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Abstract

Rice husk, an agricultural waste material, was tried to make value added by preparing composite with microcrystalline
cellulose and montmorillonite by melt blending process in different proportions. The interaction among the components
was studied by Fourier transform infrared spectroscopy and X-ray diffractometry. The mechanical and thermal proper-
ties were studied through universal testing machine, dynamic mechanical analyzer and thermogravimetr ic analyzer.
Scanning electron microscopy and transmission electron microscopy were used to analyze the surface morphology of
the composites. Among the various composition the better synergistic effect was observed in composite PRMCC2 with
2 phr MCC and 3 phr MMT. Along with thermal and mechanical properties, PRMCC2 also showed better flame retardancy

and water-resistant properties.
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1 Introduction

Cellulose-based plant filler or fibre is one of the most
explored topics for the researchers of the present genera-
tion. Natural fibres have gained popularity over the con-
ventional reinforcing materials due to the advantages pro-
vided by the natural filler [1, 2]. Conventional fibres used in
fibre reinforced materials (FRP), are gradually replaced by
natural fibres [3]. The natural fibre based polymer compos-
ite can be used in different applications due to the advan-
tages such as low cost, high strength, low weight and easy
processability [4-7]. Natural fibre based composites find
wide application in automobile sectors [8-10].

Rice husk (RH) is one of the lignocellulosic biomasses
which is widely produced by agriculture-based industries
in India. It is generally treated as a waste and used as bed-
ding material for cattle (animals), or landfilling material
[11-13]. RH was also utilized as a source for extraction of
different advance material like silicon, carbon etc.[14, 15]
and as a material for metal-matrix composites [16, 17].

The waste RH can be explored as a reinforcing agent in
polymer composite. Addition of RH in the composite will
not only increase the properties of the composite but also
decrease the cost of production of the polymer composite.

Cellulose-based reinforcement material shows good
applicability along with excellent thermal and mechani-
cal properties compared to other inorganic fillers [18].
Cellulose is comparatively easy to process due to its
nonabrasive property, which initiates better filling levels
resulting in significant cost saving [19]. With the develop-
ment in research of cellulose, different forms of cellulose
fibres are obtained such as microfibrils and nano whiskers
[20]. These fibres have better mechanical properties com-
pared to other commonly used reinforcing fillers. Micro-
crystalline cellulose (MCC), a famous reinforcing agent,
closely resembles cellulose nanowhiskers [21]. MCC can
be prepared easily from agricultural cellulose [22], and it
has varied application in the field of cosmetics, medical
and food processing industries [23]. Use of MCC as a rein-
forcing agent in polymer composite shows better tensile
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strength and young modulus [24]. In order to overcome
the limitations such as poor flow characteristics and less
bulk density associated with MCC, different additives like
starch, calcium carbonate, montmorillonite etc. are added
to it [25-28].

Hybrid composite, which is prepared by combination of
more than one reinforcing agent, showed enhancement
properties compared to the individual reinforcing agent
[29-31]. The hybridization of natural filler and nanofiller
not only increases the mechanical properties but also
reduces the water absorption properties of the composite
[32]. Introduction of layered silicate nanomaterial to the
polymer matrix enhances properties like modulus, tough-
ness, strength and flammability compared to the virgin
polymers [33]. MMT, a low cost and environment-friendly
layered silicate nanofiller used in many application and
industrial fields [34-36].

PE-g-MA can be used as a compatibilizer and plays
an important role to improve the interaction among the
components specially between PVC and RH. Here the
compatibilizer act as a bridge between the hydrophobic
part of PVC and hydrophilic part of RH, MCC and MMT. The
polyethylene chain of compatibilizer will interact with the
hydrocarbon part of PVC and the anhydride portion will
interact with the hydroxyl groups of RH, MCC and MMT.

Polyvinyl chloride (PVC), which is second most-pro-
duced thermoplastic after polyolefin is used widely in
different applications. The performance of the PVC can
be improved by modifying the structure and properties
through the introduction of various additives [37]. The
fragmentation of PVC based composite can be enhanced
by increasing the percentage of natural, low-cost filler
within the matrix. Keeping these in mind, nanocomposites
have been prepared by melt blending of PVC, RH, MCCand
MMT. The percentage of MCC and MMT has been varied
keeping other components (PVC, RH, PE-g-MA, Lead car-
bonate) constant. The combined effect of MCC and MMT
on the physicochemical properties such as mechanical,
thermal, water absorption, flame resistance has been stud-
ied and reported.

