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reinforced biocomposites

Summary — At present, in production of commercially available biopolyamides, castor oil is used
as one of raw materials. In this paper possibilities of processing biocomposites based on biopoly-
amide (commercially delivered by Chinese company Suzhou Hipro Polymers) filled with 10 or
20 wt. % of glass, carbon or flax fibers were presented. Tensile properties (tensile strength, modu-
lus of elasticity and elongation at break) of the composites in their conditioned state and after water
soaking were discussed. As the results showed, a strong effect of reinforcement was obtained for
all of the composites. The composites with glass and flax fibers have a great elongation and impact
resistance. To evaluate fatigue stress of tested materials, simplified shortened Lehr’s method was
used. The results of this work can be used in the designing process of structural materials with
varying stiffness and ability to dissipate energy depending on the expectations of the recipient.
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POLIAMIDY ZE ZRODEL. ODNAWIALNYCH JAKO OSNOWY BIOKOMPOZYTOW WZMAC-
NIANYCH KROTKIMI WEOKNAMI

Streszczenie — W pracy zaprezentowano aktualne mozliwosci wytwarzania i modyfikacji poli-
amidow z surowcow odnawialnych. Na przykladzie poliamidu otrzymywanego z oleju rycyno-
wego i produkowanego na skale przemystowa (Hiprolon 211) przedstawiono wyniki badan kom-
pozytoéw z dodatkiem 10 lub 20 % mas. widkien — szklanych, weglowych lub Inianych. Porow-
nano podstawowe wilasciwosci wytrzymatosciowe czystego biopoliamidu i jego kompozytow
o réznym stopniu napetnienia (rys. 2—4). Wprowadzenie wtokien we wszystkich przypadkach
dato wyrazny efekt wzmocnienia. Wyznaczono wartosci gestosci, temperatury mieknienia Vicata,
udarnosci okreslanej metodg Charpy’ego z karbem (tabela 1), a takze chtonnosci wody po 1, 71 30
dniach moczenia. Zbadano réwniez zmiany wiasciwosci wytrzymatosciowych po 30-dniowej
inkubacji w wodzie (rys. 6 i 7) czystego biopoliamidu i kompozytéw z dodatkiem 10 % mas.
napelniaczy. Technika SEM wykonano fotografie powierzchni przetlomdw po rozcigganiu wytwo-
rzonych kompozytéw. Widoczne sa na nich charakterystyczne cechy struktury i morfologia roz-
nych wiokien (rys. 3). Przedstawiono rezultaty badan dynamicznych kompozytéw, a w szczegol-
nosci poziomy sit wymuszajacych, srednie wydtuzenie oraz energie dyssypacji odpowiadajacych
narastajacym ilosciom petli mechanicznej histerezy (tabela 2, rys. 9). Poréwnano petle histerezy
kompozytéw z widknami szklanymi, weglowymi i Inianymi (rys. 8). Wyniki przedstawionych
badan wykazaty, ze istnieja duze mozliwosci projektowania wiasciwosci wytrzymatosciowych
kompozytéw na osnowie dlugotancuchowych biopoliamidéw, poniewaz wilasciwosci te zalezg od
rodzaju oraz ilosci wprowadzanych wiokien.

Stowa kluczowe: biopoliamid, biokompozyt, surowce odnawialne, widkna Iniane, widkna
szklane, wtdkna weglowe.

Biopolyamides are polyamides fully or partially de- components are obtained from biomass (e.g.: PA 1010,
rived from renewable resources. They can be synthesized = PA 510),
in the following possible processes [1]: — polycondensation of amino carboxylic acids as
— polycondensation of diamines and dicarboxylic  bifunctional monomers (e.g.: PA 11),
acids with elimination of water — there are examples of
bio-PA with biobased acid and petroleum-based amine
(e.g.: PA 610, PA 410) and of biopolyamides where both  * Corresponding author; e-mail: stask@mech.pk.edu.pl
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— ring-opening polymerization of lactams (e.g.
biobased PA 6, PA4 — production on a laboratory scale).

