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14. An abstract of research achicvements in about 200-500 words, suitable for publication.

Wood polymer composite (WPC) was developed by using solution blended high density
polyethylene (HDPE), low density polyethylene (LDPE), polypropylene (PP), poly(vinyl chloride)
(1:1:1:0.5) and wood flour prepared from Nal (Phragmities karka), a type of non conventional plant
materials. The ratio of solvents xylene and tetrahydrofuran used for the blending process was
optimized as 70:30. The miscibility among the polymers and with wood flour was studied by using
compatibilizer viz. glycidyl methacrylate (GMA), polyethylene-co-glycidyl methacrylate (PE-co-
GMA) and polyethylene-graft-maleic anhydride (PE-g-MA). Polyethylene-co-glycidyl methacrylate
was the most efficient compatibilizer among the studied three compatibilizers. The properties of the
composite were improved by the use of clay. WPC developed with organically modified clay showed
superior properties compared to the composite developed with unmodified clay. Maximum
improvement in properties was obtained by the addition of 3 phr clay. At higher percentage of clay (5
phr), the properties of the composite decreased due to agglomeration of clay. The mechanical
properties of the composite were further enhanced by using SiO; nanoparticles in combination with
clay. The incorporation of SiO, along with clay (3 phr each) improved thermal, flame retardancy,
mechanical and water resistance properties. TiO, nanoparticles in combination with clay were also
used-in some of the composites to-improve UV resistance. Maximum improvement in UV stability
and thermal stability were achieved by the addition of 3 phr each of clay and TiQ, .The addition of
ZnO nanoparticles with clay further enhanced the thermal, UV resistance and flame retardancy. The
addition of 3 phr each of clay and ZnO to the composite improved UV resistance, thermal resistance,
flame retardant property etc. At 3 phr clay and 5 phr ZnO loading, the occurrence of surface
interaction among the nanoparticles resulted in the decrease of properties. The addition of nanofillers
like clay, TiO,, SiO, and ZnO either alone or in combination into wood /polymer composite were
found to improve the various properties like mechanical, thermal, UV resistance, hardness etc.
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Enclosure-I

Impact of the completed work on the scientific/technological potential in the country

Amongst the different types of plastics, high density polyethylene (HDPE), low
density polyethylene (LDPE), polypropylene (PP) and polyvinyl chloride (PVC) are mostly
used in industries. After use, the throwing of plastic materials here and there in the form of
carry bags, boxes, packaging film causes a serious threat to the environment. Recycling and
reusing is one of the processes to reduce this environmental pollution problem. One of the
fundamental goals of recycling is to improve different properties of the recycled plastics. The
properties can be improved substantially if composites are made by combining these waste
materials with cellulosic materials.

Nal (Phragmites karka), a type of nonconventional plant is widely available not only
in the forests of Assam but also on both the banks of The Brahmaputra river. These plants are
not considered for structural applications due to their poor mechanical, dimensional and other
properties. They are mostly used for making temporary shades and domestic fuels. These
plants can be made value added products by producing composites with different polymers.
Due to non availability of the melt mixer, the work was carried out by solution blending
technique. But in order to choose solvent/solvents, the ratio of different plastics in the waste
plastic material is essential. Due to that reason, virgin plastics of known composition were
used. It is anticipated that krowledge generated from this study will provide some valuable
information for the development of waste plastics/wood composite.

The treatment of wood with various nonomaterials significantly improved the
mechanical properties, UV resistance, thermal stability, water resistance, biodegradability etc.
The information emerged from the study may also help the wood industries to explore the
possibilities of making hybrid constructions and this can also take the wood industries to a
new direction.

Wood is biodegradable. Most of the alternative non wood materials such as concrete,
steel ete. used for construction purposes are iiot biodegradable. In country like India, where
there are a large number of environmental problems, this may be a contribution towards,
addressing at least are such issue. The wood/ polymer composite will not only reduce the

environmental pollution problem but also will definitely t-cost the economy of this region.
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ANNEXURE-II
(Final Progress Report)

Part A: Study on the properties of nanocomposite based on high density polyethylene,
pol);propylene, polyvinyl chloride, wood and clay.

