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Abstract

The objective of the study was to determine the thermal degradation mechanisms and apparent activation
energies of agro waste residues using thermo gravimetric analysis. Thermal degradation behaviors of
corncob (CCF), rice hull (RHF), walnut shell (WSF) and oil palm (OPF) fibrous wastes under N
atmosphere were evaluated to derive their kinetic parameters at various heating rates of 5, 10, 20 and
40°C/min. Kinetic parameters were calculated using Flynn-Wall-Ozawa (F.W.0O) and Coats Redfern
models. The thermo gravimetric analysis (TGA) results showed that activation energies of the fibers varied
significantly with the extent of degradation indicating a multistage mechanism involving a variety of
compounds. Higher heating rate affected not only the temperature of maximum weight loss, but also the
activation energies and degradation conversions of the agro fibers during decomposition. Activation
energies of the agro waste residues decomposition appeared to peak around 40-50% conversion. The
apparent activation energies (E,) of the agro waste residues according to (F.W.0) and Coats Redfern models
was found to be in the range between 184.74/183.87 kJ/mol for rice hull, 184.18/180.73 kJ/mol for walnut
shell, 162.37/161.33 kJ/mol for corncob and 141.64/140.54 kJ/mol for oil palm fiber.

Keywords: Apparent activation energy, Thermal stability, Agro-residues, Thermo gravimetric analysis,
Flynn-Wall-Ozawa, Coats Redfer

Introduction use of agro-industrial residues as raw materials
Nowadays, it is not enough for products to meet for producing energy, biofuels, and composites
technical and economical requirements, it is also (Kumar et al. 2008; White et al. 2011). A further
important  that they have sustainable example found in the technical literature about
characteristics. ~ This  necessity ~ motivates the uses of agro waste feedstock is the production
academic and industrial researches to develop of composites, regarded as promising materials
innovative solutions, which can be noted from the that can replace petrochemical based composites
large number of technical papers investigating the (Lv et al. 2010).

*Department of Industrial Chemistry, Faculty of Science, Ebonyi State University, PMB 053, Abakaliki, Ebonyi State,

Nigeria (Ogah, A.O, anselmogah@gmail.com)
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Agro-industry is an economic sector that
generates immense amounts of agro residues.
This renewable biomass usually comes from
non-edible plants or parts of them (Goyal et
al. 2008). Agro residues find applications in
the automotive, packaging and building
industries. Agro residues are composed of
lignocellulosics and as such they are
subjected to thermal degradation during
composites production (Zhang et al. 2010).
Therefore, understanding the thermal
degradation characteristics of these agro
resources will help in the design and
application of composites. Slopiecka et al.
(2012) examined the kinetic study of the
decomposition of poplar wood by a
comparison of Kissinger and FWO methods
with a good agreement value 153.92 kJ/mol
and 158 kJ/mol. Corradini et al. (2009)
studied the activation energy of several
cotton fibers with thermogravimetric analysis
(TGA) and Flynn-Wall-Ozawa method, and
it was 150 kJ/mol. They concluded that these
methods were efficient for the description of
the degradation mechanism of solid state
reactions.

Nada and Hassan, (2000) investigated
cellulose and some cellulose derivatives and
obtained their activation energies of 53-182
kJ/mol. Kinetic analysis of the dynamic TGA
data can offer an estimation of activation
energy as a function of the conversion rate
and can also predict the degradation time in
an isothermal mode (White et al., 2011).
The objective of the study was to determine
the thermal degradation mechanisms and
apparent activation energies of agro waste
residues using the models approach analyses.

Materials and methods

Materials: The corncob fiber was obtained from
Mt. Pulaski Products, LLC Mt. Pulaski, IL, USA.
The rice hull fiber was supplied by Rice Hull
Specialty Products, Stuttgart, AR, USA. The
walnut shell fiber was obtained from
Composition Materials Co. CT, USA. Samples

ISSN: 1119 - 4111
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were oven dried at 105 °C for 24 h. The samples
were of 60 to 100 mesh particle size. The fibers
were used as supplied by the manufacturers. The
oil palm fiber (OPF) was collected from the rural
farmers of Ebonyi State, Nigeria. The fibers were
soaked in hot water with detergent for three days
in order to remove the residual oil and other
impurities. The fibers were dried in the sun for
one week to obtain a dry mass and bagged in
black polythene. A 40-mesh Wiley grinder was
used to reduce the fiber particle prior to TG
analysis.

Methods Thermogravimetric analysis: The
thermal stability of agro fibers was investigated
using a thermal gravimetric analyzer (SDT Q600,
TA Inst.). 5-10mg of sample was weighed in a
platinum pan and operated under a continuous
flux of nitrogen (60ml/min). Under dynamic
analysis, all of the samples were heated from
room temperature to 500°C with 5, 10, 20 and
40°C/min ramp; under isothermal conditions
(Sathasivam and Haris 2012; Elkhaoulani et al.
2013)

Kinetic modeling: The isoconversional Flynn-
Wall-Ozawa method is an integral method, which
leads to —EJR from the slope of the line
determined by plotting log B against 1/T at any
certain conversion rate (Flynn and Wall 1966).
The modified Coats-Redfern method is a
multiple-heating rate application of the Coats-
Redfern equation (Coats and Redfern 1964).
Plotting the left-hand side for each heating rate
against 1/T at that heating rate gives a family of
straight lines of slope —E./R.

Activation energy of thermal
decomposition: To evaluate activation
energy, Flynn-Wall-Ozawa and Coats-
Redfern expressions were used as follows
(Yao et al. 2008):

Flynn Wall Ozawa expression (Yao et al.
2008)

In(Bi) = In(AsEa/Rg(ar)) - 5.331 - 1.052E/RT

where g(a) is constant at a given value of
conversion. The subscripts 1 and o denotes
given value of heating rate and given value of
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conversion, respectively. The activation
energy Ea is calculated from the slope -
1.052Ea/R.

Coats Redfern expression (Yao et al. 2008):

In(B/T?) = In(KoR/Eg(X) - EoRT
where, E. = activation energy of thermal
decomposition, R = gas constant, § = heating
rate, and T = absolute temperature. For
activation energy (Ea), a linear relationship
between log B and 1/T, log B/T? and 1/T at
selected fraction of thermal decomposition
was displayed and Ea was then evaluated
from the slope. The selected fraction ranged
from 0.05 to 0.5 and the resulting values of
the activation energy for each fraction were
compared.

Results and discussion

Thermal stability of agro fibers and weight
loss of agro fibers: The weight loss as a
function of temperature for the four studied
agro fibers and their derivatives are shown in
Figs. 1(a and b). The oil palm fiber
degradation initiated earlier starting from
150°C and there are three major degradation
peaks in the derived weight loss curve, 210°C
(43%), 275°C (42%) and 360°C (52.5%). By
contrast, rice hull fiber had its degradation
occurring from above 250°C and there are
three major degradation peaks in the derived
weight loss curve, 310°C (60%), 350°C
(50%) and 410°C (10%). Corncob fiber
degradation started from below 200°C with
two major degradation peaks in the derived
weight loss curve, 300°C (48%) and 350°C
(80%).Walnut shell fiber degradation started
very close to 250°C with two major
degradation peaks in the derived weight loss
curve, 270°C (38%) and 350°C (60%).
Walnut shell fiber degradation started very
close to 250°C with two major degradation
peaks in the derived weight loss curve, 270°C
(38%) and 350°C (60%).
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From the results obtained it could be said that
rice hull agro residue has better thermal
stability as evidenced by the higher activation
energies of 184.74 and 183.87 kJ/mol
according to FWO and Coats Redfern
models. This could be attributable to the
chemical composition of the rice hull agro
residues, which according to Yao et al.
(2008) contained a higher silica content.

Degradation kinetics and activation
energy of agro fibers

To obtain activation energy of thermal
decomposition, the data obtained were
converted to alog p and 1/T, In (B/T?) and /T
as presented in Tables 1-4. Figs. 2 (a and b)
show the activation energy of thermal
decomposition as a function of conversion
rate using F-W-0O and Coats Redfern models.
Figs. 3(a, b, c and d) Fig. 4(a, b, ¢ and d)
represent the isoconversional curves of
corncob, rice hull, walnut shell and oil palm
fibers by FWO and Coats Redfern models
respectively. Because decomposition at the
early stage was affected by the moisture, the
fixed conversions (o) were selected from
0.05 to 0.5.The activation energy for each (o)
was calculated from the slope of each straight
line. It was found that as thermal
decomposition proceeded in the rice hull
fiber, the activation energy increased from
(175 kJ/mol) at 5% conversion decreased
steeply at 30 % conversion and it then
increased to (194 kJ/mol) at 50% conversion.
This finding is similar to the result obtained
by Alwani et al. (2014). The activation
energy of thermal decomposition for corncob
fiber increased from (147 kJ/mol) at 5 %
conversion and increased linearly to (177
kJ/mol) at 50 % conversion. The activation
energy of thermal decomposition for walnut
shell fiber increased from (179 kJ/mol) at 5
% conversion, experienced a reduction
between 10 to 20 % conversion and thereafter
increased to (179 kJ/mol) at 50 % conversion.
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Fig.1: Thermograms showing (a) derivative of the weight loss curves and (b) weight loss curves

Compared with the other agro fibers, oil palm
fiber shows larger changes in (Ea) and a
higher overall (Ea) at 50 % conversion. The
(Ea) of oil palm fiber shows a three-stage
increase, which in turn suggests a complex
multi-step degradation mechanism. It was
found that the average (Ea) of oil palm fiber
(141kJ/mol) is lower compared to the other
three agro fibers. This indicates the lower
thermal stability of the oil palm fiber
compared to the other three agro fibers as
shown by the Flynn-Wall-Ozawa and Coats
Redfern models.

The differences in kinetic parameters can be
attributable to complicated nature of agro
residues constituted by a mixture of cellulose,
hemicelluloses, lignin and extractives, with
proportion reactivity and chemistry affected
by variety. Based on the studied parameters it
could be stated that the rice hull, corncob and
walnut shell agro waste fibers qualify as good
or potential composite materials. This agrees
with the work of Yao et al. (2008) in which
apparent activation energies of 160-170
kJ/mol was obtained for ten natural fibers
throughout  the  polymer  processing
temperature range.

Table 1: Degradation kinetics and Activation Energy Parameters for Corn Cob Fiber at 1000K

® logB  In(B/T?) o

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
5 0.699 -11.212 1.932 1.872 1.835 1.802 1.771 1741 1714 1.691 1.670 1.653
10 1.000 -10.557 1.894 1.835 1.798 1.765 1.735 1.707  1.680 1.657 1.638 1.621
20 1.301 -9.904  1.858 1.768 1.768 1.730 1.701 1.674 1.648 1.625 1.589 1.589
40 1.602 -9.247 1.821 1.725 1.725 1.668 1.668 1.643 1.618 1595 1577 1.560

Table 2: Degradation kinetics and Activation Energy Parameters for Oil Palm Fiber at 1000K

logB In(B/T?) a

0.05 0.1 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
0.699 -11.263 2164 2.098 2.053 2.001 1909 1849 1811 1778 1.744 1.706
1.000 -10.608 2.114 2.044 1997 1953 1878 1818 1779 1.747 1713 1.677
1.301 -9.949 2063 1987 1939 1.89% 1.839 1.783 1.746 1716 1.684 1.649
1.602 -9.302 2011 1927 1878 1840 1798 1.748 1710 1681 1.653 1.621
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Table 3: Degradation kinetics and Activation Energy Parameters for Walnut Shell Fiber at 1000K
LogB In(B/T?) a
0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 05
0699 -11.199 1975 1.888 1840 1801 1765 1733 1704 1679 1657  1.637
1000 -10543 1937 1853 1807 1770 173 1705 1677 1652 1631 1611
1301 9898 1900 1816 1772 1735 1702 1672 1644 1621 1601 1581
1602 -9.237  1.884 1793 1745 1707 1674 1645 1618 1594 1573 1554

Table 4: Degradation kinetics and Activation Energy Parameters for Rice Hull Fiber at 1000K
LogB In(B/T?) a
0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 05
0699 -11.104 1.928  1.846 1.804 1774 1748 1724 1670 1674 1649  1.620
1000 -10445 1.896 1814 1772 1743 1717 1692 1668  1.643 1618  1.590
1301 -9.782  1.868 1785 1743 1714 1688  1.663 1638 1613 1588  1.560
1602 -9.126  1.834 1755 1713  1.684 1660  1.634 1611 1587 1564 1534

250 250
N + Coats-Redfern Comcob ¢ Coats-Redfern Corncob
_g 200 oy four E 200 o fowr
< A4 X L A 4 4
F) kB SY ; X3 ' X, Coats-Redfern Rice hull 3 AS S AR : XA Coats-Redfer Rice hull
g 150 g o6 ¢ flour u;n 150 g ¢¢ 4 flour
5 u
& Coats-Redfern Walnut E Coats-Redfern Walnut
.'5 100 shell flour £ 100 shell flour
.g Coats-Redfern OPFW : Coats-Redfern OPFW
¢t 50 S 1]
q g

0 0+
0 5 10 1520 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Conversion Rate (%) Conversion Rate (%)

Fig.2: Comparison of activation energy of thermal decomposition of agro fibers by (a) F-W-O and (b) Coats
Redfern
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Conclusion

The thermal degradation (weight loss curves and
derivative weight loss curves), thermal stability
and apparent activation energies of four agro
waste residues were characterized using TGA and
model free approaches. The agro waste residues
displayed different degradation profiles in their
TGA/DTG curves respectively. The rice hull was
the most thermally stable followed by walnut
shell and corncob fibers, whereas the oil palm
fiber showed the least thermal stability as
confirmed by the average activation energies
using the Flynn-Wall-Ozawa and Coats Redfern
models. The study has confirmed that the
evaluation of the thermal degradation and
activation energies of the agro residues indicate
their potential as composite materials.
Recommendations

The authors recommend that further work be
done on the effect of coupling agents on the
thermal stability and apparent activation energies
of the studied agro residues.
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Abstract

Alkyd resin (CSOR) was prepared from castor seed oil (CSO) by alcoholysis with glycerol to form
monoglyceride and polycondensation with phthalic anhydride to form the alkyd resin (CSOR). The
formation of resin was monitored by drop in acid value as the reaction progresses._ Silver nanoparticles
(AgNPs) were also synthesized from silver benzoate solution (SBS) by one step in-situ reduction method.
The nanoparticles were mixed with CSOR in toluene to form a homogeneous mixture of silver
nanoparticles-embedded alkyd resin (AgNPs-CSOR). The formation of AgNPs was confirmed by colour
change, surface plasmon resonance at 455 nm as observed by UV-visible spectrophotometry and the
presence of Ag-O band at 696 cm™ as shown by FTIR spectroscopy. The antimicrobial activity of SBS,
CSO, CSOR, and AgNPs-CSOR were evaluated against Escherichia coli, Salmonella typhi, Staphylococcus
aureus, Aspergillus flavus, Aspergillus fumigatus and Mucor species in nutrient agar using the disc
diffusion method. The appearance of higher zone of inhibition in AgNPs-CSOR clearly indicated a higher
antimicrobials activity when compared to SBS, CSO and CSOR. The performance characteristics of the
CSOR and Ag-NPs-embedded alkyd resins as ingredients in surface coatings were further evaluated. The
results obtained revealed that the paint films air-dried faster, show good solvent resistance and excellent
light fastness which suggest the potentiality of AQNP-CSOR as binder in the formulation of antimicrobial
surface coatings.

Keywords: Castor seed oil, Alkyd resin, Silver nanoparticles, Plasmon resonance, Antimicrobacterial,
Antifungal.

arise from their high surface to volume ratio
(Premanathan et al., 2011).

