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KOMPATIBILITAS DAN BIODEGRADASI PLASTIK POLPROPILENA
DENGAN PENGISI TURUNAN SELULOSA DAN

PULP TANDAN KOSONG SAWIT

Basuki Wirjosentono, Purboyo Guritno, Darwin Yunus Nasutronr, dan A-.tty'

.4BSTRAK

Kompatibilitas antaru pangisi tuntnan selulosa dan pulp tandan kosong sawit di da-
Iam matril<s polipropilena sena sr-fat bidegrudasiryn tergantung pada sifat termoplastis
dot hidroflistta-s dan bahor pengrsi tercebut. Lntuk itu diselidiki pengaruh stnthur tu-
t'ttnan selulo-ca -rrzrru.' selulos asetat dan selulosa diasetat, terhadap kompatibilitas dan
hdegrudabilnasrnn dal@r matriks polipropilena, yang dibandinglam dengan untuk pulp
tardn kosutg srit. Conpurwt plastik dengan bahan pengisi yang dtsiaplmn dengan cara
rc-fluk dalan pelantt xilena, dilcamlaeisasi kompatibilitasnya dengan telvtik: uji sifat
melwis. mikroskop elelaron pa)/aran (SEM) dan uji sifat termal. I'engujian sifut biode-
grndasi fuhan plastik dilalatl<an dengan cara: penguburan dalam tanah dan perendaman
dalam medium bermikroba pseudotnonas aerogenosa Dilaporkan hahwa tidak terlihat
pentbahan yang nyata dari kompatibilitas bahan pengisi dalam nmtrilcs polipropilena oleh
perbedaan sifut termoplastis atau sifat hidrofilisitasnya. Secara mikro.tkopis terlihat bahwa
setelah uji biodegradasi, spesimen uji menjadi lebih kasar permukaannya, membentuk reta-
l<an, dan berlubang-lubang. Penurunan berat spesimen uji pada penguburan dalam tanah
sampah, terlihat lebih besar dibandingkan dengan bila dilakukan u1t biodegradasi dalam
media baktei pseudomonas aerogenosu Hal ini munghin 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 kemttngkinan kerja siner-
gisme antara kegiatan berbagai mikroba yang terdapat dalam tanah ujr penguburan.

Kata kunci: tandan kosong sawit, pulp, turunan selulos4 pengisi plastik, polipropilena, kompatibili
tas. biodegradasi
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PENDAHULUAN

Plastik polipropilena (PP) banyak
digunalian sebagai bahan kemasan berben-
u* film dan kantong yang pada pasca
pemaliaran sukar terdegradasi dalam alam,
sehmgga menimbulkan masalah pencemar-
in Telah diketahur bahrva penambahan
pengrsr pau Jagung atau pati kentang ke

- Irusen F.Eir- Fehr.trs \(IP-{- USf . \laJ:n
: Prqnn Surti Tceit KEn- Fahdres T.r;t USU. \ledan

dalam bahan polipropilena menghasilkan
campuran plastik vang dapat terdegradasi
dan telah diproduksi secara komersial (1,
7). Dalamhal lain, tandan kosong sawit dan
limbah padat perkebunan lainnya merupa-
kan sumber karbohidrat dan lignoselulosa
yang potensial, karena tersedia dalam jn--
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 im dengan

matriks polipropilena, sehubungan dengan

sifat kepolaran yang berbeda (3. 4. 5).

Dalam rnakalah ini diselidrlii pengaruh

adanya gugus asetat dan bahan pengisi'

selulosa asetat (Tl: 240"C). selulosa diase-

tat (Tl: 235"C). dan pulp tandan kosong

sawit terhadap kompatibilitas dan sumbang-

an sifat degradabilitasnl'a dalam matriks

polipropilena. Substitusi gugus hidroksida

dengan gugus asetat dapat meningliatlian

sifat termoplastis atau menurunlian sifat

hidrofilisitas dan furunan selulosa. ]'ang dr-

harapkan dapat berakibat pada kenaikan

kompatibilitas. u'alaupun mungliin Juga pe-

nunman sifat degradabilitasnl'a. Deralat

kompatibilitas campuran plastik )'ang drha-

sillian diamati menggturalian teknili milro-
skopi elektron pa\-aran (SEN'I) dan peng-

ujian sifat mekanis. seperti yang telah dila-

kukan oleh Zainr et al. (8,9). Sedangkan

sifat biodegradasi bahan plastik ini
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 nredia bermikroba psettdomonas
qerogenosq.

