METHOD FOR VELDI NG RENEWABLE RAW MATERI ALS Descri ption 5The invention
relates to a nethod for welding uniaxially stretched renewabl e raw
materials as well as to a strapping tape which was manufactured using the
met hod according to the invention. Stretched products nmade from renewabl e
raw materials, such as tapes for packing purposes, which contain conpletely
bi odegradabl e materials, were devel oped in the m d-1990s. These 10 tapes
mai nly contained starch. In principle, these tapes could be wel ded

t oget her. HoweverME#@HOD BORANEEpDON GIRENEWIA R ¢Sk AMaMerERIASSar ch, t hese
tapes were entirely unsuitable as strapping tapes, since the weld broke
under the tensile | oad usual for strapping tapes. Due to the fact that
starch thet@n@s to the pol ysaccharides, these tapes at the time were not
hydrol ytically stable and had a | ow di nensional stability under heat. In
addition, a very high concentration of other conponents, 15such as
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cabl e-1i ke, three-dinensional 20nesh structure made of polyethylene is
provided. In colum 2, line 35, this polyethylene is described as a typical
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disadvantages. The tapes developed at the time were unusable as strapping tapes (see DE 295 20

448 U1, DE 295 20 449 U1 or EP 0 799 335 B1).

DE 196 54 030 C2 describes a textile cultivation carrier, in which a cable-like, three-dimensional

20 mesh structure made of polyethylene is provided. In column 2, line 35, this polyethylene is
described as a typical material of strapping tapes for automatic packing machines. In addition to
this material for the mesh structure, the claimed cultivation carrier also has a textile structure
which is to be used as a cultivation surface for microorganisms. This textile structure may be
made of degradable, organic substances (Column 1, Line 18). Despite the clearly presented

25 technical object, it did not occur to those skilled in the art at the time to also use a degradable,
organic material as the material for the cable-like mesh structure. This shows that there was
obviously a preconception against using organic, degradable materials for stretched products

such as strapping tapes.



The object of the invention is therefore to provide a nethod, by nmeans of
whi ch stretched 5renewabl e raw materials may be wel ded in such a way that
the resulting products have a high tensile strength. The object of the
invention is achieved in a first specific enbodi ment by a nethod for

wel ding uniaxially stretched renewable raw materials, characterized in that
10 a. surfaces to be welded are at |east partially provided fromstretched
renewabl e raw material; and b. the surfaces are wel ded usi ng heated wedge
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raw materials, since the preconception existed that these materials were
not nechanically st abl e enough and/or were, for exanple, susceptible to
hydrol ysis,. In addi ti on, re was the preconception that a degradation
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preconception is al he ‘nmore true for uniaxially stretched produ ts si nce

t hese pmedugrosstr e already mechani cal |y prestressed, and the preconception
therefore existed that welds or weld seans of stretched products nade of
renewabl e raw materials were viewed, for all 25practical purposes, as
predeterm ned breaking points and, in any case, could not be subjected to a
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wel di ng, ic welding without the
mechani cal properties significantly deteriorating.

a. surfaces to be welded are at least partially provided from stretched renewable raw

material; and

b. the surfaces are welded using heated wedge welding, friction welding, laser welding,

15 high frequency welding or ultrasonic welding.

Up till now, practically no uniaxially stretched products, such as strapping tapes, have been
manufactured from renewable raw materials, since the preconception existed that these materials
were not mechanically stable enough and/or were, for example, susceptible to hydrolysis. In

20  addition, there was the preconception that a degradation of the material would occur during
welding of renewable raw materials, which would cause a deterioration of the mechanical
properties. This preconception is all the more true for uniaxially stretched products, since these
products are already mechanically prestressed, and the preconception therefore existed that welds
or weld seams of stretched products made of renewable raw materials were viewed, for all

25 practical purposes, as predetermined breaking points and, in any case, could not be subjected to a
mechanical load. Surprisingly, it has now been discovered that stretched renewable raw materials
may be welded by heated wedge welding, friction welding, laser welding and, above all, by

ultrasonic welding without the mechanical properties significantly deteriorating.



In step a), a uniaxially stretched tape is preferably used, a uniaxially
stretched strapping tape is particularly preferably used, and a uniaxially
stretched tape for the packing industry is even nore preferably used.
Regardl ess thereof, the nmaterial to be welded is preferably stretched at

| east 1:3. In the case of these materials, in particular, and particularly
in the case of strapping tapes, the use 5thereof usually requires a high
tensile strength. Due to the aforenenti oned preconceptions, strapping tapes
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The proportion of renewable raw materials in the surfaces to be welded is preferably
independently at least 30 wt.%, in particular at least 50 wt.%, exceptionally preferably at least 90
15 wt.%. Most preferably, the surfaces to be welded are made of a stretched renewable raw

material.

