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Many researchers concentrate on designing and developing natural hybrickifiiberced composites due to

their tremendous merits in terms of mechanical and thermal behaaiadiodegradability. The present work
developed hybrid composites using the vacuum bagging method with woven kenaf and basalt fiber
reinforcement. Six hybrid compositesith five stacks in six different stacking sequenacgere produced and
compared wth five stacks of layered composite made of individual basalt and kenaf fiber, respectively, to
analyze mechanicaropertiessuch adensile, flexural, compression, impact, hardness, thickness swelling and
water absorptionaccording toASTM standards. 8sults revead that the tensile, compressivand flexural
propertiesas well asvater absorption (hydrophobic behaviour) and thickness swetiirigasalt fiber reinforced
laminateswere better compared witlhose ofkenaf fiberreinforced laminates andf kenaf and basalt fiber
hybrids Laminates with basalt fiber as the outermost layer showed good hardness and impact strength results.
Morphological analyses were carried out on fractw@upositesamplesusing scanning electron microsgoio

study thefailure modes.

Keywords natural fibefreinforced polymers, mechanical properties, basalt fiber, kenaf fiber, hybrid polymer
composite

INTRODUCTION

Polymer matrix composites combiagolymer matrix and fiber reinforcements and serve as cost
effective a high strengtio-weight ratio materials in structural applications. Nowadays, natural
fibers are utilized as reinforcements in polymer composites to develodrezually, biodegradable,
costeffective materials to satisfy industriakeds-* Natural fibersupported polymers have been
examined extensively as alsstitute for synthetic fiber composites anddercertain circumstances,
metals.Natural fiberreinforced composites have wider uses in many applications of their potential
characteristicS! Kenaf fiber, the most widely used natural fibbas beenrevealed to have great
strength, hardness, stiffness dnodegradbility.® There are many different types of natural fibers, but
basalt has gud strength, chemical stabilitgnd corrosion resistané& Originating fom molten
volcanic basalt rock, basalt fibers are made by spinning. The productioasalt liiber does not
necessitate the use of additives. This response lowers the danger of hazardous chemical exposure.
Traditional techniques of manufacturing glass fibers, which need additives, are more ecologically
friendly.** Much research was carried out to develop natural fiber reinforced polymer composite
replace synthetic fibereinforced polymers. The next sections address the investigation studies using
natural fiber reinforcement in polymers.

The behaviourof composite materialcan be influenced bthe characteristics of the reinforcing
elements adhesies, stacking sequence and the size of each.fayére tensile characteristics of
basalt fibers were investigated, and it was found, thditen used as aonstituentelement in
composites, they have significant impact on tensile strigth’® The mechanical properties of glass
fiber polymers and basalt fiber polymers were studied. The mechanicagjtéstings revealed that
basalt fiber reinforced polymers had better characteristics than glass fiber reinforced ptilymers
Actually, the characteristicsof basalt fiber reinforced polymers fall betwedémose of polymers
reinforced with E-glass fiber andthose of polymers reinforced with carbon fibe® Composites
producedby various methods, including the wet layup technique, gave similar perforrifabae.to
the unigue adhesive characteristics of basalt fiberelation toglass fiber, it has better mechanical



properties, heat/humidity resistance, and alkali resistdnétybridization of flax/basalt fiber
laminates showed better performanceemns ofimpact behaviot® Composite laminagemadewith

kenaf fiber reinforcemeriresente@nhanced tensile and flexural performarmoenpared tgute fiber-
reinforced composite laminat& Also, the lowsspeed impact conduandthe consequerbehaviors of

of glass/kenaf reinforced polymers with different weight proportitires constituentsvere studied.

The composite wde of glass/kenaf fiber in 3:1 fiber proporti@xhibited improved impact
characteristicscompared tdhe other composites madth different proportion$’ The impacts on

the mechanical characteristics of fivemforced polymer composites by varying the fiber volume
fraction were investigated, and a volume fraction of 25 to 27 percentage proved to be the most
effective?* Moreover,the mechanical behavior of composites with fiber reinforcements is affected by
the fiberHmatrix interface and the stress transfer functibg which stress is transferred from the
matrix tothefiber. Thus, it has been found thalage treated kenaf fimeeinforced polymerslisplay
betterperformance iierms ofmechanical behavidt Chemical treatment of natural fibdessenshe
hydrophilic behaviorof fiber and improves the adhesion between matrix and fiber, enhancing the
mechanical propertie§ composites?