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

qerogenosa serta nuffient laktosa Broth di-

peroleh dari Laboratorium Mikrobiologi
FMIPA USU, Medan.

Penyediaan campuran plastik dan spe-

simen uji

Bahan pengisi tuntnan selulosa dan pulp

tandan kosong sarvit (PTKS) dihaluskan

sampai ukuran 53 pm. Plastik polipropilena

komersial yang ditambahi berbagai jenis

dan jumlah serbuk pengisi dilarutkan de-

ngan cara refluks dalam xilena dan peng-

adulian intensif selama 3 jam Pelarut xilena

kemudian diuapkart pada suhu kamar dan

dalam vakum pada suhu 40"C. Campuran

plastrli ]-ang kenng dicetak tekan (Paul

\\-eber) membenru[ film dengan tebal 0-2

mm pada suhu l,Br C selama 3 merut tanpa

tekanan dan dengar tekanan l0t) kN selama

3 merut. Spesrmer, uti mekants dibenruk

menumt AST\'I D ',-?8-72 Tlpe IV. (lebar 6

mm dan panJang t'-tmm) sebanl'ak 3 buah

untuli setiap sampel Sampel uji biode-

gradasi beruliuran lt) mrn x 30 mm.

Karakterisasi dan uji biodegradasi

Uji kuat tarik dan kemuluran dari 3

spesimen untuk setiap sarnpel campuran

plastik dilakukan menggunakan To\-o
Testing Machine Type SC2DE. Homo-

genitas campuran plastik diamati menggtl-

nakan teknik mikroskopi elektron pa)'aran

(SEM). Uji biodegradasi dilakukan dengan

perendaman 3 spesrrnen steril dari tiap saln-

pel campuran plastik ke dalam media dan

ilrengamati jalannva biodegradasi rnelalui

penumnan berat setiap spesirnen. Pembahan

struktur kimia campuran plastik setelah

biodegradasi dikonfirmasikan dengan me-

tode spektroskopi tnframerah FTIR.

1_i-t
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Kompaubrlitas dan biodegndasi plastik polipropilena dengan pengisi turunan selulosa dan pulp tandan
kosone sawit

T

IL{SL DA\ PEMBAHASAN

Kompeaibnils b.fer pengrsi turunan
scldoe dr prh tldrr kosong sawit
d.rF rrfs pftropildr

Kelura rr \ GlPa) d'n kemuluran
(nrm) d4 spe-ttt-r cap111-a pla*ik pada

txrbagai t-nn'fopcr drl;t:nis serbuk pengisi
t€rlihd p.da Trbcl I $fl3 difarrlingkan
de'rgzr b$il plst potfryterrr komer-
srel pesd$r relsr p"b tandan
k6og srstr (TTKSL s.t'l*" asetat (SA),
map sebbee dis (SDA) akan

menunm\a trluatn rait da yuga kemu-
luran campa pld}- Hmogenrtas cam-
purmynga rrEnrrm bila t?da serbut peng-
15i -rlinail*zn sqar lii./o Tidak t€rhhat
perb€dam ]-ilg D'at:r dari pengaruh jenis
pengtsi terhadap hmogenitas mar.pun sifat
mekanis campuran plastik untuk kadar
pengrsi )-ang setara. Im 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 tersendiri setelah pen-

ciunpuran 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)

)'ang rendah dalam pelarut xilena. Untuk itu
diperlukan pengolahan pada suhu tinggi, di
atas titik leleh pengisi turunan selulosa
(-250"C), agar drneroleh campuran yang
homogen. w'alaupun perlu diperhatikan ke-
mungkinan te4adrnl'a dekomposisi bahan
pengisi. Komposrsi optrmum campuran
plastik polipropilena dengan serbuk pengisi

turunan selulosa )'ang mempunyai kekuatan
tarik dan kemuluran memadai dipilih den-
gan kadar pengisi 20%.
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Tabel l. 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)* Kenuluran (nm)*

