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THERMOPLASTIC POLYMER COMPOSITION
DESCRIPTION

Figld of the Invention

The presend invention reiales i general o the fleld of thermoplastic polymeric
materials, and more precisely it relates 1o novel thermaoplastic polymeric compositions
defined better hersin after that are useful for the manufacture, by hot melt sxdrusion, of
bindegradable arefacis and packaging, compostable and having at the same fime
paerformances and cosls comparabls o those of the products oblained with the
fraditional  non-biodegradable  thermoplastic  polymeric materials, such as the
polyolating,

Siate of the At

In modern socielies the problem of wasie disposal has become increasingly
important and, hand in hand, the awarensss of the institutions and of the consumers for
the properiies of sverydgy malerials has besn growing with respect o their
biodegradability, and thevsfore o the possibility of a more sasy and safe disposal.

8y "biodegradable” material # is meant a material which can bs decomposed by
rmicroorganisams undll s complele transformation infe simple chemical compounds,
which means for the processes of agrobic degradation into carbon dioxide and water,
while for the anaerchic processes of degradation mainly inle meathane and carbon
dioxide.

The bicdegradability of a malerial therefore has a high added wvalue in the
context of the characteristios of thal material, in parficular for the end of life
management of products made with thal malerial, because thelr bicdegradability
makes them compatible with any roule of dispusal, including routes of disposal of the
existing organic waste, for instance by treatment in composting plants for the
production of compost, or by treatment in & plant for angercbic digestion for production
of bicgas or in a plant for the biological freatment of wastewsater. This is the case of
food packaging, which is increasingly used, but which, when made with biodegradable
materials, compared {o traditional non-biodegradable plastics, has the advaniage of
being able 1© be disposad directly with the organic fraction of waste, without further

separgtion operations from food residue, and withoul onerous cost of recovery and
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disposal.

The replacement of the iadiionagl plastics with bicdegradable materials,
although desirable, and siso technically possible, has however sncountered up 1o now
imnitations mainly due o the higher cost of production of biodegradable malerials,
somatimes due fo the cost of raw matenals but aiso to the low volumes of production
Another hmporfant  Hmitation that has hampered b date the development of
bindegradable plastic materigls s represented by the fact that thelr mechanical
performance was somstimss much scarcer comparad 1o the perdformance of lraditionsl
plastic.

For these reasons up 1o dale, as far as the Applicants are aware, i remains still
unsoived the technical problem of having available plastic materials for the production
of biodsgradable artefacts and packaging, which are possibly compostable after use
and are able {o fully mest the requirements of the marks! both in lerns of costs and in
terms of mechanical performance and controlied biodegradability of the material.

Summary of the Invention

Now the Applicanis have found that the synthetic polymer polyeaprolacions,
that s per se biodegradable, may be ysad in mixiurs with & profeio hydrolysale material
coming frony the operations of fleshing cul'shaving of animal pells in tanning industry,
o obiain a novel thermoplastic polymer composition, hot processable by means of
axtrusion or filming known procedures, for the manufacture of a wide range of products
that have besn shown as completely bicdegradable, compostable and as having
performances and costs comparable to those of the traditional thermoplastic polymeric
materials based on non-biodegradable polymers.

Advartageously, the aforesaid components of the novel composition, namely
polycaprolacione  and  proteic hvdroiysate, have shown a surprising  mutusl
compatibility, in a wide range of ratios, giving rise fo a polymer composition
characterized by a high hot workability, for example much greater than the workabifity
the polycaprolactone only, to produce artifacts and films completely homogeneous and
of high mechanical resistance; all this being able o be achisved therefors without the
addition of any compatibilising additive,

Particuwlarly advantageous it is then the fact that the proteic hydrolysate of the
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present compositions I8 & hydrolysed animal collagen originating from a waste of the
fanning industry, or a profeic hydrolysale from wastes andfor by-products of other
industrial processes, whose reuse for the preparation of the compositions of the
invention, In addifion o not burden the manufacturing cosis of the compositions,
represenis a valorisation of @ waste product or by-produst, otherwise to be treated as
industrial wasts, or having up o now fimited possibilities of use or recydling.

it is therefore a subject of the present invention a thermoplastic polymeric
composition obtainable by mixing molten polycaprolactone and profeio hydrolysatle in
powder having average molecular weight fower than 10,000 g/mol, as defined in the
first of the claims herein after.

A process for the preparation of the above said compaosition, is use for
prototyping with 3D printers and for mamnufacturing semi-finished products in the form of
filaments, pellets or thin films by hot sxtrusion, as well as the same so oblained
products, as defined in the other subsequent independent claims herain afler, are a
further subject of the presant invention.

