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The unsaturated polyester composites were fabricated in hand lay-up method by reinforcing with jute
fibre along with alumina or zirconia particles in different filler loading viz. 5, 10, 15 and 20 wt%. It was
observed that with incorporation of fillers, the microhardness value of the resulting composites increases
and reaches its maximum at 20 wt% filler content. Characterizations were performed on the composites
fabricated with overall 20 wt% filler content (18 wt% fibre and 2 wt% metal oxide particles). Various char-
acterizations like Vicker’s microhardness testing, scanning electron microscopy (SEM), Energy-dispersive
X-ray spectroscopy (EDS), X-ray Diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, ther-
mogravimetric (TG) analysis, differential scanning calorimetry (DSC), limiting oxygen index (LOI) testing
and water absorption test were performed. Tensile, Flexural testing were also performed on the normal
and water absorbed samples. SEM analysis ensured good dispersion of filler within the polymer matrix.
EDS and XRD were performed to identify the filler in the composites. FITR spectroscopy revealed the
bonding of fillers with the matrix. TG analysis showed that thermal stability, degradation temperature
of jute-ZrO2 composites were best over the others. LOI testing also shows similar trend, showing better
fire resistant property of jute-ZrO2 composites than the Al2O3 dispersed. Water absorption test indicates
the stability of different composite in various atmospheres (normal, boiling, simulated marine, alkali and
acid water).
� 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Unsaturated polyester (UP) resin are widely used as a low cost,
room temperature curable thermosetting industrial resin for fibre
reinforced composites which encompasses affluent processability
and also possesses excellentmechanical properties. Styrene is often
used as a reactive diluent for UP resin which one hand serves to wet
the reinforcing fibre well by lowering the viscosity of the mixture
and on the another hand helps to crosslink C@C bonds in different
UP chains. Thus, use of styrene enhances mechanical properties of
the resin effectively [1]. Environmental concerns, energy issues,
reduction in the use of petroleum products have forced the
researchers to think for an alternative reinforcing resource instead
of the traditional synthetic fibres for the composites. In this context
natural fibres have drawn the attention due to their low cost and
extensive availability. Moreover surfacemodification of these fibres
assists in achieving superior mechanical properties of the compos-
ites as a whole [2–5]. Many investigations have carried out by rein-
forcing nanometer range or micron range metal, metal oxide
particles which improve many physical and thermal properties of
the thermosetting polymer composites. The overall properties of
the composite increasemonotonically with the addition of particles
[5–7]. Mohammed et al. [8] reported the effect of sun flower and
water-melon seed shell powders on the hardness of UP matrix.
Hardness of the composites increases with the incorporation of
K2CO3 particle within the UP matrices. Apart from that many stud-
ies on the increment of hardness with filler addition are reported
[9]. Doan et al. have studied that chemical treatment of jute fibre
improves thermal property of the reinforced polypropylene com-
posites [10]. Addition of boric acid increases the limiting oxygen
index (LOI) of glass fibre reinforced polyester composites and thus
flame retardancy of the composites also increases [11]. UP resin
reinforced with ceramic particles (CaCO3, CaO, MgCO3, MgO) have
iour of
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found to be with enhanced hardness and water resistance property
compared to the virgin polymers [12]. Another approach for
improvement in properties of the composites is by incorporation
of particle and natural fibre within polymermatrix [13]. M.M. Kabir
et al. studied the properties of two types of laminates i.e., sisal fibre
/glass fibre/polyester resin and sisal fibre/ glass fibre/red mud with
polyester resin. It was established that above composition compos-
ites are superior in the properties than sisal/polyester composite or
pure UP [14]. Widely used toughening agent for brittle thermosets
were rubbers particles. Proper dispersion of rubber particle
enhances material toughness significantly. But, it has been widely
established that the toughening of brittle thermosetting matrices
with rubber particle ends up in reducing composites overall modu-
lus and glass transition temperature (Tg). So, several studies
reported that rigid metal oxide incorporation in the thermoset
matrices increases their toughness [15,16]. The objective of the pre-
sent investigation is to fabricate polymer composites with superior
properties by incorporating natural fibre (i.e., jute) alongwithmetal
oxide (Al2O3 or ZrO2) particles as filler within UP matrix. The com-
posites are fabricated considering it as a potential candidate for low
structural and packaging applications with optimum thermal and
weathering behaviour.
2. Materials and methods