Silver nanoparticles (AgNPs) are widely used
in variety of applications. For many years

Introduction

The  National  Nanotechnology
Initiative (NNI) of the United State defined

nanoparticles as microscopic particles with at
least one of the three dimensions having less
than 100 nm (Behera et al., 2013). In recent
years, the study of nanoparticles has received
enormous attention especially in the creation
and manipulation of products at nanoscale
level having novel properties (Hussain et al.,
2005). The properties of nanoparticles
entirely differ from conventional
macroscopic  materials. These unique
characteristic properties of nanoparticles

silver nanoparticles had been used as a
colloidal material in the preparation of many
consumer products (Srivastava et al., 2012).
Nowadays, AgNPs are used in many fields
such as surface coating, drug delivery,
biosensing, nanodevice fabrication,
nanomedicine, imaging, catalysis etc. These
applications can be attributed to their unique
properties such as surface enhanced raman
scattering, antibacterial and antifungal
properties (Kim et al., 2006).

Silver nanoparticles have potential
(Nagy et al., applications in cosmetics, clothing,

" Department of Pure and Industrial Chemistry, Bayero University Kano (Haruna Musa, hmusa.chm@buk.edu.ng)
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sunscreen and food industries due to their
antibacterial ~ properties  2011).  Several
physical, chemical and biological methods
have been used in synthesis and stabilization
silver nanoparticles. Biological methods
using algae, fungi, yeast and bacteria as
reducing and stabilization agents have been
reported (Sintubin et al., 2012).
Photochemical methods using UV radiation
and aquueous solution containing Triton X-
100 as stabilization agent have been used to
synthesise a stable and monodisperse AgNPs
(Gosh et al., 2003). Similarly, physical
method involving thermal application have
been employed in the synthesis of AgNPs
Jung et al., (2006). Among the existing
methods of AgNPs synthesis, chemical
method is the most versatile technique
especially using polymers as stabilization
agents (Sun and Xia, 2002; Kim et al., 2006).
Alkyd resins have been used as a popular
binder for surface coatings and paints
formulations. Vegetable oil is an important
raw material for alkyd resin production.
Alkyds are polyester products formed from
the polymeric condensation of polyhydric
alcohol, polybasic acid and monobasic fatty
acids. Surface coatings such as alkyd paints
and varnishes are finishes applied to the
surfaces of materials to decorate and protect
the surfaces (Kyenge et al., 2012; Odetoye et
al., 2012).

Several researchers have reported the
preparation of  nanoparticles-embedded
antimicrobial coatings with strong activity
against some selected bacterial isolate
(Cornelia et al., 2013; Rivero et al., 2011;
Musa and Sharif, 2016).

The aim of this research work is to
synthesize  and  characterize,  silver
nanoparticles-embedded alkyd resins from
castor seed oil by in situ reduction method
with the oil triglyceride serving as green and
eco-friendly reducing agent, determine the
antibacterial and antifungal properties of the
resin and also evaluate its performance
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properties when used as binder in
formulation of surface coatings.

Materials and Methods

Materials

Silver benzoate salt (SBS) (Sigma-
Aldrich) was used as a precursor for the
synthesis of silver nanoparticles (AgNPs).
Castor seed oil (CSO) was donated by
National Research Institute for Chemical
Technology (NARICT) Basawa, Zaria,
Nigeria. All chemicals and solvents used
were of analytical grade and used without
further purification. The glassware used
were washed thoroughly and dried overnight
in a vacuum oven prior to use. All weighing
was carried out on an electric Metter balance
model H30AR. FTIR spectra of the castor
seed oil, alkyd resins and silver nanoparticles
samples were acquired wusing FTIR
spectrophotometre  Agilent Technologies
recorded in the transmittance mode in the
range of 4000-650 cm?, viscosity
measurements of alkyd resin and formulated
paints samples were carried out in the
Instruments Laboratory of the Department of
Pure and Industrial Chemistry, Bayero
University, Kano, Nigeria. Antibacterial and
antifungal activity studies were carried out at
the Postgraduate Research Laboratory of the
Department of Microbiology, Bayero
University, Kano, Nigeria.

Decolorization of Castor Seed Oil (CSO)

Castor seed oil (100g) was mixed
with 10 g of activated charcoal and stirred for
30 minutes and then heated at 100°C for
lhour. The mixture was cooled to room
temperature and activated charcoal was
removed by filtration using Whatman No. 1
filter paper.

Determination of Physicochemical
Parameters of Castor Seed Oil (CSO)
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The physicochemical properties of
CSO such as refractive index, iodine value,
saponification ~ number, acid  value,
percentage free fatty acid and specific gravity
were determined according to standard
methods (AOCS, 1996).

Synthesis of Castor Seed Oil Alkyd Resin
(CSOR)

The synthesis was carried out using a
modified procedure reported by Oladipo et
al., (2013); Onukwli and Ighokwe (2008).
Castor seed oil (98 g) was poured into a three-
necked flask equipped with Dean and Stark
apparatus and condenser. The oil was heated
on a hot plate equipped with a magnetic
stirrer bar at 120 °C for 3 hours to remove
moisture. Glycerol (20 g) as added at 120 °C
temperature before raising the temperature to
230 °C. After 40 minutes, aliquot of the
reaction mixture was taken to check for
solubility in methanol. The formation of a
clear solution indicated the formation of
monoglyceride which marked the end of the
first stage. At the onset of the second stage,
the temperature was lowered to about 180 °C
and 44 g phthalic anhydride was added,
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followed by the addition of 10% xylene into
the reaction mixture to aid the distillation of
water of esterification by forming an
azeotrope. The temperature was gradually
increased to 240 °C and the reaction was
maintained for further 4 hours. Aliquots were
withdrawn from the reaction mixture at
intervals of thirty minutes to check for drop
in acid value of the mixture as the reaction
progresses. The reaction was stopped when
the acid value was found to be below 10 mg
KOH/mI and the alkyd resin was allowed to
cool. The acid values were determined by
titrating with 0.1M KOH solution to the
phenolphthalein end point after dissolution in
a mixture of toluene and ethanol (1:1).
Nitrogen gas was used to blanket the surface
of the reaction mixture during the reaction.

Syntheis  of  Silver  Nanoparticles
Embedded-Castor Seed Oil Alkyd Resin
(AgNP-CSOR)

Silver benzoate (0.068 g) as dissolved
in 75 ml of toluene. Castor seed oil alkyd
resin (4.8 g) was added, mixed thoroughly to
form a homogeneous mixture and kept in the
dark for 12 hours.

Figure 1: Synthesis of Silver Nanoparticles (AgNPs) using Silver Benzoate as Precursor
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Characterisation of AgNP and AgNP-
CSOR

FTIR of Castor Seed Oil (CSO)and Silver
Nanoparticles embedded Alkyd Resin
(AgNPs-CSOR)

The FTIR spectra of CSO and AgNPs-CSOR
were acquired using FTIR spectrophotometre
Agilent Technologies. The spectra were
recorded in the frequency range of 4000-600
cm™ to identify the absorption peaks.

UV-Visible Spectrophotometry of Silver
Benzoate Salt (SBS) and Silver
Nanoparticles embedded Alkyd Resin
(AgNPs-CSOR)

The UV-visible absorption profile of silver
benzoate salt (SBS) and silver nanoparticles
embedded alkyd resin samples (AgNPs-
CSOR) were determined using UV-visible
spectrophotometre at wavelength range of
200-750 nm.

Antibacterial and antifungal activity of
SBS, CSO, CSOR and CSOR-AgNPs

Disc diffusion method was used to evaluate
the antimicrobial properties of the
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compounds. Agar plates were incubated with
test organisms i.e. Eschericia coli,
Salmonella typii, staphylococcus aureus and
Aspergillus flavus, Aspergillus fumigatus and
Mucor species by spreading the test
compounds uniformly. The discs were
incubated for 24 hours at 37°C. Standard
drugs were also used as control i.e.
Ampicillin for bacteria and Ketoconazole for
fungi. After 24 hours of incubation, the
antibacterial and antifungal activity of the
test compounds and that of the standard drugs
were evaluated by measuring the zone of
inhibition (mm) in each disc.

Formulation of Paint
Synthesised CSOR as Binder

A surface coating (paint) was formulated
using the synthesized resin as binder. 10 g
each of CSOR and AgNPs-CSOR (10 g) were
separately used in the formulation. In each
formulation, iron (11) oxide was mixed with
solvents before adding to the alkyd resins.
Also, paint additives such as extenders and
thickeners were added and stirred to obtain a
homogeneous mixture. The composition of
the surface coating is presented in Table 1.

Using the

Table 1: Composition of Surface Coating (Paint) Formulation

Component Weight (g)
Blank CSO AgNPs-CSOR

Alkyd Resin 0.00 10.00 10.0
Iron (1) Oxide (Pigment) 7.50 7.50 7.50
Toluene 30.0 30.0 30.0
Talc 0.80 0.80 0.80
Nitrosol 0.30 0.30 0.30
Pigment Volume Concentration (PVC) 0.0 0.039 0.40

% PVC 0.0 3.9 4.0
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Performance Evaluation of the Paint Film

The performance characteristics of
the films were determined using ASTM
standard methods (ASTM D5895-03, 2003).

The properties analysed include chemical
resistance, drying schedule, and light
fastness. Films of paints derived from CSOR
and AgNPs-CSOR binders were prepared by
applying a thin spread of the paint on a clear
glass panel and dried at room temperature.
The drying processes were monitored in
terms of the time of set-to-touch, surface-dry
and dry-through. The chemical resistance of
the film in different solvent media (H:0O,
KOH, H2SO4, and aqueous NaCl) was also
determined at room temperature

Results and Discussion
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Physicochemical Characterisation of
Castor Seed Oil (CSO)

The results of the physicochemical
analysis of CSO is presented in Table 2. The
acid value of CSO was found to be 10.36
mgKOHY/g and the value indicates a measure
of the extent to which the triglycerides in the
oil have been decomposed by lipase action.
The iodine value of CSO was found to be
40.8 mg/g which indicates lower degree of
unsaturation and also classified the oil as
non-drying. Similarly, the saponification
value of CSO was obtained as 159.90 mg/g
which suggests the presence of higher
molecular weight fatty acids. The peroxide
value of 12.34 meqg/kg indicates the non-
rancid nature of the oil and the % free fatty
acid of 5.18 suggests the low amount of
hydrolysed triglyceride molecules in the
sample.

Table 2: Physicochemical Properties of CSO

Property Value

Colour Yellow

Acid Value (mgKOH/q) 10.36
lodine Value (mg/g) 40.88

Saponification Value 159.90
Free Fatty Acid (FFA) (%) 5.18
Refractive Index 1.46

Specific Gravity g/cm?® at 25 °C 0.9314
Peroxide Value (Meg/kg) 12.34
Viscosity (MPa) at 28°C 89.41
Moisture Content (%) 0.26

Titrimetric Determination of Acid Value

Moreover, the titrimetric determination of
acid value as the alcoholysis reaction
progresses shows a sharp decrease in the acid

value of the reaction mixture at the initial
stage as presented in Fig 2. This as a result
of reaction of primary and secondary
hydroxyl groups of glycerol with phthalic
anhydride
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Figure 2: Plot of Acid Value drop with Reaction Time (minutes)
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IR Analyses

Figures 3 and 4 represent the FTIR spectra
of CSOR and AgNPs-CSOR respectively.
The absorption bands at 1739 cm™ in Figure
3and 1778cm™! in Figure 4, are as a results
of C=0 stretching vibrations, the peak
observed at 1158 and 1259cm™! in Fig. and
4 respectively is as a results of C-O
stretching of an ester while the peaks that
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appears at 160lcm™!' is due to C=C
stretching of aromatics. Comparig the
CSOR and AgNPs-CSOR spectra, a new
peaks is observed at 696cm™" in Fig. 4. This
is ascribed to the presence of Ag-O bond as
a result of incorporating AgNPs in to the
resin. The peak due to Ag-O bond was not
observed in the CSOR spectrum (Fig 3).
Similar results were reported by Patel
(2007); Bora et al., (2014); Guran et al.,
(2013).

8_ '—H-mlwiﬂﬂﬂl“_n\‘ kbt MHMMJM
— e bt gl T . |’.d__._,- Ir'H .
|\ / | («wf{s:ﬁ a5 185
| \
=] » . - o
gm 1 |1 |”I \l' i Irp {
2 | | | oy
m L, | li I(
=l |f | f
= J
.,, 1260: 8) 77 {201, g1.790
s W
=5 | ' f ‘
‘ 28£2; 7E.844 ] /'w'lnlt’: 76 477
7185, 74071
LL'I 188; 72.3f0 .
2922, 71.029
o |
1739, 88111
T T T T T T T T T 1 T T T T T T 1T T T T 1
4000 3a500 3000 2500 2000 1800 1000

Wavanumber (cm-1)

Figure 3: FTIR of Castor Seed Oil Alkyd Resin (CSOR)
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Figure 4: FTIR of Silver Nanoparticles-embedded Castor Seed Oil Alkyd Resin

(CSOR-AgNPs)

UV-visible Spectrophotometry

Figure 5 shows the results of wavelength of
maximum absorption of silver benzoate

solution (SBS) and silver nanoparticles-
embedded castor seed oil alkyd resin
AgNPs-CSOR). SBS solution shows a
wavelength of maximum absorption of
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205nm, as expected for Ag ions and
AgNPs-CSOR with distinct light yellow
colour in the solution phase shows an
absorbance 455 nm in which increases as a
function of time. This peak is due to the
surface plasmon resonance of AgNPs
originating from the quantum size of the
AgNPs. This also confirms the formation of
silver particles at nanoscale dimensions.
The absorbance maximum does not change
over a period, indicating that the silver
particles are prevented from coagulating
owing to stabilization of nanoparticles by
fatty acids, which are essential constituents
of the CSO. Similar results reported by
Patel, (2007); Dhand et al., (2015).

Antibacterial and Antifungal Activity
Evaluation by Disc Diffusion Method

Figure 6 shows the antibacterial and
antifungal activities of SBS, CSO, CSOR,
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and AgNPs-CSOR. The diameter of zones
of inhibition was measured (mm) for each
treatment. The antibacterial and antifungal
activity was evaluated against three
different pathogenic bacteria namely;
E.coli, Salmonella typii and Staphylococcus
aureus and three different pathogenic fungi
namely; Aspergillus flavus Aspergillus
fumigatus and Mucor specie. Ampicillin
was used as the standard drug (control) for
bacteria while Ketoconazole was used as
the control for fungal species. SBS, CSO,
CSOR, JSOR and AgNPs-CSOR of
different concentrations were prepared in
pg/ml using dimethyl sulfoxide (DMSO) as
solvent. It is clear from the results of zone
of inhibition presented in Fig. 6 that
AgNPs-CSOR has higher antibacterial and
antifungal activities when compared to
SBS, CSO and CSOR.
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Figure 6: Antibacterial and Antifungal activities of SBS, CSO, CSOR and AgNP-CSOR

Performance Evaluation of the Prepared
Paint Films

Three different paints were formulated
blank (without binder), CSOR (using castor
seed oil alkyd resin as binder) and AgNPs-
CSOR  (using  silver  nanoparticles
embedded castor seed oil alkyd resin as
binder). The percentage pigment volume
concentration (% PVC) of the paints
derived from CSOR and AgNPs-CSOR as
binders are 3.9 and 4.0 % respectively. PVC
IS an important parameter in determining
the quality of paints. The lower the PVC,
the higher the durability and gloss of paint.
High PVC can cause a decrease in adhesion

as well as durability of paint. If the volume
increases as compared to the volume of
binder, the film will lose cohesion with
time. The blank sample has little durability
owing to the absence of binder.

Drying Schedule Analysis

Figure 7 shows the drying schedule of the
different formulated paints i.e Blank,
CSOR, and AgNPs-CSOR  paints
respectively. The results show that all blank
samples have very fast drying property
owing to the absence of binder. AgNPs-
CSOR based paint was exhibited an
excellent drying property when compared
to CSOR based pain
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Chemical Resistance Test

Table 3 shows the chemical resistance
characteristics of Blank, CSOR and CSOR-
AgNPs based paint films. From the results,
the blank films show poor resistance to acid,
brine and alkali, whereas CSOR and CSOR-
AgNPs based films show excellent resistance
to acid, brine and water but poor resistance to
alkali which could be due to the presence of
an ester group in the alkyd resin binder.