Further important characteristics of the present composition, of the process for
iis preparation and of s use according to the invention, are provided in the following
detailed description.

Brief Description of the Figures

- Figure 1 (COMPARISUN): SEM (Scamning Electron Microscope) imagss of
the surface {part A) and of the section {part B) of a sample of a PCL film;

- Figure 2: SEM images of the swiace (part A} and of the section (part B} of a
composifion of the invention consisting of PCL+20%HYD oblained by fleshing out
peits;

- Figure 3 {COMPARISON), Thermogravimetric curves of PCL {(pontinucus ling}
and of HYD {dashed line} obtained by shaving lsather,

- Figure 4: Thermogravimelric curves of PCL alone {continuous line}, and of the
compaositions of the invention respectively consisting of PCL with 10% of HYD {uniform
dashed ling) and with 20% of HYD {non-uniform dashed line);

- Figure 5 Scheme of a tensile test and geometry of the specimens prepared

with the compositions of the invention;
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~ Figure §: Btress-sirain curve;

- Figure 7. Scheme of the systern used for the evaluation of the blodegradability
in solf of the semi-finished products obtained with the present compositions;

~ Figure & Results of the biodegradability tests carried out in parallel for the
compasitions of the present invention inn the form of film oblained in Example 2 herein
after described and, by comparison, for PCL, for paper and for the commercial product
Matensi@, Movamont,

Dstaliad Desarintion of the nvention

in the present invention, when not specified otherwise, the percentages of a
product are 1o be considered as welght percentages of thal product with respect to the
tolal weight of the composition coniaining it

By “polycaprolactone” or “POLY s meant, in the present invention, the synthetic
polyester poly-g-caprolacione, oblainable from polymerisation of s-caprolactons. The
POL s endowed with good characteristios of blocompatibiiity, and with a high thermal
stability; its modest mechanical properties and s relatively high manufacture cost up 1©
date have meant that the use of the PCL did not go beyond the production of objects for
biomedical applications. it is a biodegradable synthetic product that, for the scopes of the
invention, s preferably used in the form of granules or pellets, of dimensions for instance

of about 3 mm, whoss propertiss are summarised in the following Table 1

MPHSOC/2, 16 Kg, ¢/10min - 201403

in the present invention by the term “hydrolysed” or “proteic hydmivsed”,
indicated herein somelimes by the acronym "HYD”, is meant a natural organic product in
the form of a powder, oblained by hydrolysis of the animal fleshing, that is the wasie
praguct in the phase of mechanical removal of the subcutaneous tissue from the dermis,
called fleshing out, or oblained by treatment of the processing residues of the operations
of shaving of the pelts. The animal fleshing is a product mainly formed by fats and

collagen fibres rather relaxed and degraded. The main characteristics of the profeic
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hydrlysate nbialned from wasles of fleshing cut and shaving and used in the present
ocompositions, arg desoribed in the following Table &
Table 2. Charactenstios of the protele hydrolysate from wastes of feshiing out and

shaving

 from fleshing
- from shaving |

B out

Elementary analysis

(bbywsightondrybasisy
S B4 a2
Ho .53 83
N 03 s
Q {by diff} 81 3871
Approximated analysis

(% by weight on hydrolysate as such)
Moisture 33 34
\Volatie mater e 899
Ash P38 5.7
Fixed carbon {by diff.) 21
NaGIOR) e 63
pHinaqueoussolution 549 679
Crganic substancs (%) 73.3 2.4

The fleshing outis that mechanical operation in the tanning process during which
the flesh and subculansous tissue residuss are removed from the skin. It is carried out
immediately downslreamn of the phase so called of “liming” (during which hair and
epidermis are removed) because in this phase the skin swells and therefors the fleshing
out process is easier and shess less the collagen fibres. From this processing the
“fleshed” skin is oblained, which is then conveyed o the subsequent processing, and a
waste product calfed *fleshing” enriched in proteins {mainly collagen) and in fats.

Following the tanning operations, the skins are subjscled to the process of

shaving iy order {0 equalize the thickness of the skin. The shaving is carried out with the
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shaving machine whose principle of operation s similar to that of the fleshing machine.
The hudes treated in this phase of the lanning process provide residues mainly consisting
of subcutansous tissue {vich in collagen), of fals and of & smaller amount of safis with
sspact 1o the fleshing, since the skin has undergone numerous intermediate washings.
Moreover, the residues of shaving oblained from fanned skins contain suboutaneous
tissue and collagen, in particular, less degraded compared to that constituted by feshing.

