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ARTICLE INFO ABSTRACT

Article history: Natural fibers reinforced polymer composites havdely attracted researchers ¢
Received 18 July 2016 manufacturers because of the advantages of ndibeed, such as high toughness,
Accepted 21 August 2016 strength and stiffness with fibers low density, dnddegraability. Many techniques
Published 3 September 2016 have been used and developed to manufacturing keo-composites, but still at the

earlier stages especially with the thermoset potgmdue to the difficulties during ti
manufacturing processes with high temperaturesufang the polymers in a rapid tin

Keywords: or to reach the mass products rate for complicateducts having multi wall thicknes
Hybrid composites, Kenaf, Coir, Bulk The purpose of this study was to develop Hybrid-&mposites from Kenaf/Cc
molding, unsaturated polyester natural fibers Reinforced Thermoset unsaturatedyegstsr using bulk molding

compound manufacturing methods to produce multi tatkness, complex shap
and to study the effect of hybridizing with Coibdrs on the mechanical properties.
tensile results showed that Kenaf /Coir % of wei@a/15) had te highest values from
all formulations, and reached the maximum at 15 of 25% mixed fibers /65'
matrix measured by weight. Flexural results showetlsame trends behavior as
tensile test and the maximum value was observg@saiKenaf weight % 15 Coir
weight %) of mixed fibers reinforced 65% weightuwfsaturated polyester and reac
49.55 MPa among all formulations. Impact test veligached maximum values at 5
weight of unsaturated polyester, with highest intgzerformance (9.19 KJ/% were
recorded on 35% weight of mixed fibers (55 Kenafght% / 45 Coir weight %). Th
Coir fibers were significantly increased the impeaaiues for all formulation

INTRODUCTION

Kenaf (Hibiscus Cannabinus L.) is one of the Mabae family's members. Kenaf grows in warm reg
like cotton and jute. The origin of Kenaf is bekehto be Africa, specifically, western Sudan, wrenee 400(
B.C. (Sellers, 1999).

Kenaf fibers composites have a favorable tensigp@ries compared to the glass fiber composites
other natural fibers composites such as coir sisaip, while the impact properties is much lower(&p13anc
Paul, 2003).To increase the mechanicoperties of thee natural fibers composites sevesthods have bee
used. Natural fibers chemical treatments such esiilg natural fibers with silane were used todase the
interfacial shear stress between the fibers andridieix (Xue Li et al., 2007), (Xieet al., 2010), (Kabiret al.
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2011) and(Akampumuzat al. 2013) (Venkateshwararet al., 2013). The main aim of hybridization is 1
highlight the favorable properties of these invadlveaterials and try to improve thcproperties by hybridizing
the natural fibers with other natural or synthéitiers researchers try to increase the mechana&mnance o
these bio composites. For the thermoset polymeds specifically unsaturated polyester there werecisd
attempts to reinforce it with hyid fibers toincrease itamechanical properties, by usilKapok/glass fibers
(Venkata Reddyet al. 2008), Kapok/Sisal (Venkata Redcet al. 2008) Sisal/@ass fibers John and Naidu,
2004), Kenaf/Glass fibers (Atigaet al., 2014), Banana/Kenaf fiberfdhiruchitrambalaret al., 2009) and
Coir/Silk fibers (Noorunnidehanan et al., 2010).

The needs of the mass production technologyfomaptioated shapes with malty wall thicknesses, ateuanc
dimensions stability, Specifically in thermoset gmsitesmanufacturing techniques, where a high tempera
eeds to complete theuring process of thermoset polymers in a shoretithe researcher was motivatec
develop and manufacture hybrid -composites by hybridizing kenaf reinforced unsatdaolyeser with Coir
fibers using Bulk Molding Compounds (BMC) techniduneorder to meet these nee

MATERIALS AND METHOD

Fiber preparation:

The kenaf and Coir raw fibres were collected witloteof dirt, stalks and impurities mixed with tpéy, to
purify the raw fibres, cleaning processes were gotetl in which the raw fibres were handily cleared
arranged into separated bundles of these fiberssébundles of (kenaf and coir) were cut to (15masihg
cutting machine. This cutting machine wmanufactured in a local company and the part ofntlaehine is
showed in Figure 1(A and B), using pneumaticactuedmtroller and magnetic sensors to control tlipisaces
of the cutting process.

