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Abstract

Proper design and manufacturing of biodegradable composites containing natural fibers is highly demanded to improve its
functional properties and reduce effects of the mechanical-thermal degradation at the same time. Therefore investigation
of poly(butylene adipate-co-terephthalate) (PBAT) modified with coconut fiber (CF) was performed to analyze changes in
selected properties of the modified polymer, occurring upon various amounts of CF and different conditions of processing
of blends composed of PBAT and CF. Changes in basic parameters of the extrusion process occurring upon two differ-
ent plasticizing systems, as well as in mass flow rate, mechanical properties, and structure of PBAT/CF composites were
examined. It was found that the design of a plasticizing system essentially influenced energy consumption and stability of
the processing procedure as well as properties of manufactured materials. Increase in the weight fraction of CF introduced
into the polymer matrix caused increase in rigidity and hardness of the composite and reduction in its strength and ability to
deform. No effect of the processing conditions on adhesion at the phase boundary was found. All the prepared composites
showed strong adhesion between components. Moreover, based on MFR results it was found occurrence of the mechanical-
thermal degradation of both phases, especially the dispersed phase.

Keywords Coconut fibers - Extrusion - Green composites - Mechanical properties - Morphological structure - Poly(butylene
adipate-co-terephthalate)

1 Introduction

Polymeric composites are more and more commonly used
and applications of them are wide. This results from, e.g.,
great possibilities for adaptation of the composites’ prop-
erties to market demands, which at the same time causes
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significant quantitative and qualitative increase in manufac-
ture of these materials. As to the natural environment protec-
tion, this increase is not beneficial, and high complexity of
the composite materials, associated with their composition
and structure, contributes to growing problems concerning
recycling of these materials. Larger and larger environmen-
tal load, connected with processes of the composites’ manu-
facture and waste created by post-consumer products, leads
to development of novel materials, such as biodegradable
composites (also called green composites), that are meant
to minimize their unfavorable influence on the environment
[1-4]. Composites based on biodegradable polymers and
natural fibers are group of especially interesting materials
[5-12].

In this article, results of investigation of processing
parameters and selected properties of biodegradable com-
posites consisting of poly(butylene adipate-co-terephthalate)
(PBAT) as a matrix and coconut fibers (CF) as a dispersed
phase are presented. PBAT is a recognized biodegradable
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polymer manufactured by BASF [13-17]. Relatively high
price and low mechanical strength are main limitations to
wider application of that polymer. Reduction in these limita-
tions may be achieved by manufacture of suitable compos-
ites containing PBAT. Coconut fiber is now one of the most
common growing media used in horticulture or applied as
a component of the horticultural growing media. It is also
utilized as a semi-finished product for manufacture of mats,
mattresses, and everyday items [18-23].

Most of the composites containing conventional polymers
can be recycled in a limited way only. They are mostly being
subjected to energetic recycling or are being dumped into
landfills. Thus, undertaking of research works concerning
manufacture of the PBAT/CF-based biodegradable compos-
ites may constitute a significant issue associated with the
natural environment protection. Both components used in
this work (i.e. PBAT and CF) are easily biodegradable. Thus,
composites prepared of them are also fully biodegradable.
In addition, CF come from renewable natural sources and
biodegrade much faster than PBAT. Therefore, their addi-
tion to the PBAT matrix should additionally accelerate the
biodegradation process of such composites. Moreover, better
understanding of influence of various amounts of CF and
different processing conditions determined by two different
plasticizing systems on selected properties of PBAT would
be beneficial because of cognitive and utilitarian reasons.
Therefore, authors of this article carried out investigation
aimed at comparison of changes in (i) selected parameters
of the extrusion process, (ii) mass flow rate, (iii) mechanical
properties and (iv) surface geometric structure of composite
fractures, occurring in pristine PBAT and PBAT composites.

