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PERANAN PEMEKACAHAYA FeCIs PADA FOTODEGRADASI
PLASTIK POLIPROPILENA DENGAN PENGISI TURLINAN SELULOSA

DAN PULP TANDAN KOSONG SAWIT

Purboyo Guritno. Basuki Wirjosentono. Zul Alfian1. dan Ratu Er ina Dibyantiniz

ABS'I'RAK

Linhah balrutt plastili dalant alam nnntgliut dapat ttt'clegradast ltuliun honya seceftt
biologis oleh penganth milo'oba, tetapi juga disehahlian rileh sinar ulnttyiolet dalam cahwa
nntahai. Laju fotulegrudasi balnn plastilc dapat dipercepal dengan penanhahan balrun
penrcliacaha),a vanq dapat terurai ntenjadi senyava radikal penictt degrada.si hilu lcrpapar
radia,ri uhraviolet. Dalammalcalah ini diselidilii pcranan penreliacahaya Fe('ll terlndap.sifat
nrclianis dan peilalat Jbtrxlegt'aclasi cantput'cut plct.slili polipropilena dertgrttt pengi,si: pulp
lattdan liosortgsau'it (l>[KS),.selulosa asetnt (5,4), dan selulosct diasetut ,.SI't.41. Si/itt mekanis
ccttttputan pla.stili terlilmt lebih clipenganli oleh kanclungan set'httli petryisi, dengan
kentulurart ya,ry nrctnmm bila liaclar pengisi nteningkat, sedarrylian paturttbulnn l'eCl j
clettgart kadar 0 2 ok ticlctlc berdantpdi pada pen.thuhan sifat ntekant.\ ('ontpuran pla.stili.
Kenailian kadar penteliacahalta [ieCl3 secafa linear memperc'epat laju fotulegruclasi, sedang-
kan jeris halnn pengi.ri ficlali ntentpenganthi jalannya fotodegrudasi .secarn nyata. Pada
talrup aval .fotoclegrada.si pemel;ac'ahalta FeCll diduga nrenverap radiasi ulhaviolet dan
tenttni nrettglrusilkan tadikul Cl. vang sekutiutnya nwnpu menicu [bttxlegr.aclasi cantpuran
plastik. flasil akhit'fotodegradasi adalah peubenmlran gugus hidroksidrt clcrn liarbrnil pada
nrolelntl plu:;tik, vang akan nrcningkatkan sifat ltidrofilisita.s campti'crrt 1tl51.s1il; tersebul, yang
h e ra flt n t e n t pe rb e s a r lcent t r d al Mn unl u k terh iodegrada s i da lct u a l an t .

K:rta kum:i: tandart kosong strwit, pulp, rurunan selukrsa. pengisi plastik, polipropilena, pemekaca-
hava. tutodesradasi
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PE)iDAHULUAN

Lrmbah padat hasil pertanian sebagai
r@her =lulosa- rnisalnva lirnbah padat
LcrFo sr'nrl d.apat drgunalian sebagai
h pqrsr plasut tudrokarbon. seperti
putpoFkta- \ffina murah harganya-
rqzrl. dn tsrsedra d"lam Jumlah )'ang
hesr \as g dt d:' (6) telah melaporkan
p*ar frror pla,r\ ]-ag mudah terde-

-lrrdrsr ncrgmet:n 13limk lkatan silang
r-2 EE t€fag s_aeu dengan plastik
pubculer h.lrTG rdah ([,ory den-

-rq polrpoplcn LLDPEi -{lia rerapi
t'oq*U b*i p€trglsr nnrnan kar-
tlof*r r d drlar plet polipqilena

lunq f-Gr F\trP-l. t-St- \I€l'i.FT\GP{ I\].\T}D- YGdlE

sangat rendah- sehubnngan dengan sifat
kepolararurya );ang berbeda. Pada rnakalah
terdahulu. senya\\ a turunan selulosa se-
perti: selulosa asctat (SA) dan selulosa
cliasetat (SDA) sena pulp tandan kosong
sawit, telah berhasil digunakan sebagai
pengisi plastik polipropilena (9) Telah
ptrla dilaporkan olch Da1, s1. al. (l), dan
Hehn1, (3). bahu,a adanya bahan pengisi
dalarn matriks plastik dapat mempengaruhi
perilaku fotodegradasi bahan tersebut.

