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THERMAL PROPERTIES OF BIOCOMPOSITES
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Thermal properties of new biocomposites prepared from modified starch matrix reinforced with natural vegetable fibres were stud-
ied. DSC and TG methods were applied to study thermal behaviour of biocomposites. Biocomposites were obtained in the labora-
tory twin-screw extruder. Two kinds of natural fibres were used, i.e. flax and cellulose in the amount of 0—40 mass%. DSC curves of
biocomposites reveal glass transition temperature, attributed to the amorphous nature of the plasticized starch matrix. In general, in-
corporating natural fibres into modified starch matrix leads to an increase in glass transition temperature.

Thermal degradation of modified starch matrix and cellulose reinforced biocomposites proceeds in three steps, whereas the
degradation process of flax reinforced biocomposites occurs in two steps. For unreinforced matrix as well as for all biocomposites,
regardless of type and amount of reinforcement, the major mass loss is observed at the temperature above 300°C. The increase in

thermal stability with introduction of natural fibre is observed for both flax and cellulose reinforced biocomposites.
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Introduction

Biocomposites are composite materials composed of
biodegradable matrix and biodegradable natural
fibres as reinforcement [1-4]. The development of
biocomposites has attracted great interest due to their
environmental benefit (i.e. biodegradability) and im-
proved performance. Usually the improvement in me-
chanical properties with inclusion of natural fibres is
reported.

Biodegradable matrix include polymers obtained
from renewable resources like agro-polymers (e.g. poly-
saccharides) and aliphatic polyesters (e.g. polyhydr-
oxyalkanoates, polylactic acid) as well as biodegradable
polymers synthesised by the petrochemical process (e.g.
polycaprolactone). Plant-based fibres like flax, jute, si-
sal and kenaf have been frequently used [1].

Most of studies concern biodegradable matrix
based on aliphatic polyesters (PHB and its copoly-
mers) reinforced with various vegetable fillers
[1, 2, 4, 5]. However, poor mechanical properties has
been reported [1]. Another matrix commonly used is
so-called thermoplastic starch matrix, i.e. physically
modified starch, developed in 1987 by Stepto and
Tomka [3, 6-11]. Under the action of temperature and
shear, starch can be processed into thermoplastic
starch [11]. The problem in the use of thermoplastic
starch lies in its susceptibilty to water and poor
mechanical properties.

Studies of biocomposites have been usually fo-
cused on their mechanical properties, less attention is
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given on the thermal stability. Biocomposites, made
using lignocellulosic materials as the reinforcing
filler, were examined, in order to measure thermal sta-
bility and thermal expansion as a function of the filler
loading [12]. Studies on mechanical and thermal
properties of wood flour and biodegradable matrix
based on polycaprolactone and polybutylene succin-
ate-butylene carbonate composites have been re-
ported by Lee and Ohkita [13]. Thermal properties of
agro-flour (i.e. rice husk and wood flour) filled biode-
gradable polybutylene succinate biocomposites were
studied by DSC, TG and DMTA methods [14, 15].

The aim of the work was to study thermal behav-
iour of new biocomposites prepared from chemically
modified starch (hydroxypropyl starch) reinforced
with natural vegetable fibres. Natural fibres were
used in the amount of 0-40 mass%. The effect of kind
and amount of natural reinforcement on thermal prop-
erties of biocomposites was studied.

Experimental
Materials

Biocomposites were built from etherified starch de-
rivative, i.e. hydroxypropyl starch and plant-based
natural fibres. Hydroxypropyl starch (National Starch
and Chemical) was used as biodegradable thermo-
plastic matrix. Two kinds of natural fibres: flax and
cellulose were applied as reinforcement fillers. Flax
fibres were from Experimental Farm (Stgszew, Po-
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land). Fibres were cut in the SM 100 cutting mill
(Retsch) using sieves with diameter 0.25 mm. Cellu-
lose obtained from native, highly bleached beech tree
in the form of powder of about 20 wm diameter was
kindly supplied by Mikro-Technik GmbH. The bio-
composites were prepared in a ThermoHaake PTW
16/245D twin extruder. The extrusion conditions
were: temperature profile:  65/80/90/100/105°C;
screw speed: 70 rpm. During extrusion process 20%
glycerol solution was added as a plasticizer agent.

Thermoanalytical measurements

DSC measurements were carried out using a
PerkinElmer DSC 7 analyser. Samples of ca. 20 mg
were heated from 30 to 200°C at a rate of 10 K min .

Thermogravimetric analysis (TG) was per-
formed on a Netzsch TG 209 thermal analyser, oper-
ating in a dynamic mode at a heating rate of
10 K min"'. The conditions were: sample mass,
ca. 5 mg; atmosphere, argon; open a-Al,O; pan.

