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ABSTRACT

The growing environment awareness demands the dsenature fibres as
reinforcement materials in commercial. The natfitaks however are hydrophilic in
nature and their composites undergo environmengégradiation during service.
Hygrothermal conditioning on as received jute falai different temperatures of hot-
press have been studied in the present investigaiibese composites are usually
subjected to various loading conditions. Therefareattempt has been made to study
the tensile properties of the composites. Fractigrastudies were carried out to
study the fracture surface under SEM. It is notitieat the major mode of failure is
due to fibre pullout and matrix cracking. The rédubm the hygrothermal studies
shows the decrease in strength values of the catapas prolong exposure to humid

environment.
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INTRODUCTION



1. INTRODUCTION

1.1 Introduction

The most important types of natural fibres usedomposite materials are flax, hemp,
jute, kenaf, and sisal due to their properties avallability. Jute is an important bast
fibre with a number of advantages. Jute has higltifip properties, low density, less
abrasive behaviour to the processing equipmentd gdimmensional stability and

harmlessness. Jute textile is a low cost eco-flyequoduct and is abundantly
available, easy to transport and has superior Oiitgaand moisture retention

capacity. It is widely being used as a natural ohdor plant mulching and rural road
pavement construction. The biodegradable and laeegrjute products merge with
the soil after using providing nourishment to tluél. sSBeing made of cellulose, on

combustion, jute does not generate toxic gases.

Due to jute’s low density combined with relativediff and strong behaviour, the

specific properties of jute fibre can compare tusthof glass and some other fibres.

Table 1.1: Properties of jute fibre in comparisathvether fibres

Specific Specific
. Densitv Tensile Young's | Elongation Tensile Young's
Fibre (ﬂ‘cm‘z‘) Strength Modulus At break Strength Modulus
= (MPa) (GPa) (%0) (MPa/ g.cm'3) (GPa:g.om’s)
Jute 1.3-1.45 393-773 13-26.5 1.16-1.5 286-562 9-19
Flax 1.5 345-1100 27.6 2.7-3.2 230-773 18
Ramie 1.5 400-938 61.4-128 1.2-3.8 267-625 41-85
Sisal 1.45 468-640 9.4-22.0 3-7 323-441 6-15
Coir 1.15 131-175 4-6 15-40 114-152 3-5
E-glass 25 2000-3500 70 25 800-1400 28
S-glass 2.5 4570 86 2.8 1828 34

The natural fibres can be used to reinforce bo#rniosetting and thermoplastic
matrices.

Thermosetting resins, such as epoxy, polyesteryupaethane, phenolic, etc. are
commonly used today in natural fibore compositeswimnich composites requiring
higher performance applications. They provide sidfit mechanical properties, in

particular stiffness and strength, at acceptabhly lprice levels. Compared to



compounds based on thermoplastic polymers, thetnoogsepounds have a superior
thermal stability and lower water absorption. Hoesvn the case of the demand for
improved recycling and in combination with new Idiitgre reinforced thermoplastic
(LFT) processing, thermoplastic polymers have be&pected to substitute the
thermoset polymers.

Considering the ecological aspects of materialctiele, replacing synthetic fibres by
natural ones is only a first step. Restrictingeh@ssion of green house effect causing
gases such as CO2 into the atmosphere and ansimggeavareness of the finiteness
of fossil energy resources are leading to devefppiew materials that are entirely
based on renewable resources.

The natural fibre composites can be very cost sffecmaterial for following
applications:

- Building and construction industry: panels fortfggn and false ceiling, partition
boards, wall, floor, window and door frames, rodés, mobile or pre-fabricated
buildings which can be used in times of naturahealies such as floods, cyclones,
earthquakes, etc.

- Storage devices: post-boxes, grain storage $ilosgas containers, etc.

- Furniture: chair, table, shower, bath units, etc.

- Electric devices: electrical appliances, pipés, e

- Everyday applications: lampshades, suitcasemédts| etc.

- Transportation: automobile and railway coachriote boat, etc.

- Toys

The reasons for the application of natural fibrethe automotive industry include [1,
2]

- Low density: which may lead to a weight reductwriO to 30%.

- Acceptable mechanical properties, good acoustipgrties.

- Favourable processing properties, for instaneewear on tools, etc.

- Options for new production technologies and maler

- Favourable accident performance, high stabikgys splintering.

- Favourable ecobalance for part production.

- Favourable ecobalance during vehicle operatiantdweight savings.

- Occupational health benefits compared to gldsedsi during production.

- No off-gassing of toxic compounds (in contrastpteenol resin bonded wood and

recycled cotton fibre parts).



- Reduced fogging behaviour.
- Price advantages both for the fibres and theiegpechnologies.

