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ABSTRACT

Composites are wonderful materials in the sense of a good combination of many useful engineering properties. In thisregard,
polymer composites have gained much more attention because of their light weight, low cost, ease of fabrication, corrosion and
wear resistance, etc. For the development of polymer based green composites, the role of natural fibres is growing at an
increasing rate in the field of engineering and technology, where jutefibreis a potential candidate. Polymer based composites
reinforced with waste natural fibre usually result poor to very moderate tensile strength that, naturally, restricts their uses only
in some ordinary applications. This article reports the experimental results on the effect of locally produced river based nano
silicasand and clay particlesto enhance the tensile properties of nylon based composite reinforced with jute fibres of industrial
waste. For doing this, at first, 90% nylon and 10% untreated jute fibre reinforced composite was devel oped. In the next stage,
1% locally produced natural inorganic nano particles (either silicaor clay) were added separately in the nylon-jute compositeto
make nano structured composites. All composites were then characterized by tensile tests. Experimental results revealed that
nano silica sand or clay particles could be a very good source for low cost reinforcement material to increase the tensile
properties of nylon. © 2020 K nowledge Empowerment Foundation
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INTRODUCTION

Polymeric materid saremostly oil based and they
arenot good for our environment. Oneof the options
tolessentheenvironment rel ated challengeisto reduce
theoil based polymer dependence and replacing these
polymersby bio-based or biodegradableones™. This
initiativecan a so promotewastereduction, diminishing
itsenvironmental impact®. Natural fiber reinforced
polymeric composites are emerging as eco-friendly,
green polymer compositesand areoffering commercia

and engineering applications along with techno-
economic advantages®9. So, inrecent years, natura
plant based fibers, for example; jute, coconut, hemp,
ssd, coir etc arebeing used asreinforcing materialsfor
polymeric compostesin placeof conventiond manmade
fiberslikeglass, carbon, aramid, etc because of their
widerange of advantages aslight weight, nontoxic,
cost effective, easily availableand acceptabl e specific
propertieg5810,

Agricultureisanimportant sector that contributes
alot in economic growth of many countriesaround
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theworld. Bangladesh is such acountry where jute
is grown abundantly. Traditionally, the waste
produced duringindustrial useof jutefibresismainly
thrown or burnt away. One of the possible prospects
isto utilizethemin polymer compositesfor technical
applicationsg. In recent years, there have been
studiesto investigate the use of many industrial wastes
for making biodegradable composites'?. Wastejute
fibresarevery cheap; however, theresulted polymer
composites are of poor to moderate strengthd*3. As
aresult, compositesmadefromtheseareonly suitable
for somelow performance applications, because of
their relatively poor strengths?4%, If the strengthiis
improved by any means as surfacetreating thefibres,
improving theinterface adhesion, addition of nano
particles, etc, these biodegradable composites could
be candidates for moderate to many high
performance applications and replace manmade
artificial fibresaswel (151,

Nylon 6 isoneof themost widely used engineering
thermoplastics in a number of critical areas in
automotives. As aresult of increasing demand for
environment friendly materials and the acceptable
combination of many useful properties, thereisgrowing
interest toutilizenaturd fibersfor polymer compositein
meany aress, particularly, inautomotiveindudtriesfor door
panels, seat backs, headliners, package trays,
dashboardstrunk linersandinterior partg®'. Theaim
of this study is to investigate the effect of locally
produced natura inorganic nano particles(nanosilica
sand and clay) additions on the tensile properties of
wastejutefibrereinforced nylon based composite.

MATERIALSAND EXPERIMENTAL

Thermopl astic nylon polymer and wastejutefibre,
respectively, were selected as matrix and initial
reinforcing materia's. For convenienceof proper mixing
and digtribution of reinforcement inthe polymer matrix,
thejutefibreswere chopped to around 20mm length.
Hereit isto bementioned that theused silicasand and
nano clay particles were also made at MME
Depatment, BUET, Dhaka, Bangladesh by combination
of bal millingand hand grinding. Thes zesof asreceived
and ground clay particlesareshowninFigures 1 and 2.
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Figure2: Clay particlesafter grinding.

For any thermoplastic polymer, uniform mixing of
theranfordng materidsinthematrix isagreat chalenge.
In this situation, melting of nylon and mixing of the
chopped jutefibresalongwith sand or clay particlesin
the nylon matrix were donein apolymer meltingand
blending unit developedin MME Department. At firs,
pure nylon granules and jute fibreswere put into the
chamber of the constructed melting and blending unit.
Thenthetemperature of themelting unit wasgradualy
increased to about 225°C with continued blending
action. During the melting and blending period the
chamber was kept closed to restrict air contact with
polymer. When thetemperaturewasreached to 225°C,
the materia inside the chamber wasblended for about
5 minutesisothermaly. Then required amount of clay/
sand partcles (1% by wt) weregradually added into the
pasty mass of nylon during the process of blending.
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Afterward, the pasty well mixed stock wastransferred
to the mould of hot press. The cast sample was then
allowed to solidify inside the mould by passing water
through the hot pressplateand after cooling theresulting
compos tewastaken out from themould. Thisprocess
was continued for purenylonand dl of itscomposites.
For dl cases, rectangular (150mm X 150mm X 2.5mm)
sheetsweremade, Figure3. Theoveral stepsfor making
thecast sampleinthehot pressisshowninFigure4.