At present, in production of commercially available
biopolyamides, castor oil is used as a renewable feed-
stock. Among other industrial plant oils, castor oil exhi-
bits unique chemical structure and properties. It is built
in almost 90 % of ricinoleic acid with double bond and
hydroxy group, which provide possibilities for chemical
modifications [2, 3]. The modifications may lead to syn-
thesis of polyamides building blocks, such as sebacic
acid, aminoundecane acid or decamethylenediamine
(DMDA), which are schematically represented in Figure

1[4].
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/\ l
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amd
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PA 1010 PA610  PASI0 PA 410

Fig. 1. Main routes of manufacturing biopolyamides from cas-
tor oil [4]; DMDA — decamethylenediamine, TMDA — tetra-
methylenediamine, PMDA — pentamethylenediamine,
HMDA — hexamethylenediamine

Few companies have already introduced different
kinds of long-chain biopolyamides into the market. Poly-
amide 11 (Rilsan PA 11 from Arkema) has been commer-
cially available for over 60 years now and applied in dif-
ferent industry sectors (e.g.: automotive, textile, electro-
nics), mainly in coatings. Polyamide 1010 (offered by
DuPont, EMS-Chemie, Evonik and Suzhou Hipro) has
properties similar to properties of PA 11 and may be used
as its substitute. Both PA 11 and PA 1010 are fully made
from castor oil. Polyamide 510 is now produced by BASF,
but not yet commercially available. Its dicarboxylic acid
part is synthesized from castor oil, while diamine is ob-
tained from lysine (product of glucose fermentation).
Thus PA 510 is fully biobased. Polyamide 610 (BASF,
DuPont, EMS, Rhodia, Evonik, Toray, Suzhou Hipro,
Akro-Plastic) with about 60 % of renewable-source con-
tent has recently met with a great interest, as it combines
high mechanical properties (characteristic of PA 6) with
low density and high chemical resistance (typical of
PA 1010). Another partially biobased polyamides avail-
able on the market are PA 410 (up to 70 % biobased, DSM
company) and PA 1012 (about 40 % bioabsed, Evonik,
Suzhou Hipro).

There are also other polyamides that could be made
from plant oil derivatives like, for example: PA nl12,
PA n4, PA 69, where ,n” corresponds to the number of

carbon atoms in different possible diamines [5, 6]. More-
over, some polyamides can be produced from sugars.
There is a patented method of PA 6 synthesis by
ring-opening polymerization of e-caprolactam produced
by glucose fermentation [7]. Likewise, glucose may be
used as feedstock to produce PA 4 by fermentation to glu-
tamate, its decarboxylation to y-aminobutyric acid
(GABA), which is then heated to produce 2-pyrrolidone
and finally by ring-opening polymerization of 2-pyrroli-
done [8]. However, production of biopolyamides from
carbohydrates is not yet cost-effective.

In polyamides, intermolecular interactions, which
determine their properties, decrease with an increasing
length of polymer chain. Long-chain biopolyamides such
as PA 11, PA 1010 and, to a lesser extent, PA 610 have
lower density, lower water absorption but also signifi-
cantly lower strength and stiffness, lower melting tem-
perature and continuous operating temperature than
polyamides like PA 6 [4]. In order to improve mechanical
performance and thermal stability of long-chain biopoly-
amides, different fillers, both synthetic and natural, can
be used. Bledzki et al. [9, 10] studied composites on a base
of two biopolyamides PA 1010 and PA 610, filled with
man-made or natural (abaca) cellulose fibers (15—
30 wt. %). The fillers addition caused significant enhance-
ment of stiffness and strength. There was also an increase
of impact strength for man-made fibers and a decrease
for natural filler. Liu Z. et al. [11] tested PA 1010/montmo-
rillonite nanocomposites prepared by intercalating poly-
merization. These nanocomposites had higher modulus
of elasticity and onset temperature of decomposition
compared with neat biopolyamide. Similar results were
obtained by Zeng et al. [12] for multiwalled carbon nano-
tubes-reinforced PA 1010 composites and by Liu T. et al.
[13] for PAll/nanoclay composites prepared with the
melt-compounding method. Rajesh and Bijwe [14] also
reported major increase of mechanical properties, hard-
ness, friction and wear properties of polyamide 11 filled
with short glass fibers (20 wt. %) and copper or bronze
powders (6 %), processed by extrusion followed by
injection molding.