The fleshing, taken out from the collection tanks, or the residues coming from the
phase of shaving, undergo a seres of processings, described in detal hereinafter by way
of example, that lead fo the oblainment of the protelc hydrolysate for use In the present
compasitions.

it the present invention by the lerm “hydrolysate” or “profeic hydolysate”, is
marsnver meant & natural organic product in the form of powder, oblained by any
treaiments of hydrolysis of any protele subsirate of vegetal or ardmal onigin, such as milk
serum or soya. The production processes of hydrolysis indusirially applicable on this type
of profeic mattdx may be processes of

1. chemical hydrolysis, bassd on the formation of a strongly acid or alkafine
aywirprment;

2. thermal hydrolysis, based on an increase in temperature and pressure iy the
reaction environment;

3. snzymatic hydrolysis, based on the use of proteolytic enzymes that are able,
undes appropriate conditions of temperature and pH, fo break the protein chains
into fragments of peptides, polypeptides and amine acids of various length and
molecuiar weight.

The application of these three different processes, both individually but also and
often in synerqy among sach other, makes # possible o predetermine and maximize
cerfain inferesting aspecis of the oblainable protsic hydrolysate, such as its solubiiity, the
controd of the degree of racemization or the degres of hydrolysis pbiainable with the
hydrolytic process. In all cases, #tis anyway well defined the fingerprint of the amino acid
profile determined by the starting matrix.

in gensral the process for oblaining the protelc hydrolysate may comprise, in

addition to the actual hydrolysis step, a preliminary step of homogenization of the proteic
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substrate used as a raw material, while sfier the hydrolysis it may comprise one or maore
aperations o standardize, purify and/or stabilize the obtained product, and consisting for
axample of drying, scresning, cooling, aic.

Any person skilled in the art can saslly vary and diversify the characteristics of the
oblainable proteie hydrolysate, such as the degree of hydrolvsis, degres of racemization,
distribution of molecular masses, and the content of free amino acids, modifying the
phase of hydrolysis  selected  {chemicalfthermalienzymatic  hwdrolysis  or  their
combination) and the related parameters of the process, according to the knowledge and
proceduras known 1o any parson skilled in the field.

By way of example it s described in the following a process of alkaline hydrolysis
process that is preferably chosen o oblein a poteic hydrolysate starting from a residus
of shaving and of fleshing of the animal hide, which can alse be used then in the
following sxperiments. The fleshing coming from the fleshing of hide or the residue of
shaving are subjected © alkaline hydrolysis, followed by a step of degreasing, & step of
purification: and  concentration In multiple-sfect evaporators, and by atomization.
According to a preferred embodiment of the invention, the proteic hydrolysate from
fleshing or from the shaving residus of animal pelts is oblained by subjecting & subsirate,
vefore the hydrolysis, to milling, then the milled substrale is hydrolvsed under conditions
of acid pH at lemperature of about 70-80°0. At the end of hydrolysis, for sxample with
the aid of mechanical means In a sullable separator, the fatly phase and the profein
phases, which sirgtify during hydrolysis, may be then separated; more particularly, the
saponified fatly phase, less dense, s touched on the swiface 1o be saparately recovered,
while the peat protein s taken from the bottom of the separator and possibly ot fo pass
through a special grid o efiminate the not dissolved coarser plecss, then subjected to
sterilisation. The sterilisation is preferably cavied out at a temperature of 132°0, 3 bars
of prassure for a minimum time of 20 minutes. Tha obtainment of the proteic hydrolysate
in powder, useful for preparing the polymer compositions of the present invention,
includes & last drying phase, carred out for inslance by concentration in a system of
mudltiple-sffect evaporators and atomization. Before drying, if nacessary, the slerlised
product is fitterad 1o efiminate the insoluble organic component, and then sublected fo

oxidation in order {o eliminate sulphides and then subjected o decalcification.
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in genaral the profeic hydrolysate used fo obiain the present composiiions can
therstore  advantagecusly be obained from the proteic subsirate by chemical
hydrolvals (alkaline or acid) andlor thermal andior snzymatic hydrolysis under such
conditions that result in g product having average molscudar weight lower than 10,000
gimol, and typloally ranging belween 1,000 and 5,000 g/mol, which is then sublected to
degreasing and drying, preferably fo atomisation, to oblaiy a solid product, substantially
free of waler, to be used in the form of powder. The so oblained hydrolysed product
having average molecular weight in the range indicated above, ensures the best
compatibility hehween POL and the hydrolvsate, and consegquently aliows obtaining a
composition having optimat homogensity for a better processability of the material. In
the present invention, when reference is made o the molecuiar weight of the profeic
hydrotysate, s meant the average molecutar weight which was determined by size
axclusion chromatography (SEC-HPLC)

The present compositions essentially consist of proteic hydrolysate and
polycaproiacions, with no need to add any kind of addiive, thus guaraniesing the
somplets biodegradability of the obtained products, as also shown in the following
axperimental parl. #is meant that the composifions in the molten state s well as the
compositions in the solid state are comprised in the scope of the present invention.

