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KOMPATIBILITAS DAN BIODEGRADASI PLASTIK POLIPROPILENA

DENGAN PENGISI TURUNAN SELULOSA DAN
PULP TANDAN KOSONG SAWIT

Basuki Wirjosentono, Purboyo Guritno, Darwin Yunus Nasution', dan Arnetty”

ABSTRAK

Kompatibilitas antara pengisi turunan selulosa dan pulp tandan kosong sawit di da-
lam matriks polipropilena serta sifat biodegradasinya tergantung pada sifat termoplastis
dan hidrofilisitas dari bahan pengisi tersebut. Untuk itu diselidiki pengaruh struktur tu-
runan selulosa vaitu: selulosa asetat dan selulosa diasetat, terhadap kompatibilitas dan
biodegradabiinasnya dalam matriks polipropilena, yang dibandingkan dengan untuk pulp
tandan kosong sawit. Campuran plastik dengan bahan pengisi yang disiapkan dengan cara
refluks dalam pelarut xilena, dikarakterisasi kompatibilitasnya dengan teknik: uji sifat
mekanis, mikroskop elektron payaran (SEM) dan wji sifat termal. Pengujian sifat biode-
gradasi bahan plastik dilakukan dengan cara: penguburan dalam tanah dan perendaman
dalam medium bermikroba pseudomonas aerogenosa. Dilaporkan bahwa tidak terlihat
perubahan yang nyata dari kompatibilitas bahan pengisi dalam matriks polipropilena oleh
perbedaan sifat termoplastis atau sifat hidrofilisitasnya. Secara mikroskopis terlihat bahwa
setelah wji biodegradasi, spesimen uji menjadi lebih kasar permukaannya, membentuk reta-
kan, dan berlubang-lubang. Penurunan berat spesimen wji pada penguburan dalam tanah
sampah, terlihat lebih besar dibandingkan dengan bila dilakukan wji biodegradasi dalam
media bakteri pseudomonas aerogenosa. Hal ini mungkin disebabkan oleh mikroba yang ter-
dapat dalam tanah sampah telah beradaptasi dan mempunyai keaktifan yang lebih baik di-
bandingkan dengan biakan murninya. Dalam hal lain juga ada kemungkinan kerja siner-
gisme antara kegiatan berbagai mikroba yang terdapat dalam tanah wji penguburan.

Kata kunci: tandan kosong sawit, pulp, turunan selulosa, pengisi plastik, polipropilena, kompatibili
tas, biodegradasi

PENDAHULUAN

Plastik polipropilena (PP) banyak
digunakan sebagai bahan kemasan berben-
twk film dan kantong yang pada pasca
pemakaian sukar terdegradasi dalam alam,
sehingga memimbulkan masalah pencemar-
an Telah diketahw bahwa penambahan
pengis1 pan jagung atau pati kentang ke

- Jurusan Komia . Fakuizz< MIPA. USU. Medan
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dalam bahan polipropilena menghasilkan
campuran plastik vang dapat terdegradasi
dan telah diproduksi secara komersial (1,
7). Dalam hal lain, tandan kosong sawit dan
limbah padat perkebunan lainnya merupa-
kan sumber karbohidrat dan lignoselulosa
yang potensial, karena tersedia dalam jum-
lah besar dan murah harganya. Limbah
padat tersebut diharapkan dapat dimanfaat-
kan sebagai pengganti pati untuk bahan
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pengisi plastik yang dapat terdegradasi.
Masalah yang dihadapi adalah rendahnya
kompatibilitas bahan pengisi ini dengan
matriks polipropilena, sehubungan dengan
sifat kepolaran yang berbeda (3. 4. 5).