Besides the advantages mentioned above, the nditorelcomposites possess also
some disadvantages. The main disadvantage is tbe qmmpatibility between a
hydrophobic polymer matrix and the hydrophilic &br This leads to the formation of
weak interfaces, which result in poor mechanicabprties of the composites. Other
important disadvantages of the natural fibre contpssare the high sensitivity of
natural fibres towards water and the relatively mpdbermal stability. Water
absorption on composites is an issue to be comsidgnce the water absorbed by the
fibres in the composite could lead to swelling dirdensional instability and to a loss

of mechanical properties due to

Various damping and insulation parts C-pallar trim

Rear parcel shelf

Center console and trim

Seat cuslhion parts

Door trim panels (all 4)

Fig.1.1. Plant fibre applications in the currentrbégles-Benz R-class [2]
the degradation of the fibres and the interfacevéen the fibre and matrix [3, 4, 5, 6,
7, 8].
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2. LITERATURE REVIEW

2.1. Natural fibres and their chemical compositions

Climatic conditions, age and the digestion prodefisences not only the structure of
fibres but also the chemical composition. Compoma@an values of plant-fibres are
shown in Table 2.1. With the exception of cottdrg tomponents of natural fibres are
cellulose, hemi-cellulose, lignin, pectin, waxed amater soluble substances, with
cellulose, hemi-cellulose and lignin as the basingonents with regard to the
physical properties of the fibres.

Table 2.1: Composition of different cellulose basatural fibres

Cotton Jute Flax Ramie Sisal
Cellulose 82.7 64.4 64.1 68.6 65.8
Hemi-cellulose 5.7 12.0 16.7 13.1 12.0
Pektin 5.7 0.2 1.8 1.9 0.8
Lignin - 11.8 2.0 0.6 9.9
Water soluble 1.0 1.1 3.9 5.5 1.2
Wax 0.6 0.5 1.5 0.3 0.3
Water 10.0 10.0 10.0 10.0 10.0

2.2. Mechanical properties of natural fibres

Natural fibres are in general suitable to reinfoptastics (thermosets as well as
thermoplastics) due to their relative high streragtld stiffness and low density (Table
3). The characteristic values for flax and soft-d«bmaft-fibres reach levels close to
the values for glass-fibres, types E (“E” becausdheir early use in electronic
applications and today the most typically usedsiiaees reinforcing plastics in non-
aggressive media). Nevertheless and also obvio(kalte 3), the range of the
characteristic values, as one of the drawbackslfanatural products, is remarkably
higher than those of glass-fibres, which can belagx@d by differences in fibre
structure due to the overall environmental condgialuring growth. Natural fibres

can be processed in different ways to yield rewif@g elements having different
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mechanical properties. The elastic modulus of makural fibres such as wood is
about 10 GPa. Cellulose fibre with

moduli up to 40 GPa can be separated from woodn&tance, by chemical pulping
processes.Such fibres can be further subdividdd/byolysis followed by mechanical
disintegration into microfibrils with an elastic ohdus of 70 GPa. Theoretical
calculations of the elastic moduli of cellulose icisahave given values of up to 250

GPa, however, there is no technology availablepagte these from microfibrils.

Table 2.2: Mechanical properties of natural fitmescompared to conventional

reinforcing fibres

Fibre Density(g/cm3) | Elongation (%) | Tensile Young’s modulus
strength(MPa) | (GPa)

Cotton 1.5-1.6 7.0-8.0 287-597 5.5-12.6

Jute 13 1.5-1.8 393-773 26.5

Flax 1.5 2.7-32 345-1035 27.6

Hemp - 1.6 690 -

Ramie - 3.6-3.8 400-938 61.4-128

Sisal L5 2.02.5 511-635 9.4-22.0

Coir 12 30.0 175 4.0-6.0

Viscose(cord) - 11.4 593 11.0

Soft wood kraft L5 - 1000 40.0

E-glass 2.5 25 2000-3500 70.0

S-glass 2.5 2.8 4570 86.0

Aramide(normal) 1.4 3.3-3.7 3000-3150 63.0-67.0

Carbon(standard) 1.4 1.4-1.8 4000 230.0-240.0

As in the case with glass-fibres, the tensile gfiferof natural fibres also depends on
the test length of the specimens which is of meapartance regarding reinforcing
efficiency. The actual tensile strength of a sinfiiee is typically given for a test
length of zero as in the case for glassfibres. HEmesile strength of flax-fibres is
significantly more dependent on the length of thwef than for the case of glass-
fibres. Compared to this, the tensile strengthinégpple-fibres is less dependent on
the length, while the scatter of the measured eafae both is located mainly in the

range of the standard deviation. This dependenpength vs. test length, could be

12



seen as degree or the homogenity or amounts ottdedé a fibre or a material in

general. Hydrophilic nature is a major problem & cellulose-fibres if used as

reinforcement in plastics.

The moisture content of the fibres, dependent ariestt of non-crystalline parts and
void

content of the fibre, amounts up to 10 wt. % und&ndard conditions. The

hydrophilic nature of natural fibres influences tnerall mechanical properties as

well as other physical properties of the fibrelftse

2.2. Jute fibres

2.2.1. Properties of jute fibres

The need for using jute fibres in place of the itradal glass fibre partly or fully as
reinforcing agents in composites stems from its:

» Lower specific gravity (1.29) and higher specificodulus (40 GPa) of jute
compared

with those of glass (2.5 & 30 GPa respectively),

* Jute fibre is 100% bio-degradable.