Characteristics of composites based on polyamides
filled with different fibers are mainly focused on mecha-
nical properties under static conditions [15, 16]. How-
ever, in many applications it is important to know how
the material will perform under repeated loading cycles
as well as what maximum stress it will bear before
failure, to suitably design it. As in all engineering mate-
rials, failure often appears in plastics as a consequence of
accumulated irreversible damage or growth of a fatigue
flow to a critical degree. The fatigue life of a polymeric
composite is controlled by a number of factors. These in-
clude: the stress or strain amplitude of the loading cycle,
the mean stress of the cycle, the presence of stress concen-
trations or initial defects in the component, the frequency,
temperature and environment of the test. To predict fa-
tigue life of polymers and fatigue strength, Wohler curve
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(S-N curve) is used. It is a graph of the magnitude of a cy-
clic stress (S) against the logarithmic scale of cycles to
failure (N). S-N curves are derived from tests where a
regular sinusoidal stress is applied to the specimen by a
testing machine which also counts the number of cycles
to failure. An S-N curve provides information about the
amount of cycles at which the material will fail for diffe-
rent maximum stress levels and a unique value of stress
ratio. To plot the curve, multiple tests on similar speci-
mens with different levels of stress must be carried out.
As a consequence, considerable time is needed [17—19].

For approximate determination of fatigue strength,
authors used a simplified time-saving method of dy-
namic testing — Lehr’s method [20, 21]. This method is
used for metals and is based on the observation that
fatigue strength is connected with local plastic strains
which start to appear after exceeding fatigue strength in
individual grains of metal. This method was imple-
mented for polymers and allowed determining the
fatigue properties of polyamide filled with mineral filler
tuff and composites based on polyhydroxybutyrate filled
with natural fibers [22, 23]. The essence of the method is
to use variable loading with increasing stress amplitude
and register the value of extension, dissipated energy and
temperature. After exceeding the amplitude of variable
stress which is close to fatigue stress in tested material,
the increase of temperature, strain and dissipated energy
can be observed and on that base fatigue strength can be
calculated [24].

In the current paper, authors present chosen basic
physical properties and dynamic tests results of commer-
cially available biobased polyamide filled with flax, glass
or carbon short fibers. The aim of the study was to exa-
mine the influence of each kind of filler on the biopoly-
mer matrix and to determine whether the tested bio-
composites possess features, that can enable them to be
used as a replacement of traditional engineering, durable
polyamides, like polyamide 6.

EXPERIMENTAL
Materials and specimens preparation

Three types of short fiber reinforced biocomposites
have been investigated in this study. As their matrix Hi-
prolon 211 (Suzhou Hipro Polymers, China), along-chain
polyamide compound from castor oil has been used. The
composites were made with 10 and 20 wt. % of flax, glass
or carbon fibers. Untreated flax fibers, cut and low
twisted roving with diameter of 10—30 pum and length of
120 um were supplied by Safilin Sp. z o.0. Glass fibers
(diameter: 10 pm, average length: 120—150 pm) and car-
bon fibers (diameter 8 um, average length 80—120 pum)
were provided by Zaktady Azotowe in Tarnéw.

Standard dumbbell type specimens (10 x 4 x 150 mm)
were produced in a two-step process. First, the Hiprolon
211 pellets and fibers were compounded on a twin-screw

extruder with a gravimetric screw feeder. Thus obtained
granulate was injection molded using Engel ES 200/40
HSL in Zaktady Azotowe in Tarnéw. The injection pro-
cess was done under the following conditions: injection
temperature 210 °C, mold temperature 200 °C, injection
pressure 100 MPa, cycle time 45 s (cooling time 20 s).

Methods of testing

Mechanical properties were estimated by a tensile test
according to PN-EN ISO 527, with an universal testing
machine (Insight 50 MTS with MTS axial extensometer)
with a constant crosshead speed of 10 mm/min. Elastic
modulus (E,), tensile strength (c,,) and strain at break (g5)
were determined. Charpy impact strength (a.,) was
obtained from notched specimens using Zwick HIT5.5P
tester. Materials density (p) was measured by hydrostatic
method.

In order to observe the composite structures, scanning
electron microscopy (SEM) images were made on the
gold-sputtered tensile-test fracture surfaces of specimens
using JEOL ISN5510LV microscope.

Absorption of water (at 20 °C) was determined after 1,
7 and 30 days of soaking, according to PN-EN ISO
62:2000. To determinate changes in properties caused by
absorbed water, tensile test was performed again imme-
diately after the 30 days of the specimens incubation.

