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ABSTRACT

This paper discusses an experimental investigatibriensile
strength and impact properties of polymeric foan®E=BB fiber
sandwich panels composite with various directidngadm empty
fruit bunches fiber, vacuum pressure, and foankttgss. In this
study, the manufacture of specimens with differdiiter
directions will then be tested and analyzed foregicection of
fiber. The results of the analysis of compositecBpens in the
study were evaluated and compared with each oftmer purpose
of this study was to obtain impact energy and terstrength of
composite plates. In the manufacture of sandwicmepa
specimens carried out by varying the pump presstoam
thickness, and the direction of the preparatiorthef fiber and
carried out by the vacuum method. From the testlt®sit was
found that the highest tensile strength was compagecimens
with vertical fiber direction is specimens with der vertical
panels of fiber direction, vacuum pressure 6 cm &yl foam
thickness is 1.5 mm with tensile strength is 22/, while
the highest impact energy is the specimen withicartfiber
direction is the specimen with the fiber directioh the three
vertical panels, the vacuum pressure is 6 cm Hgl famam
thickness of 1.5 mm with an impact price of 0.16wd. From
this study it can be concluded that the fiber dioecis 53%
higher than the direction of the combined fibergtigally,
horizontally, and vertically in absorbing impactdts, also 83%
higher than the vertical, 45and horizontal combined fibers in
absorbing impact loads It also has a tensile sther§ 10%

higher than the vertical, horizontal and verticambined fiber
direction, also has a tensile strength of 15% highan the
vertical, 48 and horizontal combined fiber direction.

KEY WORDS: polymeric foams, OPEFB fiber, sandwich panels
composite, tensile strength, impact energy.

1.0 INTRODUCTION

Riau is a province with the largest oil palm pldiota in

Indonesia with an area of oil palm plantations oduad 2.3
million ha [1]. In addition to producing oil palnnuit as the main
product of oil palm plantations, it also producesirdant empty
bunches and palm shells. It is estimated that alihpplantations
in Riau produce 1099.3 tons of solid waste (fibed ahells) per
day [2]. The use of waste in oil palm is generaflythe form of
compost, particle board, charcoal, activated cartaomd also
boiler fuel at the palm oil mill [1].

Oil palm empty fruit bunches (OPEFB) have the ptiééto
be used as natural reinforcement in the compositgrixn
Composite OPEFB fibers consists of oil palm emptyitf
bunches and matrix. The composition of the sandwiotiow
material (foam) can increase the absorption of sheaergy of
the structure. Hollow material structures and desipave the
potential as impact load dampers. Vaziri, A. et[8] have
conducted research on layered board structures tdtlow
material. Layered board design shows a significafféct on
absorption energy impact. Qiao, P. et al [4] haxéewed impact
energy absorbing materials. The results of [4] shbat the
design of hollow material structures is very infitial to absorb
impact energy. Badri, et al [5] have conducted wdstof the
polymeric foam response to impact imposition. Thesuits
obtained by [6] show that polymeric foam is effeetiin
absorbing impact energy. Badri, M. et al [5] stateat the design
of polymeric foam material products has structwstbility if
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subjected to impact loads. The average tensilagtneof multi-
stage polymeric foam sandwich panels with OPEFRr§ibvas
soaked with 5% NaOH solution for 2 hours highemttihose
boiled using water and NaOH [7]. Ramaksihnan, KeRal [6]
have compared the differences in foam materialitlemslayered
structures, the results show that foam materiats Wwiver density
can absorb energy better.

Based on the description above, it is necessastudy the
tensile and impact characteristics of polymericnfoenaterials
with OPEFB fibers reinforced composite sandwichginin this
study, variations in OPEFB fibers, vacuum pump gues, and
foam thickness will be seen in their effect on thesile strength
and impact energy of OPEFB fibers reinforced coritpos

2.0 EXPERIMENTAL METHOD

2.1 Specimen preparation

Polyester resin is used as a matrix in the manurfacof
composites. The polyester resin used is Eternad 285in with
MEKPO (Methyl Ethyl Ketone Peroxide) catalyst ashardener.
Polymeric Foam is used as a layer between 3 pdrtthe
composite plate before being combined into 1 speci@PEFB
fiber used in the manufacture of this composit©REFB fiber
with a fiber length of 1-5 cm and a fiber diamed€0.1 mm - 0.5
mm.
The first of fiber treatment is OPEFB drying prccse®PEFB
fiber is then separated from the oil palm bunclmwed have been
dried to dry conditions. OPEFB fiber which has bseparated
from the stem is then boiled in water at a tempeeabf 50° C.
The type of water used during boiling is distilledter so it does
not affect the pH of the OPEFB fibers. Boiling OFEfber is
carried out for 30 minutes using a heater witheartiostat so that
a temperature of 50° C can be achieved.

Figure 1 shows the heating of fibers in the furnZ@BEFB
fiber is then dried by drying in the sun until thercentage of
water in the fiber is less than 13%. After the fileedried and the
dry fiber is obtained, then to find out the moistwontent of
OPEFB fiber, the fiber is tested for water confaritaboratory of
Chemical Reaction Engineering Universitas Riau, BB HEbers
samples were then measured as 2 grams. After thsurement
process of OPEFB fiber test sample, then the fbéeated into
the furnace at a temperature of 105° C.