Kemungkinan ter.jadinl,a degradasi
bahan plastik dalam alarn bukan hanya di-
sebabkan oleh keria biologis mikroba, teta-
pi juga oleh pengaruh sinar ultraviolet
dalam caha].a natahari Proses biodegrada-
si mungkin lebih dorninan bilamana limbah
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plastik terkubur dalam tanah, sedangkan

bilamana limbah plastik tersebut berada di
atas permukaan maka proses fotodegradasi

akan lebih mungkin terjadi. Radiasi ultra-
violet (LI\D dalam cahaya matahari yang
dapat memicu fotodegradasi bahan plastik
berada pada kisaran panjang gelombang

290 - 400 nrn, yarLg intensitasnya sekitar 4

- 6 % dari total radiasi global. Radiasi UV
ini mampu menginduksi proses fotokimia
yang rnenghasilkan radikal bebas (R.) yang

reaktif. Dengan adanya oksigen dalam

udara, radikal bebas ini, selanjutnya ber-
ubah menjadi radikal peroksida yalrrg dapat

mengoksidasi molekul plastik membentuk
gugus hidroksida dan karbonil (2,8). Foto-

degradasi plastik polipropilena dapat diper-
ceppt bila ditambahkan bahan pemekacaha-
ya y{Lg dapat membentuk radikal pemicu
degradasi bila menyerap radiasi (7).

Pada makalah ini dilaporkan pengaruh

pemekacahaya FeClr terhadap sifat me-

kanis dan perilaku fotodegradasi campuran
plastik polipropilena dengan pengisi: pulp

tandan kosong sawit (PTKS), selulosa
asetat (SA), dan selulosa diasetat (SDA).
Selanjutnya, kemungkinan terjadinya per-

ubahan struktur kimia campuran plastik
juga diselidiki untuk meramalkan sifat bio-
degradasinya dalam alam.

BAHAN DAN METODE

Penelitian ini dilakukan pada labora-

torium di Jurusan Kimia FMIPA USU, dan
Pusat Penelitian Kelapa Sawit, Medan pada

periode tahun L997 - 1998.

Penyediaan campuran plastih polipro-
pilena

Sarnpel campuran plastik polipro-
pilena disiapkan menggultakan bahan pe-

ngisi: pulp tandan kosong sawit (PTKS),

selulosa asetat (SA), dan selulosa diasetat
(SDA), dengan konsenffasi optimun 20 %o

seperti yang telah dilaporkan terdahulu (9).

Masing-masing campuran plastik ditam-
bah pemekacahaya FeCl: pada berbagai
konsentrasi 0 - 2 %. Campuran diaduk se-

cara intensif dalam refluks dengan pelarut
xilena selama 3 jam. Pelarut xilena kemu-

dian diuapkan pada suhu kamar dan dalam

vakum pada suhu 40 "C. Film sampel de-

ngan tebal 0,2 mm disiapkan dengan cara

cetak tekan (Paul Weber) pada suhu 180 "C

selama masing-masing 3 menit tanpa dan

dengan tekanan 100 kN. Spesimen untuk
uji tarik disiapkan menurut ASTM D 638-

72, dan un$k uji fotodegradasi berukuran
l0 x 30 mm'.