Dalam makalah ini diselidiki pengaruh
adanya gugus asetat dari bahan pengisi:
selulosa asetat (Tl: 240°C), selulosa diase-
tat (T1: 235°C), dan pulp tandan kosong
sawit terhadap kompatibilitas dan sumbang-
an sifat degradabilitasnya dalam matriks
polipropilena. Substitusi gugus hidroksida
dengan gugus asetat dapat meningkatkan
sifat termoplastis atau menurunkan sifat
hidrofilisitas dari turunan selulosa, yang di-
harapkan dapat berakibat pada kenaikan
kompatibilitas, walaupun mungkin juga pe-
nurunan sifat degradabilitasnva. Derajat
kompatibilitas campuran plastik yang diha-
silkan diamati menggunakan teknik mikro-
skopi elektron payaran (SEM) dan peng-
ujian sifat mekanis, seperti yang telah dila-
kukan oleh Zaini er al. (8,9). Sedangkan
sifat biodegradasi bahan plastik i
diselidiki dengan cara yang telah dilaporkan
oleh Nakashima dan Matsuo (2), serta
Timmins dan Lenz (6), yaitu dengan metode
penguburan dalam tanah dan perendaman
dalam media bermikroba pseudomonas
aerogenosa.

BAHAN DAN METODE

Bahan

Plastik polipropilena komersial (Phi-
lips), selulosa asetat dan selulosa diasetat
(BDH Chemicals) digunakan langsung
tanpa pemurnian. Pulp tandan kosong sawit
disiapkan pada Balai Besar Selulosa, Ban-
dung. sedangkan bakteri pseudomanas

aerogenosa serta nutrient laktosa Broth di-
peroleh dari Laboratorium Mikrobiologi
FMIPA USU, Medan.

Penyediaan campuran plastik dan spe-
simen uji

Bahan pengisi turunan selulosa dan pulp
tandan kosong sawit (PTKS) dihaluskan
sampai ukuran 53 um. Plastik polipropilena
komersial yang ditambahi berbagai jenis
dan jumlah serbuk pengisi dilarutkan de-
ngan cara refluks dalam xilena dan peng-
adukan intensif selama 3 jam. Pelarut xilena
kemudian diuapkan pada suhu kamar dan
dalam vakum pada suhu 40°C. Campuran
plastik vang kering dicetak tekan (Paul
Weber) membentuk film dengan tebal 0.2
mm pada suhu 180 C selama 3 menit tanpa
tekanan dan dengan tekanan 100 kN selama
3 menit. Spesimer: uji mekams dibentuk
menurut ASTM D »38-72 Type IV, (lebar 6
mm dan panjang f:4mm) sebanyak 3 buah
untuk setiap sampel. Sampel w1 biode-
gradasi berukuran |0 mm x 30 mm.

Karakterisasi dan uji biodegradasi

Uji kuat tarik dan kemuluran dari 3
spesimen untuk sctiap sampel campuran
plastik dilakukan menggunakan Tokyo
Testing Machine Type SC2DE. Homo-
genitas campuran plastik diamati menggu-
nakan teknik mikroskopi elektron payaran
(SEM). Uji biodegradasi dilakukan dengan
perendaman 3 spesimen steril dari tiap sam-
pel campuran plastik ke dalam media dan
mengamati jalannva biodegradasi melalui
penurunan berat setiap spesimen. Perubahan
struktur kimia campuran plastik setelah
biodegradasi dikonfirmasikan dengan me-
tode spektroskopi inframerah FTIR.
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Kompatibilitas dan biodegradasi plastik polipropilena dengan pengisi turunan selulosa dan pulp tandan
kosong sawit

HASIL DAN PEMBAHASAN

Kompatibilitas baham pengisi turunan
sciulesa dam pulp tamdan kosong sawit
dengan matriks pelipropilena

Keknatan tank (MPa) dan kemuluran
{mm) dan spestmen campuran plastk pada
terhhat pada Tabel 1. Bila dibandingkan
dengan bahan plasuk polipropilena komer-
sial penambahan pengisa pulp tandan
kosong sawnt (PTKS). sclulosa asetat (SA).
maupun sclolosa diasetat (SDA) akan
menurunkan kelmatan tank dan juga kemu-
luran campuran plasuk Homogenitas cam-
puran juga menurun bila kadar serbuk peng-
151 dinaikkan sampai 40%. Tidak terlihat
perbedaan yang nyata dan pengaruh jenis
pengisi terhadap homogenitas maupun sifat
mekanis campuran plastk untuk kadar
pengist vang setara. Ini berarti bahwa

