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Optimization of Nanoclay Loading on the
Thermo-Mechanical Behavior of Chemically
Treated Jute Polyethylene Nanocomposites

ABSTRACT

In this study, the jute polyethylene nanocomposites were developed using hot-press
technique. In order to enhance the compatibility between fiber, polymer and nanofillers,
chemically treated jute (with 3-isocyanatopropyltriethoxy silane) and organically modified
nanoclay were used for the manufacturing of nanocomposites in this study. The effect of
different types of montmorillonite (MMT) nanoclay on the thermal behaviour of prepared
nanocomposites have been investigated. Fourier transform infrared (FTIR) spectroscopy and
scanning electron microscopy (SEM) were used to study surface characterization. Tensile
strength (TS) tensile modulus (TM) were considered to assess mechanical behavior.
Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were carried
out to evaluate the thermal performances. It was found that the MMT nanoclay loaded
nanocomposites shows higher tensile values and thermal stability than composite without
nanoclay, and MMT-1.31PS loaded nanocomposite exhibited highest improvement among
five types of MMT nanoclay used in this paper.
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1. INTRODUCTION

Currently, the industrial applications of jute polymer composites have been increased to the
scientists [1-3]. The presence of surface impurities and hydroxyl groups (-OH) provide the
fibers less attractive for the reinforcement of polymers [4]. In order to remove non-cellulosic
constituents to obtain reactive -OH groups for interacting with the polymers, the surface
characterization of natural fibers need to be modified by chemical treatments. In this study,
silane chemical treatment can be used to overcome the stated incompatibility of surface
polarities [5, 6]. On the other hand, the matrix phase plays an important role in the
performance of polymer composites. Thermoplastics offer many advantages over thermoset
polymers, because of their low processing costs and design flexibility [7]. Most of the work
has been reported so far deals with polymers such as polyethylene, polypropylene,
polystyrene, and polyvinylchloride. Among the synthetic polymers, polyethylene (PE) has
outstanding properties like low density, low cost, good flex life, excellent surface hardness,
scratch resistance and admirable electrical insulating properties [8]. In the case of
thermoplastic composites, the dispersion of the fibers in the composites is also an important
parameter to achieve consistency in the product. Jute-polyethylene composite has showed
remarkable increase in mechanical properties [9]. As jute is abundantly available in South
Asia such as Bangladesh, India and China, it is worthwhile to analyze the effect of surface
treatments on jute fibers, i.e. on the thermal and environmental performance of the
composites produced with polyethylene (PE) matrix.




In addition, due to the availability, intercalation/exfoliation behaviors, and high surface area
and surface reactivity, montmorillonite (MMT) can be used for the preparation of fiber
polymer nanocomposites [10]. Generally, MMT nanoclay is hydrophilic in nature [11]. In
order to achieve an enhanced compatibility with polymer matrices, organically modified clay
is used for the manufacturing of nanocomposites. The MMT with greater carbon number of
modifier that increases the hydrophobicity and finally increased interfacial adhesion between
polymer matrix and MMT [12]. In contrast, MMT with less carbon number of modifier are
slightly dispersed in the composite system which cause air bubble and agglomerations [13,
14]. At certain amount of nanoclay provides better dispersion in the composites system. It
had been reported that the 2 wt% of nanoclay loaded fiber polymer nanocomposite exhibited
an optimized mechanical improvement [15]. Thus, the 2 wt% of different types MMT
nanoclay have been used to produce nanocomposites in this work. It is noted that the type of
MMT nanoclay has not been optimized yet. Therefore, the aim of this study is to investigate
the nanoclay effect on the thermal behavior of silane treated jute polyethylene/clay
nanocomposites.

2. EXPERIMENTAL
2.1 Materials

Jute fibers and polyethylene (PE) granules used in this study were collected at Bangladesh
Jute Research Institute (BJRI), Dhaka and supplied by Siam Polyethylene Company Limited,
Bangkok, respectively. Methanol (CH3;OH), sodium hydroxide (NaOH), acetic acid
(CH3COOH), and silane (3-isocyanatopropyl triethoxysilane) were supplied by Merck,
Germany. Montmorillonite (MMT-1.28E) clay surface modified with 25-30 wt% trimethyl
stearyl ammonium(C,;H46N"), montmorillonite (MMT-1.30E) clay surface modified with 25-30
wt% octadecylamine (CigHzgN), montmorillonite (MMT-1.31PS) clay surface modified with
15-35 wt% octadecylamine (CigHsgN) and 0.5-5 wt% aminopropyltriethoxysilane
(CoH23NO3Si), montmorillonite (MMT-1.34TCN) clay surface modified with 25-30 wt% methyl
dihydroxyethyl hydrogenated tallow ammonium (CigHs; (CH3)N'(CH,-CH,-OH),), and
montmorillonite (MMT-1.44P) clay surface modified with 35-45 wt% dimethyl dialkyl (C14-
C18) amine were supplied by Sigma-Aldrich (USA).