2.1. Materials

The unsaturated polyester (UP) resin of GP grade, methyl ethyl
ketone peroxide (MEKP, catalyst) and cobalt naphthenate (acceler-
ator) were bought from M/s A K B Agencies, Kolkata. Carded jute
fibres were collected from National Institute of Research on Jute
and Allied Fibre Technology (NIRJAFT). Then the fibres were treated
with an alkaline solution and finally, cut into 3.5–4 cm lengths.
Al2O3 (�99% pure approx. 50 lm) and ZrO2 (�99.5% AR fine mesh
11–39 lm) particles were purchased from Loba Chemie. Styrene
was used as a diluent for UP resin. NaOH and trimethoxymethylsi-
lane were procured for Sigma Aldrich. Wax and 5% poly vinyl alco-
hol (PVA) solution were used as lubricating agents for the mould
surfaces. A metal mould of specific dimension was used for com-
posite fabrication. Mylar polyester sheet was used on top and bot-
tom faces of the mould for smooth surfaces of the composites.

2.2. Chemical treatment of fibre

Jute fibres were treated with 5% NaOH solution for 2 h main-
taining a liquor ratio of 20:1 at ambient temperature. Then fibres
were washed several times with normal water for removal of addi-
tional NaOH, sticking to the fibre surfaces. Fibres were neutralized
with dilute acetic acid solution and finally they were washed with
distilled water with ensuring pH = 7. The fibres were then dried at
room temperature for 48 h followed by oven drying at 80 �C for 6 h.

2.3. Surface treatment of particle

Al2O3 and ZrO2 particles were treated with dilute silane solution
in order to ensure better bonding with the matrix. 1% silane was
added in a solution of 95% methanol and 5% distilled water. Then
the metal oxides were added in the solution and stirred for
5 min. Then, the particulate filler added silane solution was dried
at 93 �C for 30 min in order to evaporate the alcohol.

2.4. Fabrication of the composites

The fabrication of UP composites was done by hand lay-up
technique. A metal mould with dimensions 140 � 120 � 5 mm3
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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was used for fabricating the composites of different compositions.
Wax and 5% PVA solution were used as a release agent. A thin layer
of wax and PVA were applied to the inner surfaces of the mould for
quick and easy release of the fabricated composites. Diluted PVA
solution were commercially marketed as synthetic glue hence, it
was used as a lubricating agent. 5% PVA (95% pure) was added in
warmwater and the PVA solution was prepared by continuous stir-
ring for 4 h. After thin layer of wax coating a layer of thin glue was
also applied. After setting of the glue composites were fabricated in
the mould. The prevention of moist environment was ensured by
imitating the technique of commercial compression moulding. A
top and lower stainless steel plate was used to cover the mould.
A polyester mylar plastic sheet was added on top and bottom sur-
face of the mould and on top of the sheets stainless steel plate was
placed. A load of 10 kg was applied on top of the sandwich system
and it was covered with a chamber to avoid the moist environ-
ment. At first UP resin was diluted with styrene 30% on the weight.
Viscosity of the mixture was evaluated with standard B-4 ford cup.
The viscosity of the commercial UP resin (starting material) was
found to be 3960 centipoises which reduced up to 600 centipoises
after addition of 30 wt% styrene. Then measured amount of filler
(18 wt% fibre and 2 wt% metal oxide particles) was added to the
modified resin. For uniform blending of fillers with UP resin,
mechanical stirring at 2500 rpm for 5 min was performed. Then
the resin was mixed with accelerator and catalyst (1% by wt of
the resin each). 0.1% silane on the weight of resin was also added
in this modified resin for better adhesion with matrix. It was then
poured uniformly over the pre-laid fibres in the mould. Then the
system was allowed for curing at room temperature for 24 h, fol-
lowed by 2 h post curing in an air oven at 80 �C.
2.5. Characterizations

The microhardness test was conducted using LECO LM 100
Micro Vickers Hardness Tester. The dwell time used in this test
was 15 s and the indentation was done 50 gf. The microstructural
features of the composites were examined by using scanning elec-
tron microscope (Hitachi S-3400 N) with operating voltage of
15 kV. Identification of elemental composition of the composites
were examined using the energy dispersive X-ray spectroscopy
(EDS, Horiba EX-250) attached with the SEM facility. X-ray diffrac-
tion (XRD) technique was performed for phase identification of the
fabricated composites with overall 20% filler content. The Bruker
axs (D8 advance) diffractometer, armed with the position-
sensitive detector, has been used with Ni-filtered Cu-Ka
(k = 0.154 nm) radiation generated at 40 kV/ 40 mA. Scan speed
was maintained at 0.5 s for step of each 0.02� from angular range
(2h) of 10–90�.