adanya gugus asetat yang meningkatkan
sifat termoplastis pengisi turunan selulosa
tidak berinteraksi efektif dengan matriks
polipropilena. Serbuk pengisi tersebut ma-
sih membentuk fase tersendir1 setelah pen-
campuran dengan plastik polipropilena de-
ngan metode refluks dalam pelarut xilena.
Hal ini mungkin disebabkan oleh rendahnya
suhu refluks (135°C) dan kelarutan serbuk
pengisi turunan selulosa (SA dan SDA)
vang rendah dalam pelarut xilena. Untuk itu
diperlukan pengolahan pada suhu tinggi, di
atas titik leleh pengisi turunan selulosa
(~250°C), agar diperoleh campuran yang
homogen, walaupun perlu diperhatikan ke-
mungkinan terjadinya dekomposisi bahan
pengisi. Komposisi optimum campuran
plastik polipropilena dengan serbuk pengisi
turunan selulosa yang mempunyai kekuatan
tarik dan kemuluran memadai dipilih den-
gan kadar pengisi 20%.

Tabel 1. Kekuatan tarik (MPa) dan kemuluran (mm) dari campuran plastik polipropilena
dengan berbagai kandungan bahan pengisi: pulp tandan kosong sawit (PTKS), se-
lulosa asetat (SA), dan selulosa diasetat (SDA)

Kadar Pengisi Kekuatan tarik (MPa)* Kemu_h_lran (mm)*
| (%) (PTKS) (SA) (SDA) (PTKS) (SA) | (SDA)
; 0 11 11,0 11,0 2,35 } 2533 2335
| 10 13,7 9,6 -1‘0,3 2,21 | 1,85 2,42
20 15,0 8,7 7,0_ | T73_ . 112z] | 1,66
30 12,9 7,5. 64 | 142 129 | 1,3
40 10,0 6,0 , 5,6 1,31 B 1,24 1,26

‘Spmimen campuran plastik polipropilena mengandung berbagai kadar pengisi: PTKS: bﬁlp tandan kosong sawit,

SA: selulosa asetat. SDA: selulosa diasetat
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Uji biodegradasi sampel campuran plas-
tik polipropilena

Sampel film campuran plstik polipro-
pilena, (masing-masing 3 spesimen, tebal
0,2 mm, lebar 10 mm, panjang 30 mm),
yang mengandung 20% serbuk pengisi
PTKS, SA, dan SDA dibersihkan dan di-
sterilkan dengan alkohol, lalu dikeringkan
dan ditimbang. Kemudian dikuburkan da-
lam tanah sampah dari Tempat Pembuangan
Akhir (TPA) Pancur Batu, Medan, dengan
kelembaban dan suhu tetap (30°C). Per-
ubahan berat rata-rata spesimen selama
perlakuan biodegradasi ini, diperlihatkan
pada Tabel 2.

Tabel 2. Perubahan berat spesimen campu-

ran plastik polipropilena dengan
20% serbuk pengisi: PTKS, SA,
dan SDA selama penguburan da-
lam tanah sampah
Waktu Berat spesimen (g) yang mengandung
Penguburan 20% pengisi
(har) (PTKS) | (SA) (SDA)
0 0,124 0,089 0089 |
15 0,101 0,086 0083 |
30 0,078 0,070 0,082
45 0,075 0,054 0,081
60 0,075 0,050 0,081

Keterangan: PTKS: pulp tandan kosong sawit, SA: selu-
losa asetat, SDA: selulosa diasetat