Load-controlled cyclic fatigue tests were performed in
load-tension mode at the temperature of 23 °C using hy-
draulic tensile tester Instron 8511.20 equipped with MTS
controller and using software TestWork 4.0. Multiple ap-
plied load levels (5000 cycles on each load level) were
conducted to generate hysteresis loops for the material.
For all variable loading cycles performed on all speci-
mens minimum applied load was equal to 0.1 kN. The
maximum load value for the first 5000 hysteresis loops
was set to 0.3 kN and in the following loops series that
load level was gradually increased by 0.05 kN to ulti-
mately achieved 0.8 kN in the last hysteresis loops. All
fatigue tests were conducted at 5 Hz cyclic frequency.
Hysteresis loops were registered to a file and then maxi-
mum stress at fatigue (z,), mean elongation (/,,) and
energy dissipated in each cycle (E,) were calculated.

RESULTS AND DISCUSSION
Basic mechanical and physical properties

Table 1 presents the results of density (p), Vicat soften-
ing point (VSP) and Charpy notched impact strength (a.y)
measurements for 10 wt. % filled biopolyamide compo-
sites.

One of advantages of the long-chain biopolyamides
and their composites is their low density. For manufac-
turing composites with natural fibers low processing
temperature is also an advantageous feature — biopoly-
amide composites can be produced at temperatures
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lower than the lignocellulosic fiber decomposition tem-
perature (about 210 °C).

T a b 1 e 1. Characteristics of biopolyamide composites filled
with 10 wt. % of fibers

Matrix Iiiber Cgli'llzgll:lt Syrcr:fb . Jemd VOSCP kflch
ype wt. % | sample g/em Jm

— — Hpr 1.05 168 78.6

Hipro- Flax 10 |Hpr/10F | 1.06 172 175
lon 211 | Glass 10 |Hpr/10G | 110 | 174 | 221
Carbon 10 Hpr/10C 1.07 180 24.1

Introduction of fillers usually enables the composite
to work at higher temperatures than neat polymer. As it
can be seen from results listed in Table 1, addition of fil-
lers, especially carbon or, to a lesser extent, glass fibers
resulted in the noticeable increase of VSP.

Tensile properties like tensile strength (c,,), modulus
of elasticity (E;) and elongation at break (g;) of tested ma-
terials are presented as functions of fiber weight content
in Figures 2—4. These test results were highly repeatable
(less than 5 % variation in most cases). Strong effect of re-
inforcement was obtained for all of the composites. oy,
values were above 2 and 3 times higher for samples with
10 and 20 wt. % of carbon fiber content respectively, than
for neat biopolyamide. The 20 wt. % of flax fibers addi-
tion caused almost the same strength increase as 10 wt. %
of glass fibers filling (about 26 %). The most positive
achieved effect of fibers adding was the significant im-
provement of E, of composites at low fillers content: from
2 and 4 times for 10 and 20 wt. % of flax fibers to even 18
times for 20 wt. % of carbon fibers. Thus the biocompo-
sites modulus of elasticity values are similar or higher
than for well-known neat polyamide 6 (for Tarnamid
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Fig. 2. Tensile strength (c)) of biopolyamide based composites
as a function of fiber content
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Fig. 3. Modulus of elasticity (E,) of biopolyamide based compo-
sites as a function of fiber content
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Fig. 4. Elongation at break (eg) of biopolyamide based compo-
sites as a function of fiber content

T-27, E, =1 100 MPa [25]). Composites filled with carbon
fibers have the highest mechanical properties, but were
also the most brittle. The rest of low fiber content compo-
sites preserved good ductile properties, i.e., g and impact
strength values. All these features make the biopoly-
amide composites acceptable as construction materials.

Scanning electron microscopic observations

After the tensile tests, the microstructures of the 10
wt. % filled composites were analyzed. In Figure 5 there
are SEM images of the composites tensile test fractures.
The Hpr/10F specimen was broken in liquid nitrogen in
the tensile fracture zone as its highly developed fracture
surface hindered the microscopic observations. Hence
the images of Hpr/10F (Figs. 5a and 5b) show
semicrystalline nature of biopolyamide matrix. The same
images also prove that the biopolyamide composites can
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Fig. 5. SEM images of tensile fracture surfaces of the tested composites: Hpr/10L specimen broken in liquid nitrogen in the tensile

fracture zone (a and b), Hpr/10G (c and d), Hpr/10G (e and f)

be successfully processed with natural fibers as there are
no visible signs of thermal damage and deformations of
the flax fibers in Figs 5a and 5b.