2.2 Chemical treatment of jute fiber

In this study, jute fibers were mercerized using 5% NaOH initially and then treated with
silane coupling agent. The mercerized jute fibers were then immersed in methanol-water
(90/10 w/w) containing 2% silane with constant stirring for 24 hours. After taken out from
solution, the fibers were washed several times with distilled water and dried in an oven at
80°C for 12 hours. Finally, for composite fabrication, the dried fibers were cut approximately
into 3 mm in length.

2.3 Fabrication of composites and test specimens

Jute fibers, PE granules, and different types of MMT nanoclay were mixed well according to
the Table 1 for the manufacturing of nanocomposites. It was then placed in a mold and hot
pressing for 1 hour at 180°C under the pressure at 7 MPa. The products were then collected
from mold for characterization.

Table 1. Jute fibers, PE and different types of MMT nanoclay for composites
fabrication



Composites Composition by weight Specimen name

(%)
Jute PE MMT
Silane treated jute polyethylene 5 95
composites 10 90 -- SJPEC

15 85

20 80

Silane treated jute polyethylene 5 93
MMT-1.28E nanocomposites 10 88 2 SJPENC-1.28E

15 83

20 78

Silane treated jute polyethylene 5 93
MMT-1.30E nanocomposites 10 88 2 SJPENC-1.30E

15 83

20 78

Silane treated jute polyethylene 5 93

MMT-1.31PS nanocomposites 10 88 2 SJPENC-1.31PS

15 83

20 78

Silane treated jute polyethylene 5 93

MMT-1.34TCN nanocomposites 10 88 2 SJPENC-1.34TCN

15 83

20 78

Silane treated jute polyethylene 5 93
MMT-1.44P nanocomposites 10 88 2 SJPEC-1.44P

15 83

20 78

2.4 Characterization

2.4.1 Fourier transform infrared spectroscopy (FTIR)

The infrared spectra was recorded to determine the functional groups of jute fibers as a
function of treatment using a Shimadzu FTIR 81001 Spectrophotometer taking scanned for

32 times from 4000 to 500 cm™.

2.4.2 Tensile test



To study the mechanical characterization of prepared composites, tensile tests were
conducted according to ASTM D 638 using a Universal Testing Machine (Model: MSC-
5/500, Shidmadzu Company Limited, Japan) at a crosshead speed of 5 mm/min. The
dimension of the specimen was 115 mm x 6 mm x 3.1 mm. In each case, five rectangular
specimens were tested and the average value was reported.

2.4.3 Scanning electron microscopy (SEM)

A table top scanning electron microscope (TM3030, JEOL Company Limited, Japan) was
used to examine the surface morphology. The interfacial adhesion between fiber, clay and
polymer matrices were observed form the micrographs (fracture surface) taken at a
maghnification of 500x. The gold coated samples were observed under the SEM.

2.4.4 Thermogravimetric analysis (TGA) and Differential scanning calorimetry (DSC)

To understand the thermal characterization of manufactured composites, TGA and DSC
were conducted using a TGA/DSC1 STAR System, Mettler Toledo thermal analyzer
according to ASTM E1131 and ASTM D3418 respectively. The thermal analysis was done in
a nitrogen gas atmosphere with flow rate of 30 mL min™ at the heating rate of 10°C min™
from 50°C to 800°C. The weight of the samples was maintained at 10 mg. The activation
energy (E,) was calculated from TGA graphs using Broido equation [16] as given below:

1) _
In (lny) = or + constant

Where, y is the fraction of undecomposed non-volatilized material, T is the absolute
temperature, and R is the gas constant (8.314 J mol™ K™). The values of y have been taken
from the TGA data. The values of In(Inl/y) were plotted in Y axis, while the temperatures as
1/T (in Kelvin scale) was plotted in X axis. Finally from the slope of the trend line, the
activation energy of the composite can be calculated.