2 Experimental
2.1 Materials and methods

PVC (Grade: SPVC FS: 6701) was supplied by Finolex Indus-
tries Ltd. (Pune, India). Basic Lead Carbonate (LC) and Dibu-
tyl phthalate (DBP) were obtained from G.S. Chemical
Testing Lab & allied industries (Mumbai, India). Cellulose
microcrystalline (MCC) was obtained from Merck India,
Mumbai. The compatibilizer polyethene-graft-maleic
anhydride (PE-g-MA) and MMT K10 were received from
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Sigma-Aldrich, USA and used directly. Rice husk was col-
lected from local rice mill industries of Assam. Other rea-
gents used were of analytical grade.

2.2 Surface modification of RH

RH was treated with 2% soap solution at 70 °C for 1 h fol-
lowed by washing with distilled water and finally drying
in an oven at 100 °C for 12 h. The washed RH was dewaxed
by treatment with a mixture of alcohol and benzene (1:2)
for 72 h at 50 °C. It was washed with distilled water and
dried for 12 h and then treated with 5% (w/v) NaOH solu-
tion for 30 min at 30 °C. It was then washed with distilled
water for several times to leach out the absorbed alkali
and finally kept immersed in distilled water overnight
and were washed repeatedly to avoid the presence of
any trace amount of alkali. The alkali-treated RH were
dried in a vacuum oven at 70 °C for 12 h. The dried RH
were grinded, passed though 50 mesh size sieve and
stored at ambient temperature in a desiccator for further
use.

2.3 Preparation of rice husk PVC nanocomposite
(RHPNC)

35 phr of the modified RH was mixed with 60 phr of PVC,
5 phr of compatibilizer (PE-g-MA) different proportion of
MCC/MMT (phr) and transferred to brabender plasticorder
with mixing chamber of volume 100 cm? for blending. Ini-
tially, the above mixture was blended at a screw speed of
50-55 rpm at 70 °C for 3-4 min followed by the addition
of LC and DBP.The final blending was carried out at 145 °C
for 5 min at a screw speed of 70-75 rpm. The blended mix-
ture was then compressed in compression moulding press
(Santa) at 190 °C for 6 min under a pressure of 5-6 ton.

The formulation of the samples and their codification
are givenin Table 1.

3 Characterizations

The FTIR spectra were recorded for MCC, RH, MMT and
composites with or without MMT in FTIR spectrophotom-
eter (PerkinElmer, Frontier MIR-FIR, USA) using KBr pel-
let over the wavenumber range of 400-4000 cm™'. The
degree of distribution of MMC/MMT in the composite was
evaluated by X-ray diffraction (XRD) analysis. It was carried
out in a D8 FOCUS X-ray diffractometer (Bruker Axs, Ger-
many) using Cu Ka radiation at a scanning rate of 1°/min
with an angle ranging from 26=10° to 50°. The TEM inves-
tigations were carried on a JEM-2010 (JEOL) instrument
equipped with a slow-scan CCD camera at an accelerat-
ing voltage of 200 kV. SEM analyses were carried out with
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Table 1 Formulation of a

. Sample code PVC RH PE-g-MA DBP Lead carbon- MCC MMT
mixture of samples (phr) and ate
their codes
PRMCCO 60 35 5 5 5 0 5
PRMCC2 60 35 5 5 5 2 3
PRMCC4 60 35 5 5 5 4 1
PRMCC5 60 35 5 5 5 5 0

“JEOL, JSM Model 6390 LV" scanning electron microscope,
operating at an accelerating voltage of 15 kV. The com-
patibility and morphological features of the composites
were studied by using scanning electron microscope (JEOL
JSM-6390LV) at an accelerated voltage of 5-10 kV. The frac-
ture surface of the samples, deposited on a brass holder
and sputtered with platinum, was used for this study. The
DMA was performed under tension mode using a Mettler
Toledo Instrument. The dimensions of the specimens were
10 mmx 10 mm x 5.5 mm. The specimens were scanned
over a temperature range of 40-180 °C. Frequency of oscil-
lation was fixed at 1 Hz and ramped at 2 k/min to 180 °C.
Storage modulus, loss modulus, and mechanical loss factor
(tan 8) were recorded and plotted against temperature.
Thermal property of PVC, RH, MMT along with the polymer
composite was measured in a thermogravimetric analyzer
(TGA) (TGA-50, Shimadzu) at a heating rate of 10 °C/min
up to 600 °C under nitrogen atmosphere at a flow rate of
30 mL/min. The tensile and flexural tests for composites
were carried out at room temperature using universal
testing machine (Zwick at a Z010, Germany) with a cross-
head speed of 5 mm min~" according to ASTM D-638 and
D-790 respectively. Three samples of each category were
tested, and their average values were reported. The hard-
ness of the samples was measured according to ASTMD-
2240 using a durometer (model RR12) and expressed as
shore D hardness. Water vapour uptake (%) was meas-
ured by placing the samples in a humidity chamber at
65% relative humidity and maintaining a temperature of
30 °C. The weight and volume of the samples were meas-
ured at an interval of 6, 12, 24, 36, 48, 60, 72, 84 and 96 h.
Water vapour uptake was determined using the following
expression.