A

Supporter

Fig. 1: Fibers Cutting Machine

After preparing the Kenaf and Coir fibers in (15mof) length, the fibers were treated with 6%\w
concentration of silane (S. Sreenivaet al., 2014). The kenaf and coir fibers were immersephgately ir
silane solutions for 24 hours, and subsequewashed with running water. The final process be
manufacturing the samples is drying the kenaf andfibersat 85 °C for 24 hours using laboratorgie

Matrix preparation:
The wet mixing compounds (resLP1 (Styrene monomers), PBQ (P&anzoquinone, Trig C (tert-Butyl
peroxybenzoate), Trig 21-OP Fterl-Butyl peroxy-2ethylhexanoate and SAK as releasing ) have been
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supplied by local company (WAH MA CHEMICAL SDN. BHDtable 1 illustrates the name,weight percentage
of these compounds, mixing the matrix component®warried out for 10 minutes using Shear Rototo&ta

The mould is designed as a one open plate; platknéss is (3mm). Plate was cut to form four square
holes to give the square shape to the molded samntpkelength and width (15 cm x 15 cm), respebtive

Table 1: Name and Weight Percentage of Matrix Compounds

Components Weight %
Resin 66.3%
LPI 28.50%
PBQ 0.025%
Trig C 0.48%
Trig-210P50 1,055%
SAK 3.64%

Mixing the hybrid bulk compounds and molding processs:

Treated two fibers (Kenaf, Coir) were mixed usimglustrial planetary mixerin three different weight
percentage (85/15, 70/30 and 55/45 % of weight K&oé), the mixing process were carried out for 15
minutes, while the total mass were fixed to be 80fgr the mixed fibers for each mixing ratio.

The matrix were added after 15 minutes of fibersimgi process, mixed fibers weight were (15/75, 85/6
35/55) to the matrix components weight (F/M) % éindl step is adding the additives (5% of Al(Qt)nd 5%
of CaCa) measured by weight also, the additives were fa®@% of Al(OH) and 5% of CaCf) measured by
weight for all formulations. The adding process amging of matrix with mixed fibers and additivesok 20
minutes. Table 2 illustratessamples names and weatjb of fibers and matrix.

Using molding compression process, the samples fednécated. All the mixed bulk compounds were
preheated in the hot press machine for 1 minute3fndeconds on 17C and then at the same temperature
were pressed inside the square plate mold withar mbpressure for 2 minutes then cold down coédegobf the
press machine for 4 minutes.

Mechanical tests (Tensile, Flexural and | zodl mpact ):

All the samples were measured and cut regardingegcdASTM standards, table 3 show the dimensions of
the samples and ASTM standards numbers. Five spasimvere tested for each sample and results ohéam
and the standard deviation error were calculateti @atted out in figures. Using a 5-kN Instron Usrisal
testing machine (USA) to conduct the tensile amcuial test, for tensile and flexural tests, thessrhead
displacement speed rate were fixed at 0.5 and tnbmin respectively.

The notch that leaves 10.16 +/- 0.05 mm of matevad made for 1zod impact test samples using nogchi
machine.

Table 2: Names and Weight Ratio of Samples Compounds

Samples names kenaf%/ Coir % Mixed fiber%/ mérix mass of matrix gm
K55C45U55 55/45 35/55 142
K55C45U65 55/45 25/65 234
K55C45U75 55/45 15/75 450
K70C30U55 70/30 35/55 142
K70C30U65 70/30 25/65 234
K70C30U75 70/30 15/75 450
K85C15U55 85/15 35/55 142
K85C15U65 85/15 25/65 234
K85C15U75 85/15 15/75 450

Table 3: Dimensions of Samples and ASTM Standards Numbers
Tensile Test ASTM D 3039/3039M-00

Length (mm) Width(mm) Thickness (mm)
150 21.5 3

Flexural Test ASTM ASTM D 790-00

100 | 14 |3

Izodlmpact Test ASTM D 256

65 [ 125 |3

Finally statistical analysis was implemented usftmalysis of variance (ANOVADf two factors (coir to
kenaf fibers loading and fibers to matrix loadingdh 5 replications. All the 5 specimens of eacmpke were
included in the analysis for each mechanical test.

RESULTS AND DISCUSSION
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Tensile Test:
Figure 2 shows the results of the maximum tensitss and the elastic modulus of the 9 san
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Fig. 2: Maximum tensile stress (Mpa) and tensile modulysa(

As shown in figure 2the tensile streeswere increased by increasing the kenaffiber ratithé coir fibers
However, fibers / matrix ratibad the significant effects on the tensile resoitmpared to the kenaf/coir re,
where the maximum valuesbtainet with 25% of mixed fibers to 65% of matrand reached the maximt
(15.07 Mpa) between all formulations when the kéitadrs to Coir fibers rat where 85/15 % of weig. On
the other handincreasing the mixed fibers to the matrix rabB6/55 % of weight reduced the tensile stres
because of the poor wetting of the fibers by thérimdeading to poor interaction between the fibarsl the
matrix during loadingas a one system. When the mixed fibers reduceudettotvest values 15% of weight a
the matrix increased to the highest values 75% eifjiat the tensilestresses were decreased and showe
lowest values between all formulatioithus due to th@oorappearances of the reinforced mixed fiberhé&
hybrid composites leading to poor loads transfesmfthe matrix tcthe fibers and thsystem were unable to
hold the stresses during loadirith{ruchitrambalar, 2009).