(PTKS) (SA) (sDA) (PrKS) (SA) (sDA)

0 11 11,0 11,0 2,35 ??{ 2,35

l0 13,7 9,6 10,3 2,21 r,85 2,42

20 15,0 8,7 7,0 r.73 1,23 L,66

30 12,9 7 ,5. 6.4 t.42 1,29 1,33

40 10,0 6,0 5,6 l,3l 1,24 1,26
rSpesimen campuran plastik polipropilena mengandung berbagai kadar pengisi: PTKS: pulp tandan kosong sawit
S.\. selulosa Lsetat- SD.{: selulosa diasetat
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Uji biodegradasi sampel campuran plas-

tik polipropilena

Sampel film campuran plstik polipro-

pilena, (masing-masirrg 3 spesimen, tebal

0,2 mm, lebar l0 mm, panjang 30 mm),

yang mengandung 20% serbuk pengisi

PTKS, SA, dan SDA dibersihkan dan di-
sterilkan de,ngan alkohol, lalu dikeringkan
dan ditimbang. Kemudian dikuburkan da-

lam tanah sampah dari Tempat Pembuangan

Akhir (TPA) Pancw Bahr, Medan, de'ngan

telembaban dan suhu tetap (30"C). Per-

ubahan berat rata'rata spesimen selama

perlakuan biodegradasi ini, diperlihatkan
pada Tabel 2.

Tabel 2. Perubahan berat spesime'n campu-

ran plastik polipropilena de'ngan

20% serbuk pe'ngisi: PTKS, SA
dan SDA sel'ma pe'nguburm da-

Keterangan: PTKS: pulp tandan kosong sawit SA: selu-

losa aseta! SDA: selulosa diasstat

Dengan cara yarLg sama dilakukan uji
biodegradasi datam media laktosa Broth

bermilrroba pseudomonas aerogenosa

menggunakan inkubator 30oC, untuk semua

sanpel campuran plastik. Diperoleh data

perubahan berat rata-rata spesimeri seperti

pada Tabel 3. Plot perubahan berat spe-

simen selama penguburan dalam tanah ter-

hadap waktu terlihat pada Gambar l, se-

dangkan untuk perlaluan pada perendaman

dalarn media pseudomonas aerogenosci

terlihat pada Gambar 2. Dan data perubah-
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an berat spesime,lr selama perlalcuan biode-
gradasi di atas (Tabel 2 & 3, serta Gambar

| & 2), bahwa laju biodegradasi dengan

penguburan dalam tanah sampah terlihat
nyata, khususnya untuk campuran plastik

yarlgmengandwrg serbuk pengisi PTKS dan

SA. Spesimen de,ngan pengisi SDA terlihat
tidak menunjukkan laju biodegradasi yang

berarti. Hal ini mnngkin disebabkan oleh

rendahnya hidrofrlisitas SDA yarlg mengan-

dung dua gugus asetat per sahran ulangan

bila dibandingftan dengan PTKS dan SA.

Hal yang me,narik bahwa laju biodegradasi

pada penguburan dalam tanah sampah dari

sampel campuran plastik tersebut lebih

besar bita dibandingkan dengan pada pe-

rendaman dalam media bermikrob a pseu-

domonas qerogenosa munri. Hal ini mung-

kin disebabkan bahq'a milcoba >'ang ter-
dapat dalam tanah sampah telah beradaptasi

dan mempury-ar keaktifm lebih baik di-
S*ndingkan dengan biakan murninya.

Adro-va kerja srnergisme antara beberapa
j€nis mikroba Oall€ri atau jamur) di dalam

tanah sqah mrmgkin juga menyebabkan

laju biodegradasi caryuran plastik yang le-

bih besar.