The abovementionedstudieshighlight a fewimportant aspects in the development of polymer
based composite materials reinforced wiltural fiber Basalt and kenaf fibensrovide better results
when used agpolymer reinforcements incomposites, andtan have potentialfor structural and
automotiveapplications However, in the studies reported in the available literature so far, it appears
that the baracterization ofhe developedhybrid natural fibetreinforced polymer compositédmsnot
beenconducted sufficiently to offer data @@medesign andlevelopment aspects. In this research,
kenaf and basalt fibers amsed asreinforcanentto develop hybrid compositegsontaining five
stacking layers with various stacking ordeffie vacuum bagging metho@vhich provides many
advantages, includingw cost and flexibility in operatiof® was used to prepare the laminafEse
tensile, impact, flexural and compression propertieshef developed compositesere studied.
Morphological analysis using SEM was carried out to analyze the failure modes of fractured samples.

EXPERIMENTAL
Materials and methods

Two types offibers were selectedfor developing composite laminatesith different stacking sequences,
namely kenaf and basalt fibers. Kenaf fibef 1.40 g/cm density,and basalt fiberof 2.60 g/cni density in the
form of woven mas, were bought from M/s. Fiber Region, Chennai, Indine properties of basalt and kenaf
fibers are listed in Table %.Epoxy resin LY556 and hardener HY951 were supplied by Sdnposites,
Chennai, India.

Fabrication process

The vacuum bagging method was utilized to develop the natural fiber reinforced hybrid composite laminates,
using a 30 cm x 30 cm dimensions mold frambe Tholds were covered with a glass plate to obtain a good
surface finish on the laminate and a smooth flow of the resin in the mold. The trial and error method was used to
obtain the optimum fiber volume fraction for preparing the composite laminates, vaitbus stacking
sequences. The optimal fiber volume fraction was varied between 0.22 and 0.35, and the mixing ratio of the
matrix and the hardener was maintained at 10:1, as suggested by the supplier. The laminates were mould at room
temperature. A deadsight of 25 kg was placed on top of the glass plate for a day during the curing process.
Eight laminates were developed with various stacking sequences, as illustrated in Table 2. The laminates have
been codedbr simplicity of denotation. Table 2 showsetlaminate code, the stacking sequence and the relevant
fiber volume fractions in the composite laminates. The laminate codes K1 and Bl were taken as reference
composites, corresponding to materials made of only kenaf fiber, and only basalt fiber, velyp&aiuation (1)
shows the fiber volume fraction formula:

Wiy ﬁ)
Fiber Volume Fraction, f = %
ot on)

1)

wherew,, Wy andw,, are the weight of kenaf fiber, of basalt fiber, and of the matrix, respecti@glys and
P are the @nsities of kenaf fiber, basalt fiber, and of the matrix material, respectively.

Theoretical density was calculated using Equation (2):
Density of composite, p, = %m X p,, + %k X pp+ %b X py 2)

Experimental and theoretical densities of all the samples are shown in Figure 2.



Table 1
Properties of kenaf artzhsalt fibers

Property Basalt fiber Kenaf fiber
Density 2.75 glend 1.2-1.6 g/cmi
Tensile strengtfiMPa) 14002300 220930
Elongation at failure (%) 1.83.2 1.52.7
Elastic modulugGP3g 89 1553

Figure 1 Basalt fibemrmat(a) andkenaf fibermat ()
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Figure 2 Theoretical densities and experimental densities of laminates

Table 2
Calculation of fiber volume fraction of composite laminates

Weight (g) Density (g/cc) Fiber

Sample Stacking . Kenaf Basalt Matrix vo!.
NO' “code sequence Comtfrosne, fioer, fiber, material, px pP» pm p. fraction,