The surprising aspect of the present compositions is the possibility to be easily
hot processed, for instance by extrusion or fiming, with no need of compatibilising
additives or other additives of any kind, o oblain artefacts in different forms, from
peliels to thin films, alt having the stability and the mechanical characteristics required
to the material of that form. This is surprising given the scarce thermopiastic properties
of the pure PCL, which Is not processable by hot extrusion or fiming; on the confrary,
the two products logether, in a wide range of weight ratios, have shown a surprising
ability to be hot processed, producing stable sclid artefacts or resistant and flexible thin
films.

The present compositions may have percentages of proteic hydrolysate ranging
for instance betwesn § and 80% by weight with raspect to the total weight of the

composition, and preferably ranging betwsen 10 and 30%. The weight ralios
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pulvcaprolaciona: proteic hydrolvsate according fo the invention are for exampls of
8010, 80:20, 70130 and 80040,

The protele hydrolysate used In the present sompositions may be a hydrolysate
coming from fashing owt, fram shaving or # may be a mixture of such two types of
hydrolysale, or it may be a hydrolysate coming from the treatment of other proteic
organic substrates different from fleshing or frons the residues of processing of animal
pelis, and identified above; according to a preferred smbodiment of the invention it is a
profeic hydrolysate coming from Heshing owt animai hides.

The process {or obiaining the present compositions inciudss the hot extrusion of
moiten PCL with & powder of proteie hydrolysate at temperatures ranging for example
between abowl 80°C at the inlst of the extruder and about 130°C at the output. It s
essential that the temperature at the inlet of the exiruder is fpower than the degradation
temperature of the proteic hydrolysats, for example lowsr than 120°0, to aveid the
degradation of the hydrolysate. The inlilal temperature ar the temperature at the input
of the axtruder wilt therefors be advantageously comprised between about 90°C and
about 120°C.

According 1o a preferred embodiment of the process of the invention, the PCL
and the proteic hydralysate powder are blended before antering the extruder, and are
processed in 8 win screw exiruder that allows a uniforn and effective mixing in the
molten state of the material fad. The extruded material may be formed of the desired
size and shape by moulding according to procedures known to any expert in the sector,
including moulding with 3D printers, to oblain a solid plastic material of desired shape
and size, or it may be sent to an apparatus for filming, for example for blown Him
axtrusion, which allows o obtain thin films consisting of the present composition.

With the compositions of the invention varous kinds of articles may be
oblained, for instance thin films, films for packaging in gensral, pipes, wires, packets,
hags or botlles.

The Applicants have caried out experiments, herein after described in the
sxamples, In order o mainly verify morphology and thermal stability of the

compositions of the invention, their processability by hot processings to obtain both
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pellets and thin films; the properties of mechanical strength and of biodegradability of
articles made from the present compositions have also bean investigated.

i has thus been found that the addition of proteic hydrolysate o the PCL, v a
wide rangs of weight ratics, makes # thermoplastic and able to be hot extruded with
excellent resuits in terms of mechanicsl and thermal properties of the solid products
oblained, which have aiso shown a complele biodegradability. This entails a plurality of
advantages, both sconomic and snvironmertal, since the PUL is a relatively expensive
material, therefore the use of an organic filler o "cut” the PCL s advaniageous, as wsl
as it is advantageous that a new way was found o recyde the hydrobvsate coming from
wastes it leather processing, up 1o now used only in the form of an agueous solution as
a fortilizer.

The following experimental, nonimiting examples ars given to lustrate the
present invention.

EXAMPLE 1

Froduction of peliets

The polymer compuositions of the invention have besn obfained in the form of
peliats by mixing in the molten state pellets of PCL with powder of proteie hydrolvsate,
coming rom fleshing oul or shaving, previcusly lvophilised, by using & fwin screw
axfruder {model Thermo PRISM TSE 18/28mmTC).

The twin sorew extruder allows & very sfficient mixing thanks fo the interaction
betwaen the polymer and the screws, in pardicular the mixing involves the enlire mass
fod, which melts quickly and uniformly In 2 space of very limited length and allows o
obtain very high-performance resuils in shord times, thus allowing shorter residence
fimes and lower thermal stress for the materials under processing.