* It has high tensile strength, low extensibilignd ensures better breathability of
fabrics,

« It has good insulating and antistatic properigesyell as having low thermal

conductivity.

2.2.2. Advantages of jute fibres

Apart from much lower cost and renewable naturegjuté, much lower energy
requirement for the production of jute (only 2%tloét for glass) makes it attractive as
a reinforcing fibre in composites. Jute fibre ixydable and thus environment
friendly starting from the seed to expired fibre,the expired fibres can be recycled

more than once. Jute fibres are easily availaldetlaese are environment friendly.

2.2.3. Uses of jute fibres

Jute has entered various diversified sectors, wimateiral fibres are gradually
becoming better substitution. Among these industdes paper, celluloid products

(films), nonwoven textiles (for car interiors anther uses), composites (pseudo-
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wood), and geotextiles. The jute composites mayided in everyday applications
such as lampshades, suitcases, paperweights, Bekhetver and bath units. They are
also used for covers of electrical appliances, igest-boxes, roof tiles, grain
storage silos, panels for partition & false ceitindpio-gas containers, and in the
construction of low cost,

mobile or pre-fabricated buildings which can bedusetimes of natural calamities
such as floods, cyclones, earthquakes, etc.

2.2.4. Limitation of jute fibre composites

Unfortunately, all mechanical and other physicabparties of natural fibres are
influenced by their growing conditions, fibre presing technique and, as for other
fibre types, by the fineness of the fibre and san@ét-length. Although, as with most
of the other plant-based natural fibres, cellulimsens the main structural component
of jute, the non-cellulosic components e.g., ligaimd hemicellulose, also play an
important part in determining the characteristioparties of the fibres.

There is, however, a major drawback associatedtwitapplication of jute fibres for
reinforcement of resin matrices. Due to presendeydfoxy and other polar groups in
various constituents of jute fibre, the moisturgalp is high (approx. 12.5% at 65%
relative humidity & 2@ C) by dry fibre and 14.6% by wet fibre. All thisads to (i)
poor wettability with resin and (ii) weak interfatbonding between jute fibre and the
relatively more hydrophobic matrices. Environmentperformance of such
composites is generally poor due to delaminatiodearhumid conditions. With
increase in relative humidity upto 70%, the tenaaihd Young's modulus of jute

increases but beyond 70%, a decrease is observed.

2.5. Polyester

Cure at room or elevated temperature. It has gbedcal resistance.

Limitations:- emission of styrene, shrinkage onirogi(7-10%)

The term polyester covers a very large chemicalljaof which “unsaturated resins”

covering orthophthalic, isophthalic, vinyl estersdablends form the largest single
group of fibre reinforced thermosets. They are liguamanufactured by reacting

together dihydric alcohols (glycols) and dibasigamic acid, either or both of which
contain a double-bonded pair of C atoms. By elimamaof water between the acids

and glycols, ester linkages are formed, producihgng chain molecule comprising
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alternate acid and glycol units. The polymer chaidissolved in a reactive organic
solvent, usually styrene monomer or methyl metHatey vinyl toluene or alpha-
methyl styrene. With heat and a chemically actidateee radical initiation, the
polyester and the reactive diluents crosslink tonf@-D non melting network. The
reaction is in a kettle at 170-2@ with components in equal molecular ratio and
water eliminated.

Polyester resins are cured by organic peroxideshwimitiate a free radical
copolymerization reaction. This can occur at roempterature, under heat (60°€x)
or by UV or visible light radiation. The catalystssem comprises organic peroxides
(initiators) which are activated by acceleratorpamoters. The resin begins to cure
as soon as the initiator is added, the speed ofiveég depending on the temperature,

resin and catalyst reactivity.

2.6. Tensile Properties

w
= ™ Jute Laminate
- ] mmmmu Polyester Resin
o T=zs=- Jute Fiber ] _
] +e=e= Jute Fabric @] s-PLY LAMINATE
i S‘E
o ]
] o 1
o o] =
£ =
g 3 £
& @3
. ]
2 .
- (=%
] 1
: u‘ublxllllb:dillll 'b.di:ll,l.b:ds'.lIllb:éi.lIl.lb:as
3T o6] Strain mm,/mm
Strain  mm/ mim Fig. 2. Tensile stress—strain response of jute-reinforced polyester compo-

sites and resin
Fig. 1. Stress—sirain response of jute fibre and fabric.