For mechanical tests, tensile sampleswere made
fromal cast blockshaving dimensonsshownin Figure
5. Thentensiletestswere conducted using an Instron
UTM machine of 50kN capacity following ASTM
Standard*®l. For each case, at leadt, three sampleswere
tested.

RESULTSAND DISCUSSION

Tenslesampleswere prepared from cast blocks of
purenylon (sampleN-100), nylon-jute composites (N-

Plates
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Control

Polymer

RT=Room
Temperature

Heating up Plates

Place Polymer in the
Mold

Press while Heating

90:J-10), nylon-jute-nano sand particle composite (N-
90:J-9:NS-1) and nylon-jute-nano clay particle
composite (N-90:J-9:NC-1). Here, for each group,
three samplesweretested and theaverage va ueshave
been considered as the representative values of the
developed composites. Typica stress-strain curvesof
each group arepresented in Figure 6 and the average

Figure3: Ascast sampleof purenylon.

Cooling
Water

Cooling Molded
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Figured4: Schematicsof samplepreparation of compression moldingin hot press.
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Figure5: Tensiletest sampleand itsdimensions.
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0.2% proof strength, ultimatetensile strength (UTS),

elongation at fractureand Young’s modulusdatathus

obtained from the stress-strain curves are shownin

TABLE 1.

Fromthestress-strain curves presented in Figure 6
andtensledatagivenin TABLE 1, somedifferencesin
the tensile behaviours of the pure nylon, nylon-jute
compositeand nylon-jute nano compositesareclearly
visible. Thebas cdifferencesare summarized bel ow:

i) Additionsof chopped waste jutefibresincreased
theproof strength of thenylon, however, drasticaly
decreased itselongation. Addition of jutefibrea so
decreased the UTS.

i) Nano silicasand or nano clay particle additions, in
genera, improved all tensile propertiesincluding
ductility of the nylon-jute composite.

iii) In improving the tensile properties of nylon-jute
composite, the performancesof both nano particles
have beenfoundto bevery similar.

Now, why has the ductility of the nylon been
decreased with the additions of jutefibres?Itiswell
established that nylonisalinear type thermoplastic
polymer®¥, Intheascast condition, itschainsremainin
random distribution, Figure7.

When tensileload isapplied on the sample pure
nylon having randomly oriented linear chains, thecurly
morphology of the chainsstartsto Sraighten, Figure 8.
With increased load, the curly chains try to be
unidirectional asmuch asthey can by overcoming the

weak Van der Waa sforcesamong them. Asthechains
have the opportunity to movefreely, pure nylon shows
avery high level of ductility. From TABLE 1, it is
revealed that additions of 10% chopped jutefibrein
nylon drastically decreased the e ongation from 115%
to only 13%, which ismorethan 8 times|ower. Jute
fibreisvery brittlecompared to the nylon matrix. Thus,
addition of jutefibresrestricted the free movement of
nylon chain. Ontheother hand, additionsof jutefibres
caused several changesinthenylon matrix. It created
gaspockets(Figure9), poor nylon-jutefibre cohesion,
creation of weak zones in chopped jute fibre
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Figure6: Typical stress-strain curvesof thetest samplesin
each group.
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TABLE 1: Tensilepropertiesof purenylon and itsvariouscomposites.

Serial Group Aver age Proof Sress Average UTS, % Elongation Young’sM odulus
: | dent ification (0.2%), M Pa MPa (GL: 32mm) (MPa)
1 N-100 24 38 115 812
2 N-90.J-10 30 33 13 900
3 N-90:.J-9NS1 48 53 22 1045
4 N-90:J-9NC-1 47 51 17 1110
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Figure 7: Random distribution of nylon chainsin as cast
sample.
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Figure8: Sraightened chainsin nylon sampleunder tensile
loading.
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agglomerated or entangled areas (Figure 10), etc. Due
to the presence of several varieties of defects, there
wasapremature of thesampleof nylon-jutecomposite.
Thisisthereason for drastically lower ductility of the
nylon-jute composite.