Water uptake (%) = (W, — W, ) /W, x 100

where W, is the weight of the specimen after water absorp-
tion and W, is the weight of the specimen before water
absorption. LOI of the samples was measured by a flamma-
bility tester (S.C. Dey Co., Kolkata) according to the ASTM
D-2863 method. The sample was placed vertically in the
sample holder of the LOI apparatus. The ratio of nitrogen
and oxygen at which the sample continues to burn for at
least 30 s was recorded.

4 Results and discussion
4.1 FTIR

The FTIR spectra of MMT, PVC, MCC and composites with
various percentage of MCC and MMT are shown in Fig. 1.
In the spectrum of MMT (Fig. 1a), the strong absorption
peak appeared at 3440 cm™' was assigned to the —OH
stretching frequency. Further, the small peak appeared
around 3600 cm™' might be due to the hydroxyl stretch-
ing vibration of aluminum or magnesium species pre-
sent in MMT. The peak at 1638 cm™' and 1048 cm™' were
due to the —~OH bending and oxide band of metal. In the
spectrum of PVC Fig. 1b, C-H and -CH, stretching modes
were observed at 2860 cm™' and 2977 cm™'. The peak
at 1428 cm™' was assigned to the ~CH, bending mode.
Besides, peaks appeared at approximately at 1330, 1250,
950 and 830 cm™' were due to CH, groups deformation,
out of plane angular deformation, out of plane trans
deformation and C-Cl bond stretching [38]. In the spec-
trum of MCC (Fig. 1¢) the peak appeared at 3402 cm™' was
assigned for hydroxyl group and the absorption peak at
2904 cm™" was due to symmetric C-H vibrations. The peaks
at 1645 cm™' (-OH bending), 1429 cm™' (~CH, bending)
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Fig. 1 FTIR spectra of (a) MMT (b) PVC (c) MCC (d) PRMMCO (e)
PRMMC2 (f) PRMMC4 (g) PRMMC5
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and 1162 cm™' (C-O stretching) were also appeared. The
in-plane B-(1 — 4)-glycosidic linkage showed a peak at
1109 cm™". The band appeared in 685 cm™" and 1100 cm™
in the composites was due to O-Si-O stretching vibration
[39]. In the spectrum of PRMCCO, the characteristic peaks
of PVC and MMT were found. The spectra (Fig. 1e-g) shows
the presence of peak at 1162 and 1109 cm™' correspond-
ing to C-0 stretching and glycosidic linkage of cellulose.
In the spectrum of composites (Fig. 1d-g) the intensity
of the peaks corresponding to hydroxyl group was found
more prominent compared to that of pure PVC. Compared
to pure MCC the position of the hydroxyl peak was found
to slightly shift towards lower wavenumber, suggesting a
better interaction among different components including
MCC and MMT. Further addition of MCC into the compos-
ite (Fig. 1f-g) showed a shifting of hydroxyl peak position
towards higher wave number indicating a decrease in the
interaction among various components. The intensity
of peaks appeared at 2904 cm™' due to symmetric OH
vibration of MCC was found to increase as the percent-
age of MCC increased from 0 to 5 phr in the composites
(Fig. 1d-g). All of these suggested an incorporation of both
MCC and MMT in the composite.

4.2 XRD

The XRD curve of RH, PVC, MMT, MCC are shown in
Fig. 2. The RH (curve 2a) had a little bit broad peak at
20 =22.3°, which was due to the cellulose present in RH.
Similarly, the diffractogram of MCC (curve 2d) shows a
sharp crystalline peak corresponding to 002 planes of
crystalline cellulose at 26 =22.5°. Apart from this peak,
MCC also shows characteristic peaks assigned to 101 and
040 planes of crystalline cellulose at 26 =14.6° and 34.3°

(d)

Intensities (a.u.)

