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ABSTRACT

EFFECT OF WEATHERING ON FUNCTIONAL GROUPAND MECHANICAL PROPERTIES
OF POLYPROPYLENE-KENAF COMPOSITES. The functional group and the mechanical properties of
unweathered and weathered polypropylen (PP)-kenaf composites have been analyzed by Forier-Transformed
Infrared Spectroscopy (FT-IR) and Universal Testing Machine. The composites have been prepared from
PP(60 %w) + kenaf (40 %w) and PP(60 %w) + kenaf (40 %w) + maleic anhydride grafted polypropylene(MAPP)
(1%w) by blending method using laboplastomill mixer at 175 °C for 8 minutes then the blend was pressed
by using hotpressat 175 °C, for 8 minuteswith pressure of 50 kgf. Weathering sampling periodsis 5.5 months.
Surface chemical analysis of PP-kenaf and PP-kenaf-MAPP composites using FT-IR showed that lignin
content decreased and surface oxidation (carbonyl content) increased during exposure. PP-kenaf and PP-
kenaf-M APP composites weathering result in reduced strength properties
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ABSTRAK

PENGARUH PENJEMURAN TERHADAP GUGUS FUNGSI DAN SIFAT MEKANIK
KOMPOSIT POLIPROPILEN-KENAF. Gugus fungsi dari polipropilen (PP), kenaf, komposit PP-kenaf
tanpadan dengan penjemuran tel ah dianalisis menggunakan Forier-Transfor med I nfrared Spectroscopy (FT-IR)
dan sifat mekanik diuji menggunakan Universal Testing Machine (UTM). Komposit dibuat dari PP(60%w) +
kenaf (40%w) dan PP(60%w) + kenaf (40%w) + Maleic anhydride polypropylene (MAPP) (1%w) ; dengan
cara mencampur menggunakan alat laboplastomill mixer pada suhu 175 °C selama 8 menit, kemudian hasil
pencampuran di pres menggunakan alat Hotpress padasuhu 175 °C, selama8 menit juga dengan tekanan 50 kgf .
Penjemuran cuplikan dilakukan selama5.5 bulan. Analisis kimiapermukaan pada komposit PP-K enaf dan PP-
kenaf-M A PP menggunakan FT-IRmemperlihatkan kadar lignin menurun dan kadar karbonil meningkat selama

pemaparan. Penjemuran komposit PP-Kenaf dan PP-kenaf-MAPP menurunkan kekuatan komposit.

Kata kunci : Penjemuran, Komposit polipropilen-kenaf, Maleic anhydride polypropylene

INTRODUCTION

Kenaf (Hibiscuc cannabinus L.) is an annual
plant, has been found to be an important source of fiber
compositesand other industrial applications. They have
applicationsintextiles, geotextiles, fiberboard, and pul p.
Thekenaf based fiber has high potential asareinforcing
fiber in thermoplastic composites because of its superior
toughness and high aspect ratio in comparison with
other fibers. A single fiber of kenaf can have atensile
strength and a modulus as high as 11.9 and 60.0 GPa
respectively. These properties can vary depending on
the source, age and separating techniques of the fiber.

The kenaf bast fiber is a composite made up
of crystalline, thermoset polymer matrix (lignin and

hemicelluloses). Chemical composition are cellulose
44-57%, lignin 15-19%, pentosan 22-23%, ash 6-8%.
Hemmicellulosesfrom kenaf contaisabackbone polymer
of D-xylopyranose with side chains of D-galactose and
L-arabinose. Lignin from kenaf containsavery high level
of syringly functionality. Thefunction of ligninin plants
is as encrusting agent in the cellulose’lhemmi cellulose
matrix. Itisoften referred to asthe plant cell wall adhesive.

Chemical modification of thefiber to makeit more
hydrophobic, which improvesits compatibility with non
polar thermoplastic has been studied by Rowell at. al.
Theresultsthat maleic anhydride grafted polypropylene
(MAPP) has been shown to function efficiently as a
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coupling agent for kenaf-PP systems. The combinati¢ite kenaf flour was dried for 24 h at 2G5The polymer
of covalent linkages and/or acid-base interactianatrix used in this study was polypropylene , (b6
between the MAPP and the -OH groups on the fibagright basis, Union Polymer J 101 XX) and maleated
surface results in good fiber surface-interface propertieghydride polypropylene (MARE6 weight basisioyo
Kenaf fibers are soft and non-abrasive and high fillingasegyo type M300 KS Japan) was used as compatibility
levels are possible; 60 %(w/w) of fiber has beeagent to improve the tensile properties of PP-kenaf
successfully incorporated in PP based composites. composites.