Uji fotodegradasi

Uji fotodegradasi flrlm camPuran
plastik dilakulian menggunalian gabungan

sumber radiasi ultraviolet dari I lanpu UV
Philips 20W, i, = 390 nm dan cahaya

tampak dari 2lampu TL Philips 20W, l" :
470 - 540 nm. Penvinaran dilaliukan terus-
menems di dalam kabinet kayu ukuran 60

x 35 x 25 cffi', yang dinding bagian

dalamnya dilapisi foil aluminium. Sampcl
film diletakkarr pada permukaan dinding
dasar kabinet dengan iarak 30 cm dari

sumber radiasi. Lalu fotodegradasi diamati
dengan mengukur rvaktu getas sampel film,
yang selanjutnya dikonfirmasikan dengan

pengarnatan mikroskopi elektron payaran
(SEM) dan spektroskopi FTIR.

HASIL DAN PEMBAHASAN

Sifat mehanis darn homogenitas campur-
an plastili

Sampel campuran plastik polipro-
pilena yang mengandung pemekacahaya



Peanan pemekacahaya FeCl3 pada fotodegradasi plastik polipropilena dengan pengisi turunan selulosa dan

pulp tandan kosong sawit

Tabel l. Kekuatan tarik (MPa) dan kemuluran (mm) dari spesimen campuran plastik poli-
propilena (ASTM D 638-72) yattg mengandang 20 o/o pengisi dan pemekacahaya
FeCl: (0-2%

Kenrrrluran (mm)*

'Spesimen campuran plastik polipropilena mengandung20 Yo pengisi: PTKS: pulp tandarr kosong sawit, SA: selulosa
Ls.tat. SD.{: selulosa diaselat

Fdl3 diuji srfat mekanisnya untuk diban-
dingkan dengan campuran plastik tanpa
pemekacah ay a. D ata y arLg diperoleh (Tabel
l) memperlihatkan bahwa kandungan pe-

Kenl-ataan tersebut di atas mungkin
disebabkan oleh trdali adanva rnteraksi kr-
mia mlupr.ur tisrka ]-ang berarn ]'ang
menghubungkan antara pemekacaha)'a de-
ngm bah^m pengtsl .lan matrils polipro-
prleaa FeCl-. ) ang mula-mula drlanrtlian
dal35 au' dan selan;utn1-a fisampurkan
dengan serbul pengrsi- rtelah dikeringkan
akan terdisnbu-si pada fase pennukaan
serbuf Selanjutnr a. ndak adanl-a gugus
nonpolar pada molekul FeCl3 menye-
babkan interaksinva dengan matriks poli-
propilena tidak terj adi.

Peranan pemekacahaya FeCls terhadap
fotodegradasi campuran plastik

Laju fotodegradasi frlm campuran
plastik polipropilena yang mengandung
FeClr Q - 2 o/o) diamati dengan mengukur
rvaktu getas sampel film, yaitu waktu pe-
nlinaran 5ampai sampel retak bila dilipat
180'. Tabel 2 memperlihatkan bahwa de-
ngan u;i penrinaran kenaikan kadar pe-
mekacahala FeCl3 sebanding dengan per-

mekacahaya sampai 2 % tidak mem-
pengamhi kekuatan tarik maupun kemulur-
an campuran plastik secara nyata.

cepatan laju fotodegradasi untuk semua
sampel film. Hal rni mungkin disebabkan
oleh pembentukan radikal Cl. Bila FeCl:
men]'erap radiasr ultraviolet menurut reaksi

FeCl: a hr' )FeCl: + Cl.