Light Fastness Rating

Table 4 show the results of light fastness test,
of Blank, CSOR and AgNPs-CSOR derived
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paints. The test was carried out by exposing
the paint films simultaneously with a
standard blue wool in an intense artificial
light source in a light fastness tester for 120
hours. The light fastness was then assessed
by comparing the degree of fading of paint
film with that of standard blue wool. From
the results, CSOR and CSOR-AgNPs show
an excellent light fastness property while the
blank sample has moderate light fastness
property due to the absence of binder in the
blank. This result suggests that alkyd resin
binder plays a significant role in enhancing
the light fastness property of paints.

Table 3: Chemical/Solvent Resistance Test of Paint Films

Test Sample
Blank CSOR AgNPs-CSOR
Alkali (0.1M KOH) 2 2 2
Acid (0.1M H2S04) 2 1 1
Brine (5% wi/v) 2 1 1
Distilled water 1 1 1

Key: 1 = Film not removed after solvent/chemical treatment
2 = Film removed after solvent/chemical treatment

Table 4: The light fastness test of the formulated paints

Sample Grade Degree of Fading
Blank 4 Appreciable fading
CSOR 7 Very slight fading
CSOR-AgNPs 7 Very slight fading
Conclusion

In the present study, locally available castor
seed oil (CSO) has been successfully
converted to alkyd resin (CSOR) by
alcoholysis and polycondensation reactions.
Silver benzoate salt (SBS) have also been
successfully converted to silver nanoparticles
(AgNPs) by in-situ reduction method. The
AgNPs-embedded alkyd resin shows positive

Light Fastness Rating
Moderate
Excellent
Excellent

antibacterial and  antifungal activity.
Performance evaluation of the resins show
that AgNPs— embedded alkyd resins have
excellent coating properties such as drying
schedule, solvent/chemical resistance and
light fastness property, hence AgNPs-CSOR
has promising application as surface coatings
for various substrates to impart antibacterial
and antifungal properties.
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Abstract

Sulfuric acid doped polyaniline thin films were grown on glass substrates by in-situ polymerization of
Aniline with Ammonium peroxydisulfate as oxidant. The effect of solvent annealing on the electrical,
mechanical and optical property as well as the morphology of the films were studied by profilometry, four-
point probe, nano indentation and UV-visible spectroscopy respectively. It was found by profilometry that
the films had an average thickness of 300nm with a roughness of 98nm. Nano indentation put the Elastic
modulus at 12.77 GPa. Moreover, UV- visible spectroscopy at 328 and 636 nm indicates conformational
changes due to extension of the conjugated polymer chains caused by the solvent annealing. Four points-
probe resistivity measurements gave sheet resistance of 1.5 x 10%, 3.6 x 10, 8.3 x 10* and 8.0 x 10°® Qsq.
for the films annealed in diethyl Ether, chloroform and propanol respectively. The film annealed in diethyl
ether had the best performance of 1.5 x 10° Qsq. which is over 62% improvement over the 2.4 x 103Qsq

obtained for the pristine polyaniline.

Key words: conducting polymers; polyaniline; solvent annealing.

Introduction

Conducting polymers has emerged as attractive
materials for the fabrication of optoelectronic
devices and as replacement for metals in certain
applications. In addition, the interesting
optoelectronic property and redox chemistry of
conducting polymers have opened up new
applications such as for instance, all polymer
batteries and OLEDS. Polyaniline (PANI) is
particularly interesting in this regard because it
combines ease of synthesis, excellent stability,
interesting redox chemistry, and good electronic
conductivity (Choi & Park, 2002). PANI can be
doped to the metallic state either chemically or
electrochemical by the charge transfer reaction
with the conjugated backbone and protonation of
the nitrogen, (Chiang & MacDiarmid, 1986). li et
al. (2009) demonstrated that PANI possesses

adequate electro-catalytic activity to promote,
catalytic regeneration of iodide (I3") to iodine in a
DSSC. In addtion, stretch-oriented doped PANI
possesses conductivity in excess 670 + 55S/cm
(Adams et al., 1998). A great deal of the
usefulness of PANI is predicated on the posibility
to form it into thin highly conductive films, which
is the preferred form for optoelectronics. Often,
post deposition treatments such as annealing are
employed to obtain the required characteristics.
Generally, PANI is synthesized from Aniline or
its derivatives through oxidative polymerization
but straightforward synthesis of PANI often
produces particulate products with irregular
shapes, which are very difficult to process.
Therefore, methods have been developed to make
nanostructures of polyaniline (with diameters
smaller than

* Physics Advanced Laboratory, Sheda Science and Technology Complex (N. Alu, noble.alu@gmail.com)
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100 nm) by introducing “structural directing
agents” (Yu et al., 2006) during the chemical
polymerizing reaction. A great variety of
such agents have been reported in the
literature, including surfactants (Michaelson
& McEvoy, 1994; Bhowmick et al., 2011)
liquid crystals, polyelectrolytes (Yu et al.,
2006) nanowire seeds and aniline oligomers
(Zhang and Manohar, 2004) and relatively
complex and bulky organic dopants (Wan
and Nalwa, 2005).

It is believed that such functional

molecules can either directly act as templates
(e.g., polyelectrolytes) or promote the self-
assembly of ordered “soft templates” (e.g.
micelles, emulsions) that guide the formation
of polyaniline nanostructures. Other areas of
active research are in the incorporation of
functional dopants in the polymer matrix
itself as it eliminates the use of volatile
dopants and the use of polyacids to improve
the  selected  properties,  solubility,
processability, and electrical conductivity
(Tarver et al., 2018). Aniline undergoes
oxidative polymerization in acidic medium
(Stejskal & Gilbert, 2002) where it exists as
an anilinium cation, suitable oxidants include
Ammonium peroxydisulfate, ferric chloride,
and hydrogen peroxide. In basic or neutral
environment, it is even possible to
polymerize aniline with air usually with the
aid of transition metal catalyst.
A very interesting property of PANI is the in-
situ adsorption polymerization on suitable
substrates to yield highly adherent films. The
utility of this simply technique lies in its wide
applicability and low cost. The electrical and
optical property of such films may be tuned
by suitable doping and annealing treatments
as reported by several authors. This method
circumvents the difficulty in processing
PANI as noted earlier which is due to a
combination of polyconjugated structure and
the presence of benzene rings in the
backbone, which pose thermodynamic
barriers, and imparts rigidity to the chains.
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Materials and Methods
Materials

Aniline (merck) was used as received.
Ammonium peroxydisulfate (sigma-aldrich),
30% hydrogen peroxide(sigma-aldrich),
hydrochloric acid (bdh), sulfuric acid (bdh),
chromic acid (bdh), absolute ethanol (merck),
propanol (merck), chloroform (merck),
diethyether (merck), hexane (sigma aldrich),
toluene (sigma aldrich),
dimethyldichlorosilane (sigma aldrich) were
analytical grade and used without further
purification. distilled water was used in all
experiments.

Deposition of polyaniline thin films

Films of polyaniline where deposited on
microscope slides as follows.

Glass slides preparations

A total of 20 glass slides were cleaned by
treatment for 40min with piranha solution
(prepared by slowly adding 30 % hydrogen
peroxide to concentrated sulfuric acid in a
ratio of 3:7) The treatment also hydroxylates
the glass surface and prepares it for
subsequent silanization prior to chemical
bath deposition of polyaniline. The slides are
then rinsed thoroughly with distilled water
from a wash bottle and dried in a hot air oven
at 70°C for 1hr, they are then rendered
hydrophobic by treatment with 5%
dimethydichlorosilane in toluene for 1hr
according to a procedure by Huang et al,
(1997).

Preparation of polyaniline precursor

The polyaniline precursor is a two-part
composition that are mixed just before use
and contained; Part A, 4ml Aniline in 200ml,
1M H2SO4 and Part B, 4.6g Ammonium
persulfate ((NH4)2S20g) in 200mI1M H,SOs4.
The rinse bath contained 4ml Aniline in
200ml 1M H2SO..
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In-situ deposition of polyaniline

The cleaned glass slides in sets of four
denoted (A1 to A4; By to B4; C1to C4; D1 tO
D4 and E; to E4) are subsequently suspended
in a 250 cm® open beaker equipped with a
magnetic stirring bar and thermometer.
Deposition of PANI commenced with the
beaker filled to the 200cm3 marks with equal
volume of Part A and B of the polyaniline
precursor and briefly stirred at 600 rpm for
10second at room temperatures. The
substrates were taken out after 5 min and
placed in the rinse bath for 30min to reduce
the oxidation state of polyaniline from the
pernigraniline to the emeraldine and finally
rinsed with distilled water followed by drying
with a hot air blower.

Post —deposition solvent anneal

Each slide is scribed with a diamond
tipped scriber and divided into five equal
sized pieces and are then subjected to solvent
anneal at the boiling point of the solvents in

. =3
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closed Erlenmeyer flask immersed in a hot
water bath for 2 hours.
Characterization of the polyaniline films

The pristine and solvent annealed
PANI films were characterized by, 4-Point

Probe (Signatone QuadPro Resistivity
System). Surface profiling (Veeco Dektak
150 Stylus Surface Profiler).

Nanomechanical Test. (HYSITRON INC, Tl
750 Ubi System with nanometer resolution

imaging capability). UV-visible
spectrophotometer (UV-Vis-NIR
Spectrophotometer (Avantes).
Results and Discussions
Micro-structural features

In  other to understand the

microstructural features of the as formed
PANI film, it was subjected to imaging using
HYSITRON INC, TI 750 Ubi System in the
imaging mode the micrograph is shown in
figure 3.1 and shows a pinhole free film.

Figure 1 Image of the as formed polyaniline film.

Surface profiling with Veeco Dektak 150
Stylus Surface Profiler

As measured with a Veeco Dektak
150 Stylus Surface Profiler the thickness of
the film is 300nm with a mean roughness

value of approximately 98nm, the
acquisitions were performed with a scan rate
of 45 um/s, a sampling rate of 60 Hz, and a
sensor range of 600 um with a Stylus force of
35.7 mg.
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Nanomechanical Test with HYSITRON
INC, T1 750 Ubi System Nanoindenter

Nano indentation offers a convenient
method for assessing the physical properties
of thin film samples that are not amenable to
manipulation with conventional methods,
Nanomechanical tests were carried out using
a Hysitron TI-75 which performs nano-
indentation on the test samples, to do this, the
machine presses a hard diamond tip whose
mechanical properties are known into a
sample whose properties are unknown. The
load placed on the indenter tip is increased as
the tip penetrates further into the specimen
until a preset value is reached, at this point,
the load may be held constant for a period or
removed. The output of this test is in the form
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of a force displacement curve from which the
rigidity, hardness, elastic modulus modules
other physical parameters of the sample are
extracted. Proprietary software, Triboscan
interprets these data to generate the hardness
and reduced modulus of the films from which
the elastic modulus is extracted. Figure 3.2
show typical load—displacement curves at
indentation load of 80.03, and strain rate of
5.6nm/s for the pristine film.

From the load- displacement curves,
the reduced modulus (Er) and hardness (H)
values were extracted. Table 3.1 presents the
summary of the nano indentation for
locations 002 and 003 the loading is 80.03 uN
while for 004 it is 30.02 pN. in all cases, the
strain rate was 7 % of the maximum loading.

100
80
60
40
20

O I
0

© | Force (uN)

1
w1

50

Displacement (nm)

100 150

Figure 2: Force displacement curve for sample point 01 at indentation load of 80.03uN, strain
rate of 5.6nm/s and for 24 iterations.
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Table 1: presents the summary of the nano indentation for locations 002 and 003 the loading is

80.03 uN while for 004 it is 30.02 puN.

location Vind Veant  Displ.(nm) Loading force(uN) Er Hardness (MPa)
002 0.07 0.38 1215 80.03 16.61 162.68
003 0.07 0.38 1453 80.03 1196 117.73
004 0.07 0.38 56.1 30.02 15.64 225.07
Average 1473 168.49
Standard deviation 2.453 53.91

It shows that the measured data for the Er and
H are consistent with a mean value of 14.73
and 168.49MPa respectively. Commonly
reported literature value for the hardness of
polymers lie within 100 to 600MPa.

Resistivity studies by the 4-Point Probe
technique

Solvent annealing induces
conformational changes in the PANI film,
leading to changes in the electrical properties
of the film as confirmed by 4-point probe
resistivity measurements. These results are
presented in Table 3.2. Some of the samples
actually had decreased conductivity values
after the solvent treatment while others where
much improved.

The ethanol and propanol annealed
samples appear to have been degraded by the
treatment as evidenced by the large increase
in sheet resistance. But diethyl ether annealed
PANI gave the best result with sheet
resistance of 1542.00 + 4.47 which is 62.5%
improvement over the conductivity of
pristine PANI.

UV- visible spectroscopy

The UV- visible spectra of pristine as
well as treated PANI thin films are shown in
(Figure 3.3), as seen, post deposition solvent
annealing had a remarkable effect on the
optical characteristics of the film, indicative
of profound change in the conformation of
the polymer chains.

These results reveal a disappearance
or lack of a characteristic polaron band
centered at 550nm which normally occurs in
dispersions of polyaniline in non-polar
solvents and arises from isolated or loosely
coupled polarions. In none polar solvents, the
polarons of individual tetrameric units are
normally isolated from each other because of
twist defects between aromatic rings
(McManus, Yang and Cushman, 1985)
Therefore, the disappearance of this band is
indicative of a highly extended conformation
allowing overlap between polarions of
adjacent polymer units. Also, it is observed
that the three absorption peaks in the UV-
visible spectrum normally assigned to
transitions from « band to ©* band, polaron
band to n* band, and © band to polaron band
are replaced with intraband transitions within
the half-filled polaron bands further
confirming a solvent induced extension of the
PANI conformation.
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Table 2 Electrical property of the solvent annealed PANI measured by the four
Point-probe technique
Sample Sheet resistance (2/Sq) Conductivity (S/m)
Pristine PANI 2410 1338.508901
Diethyl Ether Annealed PANI 1542 2091.962679
Chloroform annealed PANI 3682 876.1016979
Propanol annealed PANI 83200 38.77171216
Ethanol annealed PANI 8018400 0.402300515
—-—- - Ethanol
Chlarafarm
— _— F‘rl-:-|:ian|-:-|t|
w 0 T ethyvl ether
N\ T Drethvlefher

W Tranimittanss

Wavalangth [nm)

Figure 3: UV-visible spectra showing the effect of different post deposition solvent anneal
treatment on the transmittance of PANI thin film.

CONCLUSIONS

In conclusion, solvent annealing of PANI has
a profound effect on not only its electrical
conductivity but also the optical band gap,
which is a strong indication of conformal
changes taking place on the hydrocarbon
backbone. Furthermore, there is also a strong
possibility of de-doping by the polar solvent
ethanol and propanol at the annealing
temperature leading to degradation in the
film property. Noteworthy is the ease with
which the optical, electrical, and mechanical
properties of PANI may be tuned by simple

solvent annealing which has obvious
implication in a wide range of applications.
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Abstract

A monofunctional 1,3-benzoxazine was synthesized via three-step technigue involving condensation of 4-
nitroaniline with 2-hydroxybenzaldehyde to obtain an Imine compound which is reduced using NaBH, to
obtain 2-hydroxybenzylamine that undergo ring-closure reaction with methylene bromide to obtain the
target monofunctional 1,3-benzoxazine. The structure of the monofunctional 1,3-benzoxazine was
confirmed by FT-IR, *H and *C NMR spectra and Mass spectroscopy. The 1,3-benzoxazine compound
was polymerized via thermally activated ring opening which affords a polybenzoxazine with 5% and 10%
weight loss temperatures of 208 and 237°C, degradation temperature of 322°C and a char yield of 34% at
800°C indicating overall moderate thermal properties for the synthesized polybenzoxazine.