Results and discussion

Figure 1 shows the examples of DSC curves of un-
reinforced matrix (curve 1), as well as biocomposite
reinforced with 20 mass% vegetable filler, i.e. flax
(curve 2) and beech cellulose (curve 3). Results of
DSC measurements are summarized in Table 1.
The modified starch exhibits glass transition 7, at
about 69.1°C, indicating the amorphous nature of
plasticized starch matrix. By incorporating natural fi-
ber fillers into modified starch matrix, the T, transi-
tion for starch rich phase shifts to higher temperature
from 69 to 118°C. In general, the similar behaviour is
observed for both types of fibers. This evolution
might be attributed to strong fibre-matrix interactions
between the two carbohydrates [3, 16]. Such interac-
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Fig. 1 Examples of DSC curves of biocomposites;
1 — unreinforced matrix (modified starch),
2 — flax reinforced biocomposite (20 mass% of fibre
content), 3 — cellulose reinforced (20 mass% of fibre
content)
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Table 1 Summary of DSC results

Sample Type of  Filler content/ Glass transition
fibres mass% temperature 7,/°C

1 0 0 69.1

2 Flax 5 94.1

3 Flax 10 112.2

4 Flax 20 108.7

5 Flax 30 118.3

6 Flax 40 105.1

7 Cellulose 5 66.5

8 Cellulose 10 75.9

9 Cellulose 20 82.2
10 Cellulose 30 92.5
11 Cellulose 40 66.8

tions decrease starch mobility and consequently in-
crease the matrix glass transition. However, for bio-
composites with 40 mass% fiber content (samples 6
and 11) the decrease in 7, value is observed which
may be explained by the poor adhesion between ma-
trix and fiber for the biocomposites with high filler
content. The increase in 7, with the increase of filler
content is more pronounced for flax reinforced
biocomposites. The 7, value increases from 69 to 112
and to 76°C for flax reinforced and cellulose rein-
forced composites, respectively, when fiber content
ranges from O to 10 mass%. It may be explained by
the higher flax fiber length (approx. 0.25 mm) in com-
parison with cellulose fiber one (approx. 20 um) used
in this work. It was reported by Avérous et al. [3] for
the plasticized starch — leafwood cellulose fibres
composites that the plasticized starch glass relaxation
temperature increases with fiber length.

DTG curves of modifed starch and 20 mass%
flax and cellulose reinforced biocomposites are given
in Figs 2, 3 and 4, respectively. Thermal degradation
of modified starch matrix proceeds in three steps. The
first step occurs at about 250°C; the second peak is at
317°C and the third one is above 500°C. The similar
behaviour is observed for cellulose reinforced
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Fig. 2 DTG curve of biodegradable matrix (modified starch)
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Table 2 Results of thermogravimetric analysis of biocomposites

Sample Type of Filler content/ Tso,/ Trow/ DTG-T,/°C
fibres mass% °C °C 1 peak 2 peak 3 peak
1 0 0 168.0 227.6 257.4 317.2 510.9
2 Flax 5 188.1 252.7 - 307.8 506.1
3 Flax 10 2199 265.9 - 307.0 483.9
4 Flax 20 210.9 260.5 - 300.4 469.0
5 Flax 30 195.9 255.5 - 305.3 503.7
6 Flax 40 203.0 252.6 - 302.4 461.3
7 Cellulose 5 175.9 2354 2553 315.2 543.4
8 Cellulose 10 191.3 250.8 260.7 320.5 538.9
9 Cellulose 20 196.6 246.2 256.1 325.8 544.1
10 Cellulose 30 202.9 2427 242.7 322.2 500.9
11 Cellulose 40 174.7 224.4 2343 323.8 512.3
2 The results of thermogravimetric analysis in a ni-
0 trogen atmosphere are collected in Table 2. Thermal
-2 stability of biocomposites was determined by the tem-
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Fig. 3 DTG curve of flax reinforced biocomposite (20 mass%
of fibre content)
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Fig. 4 DTG curve of cellulose reinforced biocomposite
(20 mass% of fibre content)

biocomposites. DTG curves of flax reinforced bio-
composites do not reveal the first peak (cf. Fig. 3].
However, the major mass loss, starts at the tempera-
ture above 300°C for unreinforced matrix as well as
for all studied biocomposites, regardless of type of
filler. In general, dehydration and depolymerization
have been reported as the two main processes associ-
ated with the degradation mechanism of polysaccha-
rides [17-19].
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perature at which 5% mass loss occurred. It can be
seen that the decomposition of modified starch matrix
begins at 168°C (Ts,), whereas the biocomposites
start to decompose at a higher temperature. The in-
crease in thermal stability with introduction of natural
fibre is observed for both flax and cellulose rein-
forced biocomposites.

DSC and TG results indicate that the addition of
natural fibers improves thermal behaviour of bio-
composites.

Conclusions

DSC curves of biocomposites reveal glass transition
temperature, attributed to the amorphous nature of the
plasticized starch matrix. In general, incorporating
natural fibres into modified starch matrix leads to an
increase in glass transition temperature.

Thermal degradation of modified starch matrix
and cellulose reinforced biocomposites proceeds in
three steps, whereas the degradation process of flax
reinforced biocomposites occurs in two steps. For
unreinforced matrix as well as for all biocomposites,
regardless of type and amount of reinforcement, the
major mass loss is observed at the temperature above
300°C. The increase in thermal stability with intro-
duction of natural fibre is observed for both flax and
cellulose reinforced biocomposites.

DSC and TG results indicate that the addition of
natural fibers improves thermal behaviour of bio-
composites.
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