Fig. 2.1: Tensile Properties of jute fibre, fakaimd composites

Fig. 1 shows the stress—strain diagram for juteefdnd jute fabric. Jute fibre exhibits
stiffer characteristics as compared to jute fabFlus is due more to initial stretching
of the fabric than the nature of the fibre. Forhbéibre and fabric, the curves are
initially horizontal due to the stretching effeaused by removing slack from the
system. Strands in the fabric break at differente8 as each fibre can stretch
independently and break individually when reactimgjr breaking stress. The failure

mode is by progressive breaking of the fibresak been observed that strands in the
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fabric begin to fail from the centre of the faband propagate width-wise on either
side. The ultimate tensile strength and the tangerdulus of elasticity after initial
stretching of the ‘as received’ jute fibre is foutm be 120 MPa and 3.75 GPa;
corresponding values for jute fabric are 85 MPa ar@lGPa. The variation in the
values of strengths may be due to: (i) the assumghat the cross-sectional area of
each yarn is circular, (ii) the difference in thieeagth of individual fibres in the fabric
arising out of process defects.

The tensile strength of a composite material isnlgadependent on the strength and
modulus of fibres, the strength and chemical stgbibf the matrix and the
effectiveness

of the bonding strength between matrix and fibredransferring stress across the
interface [10]. Fig. 2 shows the stress—strain rdiagfor four jute laminates and a
polyester resin. The initial linear portion of tjute laminate curves shows the elastic
behaviour of the composite. The deviation from diriy is an indication of the
beginning

of initial matrix cracking, and the first major aige in slope in the curve is the sign
of a major crack in the matrix or the beginningfibfe failure. The first fibre failure
occurs at a stress level of 26 MPa (approx.) aedctirresponding resin stress is 5.5
MPa for the same amount of strain. The rest ofdtieps in the curves are indications
of progressive failure of fibres as the appliedloacreases, and the end of the curve
represents the ultimate stress which is due te fitacture and may be fibre pull-out.
However, the failure mode exhibits breakage arie lgull-out of fibres. The average
values of ultimate tensile strength, initial tangemodulus and Poisson’s ratio for
these composites are 60 MPa, 7 GPa and 0.257,cteghg and corresponding
values for polyester resin are 12.1 MPa, 1.4 GRIa0a88. The values obtained by the
rule of mixture are 63 MPa and 1.12 GPa. The dfiee in the initial tangent
modulus obtained from experiment and rule of mixtisrdue to initial stretching and
the nature of the fibres.
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2.7. Hygrothermal Effects:-
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Fig. 2.2: Percentage moisture pickup vs squareabobnditioning time

The amount of moisture absorption by FRP compositesumid conditions is a

function of time and temperature [7]. Fig. 1 is negentative of the moisture
absorption kinetics in FRP composites. The firgioe shows a marked linearity
indicating Fickian absorption, where the moistuseabsorbed according to Fick’s
second law of diffusion. Following this a saturatitevel is achieved, which is

indicated by the horizontal region of the curveeTdmount of moisture absorbed
depends on the partial pressure of the moistutiearsurrounding and the moisture in
the composite. Once a temporary equilibrium is med¢ a saturation region is
attained. Prolonged exposure to hygrothermal enmiient results in the third stage of
the curve clearly indicating non-Fickian moisturdesarption kinetics. Fickian and

non-Fickian moisture absorption kinetics have begplained by Li-Rong Bao and

coworkers [8]. The diffusion properties of the ifidee may be different from those of

the bulk matrix probably due to the formation di@ndary layer. When the fraction
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of matrix in the interface region is significantpisture transport may be considerably
affected.

Surface absorption and diffusion through the maisithe primary mechanism for
moisture pick up in most of the well fabricated qmsite materials during the initial
period of exposure [10]. The composite materialst@io cracks and micro voids in
the matrix. These are formed during the polymeioratof the matrix. The free
polymer chains get entangled with each other amaterthese micro voids in the
matrix [11]. These micro voids are the major sitesthe moisture pick ups in the
composite materials, especially during the initiatiod. Gradually when the moisture
diffuses inside the matrix, it starts to interaleemically with the polymer.

This is marked by a chemical phenomenon calledimbgdrolysis [7]. When this
mechanism is spread through out the composite widar range, then the over all
chemistry of the polymer is significantly affectethus the adhesion between the
fiber and the matrix is compromised stupendousysing the de-bonding at the fiber
matrix interface [12]. Finally, the composite fadempletely, when its constituents
separates out from each other. In other wordsctimeposite fails when the interface
between the fiber and the matrix collapses comiglet€hus the failure of the
composite deals with surface chemistry of the filpatrix interface due to physical,
chemical and physico-chemical changes of the mdtriing its service conditions.
The exposure of composite at higher temperaturarez@s the matrix cracking due to
mismatch in thermal strain. There is also a polsituf polymerization in them. The
crosslinking during the polymerization process Hssin an increased number of
micro voids in the composites. Consequently, tleaists more sites for moisture pick
ups. Hence samples subjected to 64 hours of tredtsmew less resistant to failure
than the 4 hours conditioned samples.