In this part of work, a mixture of high density polyethylene (HDPE), polypropylene
(PP), polyvinyl chloride (PVC) and glycidyl methacrylate (GMA) were used as polymer
matrix and compatibilizer respectively. The aim of this study was to prepare and evaluate the
various properties of the nanocomposite. The nanocomposites were prepared by solution
blending method using polymer matrix, GMA as stated, wood flour and organically modified
MMT (CTAB-modified).

Montmorillonite (MMT) was modified by cetyl trimethyl ammonium bromide
(CTAB) and verified by X-ray diffractometer. The interlayer spacing for modified clay was
found to increase. The interlayer spacing was further increased in WPC reinforced with

modified clay as studied by X-ray diffractometer.
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Figure 1. FTIR spectra of (a) modified MMT (b) wood (c) PB/G10/W40
(d) PB/G10/W40/C3 (e) PB/G10/W40/C3*.

FTIR study indicated an interaction between wood, GMA treated polymer blend and
nanoclay. Glycidyl methacrylate (GMA) improved the compatibility among the polymers as
revealed by SEM study. SEM study also showed more roughness on the surface of

unmodified clay treated WPC compared to modified clay treated WPC. TEM study showed

(i)



an increase in interlayer spacing in WPC treated with CTAB modified clay compared to
WPC treated with umﬁodiﬁed clay. Significant improvements in mechanical preperties,
thermal properties and flammability were obtained in WPC treated with CTAB modified
clay. Modified clay based WPC exhibited lower water absorption and highest hardness

compared to WPC or unmodified clay treated WPC.

Table 1. Flexural, tensile and hardness properties of polymer blend and WPC loaded with
unmodified and modified MMT.-

Flexural properties Tensile properties Hardness
Sample Strength Modulus Strength Modulus (Shore D)
(MPa) (MPa) (MPa) (MPa)
PB 13 (= 2) 742 (£ 1) 5(*2) 84 (+ 17) 65.6 (£1.0)
PB/G10 16 (£ 2) 1084 (£2) 9 (1) 172 (£ 18) 68.8 (£0.5)
PB/G10/W40 18 (£ 1) 3895 (+ 1) 19 1) 315 (= 17) 67.0 (£1.0)

PB/G10/W40/C3* 22 (+2) 4254 (£1)  25(:1) 444 (= 17) 72.5 (£0.7)

PB/G10/W40/C3 25 (= 1) 4682 (1) 30(x1)  S13(+18) 76.2 (+0.6)

Part.'B: Effect of different compatibilizer and nanoclay on physical properties of wood
(Phragmites karka) polymer composite.

- The present investigation has been carried out to study and compare the effect of
different compatibilizer on the various properties of WPC prepared by using nonconventional
plant materials and mixture of plastics. The effect of nanoclay alongwith the compatibilizer
on the final properties of WPC has also been investigated.

WPC was prepared by using three differénl compatibilizers namely glycidyl
methacrylate (GMA), polyethylene-graft-maleic anhydride (PE-g-MA) and polyethylene-co-
glycidyl methacrylate (PE-co-GMA). It was cbserved that WPC having mixture of all the
three compatibilizer showed maximum improvement in miscibility compared to WPC
containing glycidyl methacrylate, polyethylene-grafi-maleic anhydride and polyethyicne-co;
glycidyl methacrylate alone as compatibilizer. The miscibility was judged by the appearance
of smoothness of the fractured surface. FTIR study showed that the shifting and reduction in
intensity of the hydroxyl group were more in PE-co-GMA and PE-g-MA compatibilized
WPC compared to GMA compatibilized WPC. The shifting was further decreased in WPC



compatibilized with (1:1:1) molar ratio of blended compatibilizer and nanoclay. WPC

reinforced with nanoclay and compatibilized with (1:1 :1) molar ratio of GMA, PE-g-MA and
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Figure 2. SEM micrographs of (a) PB (b) PB/G7/W40 (c) PB/PM7/W40
(d) PB/PG7/W40 (e) PB:’(G+PM+PG)7XW4D and (f) PB/(G+PM+PG)7/W40/N3.