Tabel 3. Perubahan berat spesimen canpu-
ran plastik polipropilena dengan
20o/o serbuk pengisi: PTKS, SA,
dan SDA selama perendaman da-
lam media lektosa Broth bermi-
kroba pse udomonas qe ro genos a

Keterangan: PTKS: pulp tandan kosong sawit SA: selu'

losa asetat SDA: selulosa diasetat

lam tanah
Walru

Pengubu'an
(han)

Berat spesrm (d yq --gr d"g
2Vhpqst

(PTt6) (SA) (sDA)

0 0,t24 0,69 0,G9

l5 0,10r 0,0t6 0,0r3

30 0,078 0,070 0,0E2

45 0,075 0,054 0,081

60 0,075 0,050 0,081

Waktu
Perendaman

(hari)

Berat spesimen (g) y*tg m"ngandung 200lo

Penglsr

(PTKS) (SA) (sDA)

0 0,M5 0,031 0,053

l5 0,M5 0,031 0,053

30 0,04 0,031 0,052

45 0,w 0 031 0,052

60 0,M3 0,031 0,052
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spekhoskopi inframerah. Spekra infra-
merah yang dihasilkan dari sampel frln
setelah mengalami biodegradasi dalam
tanah sampah terlihat pada Gambar 3a - 3c.

Gmba 3- Spek*ra rnframerah setelah bio-
dqgr"dasi dengan penguburan
dalam tanah 5ampah sel4ma 60
hari dari film spesimen campuran
plastik polipropilena yang
mengandung 20% serbuk pengisi:
(a) PTKS, (b) SA, dan (c ) SDA



Bastrki Wirjosentono, Purboyo Guritno, Darwin Yunus Nasution dan .{rnar

ft
Irl

tlI
i

I

Spektra FTIR pada Gambar 3a - 3c

semuallya memperlihatkan serapan gugus

hidroksida. (-OH) pada bilangan gelombang

3400 cm-'. yang melebar, dan serapan

gugus karbonil (>C:O) yang intensif pada

1700 cm-'. Ini mempakan 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 )'ang nyata

oleh kenaikan sifat termoplastis bahan
penglsl.

fampuran 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 pseudomonqs oerogenosa. 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 te4adi bukan hanl-a pada fase

bahan pengisi, tetapi juga pada matrils pc*

lipropilena.

DAFTAR PUSTAKA

L LOOMIS, G. L., M. IIZBICKL and A FLAM\INO
1994. US Patent No. WO 9416020 .{]
g40T2L Application Data WO 9+US22l
940t06.

2. NAKASHIMA' T., and M. MATSUO. 1996. Devel-
opment of hrgh strength and high modulus
polyethylene-starch composite films and bio-
degradation of the composite films. J. Macro-
mol. Sci. B. 35 (3 - 4):659 - 679.

3. PARK B. D., and I J. BALATINECZ. 1997. \le'
chanical properties of wood fibre/toughened

isotactic polvpropylene composites. Polym
Composites. l8 (l) : 79 - 89.

4. SAIN, M. M., and Il V. KOKTA. 1994. Polvolefin-
wood filler eomposite I. Performance of m-

phenylene brsmaleimide-modified wood fibre
in polypropvlene composite. J. Appl. Pol1m.

Sci. 54 (10) 1545 - 59.

5. SCHI-IT, J. H. 199- Wood-filled thermoplastics go

commercial. l'}last. World. 55 (10) : 12 - 15.

6. TIMMINS. M.. and R. \\'. LENZ 1994. Enzymatic
biodegradatr,'n of pollmers revieu'ed. Food,

Cosmetics & Drug Pack. 9p.

7. VALDYAT U. R.. and iU BH.\T1-ACHARYA 1994.

US Patent N,' US 5446078 A940829. Appli-
cation Data I S 94-207840 940308.

8. ZAINI, M. J., Z. ISMAIL. M. Y. A. FUAD, and J.

MUSTAFAII. 1994. Application of oil palm
wood flour as tiller in PP. Polym. J. (Jap.). 26

(5):637 - 612.

9. ZAINI, M. J., M. \ A. FUAD, Z. ISMAIL, M. S.

MANSOR and J. MUSTAFAII. 1996. Effect
of filler content and size on mechanical proper-

ties of polvpropylene/oil palm wood flour
composites. Polym.Int.40 (l): 5l - 55.