Dengan cara yang sama dilakukan uji
biodegradasi dalam media laktosa Broth
bermikroba  pseudomonas  aerogenosa
menggunakan inkubator 30°C, untuk semua
sampel campuran plastik. Diperoleh data
perubahan berat rata-rata spesimen seperti
pada Tabel 3. Plot perubahan berat spe-
simen selama penguburan dalam tanah ter-
hadap waktu terlihat pada Gambar 1, se-
dangkan untuk perlakuan pada perendaman
dalam media pseudomonas aerogenosa
terlihat pada Gambar 2. Dari data perubah-
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an berat spesimen selama perlakuan biode-
gradasi di atas (Tabel 2 & 3, serta Gambar
1 & 2), bahwa laju biodegradasi dengan
penguburan dalam tanah sampah terlthat
nyata, khususnya untuk campuran plastik
yang mengandung serbuk pengisi PTKS dan
SA. Spesimen dengan pengisi SDA terlihat
tidak menunjukkan laju biodegradasi yang
berarti. Hal ini mungkin disebabkan oleh
rendahnya hidrofilisitas SDA yang mengan-
dung dua gugus asetat per satuan ulangan
bila dibandingkan dengan PTKS dan SA.
Hal yang menarik bahwa laju biodegradasi
pada penguburan dalam tanah sampah dari
sampel campuran plastik tersebut lebih
besar bila dibandingkan dengan pada pe-
rendaman dalam media bermikroba pseu-
domonas aerogenosa murni. Hal ini mung-
kin disebabkan bahwa mikroba yang ter-
dapat dalam tanah sampah telah beradaptasi
dan mempunyai keaktifan lebih baik di-
bandingkan dengan biakan murninya.
Adanva kerja sinergisme antara beberapa
jenis mikroba (bakteri atau jamur) di dalam
tanah sampah mungkin juga menyebabkan
laju biodegradasi campuran plastik yang le-
bih besar.

Tabel 3. Perubahan berat spesimen campu-
ran plastik polipropilena dengan
20% serbuk pengisi: PTKS, SA,
dan SDA selama perendaman da-
lam media lektosa Broth bermi-
kroba pseudomonas aerogenosa

Waktu Berat spesimen (g) yang mengandung 20%
Perendaman pengisi

(hari) (PTKS) (SA) (SDA)
0 0,045 0,031 0,053
15 0,045 0,031 0,053
30 0,044 0,031 0,052
45 0,044 0,031 0,052
60 0,043 0,031 0,052

Keterangan: PTKS: pulp tandan kosong sawit, SA: selu-
losa asetat, SDA: selulosa diasetat
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spektroskopi inframerah. Spektra infra-
merah yang dihasilkan dari sampel film
setelah mengalami biodegradasi dalam
tanah sampah terlihat pada Gambar 3a — 3c.

Gambar 3. Spektra inframerah setelah bio-
degradasi: dengan penguburan
dalam tanah sampah selama 60
hari dari film spesimen campuran
plastik polipropilena yang
mengandung 20% serbuk pengisi:
(a) PTKS, (b) SA, dan (¢ ) SDA
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Spektra FTIR pada Gambar 3a — 3c
semuanya memperlihatkan serapan gugus
hidroksida (-OH) pada bilangan gelombang
3400 cm’, yang melebar, dan serapan
gugus karbonil (>C=0) yang intensif pada
1700 cm’. Ini merupakan indikasi terjadi-
nya degradasi matriks plastik polipropilena
selama perlakuan biodegradasi, yang mem-
bentuk senyawa hasil oksidasi bergugus
hidroksida dan karbonil. Proses biode-
gradasi campuran plastik tersebut dimulai
dari fase bahan pengisi, sehingga memung-
kinkan difusi oksigen ke dalam fase ruah
matriks plastik polipropilena yang selanjut-
nya memicu proses degradasinya.

KESIMPULAN

Kompatibilitas bahan pengisi pulp
tandan kosong sawit dan turunan selulosa
dalam matriks polipropilena pada pencam-
puran dengan cara refluks dalam xilena ti-
dak menunjukkan peningkatan yang nyata
oleh kenaikan sifat termoplastis bahan
pengisi.

Campuran plastik dengan pengisi pulp
tandan kosong sawit (PTKS) dan selulosa
asetat (SA) terbiodegradasi lebih cepat bila
dibandingkan dengan yang mengandung ba-
han pengisi selulosa diasetat (SDA) pada
uji penguburan dalam tanah sampah.

Bila dibandingkan dengan uji peren-
daman dalam media laktosa Broth ber-
mikroba pseudomonas aerogenosa, biode-
gradasi spesimen campuran plastik tersebut
pada perlakuan penguburan dalam tanah
sampah memperlihatkan laju yang lebih
besar.