Fourier transform infrared (FTIR) spectroscopy was done using
Bruker Tensor 27 with maximum resolution of 1 cm�1. It has a
DTGS detector, mid-IR source (4000 to 400 cm�1) and a KBr beam
splitter. The decomposition process of the composites was studied
by using a NETZSCH instrument TG 209 f1 (Germany) Thermo
gravimetric analyzer in N2 atmosphere from 30 to 600 �C with a
heating rate of 10 �C/min. From the TGA data, the differential ther-
mogravimetric analysis (DTGA) data was obtained directly from
the software embedded within the instruments. DSC measure-
ments were performed by NETZSCH DSC 200 PC instrument.

Limiting oxygen index (LOI) was done according to ASTM
D2863. The test sample was positioned vertically in a glass chim-
ney, and an oxygen/nitrogen environment was generated with a
flow from the bottom of the chimney. While burning the top edge
of the sample; concentration of oxygen was gradually decreased
until the flame extinguishes. Oxygen index, in percent, was calcu-
lated from the final oxygen concentrations.
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Table 1
Tensile strength values of different fibre.

Sr.
No.

Sample descriptions Avg. Tensile
strengths (MPa)

Avg.
elongation
(%)

1. Untreated jute (Normal
marketed)jute (N)

33199 1.17

2. Treated jute (Normal
marketed) by 5% NaOH

219 1.07

3. Untreated jute (Carded Sliver) 358 1.24
4. Treated jute (Carded Sliver) by

5% NaOH
244 1.16
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Water absorption measurements were done by immersing the
composite samples into different types of water like room temper-
ature water (normal water), boiling water, alkali water (pH = 12.7),
acid water (pH = 2) and simulated sea water (pH = 7.25) after pre-
conditioning according to BS EN ISO 62:1999. The marine environ-
ment was prepared using ASTM D1141 standards. The major
ingredients of this solution were NaCl (24.53 g/L), MgCl2 (5.20 g/
L), Na2SO4 (4.09 g/L, CaCl2 (1.16 g/L), KCl (0.695 g/L), and NaHCO3

(0.201 g/L) in water [17]. Subsequently, the samples were with-
drawn from the solution and wiped dry to remove surface mois-
ture. Then samples were weighed using an electronic balance
(accuracy up to 10�4 g). The samples were regularly weighed at
24, 48, 72, 96, 144, 168, 200 and 250 h time intervals, for normal
water, alkali water, acid water and simulated sea water and at 1,
2, 3, 4, 5 h time intervals for boiling water. The weight measure-
ments were performed within 1 min interval after removal from
water. The moisture absorption was calculated by the weight dif-
ference. The weight gain in the percentage of the samples was
measured at regular time intervals as per following equation [18]:

W ð%Þ ¼ ½ðWt �WoÞ=Wo� � 100 ð1Þ

where Wt is the weight of the composite after time ‘t’ and Wo is the
initial weight of the composite (after preconditioning).

Tensile tests and Flexural tests were carried out according to
ASTM D 638 and D 790 standards respectively.
3. Results and discussions

3.1. Properties of the constituents (Starting materials)

Testing of single fibre strength [keeping 5 cm between grips and
10 mm/min speed].

So, the carded slivers of jute procured from NIRJAFT were used
as starting materials (See Table 1 ). Modification in strength of the
UP matrix with the incorporation of metal oxides can be visualized
through Fig. 1.
3.2. Microhardness measurements

Fig. 2 shows the variation of microhardness with filler addition
for different composites. It was observed that the microhardness of
the composites increases with the increase of filler content (wt%)
within the UP matrix. Filler may possibly facilitate the interlocking
mechanism of polymeric chains. This may be attributed to the fact
that movement of polymeric chains was hindered by interlocking
mechanism. Thus, the composites offer higher resistance to exter-
nal indentation which results in higher hardness values [19]. Com-
posites were fabricated with 5, 10, 15 and 20 wt% of filler content.
The maximum hardness values was found to be 18.52 with UP/
jute/ZrO2 system. Microhardness of UP resin system was evaluated
to be with 8.8. Beyond 20 wt% filler incorporation has not been car-
ried out in this study. Proper dispersion of filler (beyond 20 wt%)
becomes difficult while using hand lay-up method. The maximum
micohardness was obtained with filler content of 20 wt%. The ratio
between fibre and particle for composite fabrication was main-
tained at 90:10 throughout. So, overall 18 wt% fibre and 2 wt%
metal oxides were reinforced in the matrix. For UP/jute/ZrO2 max-
imum microhardness was observed as compared to UP/jute/Al2O3

composite for same content of filler. Moreover, uniform dispersion
of metal oxides in the matrix results in increased microhardness of
the composite compared to the UP/jute system. So, uniform distri-
bution of metal oxides assists in resisting against deformation
under external load [20].
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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3.3. Morphology of the composites