In step a), the renewable raw material is preferably selected from the group of aliphatic
polyesters, polyamide, aliphatic polyester amide, polyhydroxyalkanoate, polyvinyl alcohol,

20  polyalkylenglycol, lignin or a copolymer which contains at least one of the compounds, or it is
selected from mixtures or derivatives thereof. It is particularly preferred if the renewable raw
material is poly lactic acid and/or polybutylene succinate (PMS), or a mixture or a derivative
thereof. Stretched products made of renewable raw materials may thus be welded using
ultrasound for the first time, which, in contrast to the starch-based materials known up to now,

25 have a particularly high hydrolytic stability and a high dimensional stability under heat.

As a polysaccharide, starch was not only susceptible to hydrolysis but also had the further
disadvantage that the package tapes made of starch, for example, thermally degraded during
welding, causing the welds to become, so to speak, predetermined breaking points. These

50 disadvantages could be overcome by this preferred specific embodiment. The starch
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25have a particularly high hydrolytic stability and a high di nensi onal
stability under heat. As a polysaccharide, starch was not only susceptible
to hydrolysis but also had the further disadvantage that the package tapes
made of starch, for exanple, thermally degraded during wel ding, causing the
wel ds to becone, so to speak, predeterm ned breaking points. These 30

di sadvant ages coul d be overcone by this preferred specific enbodi nent. The
starch 3 concentration of the surfaces to be welded is therefore al so
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i nhormgenel ties in the properties, in particular when processing fibers

together W th therrmpl astic materlals for exanple due to alr pockets. In
step bﬁ. L | i secopnds and, 1. econ. ref erably
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0f 20,000 g/mol to 300,000 g/mol, in particular in a range of 100,000 g/mol to 220,000 g/mol.
Such renewable raw materials surprisingly result in strapping tapes which have a particularly

balanced ratio between low brittieness and high tensile strength.

Common addition agents, additives and other modifiers may be contained at, for example 0 wt.%

to 10 wt.%, in particular 0.5 wt.% to 2 wt.%.

The fiber content of the material of the surfaces is preferably a maximum of 10 wt.%, in

25 particular a maximum of 1 wt.%. The strapping tape according to the invention exceptionally
preferably does not contain any fibers. This makes it possible to avoid inhomogeneities in the
properties, in particular when processing fibers together with thermoplastic materials, for

example due to air pockets.



mlliseconds, is preferably used. Regardl ess thereof, a cooling tine

bet ween 0 seconds and 3 seconds, in particular between 0.2 second and 0.5
second, is used in this step b). A conbination 50of the prefei Ted wel di ng
time and the preferred cooling tinme has turned out to be particularly
preferred. Oherwi se, the welding nethod is carried out with the usual

par aneters. In step b), a sonotrode having the same width as the wel di ng
material is advantageously selected for welding. In step b), it is also
possi ble to use a sonotrode for welding, whose length is in the to range of
1 mmto 100 mm in particular 5 nn1to 30 Mm In step b) the surfaces to be
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the wel ded 'joint occurs as a resul | ess pronounced deéformation
of t he psaflfrrf@:lc@ﬁletwsbehwbldm menhQChe carleéoutfwmhw@ewa(bledaljnoﬁem , in which, for
exanple, tensile force is subsequently applied, the welded joint has a

hi gher strength overall. It was al so determ ned that the strength 20val ues
have | ess scatter fromone welded joint to another, so that the preferred
met hod lasicpbX iz nondtwde havingithe stihowidiiakethe melduasmatstial is advenegtwisly splectedl i ty

of wel ints n a, relatively high d.unif tre .1 n, anot her
apect 1 1 iR Ralip 00 spRaBS P vhsd T AR e ShEeRosE By e appi ng
tape 25wl agimrethooymainmitathrdeearnedmegni.o the i nvention, characterized
in that the tear strength is at least 5 Nm®2, in particular at |east 100
N mmR2, nmeasured according to DIN 53504. The el ongation at break according
to DIN 53504 is a maxi mum of 100% particularly preferably a maxi num of

50% exceapp bl suyfagrked B abldyd aremBxdnaged @iy @2e9%ed bgainst a counter-plate during
welding, the diametrically opposed surfaces of the sonotrode and the counter-plate each having a
subsection provided with projections and a smooth subsection. For example, the surface of the

15 sonotrode may be ribbed, while the surface of the counter-plate is smooth. It was surprisingly
determined that a less pronounced deformation of the surfaces to be welded in the area of the
welded joint occurs as a result. Due to the less pronounced deformation of the surfaces to be
welded in the area of the welded joint, in which, for example, tensile force is subsequently
applied, the welded joint has a higher strength overall. It was also determined that the strength

20 values have less scatter from one welded joint to another, so that the preferred method according
to the invention makes it possible to create a plurality of welded joints having a relatively high

and uniform strength.