158



coryaubility and biodegradability of polypr"nrt"il;rT;::?f;r:"*ng cellulose derrvatives and oil palm empty

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

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

Abstrad

Compatibility of cellulose deivatives and oil palm empty bunches fillers in
polypropylene matrix and their biodegradation behaviour depends t,n thermoplastic or
hydrophilicity properties of the fiIlers. For these reasons, efects of chemical structure of the
cellulose deivatives, i.e.: cellulose acetate, cellulose diacetate, on therr compatibility and
biodegradation behaviour in polypropylene matrix will be compared to that of oil palm empty
bunches pulp. Plastic blends containing the above fllers prepared using reflux technique in
n'line, 'were characteised for their compatibility using: mechanrcal strength tests.

Btodegradation treatments of the plastic mateials were carried out usmg: soil buial tests
and immersion in lactose Broth medium containing pseudomonas aerogerlosa bacteia. It was
reported thot using the reflux technique, increase in thermoplastic pronerty or decrease in
hdrcphthcty qf the _/illers did not show considerable elfects on their compatibility in
;o,itrcctiene niTtnx Hov'erer, duing biodegrudation tests, the present'e o.f oil palm empty
:ut::i;es pa.p :r:i cellulo-se acetate _fillers increased biodegradabilin, ef the plastic blends.
tswiegryiar:an -i'unng bunal teatment in w'aste disposal soil showed _fasrer tate compared to
that n laclo-re B.,'th medtwn contatnutg preudomonas agrogenosa bactt,ta. This may be due
to tinr mr.roJ.:inl(rr-( rr the vasrc dt-spovl sorl luve adapted to rherr bidegradation
:or.-i:I:on and p-- sse-s ntgher actftln than keir pure noroculum- On the t,rher hand, there was
;.-t ;.--r-c:;::r, -'-enargrsfrc btdegmdanon acnons betv'een vaious m:croorganisms in the
ir t_i.' j _:: _(rr-Qf . _(.-.;.

K3'- 11\--1i- ..ir Fim empt)'bunches. pulp. cellulose derivatives, plastic liller polypropylene,
co m patbilin'. biodeeradation

Introduction

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 ttre polymer matrix
(l, 7). On the ottrer 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
fie utilisation is as wood-based starch-

substitute fillers fbr biodegradable plastic
due to their cheapness, low in weight, and
large-scale availahility. However, pro-
blems are still associated to the wood-
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 : 24|- 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 therrnoplastic pro-
peny ()r decrease in hydrophilicity of the
cellulose derivatives. This may inturn
affect not only on increase in compatibility
but also decrease in biodegradability of
the blends. Degree of compatibility of the
plastic blends was measured using
mechanical strength tests, as has been re-
poned by Zatni et. al. (8,9). Biodegra-
dation property of the plastic materials
was studied using sirnilar technique

reponed by Nakashima and Matsuo (2), as

r.vell as by Timmins and Lerz (6) . i. e :

using soil burial tests and immersion in
lactose Broth media coilaining
p s e udrnno nas ae r 0 I e no sa .

Materials and Methods

Materials

Commercial polypropylene plastics
(Philips), cellulose 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,
rvhereas pseudorntums aero genosa 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 tillers and

tril palm empty bunches pulp (OPEBP)
\\'ere milled and powdered to particle size:
53 gm. Commercial polypropylene plastic
tergether rvith various tillers were
dissolved using rct'lux technique in xylene
tolltru':d bv inten..ive mixing tor 3 hours.
The xvlene stllvent u'as then evaporated at

room temperature and in vacuum at 40"C.

The dried plast rc blends \\'ere then

compression moulded Paul Weber) to
produce plastic tihn of 0.2 mm irt

thickness at 180"(' for 3 minutes without
pressure and with 100 kN load tor another

3 minutes. Test specirnens fbr mechanical

strength measurelnent were according to
ASTM D 638-72 Type IV, (width: 6 mm
and length: 64 mm). Samples tor
biodegradation tests were l0 mm x 30 mrn

in size.