Biocomposites need to resist weathering when
used in outdoor applicationsAgents for natural Processing
weathering include moisture, temperature, radiation (UV)
and other forms of chemical interaction. Prolonged The composites have been prepared from
exposure of composites under these conditions will respib(60%w) + kenaf (40 %w) and PP(60%w) + kenaf
in degradation of material properties.variety of (40 %w) + MAPP (1 %w) ; byolending method using
mechanisms contributes to the degradation process, &Boplastomill mixer at 17& for 8 minutes at 40 rpm,
mismatch in the coefficients of thermal expansioihen the blend was pressed by using hotpress aCl175
between the fiber and the matrix, swelling anfhr 8 minutes with pressure of 50 kgf.
shrinkage during moisture absorption, effect of osmotic
pressure to propagate cracks along the fiber/matl:iaén
interface atc. Accelerated ageing has been used to
obtain results on weathering performance of wood  gpecimens were mounted into 100 kgf load cell of
thermoplastic composites. Universal Tensile MachineTensilon Orientec, type

Infrared (IR) spectroscopy is a chemical analytic@d CT-5T. Dumbell type used for specimen cutting is
technique, which measures the infrared intensifgo 527 type 5A. One load cell statically fixed with the
versus wavelength (wavenumber) of light. Infrareghnsjle machine frame and the second one fixed with the
light can be categorized as far infrared (4~400¢m moveable part of the machine. Specimens were strained
mid infrared (400~4,000ct) and near infrared gt displacement rate of 1 mm mirll specimens were
(4,000~14,000cm). Infrared spectroscopy detectgjeformed under controlled room condition at temperature
the vibration characteristics of chemical functionalf 23 + 1°C and humidity of 50 + 5 %.
groups in a sample. When an infrared light interacts Dumbell specimens to be used for weathered
with the matterchemical bonds will stretch, contractyng unweathered test. Samples for weathering tests

and bendAs a result, a chemical functional group tendgere exposed to weatheringleathering sampling
to adsorb infrared radiation in a specific Wavenumbﬁbriods is 5.5 month.
e

range regardless of the structure of the rest of t
molecule. For example, the C = O stretch of a carbonyl_ .
group appears at around 1700-tim variety of r|¥our|erTransformInfrared

molecules. Heppe, t.he correla'tion of the.band Fourier transform infrared (FIR) spectroscopy
wavenumber position with the chemical structure is usgf, 5 sed to identify functional groups present at the
to identify a functional groups in a sample. surface of the composite surface before and after
The objective of this study is to understangleathering. Samples analyzed include kenaf flours,
the effect of weathering on functional group and,mercial PPcommercial MAPPweathered and

mechanical properties at_the PP-kenaf co_mposites eathered PP-kenaf composites, weathered and
PP-kenaf-MAPP composites surface. Fourier transmrtﬁﬂweathered PP-kenaf-MAPP composites.

infrared (FFIR) spectroscopy was used to identify About 0.08 mm slices were cut from the weathered
funcUopaI groups present at the'surface qf théhd unweathered surface samples, then the sample
composites. Measurement of mechanical properties Wagsheq using liquid nitrogen and vacuum dried for
conducted by using tensile testeMonitoring of 54 hoyrs. Sample was mixed with KBr in a mortar and
mechanical properties including elastic modulus. Trﬁﬁessed into a transparent pelldthe FFIR spectra
results of this study will be used to futher research aWére recorded on a shimadzu-4300 spectrophotometer
development of kenaf-PP composite with improved the 4000-400 crirange. Spectrum were obtained ata
weathering performance. resolution of 4 crawith total of 10 scan for each sample
in absorbance mode.

EXPERIMENTAL METHOD Functional groups indices are commonly used
for comparative purposeshe FFIR lets characterize
the chemical structure by identifying the functional

The materials used in this study were kenaf fibegsoups presentin each sample, then we compared typical
Grade C (short fiber) form PT GAN Malang. The kendfands for the composites to the kenaf fiber bands. In
fibers were ground into 60 mesh particle sizes and thenler to assign the absorbance of samples in spectrum,

sile Testing

Materials
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wereffered to the published data. The determination of
functional group concentrations was thus limited to
carboxylic acid and aldehydes groups. Therefore there
is need to account for other carbonyl groups that are
present and kenaf degradation in weathered composites.
Thus, Carbonyl index (CI) and hydroxyl index (HI) were
calculated as the ratio of the peak area (absorption) at
1800 to 1680 cnr? and at 3500-3080 cm* [6] to apeak
area that ischosen asareference peak (least changed
during blending and weathering )

RESULTSAND DISCUSSION

Holia et al. have studied C class kenaf fiber as
filler of polypropylene composites[3-5]. For PP-kenaf
composites making, the blending temperature from 163
to 210°C is recommended. The thermal stability was
decrease as the filler loading increased. PP-kenaf
composites weathering result surfaces changesin color
(Figure1) and resulting in composites density reduction.

