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In this work, the influence of microfibrillated cellulose (MFC) on the basic mechanical properties
of PLA/kenaf fiber biocomposites has been studied. The addition of 5-15 % microfibrillated cellulose to a
biocomposite premix has resulted in an increased glass transition temperature of the final product, produced by
compression molding of previously melt-mixed composite components. The presence of MFC has influenced
the interface-sensitive properties of the PLA/kenaf composite: at an optimal loading of 10 %, the interfacial
energy release rate was increased by about 20 %. Moreover, flexural strength and modulus of the composites
were also improved (from 34.8 MPa to 57.1 MPa and from 4.9 GPa to 5.8 GPa, respectively).
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BUOKOMIIO3UTH HA BA3A HA NIOJIMMJIEYHA KUCEJIMHA 1 KEHA®-BJIAKHA:
BJINJAHUE HA MUKPO®UBPUJIAPHATA LEJYJIO3A

HcnuryBano e BianjaHueTo Ha MUKpoduOpmiapHara nemynosza (M®Ll) Bp3 OCHOBHHTE MEXaHHUUYKH
CBOjCTBA Ha OMOKOMIIO3MTHTE Ha 0a3a Ha MOJMMMIIEYHA KHCENMHA cO KeHad-BiakHa. Jlomarokor Ha 5-15 %
M®I] B0 OMOKOMIIO3UTHHOT MPEMHUKC TPEAU3BUKYBa 3rOJICMyBamhe HA TEMIIEpPaTypaTa Ha CTAaKIOCYBaEbe
Ha MPOIYKTOT, JOOUEH CO MPECyBame Ha MPETXOMHO PAcTONEHUTEe KoMmoHeHTH. [IpucyctBoto Ha M®I] BO
KOMIIO3MTOT BJIMjae BP3 CBOjCTBAaTa YyBCTBUTEIHH Ha COCTOjOAaTa BO rpaHMYHATA OBPILIMHA TOJINMEp/BIAKHO:
MIPU ONTUMAITHO KostruecTBO of1 10 % MerydasHara enepruja ce 3rojemysa 3a okoiry 20 %. [Tokpaj Toa, jaurHara
¥ MOIYJIOT Ha CBUTKYBamkE HAa KOMITO3UTOT ce 3rosiemenu (ox 34,8 MPa o 57,1 MPa u on 4.9 GPa Ha 5,8 GPa,
COOJIBETHO).

Kayunu 300poBH: keHa(-BIIaKHA; KOMITO3UTH; MTOIUMIIEYHA KUCEINHA; MUKPOGHOpHIapHa [eyI03a

1. INTRODUCTION

Natural fibers-reinforced composites
have been used in countless consumer prod-
ucts, including cars, boats, skis, agricultural
machinery, etc., during the last decades [1-3].
Among them, biocomposites represent a rela-
tively new class of materials, in which natural
fibers are combined with a biodegradable poly-
mer matrix. Special attention as a matrix mate-

rial has been given to poly(lactic acid) (PLA),
mainly due to its easy processability, similar to
polyolefins or other thermoplastics [4-6]. Ke-
naf fiber—reinforced PLA biocomposites are
extensively studied, since they exhibit higher
strength values in terms of tensile and flexural
properties as compared to other natural fibers
used to reinforce PLA [5, 7-10]. Their me-
chanical properties are comparable to those of
E-glass fibers (Table 1) [11].
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Tablel

Selected properties of some natural fibers in comparison with glass and carbon fibers

. Density Tensile Specific tensile Elastic Specific elastic
Fiber 5 strength strength modulus modulus
(gem™) (MPa) (MPa) (GPa) (GPa)
Cotton 1.5-1.6 400 250267 5.5-12.6 3.5-8.1
Sisal 1.5 511-635 341-423 9.4-22 6.3-14.7
Kenaf 1.45 930 641 53 36.5
E-glass 2.5 2000-3500 800-1400 70 28
Carbon 1.4 4000 2857 230-240 164-171

In our previous work [12], we investigated
the characteristics of PLA/kenaf fiber composites
processed by compression and injection molding,
and the obtained results have shown that the over-
all mechanical properties are comparable to those
of conventional formaldehyde wood medium-
density fiberboards used as construction elements
for indoor applications.