€ W, W, W, f

1 K1 KKKKK 375.95 119.2 0 256.75 14 2.6 115 1.221 0.28
2 K2 KKBKK 334.9 95.12 1253 22725 14 26 1.15 1.272 0.27
3 K3 KBKBK 307.78 7142 2511 21125 14 26 1.15 1311 0.25
4 K4 KBBBK 227.05 4768 37.63 14175 14 26 115 1431 0.28
5 B1 BBBBB 129.6 0 62.6 67 14 26 1.15 1.838 0.29
6 B2 BBKBB 172 23.8 50.2 98 14 26 1.15 1598 0.29
7 B3 BKBKB 197.1 479 376 1116 14 26 115 1477 0.33
8 B4 BKKKB 225.7 714 252 129 14 26 115 1378 035

Mechanical characterization

A 50 kN load cell capacityTM Instron 3369 machine was utilized for the tensile, flexural and compression
tests. The tensile characteristics of composites with different fiberirsteakangements were determinaglan
ASTM D3039 tensile testat the rate of 1 mm/min crosshead displacementuamidrambient conditions. A



threepoint flexural test was conducted at a velocity of 1.5 mm/min across a length of 127 mm specimen based
on the ASTM D790 standard. The compressiah was done according to ASTM D 6&andard with a 70 mm

x 19 mm specimen size. The impact energy of anatohed specimerf 5.5 mm x 12.7 mmvas studied using

the Izod test as per ASTM D256. In a Shore D hardness durometer, the Shore D hartheessngiosits was
determinechs perASTM D2240. From each laminatir eachstacking sequence, six samples were ta@east

the abovementioned mechanical characteristid$ie averagevalueswere calculated forassessmenvf the

results obtained from thests.

Using the ASTM D570 standard, water absorption tests were carried out for the smmpée®us periods.
The samples were weighed before and after immergibrmultiple intervals until constant weights were
obtained. According to ASTM D57@vater absorption (%yvas calculatedy Equation (3).Thickness swelling
(%) wasalsofound usingequation (4) for all laminates

Water absorption (%) = %Xiﬂﬂ
o

©)

whereW; andl¥, aretheweight of compositebeforeand after immersion, respectively

Thickness swelling (%) = i T x100
o 4
whereT; andT, arethethickness of composisbefore andafter immersion, respectively.

Scanningelectron microscopyJEOL JSM6360LV) was used to examine the interaction between the fiber
and the matrix since interfacial adhesion is an importaotof that influences the mechanical strength of
composite material as well ashe mode of failure. The fractured samples were uniformly-golted before
being tested.

RESULTS AND DISCUSSION
Tensile characteristics

The mechanical behavior of fibaeinforced polymersis mainly influenced by the physical
properties of fibes, fiber orientation, and interfacial adhesion betwd#amatrix andthe fiber2® The
tensile test results and strestgin curves ofive-layer stacked hybrid composites made of basalt and
kenaf fibers with different stacking sequences (K2, K3, K2, B3, B4),as well as of théasalt fiber
reinforced composite B1, arad the kenaf fiberreinforced composite Klre shown inFigure 3.The
five-layer basalt fibereinforced composite laminates (B1) exhibited a higher tensile streofyth
208.51 MPacompared tahe other laminatePue to thke excellent load transfer and tensile behavior
of the basalt fiber made laminal, it has higher tensile strength than the other laminates. Similar
resultshave beemmentioned by B. Soarest al'® On the other handhé least valueof 33.94MPa,
was determined for théve-layer kenaf fiberreinforced composite laminate (K1). This lower strength
compared tahe other laminatesan be explained bthe low elongation of kenaf fiber in all five
layers.

All the laminates exhibited a linear relationsbn the stresstrain curve. Among all natural fiber
reinforced hybrid composite laminates (K2, K3, K4, B2, &8I B4), laminate B2 exhibited better
results tharthe others The superiortensile properties of lamina®l are due to the higher tensile
strength and strain rate of basalt fibgresentin all layers ofthe laminate.Hybrid laminates K3 and
B3 contain kenaf fibers and basalt fibasthe outer layers, respectively. Similadgminatesk4 and
B4 have the sameuter layersas K3 and B3respedtely. Laminatesk3 and B4 havehe same
proportion of the twdibers in their configuration This is also true for the configuration laiminates
K4 and B3.