A series of FT-IR spectra for kenaf, PP, MAPP,
unweathered PP-kenaf and PP- kenaf- MAPP composites
wererecord inFigures2(a) to 2(e). Carbonyl Index ( Cl)
and Lignin Index (LI) of weathered and unweathered
PP-kenaf and PP-kenaf-M A PP compositesin comparison
with kenaf fibersare shown in Table 1, while Hydroxyl
Index (HI) and MoistureIndex (M) of its composites
are shown in Table 2. Ratio of the peak areas at 1735
and 1715t02916 cm* (A1735/A2916 and A1715/2916)
were used to determinethe Cl, ratio of the peak areas at
1595 and 1505 to 2916 cm* (A 1595/A 2916 and A 1505/
2916) for theLI , ratio of the peak areasat 3400 to 2916
cm? for the HI, and bands observed in 1640 cm™ are

The surfaces of
PP-kenaf composite

Figure 1. blending press

Table 1. Carbonyl index ( Cl) and lignin Index (LI) of weathered
and unweathered PP-kenaf and PP-kenaf MAPP composites in
comparison with kenaf fibers

Sample Cl LI

A1735/A2916 A1715/A2916 A1595/A2916 A1505/A2916
(C=0) (C=0) (lignin) (lignin)

PP/Kenaf
composite
weathered
PP-K enaf

MAPP
composite
weathered

PP-Kenaf
composite

unweathered

PP-Kenaf

MAPP
composite
unweathered
Kenaf flours

0.112 0.096 0 0.008

0.081 0.079 0.005 0.005

0.236 0 0.118 0.097

0.221 0 0.116 0.105

0.905 0 0.432 0.311

attributed to the OH bending mode of water and the
ratio peak areas at 1640 to 2916 cm'* can be used for an
index of theMI. Thispeak (2916 cm*) waschosen asa
reference peak because it changed the least during
blending and weathering.

The spectrum of kenaf flour is presented in
Figure 2 (a). The IR spectra contain the characteristic
bands of celluloses. In the range of stretching
vibrations of OH group thereis a broad band (between
3200-3600 cmt) with a maximum peak around
3400 cm* which is attributed to hydroxyl group
stretching vibrations. The band at around 2900 cm?is
also strong which is associated with C-H stretching
vibrations. A band at 1740 cmr isassociated withC=0O
stretching vibrationg[ 7], it isindicative carboxyl groups
in the xylan component of hemicellulose and aso to
chemical groups of lignin[8]. Bands at 1505 and at
1595 cn? that are indicative of lignin [9], [10] and
interpreted asguaiacyl-typelignins[11]. Peaksat around
1053 cn1? in a band regions (1003-1083 cm?) were
assigned to C-O groups (combination of cellulose,
hemicelluloseandlignin) [12, 13]. A bandin 1640cm?

Kenaf

1462 1379

1167 (b)

Polypropylene

2924

2930
2849

1780 1718

[}zgeo MAPP (C)

2839 e {} {} (d)

Unweathered PP/kenaf

i ()

Unweathered PP/kenaf/MAPP

T 11 T T
000 3500 3000 2500 2000 1500 1000

Figure 2. FT-IR spectra of (a). kenaf flour, (b). polypro-
pylene, (c). MAPP, (d). PP/kenaf and (e). PP-kenaf-
MAPP.
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Table 2. Hydroxyl Index (HI) , Moisture Index (MI) and
vinyl Index (VI) of weathered and unweathered PP-Kenaf and
PP-Kenaf-MAPP composites

HI Ml
Samplesname  A3400/A2916 A1645/A2916
(OH stretching) (H20 bending)
PP-Kenaf
composite 0.480 0.072
weathered
PP-Kenaf MAPP
composite 0.201 0.043
weathered
PP-Kenaf
composite 0.861 0.153
unweathered
PP-Kenaf MAPP
composite 0.768 0.131
unweathered
Kenaf flours 2.324 0.540

is attributed to the OH bending mode of water [14]. A
small shoulder peak at 899 cmisindicative of cellulose
-1, 4 linked xylopyranose back bone anomeric carbon
group frequency in cellulose and hemicellulose .

The FT-IR spectra of PP (Figure 2(b)) showed
four distinct absorbtion bands. The bandsat triplet peaks
around 2924 cm* are dueto symetrical and asymmetrical
C-H stretching vibrations of CH,and CH, in the
polyolefin chain, the absorbance bands from 1462 and
1379 cm* are from C-H deformation vibrations of CH,
and CH,, and the band at 1167 cm'™ are associated with
rocking vibrations of CH,, and CH,, or C = C stretching
vibrations from the polyolefin chain. The spectra of
MAPP(Figure 2(c)) showed more little difference
then thespectra of PP (Figure2(b)). Therearethesmall
band near 1780 cm is attributed to anhydride C=0
stretching. Bands found between 1720 and 1710 cm?
arisefrom C = O stretching vibrationsinthe MAPP[7].