Figu}e 1 Heating of OPEFB fibers in the furnace

Figure 2 shows the direction of the OPEFB fibeaagement.
OPEFB fibers are then arranged on the mold accgrtinthe
direction of the predetermined arrangement: vdrti¢a),
horizontal (b), and 45°(c).

Figure 2: Direction of the OPEFB fiber arrangement

Figure 3 shows composite mold preparation. AftelEE€B
fibers is arranged, then the resin is poured inéorhold so that it
fills the fibers in the mold, the mold is then poto plastic and
isolated. The mold conditions under vacuum.

Plastic
wrap

OPEFB fibers

\ / R hose
Figure 3: Polymeric foams-OPEFB fiber sandwich panels
composite mold preparation

Figure 4 shows the composite vacuum process. The i
then mounted on the corner of the plastic which eghnect the
mold and vacuum. The process continued with spatime
manufacturing using vacuum techniques. The first@dure is to
turn on the vacuum pump, then adjust the pressudsing the
inlet. The next procedure adjusts the control vadpening to
adjust the pressure, the pointer on the manometeesntowards
the pressure scale number used. The conditionessyme for
each different specimen is 2, 4 and 6 cm Hg.

Manometer

Control valve

Figure A-Vacuum ;ssisted fésin infusion
Test specimens are in accordance with the reqeteediards,
ASTM D 638-02 tensile test and ASTM D 256-02 impiast.
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2.2 Experimental setup

Tensile testing was carried out to determine thsite strength of
OPEFB fiber composite material. Tests are carrigiby slowly
loading the soil until the specimen breaks. Testvag carried out
with Universal Testing Machine in Laboratory of Maal

Testing, Department of Mechanical Engineering, Ersitas
Riau. Figure 5 shows the test specimen on the léetess$ting
machine

— Chuck

> Test specimen

Figure 5: Setup of tensile test specimen (ASTM D 638-02)

The impact test is carried out to determine theaichnergy
that can be absorbed by the OPEFB composite platié iti
breaks. The test is done by giving the specimeigla $train rate
loading conditions. Tests were carried out withimpact testing
machine in the Laboratory of Material Testing, Diypeent of
Mechanical Engineering, Universitas Riau. The tegt taken is
the impact energy of each specimen. The treadwastcarried
out by the Charpy method with room temperatureerathe
specimen was placed on the impact test apparaeispecified:
angle was 60 Then the impact test device is operated so tteat t
pendulum hits the test specimen, and obtains thke 8nFigure 6
shows the Charpy impact testing setup.

Figure 6: Setup of impact test specimen (ASTM D 638-02)

3.0 RESULTS AND DISCUSSION

Composites that have been made in this researcORES-B
fiber composite plates with the resulting size 602nm x 150

mm with a thickness of 3 mm. This composite plates wut into
test specimen sandwich panels with 3 layers of oty plates
and 2 polymeric foam layers in accordance with ASDEB8-02
standard for tensile testing and ASTM D256-02 fopact testing
Figure 7 shows polymeric composite-OPEFB fiber sacil
composite panels.

Figure 7:

Polymeric
composite panels

composite-OPEFB fiber sandwich

Figure 8 shows the tensile strength of OPEFB fiber
composites with vertical OPEFB fibers directionotfir Figure 8
can be seen the tensile strength of OPEFB fibeposites with
vertical fiber direction. The highest tensile sginwas found in
specimens with a vacuum pressure of 6 cm Hg whiah 22.5
N/mn?

23
€2 Ri= i/
2 * '," p=2cmHg
< 21 \\\ // p=4cmHg
o D K
520 \\fé:l” A  p=6cmHg
@ A\-_—/ T e Poly. (p=2cm
© 19 ,/' Hg
'% ®E 4 - ﬁoiy. (p=4cm
@ 18 9

0 1 2

Foams thickness (mm)
Figure 8: Effect of vertical direction of OPEFB fibers tontgle
strength of polymeric foams sandwich panels conteosi

At a vacuum pressure of 4 cmHg and 6cmHg appebate
increased in tensile strength along with the ineeea thickness
of the foams. while at a pressure of 2 cmHg hadedsed even
though the thickness of foams was increased. Bhiecause the
foam thickness does not affect the tensile strengfththe
composite. The tensile strength of the vertical ©BHiber
direction is not too much different for each presseariation and
foam thickness.