Keywords: Monofunctional 1,3-benzoxazine, Modified three-step synthesis, Thermally activated ring

opening, Polybenzoxazine

Introduction

The synthesis of monofunctional 1,3-
benzoxazine dates back to 1940’s [Burke,
1949] but the potentials of these compounds
were only realized in the last two decades
[Demir et al., 2013]. These compounds were
initially  synthesized from phenols and
primary amines using various solvents
[Burke et al., 1952]. They are addition cure
phenolic resins that have attracted the
attention of researchers in the last few
decades because of their advantages of the
traditionally  known  polymers.  These
advantages including low melt viscosity, no
harsh catalyst required no volatile release
during cure and minimal cure shrinkage [LI,
2010; Zhang et al., 2015; Zuniga et al.,
2012]. Polybenzoxazines also exhibit good

dielectric  properties and low water
absorption at saturation and thus are excellent
candidates  for electronic  packaging
applications. They also have a good thermal
stability that is demonstrated by their high
glass transition temperatures, degradation
temperatures, and char yields [Agag, 2006].
These compounds were the base for the
production of a new class of phenolic
materials namely polybenzoxazines,
possessing high performance [Allen and
Ishida, 2009]. Polybenzoxazines can thus be
regarded as a new class of heterocyclic high-
performance polymers with high thermal
stability and high mechanical strength. They
are a type of addition-cure phenolic resins
with unique features that overcome the
shortcomings associated with traditional
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phenolic resins [Chernykh et al., 2009]. The
major advantages of polybenzoxazines over
traditional resins include high char yield, no
catalyst or acid needed for cure, higher glass
transition temperatures, very low water
absorption and no volumetric change upon
cure [Bagar et al., 2011]. Perhaps, the most
important advantage of this type of polymers
is the rich molecular design flexibility which
allows the tailoring of molecular structures to
suit desired properties [Zhang and Ishida,
2015]. Furthermore, a survey of existing
literature has revealed that compounds
containing 3,4-dihydro-1,3-oxazine ring sys-
tems exhibit a wide range of pharmacological
and antibacterial activities [Mathew et al.,
2010; Manikannan and Muthusubramanian,
2010 ]. These heterocyclic compounds are
also studied extensively for the synthesis of
biologically active compounds ranging from
herbicides and fungicides to therapeutically
usable drugs [Shakil et al., 2010; Pasternak et
al., 2009; Petrlikova et al., 2010; Tang et al.,
2012].

In this paper, formaldehyde which has been
classified as a suspected human carcinogen
and a confirmed animal carcinogen [Lewis,
2008] was replaced with methylene bromide
for ring-closure reaction as in the
conventional three step procedure.

Materials and Methods
Materials

2-hydroxybenzaldehyde 98%, 4-nitroaniline
97%, Sodium borohydride 98% [Sigma
Aldrich  Chemicals]. Absolute Ethanol
99.8%, Methanol 98.5% [Fisher Scientific
Chemicals Company]. Methylene bromide
99.5%  [Acros  Organics  Chemicals
Company].
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Methods

Synthesis of 3-(4-nitrophenyl)-3,4-
dihydro-2H-1,3-benzoxazine

0.05M (6.1g) of the 2-hydroxyaldehyde and
0.05M (7.4g) of 4-nitroaniline were slowly
added into a round bottomed flask containing
150ml of absolute ethanol and the mixture
was thoroughly shaken. This mixture was
refluxed for 5h under nitrogen atmosphere
and the resulting solution was allowed to cool
to room temperature. 100 ml of water was
then added and the resulting product was
extracted with ethyl acetate, washed with
water and dried over anhydrous sodium
sulphate. The solution was then concentrated
to dryness to give the imine compound 2-
{(E)-[(4-nitrophenyl)imino]methyl}phenol.

0.02M (5.0g) of the imine compound was
then dissolved in 100 ml of methanol
contained in a 250 mL conical flask. In a
separate conical flask, 0.1M (3.7g) of NaBH4
was added into 100ml of methanol at room
temperature. This solution was slowly added
to the solution of the imine compound in
portions while stirring over two hours. When
the reduction is complete, 100 ml of water
was added and the resulting product is
extracted with ethyl acetate, washed with
water, dried over anhydrous Na»SOs and
concentrated to dryness to obtain the 2-
hydroxybenzylamine, 2-[(4-
methylanilo)methyl]phenol. 0.02M (5.0g) of
2-[(4-methylanilo)methyl]phenol and an
excess of methylene bromide were added to
150 ml of absolute ethanol in a 250 ml round
bottomed flask and the reaction mixture was
refluxed for 18-24h. The mixture was
allowed to cool to room temperature and the
solvent was removed using rotary
evaporation. The product was dissolved in
ethyl acetate and washed with 1M NaOH
solution. The organic layer was dried over
anhydrous Na;SOs4 and concentrated to
dryness to obtain 3-(4-nitrophenyl)-3,4-
dihydro-2H-1,3-benzoxazine. This product
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was finally purified by recrystallization in
50:50 water: ethanol mixture.

Polymerization of 3-(4-nitrophenyl)-3,4-
dihydro-2H-1,3-benzoxazine

It has been reported in literature that 1, 3-
benzoxazines exhibit exothermic ring
opening reaction around 160°C-220°C
(Ishida and Agag, 2011) and 200-250°C
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(Kiskan et. al., 2009). The polybenzoxazine
was therefore simply synthesized by
subjecting the 3-(4-nitrophenyl)-3,4-
dihydro-2H-1,3-benzoxazine to a step curing
procedure in a vacuum oven using the
following protocol: 160°C (2h), 180°C (2h),
200°C (2h) and 250°C (2h). After the step-
curing, the sample was allowed to freely cool
to room temperature before further analysis.

MO,
H
H-M MO ﬂ__ /O/
+ 2 z
reflux (5h) Sy
OH
OH

2-{(E)-[(4-nitrophenyl)imino]methyl}phenol

- _-’_,.-"
N = Br EtOH S N’j
H : Br reflux (12-18h) | P )
OH O

3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine

Scheme 1. Synthesis of 3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine
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Characterization of 3-(4-nitrophenyl)-3,4-
dihydro-2H-1,3-benzoxazine

Melting temperature (T.) of the synthesized
compound was determined using a Barnstead
electrothermal melting point instrument 9100
Model.  Fourier  transform infrared
spectroscopy (FT-IR) was used to recorded
spectra in the region 280-4000 cm- on
spectrophotometer Perkin  Elmer FT-IR
model 100 series (KBr Pellet). :\H and -C
nuclear magnetic resonance (NMR) spectral
analysis was conducted on a JEOL 500 MHz
NMR spectrometer using acetone-d. as the
NMR solvent. Gas chromatography-mass
spectrometry (GC-MS) analysis was carried
out using a Shimadzu model QP 5050A GC-
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performed with a Leco CHNS-932 Elemental
Analyzer. Differential scanning calorimetry
(DSC) measurements were realized using a
Mettler Toledo DSC 822. calorimeter. TGA
analysis was conducted using a Mettler
Toledo TGA/DSC 1 STAR:System.

Results and Discussion

3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-
benzoxazine showed bands at 952 and 1488
cm* which are characteristic modes related
to benzoxazine ring. Asymmetric Ar-H
stretching vibration appears at 3077 cm?
and aliphatic CH> stretching bands appear
between 2936 and 2857 cm™ while
asymmetric stretching for C-O-C are located
at 1224 cm™,

MS analyzer. Elemental analysis was
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Figure 1. FT-IR spectrum of the 3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine
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Figure 2. *H NMR spectrum of the 3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine
in acetone.

The two distinct chemical shifts at 4.90 and
5.48 ppm are assigned to the newly formed
1,3-oxazine ring methylene protons (O-CH,-
N) and (Ar-CH2-N) (Imran et. al., 2013,
Kiskan et. al., 2009, Li et. al., 2014,
Andronescu et. al., 2012). The chemical

: NO,
N
b

e
g 5o

shifts in the range 6.78 — 8.16 ppm signify the
presence of aromatic protons. The peaks at
2.09 and 2.94 ppm are due to CH3 of acetone
and H»O, respectively which appear as
solvent residual peak [Gottlieb et. al., 1997,
Fulmer et. al., 2010].

| | jyppm
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Figure 3. *C NMR spectrum of the 3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine
in acetone.

The carbon chemical shifts of the two
methylene groups of the oxazine ring (N-
CH2-0O) and (Ar-CH2-N) are located at 76.9
ppm (N-CH2-O) and 48.9 ppm (Ar-CH-N).

The aromatic carbon chemicals shifts are
located in the range 116.2-154.2 ppm. The
peaks at 29.9 and 207.4 ppm represents the
CHs and C=0 chemical shifts of the solvent
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(acetone) which appear as trace impurities
[Gottlieb et. al., 1997, Fulmer et. al., 2010]
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Figure 4. Mass spectrum of the monofunctional 1,3-benzoxazine derivative.

From the mass spectrum above, the
molecular weight of the compound is given
by the molecular ion peak with the highest
m/z value (Lampman et. al., 2008). Thus, the

molecular ion peak with the highest m/z
value is 256 and this value is exactly the same
as the calculated molecular weight.

Polymerization of 3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine

OH
- N /\}ﬂ
.
160-2 20°C

S8

NO;

Figure 5. Polymerization of the 3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine

Polymerization of 1,3-benzoxazine
compounds is autocatalyzed (Ishida and
Agag, 2011). This is so because the
monomers contain phenolic materials and
other benzoxazine oligomers that act as
initiators or catalyst. Furthermore, the newly
formed phenolic structure equally acts as
initiators or catalysts. The purified monomers

can therefore polymerize when their
temperature is raised close to or more than
their ~ exothermic  curing  temperature

normally in the range of 160-220 (Ning and
Ishida, 1994). It is however important to note
that the more the purity of the benzoxazine
monomer, the more the polymerization
temperature.
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Figure 6. FT-IR spectra of poly (3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-Benzoxazine after each

heat treatment.

Figure 6 shows the FT-IR spectra of the 3-(4-
nitrophenyl)-3,4-dihydro-2H-1,3-
benzoxazine at each stage of the curing
process. As the cure temperature is increased
at each cure stage, there is a corresponding
increase in the intensity of the absorption
band at 3400 cm™ which is assigned to OH
and thus signifies the opening of the oxazine
ring and therefore  completion of
polymerization.

TGA was used to deduce the thermal
characteristics of  the synthesized
polybenzoxazine. Figure 7 gives the weight
loss as the temperature is gradually increased.
The 5% and 10% mass loss temperatures
were found to be 208°C and 237°C while the
degradation temperature was found to be
322°C. The char yield was found to be 34%
at 800°C. Table 1 below gives the TGA result
of the synthesized polybenzoxazine.
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Figure 7. TGA thermogram of poly (3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine).

Table 1: TGA result of poly (3-(4-nitrophenyl)-3,4-dihydro-2H-1,3-benzoxazine)

Té5 (°C) Tel0 (°C) | Ta(°C) Char Yield (%)
(at 800°C)
208 237 322 34

Conclusion

A monofunctional 1,3-benzoxazine was
successfully synthesized using a modified
three step synthetic technique in which
formaldehyde was replaced with methylene
bromide for ring closure reaction in the last

synthetic step. The structure of the
monofunctional compound was confirmed
using appropriate spectral methods and
finally polymerized through thermally
activated ring opening to obtain the
corresponding polybenzoxazine.
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Abstract

Due to environmental concerns associated with synthetic fibers as reinforcement in composites,
attention is now on the natural fibers that are biodegradable. While there are reported works on many
natural fibers, Luffa cylindrica is an emerging fiber that requires attention in composite material
development. In this research, Luffa fiber was used to reinforce waste low density polyethylene
(WLDPE). The fiber loading was 5-30 wt% at interval of 5 wt%. The composite was compounded via
a two-roll heat mixer operated at 150 °C for 10 mins. 15 wt% fiber loading recorded the highest tensile,
impact and flexural strengths of 10.7 MPa, 32.2 mJ/mm? and 17.2 MPa respectively. The
microstructural analysis however showed a low compatibility between the Luffa fiber and the waste
polyethylene matrix thereby suggesting, a need for fiber modification for improved mechanical

property.

Key words: Physical Properties, Mechanical Properties, Morphological Properties, Luffa, Polyethylene

(WLDPE).

INTRODUCTION

Composite materials usually possess
unique properties superior to its constituent
elements. They are formed when two or
more components combine to produce a
new material with distinct interface. The
interface separates the continuous phase
called the matrix from the discontinuous
phase (reinforcement/filler) embedded in it
(Masuelli, 2013; Kant and Verma, 2017;
Markovic and Visakh, 2017). The
composites constituents can retain their
respective properties within the composite
formed (Bhargava, 2012). Figure 1 shows a
schematic representation of a simple
composite formed from a matrix reinforced
with a fiber.

Over the years, composites have
been produced from synthetic matrices and
reinforcements (Mohanty et al., 2002; Ubi

and Abdul Rahman, 2015). These synthetic
constituents  exhibit non-biodegradable
behaviors and hence constitute nuisances
and hazards to the environment. Studies on
non-biodegradable material for composite
application which revealed negative
environmental impact has prompted
Scientists and Engineers to turn towards
alternative materials that are cheap,
lightweight, sustainable and
environmentally friendly. The use of
natural fibers (bio composites) as substitute
for synthetic ones have recorded
remarkable and impressive achievements
(Meenakshi, 2012; Omar et al., 2012;
Dicker et al., 2014; Ubi and Abdul
Rahman, 2015).

Bio-composites are formed from
bio-matrix and bio-reinforcement (Drzal et
al., 2003; Noél et al., 2011). However, a
synthetic matrix can be combined with bio-
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reinforcement or a bio-matrix and synthetic
fibper to make composite partially
biodegradable. Among the most used
synthetic matrix materials are polyester,

Fiber
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epoxy, polyethylene, polypropylene etc.
because of their low weight, low cost and
ease of processing (Drzal et al., 2003; Paul
et al., 2007; and Masuelli, 2013).

Interface

Figure 1: Schematic illustration of composite and its constituents.

Bio-reinforcements on the other hand
includes wood, grass, agricultural residues,
forestry wastes etc. (Perez et al., 2002;
Mngomezulu and John, 2017). Martinez-
Lopez et al. (2013) studied the effect of the
Luffa fibers on the mechanical properties of
polymer (polyester resin) matrix. It was
revealed that addition of Luffa fibers
weakens the compressive strength, flexural
strength and Young's modulus of the
composite. Omar et al., (2012) also, in their
review reported that, when Abaca fiber
polypropylene (PP) composites were
compared with jute and flax fiber PP
composites at 40 wt% fiber loadings, Abaca
fiber composites had the best mechanical
properties.

There are few reported studies of Luffa
reinforced  polyethylene  composites,
however, this paper presents the physical
and mechanical studies of waste low
density polyethylene (WLDPE) reinforced
with Luffa cylindrical fibers.

Materials and Methods

The Luffa fruits (which were 150-170mm
long and 100-120mm wide) were sourced
from Ahmadu Bello University Zaria dam
area while the waste low density
polyethylene (WLDPE) sourced from Yus-

Bol poly products in Barnawa, Kaduna
State, Nigeria.

Methods

Preparation of Luffa cylindrica (LC)
fibers

Luffa fiber was removed from its vein by
cutting the ripe and matured fruit. The fiber
was separated from the seeds and dried to
achieve moisture free fiber.

The dried LC fibers were size reduced to
25mm x 25mm, to achieve even distribution
of the fiber in matrix during compounding.
A pre-sample (composite) was then formed
to determine the amount of the
reinforcement and matrix needed to
fabricate composites.

