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Thermoplasticization of Sago Palm by Acetylation
Takako Watanabe and Masaharu Ohmi
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Abstract It has recently become evident that plastics derived from petroleum have accumulated in the
natural environment and seriously affected ecosystems. This has led to the desire for the development of
degradable plastics. Sago palms are planted as a food resource in Southeast Asia because they have a lot of
starch in their pith. Because of their component characteristics, they could be a good raw-material for
biodegradable plastics. This paper describes an attempt at thermoplasticization of the sago palm with some
chemical modification.

A chemical component analysis was conducted with a view to utilizing the sago palm as a new woody
resource. The components of sago palm were affected by soil characteristics. In particular, the starch con-
tents varied with soil type and growth stage. Thermoplasticization of the sago palm was done by acetylation,
which is an esterification method. Thermoplasticity after acetylation was evaluated by making sheets on an
experimental basis by hot-pressing acetylated materials. Furthermore, the thermal behavior of these sheets
was determined by thermogravimetry analysis (T'G) and thermomechanical analysis (TMA). The sample
with the lower starch content showed higher acetyl content. The sheets made by hot-pressing showed
thermoplasticity at 180 °C, and thermal softening point of the sheet made from sago growing in peat soil
appeared at about 150 °C. It was suggested that thermoplasticity of sago palm could be achieved by chemical
modification. As a result, it was also suggested that biodegradable plastics could be produced from the sago
palm.
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Introduction

Plastics derived from petroleum are light, strong
and durable, and they are easy and inexpensive to
manifacture. Thus, a large quantity of plastics are
used for many pursposes in our daily lives. In recent
years, however, the disposal of petroleum-based
plastic wastes has created serious environmental
problems at a global level. Burning them causes air
pollution and their undegradablility makes it im-
practical to bury them. Furthermore, they adversely
affect the ecosystem. One way to solve this problem
is to use biodegradable plastics made from biomass
such as cellulose or starch.

Recently, plasticization of wood, a natural re-
source mainly consisting of cellulose, has been de-
veloped for production of biodegradable plastics
(Shiraishi 1995). Thermoplasticization of wood sub-
stitutes bulky and non-polarizing functional groups
for hydroxyl groups with etherification andfor es-
terification (Shiraishi 1983). Biodegradability of cel-
lulose acetate has also been studied (Buchanan et al.
1993). However, because of its lower crystallinity,
starch is biodegrades more easily than cellulose.

The sago palm contains large amounts of starch
{more than 200 kg) in its pith and the starch is used
for food and applied to industry, though it has been
difficult to expand the use of sago starch in Japan
because it is more expensive than tapioca starch
(Ohno 1994). After extraction of starch in industrial
process, a certain amount of starch remains in the
pith residue. There have been a few reports in rela-
tion to the utility of the pith residue (Horigome et
al. 1991; Haryanto et al.1991), but in fact almost all
pith residue from starch factories is thrown away,
causing environmental pollution in the near future.
Therefore, it is important to find new ways to utilize
the residue of sago palm.

It has been attempted to produce biodegradable
plastics from the sago palm. The objective of this
study was to investigate the possibilities of thermo-

plasicization of the sago palm by chemical modifica-
tion for the purpose of applying a thermoplasticiza-
tion method to apply it to sago pith residue.

Experiment

Materials

Sago palms (Metroxylon sagu) seven years old in
mineral soil in Teh, Sarawak Malaysia and eight
years old in peat soil in Dalat, Sarawak Malaysia
were cut in 1993 and used in this experiment. The
sago palm samples were taken from about 1.5 m
above the ground and ground into meal after air-
drying.

Component Analyses

Component analysis of sago palm was conducted
for use as woody plant resources. Therefore, the
method of component analysis for wood (Yasuda
1985) was used without determination of 80% etha-
nol extractive and starch.