Fig. 3(a, b) shows the morphology of metal oxide added jute UP
composite. The morphology of the composites was obtained from
SEM analysis. The images clearly show the uniform dispersion of
the particles (marked with white circles). Moreover, uniform dis-
tribution of fibre can also be viewed from these images.
3.3.1. SEM and EDS analysis
EDS analysis were performed on the surface of the composites

to identify the elements in the composites. Fig. 4 and 5 represents
SEM and EDS of ZrO2 added and Al2O3 composites respectively.
Table 2 corresponds to the detailed elemental composition of the
EDS spectra presented in Fig. 4 and Table 3 corresponds to the
detailed elemental composition of the EDS spectra presented in
Fig. 5.
3.3.2. X-ray diffraction analysis
X-ray diffraction analysis was performed to identify main con-

stituents in the composites. The diffraction peak at �19.57� corre-
sponds to (1 1 0) of UP and (0 0 2) at �22.00� signifies jute peaks
respectively [21]. The diffraction peaks of zirconia present at the
2h values around �29.807�, 34.826�, 50.077� corresponds to
(1 0 1), (1 1 0), (2 0 0) (h,k,l) respectively (JCPDS ID 42–1164). Sim-
ilarly for alumina the 2h values near 35.221�, 48.485 corresponds
to (103), (203) reflections respectively (JCPDS ID 26–0031) (See
Fig. 6).
3.4. Thermogravimetric (TGA) and differential thermogravimetric
(DTGA) analysis

Figs. 7 and 8 shows the TGA and DTGA curves of UP and UP
based composites of 20% filler content which exhibit thermal sta-
bility and mass loss steps. From Figs. 7 and 8 it was evident that
alkali treated jute exhibits better thermal stability over the
untreated jute fibres. Hence the rest of the UP base composites
were fabricated with the alkali treated jute. Weight loss of different
composites was observed between 32 �C and 460 �C. Degradation
temperature, thermal stability, Weight change (%) between 32 �C
and 460 �C and residual mass (%) at 600 �C is shown in the Table 4.
It was also vivid that the UP based composites exhibits better ther-
mal stability than the UP matrix.

Thermal stability was found to be highest for UP/jute/ZrO2 com-
posites than the others. Functionalized ZrO2 ensures proper inter-
locking with matrix and contributes to the stability of the matrix.
More energy was required for breakage of these bonds which sub-
sequently rises the degradation temperature. Degradation temper-
ature of the composites was obtained from DTGA plots and
tabulated in Table 4. Contribution of Al2O3 in enhancement of ther-
mal stability was also vivid but the percentage of increment was
superior with ZrO2 addition. In case of UP/jute composites the
absence of metal oxides doesn’t contribute in the modification of
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 1. Tensile strength and modulus of UP matrix and modified with metal oxides.

Fig. 2. Microhardness of different UP based composites with varying filler contents.
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resin and thermal stability was found to be little less compared to
the others.

3.5. DSC measurements

In this study, DSC measurement was performed on the compos-
ites in order to visualize the effect of metal oxides on Tg. Broad
Fig. 3. SEM images of metal oxide dispersed jute com
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endothermic peaks were observed in Fig. 9 below 100 �C due to
the presence of absorbed water in the natural fibre. The endother-
mic peaks at 69.69� for UP/jute, 72.72� for UP/jute/ZrO2 and 70.13�
for UP/jute/Al2O3 were observed. But the very little broadening of
peak was observed in this region. Hence it can be concluded that
fabricated composites contain very low amount of moisture [16].
The endothermic peaks of UP resin was observed below 50� which
was improved by the addition of fillers. Several studies concluded
that the enthalpy change in this region was greater than that
expected for the contribution of only moisture. Hence, the peak
in this region was also related to the Tg of the samples [22]. So,
69.69� for UP/jute, 72.72� for UP/jute/ZrO2 and 70.13� for UP/
jute/Al2O3 were the respective transition temperatures. A slight
increase in glass transition temperature was also observed for
the metal oxide dispersed composites. Proper distribution of filler
may be the reason for the slight increment of Tg with metal oxides
[23]. From the data, it can be confirmed that Tg of the composites
remains unaffected by the addition of metal oxides. Moreover, lit-
tle increase in thermal properties suggests better interfacial adhe-
sion between fibre and particles [24]. Lignin degrades around
200 �C and the endothermic peak beyond this temperature was
reported as the degradation of polysaccharides. So, the observed
endothermic peaks beyond 250 �C were due to the degradation
of cellulose [25]. From DSC measurements extent of curing can
be predicted to some extent.
posites (a) ZrO2 dispersed (b) Al2O3 dispersed.

tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 6. X-ray diffraction of different composites.

Fig. 7. TGA plots of different composites and their constituents.

Fig. 5. SEM and EDS analysis of Al2O3 dispersed jute composites.

Fig. 4. SEM and EDS analysis of ZrO2 dispersed jute composites.

Table 3
Composition of Al2O3 added composites.

Element Weight% Atomic%

C K 52.55 61.57
O K 38.52 33.88
Al K 3.75 1.96
Si K 5.18 2.59

Totals 100.00

Table 2
Composition of ZrO2 added composites.

Element Weight% Atomic%

C K 62.93 71.42
O K 32.80 27.95
Zr L 4.27 0.64

Totals 100.00
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An exothermic peak can be seen in thermosetting resins above
its glass transition temperature and below its melting point. The
area under this exothermic peak gives heat of cure. Peak with high
intensity and enough broadening reflects towards a less cured
resin. The incrementing extent of curing of the resin reduces the
intensity and broadening of the peak. In DSC thermograms if devi-
ation from linearity is not observed in this region than it is pre-
dicted that resin has undergone complete curing process. But in
reality resin has still some persistent heat of cure but DSC is not
sensitive enough to identify this process [26]. From figure no such
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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exotherm was clearly visible hence it can be concluded that resin
had undergone a satisfactory level of curing.

3.6. FTIR analysis

Jute represents alkali treated jute in Fig. 10. The IR spectra
showed the interaction between filler with chemical treatments
and UP matrix along with different UP/jute, UP/jute/Al2O3 and
UP/jute/ZrO2 composites. Chemical bonding and interaction
between filler and matrix cause to shift the absorption band signif-
icantly. The absorption bands range between 3200 and 3600 cm�1

relate to the stretching of -OH groups and hydrogen bonds [27].
The O–H band was observed at 3462.8 cm�1 for jute/polyester
composites. This band was further shifted to 3444.26 and
3438.57 cm�1 for jute-Al2O3/polyester and jute-ZrO2/polyester
composites respectively. Alkali treatment reduces the hydrophilic
hydroxyl groups in the cellulose molecules thus ensuring reduction
in moisture uptake of the composites. Effective fibre surface area
increases by the alkaline treatment which assists in better adhe-
sion with the hydrophobic polymer matrix [28,29]. The 3028.41,
3028.65 and 3027.73 cm�1 frequency band was due to filler and
matrix layer isometric stretching of –CH2 groups. The sharp peaks
of 2926.74 cm�1, 2926.65 cm�1, 2928.30 cm�1 were due to the
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 8. DTGA plots of different composites and their constituents (a) constituents of the composites (b) different UP based composites.

Fig. 9. DSC thermograms of UP and different UP based composites with 20 wt%
filler content.

Table 4
Thermal properties of different UP based composites with 20 wt% filler content.

Samples Thermal stability (�C) Degradation (50% wt loss) temperature (�C) Weight loss at 460�C (Wt%) Residual weight at 600�C (%)

UP/jute 32.5 346.18 97.195 1.135
UP/jute/ZrO2 37.07 352.12 94.025 2.001
UP/jute /Al2O3 36.14 349.26 96.745 1.775
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stretching of C–H bands of UP/jute, UP/jute/Al2O3 and UP/jute/ZrO2

composites respectively. This C–H stretching vibration probably
occurs due to the methyl, methylene groups present in the cellu-
lose structure [30]. Sharp and highest intensity peaks observed at
1730.77, 1730.62 and 1730.85 cm�1 of the respective three com-
posites attributed to the C@O group of carboxylic acid and ester
groups of either the resin or the hemicelluloses of jute fibre [31].
The peaks at 1594.97, 1594.12 and 1594.44 cm�1 of the designated
respective composites indicate the C@C bond stretching. Broad
absorption peaks between 1600 and 1650 cm�1 were found by sev-
eral researchers which correspond to the absorbed water. As these
peaks were not visible in this study, it can be said that alkaline
treatment significantly reduces the hydrophilic properties of the
composites [32]. Peaks near 1452.44, 1455.95 and 1453.46 cm�1