Selanjutnva radikal Cl. tersebut akan
bereaksi dengan molekul plastik dan
membentuk radikal makro P. yang meru-
pakan pemicu reaksi fotodegradasi. Dalam
hal ini tidak terlihat indikasi interaksi
antara FeCl3 dengan molekul bahan pengisi
selama proses fotodegradasi. Reaksi foto-
kimia di atas tidak dipengaruhi oleh adanya
berbagai jenis bahan pengisi, sehingga
pada Tabel 2 tidak terlihat pengaruh ber-
bagai jenis pengisr terhadap laju fotode-
gradasi sampel plastik. Hasil akhir fotode-
gradasi adalah senyawa hidroksida dan
karbonil, serta penrbahan struktur molekul
lainnya seperti: pemutusan rantai maupun
pembentukan ikatan silang, yffiLg menye-
babkan sampel plastik menjadi getas dan
retak. Foto SEM film campwan plastik

205

SA

Kekuatan Tarik (MPa)*



I

Purbolo Guntno. Basuki Wirjosentono. Zul Alfian, dan Ratu Evina I)ibyantrni

i
I'

setelah fotodegradasi, Gambar la lc,
memperlihatkan perubahan morfologis dan
pembentr-rkan retakan pada permukaan
sarnpel sebagai akibat perubahan sifat
mekanis tersebut.

Gambar l. Fotograf SEM setelah perlakuan
fotodegradasi film campuran plas-
tik polipropilena yang mengan-
dung: (a) Tanpa aditif (Pemban-
ding) (b) 20 % PTKS, (c ) 20 %
PTKS +2oh FeCl.

Tabel 2. Waktu getas selama perlakuan
fotodegradasi fihn campuran plas-
tik polipropilena yang mengan-
dung 20 o/o bahan pengisi: PTKS,
SA, dan SDA. serta berbagai kadar
pernekacahaya FeCl:

*Spesimen campuran p I a:ti k pol i prop i lena men gandun g

20 % pengisi: PTKS pulp tarrdan kosong sawit. SA:
selulosa asetal SDA selulosa diasetat

Dalam hal lain. selama pengolahan
oleh pengaruh panas dan gesekan bahan
plastik dapat mengalami degradasi termal
yang diawali oleh pembentukan radikal be-
bas. Bila pengolahan dilakukan di bawah
atrnosfer udara, oksigen akan terlibat da-
lam proses degradasi menghasilkan senya-
wa teroksidasi (4). Dilaporkan bahwa se-

nyawa teroksidasi yang rnengandung gugus
hidroksida atau karbonil rnampu berperan
sebagai pemekacahaya pada proses foto-
degradasi selanjutnya (5). Perubahan struk-
tur molekul plastik tersebut selama foto-
degradasi dapat diarnati dari spektra FTIR
pada Gambar 2a-c. Ketiga spektra FTIR
tersebut mernperlilratkan munculnya pun-
cak serapan gugus hidroksida pada bilang-
an gelombang 3400 c,n-' dan serapan
gugus karbonil pacla 1700 cn'r-'. Terben-
tuknya glrgus hidroksida dan karbonil pada

rantai rnolekul plastik sebagai akibat foto-
degradasi ini akan meningkatkan sifat hi-
drofilisitasnya. Karena itu dapat diharap-
kan bahwa campuran plastik polipropilena
dengan pengisi turunan selulosa dan pulp
tandan kosong sawit, yang telah terfoto-
degradasi oleh bantuan FeClr, akan lebih
mudah terbiodegradasi dalam alam.

No FeCh
(%\

Waktu Getas (Jarn)*

PTKS SA SDA

0 960 888 936

2 0,1 840 720 768

J 0,25 672 624 648

4 0.5 504 600 624

5 1,0 495 521 504

6 2,0 480 .165 492



I

Fcrmn pcnekrcalraya FeCl. pada fotodegradasi plastik polipropilena dengan pengisi turupan selulosa dan
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Gambar ?. Spektra FTIR setelah perlakuan
fotodegradasi dari film campuran
plastik polipropilena yang me-
rgandung : (a) 20 % PTKS + 2 Yo

Fdl_r- (b) 20 % SA + 2 yo FeCl3,
(c) 20 % SDA + 2 o/o FeCl3

KESIMPULAN

Campuran plastik polipropilena de-
ngan bahan pengisi pulp tandan kosong
sawit (PTKS), selulosa asetat (SA), dan
selulosa diasetat (SDA) kompatibel pada
kadar bahan pengisi mencapai 20 %.