3. RESULTS AND DISCUSSION

3.1 FTIR study

Figure 1 shows the IR bands of raw jute and silane treated jute fibers. The distinctive
features of the spectrum are due to the lignin, hemicelluloses and a-cellulose in jute [17].
The characteristic of hydrogen bonded O-H stretching vibration was observed in a broad
region of 3600-3200 cm™ [18]. The O-H stretching vibration decreased from 3269 to 3242
due to the silane chemical treatment of fibers. The C-H stretching was observed near 2902
cm™ which is for —CH, groups in cellulose and hemicelluloses. Due to the pre-treatment of
fibers with NaOH, this band shifted to lower value, as a result in the partial removal of some
waxy substances [19]. A significant peak at 1751 cm™ is due to the C=0 stretching for the —
COO- groups of hemicellulose in jute. After silane chemical treatment, this band shifted to
lower value (1741 cm™) and became weak. This is due to the removal of acetyl group
present in hemicellulose [20]. The band at 1641 cm™ specified the absorbed water in
crystalline cellulose [21]. This band disappeared due to the chemical treatment of fiber using
silane. The peak at 1512 cm™ indicates the aromatic rings in lignin, and another peak at
1359 cm™ for the C—H bending in hemicellulose and lignin [22]. The water, lignin and
hemicelluloses partially removed from jute by means of silane chemical treatment. As a
result, the hydrophilic nature of jute fibers was significantly reduced [2]. Thus, the the fiber
and matrix interfacial bonding was enhanced which is reflected in the thermal behaviors.
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Fig. 1. FTIR curves for (A) raw jute and (B) silane treated jute

3.2 Mechanical behavior

It had been reported that the treated jute composites exhibited greater mechanical
improvement compared to raw one [2]. Thus, the mechanical behavior of silane treated jute
composites without and with different types of MMT nanoclay have been examined in this
study. The mechanical performance of the manufactured composites was carried out by
tensile strength (TS) and tensile modulus (TM) behaviors. The tensile properties of prepared
composites are found in Fig. 2 wherein C, D, E, F, G, and H belong to tensile strength and
C', D, E', F, G, and H’ belong to tensile modulus, respectively. It was observed that the
tensile values for all the prepared composites increase continuously up to 15% fiber loading
and then decrease after further addition of jute. Thus, the 15 wt% jute content was found as
the optimum composition. This is explained by the homogeneity of fiber and wettability of
polymer matrix In lower fiber content, the composite shows poor tensile properties due to
poor fiber population and low load transfer capacity to one another, whereas after 15 wt%
fibers get agglomeration. At intermediate fiber loading (15 wt%), the population of the fibers
is ideal for maximum orientation and the fibers actively participate in stress transfer [9, 23]. It
was found that the nanoclay loaded composites (SJPEC) shown higher tensile value than
without clay one. The highest tensile value were observed for MMT-1.31PS loaded
nanocomposites (SJPENC-1.31PS) followed by SJPENC-1.34TCN, SJPENC-1.28E,
SJPENC-1.30E, and SJPENC-1.44P. The hydrophobicity of chemically modified MMT
increases as the carbon number of modifier [12]. It was stated in “materials” section that the
MMT-1.31PS clay modified with highest carbon number (C,;) of modifier. Thus, the
interfacial adhesion between nanoclay and polymer matrix is due to the chemical
modification of nanoclay that increases the hydrophobicity.
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Fig. 2. Variation of TS and TM for C/C’: SJPE and D/D": SJIPEC-1.28E, E/E': SIPEC-
1.30E, F/F": SJPENC-1.31PS, G/G': SJPEC-1.34TCN, and H/H": SJPEC-1.44P