(c)
(b)

T (a)

10 20 30 40 50
20 (degree)

Fig.2 XRD micrograph of (a) RH (b) PVC (c) MMT (d) MCC
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[40]. These peaks confer the crystalline nature of MCC
which corresponds to cellulose 1 polymorph structure
[41]. MMT represented by curve 2(c) showed a charac-
teristic peak at 26 =8.7°. The peak appeared at 26=19.7°,
20=26.2° and 20 =34.9° were due to the presence of
silicate layers in the clay. PVC (Fig. 2b) did not show any
remarkable peak because PVC is amorph material.

Figure 3a represents the XRD curves of the compos-
ite containing 0, 2, 4, 5 phr MCC. Fig. 3b represents the
normalization curves of the samples (shown in Fig. 3a).
In both the curves, the characteristic peak of MMT
appeared at 26 =8.7° was not detectable in the compos-
ite. This could be either due to the full expansion of the
clay gallery which was not possible to detect by XRD or
delamination of the clay layers resulting in disappear-
ance of crystal diffraction peak [42]. In the normalized
figure, the peaks corresponding to MMT at 26 =19.7°,
26.2° and 34.9° were also decreased with the decrease
in amount of MMT. This suggested the incorporation of
PVC and other components into the interlayer spacing
of MMT.

4.3 TEM

TEM study was performed to study the morphologi-
cal characteristics of the prepared composite. The TEM
micrograph shows the distribution of nano laminae of
MMT in the nanocomposite as dark slice and MCC as dark
spots. Figure 4a represents the composites without MCC.
Here partial delamination of the MMT clay was observed.
The micrograph containing 5 phr MCC (Fig. 4b) shows
the presence of cellulose as dark spots. Few of the MCC
particles were also agglomerated. The micrograph of
PRMMC2 (Fig. 4c) containing 2 phr MCC and 3 phr MMT
shows the presence of both MMT and MCC in the com-
posite. The clay layers had been delaminated into thin
lamellas by PVC and other components.

4.4 SEM

The SEM micrograph of the nanocomposite loaded with
different percentage of MCC was shown in Fig. 5a-d.
The rough surface (Fig. 5a) might be due to the agglom-
eration of MMT which resulted in the decrease in the
interaction. The surface roughness decreased with an
increased percentage of MCC in the composite. The
decrease in surface roughness was maximum in the case
of 2 phr MCC loaded composite (Fig. 5b). The roughness
was found to increase again with further increase in MCC
into the composite. This might be due to the agglomera-
tion of MCC at higher dose.
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Fig. 3 a XRD micrograph of (a) PRMMCO (b) PRMMC2 (c) PRMMC4
(d) PRMMC5. b Normalised XRD micrograph of (a) PRMMCO (b)
PRMMC2 (c) PRMMC4 (d) PRMMC5

4.5 DMA

4.5.1 Storage modulus

Figure 6 demonstrates the effect of incorporation of MCC
and MMT on the storage modulus of PVC/RH composite.

In all the composite, the storage modulus (E) found to
decrease with the increase in temperature. It was evident
from the Fig. 6 that the storage modulus was high below
Tg, possibly due to the close and compact packing of the
components. However, the E/ curves show a sharp fall
around 70-90 °C indicating glass/rubbery state transi-
tion. The increase in temperature enhanced the molecu-
lar mobility of the components of the composite which
decreased the E/ value in the rubbery region. However no
significant changes were observed in E’ value for all the
composites in rubbery region. It was also observed that
with the increase in the percentage of MCC into the com-
posite, the value of storage modulus increased up to addi-
tion of 2 phr MCC and beyond that it decreased. This might
be due to the increase in rigidity in the composites caused
by the better dispersion of the reinforcing agents. Com-
posites having 2 phr MCC and 3 phr MMT (Fig. 6b) showed
high storage modulus. With the further increase in the
amount of MCC, the value of storage modulus decreased
probably due to poor dispersion of reinforcing agents
which resulted in decrease of rigidity. With the increase
in the percentage of MCC, a decrease in interaction was
observed as revealed by FTIR study. The restricted move-
ment of the polymer chains confined in the MMT layers
also favored for showing higher storage modulus.

4.5.2 Loss modulus

Figure 7 illustrates the loss modulus of RH/PVC compos-
ites containing a various percentage of MCC and MMT as
a function of temperature. Composites containing higher
percentage of MCC (Fig. 7d) showed higher loss modulus.
With the decrease in percentage of MCC and simultane-
ously with the increase in percentage of MMT in the com-
posite the loss modulus was found to decrease (Fig. 7a—c).
The change in loss modulus value could be explained
based on synergistic effect of MCC and MMT. Both can
influence the interfacial interaction between RH and PVC
matrix. The loss modulus increased with the increase in
temperature and after attaining a maximum, it decreased
due to dissipation of energy caused by the relaxation of
polymeric chains.