2 Experimental
2.1 Materials

Within these studies the PBAT, type FBlend C1200 with
melt flow rate (MFR) of 4.0 g/10 min (2.16 kg, 190 °C), den-
sity of 1.25 g/cm® and the number-average molecular mass
of ca. 36,000 Da was purchased from BASF (Germany). CF
(Fig. 1) of the 2.5 mm maximum length, 0.3 mm thickness,
1.42 g/cm? density, and ca. 9.3% moisture content were sup-
plied by the Institute of Natural Fibers and Medicinal Plants
in Poznan (Poland).

2.2 Apparatus

Processing of the PBAT/CF composites, preparation of both
the granulated materials and the molded shapes intended
for examinations as well as determination of properties
of the composites were carried out by using the following
machines and research instruments:
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Fig. 1 Coconut fibers (CF) structure

e Co-rotating twin screw extruder, type BTSK 20/40D
(Biihler, Germany), equipped with screws of 20-mm
diameter and L/D ratio of 40, intended to produce granu-
lated PBAT composites. The extruder was equipped with
two types of screws. Specific characteristics of the screws
have been described in Sect. 2.3.

e Screw injection molding machine, type Battenfeld Plus
35/75 (Battenfeld GmbH, Germany), equipped with a
screw of 22-mm diameter and L/D ratio of 17, designed
to produce standard dumbbell- and bar-shaped speci-
mens.

e Capillary plastometer, type LMI 4003 (Dynisco, USA),
intended for determination of the mass flow rate.

e Tensile testing machine, type TIRAtest 27025 (TIRA
Maschinenbau GmbH, Germany), designed to examine
mechanical properties under static tension and static
three-point bending.

e Pendulum Impact Tester, type IMPats—15 (ATS FAAR,
Italy), intended for determination of Charpy impact
strength.

e Shore hardness tester, type D (Zwick, Germany) meant
to determine the changes of composites hardness.

e Scanning electron microscope, type Hitachi SU8010
(Hitachi, Japan), meant to examine surface geometrical
structure of samples fractures.

2.3 Sample Preparation

Samples of the granulated pristine PBAT and PBAT com-
posites were prepared with the use of a co-rotating twin
screw extruder. Temperatures of the particular barrel heat-
ing zones were 150, 155, 160, and 160 °C. Temperature
of the extrusion die-head was 155 °C. The screw rotation
speed was constant, being equal to 200 min~'. PBAT and
CF were introduced into the extruder feed zone by using two
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volumetric metering feeders that enabled to obtain compos-
ites of strictly defined compositions. Prior to the processing,
CF was dried at 100 °C for 24 h. PBAT was not subjected to
drying. The extruded composites were intensively cooled in
the air stream and then granulated.

The extrusion process was carried out with the use of
two types of screws, differing in design of some segments,
which led to different ways of plasticizing. The screws of one
type (screws 1) were of a relatively simple design; they were
composed of only conveying segments, differing merely in
the compression ratio (Fig. 2, Scheme A). The screws of
the second type (screws 2) were of a more complex design;
they consisted of conveying segments, reverse segments and
kneading segments, including elements providing intensive
dispersive mixing and intensive distributive mixing (Fig. 2,
Scheme B).

Screws I were applied in order to carry out the extrusion
process under relatively mild conditions, i.e., when PBAT
and CF would not be subjected to intense shear forces,
but only be rapidly transported and slightly mixed. It was
assumed that, under these conditions, the mechanical-ther-
mal degradation of both components being processed should
be smaller and, at the same time, mixing of them should be
weaker.

The use of screws 2 of a more complex geometry was
intended to perform the extrusion under conditions essen-
tially differing from those concerning the processing with
the use of screws 1. In this case, it was expected that the
processed materials would be subjected to intense shear
forces and considerable mixing. The reverse segments of
these screws should provide longer residence time of the
materials within the plasticizing system. This should enable
more accurate mixing of the components, but it might lead
to an increase in the mechanical-thermal degradation of the
materials being processed.