3.3 SEM study

Scanning electron microscopy (SEM) has been used to investigate the interfacial bonding
among jute, PE and MMT nanoclay. Figure 3 shows the SEM images of prepared silane
treated jute composite and nanocomposites. It was seen that there are considerable
differences in the interfacial adhesion among the components in composite system. The
SEM image of silane treated composite without nanoclay (SJPEC) shows pullout traces of
fiber with rough surfaces and micro-voids (Figure 3I). Whereas, a remarkable improvement
in surface morphology was found in the case of clay filled nanocomposite. The highest
progress was observed for SIPECC-1.31PS (Figure 3L) followed by SJPECC-1.34TCN
(3M), SIPECC-1.28E (3J), SJPECC-1.30E (3K), and SJPECC-1.44P (3N). The results
stated above may be the reason of the MMT nanofillers which increases the bonding with
jute and PE. As a result, the less pull out of fibers was observed from the fractured surface
[24]. Additionally, the MMT with greater carbon number of modifier that increases the
hydrophobicity yield better interfacial adhesion between polymer matrix and MMT [12].
Conversely, MMT with less carbon number of modifier are poorly distributed in the
composite system. This can cause of air bubble and agglomerations [13]. Therefore, the
SEM micrographs of MMT-1.31PS loaded nanocomposite were exhibited highest
improvement of surface morphology.
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Fig. 3. SEM Images for 15 wt% fiber loaded composites: SIPEC (I), SIPENC-1.28E (J),
SJPENC-1.30E (K), SIPENC-1.31PS (L), SJPENC-1.34TCN (M), and SJIPENC-1.44P (N)



3.4 TGA study

Thermogravimetric analysis of the 15 wt% silane treated jute composites with and without
different types of nanoclay was used to evaluate thermal properties are shown in Fig. 4 and
thermal data are summarized in Table 2. Three stages in maximum rate of decomposition
had been found for raw jute composites [25]. Whereas, two stages were observed for
prepared nanocomposites in this study. The first stage at 288-330°C attributed to the
degradation for lignin and hemicellulose, and the second one appeared at 372-388°C for the
degradation of cellulose and other cellulosic materials from the fiber which also leading the
char formation [26]. The addition of nanoclay led to the higher thermal degradation as well
as higher thermal stability of the nanocomposites. The thermal stability of materials is
evaluated with the help of activation energy. The greater activation energy of sample
recognizes greater thermal stability. The highest value of activation energy was found for
SJPENC-1.31PS followed by SJPENC-1.34TCN, SJPENC-1.28E, SJPENC-1.30E, and
SJPENC-1.44P. This might be due to the addition of MMT with highest carbon number (C,)
of modifier among all types of MMT nanoclay that showed reduced hydrophilicity of nanoclay
and thus increased interfacial bonding between fiber, polymer matrix and MMT [11, 12]. In
contrast, MMT with less carbon number of modifier are slightly dispersed in the composite
system which cause air bubble and agglomerations [13, 14].
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Fig. 4. TGA Curves for 15 wt% fiber loaded composites: SJPEC, SJIPENC-1.28E,
SJPENC-1.30E, SJPENC-1.31PS, SJPENC-1.34TCN, and SJPENC-1.44P

It had also been reported earlier that the significant improvement in thermal stability for
chemically treated fiber polymer nanocomposites [25]. Thus, the enhanced DSC values are
due to the addition of MMT nanoclay as nanofiller with greater carbon number of modifiers,
which is reflected on tensile behaviors and SEM images.



3.5 DSC study

Differential scanning calorimetric (DSC) analysis is carried out to determine the thermal
energy released or absorbed via chemical reactions of the fiber constituents during heating.
This lead to the exothermic and endothermic reactions. Endothermic reactions provide
information on sample melting, phase transitions, evaporation, dehydration and pyrolysis.
Exothermic reactions provide information on crystallization, oxidation, combustion,
decomposition and chemical reactions [27]. The DSC curves for silane treated jute
composites without and with different types of MMT nanoclay were shown in Fig. 5 and the
decomposition peaks were found in Table 2. The composites exhibited three decomposition
patterns. Firstly, the broad endothermic peaks were observed within 92-104°C which
corresponds to the evaporation of absorbed water by the fibers. Secondly, the sharp
exothermic peaks were observed within 309-325°C which is related to the decomposition of
lignin and hemicellulose from the fibers. Lastly, the endothermic peaks obtained within the
range of 372-376°C which shows the degradation of cellulose, leading to char formation [28,
29]. It was seen that the decomposition peaks of nanoclay incorporated composites
(JPENC) exhibited higher value than raw composite (SJPEC).
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Fig. 5. DSC Curves for 15 wt% fiber loaded composites: SJPEC, SJPENC-1.28E,
SJPENC-1.30E, SJIPENC-1.31PS, SJIPENC-1.34TCN, and SJPENC-1.44P

It was also observed that the decomposition peaks shifted to higher values with greater
carbon number of MMT modifier. The highest value was obtained for SJPENC-1.31PS
followed by SJIPENC-1.34TCN, SJIPENC-1.28E, SJPENC-1.30E, and SJPENC-1.44P. This
is due to the hydrophobicity of MMT which increases as the carbon number of modifier
increases and eventually reduces the voids and increases the interfacial adhesion between
treated fiber and PE matrix [11, 12]. It is stated that the MMT loaded nanocomposites with
greater carbon number of modifier shows better interfacial adhesion among jute,
polyethylene and MMT lead to significant improvement in thermal properties which is also
reflected on tensile behaviors and evident from SEM images.