The win screw extruder used for producing the mixtures, model Thermo PRISM
T&E 16/28mmTC, was equipped with a single nozzle for the sxit of polymer, from
which flowed the extruded product, referved to as “spaghstl”, air-codled up to the cutter
with which it was reduced fo pellsiz.

The mixiure of polymer and hydrolysate was fed to the extruder system
described above through a loading hopper, afler oold mixing. Compositions with

various ratios between PCL and proteie hydmolysate were thus prepared, in particular
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with 10, 20, 30 and 40% by weight of hydrolysate compared {o the fotal weight of the
compaosition, withou! adding any type of additive.

The spead of the screws was set o values between 30 gnd 80 revelutions per
minute, while the temperaiure profile has been adapiad to the pelistizing process by
studying the sultable degree of homogeneity and viscosily of the strand produged by
the machine. The exfrusion temperstures for the mbdures produced with the
thermoplastic polymear matrix in PCL and the charge of proteic hydrolysate ars reported
in the Table 3 below. In the first part i is imporiant B maintain @ sufficlently low
tomperature, since the proteic hydrolysate, already at 120°C, fends io deteriorate
losing the volatile components and compasting, thereby preventing an optimum mixing
aven wilh the twin-screw extrudse.

The processability for the production of pellets, of the present composition
cordaining 10, 20, 30 and 40% by weight of the organic charge of proleic hydrolysate
with raspact to the total weight of the composition, was tested. In all casss, the strand
produced resulled as continuous, wuniform, stable and Hexible, index of the good
propeiies of the mixture and of the correct operating conditions adopted.

Table 3. Gperative temperaturss identified for the production of pellets

TSIC) TS2 {°C) TS2{°C) T {°C}

oG 100 120 130

T&Y: Temperature of the first saction or zone of ransport of the solid

T&2: Temperature of second section or melling zone

TS3: Temperaturs of third section or zone of ranspoert of molten materiat

Ty Termnperature of the extrusion head

EXAMPLE 2

Production of thin film

The technology so called “film blowing”, or blown flm extrusion, is an indusirial
process used for the production of polymer thin films blaxially coriented. it s a
continuous process for the production of a twbular film in a single operation and allows
the adjustment of the circumference and of the thickness of the film by controliing the
volumes of air blown into the bubble, the parameters of the extrusion process and the

spesd of draw of the film in the course of the procass.
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The polymer fed to the equipmeant through a hopper, is conveved and mealted in
an extruder; with a constant speed of fow of the mass, it is forned fo enter inside a dis
of annutar form o forny 2 continuous "tube”;, an infernal pressure and an axial draw
concur, instead, o the biaxal exdension of the film. Leaving the annular mould, there is
the formation of @ polymeric kibe, while the molten matarial flowing is cooisd by air
bowing along the fim. Duwing the pearied iy which the polymer is in the Suid state, i will
be stretched in fwo directions. Initially, the polymeric tube formad is inflated by an
internal pressure, due to the blowing of air coming from an orifice in the annular mould,
slightly higher than the atmospheric pressure. This creates a "bubble”,

it should be noted that the alr cannot escaps from the bubbis, since this is
clamped by & calender {("nip rolis™) uppstly positioned. In this way the film is well
streiched n the clroumferential or In the transverse direction. Al the end of the
extrusion progess, the winding of the film causes the elongation in the longitudinal
direction and produces the stretching or "draw down”. The solidified fim is pulled
upward and smoothsed into a double laver flm by the nip rolls that close the bubble and
form g hermetic seal, in the final part.

The properties of the film thus formed ars contolled by the molecular
orientation and by the stress inducad by the crystallisation. An important reguirement
for this type of processing is the siability of the bubble in order to albow continuous
process operations and the production of a film with satisfactory properties.

The equipment chosen for the eaxperimentalion is a single-screw extruder
Rheomex 18/25 Thermo Scleniific QC, equipped with a system of winding of the film
oroaduced. Such squipment allows evaluating the processability of the materials for
blow exirusion, by faithfully replicating the industrial extrusion process.

it was lested the processability with the "film blowing” technology of the
mixtures containing PCL with 10% and 20% by weaight of the organic charge of proteic
hydrolysate with respect to the tolal weight of the composition, either by fleshing or
from shaving, without addition of any additive. These midiures wers processed withowt
difficuly and & homogensous and flawless filr was obtained, fransparent and flexible,
having a thickness comprised between (.02 and .08 mm. The operating temperatures

smployed for the processing of the materials are reported in Table 4.
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Table 4. Operaltive temperature for the bMown film exdrusion of materials
‘!--‘\ ReTant é"\c PN i-w-se DN
T8ICC) T82{°C) 183 {°C) {
w0 o s