Analisis  spektroskopi  inframerah
memperlihatkan proses biodegradasi cam-

puran plastik terjadi bukan hanya pada fase
bahan pengisi, tetapi juga pada matriks pe-
lipropilena.
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Compatibility and biodegradability of polypropylene materials containing
cellulose derivatives and oil palm empty bunches fillers

Basuki Wirjosentono, Purboyo Guritno, Darwin Yunus Nasution, and Arnetty

Abstract ‘

Compatibility of cellulose derivatives and oil palm empty bunches fillers in
polypropylene matrix and their biodegradation behaviour depends on thermoplastic or .
hydrophilicity properties of the fillers. For these reasons, effects of chemical structure of the
cellulose derivatives, i.e.: cellulose acetate, cellulose diacetate, on their compatibility and
biodegradation behaviour in polypropylene matrix will be compared to that of oil palm empty
bunches pulp. Plastic blends containing the above fillers prepared using reflux technique in
xvlene, were characterised for their compatibility using: mechanical strength tests.
Biodegradation treatments of the plastic materials were carried out using: soil burial tests
and immersion in lactose Broth medium containing pseudomonas aerogenosa bacteria. It was
reported that using the reflux technique, increase in thermoplastic property or decrease in
hydrophilicity of the fillers did not show considerable effects on their compatibility in
poapropyviene matnx. However, during biodegradation tests, the presence of oil palm empty
buncnes pulp and cellulose acetate fillers increased biodegradability of the plastic blends.
Biodegradation during burial treatment in waste disposal soil showed fasier rate compared to
that in lactose Broth medium containing pseudomonas aerogenosa bacteria. This may be due
10 1hat microorsanisms in the waste disposal soil have adapted to iheir biodegradation
cond:non, and posses gher activaty than their pure innoculum. On the other hand, there was
j o+ sinergistic biodegradation actions between various microorganisms in the
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Ker words = «il paim empty bunches, pulp. cellulose derivatives, plastic filler. polypropylene,
compatbility, biodegradation

Introduction substitute fillers for biodegradable plastic
due to their cheapness, low in weight, and
large-scale availability. However, pro-

blems are still associated to the wood-

Polypropylene plastics (PP) have
been widely used as packaging materials,

which do not easily degrade in nature after
use, and hence creating environmental
concern. It was known that biodegradable
polypropylene plastic blends have been
produced commercially by adding corn or
potato starch fillers in the polymer matrix
(1, 7). On the other hand, oil palm empty
bunches and various agricultural solid
wastes have not been economically utilised
as potential sources of carbohydrate and
lignocellulose. One possible alternative of
the utilisation is as wood-based starch-

based plastic fillers, such as their low
compatibility in polypropylene matrix
since the differences in thermoplastic and
hydrophilicity properties (3, 4, and 5).

In this work, effects of acetate
group(s) in the plastic fillers: cellulose
acetate (Tm = 240" C), cellulose diacetate
(Tm = 235°C), and oil palm empty
bunches pulp on their compatibility and
contribution to biodegradation behaviour
of the polypropylene blends were studied.
Substitution of hydroxyl to acetate
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group(s} may improve thermoplastic pro-
perty or decrease in hydrophilicity of the
cellulose derivatives. This may inturn
affect not only on increase in compatibility
but also decrease in biodegradability of
the bleads. Degree of compatibility of the
plastic blends was measured using
mechanical strength tests, as has been re-
ported by Zaini et. al. (8,9). Biodegra-
dation property of the plastic materials
was studied using similar technique
reported by Nakashima and Matsuo (2), as
well as by Timmins and Lenz (6), i.e:
using soil burial tests and immersion in
lactose Broth media containing
pseudomonas aerogenosa.

Materials and Methods

Materials

Commercial polypropylene plastics
(Philips), celtulose acetate, and cellulose
diacetate (BDH Chemicals) were used
directly without prior purification. Oil
palm empty bunches pulp was prepared by
Cellulose Research Centre in Bandung,
whereas pseudomanas aerogenosa bacteria
and lactose Broth nutrient were available
trom Microbiology Laboratory, Faculty of
Sciences USU |, Medan.