Penambahan balran pengisi menurun
kemuluran, sedangkan kadar FeCh tidak
memperlihatkan pengarulr yang nyata ter-
hadap sifat mekanis canrpuran plastik.

Kenaikan kadar pernekacahaya FeC13

secara linear mernpercepat laju fotodegra-
dasi, sedangkan jenis bahan pengisi tidak
mempengaruhi jalannya fotodegradasi

'"'oJi3lJJ,ilf 
sugL,s tridroksidu'oun

karbonil selama fotodegladasi dapat me-
ningkatkan sifat lridrofilisitas campuran
plastik, sehingga dilrarapkan akan lebih
mudah terbiode_eradasi dalam alam.
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The role of FeClr as photosensitiser on photodegradation of polypropylene

containing cellulose derivative and oil palm empty bunches fillers

Purboyo Glritno, Basuki Wirjose,ntono ,ZrrlAlfimr, md Ratu Evina Dibyantini2

,lfuA
Plastic wastes in ndure nay be lesrdd not oily biolagi@Uy hc to mioooTorism

actiotrs but alrc becaase af ultraviolet tffiian in suliglt- Rde {the photdqfuion mt
be accelerded by addifr@r of a photawtsitiser, which nay decantpse to Prdr.ce dqm'
dation-initiating mdical when exposed to the rdiation Thercforc, rte rcle of phaosansitiser

FeCh on 
^rri*ical 

prope r of pofuropylme_blqds-

containingvaiousfilirs: oi ellulose acetate (cA) and

cellulose-diacetate (CDA) had been iwestigated. The mechanical properties 'were more

alfected by the fiiler contents, u,ith decrea.te in elongation when the fller contents were

iicreased, wherias addition of photosensitiser FeCIt up to 2 % did not 'shov' any fficts ory tlt
mechanical propertier. Incriaie in the photosensitiser conc'entration linearly increased the

rate of photdegructation, u,ltet.eas type oJ'/illers clid notshotv considerable el!'ec't on the extent

of phlioa"gradZtion. In the initial stip, the v'as os.tttttted to a let

rucliation and clecontposed to prochrce CI. then initiated pho of
tlte pla.sfic blencls. F:inal stagis of the phrt were fornmfion nd'

carborryrl groups onto the p[astic- ntolecules. Tltis tlrcn nny tmProve hydroplwlicity of the

plastic btinds and hence increasing their ability to undergo biodegradation in nature.

Keywords: oil palm empty bunchos, pulp, cellulose derivatives, plastic fillea polypropylene,

photosensitiser, photodegradation

tDcprtncr ofCbcmistry, Facuhy of Sciences USU, Medan

t{ranc6 ofChcmirlry, Faarhy of Science Education UNIMED, Medan
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Tb rd. of F4' rr Ftfl/gn.irs.r on phcrodegradation of polypropylene containing cel lulose clc'rivative and oil palm
empt)'bunches tillers
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Irrroduction

-fgxlttral solid wastes as raw
rtrd fc ccllulose, e.g. oil palm solid
EirGL c-r be used as frllers for hydro-
crtc plastics- like polypropylene, since
tbr hm n-eight. lou' price, and availabil-

4 rn lage scale. Nawang et. al. (6) have

rEpaed poduction of degradable plastic
films using crosslinking technique between
sago starch and linear low densrty poly-