corresponds to the –CH3 asymmetric deformations and small
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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intensity peaks of 1382.41, 1378.92 and 1379.20 cm�1 found in
the respective composites represent the C–H symmetric deforma-
tion of lignin [33]. According to the researcher’s investigations
[34,35], the carbon–oxygen (–O–C–O–) stretching modes gave rise
to intense and complex multiple peaks in the region between
1000 cm�1 and 1300 cm�1. The absorption band around
1070 cm�1 in the spectrum of all jute composites attributes to
the cyclic alcohols of lignin. This bands were generally assigned
to aromatic C–H- in plane deformation and C-O deformation of pri-
mary alcohols of lignin. It was reported the peaks in the range of
700–750 cm�1 corresponds to the –Si–O–Si– bonds and the proba-
ble peaks found in this investigation were 752.04, 749.89 and
750.43 cm�1 respectively of different composites. Comparative
high intensity infers the grafting of silane onto the cellulose mole-
cules [36]. The graft co-polymer of cellusose-polystyrene corre-
sponds to out-of-plane C–H bending or deformation vibration of
–CH– peaks near 700 cm�1 in the IR spectrum [37]. Hence use of
styrene as diluent results in formation of these bands. The intense
peaks around 1070.14, 1129.14; 1069.75, 1128.26; 1069.75,
1129.12 cm�1 was due to the formation of Si–O–Cellulose bonds
[38]. Hence, it can be inferred that the silane coupling agent pro-
motes the adhesion between filler and matrix. Torsional vibration
of pyranose ring may be the cause of raising such peaks at
570.19, 547.71 and 550.91 cm�1 in the composites respectively
[32].

3.7. Limiting oxygen index (LOI) measurements

Flame retardancy of materials can be evaluated from the LOI
values. Higher index values reflect in more retardancy against
the flame. From Table 5 a conclusion can be drawn in this context
that UP/jute/ZrO2 composites are suitable to be used for structural
material where fire-retardancy is an important parameter. Thermal
stability of the ZrO2 particle is more than the Al2O3 particle and
hence a higher LOI value was obtained for ZrO2 added composites
without incorporating any commercial fire-retardant.
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 10. FTIR plots different composites and their constituents.

Table 5
Limiting oxygen index (LOI) value of different UP based
composites with 20 wt% filler content.

Samples LOI Value

UP 24
UP/jute 33
UP/jute/ZrO2 44
UP/jute/Al2O3 36
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3.8. Water absorption measurements

In all kind of environments the absorption test was performed
on 20 wt% filler reinforced composites.

3.8.1. Normal water absorption
Fig. 11(a) shows the percentage water absorption (%) of differ-

ent UP based composites at room temperature. It was observed
that along with time absorption (%) increases. The presence of
micro-voids, pores, micro-cracks contributes in the inclusion of
water. The water absorption percentage was found to be moderate
in case of blank UP/jute composites and only around 2.5% incre-
ment in wt was found after 250 h of immersion [18]. So, indirectly
the effectiveness of alkaline treatment of jute fibre can be referred
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
polyester/jute composites, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.10
in this context. Reduction in hydrophilicity of the composites was
found to be significant from an application point of view. Metal
oxide addition further decreases the absorption percentage. Better
compatibility between hydrophobic metal oxides and hydrophobic
polyester might have attributed to the reduction of water
absorption [39]. So, UP matrix composites with Al2O3 or ZrO2 and
jute as filler can be accepted for structural applications which
show lesser tendency of swelling as compared to UP/jute
composites.

The Fig. 11(b) shows microhardness value of different compos-
ites at different time interval. It was observed that with time inter-
val the microhardness value of the composites decreases. Swelling
leads to the deterioration of surface hardness.

The Fig. 12(a–c) shows the surfaces of the composites were sig-
nificantly affected due to water absorption and results in formation
of several micro-pores.
3.8.2. Boiling water absorption
The plot in Fig. 13(a) showed the absorption of different UP

based composites at boiling temperature. A similar trend of water
absorption in different composites was observed in boiling water
experiments. Due to the accelerated environment, the amount of
absorbed water was significantly more than the normal water pro-
cess. Besides that the time required for degradation was also less
compared to the previous process.
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 11. (a) Water absorption of different UP based composites in normal water (pH 7), (b) variation in microhardness values of the composites after swelling at deferent time
interval.