According to the resultshé laminate with kenaf fiberasthe outer layer produceetterresuls
than the laminatewith basalt fiberasthe outerlayer, asdisplayed inFigure 3(a). Thus,K3 has a
tensile strength value of 64.05 MPa, greater thah ofB4 — of 51.31 MPaAlso, te tensile strength
of the K4 laminate is 91.81 MPa, greater thaat tf the B3 laminate85.78 MPaThis demonstrates
that kenaf fiberusedas the outerayer of the laminatamparts hightensile strengttio composits. A
similar phenomenon wasbservedby Fragassat al®’ Alkali treated fiber improved the interfacial
bonding between epoxy resin and fiber. Alkali treatment of kebaf fmproved the wettability and
also reduce its hydrophilic nature by removinthe moisture content present on the surface of the
fiber. Moreover, it increasethe surface roughness of the fiber. Thigher surface roughness
improves the interfacial adlion between the epoxy resin and kenaf fibbus, lenaf fiberasthe
outermost layer produced good mechanical strength due to the interfacial adhesion thetwerix
and kenaf fibersasthe rough surface of natural fibers allows the epoxy resisptead along the



openings of the fiber layer$he ability of the laminate materials to transmit stress was improved by
appropriate epoxy resin bondinigpdicaing that kenaf fibercan replacebasalt fiber in laminat
especially in the outermost laygroviding hightensile strengtimaterials A similar observation was
reported in a hybrid composite with kenaf and banana fib&r. IBamiveet al*® The same phenomena
were obseved in the K3 and B4 laminateshich have the same number of kenaf and basalt layers,
indicatingthat hybridizing the fibers poucesgoodtensile characteristicg*®

Flexural strength

A threepoint bending test was done tre composite laminates to finttherr flexural properties.
The results showed that laminate B1 has better flexural strength 212.02 MPaand flexural
modulus— of 7237 MR, whicharehigher than thse of theother laminatesThis can be explained by
the fact that in BAll thelayerswere made up of basalt fiber reinforcemevttjch naturally hafigher
elongation and load transfer, as reported iprevious studpn basaljute fiberreinforced polyester
composites by P. Amuthakkann&rKenaf fiber in the skin layer andabalt fiber in the core and
adjacent layers improve the flexural properties. It is noted in lami&esd K4 which have basalt
fiber in the middle and adjacent layers and kenaf fikgh@ outermost layer#\ similar observation
was reportedor kenaf-aramid hybrid composites by R. Yahaya

The five kenaf fiber layer reinforced hybrid composite laminate K1 gives very low flexural
strength, compared to the other laminates, whileihate K2 gave poorer flexural modulus than the
other laminatesWhen comparing all the laminates containing an equal number of basalt and kenaf
fiber layers, with different configurations, (laminates B3K4, and laminates K8s.B4), it appears
that an alternating order of fiber layers in hybrid composites does not enhance the flexural properties.
Also, it is mainly noted that kenaf fiber used as the outermost layers in hybrid composites have higher
flexural properties than in the case of basalt fibeéhe outermost layers. This is in agreement with the
findings of Khanet al'® and Vijaya Ramnatlet al** The flexural strength and flexural modulus of
composite laminates are displayed in Figure 3 (c) and (d), respectively.

Compressive strength

According toG. Santosh Gangappaasalt fiber improves the compressive strength of lamifiates.
A similar observation was made in our study, when examining the compressive strength results of the
basalt/kenaf reinforced hybrid laminates. Laminate B1 has a cony@ressength of 27.94 MPa, by
13.43% higher than that of its counterpart laminate-Ktith a compressive strength of 24.63 MPa.
Hybridizing and stacking sequence of fiber layers positively impact the compressive strength of the
laminates (Fig. 3e), by caiftuting to absorbing a higher compressive force (in contrast to laminate
K1). Similar observations were reported by P. Sathyasé&lmom Figure 3 (e), it is noted that the
laminates with kenaf fiber as the outermost layers (K3 and K4) produce higher compressive strength
than those wit basalt fiber as the outer layers (B3 and B4). The above observations are also valid for
the laminates with equal numbers of basalt and kenaf layers (comparing laminatesB84and
laminates K3vs.B4). Thus, kenaf fibers used as the outer layers lnmithycomposites provide higher
compressive strength than basalt fiber as the outer layers in hybrid laminates.