Although, addition of jute fibre decreased the
ductility drastically, thereisanoticeableincreasein the
proof strength and modulusleve of thenylon-jutefibre
composite. Jute fibre is not as ductile as nylon, but
significantly stronger than it?2, So, under tensileload,
stronger jutefibresinthe composite naturaly can take
more stresswhen relatively ductile nylon matrix starts
todeform. Inthiscase, for higher strength of theresulted
compositeasper theruleof randommixing™, jutefibres
must not be debonded from each other and also from
jutefibre-nylon matrix interfaceseasily. Inthiscase,
reinforced fibresmust be broken and/or crushed under

Entanglement
of Jute Fibre

tensleloading. However, because of presenceof defects
and inhomogeneousdistribution of thejutefibreinthe
nylon matrix (Figures 9 and 10), the benefit of high
strength jutefibre additions could not beincorporated
properly into the devel oped composite. Moreover, in
the case of untreated jute fibres poor cohesion with
polymer isthe reality!?d. So, altogether, addition of
untreated jutefibre caused somepotentia ly easy crack
initiation Stesthat accel erated fibreto fibre debonding,
especidly intheagglomerated jutefibreareas (Figure
11), fibre-nylon interface debonding, fibre pull out, etc
(Figure12).

When the possibility of potent crack initiation Sites
increases, for any developed materias, expected
mechanical propertiescannot beachieved. Thisisthe
reason why reinforcement of significantly high strength
jutefibre could not ensure expected high strength of

Figure9: Schematicsshowing variousdefectsin nylon-jute compositesbeforenano particleaddition.

Agglomeration of Jute
Fibres in Polymer Matrix

Figure 10: Photograph showing jute fibre agglomer ated
zones.

EeiceY SpotMagn Dt WO Ep |—] Spm ;
Figure1l: Inter-fibreseparation in jutefibreagglomer ated
areas.
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Debonded Polymer
Interface

w Debonded Jute
| Fibre

A Figure12: Jutefibrepull out/debondingin jute-nylon composite

nylon-jutecomposite. Similar observation hasa so been
made by other for wood particlereinforced polymer
composites®.

Addition of nano particles changed the scenario.
Now, they improved thetensile propertiesof thenylon-
jutecompositesglobaly. Hereit isto be mentioned that
thistypeglobal tensle property enhancement of nylon-
jutecompositesistheindirect actionsof nano particles.
Infracture mechanics, itiswell established that poor
interfacia bonding between any matrix and reinforcing
materials, presence of gas pocketsor other defectsin
thematrix, eventhey areinmicron level, act ascrack
or nudei of crack formation under loading condition2
21, In this respect, larger the size of the fibre
agolomerated zonesor other defects, more potent will
be the crack initiation site because of higher stress
concentration effectsover there. Itiswell documented
that the nano particles provide ahigh surface areathat
can provide abetter cover up inthe matrix?, Thus,
addition of nano sand or clay particlesthushad healing
actionsto repair the bad effectsrelated to jute fibre
additions becausetheir higher degree of accessibility to
any type of open defective zones and heal the aress.
Theevidenceof partial or full filling of gaspocketsin
composite by nano particlesisshownin Figure 13.

Similar to gaspockets, nano particlesa sofill any
other empty spacesbetween nylon-jutefibresor inthe
agglomerated jutefibres, etc asshown schematically in
Figure 14. Asthe defect size, i.e. the effective crack
Size decreases, the stress concentration action also
decreases as per fracture mechanicsrelationship. So,

thecritical stressrequired toinitiatethefracture also
increases. Theoverall scenario caused thefina fracture
to delay leadingtoincreasein theproof strength, UTS,
modulusand elongation. Smilar typeof effectsof nano
particles on strength and ductility enhancement of
polymer composite hasbeen observed by other™,

Figure 14: Healing of defects in nylon-jute composite by
addition of nano particles.
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CONCLUSIONS

Inthe present research, using local facilitiesand
naturaly available materia snano silicasand and clay
particleswere produced. Then nylon polymer based
jutefibrereinforced compositeswerefilled with 1%
nano slicasand and clay particles separately to develop
nano structured nylon-jute composites. Samplesmade
from purenylon, nylon-jutecomposites, nanosilicaand
clay added nylon-jute composites were tested to
characterizetheir varioustens|e propertiesfollowing
ASTM standard procedure. After detail experimental
works, thefollowingfina conclusionshave been made
fromthisresearch work:

i) Purenylonshowed thelowest proof strength among
al composites. Addition of waste choppedjutefibre
in nylon caused anoticeableincreasein the proof
strength, however, adecreaseinthe UTShasbeen
observed.

ii) For purenylon, the highest level of elongation has
been found. Addition of jute fibre drastically
decreased the elongation from 115%to just 13%.
Jute fibre is brittle material. At the same time,
incorporation of brittlejutefibresinnylonfor making
compositerestrictsthemovement of ductile nylon
matrix leadingtothisdrastic decreasein ductility.

i) Addition of nano silicasand or nano clay particles
enhanced the gross tensile properties, i.e. proof
strength, UTS, modulusand € ongetion of thenylon-
jutecomposite.

Infinal remarks, it could be said that thelocally
produced low cost nano sand or clay particlesaregood
enoughtoreinforcethenylon-jutecompositeto enhance
thetensile propertiesof nylon-jute composites.
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