PE-co-GMA showed maximum improveinent in tensile, flexural and hardness properties.
Thermal stabilities of the WPC enhanced over virgin. wood due to incorporation of
compatibilizer. Maximum thermal stability and flame resistance property were noticed for
nanoclay based WPC compatibilized with (GMA+PE-g-MA+PE-co-GMA) followed by
WPC compatibilized with PE-co- -GMA, PE-g-MA and GMA. Nanoclay reinforced mixed
compatibilizer based WPC showed least water absorption in comparison with polymer blend

and other compatibilizer based WPC.

Part C: Effect of coupling agent and nanoclay on properties of HDPE, LDPE, PP, PVC
blend and Phragmites karka nanocomposite,

The objective of the present study was to prepare the nanocomposites using wood
flour, PE-co-GMA compatibilizer, nanoclay and polymer mixture of (HDPE + LDPE + PP +
PVC) by solution blending. Efforts have also been made to study the various properties like
mechanical, thermal, flame retardancy, water resistance, biodegradation etc. of the
nanocomposite.

The distribution of silicate layers of nanoclay in wood polymer matrix was
investigated by XRD and TEM studies. X-ray diffraction studies of WPC treated with 1 and 3
phr nanoclay showed higher exfoliation compared to WPC treated with 5 phr nanoclay. TEM



study also supported the above findings. FTIR studies indicated an interaction between wood,
PE-co-GMA treated polymer blend and clay. It was found that the intensity of the hydroxyl

peak decreased as well as shifted to lower wave number in the wood polymer composite.

son -‘

2
=
1

Counts (3., )

i}

Figure 3. X-ray diffraction of (a) nanomer (b) PB/G5/W40/N1 (c) PB/G5/W40/N3
(d) PB/GS5/W40/N5 (e) PB/G5/N3.

Furthermore, the intensity of peaks corresponding to —CH stretching was more in
wood composites compared to pure wood which indicated the formation of bond between
polymers, PE-co-GMA and wood. The increase in miscibility among polymers due to
addition of PE-co-GMA as compatibilizer was!studied by SEM study. In WPC, there was no
significant difference in the surface characteristics on increasing the amount of nanomer from
1.0 to 3.0 phr. However, the surface appeared little bit rough on addition of 5 phr of clay. It
was observed that both flexural and tensile properties of polymer blends increased on
addition of PE-co-GMA and wood flour. The incorporation of nanoclay with wood, polymer
blend and PE-co-GMA further enhanced the flexural and tensile properties. Both flexural and
tensile values increased with clay loading up to 3 phr, beyond that the values decreased.
Hardness values also increased as PE-co-GN A and clay was added to the polymer blend. The
storage and loss modulus were found to enhance on incorporation of clay to WPC. The
damping peak was found to be lowered by the addition of clay to WPC. T; and T,, value of
polymer blend improved on addition of PE-co-GMA and wood flour. The values were found
to enhance further when nanomer was added. The values increased upto addition of 3 phr
clay beyond that it decreased. Nanomer showed highest RW values while the polymer blend
showed lowest RW values. The trend of RW values of clay treated WPC was similar to those

of 7, values. Further, it was observed that polymer blend decomposed at higher temperature



compared to wood flour., Temperature of decomposition (7p) values increased on addition of
wood flour and PE-co-GMA to the polymer blend. T value increased mitially upto addition
of 3 phr clay after that it decreased with the increase in the amount of clay (5 phr). The LOI
values of the nanoclay treated wood polymer composites were found more compared to
nanoclay untreated wood polymer composite. The higher the percentage of nanoclay, the

higher was the LOI.
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Figure 4. Themogravimetric curves of (a) PB, (b) PB/G5/W40, (¢) PB/GS5/W40/N1,
(d) PB/G5/W40/N5 and (e) PB/G5/W40/N3.