With similar stresses behavior, modulus behavios whserved as shown in figure 1. Where the hic
values obtainedrom the formulations that contained 25% of mixdaefs to 65% of matr and reached the
maximum value (5.28pa) when kenaf/coir ratio \s 85/15 % of weightWhile, the formulations that contain
15% of mixed fibers to 75% of matrix showed the éstvmodulus valueHowever ANOVA statistical analys
indicatedthere were no significadifferences among the samples (Fackamaf / coir 9), with a p-value of
0.19656 but there were significant differences when tlarim loadingwere increased (columns) with -value
of 3.7134E07, while there were no significant interactionsaeen rows and colum as shown in figure. The
changing ofcoir fibers to kenaf fibe ratio did not affect significantly on the tensile propestcompared to tr
effects of increasing mixed fiber loading to matatio.

SUMMARY uss us ufs  Total

KS5fAE
Coumt 5 5 5 5
Sum ARENB 66.68000 42.12477 157.6843
Average 9774N6 13T R4MEA 1DS1G
Variance 2148106 L5766 5.296807 7.17113

o0/
Coumt 5 5 5 5
Sum 5608336 6732971 433665 1667295
Average 1120667 13465 R6I™ 1L1153
Variance 6A30004 2775683 3700051 7.7963R2

Ky
Count 5 5 5 15
Sum SR345 TSI 53534 170.0852
Average 1167499 15.0713 9.070748 1193901
Variance 129759 ASRBRY 0.790484 1182237

Tolo!
Coumt 5 15 15
Sum RIS MII52 1BOAS
Average 0ERSKT 1395835 R 720964
Variance GE5E711 3331339 287334
ANOVA
Source of Variation $ df M F  Pvibe Fait

Sample 1538634 1 7090172 1705586 0.19556 3.75946
Columns 763 2 MBS 2297388 ITEDT 375946
Interaction ARINA 4 10RM 066153 0.80776508 2633532
Within 162.688 3% 451
Total 2k L

Fig. 3: ANOVA Analysis for Tensile Stress
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Flexural Test:

Figure 4 shows the result§ the maximum flexural stress and the flexural mad of the 9 sample
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Fig. 4: Maximum Flexural stress (Mpa) and Flexural mod{fBpa

From figure 4 can be notice that the flexural Stesswere increased by increasing kenaf fibers atada
coir fibers in all samples. But the highessults reflected by the combinations of 25% mixdzef$/65% o
matrix measured by weight, and reached the optimesult (49.55 Mpa) when the kenaf/coir ratio wasl85
By decreasing the mixed fibers amount to 15% amgdessing the matrix to 75% the fural stresses were
decreased noticeably, due to the absence of regrfwent fibers which led tofavorite the brittle matwf the
matrix.However, increasing the mixed fibers/ matrtio to 35/55 also reduced the flexural stressdses,
where the amourof matrix was insufficient to perform a good vedtility on the mixed fibers which reduc
the adhesion between the fibers and the matrix myatkie composite system weaker and the fibers puied

out in a lower range of loading stres

The flexuralmodulus observed to have its maximum values whemtixed fibers/matrix ratio was 25/
in similar scenario as flexural stress and reatheaptimum of (5.25 Gpa)when kenaf/coir ratio \B&51L5

Figure 5 show ANOVA statistical analysis. The asayirdicated there werasignificant differences
among the samples (Factor: kenaf / coir %), with-value of 0.0079667;thererere significant difference
when the matrix loading were increased (columngh w&if-value of 0.00056while there were no significa
interactions between rows and columns as showigind 5. Although thechanging of coir fibers to ken.
fibers ratio had a significarffect on theflexural stresses, but it was smalleompared to the effects

increagng mixed fiber loading to matrix ratio.