453 tand

Damping factor or tan 6 of MCC/MMT containing RH/PVC
composites are illustrated in Fig. 8. From the figure, it was
evident that the damping factor increased with tempera-
ture, reaches peak in the transition region and then started
decreasing. With increase in the percentage of MMT, a
shifting of tan & peak towards higher temperature was
observed. The shifting of tan & peak to higher temperature
region or a decrease in intensity of the peak indicated an
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Fig.5 SEM micrographs of a PRMMCO b PRMMC2 ¢ PRMMC4 d PRMMC5

increase in interaction among the components. In the case
of sample PRMMCO (curve a), although the shifting of tan
8 peak was observed but there was no decrease in peak
intensity. In all the other samples, a decrease in intensity
was observed. The decrease in intensity probably played
a major role in the case of PRMMCO and hence its rigid-
ity would be less compared to other samples. A shifting
of tan & peak indicating an increase in interaction among
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components was reported in the literature (Hristov and
Vasileva 2003) [43]. Further, composites containing a com-
bination of MCC and MMT (Fig. 8b, c) showed less intense
peak compared to those of either MCC or MMT. This might
be due to the restricted movement of the polymeric chains
confined inside the clay layers [44]. Synergistic effect of
MCC and MMT might be responsible for improving the
interaction.
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Fig.7 Loss modulus of (@) PRMMCO (b) PRMMC2 (c) PRMMC4 (d)
PRMMC5

4.6 Thermal properties

Table 2 represents the thermograms of PVC, RH, MCC and
composite with varying percentage of MCC and MMT.
Table 2 shows the initial degradation temperature (Ti),
maximum pyrolysis temperature (Tm), the temperature
of decomposition at different weight loss (%) (Tp) along
with residual weight (%) of PVC, RH, MCC and compos-
ites. MCC had a higher Ti value than PVC and RH which
indicated a superior thermal resistance. The degradation
of MCC was due to the decomposition of 3-1,4-glucosidic
linkage of cellulose chain [45]. Inclusion of MMT into the
polymer matrix increases the Ti value. MCC showed one
step degradation whereas RH, PVC and composites show

0.8

0.7
0.6
_b

0.5 4

0.4

tan §

0.3
0.2 4

0.14

0.0

g g T g T g T : T g
60 80 100 120 140 160 180

Tempareture (OC)

Fig.8 tan & of (a) PRMMCO (b) PRMMC2 (c) PRMMC4 (d) PRMMC5

a two-step degradation. The T, values for RH flour, PVC
and composites might be attributed to the decomposi-
tion of a-cellulose for RH [46] and dehydrochlorination for
PVC [47]. Introduction of MMT into the composite influ-
enced the T, value in the composite. T, values for both the
step increased up to the addition of combined nanofiller
MCC/MMT in the ratio of 4:1, beyond that it decreased.
A similar trend was also seen in the case of Ty, values.
The well-dispersed MCC and MMT in the polymer matrix
enhanced the interaction among polymer matrix and RH,
thereby delayed the decomposition of volatile matter.
The decrease in thermal stability beyond the addition of
4 phr MCC might be due to the absence of MMT as well
as agglomeration of MCC. The polymers were not able
to be confined into the silicate layers due to the absence
of MMT. Hence it might assist to easy passage of volatile
components which resulted in decrease in thermal resist-
ance. Sun et al. [48] reported that MCC got agglomerated
at higher doses in the PVA/MCC matrix and hence affected
various properties. The agglomeration decreased the inter-
action among PVC, RH and other components. The RW (%)
values were also found high in the case of MCC/MMT (4:1)
combined filler. The enhancement of RW value might be
due to the presence of crystalline cellulose | from MCC and
the char produced by MMT [49].