Composites production

Waste low density polyethylene was first
preheated in  the two-roll  mill,
manufactured by Reliable Rubber and
Machinery Company, North Berger New
Jersey, U.S.A. Model No. 5183, thereafter
chopped Luffa fibers was distributed into
the matrix in the ratio 5/95 wt% (fiber to
matrix ratio) and compounded at a
temperature of 150°C for 10 minutes
period. After proper mixing, showed by the
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consistency of the mix, the machine was
stopped and the mixture scrapped off the
rollers. The mixture was then placed in a
mold and press at a temperature of 150°C
and pressure of 13.7895 MPa for a period
of 4 minutes on a hydraulic press (Carver
Incorporation New Jersey, U.S.A. Model
No. 12000). The same procedure was used
to produce composites of 10/90, 15/85,
20/80, 25/75 and 30/70 wt% fiber to matrix
loading (Ubi and Abdul Rahman, 2015).

Composite Characterization

Tensile test was conducted according to
ASTM D638 using the Instron machine
model 3369, system number 3369K1781,
capacity 50kN. Flexural test was conducted
according to ASTM D790 using Universal
materials testing machine, Norwood
Instruments Ltd. 100 kN capacity. The
impact test was conducted according to
ASTM D256-78 using Charpy impact
testing machine, Norwood Instruments
Limited, Great Britain. Water absorption
test and density tests were also conducted
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on the composite produced all based-on
ASTM D570-98. A Phenom™ (Pro X)
Scanning Electron Microscopy (SEM) was
used to examine the morphology and the
composite surface topography produced
from treated and untreated fibre. Three test
samples were used in each test and the
average was recorded, which was used to
calculate the standard error as shown in
figure 3-8 (Isa et al., 2014).

o
SE T Vn
1)

Where; SE =Standard error, o =
Standard deviation, n = Sample number

Results and Discussions

Mechanical Properties

This section presents tensile
strength, percentage elongation, modulus of
elasticity (MOE), flexural modulus and
impact strength of the composite samples as
shown from Figures 2-6 respectively.
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Figure 2: Effect of fiber loading on the Figure 3: Effect of Fiber Loading on the
tensile strength of Luffa reinforced wLDPE percentage elongation of Luffa reinforced

composite

The tensile strength (T.S) increases with
increase in fiber loading up to 15 wt%
loading after which a drop was observed.

WLDPE composite

The drop in T.S value is due to the effect of
fiber-fiber contact when 15 wt% loading
was exceeded, hence improper transfer of
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load from matrix to fiber (Mwaikambo and
Ansell, 2002). The 15 wt% also recorded
the highest percentage elongation which
support the highest loading amount of the
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fiber before its mechanical properties starts
to deteriorate. A Similar trend was reported
when LDPE matrix was reinforced with
broom fiber (Paul et al., 2007).
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Figure 4: Effect of fiber loading on the Figure 5: Effect of Fiber Loading on the

Young Modulus of Luffa reinforced wLDPE Flexural

composite

Modulus of elasticity (MOE) increases in
similar trend as the T.S (Figure 4), which
shows that 15 wt% fiber loading exhibited
the highest MOE of 175.33 MPa. This
suggests that the 15 wt% fiber loading
exhibit higher degree of stiffness compare
to the other fiber loadings. No improvement
in the elongation at break was recorded,
which was believed to be, due to the effect
of improper distribution of fiber in the
matrix at higher loading (Mwaikambo and
Ansell, 2002). In Figure 5, there was a
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Impact Srength

Strength of Luffa reinforced

wLDPE Composite

noticeable increase in the flexural strength
value with increasing fiber loading until a
peak of 15 wt% fiber loading was reached
and a sharp decrease was observed. This
may be also attributed to improper fiber-
matrix-interaction at higher fiber content
causing the composite to become weaker
(Mwaikambo and Ansell, 2002). The
highest value of flexural strength obtained
at 15 wt% fiber loading (23.19 MPa) was
slightly lower than 24.28 MPa for double
layered Luffa fiber/epoxy composite (Sahu,
2013).

Figure 6: Effect of Fiber Loading on the Impact Strength of Luffa reinforced wLDPE

Composite
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For impact strength, 5 wt% fiber loading
recorded the highest impact strength of 32.2
mJ/mm? followed by the 15wt % (28.08
mJ/mm?). This could have been due to poor
matrix-fiber interaction caused by improper
mixing during compounding. A downward
trend in impact was observed beyond 15
wt% fiber loading which could be predict
fairly well for 40 wt % results as studied by
Omar et al. (2012). In the study, Abaca
fiber polypropylene (PP) composites were
compared with jute and flax fiber PP
composites at 40 wt% fiber loadings, Abaca
fiber composites had the best impact
strength of 4.5 mJ/mm?, 3.0 mJ/mm? and
3.1 mJ/mm? respectively.

Physical Properties
This section presents percentage water
absorption and density (Figures 7 and 8) of

5
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Figure 7: Effect of Fiber Loading on Water
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the compounded composites. Figure 7
shows the increase in water absorption as
the filler increased. The affinity for water
increased because of the hydrophilic nature
of the fiber. The high-water absorption of
lignocellulosic fibers is caused by hydrogen
bonding between free hydroxyl groups on
cellulose molecules and water molecules
causing increase in water affinity (Demir et
al., 2006). It was also observed from Figure
8 that the 10 wt% fiber loading exhibited
the minimum density of 7.86 g/cm® which
was about 14.6 wt% less than the control
sample (0 wt% Luffa fiber) composite. But
gradual increase was noticed. Even with the
increase in density the highest value (8.31
g/cm?®) was still lower than the Luffa fiber
density 9.2 g/cmq reported by Tanobe et al.
(2014).

0 5 10 15 20 25 30

Fiber loading (wt%o)

=
o

Density (g/m3)
O P N W P 01 OO N 0 ©

Figure 8: Effect of Fiber Loading on Density

Absorption of Luffa reinforced wLDPE of Luffa reinforced wLDPE Composite

composite

3.3 Surface Morphology

The scanning electron microscope (SEM)
micrographs of the surface of composite
specimens reinforced with 15 wt% Luffa
fiber which has the highest mechanical
properties is presented in Plate I. The
wettability between Luffa fibers and waste
low density polyethylene matrix seemed to
be poor, due to the presence of larger void
spaces as shown in Plate | (b). Despite the
15 wt% having the highest mechanical

properties, there are still voids which can
lead to reduced mechanical properties of
the composite, causing failure. This is an
indication that the fiber like any other
natural fiber requires treatment for
improved mechanical properties.
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Plate 1: SEM micrographs of 15 wt% Luffa fiber composite

Conclusion

Luffa fiber was successfully used to reinforce
waste LDPE matrix in this work. The
composite with 15 wt% Luffa fiber loadings
gave the highest mechanical properties
(tensile, MOE and flexural strength) with
values 10.7 MPa, 175 MPa and 23.2 MPa
respectively. The SEM morphology showed
that, there were large void spaces present in
the developed composite. Thus, this can be
said to be responsible for the decrease in
mechanical properties as observed.
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ABSTRACT

During atom transfer radical polymerization (ATRP) a halogen terminated initiator is necessary for the
initiation of the polymerization and subsequent formation of the polymer chain in the propagation step.
However, with the exception of in situ generation there was very limited or no studies on the carbon
nanotube based macro-initiators for ATRP. Bromine terminated macro-initiator was synthesized by
esterification reaction of hydroxyl group modified multiwalled carbon nanotubes and 2-bromoisobutyryl
bromide. Characterization on the synthesized macro-initiator was performed by Fourier transform Infrared,
X-ray photoelectron spectrometer, and **C-solid NMR spectroscopy. From the results, the 1735 cm™ (C=0
ester linkage), 788 cm™ (C-Br), 177 ppm (ester linkage), biding peaks at 288.40 eV and 531 eV are all due
to bromine terminated initiator. These exhibited a successful synthesis of the bromine terminated ATRP
initiator.

Keywords: carbon nanotube, macro-initiator, esterification reaction, ATRP

Introduction (Baskaran et al., 2004; Hong et al., 2005;
Kong et al., 2004a, 2004b; Matrab et al.,
2006; Qin et al., 2004; Wu et al., 2007).
ATRP discovered by Matyjaszewski
and Wang in 1995 (Wang & Matyjaszewski,
1995), is one of the controlled radical
polymerization methods that was very
powerful ~ for the  preparations  of
compositionally and structurally diverse
polymers with general routes that include
steps (i) CNT surface functionalization, (ii)
incorporation of ATRP-initiating group to
CNT surface, and (iii) Surface-initiating
ATRP using various monomers and catalyst
ligand system. The method relies on
establishing an equilibrium between alkyl
halide-type dormant species which could be

Carbon nanotubes (CNTs) was
discovered by Sumio lijima in early nineties,
(lijima, 1991) they have an outstanding
mechanical, electrical, and thermal properties
that make them attractive for applications in
the field of polymer science and
nanotechnology  (Liu, 2005). The
functionalization of CNT with polymer
moieties could be achieved using ATRP
method in a process called “grafting from”
that involved the use of ATRP initiator or
macro-initiator (De Falco et al., 2009). Well
defined polymer chain with controlled
composition and molecular architecture can
be built on CNT surface with ATRP method

™" Department of Chemistry, Sule Lamido University, Kafin-Hausa, Jigawa, Nigeria. (U. Ali, E-mail:

dumarali4@gmail.com)
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the CNT macro-initiator and propagating the higher oxidation state (deactivator) metal
radical in the presence of transition metal complex then followed by the propagation
complex ligand system (Liu & Chen, 2007; stage (Tsarevsky & Jakubowski, 2011). The
Tsarevsky & Jakubowski, 2011). The process role of the ligand in the catalyst ligand system
involved lower oxidation state complex is to act as a reducing agent in which it makes
(Cu'Ln; L= ligand) in which the transition the deactivator (XCu'' Ln) to reversibly react
metal Cu can exist in two different oxidation with the radical, converting it to the dormant
states (higher and lower) in a reversible redox alkyl halide while being reduced to activating
process. The lower oxidation state (activator) complex Cu' L, to promote a new redox cycle
transition metal reacts with the ATRP as illustrated in Figure 1.
initiator (R-X) to yield the radical (R*) and

] CuX / Ligand S o + CuXp/Ligana

Xin, * '
: Emn K,
MWCNT X = Br ¢l MWCNT Q
) Monomer | Cimnauan

Figure 1: ATRP mechanism illustrating the equilibrium of activator and deactivator species.

The major advantages of using CNT obtained from Fluka, potassium hydroxide
based macro-initiators in ATRP is to; (i) have 90% from QREC™, 2-bromoisobutyryl
a living complex copolymers of CNT base, bromide 97% from Sigma Aldrich, and
(it) have unprecedented control over the pyridine 99.8% from Sigma Aldrich. Other
chain topology of the complex copolymers chemicals include chloroform 99% and
(stars, combs, branched), and (iii) achieved methanol 99% from QREC™ Asia. All
high  molecular weight with  good chemicals/reagents were used as received.

polydispersity in CNT base copolymer

preparations  (Matyjaszewski  Krzysztof Preparation of Hydroxyl Functionalized

2002; Peng et al., 2015). MWCNT (MWCNT-OH)

The work described the synthesis by MWCNT (0.2 g) and aluminium
esterification reaction and characterization of chloride (1.55 g) were ground in to powder
multiwalled carbon nanotube based ATRP form using pestle and mortar for 20 minutes.
macro-initiator. The successful synthesis They were charged in to three-necked round
may widen the applications of carbon bottom flask that contain excess chloroform,
nanotube in the field of polymer grafting, as and then refluxed for 48 hrs under nitrogen
it increases the opportunity of covalent gas (N2). The yellowish-colored mixture was
attachment of well define living polymer cooled to room temperature, then followed by
chain with unprecedented control and desired slow addition of 50 ml of alkaline methanol
topology on the surface of the CNTs. using dropping funnel and stirred at 70°C for

20 hrs. Finally, the whole mixture was
filtered through 0.2 um PTFE membrane and
Chemicals/Reagents washed repeatedly with distilled water, ether,

MWCNT with diameter 110-170 nm and THF. The black powder was dried under

and purity of 90 % was obtained from Sigma vacuum (Choi et al., 2005).
Aldrich co.Ltd. Aluminium chloride 99.9%

Materials and Methods
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Synthesis of MWCNT-Br Macro Initiator
Using 2-bromoisobutyryl bromide

MWCNT-OH  (0.16 @), 2-
bromoisobutyryl bromide 8.5 ml (15.81 g,
0.07moles), and 0.3 ml (0.004 moles)
pyridine were charged in to 100 ml three-
necked round bottom flask. The mixture was
refluxed for 12 hrs and the excess 2-
bromoisobutyryl bromide was removed
under reduced pressure. The resulting
mixture was cooled to 0°C, and 40 ml of
distilled water was added, followed by 1 hr
stirring, 40 ml of chloroform (0.5 moles) was
added then stirred for 1 hr. The chloroform
layer containing MWCNT-OH was washed
with distilled water three times and collected.

Then the product was dried overnight under
vacuum (Choi et al., 2005).

Characterization

Perkin Elmer infrared spectrometer,
Spectrum ™ 400 was used for Fourier
transform infrared (FT-IR) spectroscopy
analysis of MWCNT-Br. Solid C-NMR
spectroscopic analysis of MWCNT-Br was
done at ambient temperature on Bruker
Avance 111 HD 400 MHz. A rotor of 4 mm in
diameter was used to acquire the NMR

CHClz gp®c
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spectra at spin frequency of 100.59 MHz. The
high-resolution NMR spectrum was obtained
with auto-correction of cross-polarization-
magic angle spinning (CP-MAS) and dipolar
decoupling.

The surface chemistry of MWCNT-
Br was analyzed using X-ray photoelectron
spectroscopy (XPS, Axis Ultra DLD
Shimadzu). Al Ka (1486.6 eV) was the X-ray
source, and the survey spectra was recorded
in range of 0 to 1200 eV with pass energy of
20 eV in hybrid mode. Finally, the high-
resolution scan spectra generated the C1s,
and O1l1s peaks. The acquired data was
converted to VAMAS format, further
analyzed and deconvoluted using CasaXPS
software.

Results and Discussion

Hydroxyl functionalized multi walled
carbon nanotube (MWCNT-OH) was
synthesized by electrophilic addition of
chloroform and  subsequent alkaline
hydrolysis with alkaline methanol as
illustrated in Figure 2. The essence of this
modification is to make the MWCNT to
undergo esterification reaction with an
initiator for successful synthesis of ATRP
macro-initiator.

AlClz 48hrs

FOZ Z20hrs

Figure 2: Synthesis of hydroxyl functionalized MWCNT

Figure 3 shows the FT-IR spectra of the
functionalized MWCNT compares with the
spectra of pristine MWCNT. As clearly
evident, there was broad band absorption at
3475 cm due to the free hydroxyl groups

which was not observed on the pristine
MWCNT spectra. Absorption due to C-ClI
stretching was found at 759 cm™. The
hydroxyl band from the spectra (b)
(MWCNT-OH) indicates, a successful
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introduction of OH group onto the MWCNT
(Choi et al., 2005; Tagmatarchis et al., 2002;
Tasis et al., 2006).

g a MWCNT

5

E 2848em

- 1616cml

g 2921em?

a

g

£ | b mwenT-oH

2

£ 2 759cm

3475t 1630cm cm

4000 3500 3000 2800 2000 1500 1000 500

Wavenumbers

Figure 3: FT-IR Spectra of Hydroxyl Functionalized MWCNT

The esterification reaction between functionalized MWCNT. From the spectrum
hydroxyl functionalized MWCNT and 2- of the macro-initiator appears at 2921 cm™
bromoisobutyryl bromide in the presence of for C-H stretching band aromatic, at 1735
pyridine, followed by subsequent addition of cm? band due to C=O of aliphatic ester
distilled water at 0°C and chloroform with stretching it appeared too short due to
stirring yield the MWCNT-Br macro- shielding effect, band at 1614 cm™ was for
initiator as represented in Figure 4. C=C aromatic from CNT, signal at 1111 cm"

! for C-O ester stretching, and band at 788
cm™ was due to C-Br stretching for alkyl
halide (Stuart).