Composites samples were exﬁosed for microbial degradation for eight weeks and
wood polymer composites had shown high rate of degradation. It was observed that with
increasing bacterial exposure time, the growth of bacterial stains increased. With the increase
In the clay content, the rate of bacterial growth: enhanced. .From the study, it was observed
that WPC loaded with 5 phr clay showed maximum bacterial growth. It was found that with
efficient degradation of WPCs, ﬂe.xura] and tensile properties of the WPCs decreased. In all
the cases, the water uptake was found to increase with the increase of time of immersion. The
water absorption of the neat polymer decreased on addition of PE-co-GMA. 1t decreased
further on addition of nanomer to the PE-co-GMA treated polymer blend. The water
absorption was found to enhance when wood flour was added. The water absorption of wood
flour/polymer blend composite decreased with the incorporation the clay. The higher the

amount of clay, the lower was the water absorption.



Part D: Effect of Nanoclay and SiQ; on the Properties of Wood Polymer
Nanocomposite. _

Mechanical property improvement is an important parameter in wood polymer
composite. Most of the fillers are used to umprove some particular property of composite. In
polymer composite, SiO, nanopowder is one of the widely used filler. Si0; can enhance the
mechanical as well as thermal properties- of the composite. In this part, we report the
modification of SiO, by treatment with cetyl trimethyl ammonium bromide and study the
effect of modified SiO, nanopowder anng»@ith nanoclay on various properties of composites

based on wood, PE-co-GMA and polymer mixture of HDPE, LDPE, PP and PVC.
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Figure 5. X-ray diffraction of (a) Nanoclay (b) PB (¢) nano Si0O; (d) PB/G5/W40/N3/S |
(e) PB/G5/W40/N3/S3 (f) PB/G5/W40/N3/S5.

The distribution of silicate layers of nanoclay and SiO, in the composite was
examined by XRD and TEM study. The improvement in compatibility among the polymers
and WF by using ponethy!enc—co-glycidyl methacrylate (PE-co-GMA) as compatibilizer was
improved as studied by SEM. Surface modification of SiO; nanoparticles by cationic
surfactant CTAB and the interactions among wood, PE-co-GMA, SiO, and nanoclay were
examined by FTIR study. WPC loaded with nanoclay and SiO, showed a remarkable
improvement in mechanical properties. Thermal and flame retardance properties were also
increased in nanoclay/SiO, loaded WPC. Water uptake of composite decreased after the
incorporation of nanoclay and SiO, nanoparticles. WPC loaded with 3 phr-each of clay and

SiO; exhibited maximum improvement in properties.



Part E: Effect of Nanoclay and TiO; on the Properties of Wood Polymer
Nanocomposne _

Among many nanocomposite precursors, TiO; nanopowder is increasingly being
investigated because it is non- -toxic, chemically inert, low cost, corrosion resistant and has a
high refractive index, UV filtration capacity and high hardness. In the present study, wood

polymer nanocomposite has been prepared by using polymer blend (HDPE, LDPE, PP,

PVC), wood flour, PE-co-GMA and clay/TiO, combined nanopowder. Effect of inclusion of

clay/TiO; on different properties of the composite has also been highlighted in the present
study.

Surface modification of TiO, by cationic surfactant CTAB was done and confirmed
by FTIR study. The exfoliation of silicate layers in the wood polymer matrix and appearance
of crystalline peak of TiO, was examined by X-ray diffraction study. TEM study revealed the
distribution of nanoclay and TiO; nanoparticles in the wood polymer matrix. The
compatibilizer improved the miscibility by enhancing the interfacial adhesion among the
polymers. The smoothness of fractured surface of composites was improved due to the
incorporation of wood, clay and TiQ, into the composites as observed by SEM study. At
constant clay loading (3 phr), the fractured surface of WPC loaded with 5 phr TiO; appeared
less smoother compared to WPC loaded with 3 phr TiO,. Strong interaction between polymer
blend, wood, ndnocldy and organically modified TiO, was confirmed by FTIR study. The
shifting of hydroxyl peak to lower wave number and increase in —CH, peak intensity were
observed maximum in the case of WPC loaded with 3 phr each of clay and TiO,.

The mechanical properties were found to increase after the incorporation of clay and
TiO,. Flexural, tensile and hardness were found maximum in WPC loaded with 3 phr clay
and TiO;. WPC loaded with nanoclay and TiO; showed an improvement in thermal
properties. UV stability of the composite was found -Io increase by incorporation of TiO,.
After 60 days of exposure to UV irradiation, WPC loaded with 3 phr TiO, showed lowest

weight loss. The incorporation of TiO, improved the UV resistance as evident from carbonyl

index measurement and SEM study. Nanoclay/TiO; treated WPC further improved the flame

retardancy and decreased the water absorption capacity.