4.7 Mechanical and Hardness properties

The mechanical properties such as tensile strength, flex-
ural strength of the PVC/RH/MMT/MCC hybrid nanocom-
posite with varying percentage of MCC and MMT are
presented in Table 3. The results obtained in Table 3 were
average values of 5 samples. All the mechanical properties
were found to enhance with the increase in the presence
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of MCC. The composite containing 2 phr MCC and 3 phr
MMT showed higher mechanical properties suggesting
a better interaction among the components in this com-
bination. The improvement in the mechanical properties
at this loading might be due to combined effect of MCC
and MMT which reduced the mobility of the polymer chain
[50]. Further increase in MCC loading decreased the values
of mechanical properties which may be attributed to the
agglomeration of the MCC in the composite. The agglom-
eration decreased the interfacial adhesion and increased
the flexibility of the PVC chain leading to a decrease in
both tensile and flexural properties. This suggested a bet-
ter interaction of MCC with the polymer matrix than MMT.
A similar trend was also observed for hardness property.

4.8 Limiting oxygen index test (LOI)

The LOI values of PRMMC composite with different MMT
and MCC loadings are shown in Table 4. Composites hav-
ing both MCC and MMT in the polymer matrix showed
better LOI value than the composites having only either
MCC or MMT component. Carbonaceous-silicate charred
layer was formed during combustion on the surface of the

composite, which acted as an insulation for the underlying
material and retarded the heat transfer, i.e. delayed the
decomposition rate [51]. The lower LOI value for both 5 phr
MMT (PRMMCO) and MCC (PRMMC5) might be due to the
poor dispersion and agglomeration of the component in
the composite.

4.9 Water vapour uptake study

Figure 9 represents the water vapour uptake capacity of vari-
ous composites with variation in MCC and MMT loading. The
water vapour uptake capacity of the composites increased
with time. Initially, the rate of moisture absorption was high,
and then it slowed down. Water vapour uptake capacity of
composites containing only MCC was higher than that of
composites containing MMT alone. The trend of moisture
absorption is PRMMC5 > PRMMO0 > PRMMC4 > PRMMC2.The
lowest water vapour uptake for composites containing MMT
alone was due to the presence of silicate layers which hin-
dered the penetration of water vapour into the composite
[52]. On the other hand, composite having MCC showed
highest water vapour uptake probably due to the forma-
tion of hydrogen bonding between MCC and water vapour.

Table 2 Thermal analysis of

Sample Ti (°C) Tm? (°C) TmP (°C) Temperature of decomposition (Tp) in - RW% at
PVC, RH{ MCC and PRMMC °C at different weight loss (%) 600 °C
composite

20% 40% 60% 80%

PVC 279 303 450 281 301 341 497 12

RH 265 293 - 265 306 423 - 31

MCC 343 345 - 322 341 349 357 7

PRMMCO 289 297 458 294 322 467 557 12

PRMMC2 291 308 461 301 326 464 - 30

PRMMC4 291 309 464 302 327 461 - 33

PRMMC5 282 297 456 288 311 413 534 10

b
Tm?—T,, values for 1st step, Tm°—T,, values for 2nd step

Table 3 Tensile, flexural and

Sample name
hardness properties of PRMMC P

Tensile strength (MPa)

Flexural strength (MPa) Hardness (shore D)

PRMMCO 7.1+0.09 37.31+£0.82 57+43
PRMMC2 11.33+0.09 38.16+£1.18 70£5.5
PRMMC4 11.00+0.39 35.17+£0.3 706
PRMMC5 6.31+0.07 31.25+1.29 58+4.3
Table4 Limiting oxygen index Samples LOI % Flame description Smokes and flames Char
(LOI) of RHPNC samples
PRMMCO 46.7 Small localised flame Small and black smoke Medium
PRMMC2 50.0 Small localised flame Small and black smoke Medium
PRMMC4 50.0 Small localised flame Small and black smoke Medium
PRMMC5 444 Small localised flame Small and black smoke Medium
SN Applied Sciences
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The moderate water uptake value by the composites might
be due to the combined effect of filler (MMT/MCC) present
in the composite.

5 Conclusion

In this study, polymer nanocomposites were prepared by
a low-cost method where all the reinforcing components
are derived from renewable bioresources like, RH, MCC and
MMT. PVC was employed as the matrix. The ratio of MCC
and MMT at which maximum interaction among various
components occurred was 2:3 as shown by FTIR study. SEM
study showed an increased in surface roughness with the
increase in the ratio of MCC and MMT. Thermal stability of
the composite was maximum at 4:1 ratio of MCC and MMT.
Composites containing either MMC or MMT alone showed
properties inferior to those of combined filler. Composites
containing 2 phr MCC and 3 phr MMT showed an improve-
ment in properties such as mechanical, flame retardancy
and water vapour uptake due to synergistic effect. The sur-
face morphology of the nanocomposite was also found to
be improved in 2:3 MCC:MMT ratio.
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