Exposure to elevated temperature can result inadegion of mechanical properties,
cracking, chalking and flaking of polymers [8]. Thiest form of damage in laminated
composite is usually matrix microcraks. These nicaks are transverse to the
loading direction and are thus called transverseks. Matrix microcracks cause
degradation in properties in composite laminate} @go act as precursors to other
forms of damage leading to laminate failure. Delzatibn is a critical failure mode in
composite structure. The interfacial separatiorsediwby the delamination may lead

to premature buckling of laminates, excessive sitmu of moisture and stiffness

18



degradation. While in some cases a delamination prayide stress relief and
actually enhance the performance of a compositgpooent.

(A) (8)

Fig. 1. Typical diffusion paths in permeable (Fig. A} and impermeabie (Fig. B)
fibre based polymer composites.

Fig. 2.3: Diffusion paths for water adsorption ontposites

18
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3.EXPERIMENTAL WORK

B 3.1. Preparation of composite

By hand laying technique
Resin=60% of fabric weight
Hardener=2.6% of resin weight

Accelerator=2% of resin weight

Oo0o0ao0oano

The mixture of polyester resin with the given weigh of hardener
and accelerator was applied in between as rec@ivedabric pieces to
get alternate layers of resin matrix and jute fabeinforcement.

O A hot—plate setup was constructed and the laminaége hot pressed
at three different temperatures 60, 80 and’@Qinder 2 ton load for 8
minutes with the help of a hydraulic press to eckathe rate of curing
and bring out uniform distribution of resin mix.

O The green composite is then left out to atmospheret8 h under a
load of 8kg for avoiding relaxation.

O The specimens were then cut from the laminatedosile test with

the help of hacksaw according to the specific stashd
W 3.2. Hygrothermal Treatment

The specimens were hygrothermally conditioned umidity cabinet where
the conditions were maintained at a temperatur@®€ and 95% relative humidity
(RH). The humidity cabinet had an inbuilt thermoemetfor temperature and
hygrometer for relative humidity measurements. Thmperature variation was
maintained between 0-8G whereas the RH variation was allowed in the 0-1%
range. The composite laminates were placed on na¢efd trays. The hygrothermal
conditioning was carried out for different lengthfstime ranging from four to sixty-

four hours.

W 3.3. Tensile Testing
Tensile studies were carries out to determineahkéensile yield strength, tensile
strength at break (ultimate tensile strength),itemsodulus (Young's modulus),
elongation at yield and break and energy to yield lareak point.
Tensile tests were performed in an Instron 1195hinacin accordance with a

specific standard.

21



Fig.3.1: Dimensions of a tensile specimen

we Width of narrow section = 11mm,
wo- Width overall = 25mm,

T- Thickness = 3 — 4mm,

G- Gauge length = 40mm,

Lo- Length overall = 120mm,

D- Distance between grips = 70mm.
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4. RESULTS & DISUSSION

The tensile test results for samples hot-pressef0a 80 and 1T and

subjected to hygrothermal treatment for 4, 16 afdh@urs is given as follows. A set

of samples, hot-pressed at different temperatwes, not given any hygrothermal

treatment. Their tensile values were obtained hadésults compared.

Longitudinal Tensile Stress of laminate pressedain temperature was found to be

39.68 MPa

Temperature of hot press =°6D

Sl. Duration of | UTS | Displacemnt Energy| Dry Weight | %age
No. | Hygrothermal (MPa) | at break| to Weight | after increase
Treatment (mm) yield | (ing) |treatment
(hrs) point (in g)
Q)

1 0 79.04 | 1.208 1.918

2 0 82.58 | 1.080 2.028

3 0 48.96 | 0.998 0.988

4 4 46.47 | 1.190 1469 8.72 8.92 2.29
5 4 85.31 | 1.739 .7766] 10.83 11.01 1.66
6 4 79.31 | 1.309 5678 9.17 9.45 3.05
7 4 78.60 | 1.201 .6510| 8.38 8.66 3.34
8 4 80.79 | 1.483 .7263| 10.18§ 10.46 2.75
9 16 43.38 | 1.291 1454  8.37 8.77 4.78
10 16 81.46| 1.382 3926  10.0( 10.34 3.40
11 16 75.68| 1.501 3509 9.56 9.91 3.66
12 16 67.15| 1.208 3482  9.92 10.30 3.83
13 16 78.33| 1.684 4978  8.26 8.70 5.33
14 64 76.13| 1.135 9796 9.30 9.68 4.09
15 64 71.06| 1.391 3554 9.36 9.72 3.85
16 64 66.02 | 1.236 .3433] 8.93 9.35 4.70
17 64 71.10| 1.456 4433 10.8% 11.36 4.70

Table 4.1: Experimental results obtained for samplet-pressed at 80 and

subjected to hygrothermal treatment for 0,4,16&htours
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In the above table, data obtained from sample né.ahd 9 were not considered for

analysis as these values showed deviation frometteof the data.