Impact strength

Izod impact tests were carried out on the composite samples to analyze their impact characteristics.
High-energy absorbingbasal f i ber i mproves the hybrAddngaid comp
the laminates, B2 has the highest impact energy absorption characteristics. Specificaibtel@fi
has an impact strength of 71.14 K3/mhich is 5.27% and 93.84% higher than the values obtained for
laminates B1 and K1, respectively. It indicates that kenaf fiber used as the core and basalt fiber as
surface layers provides good impact stremmtiperties. Meanwhile, an increase in basalt fiber content
enhances the impact strength properties. The situation mentioned above can also be noted in laminates
B3 and B4, which have basalt fibers as the surface layers, compared with K4 and K3, regpectivel
This suggests that basalt fiber at the surface has more load transferring capacity. Another reason for
this improved performance can be the alternating arrangement of the fiber layers in these laminates
(B3 vs.K4, K3 vs.B4).® A comparison of the impact strength of the compositetasvn in Figure 3
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Figure 3: (a)Tensile strength, (b) Strestrain curves, (c) Flexural strength, (d) Flexural modulus,
(e) Compressive strength, (f) Impact strengti(g) Hardness comparison chart of composites

Hardness

Figure 3(g) indicates that laminates with basalt #se outermost layempresent highhardness
values.This implies hat specimens with basalt fibas the outermost layer may withstand more
aberration and penetration than composites witlakéber as the outermost layetue to thehigher
hardnes®f basalt fibeycompared to that déenaf fiber’> LaminateB1 has five basalt fiber layers that
give a high hardness valueof 87, which is 8.75% more thahose oflaminatesKk1 and K2.The K1
and K2 have kendfber asthe skin layes and the successive layers producedueghlower hardness
value thanin all other laminate®’ The laminates with basalt fibes ¢he skin layer revealed better
performance in impact and hardness propettisexhibiting less filer breakageand low matrix
fretting. The same phenomehave beemeported byR. Naveeri’ andM. A. Abd El-baky***°

Water absorption test

As illustrated inFigure 4(a), the five kenaf fibetayerreinforced composite (K1) has a hitgvel
of water absorptin. On the other handhe five basalt fibedayer reinforcedmaterialgives verylow



water absorpbn, asbasalt fiber is hydrophohicThe water absorption ahe K1 laminate isby
171.35%higherthanthat of B1 Actually, the water absorptionalueincreased with increasy kenaf
fiber loading in the laminate. Water absorption is enhanced in comgosgitén naturalplant fiber
content. Blending more resilient basalt fiber with ddefiber in a hybrid composite makas efficient
reinforcement that increases the natural fiber compgesitiurability under different climatic
conditions. Similar okervatimshave been madey Moethwe* Adding synthetic basalttierto kenaf
fiber in hybrid laminates is an efficiemay for reducing water absorption.

Thickness swelling

Figure 4(b) revealgthathigherkenaf fiber content increases the thickness swelling percentage. The
thickness swelling percentagelaminate Kl is 82.25%higherthan that of laminate B1. Laminate K1
(kenaf only)exhibitsmore thickness swelling than the hybrid laminate®, (k3, K4, B2, B3andB4).
This means that hybridizing tmeinforcing fiberseduceghewater absorption as well as thectess
swelling. It was also observed that thickness swelling increasestivbemter absorption time rises.
The swelling of the fibers puts stress on the surrounding matrices, causingcraitkimg and
ultimately catastrophic failure of the composite.