Five chemical components were determined: al-
cohol-benzene extractive, 80% ethanol extractive,
starch, holocellulose and lignin. Alcohol-benzene
extractive was extracted from untreated meal for 6
hours with an alcohol-benzene mixture (volume ra-
tio: 1:2) in a Soxlet extractor. The extractive was
then dried and weighed. 80% ethanol extractive was
extracted from extracted alcohol-benzene meal with
80% (wt.) ethanol aqueous solution three times at
80 °C for 15 minutes. The extractive was then dried
and weighed after filtration. Starch was determined
by the anthrone-sulfuric acid method after perchlo-
ric acid extraction (Sasaki 1979). Holocellulose and
lignin were determined by the chlorite and sulfuric
acid methods after extracting alcohol-benzene ex-
tractive and starch.

Acetylation

Sago palm meal (12.5 g) extracted with the alco-
hol-benzene mixture was heated and stirred with
acetic anhydride (40 g) and pyridine (100 g) in a
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Table 1 Components of sago palm and sugi

Sago palm Sugi (Haraguchi
. . . et al. 1985)
mineral soil  peat soil
Alcohol-benzene extractive (%)*! 2.9 13.0 3.2
80% ethanol extractive (%)** 15.1 31.1 —_
Starch (%)*? 76.3 37.3 —_
Holocellulose (%)*? 7.5 23.3 70.1
Lignin (%)** 1.8 5.6 3.4

*! Weight ratio for ovendry weight of untreated sample.

*? Weight ratio for ovendry weight of alcohol-benzene extracted sample.

separable flask attached to a reflux condenser, an
agitator and, a thermometer at 100 °C for 4 hours.
After the reaction, the meal was washed once with
ethanol, and then three times with methanol (Ogura
1979). Thereafter, the weight percent gain was cal-
culated from the weights before and after reaction
and the acetyl content was determined by the sa-
ponification method (Shiraishi et al. 1972).

Preparation of sheet from acetylated meal

The acetylated and untreated sago palm meal
(about 3 g) was put into the molding box (diameter:
80 mm) and hot-pressed. Hot pressing was per-
formed under 215 kPa at 160 °C, 160 kPa at 180 °C,
and 107 kPa at 200 °C. In one hot-press cycle, the
sample was hot- pressed for 1 hour and cooled for 1
hour under zero pressure.

Thermal behavior analysis

The thermal behavior of sago plastic sheets was
measured by TG and TMA. The gravimetric be-
havior, including thermal degradation of sheets, was
measured from room temperature to 600°C by a
thermal gravimetric analyzer (SHIMADZU TG-
20). The measurement was conducted in a nitrogen
atmosphere (50 ml/min), at a temperature increase
rate of 10°C/min. Then, the thermal softening
point of the was measured with a
thermomechanical analyzer (SHIMADZU TMA-
50). The measurement was conducted from room

sheets

Results and Discussion

Component analysis

Table 1 shows the results of component analysis
of sago palm and sugi (Cryptmeria japonica D.
DON), (a common Japanese tree) (Haraguchi et al.
1985). The sago palm grown in mineral soil con-
tained more starch than that grown in peat soil. The
one grown in peat soil contained more alcohol-ben-
zene extractive and 80% ethanol extractive than the
one grown in mineral soil. Starch (main component
of sago palm) content was higher in the sago palm
grown in mineral soil than that grown in peat soil.
Comparing the components of sago palm with those
of sugi , the sago palm contained less holocellulose
and lignin than sugi. The sago palm was character-
ized by a large amount of starch; the sago palm con-
tained less cellulose, a highly crystalline polymer,
and much more starch, a lower crystalline polymer.
Therefore, the thermoplasticization of the sago
palm is expected to be easier than that of common
woody plants.

Evaluation of thermoplasticity

The weight percent gains and the ester contents
of sago palms by acetylation are shown in Table 2.
The weight percent gain of the sample grown in

Table 2 Weight percent gains and ester con-
tents of acetylated sago palm wood meals

. . . o
temperature to 350 °C in a nitrogen atmosphere Soil Weight percetn gains (%) Ester contents (%)
(about 75 mlfmin), at a temperature increase rate of Mimeral 2.5 4.9

Peat -8.0 26.2

5°C/min and a load of 10 g.
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Table 3 Hot press conditions and evaluation of thermoplasticity of samples

Sample Soil Hot-press conditions Evaluation of
Temperature (°C)  Pressure (kPa) Cycle thermoplasticity