SUMMARY u 55 uis uis Total
KS5/A5

Count 5 5 5 s

Sumn 1IRRE 1R 10H 540

Average 31764 40236 30182 36.060666GT

Variance 4066433 41533 X072 S1L34106381
XTI

Countt 3 3 3 1B

Sum 19281 X047 176.57 SOR85

Average RS2 4589 3534 3[IE3B33

Variance 6776772 TLEIAR 7557643 T3.8E3RE005
KB5S

Count 5 E 5 s

Sum IHST  MITS 190.66 664.98

Average 45.314 4455 3R12 44332

Variance 3754523 J0.0BX AR SR3A16TAM

Tode]
Count 15 15 15
Sum 6082 6784 5181

Average  40.54667
Variance  53.996%
ANOVA

weof Varia 55 df

s F Pvalue Faxit

Sample S13.6575
Columns 8604514
Interaction 40.87547
Within 1668566
Total 30R3.79

2 SGORT 5543343834 00079667 3.25944G
2 302457 9200720981 0.00056005 3. 770446
4 NRRT O.XAMTRIRE D.XSHIAG 2633532
36 46340005

M

Fig. 5: ANOVA Analysis forFlexura Stresses
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| zod | mpact:
Figure 6 shows the results of the maximum flexatss and the flexural modulus of the 9 samr
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Fig. 6: Impact strength KJ/

As can see, the impact results were increased drgdsing the mixed fibers to the matrix ratio fdr
samples, and reached the maximum values (9.19,28104.98) KJ/I at mixed fiber/matrix ratio of 35/55 !
of weight and with kenaf/coir ratio (55/45, 70/30da85/15) % of weight respectively. Contrary, dasieg
mixed fiber contents or coir fibers amount led &xikases in the impact properties of the hybridpusites,
which is reflect a noticeable improving in the iraparoperties by hybridizing kenaf fibers with cairhere the
coir fibers showed an impressive ability to resig impact loads and absorb the impact energy caadpa
kenaf fibers. This was due feerfect fibe-to-fiber contact when which improve the load transfgrrfrom
matrix to thefibers from the surface where the iotdaads concentrate to the whole hybrid systemd, the
fibers pull out reaction to the impact loads wanpioved by the addon of coir, where most probably the ¢
fibers increased both the contacts between the driikeers and the matrix and also increased theired
absorbed energy to weaken the hybrid compositek@Bem@mnn, 2007) and(Aziz & Ansell 2004)1 and
knowingthat the coir fibers diameters (3-450) um(Vermaet al. 2013)were much higher than the kenaf fib
(17.7-21.9)um(Idicula et al. 2006)and(Mohantyet al. 2005), that is what most likely the reason oftdxe
contact and better pull out resistal

Figure 6 show ANOVA statistical analysis. The analysisidated there were a significant differen
among the samples (Factor: kenaf / coir %), wig-value of 0.000117.

There were significant differences when the malmding were increased (columns) wa p-value of
2.38E97, while there were no significant interactiongween rows and columns as shown in figure
Although the changing of coir fibers to kenaf fipeatio had a significant effect on the impactgjthnbut it
was smaller compared to th&fects of increasing mixed fiber loading to matatio.

SUMMARY uss ufs u7s Total

KE5/0a5
Count 3 5 3 5
Sum 45.93 3R 17.10677 1DLEM
Average TI186 TTEHMT 3421353 6790933
Variance GS7R RI0SR33 0973803 10973

KBA30
Count 5 5 5 15
Sum 3021504 2207808 1RSE362 G9.0776RS
Average G0MB3008 4455797 331675 AG06176
Variance 284000 0281566 0286215 2.313458

KES/CIS
Countt 5 5 5 o
Sum 7343604 2L.0APAR 1A.0BF3 6A.SG6HTS
Average S.BE73EE8 AJDESTS 2817386 A4S
Variance 0721108 0.851378 030102 22730552

Totnl

Count 15 15 s
Sum G52 21008 41T
Average T.0BRM9% 5476606 3.185155
Variance S.30188 5514008 0.520440
ANOVA
Source of Variation 5% df M5 F Pvalue  Foit
Sample 55.205284 2 7.6 1L76383 0.000117 3.259446
Columns 112. 7088 2 shis4d] RG22 2IRED7 350446
Interaction 1281175 4 ASErET 2115437 0.099007 2633532
Whthin #ASA3I6 36 2Mee
Total 27237066 Ll

Fig. 6: ANOVA Analysis for Impact streng
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Conclusions:

- An innovative hybrid bulk molding compound has belmveloped successfully by hybridizing short
kenaf fibers (15 mm length) with short coir fibét® mm length) to reinforce modified unsaturatetypster.

- Tensile and flexural strength were optimized atn@i%ed fibers/65 matrix % of weight, while the
lowest results obtained when the mixed fibers artoraduced to 15 % of weight.

- Impact strength increased by increasing mixed $ilmnount and reached the maximum at 35 % of
mixed fibers among other ratios. On the other hahd, impact properties were impressively increasgd
increasing Coir fibers amount.

- ANOVA analysis showed there were no significaneiattions between samples (Factor: kenaf / coir
%) and columns(Factor:matrix loading %) for all mauical tests results. However, for the tensilessis there
were significant differences when the matrix logdimere changed and no significant differences antbeg
samples, for flexural and impact results there wa&gmificant differences in both factors (kenaffcé and
matrix loading %).
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