$tene (LLDPE). However, compatibility
of, the carbohydrate derivative fillers in
pohpropvlene mafrix is very low, because

of differences in their polarity. In the
previous paper. cellulose derivatives like:
cellulose acetate (CA) and cellulose di-
acet,ate (CDA), and oil pahn empty bunch-
es pulp (OPEBP), have been used as fillers
for polypropylene plastic (9). It has also
been reported by Day et. al. (l), and Helmy
(3), that the presence of fillers in plastic
matrix may affect photodegradation behav-
iou of the materials. Possibility of degra-
dation of plastic materials in nature is not
onll' due to biodegradation action by mi-
croorganisms, but also because of ultra-
violet radiation in sunlight. The biodegra-
dation process may be more dominant
when the plastic material is buried under-
ground, whereas if the plastic wastes
present on the surface photodegradation
action is more possible to occur. Ultra-
violet (tIV) radiation in sunlight initiating
photodegradation of plastic materials po-
ssesses wavelength range: 290 - 400 nm,
with intensrty around 4 - 6 % of total
global radiation. The radiation is able to
induce photochemical reaction to form free
radicals (R.). In the presence of oxygen
from the atmosphere. the free radical may
produce reactive peroxy radical. Which
then oxidising plastic molecules to produce
hy''drox1'l and carbonyl groups (2,8). Photo-

degradation of the hvdrocarbon plastics can
be accelerated by addition of photo-
sensitiser which fturction to fonn degra-
dation-initiating radical when exposed to
UV radiation (7).

In this work. the role of photo-
sensitiser FeCl3 on rnechanical properties
and photodegradatron behaviour of poly-
propl,lene blends containing fillers: oil
palm empty bunches pulp (OPEBP), cellul-
ose acetate (CA). and cellulose diacetate
(CDA) was investigated. Moreover, possi-
bilities of occurrence of chemical structure
changes of the blends \,vere also studied to
predict their biodegradation behaviour after
experienced photodcgradation.

Materials and Methods

This rvork rvas carried out in labor-
atories of the Department of Chemist )',
Faculty of Sciences. Universiqv of North
Sumatera- and of the Indonesian Oil Palm
Research lnstitute in Medan- in the periods
of 1.997 - 1998.

Preparation of polypropylene plastic
blends

Samples of polypropylene blends
were prepared using fillers: oil palm empty
bunches pulp (OPEBP). cellulose acetate
(CA), and cellulose diacetate (CDA) at op-
timum concentration 20 % as has been
reported in the previous paper (9). Each
sample was added by various concentrat-
ions of 0 - 2 o/o FeClt as photosensitiser.
The mixtures werc intensively mixed in
reflux using xylenc solvent for 3 hours.
The solvent rvas then evaporated at room
temperature and in vacuum at 40oC. Sam-
ple fihns 0.2 mrn rn thickness lvere pre-
pared by compression moulded (Paul

Weber) at 180"C for 3 minutes without and

2W
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another 3 ininutes \,vith 100 kN pressure.

Test specimens for mechanical properties
were according to ASTM D 638-72, and l0
x 30 mm' in size for photodegradation
tests.

Photodegradation test

Photodegradation tests for the plastic
blends were carried out using combination
of one UV radiation (UV Philips 20W. l" :
39() nm) and tw'o r isible lights (TL Philips
2()W. i- : 470 - -5+0 nm). Irradiation rvas

done continuouslv m a r,vooden cabinet 60
x 35 x 25 cmt in size- u'hose interior u'as
laminated u'ith aluminium foil. The film
samples \\'ere laid on the floor of the
cabinet 30 cm normal to the lightsource
installed on the ceiling. Rate of the
photodegradation \\'as follorved b1' mea-
surement of embritlement time. and con-
firmed br FTIR spectroscopl-.

Results lnd discussions

Mechanicrl pro;lerties and homogenity
of plastic blcnds

Sanrples of pol-v"propylene blends
containing various concentration of FeClr
as photosensitiser were tested for their
mechanical properties and compared to that
of rvithout photosensitiser. The data found

*Polrpropr'lcnc blentl specimens containing 20 o/o ol
acetate. CD.\: ccllul osc diacetate

were tabulated in Table l, indicating that
photosensitiser concentration upto 2 % did
not aff'ect on thc tcnsile strength or elong-
atron of the blends This may be due to that
there was no considerable chemical or
phl'sical interactrons between the photo-
sensitiser and thc polvpropylene matrix.
The FeCl3 previouslv dissolved in water
and then rnixed rvith the filler powder, after
drf ing will be distributed onto the filler
surface. Furthemrore- due to the absence of
nonpolar group on the photosensitiser
molecule resulted the lack of strong inter-
action with the poll'propvlene matrix.