Temperature of hot press ="8D

Sl. | Duration of | UTS | Displacement Energy| Dry Weight | %age
No. | Hygrothermall (MPa) | at break| to Weight| after increase
Treatment (mm) yield | (ing) | treatment
(hrs) point (in )
Q)

1 0 83.24 | 1.142 1.951

2 0 84.69 | 1.087 2.045

3 4 76.82 | 1.421 5421 10.22 10.42 1.96
4 4 87.88 | 1.529 .5378| 9.65 9.86 2.18
5 4 90.51 | 1.595 1.074] 10.41 10.66 2.40
6 4 87.06 | 1.437 .9414| 10.29 10.53 2.33
7 16 84.5 1.245 5893 9.92 10.23 3.13
8 16 77.5 1.505 .5896| 9.35 9.67 3.42
9 16 95.55 | 1.364 .6921| 9.17 9.52 3.82
10 | 16 81.59 | 1.382 5962 9.76 10.15 4.20
11 | 16 78.99 | 1.410 .8159 10.02 10.45 4.29
12 | 64 63.84 | 1.144 2840 9.39 9.74 3.73
13 | 64 100.2Q0 1.474 4356 | 9.39 9.75 3.83
14 | 64 58.71| 1.545 3926 10.25 10.67 4.09
15 | 64 72.08 | 2.035 .8298 10.43 10.93 4.71
16 | 64 51.25| 0.989 3672 9.64 10.07 4.46

Table 4.2: Experimental results obtained for samplet-pressed at 80 and
subjected to hygrothermal treatment for 0,4,16@&htours
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Temperature of hot press = £a0

SI. | Duration of | UTS Displacemnt Energy| Dry Weight | %age
No. | Hygrothermal (MPa) | at break| to Weight | after increase
Treatment, t (mm) yield | (ing) |treatment
(in hrs) point (in )
Q)

1 0 75.91 | 1.044 .8510

2 0 79.69 | 1.117 .9599

3 0 62.68 | 0.879 .6166

4 0 65.69 | 0.732 .9234

5 4 63.79 | 1.117 .5866| 8.40 8.63 2.74
6 4 61.57 | 1.199 4484| 9.88 10.11 2.33
7 4 75.63 | 1.071 .6597| 8.49 8.72 2.71
8 4 66.68 | 1.275 5260/ 9.04 9.30 2.88
9 4 67.45 | 1.300 .6645| 9.89 10.14 2.53
10 | 16 64.34 | 1.401 2984 9.47 9.90 4.54
11 | 16 66.01 | 1.080 3877 8.73 9.17 5.04
12 16 51.96 | 1.199 .3326 9.54 9.96 4.40
13 | 16 57.71 | 1.318 2187 8.46 8.89 5.08
14 | 16 73.08 | 1.437 .6254  8.93 9.31 4.26
15 | 16 65.27 | 1.391 4108 10.08 10.52 4.37
16 | 64 51.89 | 1.172 3305 11.04 11.45 3.71
17 | 64 46.55 | 1.227 2460 10.97 11.39 3.83
18 | 64 70.57 | 1.748 .6780 9.10 9.54 4.84
19 | 64 77.56 | 1.556 4702 9.55 10.03 5.03

Table 4.3: Experimental results obtained for samplat-pressed at 180 and
subjected to hygrothermal treatment for 0,4,16&htlours

4.1. Deductions from Stress-Strain curve:

(1) (4 hrs):- The slope of the plot is high. Thaeans the samples are more
elastic in nature. The load is bore by the fibtheathan the matrix. From
the drop in 8BC, it is clear that the fibre bearing the load stsffrom
pullout and then fractures. %D shows high strength and ductility, G0
shows progressive failure.

(i) (16 hrs):- Most of the plots show brittle bef@r. The termination of the

plot at a point signifies that the bonding betwda® matrix and fibre is
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(iii)

weak and the fracture is due to the breakage oédiembedded in the
matrix. This may be either due to matrix fracturedoe to fibre pullout. It
may also be due to fibre breakage when the bonbétgeen the fibre-

matrix interfaces is strong.

The series of ups and down in the curve may indisatcessive fibre
failure. A large load is required to break a sinfilre, then the crack
propagates through the matrix, when a drop in strigs seen. The
remaining fibres then share the load and anotbheg fracture occurs. This
may be the case when the bonding between the difodlematrix is strong
enough to transfer the load, serving its purposecvely.

(64 hours): The curve is seen to rise stgadntil it fractures. The initial
linear portion of the plot shows the elastic natafehe composite. The
nature of the graph shows the failure is brittl@&ture and there is a sharp
breaking point.

The drop in stress at the point of fracture mayciai@ fibre pullout as
for the same level of strain the value of stresslésreasing. Another
reason may be that it is due to the fracture ofntlaé¢rix. The matrix may
have become stiffer due to loss of toughness amgluhable to transfer the
load from one fibre to another. The crack formedhat interface would
have propagated through the matrix due to the tdssrack-blunting
property of the matrix.

Samples hot pressed af’8Gshow progressive fracture of fibres.