Morphological analysis

The tensile ¢sted specimenof hybrid laminates B2and K2 were examined using SENbr
determining their failure modesnd Figure 5 (ab) illustrates the fractursurfacesof thesehybrid
laminates As can be seen iRigure 5(b), the matrix crack is initiated in trgpecimenbecause of the
voids and poor adhesion betwetire matrix andthe fiber in the laminateFiber pullout, fiber
breakageand crack initiation make the sample subjectedhtotensile test fail. As a result, load
transmission between the fibers wagor. Tensile fractured B2 specimens have less-quilland
exhibit good bonding betweghe fiber andthe matrix, ascan be observeith Figure 5(a). The hybrid
composite laminate K2 subjected to the flexural test exhibited fdikrause oflelaminatim, kinking
and bending of the fibgiFig. 5 d) — this led tothe specimen exhilitg poor load transfel_aminate
B2 hal less fiber bending and delaminati@nd thus, iexhibitedbetter stresgransfer. In comparison
with the composites containingasaltfabrics at thecore those withbasalt fabrics sskin layers had
lower flexural strength and modulu&lso, they exhibited fracture surface wittohgfibers pulled out
and numerous delaminations. This suggests that the fracture characteristics wfetheost layer
determine the flexural responsé the compositeas a whole as alsoreported by I. D. G. Ary
Subagid™
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Figure 4 (a) Water absorption percentage and (b) Thickness swelling percentages of composites
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Figure 5 SEM images of fractutesurfacs of (a) tensile testeB2 specimen(b) tensile teste®2 specimen(c)
flexural testedB2 specimen(d) flexural tested2 specimen(e) impact energy test&®P specimen(f) impact
energy teste&2 specimen

Impact load causes the specimenB2 and K2 laminates to faibecause o€rackng, breaking of
thefibers and crumbling of the matrj>as can bebservedn Figure 5 (eandf). It may be also noticed
that, whilethe matrix collaped undethe impact forcemany ofthe fibersstill remaired intact.

CONCLUSION

Basalt and kenaf fibereinforced epoxy composite with various stacking sequencesere
fabricated using th@acuum bagging technique. The fabricated samples were testatordance
with the ASTM standards fodetermining theitensile, compression, flexural, impasd hardness
properties, as well atheir water absorptionrad thickness swelling behaviorsta€tured specimens
were analyzed using SEM fexamining theimorphology andfailure mods.

Thefollowing findings of theresearcitan be formulated:



(i) Laminate Bl which contaied five layers of basalt fiber exhibited excellent tensile,
compressive, flexural strength and hardnessong all thdaminates. This is due tihe excellent
tensile behaviorwof basalt fibersin all the layersof the composite, providing exceptionalad
transfer

(i) Among all the hybrid laminates, the laminates with kenaf fitsstha surface laysrrevealed

better tensile, compressiaadflexural properties than the laminates with basalt fils¢ha sirface

layers.

(i) The laminates with basalt fibes the outermostayersrevealed better performanceterms of

impact and hardness properties than the laminates with kenaf fibémeasurface layers

consideringall the hybrid laminateddowever,due tothe good load transferability of basalt fiber,
the hybrid laminates with basalt fiber at the surface had good impact strength and hardness.

(iv) Laminate B2 hdthe highest impact strength valef 71.14kJ/m?. This can be explained by

the increased load trdies characteristic of basalt fibaersedas the outermost layer and in the

successive layers of laminates. Moreover, it is also due to good adhesion bbeveatrix and
thefiber.

(v) Laminates with kenaf fiber showed enhanced water absorption characebistiause of the

hydrophilic behavior ohaturalkenaf fiber. Because of thian increasén the kenaf fiber content

in the laminates enhances itheater absorption characteristics. In contrt®t, presence djasalt
fiber in the hybrid composites ca@sl anoppositebehavior Also, with more significantwater
absorption of kenaf fiber reinforced hybrid polymehir thickness swelling also increake

(vi) SEM analysigevealediber pull-out, matrix crackg and fiber breakagas causes leading to

the failure ofthe tensiletested compositeth contrastjn flexural tess, the laminates demonstrated

delamination and fiber bending. In the imptags, the failure is mainlycausedy fiber breakage
and crumbling of the matrix.

From the abowenentioned expé@nental results, itan beconcluded that basalt fiber reinforcement
in hybrid composite improves the mechanical characteristicstltd materials Hybrid composite
laminates with kenaf fibersahe outermost layerachievedgood tensile, flexural and comgssive
strengthpropertiesAs regards th@npact and hardness properties, the composite lamsingte basalt
fiber reinforcenent useds the outermost lay@exhibitedsuperior performance
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