 wt.%, referred to the weight
of the thérmoplastic starch, of glycerol, sorbitol or a
mixture thereof as plasticizer, as well as 4-8 wt.% of

ramie fibers, referred to the total weight of the foam.

A polymer mixture suitable for the production of a

-biologically degradable polymer foam, characterized by

the fact that thermoplastic starch or a polymer mixture

AR
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containingethermoplastic starch and at least one

- hydrophobic polymer with ramie fibers substantially

. saturated with water is used.

A polymer mixtUre,_ih particular according to Claim 16,
characterizeq by the fact that thermoplastic starch
comprising from 20 to 35 wt.%, referred ﬁo the weight of
the thermoplastic starch, of glycerol, sorbitel or a
mixture thereof, mixed with ramie'fibers which are
substantially satureted with water in a proportion of 4
to 8 wt.% referred to the total weight of the polymer

mixture, is used.

The use of the polymer foam according to any of Claims
13 to 15 as packaging material, thermal insulation,
acoustic insulation, absorbent material, and the

production of foamed foils and/or so-called chips.

T