Preparation of plastic blends and test
specimens

Cellulose derivative plastic fillers and
oil palm empty bunches pulp (OPEBP)
were milled and powdered to particle size:
53 um. Commercial polypropylene plastic
together with various fillers were
dissolved using retlux technique in xylene
followsd by intensive mixing for 3 hours.
The xvlene solvent was then evaporated at

[
=

room temperature and in vacuum at 40°C.
The dried plasuc blends were then
compression moulded (Paul Weber) to
produce plastic tilm of 0.2 mm in
thickness at 180°C for 3 minutes without
pressure and with 100 kN load for another
3 minutes. Test specimens for mechanical
strength measurement were according to
ASTM D 638-72 Type 1V, (width: 6 mm
and length: 64 mm). Samples for
biodegradation tests were 10 mm x 30 mm
in size.

Characterisation
tests

and biodegradation

Tensile strength and elongation tests
of 3 specimens ror every plastic blend
samples were carried out using Tokyo
Testing Machine Type SC2DE. Biodegra-
dation tests were done by immersion
burying of 3 sterile specimens of every
plastic sample in lactose Broth nutrient/
waste disposal soil and following the
degradation rate tfrom weight decrease of
every specimen. Possible chemical struct-
ural changes were contirmed using FTIR
Spectroscopy.

Results and Discussions

Compatibility of cellulose derivative and
oil palm empty bunches pulp fillers in
polypropylene matrix

Tensile  strength  (MPa)  and
elongation (mm) of the plastic blend speci-
mens at various tvpe and concentration of
the plastic fillers were tabulated in Table
1. When compared to that of commercial
polypropylene, addition of oil palm empty
bunches pulp (OPEBP), cellulose acetats
(CA), or cellulose diacetate (CDA). re-
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sulted in elongation decrease as well as
homogeneity of the plastic samples. Type
of fillers did not show substantial etfects
of mechanical properties and homogeneity
of the plastic blends at corresponding
composition. This means that the presence
of acetate group(s), which improved
thermoplastic property of the fillers, did
not etfectively interact with the plastic
matrix. The filler materials were still in
their own phase even after intensive reflux
mixing (135°C) with polypropylene in
xylene. The reason for this may be due to

the low solubility of the cellulose
derivatives (CA and CDA) in xylene,
which did not melt in the reflux
temperature. Therefore, it is recommend-
ed that the blending should be carried out
at high temperature above melting points
of the fillers (7250°C), although attention
should be made to possibility of
decomposition of the fillers. Optimum
composition of the polypropylene blends
with considerable tensile strength and
elongation was chosen at 20% filler
contents.

Table 1. Tensile strength (MPa) and elongation (mm) of polypropyicne blends containing
various concentration of fillers: oil palm empty bunches pulp (OPEBP), cellulose

acetate (CA). and cellulose diacetate (CDA)

i Filler | Tensile sturength (MPa)* Elongation (mm)*

| contents OPEBP | CA . CDA OPEBP | CA CDA
0 1 11,0 11,0 2,35 2,35 2,35
10 137 ' 96 10,3 2.21 1,85 2,42
20 150 ' 87 7.0 1.73 1,23 1,66
30 12.9 5. | 6,4 1,42 1,29 1,33
40 | 100 | 60 | 56 1,31 1,24 1,26

* Polypropylenc blend specimens containing various concentration of fillers: OPEBP: oil palm empty bunches pulp,

CA: cellulose acetate, CDA: cellulose diacetate

Biodegradation tests of polypropylene
plastic blends

Samples of polypropylene blends
teach represented by 3 specimens, thick-
ness: 0.2 mm, width: 10 mm, and length:
30 mm) containing 20% of various fillers:
OPEBP. CA. and CDA, were thoroughly
cleaned with distilled water and sterilised
with ethanol 96%. and then dried and
weighted. These were then buried in waste
disposal soil (ftom domestic waste
disposal area. in Pancur Batu, Medan), at
room temperature and humidity ranging
from 25°-32°C and "0-80%. respectively.
Average weight changes of the 3

specimens during the biodegradation are
shown in Table 2.

Table 2. Weight changes of polypropylene
blend specimens containing 20%
of fillers: OPEBP, CA, and CDA
during bunal test using waste
disposal soil

Burial time Weight of specimens (g) containing
(days) 20% of fillers

OPEBP CA CDA
0 0,124 0,089 0.089
15 0,101 0,086 0,083
30 0,078 0,070 0.082
45 0,075 0.054 0,081
60 0,075 0,050 0.081

Notes: OPEBP: oil palm empty bunches pulp, CA:
cellulose acetate, CDA: cellulose diacetate
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Using similar procedure, biodegrada-
tion tests were further carried out in
lactose Broth media containing pseudo-
monas aerogenosa in an incubator at
30°C, for every plastic sample. The
weight change results were shown in
Table 3. The weight changes during soil
burial treatment were also plotted against
burial time in Figure 1, whereas the ones
during immersion in media containing
pseudomonas  aerogenosa were  also
plotted in Figure 2.