Table 2. Flexural, tensile and Hardness properties of polymer blend and WPC loaded

with different percentage of nanoclay and Ti0,.

- Flexural properties Tensile prochies ~ Hardness
Sample Strength Modulus Strength Modulus (Shore D)
(MPa) (MPa) (MPa) (MPa)
PB 12.78£0.35 755.68+1.12 6.06+1.02 8592+£17.72 67.4(£0.6)
PB/GS5 1551 +1.01 101421 +£1.09 905+ 1.31 11624+1691 68.0(£0.5)
l;']m3fG5!.W40 16.86 + ].lb 377091 £ 1.14  17.14+1.09 260.81 +£17.39 66.7 (+ 0.3)
PB/G5/W40/N3/T1 28.62+0.81 4842.81+1.08 33.52+1.37 596.12+1827 77.4(x0.3)
PB/G5/W40/N3/T3 33.85+1.06 507264125 36.03+1.15 653.86+17.14 80.9(+0.5)
PB/G5/W40/N3/T5 30.38+1.13 490390+ 1.72 34.72+1.18 620.57=17.53 78.1 (+0.3)

Part F: Effect of Nanoclay and ZnO on the Physical and Chemical Properties of Wood

Polymer Nanocomposite.

Thermal stability is one of the important properties of wood polymer composite

(WPC). It has been established that thermostability along with the other properties of the

composite can be improved by using clay particles. The present study is aimed to discuss the

effect of ZnO:nanopowder along with nanoclay to the thermal and mechanical properties of

HDPE/LDPE/PP/PVC blend/wood composite. The aim is also to study the effect of ZnO to

other properties like UV resistance, flame retardancy and water uptake of the composites.
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Figure 6. TEM micrographs of (a) PB/G5/W40/N3/Z1 (b) PB/G5/W40/N3/Z3
(c) PB/G5/W40/N3/Z5.

The distribution of silicate layers of nanoclay and ZnO in WPCs were examined by

XRD and TEM study. The compatibility among the polymers and wood flour was improved
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by using polyethylene-co-glycidyl methacrylate (PE-co-GMA) compatibilizer as revealed by
SEM study. The fractured surface of composite having 3 phr each of nanoclay and ZnO
appeared 1o be smoother compared to those of composite prepared with either | or 5 phr ZnO
and 3 phr nanoclay. Surface modification of ZnO nanoparticles by cationic surfactant cetyl
trimethyl ammonium bromide (CTAB) was examined by FTIR studies. The interactions
among wood, PE-co-GMA, ZnO and nanoclay were studied by FTIR. Both flexural and
tensile properties of the polymer blend increased after incorporation of compatibilizer and
wood flour. At a fixed clay loading (3 phr), both the flexural and tensile properties improved
upto addition of 3 phr of ZnO. The properties decreased on addition of higher amount of ZnO
(5 phr). Hardness value was found maximum at 3 phr clay/ZnO loading, after that it

decreased. WPC treated with clay and ZnO showed an improvement in thermal stability.

Table 3. Thermal analysis of polymer blend and wood polymer nanocomposite loaded

with clay and different percentage of ZnO.

Temperature of decomposition

Sample T; T, T,' (Tp)in°C at different weight RW% LOI
loss (%) at (%)

) 20% 40% 60% 80% 600°C
PB 249 270 407 291 388 439 468 6.1 20

PB/G5/W40 255 276 451 299 397 446 473 7.2 38
PB/G5/W40/N3/Z1 277 326 503 330 459 484 501 10.8 53
PB/G5/W40/N3/Z3 289 337 517 350 478 497 513 14.5 68

PB/G5/W40/N3/Z5 281 330 510 336 465 490 508 A2 66

T} value for initial degradation; “7,,: value for 1st step; °T,,: value for 2nd step.