Scheme A: screws 1
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During the course of the extrusion, basic parameters
of this process were recorded. They included: (i) extruder
motor torque (M), (ii) energy consumption (P) by the
extruder drive system, (iii) temperature (7,) of the material
in being processed, measured in the extruder die-head, and
(iv) pressure (Pp) of the material being processed, measured
in the extruder die-head. Scheme of manufacturing of the
PBAT-based green composites modified by coconut fibers
is shown in Fig. 3.

Samples of the granulated composites were designated
with appropriate symbols. Those prepared by using screws
1 (type I composites) were denoted as I-BCS5, I-BC15,
I-BC25, and I-BC35, where B means PBAT, C, coconut
fiber, and the number following C, weight percentage of the
fiber in a composite. Samples of the granulated compos-
ites prepared by using screws 2 (type II composites) were
denoted analogously: II-BC5, II-BC15, II-BC25, and
II-BC35. Reference samples, being pristine PBAT extruded
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Fig.3 Scheme of manufacturing of the PBAT-based green compos-
ites modified by coconut fibers

Scheme B: screws 2
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Fig.2 Design of screws of a co-rotating twin screw extruder; Scheme
A: screws 1; Scheme B: screws 2 (a conveying segments of 40-mm
length and 40-mm pitch, b conveying segments of 30-mm length and
30-mm pitch, ¢ conveying segments of 20-mm length and 20-mm

pitch, d kneading segments of 30-mm length, providing intensive
distributive mixing, e reverse kneading segments of 30-mm length,
providing intensive distributive mixing, and f kneading segments of
30-mm length, providing intensive dispersive mixing)

@ Springer KEF]E



1098 International Journal of Precision Engineering and Manufacturing-Green Technology (2020) 7:1095-1105

with the use of screws I and screws 2, were denoted as I-B
and II-B, respectively.

Standard dumbbell- and bar-shaped specimens were pre-
pared according to a relevant standard (PN-EN ISO 527-
2:1998) by using an injection molding machine (Battenfeld
Plus 35/75, Germany). Temperatures of the barrel plasticiz-
ing zones I and II were 155 and 160 °C, respectively, and
that of the extruder die-head, 165 °C. Temperature of the
injection mold varied over the range of 20-50 °C and the
injection pressure, over the range of 90—-160 MPa, depending
on the composite kind.

2.4 Methodology of Research

Mass flow rate was measured according to the PN-EN ISO
1133:2006 standard (190 °C, 2.16 kg). Tensile strength (o),
longitudinal modulus of elasticity (M,) and elongation at
break () were evaluated according to the PN-EN ISO 527-
1:2012 standard, using the extension rate of 10.0 mm/min.
Flexural stress at conventional deflection (o) and flexural
modulus (Ej) were measured by the three-point bend test, at
the bending deflection rate of 5.0 mm/min. The measure-
ments were carried out in accordance with the PN-EN ISO
178:2011/A1 standard. Impact strength (a ) was evaluated
according to the PN-EN ISO 179-1:2010 standard. Hard-
ness tests were performed by Shore method according to
the PN-EN ISO 868:2005 standard. The surface geometri-
cal structure of the sample fractures and distribution of the
dispersed phase was determined by the SEM with the use of
the secondary electron (SE) detector and accelerating volt-
age of 10 kV. The fractures were made in liquid nitrogen.
A 5-nm thick gold layer was sputtered on all the samples
to be analyzed by the SEM. For that purpose, a cathode
sputtering apparatus was used, which was equipped with a
coating thickness gauge based on a quartz crystal of varying
conductivity.

3 Results and Discussion
3.1 Processing Parameters and Mass Flow Rate

Changes of the basic parameters of the extrusion process of
PBAT and its composites are presented in Fig. 4.

These changes point out two essential issues. One of them
concerns direction of changes in the observed parameters
of the extrusion process while the second one deals with
stability of that process.