TS1: Temperaturs of the first section or zone of transport of the solid

132 Temperalurs of the second section or malting zone

T&3: Temperature of the thid section or zone of transport of mplten malerial

Characterisation of the producis oblained from Examples Tand 2

Morphological analysis

in Figure 1 it s shown the SEM image. Le. the iimage oblained by scanning
slectron microscopy, of the surface (part A and of the section {part B) of a filim sample
of pure PCL, obisined by bubble extrusion; the surface and the ssction of the
thermoplastic matrix are homogenecus and free from impurities. Such images are
shownt hergin by way of comparison with the compositions of the invention,
demonsirating the fact hal the addition of the organic charge of protele hydrolysate o
the PCL does nad alter the homogensity, even when the compositions are used fo form
thin filmas,

To demonstrate this, in Figure 2 the SEM images are shown of the surfaces
{(Part A} and of the seclion {part B} for a sample of the composition of the Invention
consisting of PCL with 20% by weight of protelc hydrolysate from fleshing with respect
to tolal weight of the composition, produced in the form of thin fiims as described above
in Example 2. From these images it can be seen how both the surface and the section
of the film are homogsneous and show a good incorporation of the proteic hydrolysats
in the polymer malrx of FCL.

Thermogravimetric analysis

The thermal stabilily &t high temperatures of the compositions of the present
invention was evalualed by thermogravimelric analysis {TGA) A sample of PCL
{approx. 50 mg) was placed in a platinum sample holder, subjected to a nifrogen flow
{100 mb/miny and heated from room lempsrature 1o a femperature of 800°C with a
healing rate of 10°Cimin. The weight varations of the sample lested

{thermogravimelric curves TG) and the reiated speed (DTG were continuousty
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recorded as & funclion of lime and lemparature. The same was dong with 2 sample of
profeic hydrolysate, and the resulls of the thermogravimebric analysis of the fwo
samples arg lustrated in Figws 3,

As your can see in Figure 3, the profeie hydrolysate, after the initial losg of
waight around 100°C due to moisturs, shows a first peak around 170°C inked to the

foss of the lightest volalile components and a high loss of weight with peak around

o

300°C, The amplitude of this range of temperature depends on the composition of the
protefe hydrolysate, consisting of more or less long peptide chains and of free amine
acitds. The residual weight at end of the lest (27%) is constifuted by the residual
carbonaceous malrix and by the inorganic salts contained in the hydrolysate. The curve
refated 10 the PCL biodegradable polymer matrix shows instead a thermal stabliity up
o 320°C and a single peak for weight foss around 410°C, corresponding to the
degradation of the polymer, '

The thermogravimelric analyses on the compositions of the nvention consisting
of polymer matrix of polycaprclactone and hydrolysate are shown in Figure 4. In
particular, the compositions in the form of pellsts with the POL with 10% or 20% by
walght of hydrolysate wers testad, oblained as desoribed above in Example 1.

As can be seen from this figure, the thermal stability of PCL remains practically
unchanged even after the addition of the hydrolysate. The weight losses observed in
the temperaturs range below 354°C are in fact attributable to the hydrolysate while the
more consistent loss around 400°C s atltributable to the thermal degradation of the
polymsr matr,

The residue increases with increasing content of hydrolysate, as i/t is entirsly
atiributable 1o the hydrolysate.

Evaluation of the fensile mechanical properties

The standard fensile tost allows establishing the strength and stiffness of a
maierial. The instrument used o perform the test with the compuositions of the invention
was composed of 2 base on which was placed 3 fixed clamp and two oolumns on
which fiows the bar which supports a sscond clamp. Thess clamps are self-locking, Le.
thelr grip Increases with the progress of the deformation by the action of a pneumatic

control.
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The sample must be aligned with the direction in which the sirain s spplied so
as o avoid rotatory movements that may induce the specimen 1o seroll, During the fest
the distance between the clamps is varied and, through a load cell placed between the
uppsr jaw and the guide, it iz recorded the effort that the spacimen offses in terms of
reaistance. The seftwars that manages the ool allows adjusting the rale of deformation
and ihe differant criterla for the caloulstion of the mechanical characteristics of the
tasted material. To perform the {est U s necessary 1© chargclerize the spacimen from
the geometrical point of view, hecause this information s used by the softweare to
normalise the resulls pbtained. A repraseniation of the tensile test and the geomestry of
the specimen used in the lests s Hllustraled In Figwe &