The role of photosensitiser FeClr on the
photodegradation of plastic hlends

Rate of photodeeradation of the plast-
ic films contairtirrg o - 2 "/u of FeCl3 rr'as

measured fronr ernbntlement time of the
films- i.e. time of rrradiation until the films
embritle u'hen bcnded to llf 0". Table 2

shou'ed that during irradiation. increased in
the concentration ol' FeCl: also linearlr'
increased rate ol' the photodegradation for
e\ren sarrrple. Thrs may be due to forrnat-
ron of Cl. radicals rvhen FeClr nrolecules
absorb W radiation according to the
follorving reactiorr

FeCl, + hv )FeCl,+Cl.

tillers: OPEBP: oil pahn empty lrunclres pulp, CA: cellulose

210

l'able l.Tensile strength (MPa) and elongation (mm) of polypropy'lerre blend spccinrcns
ASTM D 638-72) containrn 2(l % of fillers and photosensitiser FeCl: (0 - 2 o/,,\

No FeClr 'fcnsile strength (MPa)* t lorrrlalion (rnnr)*

OPEBP CA CD.4. OPEBP C\ CI),\
I 000 l5 0 87 1(l 073 ./. -) 2.12
) 0l0 t47 82 77 0.63 l5 2J6
-t 025 t47 99 62 072 I l(.) 2 3tr

0 _50 l-t 4 1r2 50 064 00 l.ro
137 119 68 0.67 ll0 236
t44 78 67 069 tt2 235



Therole of FeCl. as photosersitrs.r.'rr phrrodcgrd&tron Lrl polrpropvlen!'containurg e cllulose derivative and oil palm
emplr hunelres tillers

Table 2. Embritlement trme during photo-
degradatron of poltpropylene
plastic blend films containing 20
9o of 6llers: OPEBP, CA, and
CDA. in the Fesence of various
ooffiatron of photosensitiser
FeCT'

7

i
t
)

I

' = Folypropylene blend specimens containing 20 %
of fillers: OPEBP: oil pahn ernpty bunches pulp. CA:
cellulose acetate. CDA: cellulose diacetate

. Furtherrnore the Cl. radicals reacted
s'ith poll'propylene plastic molecules to
form photodegradation-initiating rnacro-
radical R. On the other hand, there lvas no
eridence of interaction between the FeCl:
uith the f-rller materials during photo-
degradation process. In other lvords that
the above photochernical reaction rvas not
affectcd by' the presence of various fillers.
and frcnce Table 2 did not shorv any' effect
of t'rpe filler in the rate of photodegra-
dation. Final products o[ the photodegra-
dation \\'erc hydroxr'l and carbonyl com-
potrnds. as rvell as other molecular stnrct-
urc clrangcs suclr as: chain scission and
crosslirrking lbrrnation- u'hich rcsulted in
lbrnration of crnbritlcment and cracks on
the plastic sanrplcs. SEM photograph of
plastic blcnds [ilnrs after photodegradation
(Figurcs la - lc). shorvcd morphological
changes and forruation of cracks on the
surlace ol'thc sanrples due to changes of
mechanica I properties.