Table 2. Thermal properties of 15 wt% silane treated jute composites without and with
different types of MMT nanoclay

Sample Stage TGA DSC analysis Activation
analysis Tmax (°C)  Nature of energy
Tmax (°C) peak E. (kJ/mol)

SJPEC 1% 92.2 Endo 248.2
2" 288.1 309.1 Exo
3" 371.7 371.7 Endo

SJPENC-1.28E 1% 100.4 Endo 2735
2" 321.6 321.6 Exo
3" 384.2 375.9 Endo

SJPENC-1.30E 1* 100.4 Endo 271.4
2" 317.5 317.4 Exo
3" 380.1 375.9 Endo

SJPENC-1.31PS 1% 104.1 Endo 278.6
2" 329.9 325.3 Exo
3" 388.4 375.9 Endo

SJPENC-1.34TCN 1% 104.1 Endo 255.3
2" 325.8 321.6 Exo
3" 388.4 375.9 Endo

SJPENC-1.44P 1% 96.2 Endo 254.5
2" 296.5 313.2 Exo
3 375.9 375.9 Endo

Tmax = Temperature for maximum rate of decomposition occur

4. CONCLUSION

Hot press technique was applied for the preparation of silane treated jute composites without
and with various MMT nanoclay. Fourier transform infrared (FTIR) spectroscopy and
scanning electron microscopy (SEM) were used to study surface characterization. The
mechanical and thermal properties were evaluated from TS, TM, TGA and DSC analysis,
respectively. The fiber loading have been optimized from tensile values by 15 wt%. From the
above analysis, it was found that the MMT nanoclay loaded nanocomposites shows higher
tensile values and thermal stability than composite without nanoclay. The higher
improvements were observed for SJPENC-1.31PS followed by SJPENC-1.34TCN,
SJPENC-1.28E, SJPENC-1.30E, and SJPENC-1.44P. This might be due to the MMT with
greater carbon number of modifier that increases the hydrophobicity and eventually
increased interfacial adhesion between polymer matrix and MMT. The above findings
suggested that the interfacial interaction among fiber, polymer and nanofiller into the



composite system has become more satisfactory due to the carbon number of clay modifier.
This research may help to develop the performance of nanocomposites in the interior and
exterior structural uses.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this
research are commonly and predominantly use products in our area of research and
country. There is absolutely no conflict of interest between the authors and
producers of the products because we do not intend to use these products as an
avenue for any litigation but for the advancement of knowledge. Also, the research
was not funded by the producing company rather it was funded by personal efforts
of the authors.

REFERENCES

1. Botaro VR, Siqueira G, Megiatto JD, and Frollini E. Sisal fibers treated with NaOH
and benzophenonetetracarboxylic dianhydride as reinforcement of phenolic matrix.
Journal of Applied Polymer Science. 2020;115:269-276.

2. Hossen MF, et al. Effect of fiber treatment and nanoclay on the tensile properties of
jute fiber reinforced polyethylene/clay nanocomposites. Fibers and Polymers.
2015;16:479-485.

3. Roy K, et al. Effect of Various Surface Treatments on the Performance of Jute
Fibers Filled Natural Rubber (NR) Composites. Polymers. 2020;12:369, doi:
10.3390/polym12020369.

4. Mwaikambo LY, Ansell MP. Chemical modification of hemp, sisal, jute, and kapok
fibers by alkalization. Journal of Applied Polymer Science, vol. 84, pp. 2222-2234,
2002.

5. Hong CK, et al. Mechanical properties of silanized jute—polypropylene composites.
Journal of Industrial and Engineering Chemistry. 2008;14:71-76.

6. Goriparthi BK, Suman KNS, Rao NM. Effect of fiber surface treatments on
mechanical and abrasive wear performance of polylactide/jute composites.
Composites Part A:Applied Science and Manufacturing. 2012;43:1800-1808.