From the tensile test of polymaeric malarials stress-sirain curves are oblained of
the fype shown in Figure §, wherain the siress values () and the shain valuss {g) are

reporied as nomingl values. The nominal values are defined as foliows:

whearain P is the load and Al is the initial seclion of the unloaded specimen (L. of the
partion with constant section} and

AL

.L:Q

~
feg

whergin AL is the variation of length caused by the load and L is the initial length of the
ussiul part of the specimen. The point & In Figure § represents the elastic limit. This
vaiue indicates the maximum stress that the material can withstand if it is desired that &
returns exactly to is original size after unloading. § 1 is urged over the adge A, the
material undergoes a deformation al least partially plastic, For the majority of materials
the paint & corresponds (o the limit of proportionality, defined by the value of the stress
for which the graph deviates from g straight line., The proportionality constant baetween
stress and strain (given by the slope of the curve in the pari between the origin and the
point A) is called the modudus of normal elasticity or Young's modulus (E).

The tensile test on specimens in the form of thin films oblained with the
compositions of the present invention as described i1 the Example 2 above, was

carrded autl in compliance with ASTM D882 and ASTM DE38M regulations concering
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ihe mathods for festing the tensile propertiss of thin films. The mechanical analyses
have been carnied oul by using the Insiron Model 5584, testing twelve samples for
gach lype of material; the values shown in the Table 5 below were oblained as the
arithmetic mean of the valid lasts,

The mechanical properies of the specimens were evaluated both in the
ongitudinal direction and in the transverse dirgction of the fim formation.

Table 5. Results of the mechanical analysis of tensile strength.

Longitudinal dirsction Transverse direction
Mixture
E{GPayl o(MPaY) (%) EMPa) | oMPa} | &%)
PCL 021 28.1 484.8 0.667 18.% 1683.8
POL+10% HYD from
3.6827 222 511.8 1.448 12.3 279.8

flashing

POL+20% HYD from

L2
in]
44
e
sl
€3
b
o
o]

(.394 335 48414 &.
fleshing

POLAT0% HYD from
.638 12.8 4003 {L.747 18.1 3141
shaving

PCLA20% HYD from
0.303 12.7 4848.6 (3.768 10.8 186.9
shaving

Commaercial matarial 3.062 178 1324 0.153 11.0 152.3

From the results obtainsd and reportad in the {able above it ¢an be noted that
the valuss of load and of sirain at rupture for the fiims of the invention are definitely
better than those with PCL onldy, sven f they decresse with the increasing content of
proteic hydrolysate in the compositions; in this sense, it is noliced that they diminish to
a lesser extent with the use of arganic charge coming from the residues of fleshing of
ihe sking in the case of the mechanical properties measured in the lbpnghudingl
direction, with respect to the specimens with organic charge of proteic hydrolysate
carming from shaving.

Biodegradshiiity test in the sof

in general the bicdsgradabilily tes! determines the amount of carbon dipxdde

released from the biclogicsl decomposition of the organic carbon contained in the
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tested specimen, due 1 the action of & microbial population present in a soil sample,
used as solid substrate and inooulum.

Among the avallable methods, it was chosen the procedure proposed by
Chieflini st al. “Biodegradation of thermaily-oxidized, fragmented low-density
polyethylenes” in Polymer Degradation and Slabiity, Vol 81, 2003, pp. 341-351. The
biodegradability of the samples was svaluated by measuring the CO; developed by
portions of the films tesled, placed on a sail duly selected, positioned in containers kept
at room temperature and i the absence of ight. To get resulls with statistical valus,
the fest was performed in briplicate for each sample and the average values were
considersd. The lest was conducted, for g comparison, aiso on portions of paper, used
a3 & posilive confrol, and only on the solll as a matlter of fact, the paper is a
biodegradable malerial, gnd it gilows verifying that, inside the receptacles, the micro-
arganiams are able o implement the degradative processes and, as the soil
contributes  lo the production of GO being an excellent substrate for the
micronrganisms, i s necessary o quantify this carbon dioxide in order o caloulate
then by differance the amount of COy actuslly produced by the tested samples.

Figure 7 shows a scheme of the system for the svaluation of the
biodegradability of the materials producsd, The sample is placed in contact with the soi
placed in 8 sesied flask. Inside of g test fube, perforated in the upper pant, it is
comtained a solution of KOM: in this way the 0, developed by biodegradation
processes regels with the potassium hydroxide and the subsequent titration fo
determine the residual KOH allows to gquaniify the carbon dioxide produced. Titrations
are repeated at precise fime frames faking into account the estimated daily production
of C0; and of the amount of O, inside the container.