Characterisation and biodegradation
tests

Tensile strength and elongation tests

of 3 specimen-s lr)r every plastic blend

samples were carried out using Tokyo
Testing Machine fype SC2DE. Biodegra-
dation tests were done by immersion
burying of 3 sterile specimen-s of every
plastic sample in lactose Broth nutrient/
waste disposal soil and tbllorving the

degradation rate trom weight decrease of
every specimen. Possible chemical struct-

ural changes werc 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 (mrn) t'f the plastic blend speci-
mens at various tvpe and concentration of
the plastic fillers were tabulated in Table
1. When cornpared to that of commercial
polypropylene, addition of oil palm empt)'
bunches pulp (OPEBP), cellulose acetat3
(CA), or celluloss diacetate (CDAI. re-

l rl'
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bunches tillers

sulted in elongation decrease as well as

homogeneity of the plastic samples. Type
of fillers did not show substantial elfects
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 eft'ectively 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 fbr this may be due to

Biodegradation tests of polypropylene
plastic blends

Samples of polypropylene blends
reach represented by 3 specimens, thick-
ness: 0.2 mm, width: 10 mm, and length:
i0 mmt containing 20% of various tillers:
OPEBP. CA. and CDA, were thoroughly
cleared u'ith distilled water and sterilised
n'ith ethanol 96%. and then dried and
reighed. The-se \,\'ere then buried in waste
dl\posal soil (trom domestic waste
dispG,al area. in Parrcur Batu, Medan), at
roqn Eqrenilure and humidity ranging
frm 25'-3IC ad -0-E0%. respectively.
Average s'eigfu :h:nges of the 3

the low solubilitv of the cellulose
derivatives (CA and CDA) in xylene,
which did not rnelt in the reflux
temperafure. Therefore, it is recommend-
ed that the blending should be carried out
at high temperature above melting points
of the fillers (-250"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% tiller
contents.

Table l. Tensile strength (MPa) and elongation (mm) of polvproprlcne blends containing
various concentration of fillers: oil palm empt). bunches pulp (OPEBP). cellulose

(CA)- and cellulose di CDacetate (CA)- and cellulose diacetate (CDA

' Filler
| ,ontrrrt,

Tensile suength (NIPa l* tion (mm)*
OPEBP. CA , CDA OPEBP CA CDA

0 ll , ll.0 I1,0 2.35 2.35 2,35
l0 13.7 ' 9.6 r0.3 2.21 1.85 2.42
20 l-i.0 | 8.7 7.0 r.73 1,23 r.66
30 ll.9 7.5 6,4 1,42 1.29 1.33,foito.0 l6,0 5.6 1,31 1,24 1.26

' PolproPllene blend spe,,'imens containing various concenlration of tillers: OPEBP: oil palm empty trunches pulp.
C-{. ;ellulose acetate. CDA: cellulose diacetate

I

fl

specimens during the biodegradation are
shown in Table 2.

Table2. Weight changes of polypropylene
blend specrmerls containing 20%
of fillers: OPEBP, CA. and CDA
during burial test using waste
disposal sor I

Notes: OPEBP: oil palm empty bunches pulp. CA:
cellulose acetatq, CDA: cellulose diacetate

t6l

Burial time
(days)

Werght ,rf specimens (g) containing
20% oflillers

OPEBP CD.A

0 0.124 0.089 0 089
15 0,1 0l 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
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Using similar procedure, biodegrada-
tion tests were further carried out in
lactose Brottr media containing pseudo'

monns aerogenosa in an incubator at

30"C, for every plastic silmple. The

weight change results were shown in
Table 3. The weight changes during soil

burial treaunent 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 20Yo

of fillers: OPEBP, CA, and CDA
during immersion in laktosa
Broth media containing Pseudo-
monas qeroSenosa

lmmersron
trme

Werght of specimens (g) containing 20ozo

of fillers

(days) OPEBP CA CDA

0 0,045 0,031 0.053

l) 0.045 0.031 0.053

30 o o44 0,031 0,053

45 0,044 0,031 0,052

60 0,043 0,031 0,052

Notes: OPEBP: oil palm empty bunches prlp, CA:
cellulose acetate, CDA: cellulose diacetate

From Tables 2 & 3, and Figures I &
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

samples during immenion tests in laaose

Brottr media conlaining pure pseudonnnas

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 ttreir pure innoculum.