Although in the images in Fig. 5 voids left by
pulled-out fibers and discontinuities at the fiber-matrix
interfaces can be seen, the fiber-matrix adhesion was
obtained, what can be proved by mechanical tests results
(especially by the enhancement of tensile strength).

Water absorption and its influence on mechanical
properties

Water absorption of neat biopolyamide and its com-
posites calculated after 1, 7 and 30 days of soaking are
shown in Figure 6 [26]. As it was expected, lignocellulosic
flax fibers caused a considerable increase of absorbability,
while for carbon or glass fibers there were no major
changes in the absorption value. Nevertheless, the
Hpr/10F composite still absorbs less water after 30 days
of soaking than polyamide 6 (Tarnamid T-27, Azoty Tar-
now) after 24 hours of exposure (1.8 % according to Tarn-
amid T-27 producer data) [25].

The influence of water soaking on the discussed mate-
rials properties is plainly visible in the graph in Figure 7,

1.2
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s
4 08 - H30 days
=
=
Z 06 1
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T
= 0.4 4
E
0.2
0.0
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Fig. 6. Water absorption of biopolyamide and its 10 wt. % filled
composites after 1, 7 and 30 days of soaking
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Fig. 7. Percentage changes of tensile strength, modulus of elas-
ticity and elongation at break for tested materials after 30 days
water soaking with regard to the initial state (positive values
indicate an increase, negative — a decrease)

which shows tensile tests results performed after 30 days
of incubation. The changes of o, value are the least no-
ticeable. The most evident is a decrease of E, of all tested
materials. An interesting observation is that the flax com-
posite (Hpr/10F) stiffness decreased after water soaking
was lower than for the glass composite (Hpr/10G). It may
be an effect of flax fibers expansion due to their water
absorption which eventually induces residual stresses in
the composite.

Dynamic tests results

Results of measurements of maximum forces in hys-
teresis loops for increasing number of cycles and calcula-
tion of maximum stress at fatigue (z,), mean elongation
(I,) and energy dissipated in each cycle (E;) for tested
composites are presented in Table 2.

Table 2. Thelevel of maximum forces (P,,,,,.

Maximum carried cyclic loads (corresponding to the
maximum chosen load P,,,) for tested specimens ac-
counted for 52 % for Hpr/10G, 45 % for Hpr/10F and 21 %
for Hpr/10C of their maximum tensile forces.

Adding carbon fibers to the biopolyamide matrix did
not increase fatigue strength. Heating of the viscoelastic
matrix could be a reason of composites failures before fi-
bers breaking or pulling them out from matrix. Compar-
ing to the glass, flax fibers addition to biopolyamide re-
sulted in a 7 % lower maximum stress at fatigue and in a
20 000 lesser number of cycles to failure. Failure of com-
posites filled with flax fibers appears to be a consequence
of matrix heating and fibers breaking.

From the hysteresis loops recorded during the fatigue
test, presented in Figure 8, increase of loops surface and
mean elongation and stability of the slopes of hysteresis
loops under increasing number of stress cycles were
observed.

The surface of hysteresis loop is a measure of the
energy dissipated by polymeric material during defor-
mation. The extension of its surface means that the dissi-
pated energy increases in the function of cycles number.
The increase of mean elongation which occurred in all
tested materials can be attributed to creep effects in mate-
rial under cyclicloading. The main advantage of the com-
posites filled with carbon fibers (Hpr/10C) is their great
stiffness and small creep effects. What can be observed in
Fig. 8 is different slope of hysteresis loops for tested fillers
— the biggest for carbon and the smallest for flax fibers
which corresponds with their static modulus of elasticity.
Comparison of energy dissipated in each cycle (E,;) under
increasing load for tested composites is shown in
Figure 9.

It can be noted that at the beginning stage of fatigue
process the dependence of dissipated energy versus
number of cycle is linear and before cracking it rapidly in-
creases. It is one of the assumptions of Lehr’s method of
approximate estimated fatigue stress (z,).