Figure l. SEM photographs after photode-
gradatron of poly,propylene blend
filnrs containing: (a) Without
additivc (Control), (b) 20 %
OPEBP. (c) 20 '% OPEBP + 2 o

FeClr

It has been rcported that during pro-
cessing due to the cffects of heat and shear
plastic rnaterials nrav degrade thennallv.
initiated also br' lree radical fonnation.
When the processing is carried out under
air atntosphere. ox\ gell may invoh'e in the
dcgradation process producillg oxvgenated

\: FcaL I cmbntlement time

I \ i cpeep CA CDA
: I 0{n ./6 888 936

nl uo 720 768

D:i 672 624 648

;4 050 50.1 600 624

100 .t95 521 504

6 I0t') 480 465 492
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(4). The last compounds containing hydro-
,ryl and carbonyl groups may also function
as photosensitiser for further photodegra-
dation of the plastic materials (5). Molecul-
ar strrcture changes of the plastic blends
during photodegradation can be observed
from FTIR spectra in Figures 2a - Zc.The
three FTIR spectra clearly showed absorp-
tion of hydroxyl ,group (-OH) at wave
number: 3400 cm-' and of carbonyl goup
(>C:O) at 1700 cn'. Formation of these
polar groups on the plastic molecules
during the photodegradation my improve
their hydrophilicrty. Therefore, it is expect-
ed that polypropylene plastic blends con-
taining cellulose derivatives and oil palm
empty bunches pulp fillers after photo-
degradation in the presence of FeClr as

photosensitiser, will be more biodegradable
m nature.

Conclusions

Pollpropylene plastic blends contain-
ing fillers: oil palm empty bunches pulp
(OPEBP), cellulose acetate (CA), md
cellulose diacetate (CDA) in the prresence

of FeClg upto 2 o/o were compatible upto
frller content: 20 %.

Addition of fillers decreased elongat-
ion of the plastic blends, whereas FeCh
content up to 2 % did not show substantial
effect on the mechanical properties.

Increased in FeCl3 concentration as

photosensitiser, linearly accelerated the
rate of photodegradation, whereas tlpe of
fillers did not affected the extent of the
photodegradation.

Q' Ftt -- .::. .-. F l.L

Figwe 2. FTIR spectra after photodegra-
dation of polypropylene blend
films containing (a) 20 % OPEBP
+2Yo FeCl3, G) 20 %CA+2Yo
FeCl3, (c) 20 % CDA+ z%o FeCl3

l
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f



rF -l

fbtdc ofFGCb rs Fhd.osensitiser on photodegradation of polypropylene containing cellulose derivative and oil palrn
empty bunches fillers

References

l- DAY. [d- f. D. COONEy and M. MACKINNEN.
1995. Degradadon of contaminated plastics.
potyn- Deg. & Stability, 48.341.

Z GIISXAI, P. and J. SAMPERS. 1997. The influence
of orygen pressure and temperafure on the
uvdegraddion of polyahylene. polym. Deg.
& Srebitity, 58. 55.

3- HELMY, S. A 1993. The study on alkaline
&gradaian of cellulose: part iI. Effbcr of rhe
spernolecriler structrle of prlp. polyrn
Deg & Srebiliw.39, 159.

{- KELL

5- I.EE M.- T- COSTAS aod C. PARK. 1998. Exrrus_
ion of PB?S blends with zupercrititnl carbon
dioxide. J. polym. Eng. & Sci, :S, t t tZ.

6. NAWANG, R. F. D. DANJATI, H. ISMAIL. U. S.

7. RANBY, B. 1998. photochemical moditication of
polyrners photocrosslinking, surfhce photo_
grafting and lamination. J. polym. Eng. &
Sci.38. 1229.

8. ROBELLO. M. S and J. R. WI{ITE. 1997. The role
of phvsical structure and morphology in the
photodegradation behaviour of potypropyl_
ene. polym. Deg. & Srabilit\,. 56.55.

9. WIRIOSENTO\_O. ts.. P. GURITNO. D.Y. NASU-
TION. dan .\RNETT\-. 1998. Kompatibilitas
dan biodegracfrrs i plastik polipropilena clengan
pengisi tunrnan selulosa dan pulp tanclan
kosong sau,rl. Jurnal penelitian Kelapa Sawit.
6(2): 153 _ 164.

I

t;
1iI'