In the case of the type I composites, reductions in the val-
ues of M (Fig. 4a) and P (Fig. 4b) are observed as the weight
fraction of CF increases by at most 41 and 42%, respec-
tively. On the contrary, the values of M and P for the type II
composites increase by at most 30%. Decrease in the M and
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Fig.4 Parameters of the extrusion process for samples of type I and
II: a extruder motor torque (M); b energy consumption (P); ¢ tem-
perature (T,) of the extruded samples, measured in the extruder
die-head; d pressure (Pp) of the extruded samples, measured in the
extruder die-head
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P values relating to the extrusion of the type I composites
results from lesser energy input in the case of plasticizing
the composites of lower percentage of PBAT. Increase in the
weight fraction of CF does not cause increase in the M and P
values because fibers dispersed within the plasticized PBAT
are easily being conveyed together with the matrix towards
the extruder die-head.

Increase in the M and P values concerning the extrusion
of the type II composites is caused by additional energy
input necessary for dispersive and distributive mixing as
well as for conveying the plasticized composite towards both
the metering zone (the extruder die-head) and, partially, the
feed zone (due to application of the reverse segments). In
this case, the increase in the weight fraction of the coco-
nut fiber that does not undergo plasticization is essential.
Transportation of the fibers is, to some extent, being hin-
dered mostly by the reverse segments and, thus, larger force
is necessary to convey the fibers towards the extruder die-
head. This, in turn, causes larger energy consumption (P)
and leads to greater values of M.

The data from Fig. 4c indicate that the values of P, for the
composites of both types increase with the increasing weight
fraction of CF. However, the patterns of the Pj, growth are
different in the two cases. As to the type I composites, the
values of pressure in the extruder die-head are much larger
in relation to those in the case of the type II composites.
The P, values increase by at most 457 and 157% for the
composites of types I and II, respectively. Larger pressure
in the extruder die-head and faster pressure increase in the
case of the type I composites result from lack of barriers
hindering the material being conveyed, which reaches the
extruder die-head in significant amounts. When screws of a
more complex design are used (screws 2), the reverse seg-
ments and kneading segments including intensive mixing
constitute some barriers to the material transportation. Hin-
dering the transportation towards the extruder die-head leads
to smaller pressure that occurs there.

Large differences between the P, values observed for the
extrusion of particular composites of type I are especially an
unfavorable phenomenon. For example, P, varies from 29
to 39 MPa during extrusion of sample I-BC35. Such large
variations in pressure are not observed in the case of the
composites of type II. This results solely from the design
of a plasticizing system and indicates some drawbacks of
simpler systems, leading to instability of the processing and
its some limitations.

The values of T}, (Fig. 4d) for the composites of both
types also increase with the increasing weight fraction of
CF. The rise in T}, is larger in the case of the type I compos-
ites (by 7 °C compared to 3 °C for the type II composites).
However, higher absolute temperatures of the processed
material are observed for the type II composites and for the
II-B reference sample. The reason for this is that the time

of residence within the plasticizing system is longer in the
case of samples of type II than that of samples of type I.
Moreover, the former samples are subjected to much larger
shear forces and friction than the latter ones.

Except for the Pj, values, all the remaining parameters
dealing with the extrusion process are larger in the case of
the type II composites than those for the type I composites.
As indicated above, this results exclusively from application
of a more complex design of screws (screws 2) as parts of
the plasticizing system. The specific energy consumption by
the extruder drive system is also larger in this case, provid-
ing constant process yield. The type of the used plasticiz-
ing system affects properties of the PBAT composites as
well, including the values of MFR, the changes in which are
shown in Fig. 5.