Table 4.4: Average values of Longitudinal TensiteeSs corresponding to the first
fibre failure

Temp. of 60°C 8dc 100C
press—
Time
0 hrs 80.81 MPa 83.97 MPa 70.99 MPa
4 hrs 81.00 MPa 85.57 MPa 67.02 MPa
16 hrs 75.66 MPa 83.63 MPa 63.06 MPa
64 hrs 71.08 MPa 69.22 MPax 61.64 MPa
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Table 4.5:;

Average values of Displacement corresponding & fibre failure

Temp. of 60°C 8dc 100C
press—
Time
0 hrs 1.144 mm 1.115 mm 0.943 mm
4 hrs 1.433 mm 1.495 mm 1.192 mm
16 hrs 1.444 mm 1.381 mm 1.304 mm
64 hrs 1.305 mm 1.437 mm 1.199 mm
Table 4.6:
Average value of Energy at yield point

Temp. of 60°C 8dc 100C
press—
Time
0 hrs 1.9737J 1.998 J 0.838 ]
4 hrs 0.680 J 0.774 ] 0.577J
16 hrs 0.397 J 0.657 J 0.379J
64 hrs 0.530J 0.462 J 0.432 7

Fig. 4.1: Average Longitudinal Tensile Stress ahpkes hot-pressed at 60, 80 and

10dC

Average Longitudinal Tensile Stress

60 -
50 1
40 1

Stress (MPa)

30
20 A
10 A

0

90
% ?k‘
70 -

0

10 20 30

50 60

Duration of Hygrothermal Treatment, t (in hours)

70

—— 060

—=— 80

100

28




Fig. 4.2: Displacement at break of samples hotseesit 60, 80 and 14D
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Fig. 4.3: Energy to yield point of samples hot-gebat 60, 80 and 180
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The average longitudinal stress value is seen ¢oedse with the duration of
hygrothernal treatment. There is a slight incre@ms¢he value of stress when the
samples hot-pressed at 60 and@are subjected to 4 hours of hygrothermal
conditioning which is in contrast to the decreasesamples hot-pressed at 100
With further exposure for long durations the ulttem&ensile strength is found to a
decrease in all the three cases. The increaselies/éor 60 and 8 hot pressed
sample may be because of cross-linking of the Wih facilitated by an exposure to
constant temperature at %0 This may have lead to an increase in the bonding
between the fibre and matrix at the interfaceah also be seen from the energy-time
plot that there is a marked loss in energy to yieddnt for the first 4 hours of

hygrothermal treatment. In the case of hot-presain00C, the samples may have
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undergone complete curing and all the sites fosstmking must have participated in
the reaction leaving behind no empty sites for @oiull polymerization. The
exposure to 6 would have no effect then. The matrix may haveobee stiffer due
to loss of toughness.

The other explanation for the increase in the gtternvalues for short
hygrothermal exposure may be due to relieve ofnguistresses in the matrix.
Adsorption of moisture by the fibre and matrix campnts in the matrix would cause
swelling stresses to develop, which are of oppasiteire to that of curing stresses.
The moisture absorbed as water molecules may iednlgydrogen bonding with the
fibre as well as the matrix. This may enhance thength by further polymerization.

Increase in exposure time leads to low strengitues. The adsorbed
moisture interacts chemically with the matrix. Tiret water molecules are adsorbed
directly into the hydrophilic groups at the fibranda after that the other water
molecules are attracted either other hydrophiliougs or they may form further
layers on top of the water molecules already adsbrhis leads to poor adhesion
with the resin matrix, ultimately causing debondifighe fracture depends on the
strength of the fibre-matrix interface. Also it @éggpls on the toughness and strength of
the matrix. The reduced values of displacementeslband energy at yield point may
be due to plasticization of matrix because of nuoestuptake. This helps in the

propagation of fracture and accounts for the loergjth values.

The fracture as observed in the composite sampleshe classified into the
following types:-

(i) By fibre pullout only

(i) By fibre pullout and tearing of the fibres dt adhesion mechanisms
induced by reactions at the fibre-matrix interface.

(i) By tearing of the fibres only when there is pullout as the fibres are
completely impregnated by the matrix

(iv) By shear yielding of matrix and tearing frohetfibre.
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4.2. Hygrothermal Behaviour:-

Table 4.7: %age weight gain after hygrothermalttneat

Temp. of 60°C 8dc 100C
presS—
Time
4 hrs 2.70 g 2.22 ¢ 2.64¢
16 hrs 4.06 g 3.779 4.39¢
64 hrs 434 ¢ 416 g 4.35¢g

Fig. 4.4: Hygrothermal Diffusion of hot-pressed gdas for different periods of
exposure

Hygrothermal Diffusion
5
N
c 4 /0/"_4
T
(@]
£ 3 —+—60
= =80
> 2 100
S
S 17
O !‘ T
0 2 4 6 8 10
th1/2

The diffusion process of water in jute FRP commssitollowed a Fickian
model. This is to be expected, as the hydrophilaeties on the fibre surface act as
passageways for the water entry. Unexpectedlywtiter uptake does not deteriorate
the mechanical composite properties when the timexposure was for 4 hours. In
contrast, there is even a slight improvement inpttogerties for the aged sample. This
is explained as a result of the better interfacaitact due to the swelling of the jute
fibre, which outweighs the loss of adhesion dutgh&obreakup of hydrogen bonds in
presence of water.