Table 3. Weight changes of polypropylene
blend specimens containing 20%
of fillers: OPEBP, CA, and CDA
during immersion in laktosa
Broth media containing pseudo-
monas aerogenosa

Immersion Weight of specimens (g) containing 20%

time of fillers:

(days) OPEBP CA | CDA
0 0,045 0,031 0.053
15 0,045 0.031 0.053
30 0,044 0,031 0,052
45 0,044 0,031 0,052
60 0,043 0,031 0,052

Notes: OPEBP: oil palm empty bunches pulp, CA:

cellulose acetate, CDA: cellulose diacetate
From Tables 2 & 3, and Figures 1 &
2, it was indicated that the above weight
changes data during biodegradation were
revealing faster biodegradation rates,
especially in the case of plastic blends
containing OPEBP and CA fillers, where-
as the ones containing CDA filler did not
show substantial biodegradation rate.
These may be due to lower hydrophilicity
of the CDA, which contains two acetate
groups per repeating unit, when compared
to CA and OPEBP. Interestingly, it was
shown that biodegradation rates during
soil burial tests were always higher when
compared to those of their corresponding
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samples during immersion tests in lactose
Broth media containing pure pseudomonas
aerogenosa. Microorganisms in the waste
disposal soil were predicted to have been
adapted in their plastic degrading
environment and posses higher degrading
activity compared to their pure innoculum.
There were also possible synergistic
actions between various microorganisms
(bacteria and fungi) in the waste disposal
soil to promote faster biodegradation
process.
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Figure 1. Plot of weight changes against
burial ume of polvpropylene
blend films containing 20% of
various fillers during bural test
using waste disposal soil
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Figure 2. Plot of weight changes against
burial time of polypropylene
blend films containing 20% of
various fillers during immersion
- in laktosa Broth media contaiming
pseudomonas aerogenosa




Compatibility and biodegradability of polypropylene materials containing cellulose derivatives and oil palm empty
bunches fillers

To investigate the effects of
biodegradation treatments upon possible
structural changes on plastic molecules,
the plastic samples were further analysed
using FTIR spectroscopy. The FTIR
spectra found for the plastic films after
biodegradation in waste disposal soil were
shown in Figures 3a - 3c. All of the
spectra produced showed broad absorption
of hidroxyl (-OH) group at wave number:
3400 cm™, and also intensive absorption
of carbonyl (>C=0) at wave number:
1700 cm™. These data indicated the
occurrence of degradation of the
polypropylene plastic matrix during the
biodegradation treatments, to form
oxidation products containing hydroxyl
and ‘carbonyl groups. It seems that the
biodegradation process was started from
the filler phase, which then facilitating
water and oxygen diffusion into the bulk
phase of the plastic blend to promote
environmental degradation of the plastic
matrix.

Conclusions

Compatibility of cellulose derivative
fillers in polypropylene matrix using
blending process by reflux technique in
xylene solvent did not show any
substantial improvement by the increase of
hermoplastic property of the fillers.

Plastic blends containing 20% of
illers: oil palm empty bunches pulp
OPEBP) and cellulose acetate (CA) were
more faster biodegraded in soil burial
treatment when compared to that
containing cellulose diacetate (CDA).

When compared to those in lactose
Broth media containing pseudomonas
aerogenosa, biodegradation of the plastic

blends by burial test in waste disposal soit
showed faster rate.

Analysis using FTIR spectroscopy
revealed that the biodegradation process of
the plastic blends did not only occur in the
filler phase but also extended into the
plastic matrix.

Figure 3. Infrared spectra after 60 days

biodegradation  using  waste
disposal soil burial treatment of
polypropylene  blend  films
containing 20% of fillers: (a)
OPEBP, (b) CA, and (c ) CDA
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