The data presented in Fig. 5 point out two factors that
essentially influence flow of the studied composites. One of
them concerns the filler itself, mainly its structure, amount,
and adhesion to the polymer matrix, whereas the other one
is associated with conditions of the extrusion process, which
may considerably change viscosity of the plastic. As the con-
tent of CF rises, the MFR values decrease linearly by at most
92 and 74% for the composites of types I and II, respectively.
Smaller values of MFR in the case of the type I composites
may indicate a lower degree of degradation of the PBAT
and especially the CF as a result of milder conditions of the
extrusion. Differences between the MFR values for relevant
composites of types I and II increase with the rising content
of CF. When the CF weight fraction is 5%, the relative dif-
ferences in the MFR values are ca. 5%. For the composites
with the largest content of CF, these differences reach 74%.
This fact demonstrates that the fiber structure may be deci-
sive for flow of the composites. Significantly smaller flow
of the type I composites with the largest CF weight fraction
(15-35 wt %) compared to that of the type II composites
indicates a lower degree of degradation of the fibers of the
former composites, which were mainly less shortened. This,
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Fig.5 Mass flow rate (MFR) of the studied samples
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Table 1 Mechanical properties

under static tension and static Sample ou MP2) M, MPa) & (%) % (MPa) Ef (MPa)

three-point bending of the I-B 22.4+0.7 59.0+£24.0 502.8+23.5 47+0.1 721£1.9

studied samples I-BCS 18.040.4 75.3+33.1 2043+8.6 6.6+02 108.4+5.3
I-BC15 15.0+0.6 196.5+31.2 35.5+4.1 114404 239.7+8.6
I-BC25 16.6+0.3 4237+11.0 13.1+1.6 14.8+0.2 352.5+109
I-BC35 17.9+0.1 662.3+7.0 8.1+0.6 19.7+0.3 546.1+17.1
II-B 22.1+0.5 173424 453.1+38 47403 76.1+13
II-BC5 19.2+0.5 30.1+10.7 256.2+15.9 6.8+0.2 113.0+3.1
II-BC15 13.7+0.2 112.0+16.7 79.5+12.5 9.9+0.3 148.8+8.7
II-BC25 16.4+0.3 353.1+342 185+ 1.5 145402 296.8+16.1
I-BC35 173402 650.8+13.1 93+1.0 20.00.1 51454194

Stress o [MPa]

0 50 100 150 200 250
Strain ¢ [%]

Fig.6 Mechanical properties under static tension of sample I-B and
type I composites

in turn, is reflected in hindering the material outflow from
a plastometer capillary. The effect of the processing condi-
tions on the material flow is especially evident for fiberless
samples. Difference in the MFR values for samples I-B and
1I-B is 9%, which is less than the differences in the case of
majority of the prepared composites. This fact proves key
importance of the fiber structure for determination of MFR.

3.2 Mechanical Properties

Results of determination of sample mechanical properties,
obtained from static tension tests and static three-point bend-
ing tests, are shown in Table 1. Relations of o=f{¢) for the
type I composites, concerning the static tension tests, are
illustrated in Fig. 6, while the relations dealing with the
static three-point bending tests, in Fig. 7. The courses of
analogous relationships for the type II composites are similar
to those for the type I composites and are not shown here.
The data presented in Table 1 point out that the values of
tensile strength (o,,) initially decease linearly with the rising
fiber weight fraction (for samples with up to 15 wt% of CF)
and then they slightly increase (for samples with 25 and 35
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Fig. 7 Mechanical properties under static three-point bending of sam-
ple I-B and type I composites

wt% of CF). This observation is valid for the composites of
both types (I and II). The maximum reduction in o, is by ca.
38% and it concerns sample II-BC15. The initial decrease in
o), may result from: (i) too small amount of CF that merely
disturbs the PBAT structure while it is not capable of accu-
mulating stresses, (ii) partial anisotropy of a material, or (iii)
unfavorable length-to-diameter (I/d) ratio of CF. The slight
increase in o;, observed for the composites with the largest
CF content may be due to transfer of a part of stresses to the
dispersed phase. The composites of type II exhibit the o),
values smaller than those for the type I composites, which
is due to a higher degree of degradation of the former com-
posites and agrees with the MFR data.