The moisture was first absorbed at the voids oepgresent in the matrix when the

rate of moisture in take was higher. Thus there fall in the rate in the absorbance,
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as the voids available for moisture pick up redudesn. The rate continues to fall
until there are no more defects to absorb moistBie.then, the moisture thus
absorbed starts to interact with the matrix bothnaitally and physico-chemically.
This leads to the spreading of moisture throughntlagrix, making the path ways for
newer sites for moisture pick ups. Hence, during), tthe rate gets enhances again till
the newer sites are completely occupied with théstae. This cycle of absorption,
dissolution and diffusion continues till most ofethmatrix is soaked up by the
moisture and the moisture interact with the fibextmx interface. Absorbed moisture
can damage the interface over time by interruptimeghydrogen bonding within the
matrix and fiber, thereby weakening the interfdeerthermore, stresses created by
swelling can be very high and may eventually danthgenterface. The absorption of
moisture causes plasticization of the resin to peeth a concurrent swelling and
lowering the glass transition temperature of trsnreThis adversely affects the fiber-
matrix adhesion properties, resulting debondindfilaér/matrix interfaces, micro
cracking in the matrix, fiber fragmentations, cantus cracks and several other
phenomena that actually degrades the mechaniga¢pyoof the composites.

It can be seen from the graph that the lowest %egjght gain is for the
samples hot-pressed at’8D0 It is also seen from the earlier plots that damot-
pressed at 8C show maximum breaking strength values, whils ioiv for samples
ho-pressed at 60 and @0 Thus high moisture uptake results in lowering th

resistance to fracture.

4.3. Fractography by SEM Analysis :-

Fig 4.5: Fractography of untreated and Hygrothelyrtegdated composite.
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The figure shows shows swelling due to absorptiomaoisture on the surface of the

jute fibre.
60°C

Fig. 4.6: Above- Untreated and 16 hours hygrohegniegated samples

At 60°C, it can be seen that, the major cause of fibitaréais due to fibre pull-out.
The matrix has developed voids in them due to rexhof/fibre. The degree of fibre
pullout is found to increase with duration of hydpermal treatment. Larger number
of voids is found on increasing the exposure tiMeisture adsorbed on the fibre
surface is clearly visible.

Fig. 4.7: The top left figure shows the
matrix of untreated sample. The top
right figure shows the matrix of 16

hours hygrothermally treated sample at
300X. The adjacent figure shows the
same matrix at 500 X.
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The matrix of the untreated sample shows no damagmntrast, the hygrothermally
treated samples show damage in their matrix. Akcredormed at the fibre-matrix,

which leads to debonding at the interface, andlfirfdore pullout occurs.

100°C

Fig. 4.8: Fibre region of untreated and 16 houggrdthermally treated sample

The untreated samples do not show any sign of filakkout. The failure of the
composite may be attributed to the failure of nxatfihere are some signs of fibre
breakage in the above figure in the case of hygrathlly conditioned samples.
Mositure adsorbed onto the matrix and fibre casd®n.

Fig. 4.9: Matrix cracking of untreated and 16 hdwygrothermally treated sample

The failure in case of 18@ hot pressed samples is due to matrix cracking. [&s
of toughness due to complete curing of the unsegdnaolyester resin doesn’t provide

enough time for the transfer of load from matrixfitwre. The matrix behaves as a
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rigid material and the crack in the matrix doesyet opportunity to blunt the tip
resulting in loss of strength. The degradation isrenwhen the sample is
hygrothermally conditioned for 16 hours. The lo$sraterial and the crack in the
matrix is clearly visible in the above figures.

The reason for fibre pullout in most of the sampleontrast to fibre breakage
can be ascertained to the fact that the bondingdwmst the fibre and the matrix at the
interface is weak. Hydroxyl groups(-OH) in the mdackbone chain of a resin
provide sites for hydrogen bonding to the surfaicthe natural fibres, which contain
many hydroxyl groups in their chemical structur@ug, polyester resins, having no
hydroxyl group in its backbone chain generally Has weakest bonding, hence the

lowest adhesive properties compared to other resins
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CONCLUSIONS



5. CONCLUSION

Hot pressing of the laminates resulted an incr@asiee tensile strength. This
may be due to enhanced cross linkage during hesimg.

Optimum properties are obtained in case of hotspiesperature of 8C. 100
%C hot press indicated a loss of strength, strafinaicture and energy at yield.
This maybe due to larger cross linkage at’C0Bot press condition resulting
loss of ductility of the matrix. Fractographs shaowatrix-induced fracture in
case of 108C hot pressed composites.’60hot pressed composites exhibited
fibre pullout.

As expected a loss of strength, ductility and eyexgyield are observed on
hygrothermal treatment.

Specimens hot pressed at’80exhibited minimum loss in properties on
hygrothermal treatment. this further proves theesiapity of 80C over 66C
and 106C hot press conditions.
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