Figure 5 represent the spectra of
bromine terminated macro-initiator
(MWCNT-Br) compare with that of hydroxyl

i T M
—C —0OH Elr\ o —El‘.—D—IELI—E\—ErCHz.
cl HaC —&—C—8r cl 0
HaC + HHBr
i 'T' 85°C, 1Zhrs E{" ALHa
_|_“|,_|]H Pyridine —I_“l.—D —III“.I—L"-\—EHg.
o Br
LALLY © LALTL ©f
FWVYC T -0H MWVWCHT-Br

Macroinitiatar

Figure 4: Synthesis of MWCNT-Br Macroinitiator from MWCNT-OH
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Figure 5: FT-IR Spectra of MWCNT-Br Macroinitiator

The MWCNT-Br macro-initiator was
analyzed by 13C-solid NMR spectroscopy to
confirm the ester linkage, -C(CHz)2Br, and
C=C nuclei of MWCNT (Diniz & Tavares,
2004; Ibbett et al., 1992; Silvestri & Koenig,
1993; Souto-Maior et al., 2005). Figure 6
shows signals of 58.56, 80.44, 128, and

=
—Lta

177.78 ppm which are attributed to -
C(CHs)2Br, O-C-Cl, C=C, and C=0 of ester
respectively. From the results of the analysis,
it covered all the major structural
components of MWCNT-Br; hence, a
successful synthesis of the macro-initiator.

U4
Al
—58
—n40

—13%
=5

.-

200 180 160 140 1zo0

100 so so 4o Zo Bioa

Figure 6: Solid-state'> C-NMR Spectrum of MWCNT-Br

The aim of the XPS analysis of
MWCNT-Br is to determine its surface
chemistry. The high resolution XPS survey
spectrum (see Figure 7) shows peaks at 288
and 531 eV for Cls and O1s respectively.
Meanwhile, the high resolution C1s spectra

in Figure 8 shows there are four fitted peaks
in the main peak at 288.40, 289.1, 290.20,
290.80, and 294 eV corresponding to carbon
links of C=C (MWCNT), C-Br, C-Cl, C-O
(ester bridge), and O-C=0 (ester carbonyl)
respectively.
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X108 Survey Scan Spectra of MWCNT-Br
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Figure 7: XPS Survey Spectrum of MWCNT-Br.
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Figure 8: High-resolution XPS Spectra of C1s in different stents.

Conclusion

In conclusion, the bromine terminated
MWCNT based macro-initiator of ATRP was
successfully synthesized by esterification

reaction. Henceforth, possess the potentials
to simplify the covalent attachment of
polymer moieties to the surface of the carbon
nanotube by “grafting from” technique. It
also provides, an opportunity of boosting the
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applications of MWCNT especially in the
field of nanocomposite.
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Abstract

Natural rubber with constant viscosity of 10, Standard Nigerian Rubber (SNR 10) was compounded with
locally sourced white sand (WS) and standard silica (SS) as fillers. The WS was wet screened with a 75 um
stainless sieve and the screened sample was air-dried and pulverized for use as filler. The filler samples
were characterized in terms of pH of aqueous slurry, loss on ignition, density, iodine adsorption number
and moisture content. The cure characteristics, physico-mechanical and percentage swelling properties of
the WS-SNR 10 in comparison with SS-SNR 10 vulcanizates were determined. The results showed that
cure characteristics of WS-SNR 10 and SS-SNR 10 vulcanizates; scorch time, cure time and maximum
torque increased as filler loading is increased. The tensile properties, tensile strength and modulus of WS-
SNR 10 and SS-SNR 10 vulcanizates increased as filler loading increased to an optimum of 40 parts per
hundred (phr) respectively, while elongation at break decreased as filler loading is increased. Abrasion
resistance and hardness of WS-SNR 10 and SS-SNR 10 vulcanizates respectively increased to optimum
level at 40 phr as filler loading is increased while compression set decreased as filler loading is increased.
Percentage swelling in petroleum solvent is highest in gasoline, and lowest in diesel
(gasoline>kerosene>diesel). The extent of reinforcement is in the order of SS-SNR 10 vulcanizates>WS-
SNR 10 vulcanizates in cure characteristics, SS-SNR 10 vulcanizates>WS-SNR 10 vulcanizates in tensile-
mechanical properties and SS-SNR 10 vulcanizates<WS-SNR 10 vulcanizates in percentage swelling
properties.

Keywords: White sand, fillers, Natural rubber and reinforcement.

Introduction Osabohien and Egboh, 2014). The

Rubber manufacturing involves the
addition to rubber many other materials
called additives. These additives are to allow
the rubber compounds to be processed
satisfactorily and when vulcanized, help to
improve the application properties of the
rubber articles (Osabohien and Egboh,2007).
Additives incorporated into rubber include;
vulcanizing agents, accelerators,
activators/retarders, anti-degradants, fillers,
plasticizers and ancillary materials (Okoh,

incorporation of these additives to the bulk
properties of the raw polymer helps it to meet
its service requirement.

Fillers are the second largest and one
of the most important additives following the
base polymers in rubber compounding. They
help improve processability, physico-
mechanical properties and reduce to a great
extent the percentage swelling in petroleum
solvents like gasoline, kerosene and diesel

# Department of Chemistry, Delta State University, Abraka, Nigeria (E. Osabohien, E-mail:

eosabohien@delsu.edu.nq).
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(Imanah, 2003; Okoh et al., 2014). Research
studies in the past have shown that without
fillers, few polymers would have been
adequate other than mere trivial applications
(Boonstra, 1984; Hoffman, 1989; Okoh et al.,
2014; Osabohien, Okoh and Egboh, 2015).
However, fillers can be classified as either
reinforcing or non-reinforcing (Osabohien
and Egboh, 2007; Okoh et al., 2014).
Reinforcing filler is one which increases the
tensile strength, hardness and abrasion
resistance of the rubber sample. Non-
reinforcing fillers may not increase strength
properties but can increase hardness, bulk
and ultimately reduce cost of the rubber
product (Osabohien, Okoh, Imanah and
Egboh, 2011; Okoh et al., 2014). The finer
the particle size, the larger the surface area
and the more reinforcing the filler is;
commonly used reinforcing fillers are carbon
black and silica. The non-reinforcing fillers
are usually applied as extender or diluents
e.g. CaCOgz (whitings) and China clay. The
present study evaluates the reinforcing
potentials of white sand as filler in natural
rubber wvulcanizates in comparison with
standard silica filler.

Materials and Methods

Materials: The fillers used for this study
include standard silica which was bought
from Onitsha main market, Anambra State,
Nigeria. The white sand was sourced locally
from Ethiope River, Abraka, Delta State,
Nigeria. The filler characteristics were
determined in the Department of Chemistry,
Delta State University, Abraka, Nigeria, and
the central laboratory of Obafemi Awolowo
University, lle-Ife, Nigeria. The SNR 10 was
obtained from the Department of Polymer
Technology, Auchi Polytechnic, Auchi, Edo
State, Nigeria. The compounding of SNR 10
was carried out at the Department of Polymer
Technology Workshop, Auchi Polytechnic,
Auchi, Edo State, Nigeria and the rubber
vulcanizate testing were performed at the
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Rubber Research Institute of Nigeria (RRIN),
lyanomo, Edo State, Nigeria. Petroleum
solvents (Kerosene, Gasoline and Diesel)
used for percentage swelling were purchased
commercially and were used as received.

Methods: White sand was wet screened
using 75um stainless sieve. The wet screened
sample was air-dried, pulverized and oven
dried to a constant mass at 105 °C to obtain
fine particle white sand used as filler.

Characterization of fillers

The fillers, WS and SS were
characterized in terms of pH of aqueous
slurry, density, moisture content, loss on
ignition and iodine adsorption number using
standard test methods (ASTM D1509, 1983;
ASTM D1510, 1983; ASTM D1512, 1983;
Okoh et al., 2014). The fillers were then
loaded into the rubber matrix respectively
ranging from 0 — 50 phr.

Density = Weight of Sample

Volume of Cylinder
% moisture content = W1 — W> X 100
Where Wy is the weight of crucible plus
weight of sample before oven drying at 110
°C and W: is the weight of crucible and
sample after drying for 1 hr.
% Loss on Ignition Initial Weight of
Sample — Final Weight of Sample after
muffle furnace heating at 1000 °C X 100 for
30 minutes.

Compounding and curing of WS — SNR 10
and SS — SNR 10 mixes

Applying known methods (Blow and
Hepburn, 1982; Osabohien, 2010; Okoh et
al., 2014), standard Nigerian rubber (SNR
10) was compounded using the two-roll mill
after the nip clearance has been used to adjust
the distance between the front roll and back
roll of the two-roll mill which rotates in
opposite direction. The cure characteristics
(scorch time, cure time and maximum torque)
were measured using Alpha Technologies
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Rheometer ODR 2000 while curing of the
test samples was carried out using electric
compression moulding machine (Double day
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light press) at a temperature of 160 °C for 15
minutes.

Table 1: Recipe for formulation of WS — SNR 10 and SS — SNR 10 compounds

Ingredients Quantity (phr)
Natural Rubber (SNR 10) 100.0

Zinc Oxide 4.0

Stearic acid 2.0

Fillers * 0.0-50.0
processing oil 2.0

T™Q* 1.5

CBS** 2.0

Sulphur 15

+ TMQ = 2,2,4-trimethyl- 1,2dihydroquinoline
++ CBS = N-cyclohexylbenzothiazylsulphenamide

* Filler Content: Filler load of 0, 10, 20, 30, 40 and 50 phr were used for this work.

Determination of the physico-mechanical and
percentage swelling properties of vulcanizates

Tensile properties (tensile strength,
elongation at break and modulus) of the
vulcanizates  were measured with
Zwick/Roelltensometer (model Z005) using
the dumb bell-shaped test pieces following
standard test methods (ASTM D1415, 1983;
ASTM D1638-99, 1983; Okoh et al., 2014).
The Monsanto Duratron 2000 was used to
determine hardness of the vulcanizates while
abrasion resistance and compression set were
determined by Wallace test equipment,
C85015/1 and C88053/1 respectively (BS,
1982).

Percentage swelling properties of the
natural rubber wvulcanizates in petroleum
solvents such as gasoline, diesel and kerosene
were determined by using standard test
method described in BS 903, A16 (BS, 1982,;
Sogbaike, Okiemen and Edojariogba, 2005;
Osabohien and Egboh, 2007; Okoh et al.,
2014). The vulcanizates test samples were cut
into square shaped, weighed and then
immersed in plastic bottles containing the
solvents. The plastic bottles were filled to
cover the test samples with the solvents and

were tightly covered and maintained at room
temperature for 48 hrs. The test samples were
removed, dried and re-weighed. The change
in weight for each sample was expressed as
percentage swelling deduced from the
following equation 1.

%swelling:%x 100.....cccceveen.... 1
1

Where W1 and W: are the initial and final
weights of the test samples before and after
swelling respectively.

Results and Discussion

Results

Table 2 summarizes the physico-
chemical properties of the fillers; white sand
(WS) and standard silica (SS). The properties
investigated include; loss on ignition,
moisture content, pH, density, iodine
adsorption number and estimated particle
size distribution of the fillers. Table 3 showed
the cure characteristics of the fillers. The cure
times, scorch times and maximum torque of
the filled rubber compounds were recorded.

Tables 4-6 showed the physico-
mechanical properties of the SNR
vulcanizates. The tensile strength, elongation
at break, modulus, abrasion resistance,
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hardness, compression set, % swelling in
gasoline, diesel and kerosene were reported.

Table 2: Physico- chemical properties of the fillers

Parameters measured WS SS

Density (g/cm®) 2.32 2.21

pH of aqueous slurry 4.70 5.20

% Loss on ignition @ 1000 °C 5.00 1.50

% Moisture content @ 110 °C 2.05 1.15
Particles size range (um) <75 0.012-0.020
lodine Adsorption Number (mg/g) 68.52 94.32

Table 3: Cure characteristics of compounded SNR 10 filled with WS and SS

% filler 0 10 20 30 40 50

Scorch time ts, (min) 5.20 6.42 6.58 6.89 7.10 7.42
(5.20)*  (6.57)* (6.68)*  (6.92)*  (7.15)*  (7.45)*

Cure time tgo (Min) 7.50 8.18 9.10 9.18 9.20 9.30
(7.50)* (8.37)*  (9.25)* (9.37)* (9.40)*  (9.47)*

Max torque (kg-cm) 6.42 7.63 7.87 8.44 8.75 8.94

(6.42)* (853 (8.99)*  (9.38)*  (10.54)* (11.12)*

* Values in parenthesis are for SNR 10 filled with standard silica (SS)

Table 4: Tensile properties of SNR 10 vulcanizates filled with WS and SS

% filler 0 10 20 30 40 50
Tensile Strength (Mpa) 9.80 19.00 22.20 23.20 23.40 21.70
(9.80)* (22.70)* (25.90)* (28.60)* (31.80)*  (30.40)*
Modulus M100 (Mpa) 0.40 0.60 0.70 0.70 0.70 0.50
(0.40)* (0.70)*  (0.80)*  (0.90)*  (1.02)*  (LOL)*
Elongation at break (%) 1621 1591 1514 1451 1408 1385

(1621)* (1619)* (1610)*  (1573)*  (1525)*  (1513)*
* Values in parenthesis are for SNR 10 filled with standard silica (SS)

Table 5: Physico-mechanical properties of SNR 10 vulcanizates filled with WS and SS
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% filler 0 10 20 30 40 50
Abrasion resistance (%) 30.33 33.40 33.66 34.27 34.83 34.59
(30.33)* (33.56)* (33.62)* (36.55)* (37.25)*  (36.65)*
Hardness (IRHD) 40.00 46.00 49.00 54.00 57.00 56.00
(40.00)* (47.00)* (50.00)* (55.00)* (60.00)*  (59.00)*
Compression set (%) 16.96 14.69 13.68 12.50 12.15 11.73
(16.96)* (15.25)* (14.70)* (13.96)* (12.55)*  (12.37)*

* Values in parenthesis are for SNR 10 filled with standard silica (SS)

Table 6: % swelling in petroleum solvents of SNR 10 compounds filled with WS and SS

% Filler Loading Gasoline Kerosene Diesel
0 305.50 260.61 210.55
(305.50)* (260.61)*  (210.55)*
10 298.09 244.13 193.68
(295.45)* (222.11)*  (171.92)*
20 290.27 230.96 184.68
(285.10)* (220.18)*  (169.12)*
30 282.11 221.21 170.09
(280.69)* (213.37)*  (158.73)*
40 278.71 212.15 162.74
(270.25)* (209.27)*  (155.52)*
50 270.60 209.42 151.62
(265.18)* (201.13)*  (150.32)*

*Values in parenthesis represent % swelling in petroleum solvents of SNR 10 filled with SS

Discussion

Physico-chemical properties of the fillers

The results in Table 2 showed that
WS filler has higher moisture content than SS
filler. The presence of moisture in fillers have
been shown to influence the mechanical
properties of rubber vulcanizates and this
reduces or weakens the polymer - filler
matrix adhesion during compounding (Wang,
Ponigrahi, Tabil, Crerar, Powell, Kolybaba

and Sokhansanj, 2003; Puglia, Biaglotti and
Kenny, 2005). The SS aqueous slurry has
higher pH value than that of WS. Acidic
fillers have been shown to retard cure rates of
vulcanizates (lyasele and Okeimen, 2004)
and also have an important influence on the
strength properties of vulcanizates (Voet,
Morawski and Donnet, 1979; Okoh et al.,
2014). Similar observations have been made
by previous researchers who reported that
acidic fillers retard or reduce cure rates while
alkaline fillers increase or enhance cure rates
of wvulcanizates (Osabohien et al., 2011;
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Aguele, Madufor and Adekunle, 2014). The
increase in cure and scorch times may have
been due to the acidic nature of the fillers
under study (Table 3), this is in agreement
with earlier observations (Osabohien and
Egboh, 2006; Okoh et al., 2014).The loss on
ignition at 1000 °C was higher in WS than SS
filler. It is evident that the WS filler contains
a little more combustible materials which
may be attributed to its natural source (Table
2). Loss on ignition is a measure of the
amount of combustible or organic materials
present in the sample (Osabohien and Egboh,
2006; Okoh et al., 2014).