There were also possible synergistic
actions between various microorganisms
(bacteria and fungD in the waste disposal

soil to promote faster biodegradation
process.

r lttL'BF

t' l7)AbI)
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Figrne l. Plot of u'eight changes agarnst
burial time of polyProPl'lene
blend films containing 20% of
various frllers during burial test

using rvaste disposal soil

I

0 ?-Lr ttl n0
Immersion time (daY)

Figure 2. Plot of weight changes against
burial time of polyProPYlene
blend filns containing 20% of
various fillers during immersion
in laktosa Broth media containing
p s eudomon qs qe r o geno s a

D.C6

br)

()

3 ir.ns
R.

.E0 il.04

r62

0.1{'

ri l2-

,.0,'

il116-

JD{.

---..----F.---__l
I! poNllr 
i

r(h 
i:i-j



r-

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

To investigate the effects of
biodegradation treatrnents upon possible

structural changes on plastic molecules,
ttre plastic sirmples 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 hidroryl (-OH) group at wave number:
3400 cfl-1, and also intensive absorption
of carbonyl ( > C : O) at wave number:
1700 cm-t. These data indicated ttre
occrurence of degradation of the
polypropylene plastic matrix during ttre

biodegradation treatnents, 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 diffi.rsion 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
treafinent when compared to that
containing cellulose diacetate (CDA).

When compared to those in lactose
Broth media containing pseud.omonas

aerogenosa, biodegradation of the plastic

blends by burial test in waste disposal soil
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. lnfrared spectra after 60 days
biodegradation using waste
disposal soil burial treatment of
polypropy'lcne blend films
containing 20% of fillers: (a)
OPEBP, (b) CA, and (c ) CDA

r63



Basuki Wirjoserdono, Purboyo Guritno, Darwin Ytrnus Na.srtion, end Ardy

References

l. LOOMIS. G. L., M. JIZBICKI, and A. FLAI{MINO.
1994. US Patent No. WO 9415020 M
940721. Application Data WO 94'VS22l
940106.

2. NAKASHIMA T., and M. MATSUO. 1996.
Development of high strength and high
modulus polyethylene-starch composite films
and biodegradation of tlre composite films. J'

Macromol. Sci. B.35 (3 -4):559 -679.

3. PARK, B. D., and J. L BALATINECZ. 1997.
Mechanical properties of wood
fibreltoughened isdarric pollgopy'eae
composites. Polym. Composites" lt (l) : 79

- 89.

4. SAIN, M. M., aad B. V. KOKTA 1994. Polpletu
wood filler composite I. Performance of m-
phenylene bismaleimide-modified wood fibre
in pollpropylene cmposite. J. Appt Polyn

r Sci. 54 (10): l5a5 - 59.

t&

5. SCHUT, J.IL Dn. Woo&filld thetmoplastics go

commercial, Plrst Wald- 55 (10): 12 - 15.

5. TMMINS, M., and R. W. LEXTIZ 1994. Enzymdic
biodegradation of polyrr rwiewed" Food,
Cosmetics & Drug Pack 9p.

7. VALDYA U. R., and M. BHATTACEARYA 1994.

US Patent No. US 5ffiAn A 94t29-
Application Dda US 9+207t!o 940308.

8. ZAINI, M. J., Z. ISMAII. M. Y. A FUAD, and J.

MUSTAFAII. 1994. .{pplicdion of oil palm
wood flour as filler in PP. Polym. J. (Jtp.).26
(5):637 - 642.

9. ZAINI, M. J., ly{. Y. A zuAI), Z. ISMAII. M. S.

MANSO& ud J. MUSTAFAE 1996. Effect
of filler cdcd and sizc on mchanical
Fopcilica of pdypopy'coc/dl palm wood
flu cqorfdi Potyn ltrl- 40 (l) : 5l - 55.

ooooo