) in hysteresis loops versus increasing number of cycles and results of calculations: maxi-

mum stress at fatigue (z,), mean elongation (/,) and energy dissipated in each cycle (E,) for tested composites

The chosen level of P, kN 0.3 0.35 0.40 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
Number of cycles 5000 | 10000 | 15000 | 20000 | 25000 | 30000 | 35000 | 40000 | 45000 | 50000 | 55000

Hpr/10F (cp =27.9 MPa, z, = 12.5 MPa)

Maximum force in loop, kN 0.28 0.35 0.40 0.45 0.50 0.55 0.60 - - — -

L, mm 1.84 2.30 2.77 3.27 3.87 4.59 5.51 - - — -

E;] 5.4 14.6 23.8 35.5 51.9 74.4 103.0 — — — —
Hpr/10C (op =77.1 MPa, z. = 16.25 MPa)

Maximum force in loop, kN 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.78 —

I, mm 0.26 0.29 0.34 0.39 0.44 0.49 0.55 0.6 0.66 0.71 -

E,] 2.0 2.3 3.0 4.1 5.7 7.2 9.4 11.8 14.3 17.9 —
Hpr/10G (op = 33.9 MPa, z, = 17.5 MPa)

Maximum force in loop, kN 0.31 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.69 0.74 0.76

I, mm 0.74 0.84 0.95 1.06 1.18 1.34 1.50 1.74 2.17 3.47 327

E;] 3.2 3.7 5.5 7.7 10.7 15.2 21.6 32.8 56.9 1244 | 541.6
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Fig. 8. Comparison of hysteresis loops for increasing values of
forces for composites with biopolyamide matrix filled with
10 wt. % of fibers: a) Hpr/10F, b) Hpr/10G, c) Hpr/10C (5 Hz,
5000 cycle on one level of force)

CONCLUSIONS

To conclude, composites of biobased polyamide filled
with different fibers may be an interesting alternative to
currently used composites based on petrochemical poly-

—&—Hpr/10F
——Hpr/10G
—&—Hp1/10C

400 -

)

300 A

Energy,

200 A

100 ~

0 5 10 15 20 25
Stress, MPa

Fig. 9. Comparison of energy dissipated in a cycle (E,) for tested
composites (Hpr10F, Hpr10G, Hpr10C) for increasing values
of forces (5 Hz, 5000 cycles at one level of force)

amides. Their mechanical properties are comparable and
high impact resistance makes them especially suited to be
used in the parts working in motion and under dynamic
load. Modification with glass fibers is more advanta-
geous both for static and dynamic properties comparing
with flax fibers. Addition of flax fibers enables to produce
composites derived entirely from renewable raw mate-
rials with good strength and stiffness and high tough-
ness, without additional chemical treatment. Composites
filled with carbon fibers have a great stiffness, very good
static and sufficient fatigue strength.

Conducted tests confirmed the possibility of using
time-saving Lehr’s method for obtaining approximate
value of fatigue strength of composites based on castor oil
polyamides. Under the influence of cyclic loadi, strain
and dissipated energy increased in the function of num-
ber of cycles and development of fatigue process. In case
of composites with glass or flax fibers development of fa-
tigue process may result from fracture of fibers and inter-
face decohesion, but these effects have to be confirmed in
further tests.

The results of this work can be used in a designing
process of structural materials with varying stiffness and
ability to dissipate energy depending on the expectations
of the recipient. The first industrial sectors that are or
could be interested in the production of parts based on
biopolyamide matrix composites are the automobile in-
dustry and consumer goods (e.g.: electronics, sports and
household applications).

In times of depletion of petrochemical feedstock and
large interest in fossil CO, emission reduction, the renew-
able raw materials based composite matrices are the fo-
cus of both science and industry.

This research was carried out within the project , New
eco-friendly polymer composites from renewable sources” co-fi-
nanced from means of European Regional Developed Fund and



634

POLIMERY 2012, 57, nr 9

from means of State Budget performed as a part of Measure 1.3
Operational Program Innovative Economy for 2007 —2013,
Sub-measure 1.3.1 — Contract No UDA-OP-IE.01.03.01-00-
-092/08-00 (Annexes to the contract: No UDA-OP
IE.01.03.01-00-092/08-01 from 15 September, 2009 and No
UDA-OP IE.01.03.01-00-092/08-02 from 26 April, 2010).

*®

10.