Essential changes in mechanical properties of the pre-
pared composites are connected with the values of longi-
tudinal modulus of elasticity (M,). The data summarized
in Table 1 indicate an exponential increase in M, with the
increasing content of CF. Only the samples containing the
least amounts of CF do not exhibit notable differences in
M, in relation to pristine PBAT. Introduction of CF in the
amount of 15 wt% into PBAT causes the rise in M, by 232
and 559% for the composites of types I and II, respectively,
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while the largest amounts of CF lead to increase in M, by
1020 and 3730%, correspondingly. The type I composites
exhibit larger M, values compared to composites of type
II, which points out larger rigidity of the former samples
due to lesser degradation of mostly the dispersed phase.

Already a slight amount of CF introduced into the
PBAT matrix leads to considerable reduction in the val-
ues of tensile strain at break (&) for the composites of
both types. At the 15% weight fraction of CF, this quan-
tity decreases by the factor of 5. Larger contents of CF
tend to establish the &5 values at the level of dozen or so
percent. It is interesting that direction of changes in &5 of
the composites of type I with respect to &5 of composites
of type II differs from that relating to the sample I-B and
sample II-B. The &5 value of sample II-B is smaller than
that of sample I-B, which results from a higher degree
of degradation of the former sample. In the case of all
the prepared composites, relations of the 5 values are
reversed. Larger values of ¢ for the composites of type
II may be due to a higher degree of degradation of fibers
that could mainly be considerably shortened. Shorter fib-
ers hinder sample deformation to a lower degree compared
to less degraded (longer) fibers present in the composites
of type I. This statement agrees with results of previous
studies and proves that the CF structure decisively affects
properties of the prepared composites.

Results of flexure tests revealed significant improvement
in the mechanical properties of the composites. The values
of o;, and Eincrease as the weight fraction of CF rises. The
flexural stress at conventional deflection of the composites of
both types, containing the largest amount of CF, increases by
the factor of 5. The nature of changes in E; for the compos-
ites of both types is similar to that of changes in M,, differing
only quantitatively (Table 1). Thus, the changes in Ejare not
discussed here.

PBAT is a material resistant to dynamic loading. It does
not undergo breakage during a Charpy impact strength test.
This is caused by its high elasticity that diminishes when
natural fibers, like CF, are introduced into the PBAT matrix.
The impact strength test results are shown in Fig. 8.

The PBAT/CF composites exhibit some brittleness only
when the CF weight fraction equals at least 15 wt%. A
smaller amount of CF (5 wt%) does not cause any breakage
of a sample. A sample of the 15 wt% CF weight fraction
shows the highest a_y value. Larger amounts of CF lead to
reduction in the impact strength of the composites of both
types and the material loses its ability to transfer dynamic
loadings. The decreasing ability of a sample to transfer
dynamic loadings and absorb energy during dynamic break-
age may result from a discontinuous structure of CF and
a small 1/d ratio. In spite of that, the prepared composites
exhibit relatively high impact strength compared to other
biodegradable composites, especially based on PCL or PLA.
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Fig. 8 Impact strength (ay) of the studied samples
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Fig. 9 Hardness of the studied samples

The results of hardness for composites of type I and II
are shown in Fig. 9. They indicate that hardness of the com-
posites of both types linearly increases with the rising fiber
weight fraction and reaches at most 47%. Relatively large
confidence intervals seen in Fig. 9 do not allow one to state
unequivocally that the processing conditions affect hardness
of the studied materials.

3.3 SEM Investigations

Selected images of surface geometric structure of fractures
of bar-shaped samples of the composites of both types are
demonstrated in Fig. 10. The images concerning the com-
posites of types I and II are inserted in columns left and
right, respectively. Images of samples of pristine PBAT (I-B
and II-B) are not shown because they reflected a classic pic-
ture of brittle fracture and no essential differences between
the two types of samples were observed.