FT-IR spectra PP-kenaf and PP-kenaf-MAPP
compositesin Figure 2 (d) and 2(e) confirmed thetypical
functional groups of kenaf and PP is still being in
the blending composites. Peaks at around 3400 cm?,
1595 cm?, 1505 cm® and 1053 cm'? are assigned to the
kenaf component and peaksaround at1462 cnrt and 1377
cm® are assigned to the PP component. Effect of
blending on functional group of PP-kenaf and PP-kenaf -
MAPP composites are decreasing of kenaf peaks at
around 1595, 1505, 1647, and 1740 cm* and showed
absorption bandsat peak 3400 cm'® decreased compared
to kenaf particles. It isIndicating that there were less
OH groups of the surface of samples. The curves in
Figure 2(d) and 2(e) show that there is nearly no
difference in the FT-IR spectra between PP-kenaf and
PP-kenaf-MAPP composites which means that MAPP
haslittle effect on chemistry composition of composites.

The results show that Cl at 1715 cm? increased
(Table 1) while HI at 3340 cm* decreased during
weathering (Table 2). Thedecreasein HI indicated that
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kenaf was|ost during weathering. According to the M
values (Table 2), it can be concluded that moisture
contents of PP-kenaf and PP-kenaf-M PP composites
arelower than the kenaf fibers.

The results show that CI increased while HlI
decreased upon extended exposure time in weathering.
The decreased in HI indicates that kenaf was lost upon
extended exposure time during weathering.

The PP-kenaf composites showed anincreased
intensity in peaks at 1462 and 1379 cn?, although not
clearly seenin Figure 2(d) and 2(e), whichisindicative
of the grafting reaction, suggesting more C-H character
in PP-kenaf samples[7].

The PP-kenaf-M APP composites (Figure 2 (€)), a
distinc change was found near 2900 cm'?, where alarge
band near 2960 and 2839 cm’, having distinc peaks
similar in appearanceto the mal eated polyol efin, replaces
the single peaks in the kenaf particle spectrum. This
feature is characteristic of the maleated polyolefin
(Figure 2(c)), and is due to C-H stretching vibrations.
Another indication of grafting of the maleated polyolefin
was an increased intensity in the band at around
1740 cm?, possibly due esterification reaction,
although not clearly seenin Figure 2 dueto stacking of
fivein onefigure.

FT-IR spectra of unweathered and weathered
PP-kenaf composites were recorded in Figures 3 and

[0}

= Weathered PP/kenaf

£

2

Q

2 Mm

Unweathered PP/kenaf composites
4000 sslw 301‘)0 25&0 2030 15‘00 10‘00 500

Wavenumber (Cm?)

Figure 3. FT-IR spectra of (a). unweathered and
(b). weathered PP-Kenaf composites

Weathered PP/kenaf/MAPP composites

Absorbance

Unweathered PP/kenaf/MAPP composites

4000 35‘00 3m‘w 251‘)0 10‘00 15‘00 10‘00 500
Wavenumber (Cm?)

Figure 4. FTIR spectra of (a). unweathered and
(b). weathered PP-Kenaf-MAPP composites
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Table 3. Tensile strength, break strain and modulus of Surface chemical analysis of PP-kenaf and
elasticity of weathered and unweathered PP-Kenaf /PP-kepp_kenaf-MAPP composites using Forier transform
MAPP i . Lo

composites infrared showed that lignin content decreased and

Tensile o o strain  Modulus of surface oxidation (carbonyl content) increased during
Sample strength o elasticity exposure. There is significant difference in weathering
(%)
(MPa) (MPa)

performance between PP-kenaf and PP-kenaf-MAPP

PPE(P - 30.7+1.2 42 791£19 composites, exspecially the decreasing of the tensile and
Compﬁgﬁ‘e modulus elasticity properties.
weathered 8906 3.7:0.3 51502623
PP-Kenaf MAPP ACKNOWLEDGEMENTS
composite
weathered 9-1£1.3 26202 658.9284.4 This work was financed by the research

PP-Kenaf programme of the Research Centre for Physics
composite 13.0+4.2 15+04 1996.0+518 Indonesian Institute of SciencedVe are gratefully

unweathered acknowledged for financial support
PP-Kenaf MAPP 9 pport.

composite
unweathered 14914 1.0 +0.3 2108.0 £346 REFERENCES
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