Fig. 12. SEM micrographs after water absorption in normal water (pH 7) of (a) UP/jute, (b) UP/jute/ZrO2 and (c) UP/jute/Al2O3 composites.
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Fig. 13(b) represents the microhardness values of different com-
posites swell under the effect of boiling water. It was observed that
hardness values decrease with time in the accelerated
environment.

Fig. 14(a–c) shows the morphology of the swelled
surfaces in boiling water. UP/jute/ZrO2 system experiences the
least deterioration followed by the UP/jute/Al2O3 and UP/jute
system.
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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3.8.3. Alkaline water absorption
Alkaline water was simulated using Sodium Hydroxide pallets.

Alkali solutions were changed after every 24 h for maintaining con-
stant pH. Fig. 15(a) shows the weight gain percentage of different
UP based composites at alkaline water (pH 12.7). Alkaline environ-
ment was harsh compared to the normal water but relatively less
harsh than the boiling water environment. The result of water
absorption reflects accordingly.
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 14. SEM micrograph after water absorption in boiling water of (a) UP/jute, (b) UP/jute/ZrO2 and (c) UP/jute/Al2O3 composites.

Fig. 13. (a) Water absorption of different UP based composites in boiling water, (b) variation in microhardness values of the composites after swelling at deferent time
interval.
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Microhardness values in alkaline water of different composites
were represented in Fig. 15(b). Effect of swelling with time was
vivid with the decrement of hardness values.

SEM micrograph of alkali water swelled surfaces of different
composites was reported in Fig. 16(a-c). Resin was also degraded
with extending contact with the alkaline solution. Hence it results
in a type of fibre pull out from the surfaces of the composites. ZrO2

added composites offer better stability against degradation in the
alkaline solution.
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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3.8.4. Acidic water absorption
Acidic water solution was obtained using Conc. Hydrochloric

acid. Acid solutions were changed after every 24 h for maintaining
constant pH values. Fig. 17(a) shows the percentage water absorp-
tion (%) of different UP based composites at acid water (pH 2). Here
also the absorption values follow the similar trend. The swelling or
absorbed water percentage of these composites were found to be
higher than the normal water swelling process but lower than
the alkali water process.
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 15. (a) Water absorption of different UP based composites in alkaline water (pH 12.7), (b) variation in microhardness values of the composites after swelling at deferent
time interval.

Fig. 16. SEM micrographs after water absorption in alkaline of (a) UP/jute, (b) UP/jute/ZrO2 and (c) UP/jute/Al2O3 composites.
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From Fig. 17(b) reduction in microhardness values were
observed. Alkaline environment was found to be an intense med-
ium compared to the acidic environment.

From Fig. 18(a–c) it was observed that surfaces of the compos-
ites were significantly affected by acid solutions.
3.8.5. Simulated sea water absorption
Fig. 19(a) shows the percentage water absorption (%) of differ-

ent UP based composites in simulated ocean water.
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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So, UP matrix composites with Al2O3 or ZrO2 and jute as filler
can be accepted for structural applications which show lesser ten-
dency of swelling as compared to UP/jute composites.

The Fig. 19(b) shows microhardness value of different compos-
ites at different time interval. It was observed that with time inter-
val the microhardness value of the composites decreases. The
significant decrement was observed because the simulated sea
water affects the surface very severely.

Morphology of the degraded surfaces was viewed
in Fig. 20(a–c). Different types of salt present in the marine
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 17. (a) Water absorption of different UP based composites in acidic water (pH 2), (b) variation in microhardness values of the composites after swelling at deferent time
interval.

Fig. 18. SEM micrographs after water absorption in acidic solution for (a) UP/jute, (b) UP/jute/ZrO2 and (c) UP/jute/Al2O3 composites.
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water causes this degradation. The characteristics of the degrada-
tion were almost same as of the other results, mentioned
previously.

3.9. Mechanical properties of the composites

3.9.1. Tensile properties of the composites
Tensile samples were fabricated according to ASTM D 638 stan-

dards and can be viewed in Fig. 22.
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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UP/jute-ZrO2 composites were found to be with maximum ten-
sile strength followed by UP/jute–Al2O3 composites. Similar trend
was also observed in case of tensile modulus as viewed in Fig. 21
(b). Strength of the composites were significantly reduced after
5 h Immersion in boiling water. But strength of the composites
were not drastically reduced after 10 days continuous soaking
either in normal water or in simulated marine water. So for low
end structural and crude packaging applications these composites
can be used as a potential low cost material.
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Fig. 20. SEM micrographs after water absorption in simulated sea water (pH 7.25) solution for (a) UP/jute, (b) UP/jute/ZrO2 and (c) UP/jute/Al2O3 composites.