No. 1 mineral 160 215 1 +

No. 2 mineral 160 215 3 +

No. 3 mineral 180 160 1 +

No. 4 mineral 180 160 2 +

No. § mineral 180 160 7 ++

No. 6 mineral 200 107 1 —
untreated  mineral 180 160 1 —_

No. 7 peat 160 160 1 +

No. 8 peat 160 215 1 ++

No. 9 peat 180 160 1 +H+
untreated  peat 180 160 1 —_

mineral soil was 2.5%, but the ester content was only
5%. On the other hand, the weight gain of the
sample grown in peat soil was —8%, but its ester
content was as high as 26%. The loss of weight was
caused by the loss of low molecular sugar, which
could not be recollected after the washing with etha-
nol and methanol. Thus, the lower starch content is
better for acetylating the sago palm in the reaction
system used in this study.

Table 3 shows the evaluation of thermoplasiticy
of sheet samples with press temperature and the
number of the press cycle. The thermoplasticies of
the sheet samples were evaluated, focusing on the
section which is changed by hot-pressing; the
marks, +++, ++, +, £, —, ——, ———, in the Table 3
mean very well plasticizing, well plasticizing, plasti-
cizing, no change, burnt, well burnt, and very
well burnt, respectively. The acetylated sago palm
meals were plasticized at about 180 °C, while the
untreated meals were not plasticized. This suggests
that the sago palm meals were thermoplastic after
acetylation. In the results of acetylated samples,
No. 9 sheet was thermoplasi-cized after only one
cycle of hot-pressing at 180 °C, whereas seven-cycle
hot-pressing was required to thermoplasticize No. 5
sheet. Furthermore, the sago palm grown in peat
soil was thermoplasticized at a lower temperature
than that grown in mineral soil. The difference in

thermoplasticization temperature was based on the
ester content (Funakoshi et al. 1979). The ester con-
tent greatly affected the thermoplasticity and the
sago palm could be remarkably thermoplasticized
with acetylation. Though the thermofloat of acety-
lated wood (for example, sugi), depending on the
degree of substitution, is incomplete at tempera-
tures even higher than 250 °C (Shiraishi et al. 1980;
Aocki et al. 1980), the sago palm could be plasiticized

at lower temperatures.

Thermal behavior of sheets made from
acetylaed sago palm

Figure 1 shows thermal gravimetoric (T'G) curves
of sample sheets (No. 3 and No. 9 in Table 3). The
large weight losses seemed to be derived from ther-
mal degradation of holocellulose and starch, which
were found in both sample sheets at about 270 °C.
No weight loss occurred in either sample in the
range of 100 to 200 °C near the hot-pressing tem-
perature.

Figures 2 and 3 show thermal softening curves
for sample sheets. The curves for the sheet made
from acetylated sago palm (No.9) has a broad
shoulder at about 150 °C (arrow in Fig. 3). How-
ever, the curve for sheet (No. 3) had no shoulder.
This peak is thought to have been derived from the
thermal softening point, since there was no weight
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Fig. 1 Thermal gravimetric curves of the sheets of No. 3 (mineral soil) and
No. 9 (peat soil)
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Fig. 2 Thermal softening curve of the sheet made of sago growing on mineral
soil (No. 3)

loss in the T'G curves at this temperature. It is con- lulose and lignin, which are the main components of
sidered that the thermoplasticity of sago palm was  the sago palm do not have any physical transition
affected by the esterification because the starch, cel-  point in the range from 120 °C to 200 °C. (Arima
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Fig. 3 Thermal softening curve of the sheet made of sago growing on peat soil

(No. 9)

1973; Collison et al. 1971; Ueno et al. 1977)

It is thus suggested that a suitable press condition
for the wood after small chemical modification
allowed the sago palm to thermoplasticize.

Conclusions

Thermoplasticization of sago palm was attempted
in order to introduce a new method to utilize sago
biomass. The following conclusions were obtained
through this study:

(1) The chemical components of the sago palm dif-
fered, depending on soil type.

(2) Acetyl content was affected by starch content in
the reaction system used in this study.

(3) The thermal softening point of the acetylated
sago palm grown in peat soil was about 150 °C.
(4) The sago palm could be thermoplasticized by

acetylation.

(5) It was suggested that the thermoplasticization
method used in this study can be applied to sago
pith residue.
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