11.
12.

REFERENCES

Thielen M.: Bioplastics Magazine 2010, 5, No. 3, 50.
Ogunniyi D. S.: Bioresour. Technol. 2006, 97, 1086.
Florjanczyk Z., Debowski M., Chwojnowska E., Lokaj K.,
Ostrowska J.: Polimery 2009, 54, 609.

Endres H. J., Siebert-Raths A.: ,Engineering Biopolymers
Markets, Manufacturing, Properties and Applications”,
Carl Hanser Verlag, Munich 2011, p. 95.

Bechthold I, Bretz K., Kabasci S., Kapitzky R., Springer A.:
Chem. Eng. Technol. 2008, 31, 647.

Kohan M. I, Mestemacher S. A., Pagilagan R. U., Redmond
K.: ,Polyamides in Ullmann’s Encyclopedia of Industrial
Chemistry”, Wiley-VCH Verlag GmbH & Co, 2003.

Pat. USA 0149 777 A1 (2007).

Saskiawan I.: Microbiol. Indonesia 2008, 2, 119.

Bledzki A., Feldman A., Jaszkiewicz A., Hager H., Bollmann
S.: Bioplastics Magazine 2010, 3, No. 3, 26.

Bledzki A. Jaszkiewicz A., Feldman M., Sperber V. E.: World
J. Eng. 2010, 7, Supplement 2, P168.

Liu Z., Zhou P, Yan D.: ]. Appl. Polym. Sci. 2004, 91, 1834.
Zeng H., Gao C., Wang Y., Watts P. C. P, Kong H., Cui X.,Yan
D.: Polymer 2006, 47, 113.

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.

24.

25

Liu T, Lim K. P, Tjiu W. C., Pramoda K. P, Chen Z. K.: Poly-
mer 2003, 44, 3529.

Rajesh J. J., Bijwe J.: Wear 2004, 256, 1.

Kuciel S., Liber-Kne¢ A.: Polimery 2011, 56, 218.

Bledzki A. K., Jaszkiewicz A.: Polimery 2008, 53, 564.
Epaarachchi]. A., Clausen P. D.: Composites Part A 2005, 36,
1236.

Mishnaevsky L., Brondsted P.: Int. ]. Fract. 2007, 144, 149.
Pach E., Korin I, Ipina J. P.: Exp. Tech. 2012, 36, 76.
Katarzynski S., Kocanda S., Zakrzewski M.: ,,Badania wtas-
ciwosci mechanicznych metali”, WNT, Warszawa 1967.
Kocanda S., Szala J.: ,,Podstawy obliczen zmeczeniowych”,
PWN, Warszawa 1991.

Mazurkiewicz S., Zmudka S.: ,Ocena wiasnoéci zmeczenio-
wych kompozytéw za pomocq badan przyspieszonych”,
Zeszyty Naukowe Politechniki Poznanskiej. Budowa Ma-
szyn i Zarzadzanie Produkgjg, 2010, No. 12, pp. 241 —246.
Liber-Kne¢ A., Zmudka S., Kuciel S.: ,,Polimery i kompozy-
ty konstrukcyjne” (red. Wrébel G.), Cieszyn 2010, str.
198 —205.

Liber-Kne¢ A., Kuciel S., Kuzniar P.: ,,A shorten method of
fatigue strength estimation of degradable biopolymers
filled with flax fibers”, Materials of 3nd International Con-
ference on Innovative Natural Fibre Composites for Indus-
trial Applications, Rome 2011.

. http://azoty.tarnow.pl/media/documents/t27_pl.pdf
26.

Sroka M., Pyko G., Kuciel S.: Inzynieria Biomateriatow 2011,
12, 116.
Received 6 11 2012.

Rapid Communications

Przypominamy P.T. Autorom, ze prowadzimy w naszym czasopismie dziat typu Rapid

Communications. Publikujemy w nim, wylacznie w jezyku angielskim, krotkie (3—4 strony

maszynopisu z podwojna interlinia i ewentualnie 2—3 rysunki lub 1—2 tabele) prace

oryginalne, ktérym umozliwiamy szybka sciezke druku (ok. 4—5 miesiecy od chwili ich

otrzymania przez redakcje). Artykut nalezy przygotowaé wg wytycznych zamieszczonych we

wskazowkach dla Autorow.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PLK ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