The aim of this work was to study the pos-
sibility of improving the interface-sensitive prop-
erties of PLA/kenaf fiber biocomposites by the
addition of nano-sized cellulose fibrils modified
with a nucleating agent in order to simultaneously
increase the rate of polymer crystallization and
thus reduce the time needed for the completion of
the processing cycle.

2. EXPERIMENTAL

Composites of PLA (Biomer, Germany),
retted kenaf fibers (Bast Fiber LLC), and MFC
(Pulp Daicel) were prepared by melt mixing the
components in a Rheocord apparatus, then con-
sequent compression molding at 180 °C for 3
min with a pressure of 50 MPa. The amount of
MFC in the mixture varied from 5-15 %, while
the PLA content was kept constant at 50 %. Prior
to the use in kenaf/PLA composites, MFC was
modified with a nucleating agent (talc) [13] in
order to increase the rate of polymer crystalliza-
tion. Additional treatment of composite samples
at 100 °C was performed as a means to increase

the crystallinity of the matrix polymer and thus
improve the mechanical properties of the compos-
ites. These aforementioned properties were deter-
mined by a three-point bending test in accordance
with ASTM D790. The obtained results represent
a mean value of five tested samples. DSC analy-
sis was performed on the PerkinElmer DSC 7 in
nitrogen atmosphere. The system was calibrated
using elemental indium. The composite samples
were heated from 10 °C to 200 °C with a heating
rate of 10 K min™".

3. RESULTS AND DISCUSSION

Among the biodegradable polymers from
renewable sources, poly(lactic acid) (PLA) has
been recently most widely investigated as a po-
tential matrix for green biocomposites. PLA can
be processed in the same way as polyolefins and
other thermoplastics, and this advantage is espe-
cially important in the processing of biocompos-
ites since it allows use of the same technological
equipment as those used for conventional fiber-
reinforced composite materials. Kenaf fibers, on
the other hand, are known as a cellulosic source,
with ecological and economical advantages
[14]. Kenaf exhibits low density, nonabrasive-
ness during processing, high specific mechani-
cal properties, and biodegradability [7] and is
currently used in paper and pulp industries (an
alternative to wood), in the automotive industry
and in textiles, as well as for the production of
fiberboards [7, 9, 10].
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Our previous results on kenaf fiber/PLA
composites have shown that their mechanical
properties are comparable to those of conventional
formaldehyde wood medium-density fiberboards
used as construction elements for indoor applica-
tions [12]. Moreover, it was confirmed that both
conventional injection and compression mold-
ing techniques could be successfully applied for
their production. To improve the compatibility
and adhesion between the fibers and the matrix,
maleic anhydride—grafted poly(lactic acid) was
used as a coupling agent. However, the grafting
procedure, although widely accepted as a prom-
ising compatibilization strategy [15], always
leads to partial matrix degradation, induced

Table 2

by macromolecular scission, thus reducing the
PLA molecular weight. This was observed even
when the maleic anhydride-grafting degree was
as low as 1 %wt. Therefore in this work, we ap-
plied another approach to solve the problem of
fiber/matrix adhesion. Namely, MFC was addi-
tionally treated with a nucleating agent prior to
its use in the polymer/fibers premix, and PLA
was used without further chemical modification.

A mechanical analysis of neat PLA and
PLA/kenaf composites with and without MFC
has shown that the addition of MFC has a posi-
tive effect on both flexural strength and modu-
lus. The main mechanical properties are report-
ed in Table 2.