In another specific embodiment, the object of the invention is achieved by a strapping tape
25 manufactured by a method according to the invention, characterized in that the tear strength is at

least 5 N/mm?, in particular at least 100 N/mm?, measured according to DIN 53504,

The elongation at break according to DIN 53504 is a maximum of 100%, particularly preferably
a maximum of 50%, exceptionally preferably a maximum of 20%.
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Exenpl ary Enbodi mnent Granulate of poly lactic acid (PLA Polyner 4032D from
Nat ur eWor ks), which was an L-poly 5lactic acid, was nelted on and extruded
through a slot die at 220C, using a single-screw extruder. The extrudate
was placed in a water bath at a tenperature of 50C and subsequently
stretched 1:4 in air. The resulting tape was then fixed in air and cool ed
and subsequently coiled onto a spool. This resulting strapping tape was
then used to strap a common noving box in a test by placing the tape around
t he novi ng box so that both ends of the strapping tape overl apped by io02
cm The overl apping ends of the strapping tape were wel ded together using
ul trasonic medglng The welding tine was set to 256 mlliseconds. The
cool i nGXEPAER wbipelty 1 second. Ot herwi se, the paranmeters were sel ected
as usual. The sonotrode had a width of 4 nmand a length of 15 mm The
surface was ribbed, the width of the ribbing being 1 mm and the depth of

the ribbing a belng mm_ The pr tjons of th bi n s wer e
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mm. The surface was ribbed, the width of the ribbing being 1 mm and the depth of the ribbing
also being | mm. The projections of the ribbing areas were rounded. The counter-plate was

15 smooth. Overall, the manufacturing parameters and, in particular, the thickness and width of the
slot die for extrusion, were selected in such a way that a strapping tape having a thickness of 0.7

mm and a width of 12 mm resulted after stretching.

The strapping tape manufactured according to the invention had a tear strength of more than 145

20 N/mm® (measured according to DIN 53504). The elongation at break was less than 20%
(according to DIN 53504). No degradation due to hydrolysis could be observed. The obtained
strapping tape was hydrolytically stable. The obtained strapping tape was furthermore

dimensionally stable under heat at a temperature of at least 70°C.

25 The tear strength of the welded joints of the two tapes was greater than 110 N/mm? (according to
DIN 53504). The elongation at break was greater than1% (according to DIN 53504) and less
than 20% (according to DIN 53504).



1. A nethod for welding uniaxially stretched renewabl e raw materi al s,
characterized in that 5a.surfaces to be welded are at |least partially

provi ded from stretched renewable raw naterial; and b.the surfaces are

wel ded using heated wedge wel ding, friction welding, |aser welding, high
frequency wel ding or ultrasonic welding. 102. The nmethod as recited in Caim
1, characterized in that a uniaxially stretched tape, exceptionally
preferably a uniaxially stretched strapping tape, is used in step a). 3.
The meidpgelsas recited in one of Clains 1 or 2, |Scharacterized in that, in
step a), the renewable raw material is selected fromthe group of aliphatic
pol yesters, polyam de, aliphatic polyester am de, pol yhydroxyal kanoat e,

pol yvi nyl al cohol, polyal kyl englycol, lignin or a copol yner which contains

at | eagt opendfod EweRIARQINESallyREretdhedt rdhdeabl radlahdiyadld, ves thereof, in
particular the renewable raw material poly lactic acid or pol ybutyl ene

succi ngbasagerizgd i elure or a derivative thereof. 20 4. The nethod as recited
in O ai,m 3., 60anaek Glel @8 9re 4 1da G arPul Pk tidAGhdnt stPkild kéheWIRE i hidap made
at [east o?n%g mﬁ.ébff%gc¥ﬁc acﬁﬁfﬁﬁﬁgpa#ticulaﬁ at Feagt 90rm¢.@6iﬁractic
acid. 26&. The nmethod as recited in one of Clains 1 through 4,

b.  the surfaces are welded using heated wedge welding, friction welding, laser welding, high

frequency welding or ultrasonic welding.

10 2. The method as recited in Claim 1,
characterized in that a uniaxially stretched tape, exceptionally preferably a uniaxially stretched

strapping tape, is used in step a).

3. The method as recited in one of Claims 1 or 2,

15 characterized in that, in step a), the renewable raw material is selected from the group of
aliphatic polyesters, polyamide, aliphatic polyester amide, polyhydroxyalkanoate, polyvinyl
alcohol, polyalkylenglycol, lignin or a copolymer which contains at least one of the compounds,
or mixtures or derivatives thereof, in particular the renewable raw material poly lactic acid or

polybutylene succinate or a mixture or a derivative thereof.

20

4.  The method as recited in Claim 3,
characterized in that a poly lactic acid is used which is made at least of 40 wt.% L-lactic acid, in

particular at least 90 wt.% L-lactic acid.

25 5. The method as recited in one of Claims 1 through 4,

characterized in that a welding time between 5 milliseconds and 1 second is set in step b).

6.  The method as recited in one of Claims 1 through 5,
characterized in that a cooling time between 0 and 3 seconds is set in step b).

7



characterized in that a welding tine between 5 mlliseconds and | second is
set in step b). 6. The nmethod as recited in one of Clainms 1 through 5,
characterized in that a cooling tine between 0 and 3 seconds is set in step
b). 7 7.A strapping tape which is welded with itself, manufactured
according to the nethod as recited in Claim1l1, characterized in that the
tear strength is at least 5 N mMm®, neasured according to DI N 53540.

7. A strapping tape which is welded with itself, manufactured according to the method as
recited in Claim 1,

characterized in that the tear strength is at least 5 N/mm®, measured according to DIN 53540.