However, the result shows that SS
filler has higher iodine adsorption number,
meaning finer particle sizes and a lighter
density (Table 2). lodine adsorption number
is @ measure of surface area of fillers. The
higher iodine adsorption number is, the
higher the surface area, the finer the particle
sizes of the filler and the greater the
reinforcing potential (Boonstra, 1982;
Hepburn, 1984). Surface area of a filler is an
important factor influencing the physico-
mechanical properties of fillers, hence the
larger the surface area, the greater the filler —
rubber interactions, implying a higher
reinforcing  potential ~ (Imanah,  2003;
Yamashita and Tanaka, 2002; Osabohien and
Egboh, 2006; Okoh et al., 2014). Density of
fillers influences the weight property of such
filler on rubber. Hence, the SNR 10 — SS
compounds will present a lighter rubber
article compared to that of SNR 10- WS
mixes. This is because the density of SS is
less than WS (Table 2).

Cure characteristics of SNR 10 compound

Table 3 shows the result of cure
characteristics of the SNR 10 compounds
filled with WS and SS at different filler
loadings. The scorch and cure times and
maximum torque for both WS and SS filled
SNR 10 increased with increasing filler
loading. This implies cure retardation by both
fillers. However, the cure characteristics of
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the unfilled systems of SNR 10 compounds
were lower in terms of scorch time, cure time
and maximum torque values than their filled
system. These observations agree with
previous reports on acidic fillers (Osabohien
and Egboh, 2006). It has been known that
acidic fillers retard cure. The basis of curing
is to form chemical crosslinks which convert
the long linear polymer chains into a three-
dimensional  network  structure  under
pressure by the action of heat to form
products with improved elasticity and
substantial increase in hardness and modulus
(Asore, 2000).

Increase in maximum torques as filler
loading is increased shows a good filler —
polymer (SNR 10) matrix interaction and a
good interfacial bonding between the filler
and rubber matrix to form cross-links that can
restrict the free mobility of the polymer
chains (Wang et al., 2003; Puglia et al., 2005;
Okoh et al., 2014). This is an indication of
reinforcement. Maximum torque value of SS
filler is higher than that of WS filler and this
could be related to the particle sizes of the
fillers and their surface areas. Because SS has
finer particle sizes (Table 2), the rubber — SS
interaction is expected to be higher and the
higher the reinforcing ability.
Physico-mechanical properties of SNR 10
vulcanizates

The results in Tables 4-6 summarize
the physico-mechanical properties of SNR 10
vulcanizates filled separately with WS and
SS fillers at different filler loadings. The
tensile properties are the measure of the
ability of a polymeric material to withstand
forces which can pull it apart as a result of
applied strain and also to determine the extent
the material can stretch before breaking
(Wang et al., 2003). The results however
showed that the tensile strength and modulus
at 100% strain increased with increase in
filler loading to optimum level of 40 phr. The
increase in tensile strength may be due to
small particle size (large surface area) of
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filler, enabling possible  filler-matrix
interaction. Previous research reported by
(Yamashita and Tanaka, 2002; Osabohien
and Egboh, 2007) postulated that no
significant reinforcement would occur if
there was no good interaction between the
filler and the polymer (rubber) even with
increasing addition of fillers. The decrease in
tensile strength beyond 40 phr loading may
be due to the fact that there was not enough
polymer matrix to hold filler particles
together. Ishak and Bakar, 1995, reported that
reduction in the tensile strength may be due
to agglomeration of the filler particles to form
a domain that acts like a foreign body or
simply the result of physical contact between
adjacent aggregates. There was a phase
change here which is referred to as phase
inversion, and it is explained as a dilution
effect due to diminishing volume fraction of
the polymer in the vulcanizate, and also due
to agglomeration of the filler particles at
higher loads (Boonstra, 1984).

However, the results revealed that
WS filler showed good reinforcing potential
though inferior to SS filler in terms of tensile
strength, modulus at 100% strain, hardness
and abrasion resistance. The elongation at
break of both WS and SS - filled SNR
decreased with increase in filler content. This
may be due to the restriction to free mobility
of the macromolecular chains by the filler
particles and thus increase in resistance to
stretch on the application of strain. Similar
explanation has been reported by Okoh et al.,
2014 where the resistance to stretch on the
application of strain may be due to strong
interactive forces between the rubber matrix
and the filler particles.

The abrasion resistance and hardness
increased to optimum at 40 phr of filler, while
the compression set decreased with
increasing filler load in both vulcanizates.
Similar observations have been reported by
(Imanah, 2003; Okoh et al., 2014; Osabohien
et al., 2015). This is also an evidence of
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reinforcement by the fillers. But the increases
were found to be more with the SS — SNR 10
vulcanizates. This may be attributed to the
finer (smaller particle) sizes of SS filler as
compared to WS (Table 2).

Percentage  swelling in  the
vulcanizates decreased with increase in filler
loading for all petroleum solvents used.
Transport of small molecules through a
polymer membrane occurs due to random
molecular motion of each molecule; hence
the driving force behind the transport process
which involves diffusion, sorption and
permeation is the concentration difference
between the two phases — solvent and
polymer phases (Soney and Sabu, 2001).
Previous researchers argued that when a
cross-linked polymer is brought into contact
with a solvent, a certain amount is absorbed
to an extent which is determined by the
molecular weight of the solvent and the
degree of cross-linking in the polymer
(Okeimen and Imanah, 2005; Osabohien et
al., 2011). According to (Mathew, Joseph
and Joseph, 2006), low molecular size of
solventsenables it to diffuse faster into
polymervulcanizates;  hence  increasing
swelling. There is report that as the
concentration of filler particles increases in
the rubber matrix, more obstacles/barriers are
created to the diffusing molecules and thus
reduces the amount of solvent that penetrate
the vulcanizate (Okeimen and Imanah, 2005).

The molecular size of solvents also
may influence the diffusion rate of solvent
into the polymer matrix. The smaller the
molecular size of solvent, the higher the
diffusion into the rubber matrix and the
higher the swelling may be. This may be the
reason why the order of decreasing swelling
of wvulcanizates in the solvents is
gasoline>kerosene>diesel (Table 6). Similar
observations were made in earlier works
(George and Thomas, 2001; Okeimen and
Imanah, 2005; Osabohien et al., 2011).
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The diffusion also and transport of
solvents in filled polymers depend on the
nature of fillers, the degree of adhesion and
its compatibility with the polymer matrix
(Soney and Sabu, 2001). Hence, nature of
cross-links is a factor of swelling in
vulcanizates immersed in petroleum solvents.
Better cross-links between filler and polymer
matrix, gives higher resistance to swelling of
the wvulcanizates in petroleum solvents
(George and Thomas, 2001). And because
the SS- filled vulcanizates showed better
filler — rubber cross-links, the less swelling in
the solvents observed (Table 6).

Conclusion

This work is a contribution to the
search for environmentally friendly natural
fillers which can substitute/suppliment the
highly used reinforcing carbon black and
silica fillers in polymer and automobile
manufacturing industries. The findings
revealed that WS filler showed a reinforcing
potential though inferior to that of SS filler
when compounded with SNR 10. The
superiority of SS filled SNR 10 may be due
to the finer particle size and the larger surface
area of SS. It is therefore recommended that
improved pulverization and screening
methods be applied in preparing the WS filler
to meet up with that of the synthetic silica
filler for rubber compounding.
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Abstract

The utilization of glass waste powder as cement additives for partial replacement of cement in concrete
could be an important step toward the development of sustainable infrastructure systems especially when
it’s used as a pozzolanic material. When waste glass particles are ball-milled to micro size powder, it is
going to undergo pozzolanic reactions with cement hydrates, forming secondary Calcium Silicate Hydrate.
This research looked at the chemical analysis using X-Ray fluorescence technique and found minor
differences in the chemical composition of soda-lime silicate and borosilicate waste glass. The
microstructural characterization was also carried out using Scanning Electron Microscope and X-Ray
Diffraction to characterize the concrete samples. It was found that the morphology of concrete samples
modified with waste glass powder (10%, and 20%) was denser than the control sample (0%). Also, XRD
results indicated that the intensity of the peaks, in particular of portlandite, is significantly reduced in the
10% waste glass sample than the control (10% of portlandite in the control, 2% of portlandite in 10% and
5% of portlandite in 20% waste glass replacement). Various compositions of the samples (Control 0%,
2.5%, 5.0%, 7.5%, 10%, 12.5%, 15%, 17.5% and 20%) of concrete cube and cylinder samples were
prepared and tested for strength at 7, 14 and 28 days of curing. The compressive strength test results of the
control and the 10% waste glass replacement were 20.95 N/mm?, 16.44N/mm? for 7, 26.52 N/mm?, 24.14
N/mm? 14, and 31.38 N/mm?, 28.82 N/mm?28 days respectively. The tensile strength test results of the
control and the 10% waste glass replacement were 2.08 N/mm?, 1.65N/mm? for 7, 2.65N/mm?, 2.41 N/mm?
14, and 3.13N/mm?, 2.89N/mm? 28 days respectively. It can be concluded that all the samples can be used
for structural purposes, this is because all the samples (except for 2.5% replacement which had 23.12
N/mm?) which was less than the maximum strength specified by ASTM 24.2 N/mm? at 28 days.

Keywords: compressive strength, scanning electron microscope, tensile strength, X-Ray
diffraction, X-Ray fluorescence,
al.,2006).Today’s global warming and

INTRODUCTION environmental devastation have become

) ) manifested harms in recent years.There is a

Concrete is a homogeneous mixture serious concern about environmental issues,

of aggregates, water, and cement; and also and a switchover from the mass-waste and

ordinary Portland cement production is mass production society of the past to a zero-

associated_ with high energy demands, _the emanation society is now viewed as

consumption of non-renewable  prime significant studies in recent years (Mane and
materials and the emission of greenhouse Mane, 2012).

gases (essentially CO2) (Szabo et
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The term “sustainable development” was
coined to mean the balance between
technological development and conservation
of the environment. Ever since, in pursuit of
such a balance, the cement industry has been
seeking ways to minimize the adverse side
effects of its activity (Mahasenan et
al.,2003).

Glasses of the family SiO,—CaO-
Na.O take a major share of the total solid
wastes disposed worldwide. As glass is not
biodegradable, landfilling does not provide
the most environmentally friendly solution;
so recycling turns out a better alternative
(Nunes et al., 2013). Waste glass is a
promising alternative cementitious material
that requires relatively minor processing
infrastructure to make it useful and a lot
number of studies have examined the use of
waste glass in cement and concrete (Caijun
and Keren, 2007), such as a raw material in
the manufacture of PC, as an aggregate, inert
filler or as partial Portland cement
replacement (Nunes et al., 2013). Oliveira et
al.,(2013), reported that mortars with 10—
20% incorporation of fine glass as filler,
increased the flexural strength and
compressive strength by 29-86% and 31—
91%  respectively, relative to the
conventional mortar. Schwarz and Neithalath
(2008), studied the influence of fine glass
powder as replacement of Portland cement,
they noted that the use of 5-20% of glass did
not accelerate the setting or increase the early
age strength of cement pastes; however, the
glass powder exhibited a pozzolanicity
similar or greater than that of fly ash.

The addition of replacement materials
to Portland cement brings additional
complexity to the chemical reactions
developed during the hydration of the
composite cements. The dominant product of
these reactions is C-S—H gel, which is
principally responsible for the mechanical
properties of the hydrated cement. C-S—H gel
is generated Dby the interaction of the
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replacement materials with portlandite, CH,
liberated during the hydration of the alite and
belite present in the cement (Taylor, 1997).
This study aimed at overcoming the problem
of glass waste that is generated from human
activities, by determining the addition of
borosilicate and soda-lime silicate waste
glass as to improve the properties of concrete
and their suitability in concrete production.
This is to reduce the quantity of un-recycled
glass waste, which has been suggested to
partially replace cement with waste glass and
reduce problems associated with cement
manufacture.

MATERIALS AND METHODS
Materials

The materials used in this research
include the following: Ordinary Portland
cement, fine aggregate, coarse aggregate,
water sealant cement, soda-lime silicate,
borosilicate waste glass powder and water.

Cement

Ordinary Portland cement was used for the
experimental work (OPC, Dangote Brand)
conforming to the requirement of BS EN
1260- (2013).

Borosilicate Glass and Soda-lime Silicate
Glass wastes

These two glass wastes were obtained
from damaged glass, windows, doors and
fluorescence waste glass. The glasses were
cleaned in water and dried under sun, they
were then ground in a ball milling machine.
The ground samples were then sieved with
75um sieve size, in order to eliminate
particles that were larger than 75um. The
pulverizedsoda-Ime silicate and borosilicate
glass samples were then blend together (ratio
of 1:1) BS 1881-122:(1983).

Fine Aggregate

The fine aggregate used was natural sand. It
was sieved with a 4.75mm BS sieve so as to
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remove impurities and larger aggregates. The
fine aggregate was obtained from nearby
river (ABU Dam). It complies with
provisions of BS EN 1260- (2013).

Coarse Aggregate

The coarse aggregates used were crushed
gravels which were obtained from single
quarry. It is in conformity with the
requirement of BS EN 1260- (2013).

Water

The water that was used for mixing the
concrete was clean fresh tap water free from
injurious oils, chemicals and vegetable
matters or other impurities complying with
the provisions of BS EN 1008- (2002).

Methods

Production of Concrete samples

Mixing and casting of the concrete samples
The constituent materials required for each
sample were measured and weighed on a
digital weighing balance i.e cement, sand and
aggregate, (borosilicate and soda-lime
silicate glass powder) which entails the use of
Building Research Establishment (BRE)
method of mix design 1:2:4 and water-
cement ration of 0.6. The proportion of each
constituents were used in the production of
concrete specimen using mixing machine, the
fresh concrete was casted into 100mm x 100
mm X 100 mm moulds in two layers and was
compacted manually by giving it 25 blows
with a tapping rod in order to achieve smooth
and level compaction for each sample BS
1881 (1996).
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I Curing of Samples
Samples were allowed to set for 24hours
before demoulding and immersion in a pool
of water tank for 7days, 14 days and 28 days
BS 1881-122:(1983).

ii. Concrete Specimens Production
Nine different specimens were produced and
tested at various ages of (7, 14 and 28 days).
Various compositions of the samples (0%,
2.5%, 5.0%, 7.5%, 10%, 12.5%, 15%, 17.5%
and 20%) with specimen A labelled as the
control, specimen B samples replaced with
borosilicate and soda-lime glass. The
variation in the percentage replacement of
cement with borosilicate and soda-lime
silicate glass was to have a stronger basis for
comparison. A total of 108 cubes were casted
and 81 cylinders BS 1881-102:(1983).