7. Saheb DN, Jog JP. Natural fiber polymer composites: A review. Advances in
Polymer Technology. 1999;18:351-363.

8. Brydson JA. Plastic materials. 3rd edition, Newnes Butterworths, London, 1975.

9. Miah MJ, et al. Study on mechanical and dielectric properties of jute fiber reinforced
low-density polyethylene (LDPE) composites. Polymer-Plastics Technology and
Engineering. 2005;44:1443-1456.

10. Ramesh P, Prasad BD, Narayana KL. Effect of MMT Clay on mechanical, thermal
and barrier properties of treated aloevera fiber/ PLA-hybrid biocomposites. Silicon.
2019, https://doi.org/10.1007/s12633-019-00275-6.

11. Lan T, Pinnavaia TJ. “Clay-reinforced epoxy nanocomposites. Chemistry of
materials. 1994;6:2216-2219.

12. Wang KH, et al. Synthesis and characterization of maleated polyethylene/clay
nanocomposites. Polymer. 2001;42:9819-9826.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hagq M, et al. Processing techniques for bio-based unsaturated-polyester/clay
nanocomposites: tensile properties, efficiency, and limits. Composites Part A:
Applied Science and Manufacturing. 2009;40:394-403.

Hamidi YK, Aktas L, Altan MC. Effect of nanoclay content on void morphology in
resin transfer molded composites. Journal of Thermoplastic Composite Materials.
2008;21:141-163.

Hossen MF, et al. Effect of clay content on the morphological, thermo-mechanical
and chemical resistance properties of propionic anhydride treated jute
fiber/polyethylene/nanoclay nanocomposites. Measurement. 2016;90:404-411.
Broido A. A simple, sensitive graphical method of treating thermogravimetric
analysis data. Journal of Polymer Science Part A2:Polymer Physics. 1969;7:1761-
1773.

Khan MA, Hassan MM, Drzal, LT. Effect of 2-hydroxyethyl methacrylate (HEMA) on
the mechanical and thermal properties of jute-polycarbonate composite. Composite
Part A: Applied Science and Manufacturing. 2005;36:71-81.

Ganan P, et al. Plantain fiber bundles isolated from Colombian agro-industrial
restudies. Bioresource Technology. 2008;99:486-491.

Dewan MW, et al. Thermomechanical properties of alkali treated jute-
polyester/nanoclay biocomposites fabricated by VARTM process. Journal of Applied
Polymer Science. 2013;128:4110-4123.

Hossain MK, et al. Mechanical performances of surface modified jute fiber reinforced
biopol nanophased green composites. Composites Part B:Engineering.
2011;42:1701-1707.

Seki Y. Innovative multifunctional siloxane treatment of jute fiber surface and its
effect on the mechanical properties of jute/thermoset composites. Materials Science
and Engineering-A. 2009;508:247-252.

Bulut Y, Aksit A. A comparative study on chemical treatment of jute fiber: potassium
dichromate, potassium permanganate and sodium perborate trihydrate. Cellulose.
2013;20:3155-3164.

Mohanty AK, Khan MA, Hinrichsen G. Surface modification of jute and influence on
performance of biodegradable jute-fabric/biopol composites. Composites Science
and Technology. 2000;60:1115-1124.

Ray D, et al. A Study of the mechanical and fracture behavior of jute fabric
reinforced clay-modified thermoplastic starch-matrix composites. Macromolecular
Materials and Engineering. 2007;292:1075-1084.

Hossen MF, et al. Improved thermal properties of jute fiber-reinforced polyethylene
nanocomposites. Polymer Composites. 2015, https://doi.org/10.1002/pc.23691.
Raghavendra G, et al. Jute fiber reinforced epoxy composites and comparison with
the glass and neat epoxy composites. Journal of Composite Materials.
2014;48:2537-2547.

Ball R, Mcintosh A, Brindley J. Feedback processes in cellulose thermal
decomposition: implications for fire-retarding strategies and treatments. Combustion
Theory and Modelling. 2004;8:281-291.

Bozkurt E, Kaya E, Tanoglu M. Mechanical and thermal behavior of non-crimp glass
fiber reinforced layered clay/epoxy nanocomposites. Composites Science and
Technology. 2007;67:3394-3403.

Sinha E, Rout SK. Influence of fiber-surface treatment on structural, thermal and
mechanical properties of jute. Journal of Materials Science. 2008;43:2590-2601.