The bicdegradahility in the soil was then evaluated for the films containing 10%
and 20% by weight of profeic hydrolysate in mixture with PCL prepared as described
above in Example 2,

Figure 8 shows the resuifs obtained in about five months of experiments, in
terms of cumudative production of 00, {expressed in myg} over time. The trend of the
values for the paper blodsgradation is indicalive of the presence, in the system used, of

appropriate conditions able o snsure the development of microorganisms. Moreover it
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s possible to nofe that the middures confsining HYD frony fleshing and 20% of HYD
from shaving sxhibit @ grester tendency o be degradsad, even higher than that of the
paper and of the commercial material known as ?\:iateruBE@, Movamont.

From the amount of C0; produced by the samples i was then possible to
derive a blodegradability index based on the amount of carbon divkide that the
samples could produce in theory, calculated on the basis of the weight of the samples |
and of the content of organic carbon in them. The valuss of the biodegradability index
of the tested samples, reached in approximately five months of the trigl, are shown in
the Tabie & below. The paper has reached an indsx close to 30%. The fiims obtained
with the compositions of the invention have a biodegradability index fairly high,

caomparable to the value oblained for the papey and higher than that of the commercial

material
Table 6. Biodegradability index of the present compositions
Biodegradability
Sample
index {%}

RCL 322

10% HYD from fleshing 895

20% HYD from fleshing 34.5

160% HYD from shaving 28.2

20% HYD from shaving 28.0

MaterBi® 12.5

FPaper 28.0

Fram the experimental data Hlustrated above it clearly emerges that the use of
proteic hydrotysate in mixture with polycaprolacions makes possibie the processability
by hot extrusion, also obtaining a fully biodegradable material, having good mechanical
and therms! properiles, properties that are considerably improved compared to thoss of
the polymer matrix of PCL alone. This also allows the advaniageous disposal of a
waste material of the leather tanning industry, such as the proteic hydrolysate oblained

fram flashing out or from shaving of cowhides to be submitted fo tanning.

Xk A ow X
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The present iwvention was hersin described with referancs 1o & preforred
ambodiment. it is © be undsrsiood that there may be osther embodiments afferent o
the same nventive cors, as defingd by the scope of protection of the clalms sel ot

below,
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CLAIMS
1. A thermopiastic, biodegradable, polymer composition obisinable from a
mixture of mollen polycaprolacione and of at least a proteic hydmiysate in powder form
hawving average molecular weight lower than 10,000 gimaol.
2. The composition according o claim 1, wherein sald proteis hydrolysale has
average molecusr weight comprised between 1,000 and 5,000 g/mol.
3. The composition accarding o any of the preceding dlaims, whersin said
profeic hydrolysate is substantially water-fres.
4. The composition according fo any of the preceding olaims, wherein said
protaic hydrolysale 8 2 natural, organic product oblainad by hydrolysis, followed by
degreasing and drying, of a proteic substrate of vegetst or animal origin.
5. The composiion according to claim 4, wherein said proteic substrate of
vegetal or animal origin is selected from animal fleshing coming from fleshing out of
andmial pelts, residus of shaving leather, whey, and soy.
&, The composilion gecording to claim 5 wherein said proleic subsitrate of
vegsial or animal origin is animal fleshing coming from fleshing out of animal pedis,
7. The composition according to any of the preceding colaims, whersin the
percentage of said proteic hydrolysate is comprised betweean & and 60% by weight with
respect o the total weight of the composition.
8. The composition according to claim 7, wherein the percentags of said protsic
hydrolysate i3 comprised bebween 10 and 30% by weight with respect to the fotal
weight of the composition.
8. A process for the preparation of the thermoplastic, bicdegradable, polymer
composition as defined in claims from 1 o 8, comprising the hol extrusion of
polveaprolactons and of at least a proteic hydrolysate in powdsr form having average
molecular weight lowsr than 10,000 g/mol at a starting temperalure, at the sntrance of
the extruder, which ranges betwesn the maelling temperature of said polycaprolacions
and the degradation tlemperature of sald proteic hydrolysate.
10 The process according fo claim 9, wherein said polycaprolacione and said
proteic hydrolysate are mixed belore antering the exdruder and they are subjscled o

sxirusion by means of a twin-screw extruder.
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1. A saiid article obiainable by printing or by fiim lechnology of the polymer
composition as defined nclaims from 1 0 8.

12 Use of the polymer composition as defined in claims from 1 1o &, for the
manutaciure of solid articles by printing or by film technology.

13 The use according o olaim 12, for the manufacture of thin films, packaging

films, tubes, wires, packats, bags and bottles.
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