Fig. 19. (a) Water absorption of different UP based composites in simulated sea water (pH 7.25), (b) variation in microhardness values of the composites after swelling at
deferent time interval.
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3.9.1.1. Tensile fracture surfaces of the composites. From the tensile
fracture surface reference about the bonding between fibre and
matrix can be drawn. From Fig. 23(a) Fiber pull out indicates better
bonding with the matrix as the periphery of fibre is properly
embodied in the matrix. But from Fig. 23(b) it was vivid from Fibre
pull out zone that the bonding deteriorates between fibre and
matrix after prolonged immersion in water. Thus, strengthening
by the fibres can be explained by better bonding theory with the
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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matrix and deterioration in strength after prolong immersion can
also be explained. Tail marks from the crack indicates that the
matrix has deformed under the uniaxial stress and these sites fur-
ther acts as a crack initiation sites.

3.9.2. Flexural properties of the composites
Similarly Flexural strength and modulus values also increased

after addition of metal oxide particles in UP/jute composites.
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 23. Tensile fracture surface of UP/jute/ZrO2 composite (a) under normal environmental condition (b) after 10 days immersion in distilled water.

Fig. 21. (a) Tensile Strength (b) Tensile Modulus of different UP based composites under different environmental condition.

Fig. 22. (a) Tensile mould and sample (b) Tensile samples after testing.
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UP/jute-ZrO2 composites were found to be with maximum flexural
strength and modulus followed by UP/jute–Al2O3 composites. Sim-
ilar trend of the effect of water absorption on tensile properties
was also detected in case of flexural properties and modulus as
seen in Fig. 24.
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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3.9.2.1. Flexural fracture surfaces of the composites. Degradation of
flexural fracture surface was more severe than the tensile fracture
surface. Cracks, fibre pull out are more severe in case of UP/jute
composites under the bending test. Thus modification in strength
from fractography can be explained (See Fig. 25).
tal oxides addition on the mechanical, thermal and swelling behaviour of
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Fig. 24. (a) Flexural Strength (b) Flexural Modulus of different UP based composites under different environmental condition.

Fig. 25. Flexural fracture surface of UP/jute/ZrO2 composite (a) under normal environmental condition (b) after 10 days immersion in distilled water.
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4. Conclusions

The present investigation allows to draw the following conclu-
sions as furnished below:

1 It was observed that the microhardness of composites increases
with the increase of filler content within the matrix. Optimum
results were obtained with 20 wt% filler content and the best
possible results were attained with UP/jute/ZrO2 composite.

2 FTIR analysis shows, well mechanical and physical bonding
between particles and fibre with UP matrix which enhances
the properties of the composites.

3 TGA and DTGA plots show metal oxide incorporated composites
with enhanced thermal stability, and degradation temperature.
This may be due to the better dispersion of the filler within the
matrix which further improves the bonding between fillers and
matrix. The best resultwas obtainedwithUP/jute/ZrO2 composites
succeeded by UP/jute/Al2O3 and UP/jute composites, respectively.

4 DSC measurements confirm that rigid metal oxides incorpora-
tion does not affect the glass transition temperature of the fab-
ricated composites. Moreover, the composite undergoes a
satisfactory level of cross-linking. Thus, the mechanical prop-
erty of the composites will also be acceptable from the applica-
tion point of view.
Please cite this article in press as: J. Adhikari et al., Effect of functionalized me
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5 From the LOI test, it was observed that for UP/jute/ZrO2 com-
posites the flame retardancy was maximum followed by UP/
jute/Al2O3 and UP/jute composites. The ZrO2 composites offer
significant amount of LOI without incorporation of any external
flame retardant.

6 The water absorption test shows the highest hydrophobicity of
the UP/jute/ZrO2 composites at normal, boiling, alkali, acidic
and simulated sea water environment over the other compos-
ites. Moreover, a slight reduction in microhardness values of
the composite samples confirmed the swelling of the same.

7 Mechanical properties of the composites under different envi-
ronmental condition revealed that the metal oxide added jute
polyester composite is a potential candidate for low end struc-
tural and crude packaging applications.
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