Figure 9 shows the tensile strength of OPEFB fiber
composites with horizontal fiber direction. The lgt tensile
strength is found in composite polymeric Foams EEB fiber
sandwich panels with a vacuum pressure of 2 cm Highwis
equal to 20.4 N/mf At 4 cmHg and 6cmHg the pressure appears
to have increased in tensile strength along with alldition of
foam thickness. While at a pressure of 2 cmHg dewe even
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though given the addition of foam thickness. Tensirength of
the horizontal fiber direction is not too much ditnt for each

21
variation of pressure and foam thickness.
20
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£ ® z
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Figure 11: Average Tensile Strength Based on OPEFB Fiber
Direction

Foams thickness (mm)

Figure 9: Effect of horizontal direction of OPEFB fibers tensile
strength of polymeric foams sandwich panels contposi The tensile strength of the vertical fiber direntis high
because the direction of the OPEFB fiber compdikite is in the
Figure 10 shows the tensile strength of OPEFB fiber direction of the given load so that the load camdtained by the
composites with 45fiber direction. The highest tensile strength is  interface bond between the fiber and matrix. OPEB& which
found in specimens with a vacuum pressure of 6 cwHigh is extends in the direction of loading causes the imatterface
equal to 19.5 MPa bond to become stronger because the load recevéistributed
to the fiber received by the matrix. OPEFB fiberigthis longer

21 means that the load distributed will be longer tckhis
investigation shows that composites with the sairextion with
20 e p=2cmHg loading direction have a higher tensile strengthntthe other
directions.
%‘ RN B p=4cmHg Figure 12 shows the impact energy absorbed fromnpatic
>19 //' N foam - OPEFB fiber sandwich composite panels widntigal
= K \\ p =6 cm Hg fiber direction. The highest impact energy that barebsorbed is
?18 K R2= 1.9 found in the composite with a vacuum pressure ainélg which
g N/ AN Poly. (p =2 cm Hg) is 202.9 J.
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Figure 10: Effect of 45 direction of OPEFB fibers to tensile % 170 ) S
strength of polymeric foams sandwich panels congosi 3 160 I,’ -’ S Poly. (p = 2 cm Hg)
Tensile strength of polymeric foams - OPEFB fibandwich E‘ 150 ,'I ot ,/ _____ Poly. (p = 4 cm Hg)
panels was composited with a vacuum pressure ofm#igc 140 o o
decrease with increasing foam thickness. For awacpressure ®" & Poly. (p = 6 cm Hg)
of 2cmHg the increase in tensile strength alondp wie addition 130 = '
of foam thickness. While at a pressure of 6 cmHgrekses and 0 1 . 2
increases the maximum tensile strength randomly. Foams thickness (mm)
Figure 11 shows the highest tensile strengths ahameric
foam - OPEFB fiber sandwich composite panels widntival Figure 12: Effect of vertical direction of OPEFB fibers to piact

fiber direction. The vertical fiber direction isl&yers of panels energy of polymeric foams sandwich panels composite
with each panel printed in the same fiber direction

The highest tensile strength in polymeric foam EBB fiber For composites manufactured with a vacuum presstig
sandwich composite panels with vertical fiber dit cmHg and 6cmH, the increased impact energy wasrlabdas
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the foam thickness increased. This analysis shdwas fioam
thickness affects the impact load absorbed by ¢theposite.

Figure 13 shows polymeric foam impact energy - OREF

fiber sandwich composite panels with horizontakfillirection.
the highest impact energy that can be absorbedtisei specimen
with a vacuum pressure of 6 cmHg which is 137 Bai.4 cmHg
and 6cmH pressure conditions it is also seen te hiasreased
impact energy along with the increase in foam théds.

140 &
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130 R? ',’1,' ® p=2cmHg
R
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g_ -,/ ------ Poly. (p =4 cm Hg)
£70
60 L\ === Poly. (p = 6 cm Hg)
0

1 2
Foams thickness (mm)

Figure 13: Effect of horizontal direction of OPEFB fibersitnpact
energy of polymeric foams sandwich panels composite

Figure 14 shows polymeric foam impact energy - OREF
fiber sandwich composite panels with®4fiber direction. The
highest impact energy that can be absorbed is ensgiecimen
with a vacuum pressure of 6 cmHg which is 115.5 J.
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Figure 14: Effect of 45 direction of OPEFB fibers to impact energy

of polymeric foams sandwich panels composite

Figure 15 shows the average impact energy of OPIfitfes

OPEFB fiber composite with horizontal fiber directiis 107.9 J.
While composite with 45 fiber direction is obtainesl67.3 J. The
distribution of impact load in the direction of tbemposite fiber
causes the composite with the direction of therfilvertical) to
have a higher impact energy impact compared taitteetion of
the other fibers.

180
150
120

90

60

Impact energy (J)

30

Horizontal 150
OPEFB fiber direction

Vertical

Figure 15: Average Impact Energy Based on OPEFB Fiber
Direction

5.0 CONCLUSION

This work has reported the experimental study wéite strength
and impact energy of polymeric foams-OPEFB fibendsech

panels composite. It was found that the tensitength and
impact energy absorbed by the composite were infle@ by the
direction of the OPEFB fiber, the thickness of tham layer, and
the vacuum pressure given at the time of manufeguthis

composite. The orientation of the OPEFB fiber ia tlirection of
loading can respond to a higher tensile strengthpeased to the
orientation of the other fibers. The thickness lué foam layer
affects the impact energy that can be absorbed.nidre foam
thickness increases, the higher the impact enebbggprbed. For
the vacuum pressure given in this study is 6 cm Hg.
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