Investigation of surface geometric structure of fractures
of the composites of types I and II revealed occurrence of
two main effects. One of them is associated with geometry
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Fig. 10 SEM images of the
composites of types I (left) and
1I (right)

of surface of the sample fractures that may be considered as
brittle. As seen in Fig. 10, the fracture surface of the type II
composites is much more smooth than that of the type I com-
posites. It is especially evident in the case of the composites
of the largest weight fraction of CF. The more smooth frac-
ture surface of the type II composites results from a more
accurate mixing, i.e., better dispersion and distribution of the
composite II components. Thus, the composite II structure

@ Springer KE _:E

is more homogeneous and less defects occur on the frac-
ture surface of a specimen. The other effect connected with
the change in the CF structure concerns the composites of
the CF content of at least 15 wt%. As the presented images
show, the average size of fibers in the type I composites is
slightly larger than that in the type II composites. Moreo-
ver, in sample I-BC35, larger CF fragments stick out from
the polymer matrix, above the specimen fracture surface.
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This may be caused by their insufficient homogenization
with PBAT and a lower degree of degradation, resulting in
a larger length of CF.

Microscopic investigation showed strong adhesion at the
phase boundary of all the composites. No so-called interfa-
cial free space was found, which should provide effective
stress transfer from the matrix to the fibrous filler. The strong
adhesion may result from the presence in CF of hydrophilic
compounds of cellulose and lignin, containing hydroxyl and
carboxyl groups, which occur also in the PBAT structure.
Craters or pin-holes seen on the SEM images result from
pulling out fibers from the polymer matrix during prepara-
tion of the samples fractures. They are not material flaws,
but reflect a replica of the other part of a specimen fracture.

4 Conclusions

Properties of the PBAT/CF composites depend largely on
properties of the two components, mainly the dispersed
phase (its structure, continuity, and degree of dispersion),
which are influenced, in turn, by the design of screws of the
plasticizing system. The screws of a more complex design
generally cause more accurate mixing of the components,
higher stability of the extrusion process, and enable to apply
larger amounts of filler. At the same time, they increase the
degree of mechanical-thermal degradation of both phases
and specific energy consumption by the extruder drive sys-
tem. Different directions of changes in the properties of the
composites of types I and II may result from domination
in the latter composites of the effects of the mechanical-
thermal degradation of both phases, especially the dispersed
phase, over the effects associated with more accurate disper-
sion and distribution of that phase.

Increase in the weight content of the coconut fiber essen-
tially affects properties of the studied composites. In general,
CF makes the material in question more rigid, increases its
bending strength and hardness as well as hinders consider-
ably its deformation. At a defined CF weight fraction, the
material becomes also more brittle. Nevertheless, its impact
strength is by many times higher than that of other biode-
gradable composites containing natural fibers, mostly the
polylactide composites. Besides, fibers significantly hinder
flow of the composites, which was observed already at the
processing stage.

Independently of extrusion conditions and material com-
positions, adhesion at the phase boundary is strong due to
the presence in both phases of similar functional groups. In
spite of such adhesion, some material properties worsened,
mainly the tensile strength. This may require application of
additional technological procedures, e.g., chemical or radia-
tional modification of the fiber surface layer or fiber mac-
rostructure, including change in the 1/d ratio. Use of other

plasticizing systems may also be interesting and beneficial
since they influence some functional qualities of polymeric
materials, as it was shown in the present article.

Coconut fiber may fully be used as an additive to polymer
matrix to manufacture biodegradable composites. Moreover,
they should additionally accelerate the biodegradation pro-
cess of such composites. Its low cost, ecological advantages,
and beneficial influence on some functional qualities point
out a direction of further research in this field. Moreover,
possibility of easy use of CF in the extrusion process can
encourages researchers to develop novel and green technolo-
gies for manufacture of environmentally friendly materials.
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