Both initial decomposition temperature (7;) and maximum pyrolysis temperature (T)
value were found maximum when the concentration of ZnO was 3 phr. At that concentration,
RW value was also found maximum. The incorporation of ZnO improved the UV resistance
of the composites as judged from the weight loss, carbonyl index value and SEM study.
Nanoclay/ZnO treated WPC further improved the fiame re:=rdancy and decreased the water

absorption capacity.



Section G: Synergistic effect of Si0,, ZnO and Nanoclay on the Physical and Chemical

Properties of Wood Polymer Nanocomposite.

The present study was aimed to discuss the effect of Si0; and ZnO
nanopowder along with nanoclay to the thermal and mechanical properties of
HDPE/LLDPE/PP/PVC blend/wood composite The aim was also to study the effect of
nanoclay, SiO; and ZnO to other physical properties like water uptake, hardness and flame

retardancy of the composites.

The distribution of sili:até layers of nanoclay and Si0»/Zn0O in WPCs was examined
by XRD and TEM study. The compatibility among the polymers and WF was improved by
using PE-co-GMA compatibilizer as revealed by SEM study. Surface modification of SiO
and ZnO nanoparticles was done by cationic surfactant CTAB and examined by FTIR
studies. It was observed that WPC loaded with 3 phr each of nanoclay, SiO, and ZnO
exhibited maximum improvement in compatibility. At higher concentration of SiO; and ZnO
loading, the particles became agglomerated.. The interactions among wood, PE-co-GMA,
Si0,. ZnO and nanoclay were also studied by FTIR. The shifting and decrease of intensity of

peak corresponding to —OH stretching to lo wrer wave nun:ner confirmed the reaction between

polymer, wood, SiOz, ZnO and nanoclay.
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Figure 7. SEM micrographs of (a)PB(b)r /G5 (c)PBfF'?SIWLIO (d)PB:’GSiW40z’N3/SUZl
(e) PB/GS/W40/N3/S3/Z3 and (f) PB/GS/W40/N3/S5/Z5.

After incorporation of compatibilizer, both flexural and tensile properties of the
polymer blend increased due to increase in interfacial adhesion between the polymers. The

flexural and tensile properties of the composite were improved further after the addition of



WE. WF acted as a load carrier, reinforced the composites and increased the flexural and
tensile properties. The properties of the WPCs were further improved after the incorporation
of clay, SiO; and ZnO nanopdwder. At a fixed clay loading (3 phr), both flexural and tensile
properties improved upto addition of 3 phr each of SiOz and ZnO. At higher amount of SiO;
and ZnO (5 phr) loading, the properties were found to be decreased. The observed higher
values might be due to the combined effect of nanoclay, Si0; and ZnO. The silicate layers of
nanoclay acted as a reinforcing agent and _restricted the mobility of the long polymer chains

inserted inside its gallery space.

Table 4. Flexural and tensile properties of solymer blend and WPC loaded with nanoclay and

different percentage of SiO; and ZnO.

Flexural properties Tensile properties Hardness
Sample Strength Modulus Strength Modulus (Shore D)
(MPa) (MPa) (MPa) (MPa)
BPB 13.97+1.01 762.72 £ 1.03 635+ 1.21 93.51+ 17.49 66.3(£ 0.6)
PB/GS 17.31+0.85 1052.76+1.07 987+1.29 125.54 £ 16.71 67.9(x 0.4)
PB/G5/W40 20,14+ 1.02 3887.63 1.06 20.02+ 1.31 267.15+ 17.64 67.2(£0.5)

PB/GS/W40/N3/S1/Z1  29.12+1.63 493475+ 1,19 34.37+1.21 598.43 = 16.62 78.4(x 0.7)
PB/G5/W40/N3/S3/Z3 34.19+0.87 5184.27+0.83; 37.88+1.07  684.32+18.34 81.0(£0.2)

PB/GS/W40/N3/S5/Z5 3126+ 1.14 504724+ 1.11 3536+ 1.23 632.73 £ 20.63 79.1(£ 0.2)

WPC loaded with nanoclay, SiO; and ZnO enhanced other properties like hardness,
thermal, UV resistance, chemical resistance and reduced the water absorption capacity. WPC
loaded with 3 phr each cf clay, Si0, and ZnO exhibited maximum improvement in

properties.
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