Influence of microfibrillated cellulose (MFC) on the flexural properties
and fracture toughness of kenaf/PLA composites

MFC Flexural strength

Flexural modulus  Fracture toughness

(%wt.) (MPa) (GPa) (kJm™)
0 34.8+0.2 3.9+0.06 2.9+0.01
5 42.3+0.7 49+0.06 3.1+0.02
10 57.1+0.9 5.8+ 0.08 3.9+ 0.03
12.5 47.8+12 5.9+ 0.09 2.8+0.10
15 50.0+ 1.9 4.6+0.12 274013

A significant improvement of up to 60 % in
the strength was recorded for MFC loading of 10
%wt. The improvement of the modulus, in ad-
dition to strength increase, is obviously a result
of better interfacial adhesion strength achieved
by kenaf/PLA/MFC composites. At higher MFC
loadings, the decrease in mechanical properties
is probably due to the reduced overall fiber-re-
inforcing component (reduced kenaf fiber/MFC
ratio, with constant PLA content of 50 %). It has
been already shown that the presence of kenaf
fibers improves the toughness of neat PLA, since
the fibers represent a critical area in which the ap-
plied load is concentrated [6, 15]. However, the
magnitude of this effect is a function of the fiber/
filler interfacial adhesion, for which the presence
of MFC'’s large surface area represents a favora-
ble condition, as can be seen in the results from
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the fracture toughness analyses conducted.

In several recently published papers, the
possibility of reinforcing PLA matrix with MFC
has been studied, with special attention focused
on the influence of MFC on the crystallization
behavior onto a neat amorphous polymer [16—
18]. The authors have shown that the appearance
of a crystalline structure induced by the presence
of cellulose fibrils has affected both static and
dynamic mechanical behaviors of PLA.

The presence of MFC along with kenaf
fibers has affected the glass transition tempera-
ture (T g) of the matrix, and while the slight in-
crease was recorded for kenaf/PLA composites
(see Figure 1), significantly reduced chain mo-
bility of PLA matrix is additionally provoked by
MEFC. The results of DSC analyses are summa-
rized in Table 3.
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Fig. 1. DSC heating curves of PLA and PLA/kenaf
fiber composites containing 5 and 10 %wt. MFC: glass
transition temperature region (a); first heating run from

10 °C to 200 °C (b)

Table3

Glass transition temperature (T g) of kenaf
fiber/PLA composites containing an optimal
amount of microfibrillated cellulose (MFC)

Sample T g/ °C
PLA 57.0
Kenaf/PLA 61.2
Kenaf/PLA/MFC (5 %wt.) 64.6
Kenaf/PLA/MFC (10 %wt.) 68.9

Although PLA is a crystalline polymer, its
crystallization rate is low, and it exhibits features
practically similar to those of noncrystalline resins
[17]. On the other side, accelerated crystallization
is favorable for PLA-based composites in

terms of processing conditions and mechanical
performance. While the compression molding
time of PLA/kenaf composites (determined from
our preliminary testing) was 5 min, the ejection
time for PLA/kenaf/MFC composites at the same
molding temperature and pressure was reduced
to 3 min, which certainly represents an important
technological benefit.

An attempt was made to further increase
the mechanical properties of the composite with
optimal loading of MFC (10 %wt.) by annealing
the sample at 100 °C for 30 min. As shown by
DSC, the overall crystallinity was increased by
about 5-7 % after the thermal treatment, and
the value of 7, reached 70 °C. The increase in
T, might be the result of transcrystallization
phenomena taking place on the surface of MFC
fibrils, pretreated with a nucleating agent, as well
as of a healing effect, but further investigation
is needed to confirm this assumption. However,
although the modulus was slightly increased (by
5 % as compared to the untreated composite
sample), fracture toughness after annealing was
reduced to 3.6 kJm™.

4. CONCLUSION

Hybrid PLA-based biocomposites rein-
forced with kenaf fibers and containing microfi-
brillated cellulose were prepared by compression
molding, and the influence of MFC on interface-
sensitive properties was characterized by me-
chanical analyses. The presence of MFC at an
optimal loading of 10 %wt. induces significant
improvement of flexural properties and toughness
in comparison with PLA/kenaf composites. The
interfacial energy release rate of this new type of
biocomposite was increased by about 20 %.
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