RESULTS AND DISCUSSION
X-Ray fluorescence (XRF) Analysis

Table 1 shows the chemical composition of
cement, soda-lime silicate and borosilicate
glass detected in this research. The major
oxides detected were combined proportion of
silicon oxide (SiO2), Aluminium oxide
(Al203) and Iron oxide (Fe203) with
percentage value of
73.202%,72.998%,0.411%, 0.201%,and
0.223%, 0.112% respectively. This result is
similar to that reported by Novais et al.,
(2016), except slight difference in the
percentage composition of SiO2 and Al20s.
This means that soda-lime silicate and
borosilicate glass satisfy the requirement of
ASTM C 618-2005.
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Table 1:Chemical Composition of Cement, Soda-lime silicate Glass and Borosilicate Glass

Percentage Composition (%)

Oxides Cement Borosilicate Glass Soda-lime
silicate Glass

Silica (SiOy) 20.211 72.998 73.202
Aluminium (Al>O3) 4.698 0.201 0.411

Iron Oxide (Fe2053) 3.022 0.112 0.223
Sodium Oxide (Na20) 0.189 5.722 6.843
Calcium Oxide (CaO) 61.889 3.766 6.433
Magnessium Oxide (MgO) 2.619 0.723 1.269
Potassium Oxide (K20) 0.820 0.588 0.168
Sulfur Oxide (SO3) 3.889 0.135 0.158
Boron Oxide(B203)  --—--- 525, e

Loss on Ignition (LOI) 2.660 10.502 11.287

(Gambo et al., 2018)

Compressive Strength Test of Samples

Figure 1 shows the compressive strength of
all the sample specimens at 7, 14 and 28 days
respectively. The compressive strength test
results of the control and the 10% waste glass
replacement were 20.95 N/mm?,
16.44N/mm? for 7 days, 26.52 N/mm?, 24.14
N/mm? 14 days, and 31.38 N/mm?, 28.82
N/mm? 28 days respectively. this can be
attributed to the fact that strength increase at
the early stage due to higher temperature

during placing and setting. It can also be as a
result of rapid hydration process in the paste
therefore the conventional concrete develop
high early strength at early age this is an
agreement with the findings of (Utsevu and
Taku, 2013 :Vignesh et al., 2014) reported
that waste glass powder blended cement
concrete have lower strength than the control,
at 14 days and 28 days the rate of strength
development of the conventional concrete
decrease significantly, the strength were
35.69 and 37.73N/mm?.
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Figure 1: Compressive strength of samples cured in water.

Tensile Strength Test of Samples

Figure 2 shows the tensile strength of
all the sample specimens at 7, 14 and 28 days
respectively, The tensile strength test results
2.08 and 1.65, 2.65 and 2.41, 3.13 and 2.89
of the control and the 10% waste glass
replacement were 2.08 N/mm?, 1.65N/mm?
for 7 days, 2.65N/mm?, 2.41 N/mm? for 14
days, and 3.13N/mm?, 2.89N/mm? for 28
days respectively, this can be attributed to the

fact that strength increase at the early stage
due to higher temperature during placing and
setting. It can also be as a result of rapid
hydration process in the paste therefore the
conventional concrete develop high early
strength at early age this is an agreement with
the findings of (Vijayakumar et al., 2013:
Madhangopal et al., 2014), reported that
waste glass powder blended cement concrete
have lower strength than the control, at 14
days and 28 days.
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Figure 2: Tensile strength of samples cured in water.
Figures 3, 4, and 5 show the XRD

X-Ray Diffraction (X-RD) Analysis patterns of hydrated cement paste of the
Control, 10% and 20% replacement after 28

day respectively.
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Figure 3: X-ray diffractograms pattern of the control 0% waste glass powder. It shows
10% of portlandite (Ca(OH)2)
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Figure 4: X-ray diffractograms pattern of the 10% waste glass powder. It shows 2% of
portlandite(Ca(OH).)
4000 —| 20 SAMPLE | ;:‘.%}:W
L\Lw-lw&aij Q‘LM\J \ mJUHMiJ“MULhuMva‘J J;\..;,«,MIM
Figure 5: X-ray diffractograms pattern of the 20% waste glass powder. It shows 5% of
portlandite (Ca(OH)2).
Fig. 4. shows the X-ray hydration of the alite and belite present in the

diffractograms pattern of the 10% waste glass
powder of concrete sample material cured at
room temperature for 28 days, whose in the
concrete mixture, several minerals present in
the concrete mixture used as a precursor are
identified, such as microline, quartz, biotite
calcite and portlandite (67%, 14%, 13%, 4%
and 2% respectively) type; It is observed that
the intensity of the peaks, in particular of
portlandite, is significantly reduced in the
10% waste glass sample than the control in
fig. 3 (10% of porlandite in the Control and
2% of portlandite in 10% of waste glass
replacement).

The reduction of diffraction lines
intensity of portlandite is mainly due to the
addition of replacement materials to Portland
cement which brings additional complexity
to the chemical reactions developed during
the hydration of the composite cements. The
dominant product of these reactions is C-S—
H gel, which is principally responsible for the
mechanical properties of the hydrated
cement. C-S—H gel is generated by the
interaction of the replacement materials with
portlandite, CH, liberated during the

cement (Taylor, 1997). However, it can be
seen from fig 5, that this reduction is also
present in the 20%, of waste glass sample
which was 5% reduction. This allow us to
deduce that, in addition to hydration reactions
of alite and belite, a partial dissolution of
certain crystalline phases occurs; this is
consistent with results reported by other
authors for several types of precursors
(Ahmari et al., 2012). However, this decrease
in intensity has also been attributed to the
increase in the SiO2/Na.O ratio due to the
presence of sodium silicate in the mixture
(Komnitsas et al., 2015). The small traces of
portlandite (Ca(OH).) are attributed to the
hydrated cement contained in the undissolved
concrete mixture particles.

Scanning Electron Microscope (SEM)
Analysis

Plates 1, 2, and 3 show the
microstructure of the Control 0%, 10% and
20% waste glass powder replacement
respectively.
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Plate 1: A SEM micrograph of control 0% waste glass powder. CH = Ca(OH)2
C-S-H = Calcium Silicate Hydrate gel

Signal A = SE1 Date :6 Apr 2017
WD = 18.5 mm Mag= 501X Time :12:14.03

Plate 2: A SEM micrograph of 10% waste glass powder. CH = Ca(OH):
C-S-H = Calcium Silicate Hydrate gel

100 pm EHT =20.00 kv Signal A = SE1 Date 6 Apr 2017
| | wo=155mm Mag= 513X Time 111:51:09

Plate 3. A SEM micrograph of 20% waste glass powder. CH = Ca(OH):
C-S-H = Calcium Silicate Hydrate gel
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Plate 1: shows the micrograph of the
control 0% waste glass powder (Pure Portland
cement cured at room temperature for 28 days.
The grey level of the phases present can be
observed. In descending order of brightness,
the anhydrous phases, calcium hydroxide, C—
S—H gel and porosity (which appears black)
can be distinguished, as indicated in plate 1.
The first connected the composition of C-S-H
to that of portlandite, marked CH in plate 1 and
corresponding to the cement hydration of alite
and belite respectively.

These analyses are believed to

correspond to a fine intimate mixture of C-S—
H and CH formed in space originally occupied
by water. It is concluded that it must be finely
intermixed with the C-S-H and excess of
portlandite Ca(OH). of about 10% as indicated
in fig. 3.
This results imply that the use of pozolannic
materials (SiOz) reacted with the excess
Ca(OH), promoted the formation of C-S—H,
which was consistent with a high compressive
strengths.

In general, the microstructure of 10%
(Plate 2.), and 20% (Plate 3.) waste glass
replacement were denser than that of the
control which was attributed to the presence of
abundant and reactive particles of SiO;
homogeneously dispersed. This result is
similar to that of Escalante-Garcia and Sharp
(2014).

The microstructure of control sample
appeared less dense than the others, which was
consistent with the excess of portlandite
Ca(OH),. On the other hand, it was noteworthy
that unreacted waste glass powder particles
were scarce, and that the smallest ones
appeared completely reacted while the larger
ones showed thick rims of reaction products
(inner products).

This indicates that the SiO> strongly promoted
the utilization of excess of portlandite
Ca(OH),, but not necessarily the reaction of
SiO; with portlandite Ca(OH).. The chemical
composition of the rims of the waste glass
powder particles had a composition similar to
that of (Avila-Lopez et al.,, 2015) which
indicates the presence of silica gel and C-S—H

gel.
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CONCLUSION

In conclusion the chemical analysis of
waste glass powder and cement, samples were
determined using X-Ray fluorescence (XRF)
technique and found minor differences in the
chemical composition of cement, soda-lime
silicate and borosilicate glass. The major
oxides detected were combined proportion of
Silicon oxide (SiO2), Aluminium oxide
(Al203) and Iron oxide (Fe203) with
percentage value of 73.202%, 72.998%,
0.411%, 0.201%, and 0.223%, 0.112%
respectively. The microstructural
characterization was also carried out using
Scanning Electron Microscope (SEM) and X-
Ray Diffraction (XRD) to characterize the
concrete samples. It was found that the
morphology of concrete samples modified
with waste glass powder (10%, 15%, and 20%)
was denser than the control sample. Also,
XRD results indicated that the intensity of the
peaks, in particular of portlandite, is
significantly reduced in the 10% waste glass
sample than the control (10% of portlandite in
the control, 2% of portlandite in 10% and 5%
of portlandite in 20% waste glass
replacement). Various compositions of the
samples (Control 0%, 2.5%, 5.0%, 7.5%, 10%,
12.5%, 15%, 17.5% and 20%) of concrete
cube and cylinder samples were prepared and
tested for strength at 7, 14 and 28 days of
curing. The compressive strength test results
of the control and the 10% waste glass
replacement were 20.95 N/mm?, 16.44N/mm?
for 7, 26.52 N/mm?, 24.14 N/mm? 14, and
31.38 N/mm?, 28.82 N/mm? 28 days
respectively. The tensile strength test results
2.08 and 1.65, 2.65 and 2.41, 3.13 and 2.89 of
the control and the 10% waste glass
replacement were 2.08 N/mm?, 1.65N/mm? for
7, 2.65N/mm? , 2.41 N/mm? 14, and
3.13N/mm?, 2.89N/mm? 28 days respectively.
It can be concluded that all the samples can be
used for structural purposes, this is because all
the samples (except for 2.5% replacement
which had 23.12 N/mm?) exceeded the
maximum strength specified by ASTM 24.2
N/mm? at 28 days.
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Abstract

The fracture characteristics and mechanical stability of thermoset composites are of utmost importance
in some engineering applications. In this study, novel 3-aminopropyltriethoxysilane coupled
nanoporous organically modified calcites, “core-shell”, clay “SOBM-Ormocal” was used to reinforce
phenol-free epoxy matrix. Such particulate nanoporous core-shell fillers are meant to diffuse stress
concentrations within their host matrices thereby enhancing shear yielding in composite structures.
But, on the contrary, this phenomenon greatly limits yielding and post-yield behaviour in particulate
filled thermosets giving interesting fracture characteristics which were clearly evident in electron
microscopy images obtained after cryo-fracture of the phenol-free epoxy composite samples. A careful
assessment of the matting cracked surfaces presented features of brittle fracture even at very low filler
loading, with no discernible stretch fibrils or ribs. Instead, crack pinning, tongues, inclusions, river
markings, valleys and plateaus and bifurcations, were evident.

Keywords: 3-Aminopropyltriethoxysilane, Nanoporous, Core-Shell, Calcite, Organophilic, Ormocal

Introduction

The use of conventional fillers such as
talc, calcium carbonate, mica, layered double
hydroxides, sodium or calcium
montmorillonite clays, often leads to a
temptation of using large quantity of fillers in
the polymer matrix, first to cheapen the
material, and secondly to have significant
improvements in the composite properties,
especially mechanical and thermal properties
(Dai et al., 2005; Azeez et al., 2012).
However, size, shape and form of filler or
reinforcement play very significant roles in
performance property enhancement
(Choudhury et al., 2010; Lee et al., 2003).
Polymer composites filled with nano-sized
fillers have received considerable attention
leading to an upsurge in various engineering
applications due to  their  unique
multifunctional ~ property  enhancement.
Furthermore, it has been widely reported that,
the combination of filler nanoscale dimension

and high aspect ratio accompanied by surface
modification and a high level of nanoscale
dispersion and distribution within the
polymer matrix wusually leads to the
improvements in the polymer properties at
thresholds of filler volume fractions not more
than 5 percent (Azeez et al., 2012; Dai et al.,
2005; Fertig & Garnich, 2004; Ha et al.,
2007).

Nanoporous fillers with high surface
area may also produce good composites at
very high filler loading up to 85 percent mass
fraction (Carrado, 2000). However, this
usually has consequences, and in some cases
may be associated with some undesirable
properties such as brittleness, unbearable
stiffness or loss of opacity in the final
nanocomposite material. In an extensive
review, Pavlidou and Papaspyrides (2008)
reported that the efficiency of properties
improvement depends largely on the nature of

$ Department of Polymer & Textile Engineering, Federal University of Technology, Owerri, (N. C. Iheaturu,
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the filler material, mechanical properties of
the filler, the level of adhesion and intimacy
between filler and matrix both at the filler-
matrix interface, and within the filler material.
This has led to various efforts by researchers
to improve on the dispersion level of clay
platelets in various epoxy matrices.
Exfoliation, intercalation and immiscible clay
morphologies have been reported as the
different possibilities for improved polymer
molecule-filler interactions in their host
matrix (Paul & Robeson, 2008). The
enhanced anatomy and physiology of the
internal structure of the polymer composite
material by clay intercalation, exfoliation
and/or effective interpenetration of the
polymeric chains into and within nanoporous
core structure of the clay platelets, rather than
ordinarily dispersing the clay platelets in the
polymer matrix are presumed to be the basis
for obtaining composites with good
mechanical, dimensional and thermal stability
properties (Marouf et al., 2008).

Microstructural Characterization of
Composites Fracture — Fractography

Fractography usually begins with a thorough
macro and microscopic inspection of the
mating surfaces of the fractured composite
material. In the case of cracked surfaces,
fractography aids the interpretation of the
morphology and topographic information of
fractured surfaces gleaned at microscopic
level (Jansen, 2014). Microstructural defects
in epoxy clay composites as a result of
particulate solids used as filler or extenders
have been seen to be responsible for changes
in composites response to loading. Such
defects appear as cracks, voids, slipped
regions and crazing (Krajcinovic, 1989;
Kortschot et al., 1991) Usually, there may be
a spatial distribution of these point defects
within the entire volume of the composite
material leading to possibility of different
failure modes; dimple rupture, cleavage,
fatigue fracture and decohesive rupture.
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However, it has been reported that
such fracture modes may be delayed or totally
prevented with modified epoxied nanoparticle
inclusion that could enhance epoxy
composites toughness by way of crack
pinning, bridging, crack path deflection,
yielding induced shear banding and micro-
cracking (Liang & Pearson, 2009, 2010).
While, tough and less brittle composites may
be due to effective crack bridging by
nanoparticle inclusion in an epoxy matrix, the
elastic parameters of a polycrystalline
nanoporous filler material may be dependent
on the type of constituent crystal that makes it
a stable mechanical system. It has been
reported however, that core clays or
nanoporous fillers in thermoplastics or
thermoset matrices remain more or less rigid
within their host matrices and show non-
linear response to an applied force (Liang &
Pearson, 2010). On the contrary, Bagheri and
Pearson inferred that inter-particle distance of
rubber modified nanoporous fillers in epoxy
matrix rather than induce micro voids, have a
more influential role in toughening epoxy
matrices. This investigation was shown via
electron  microscopy of cryo-fractured
surfaces in liquid nitrogen whereby the epoxy
composite  materials  exhibited  similar
behaviour in fracture toughness tests (Bagheri
and Pearson, 1996, 2000). In the investigation
by Liang and Pearson, (2009), the crosslink
density of epoxy matrix filled with silica
nanoparticles was found to be inversely
proportional to composites toughness (Liang
& Pearson, 2009). This behaviour leads to
different fractured surface characteristics of
epoxy composite materials. Whereas, at the
microscopic level, fracture of brittle and stiff
epoxy composites usually takes place without
any visible shear vyielding and minimal
deformation or elongation, macroscopically,
the mating fractured surfaces exhibit little
separation with minimal distortions (Jansen,
2014). On the contrary, fractured ductile
composites would show stretched tips with
overhanging fibrils.
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Specific objective of this work

Our specific objective is to investigate
the mechanical and fracture characteristics of
phenol-free amine-cured epoxy composites
filled with 3-aminopropyltriethoxysilane (3-
APTES) coupled organically modified
nanoporous spent oil-base drilling mud
otherwise “core-shell” organically modified
calcite clays - SOBM-ORMOCAL (lheaturu
& Madufor, 2014), in very low temperature
environments.

ISSN: 1119 - 4111

Nnamdi Chibuike Iheaturu

Experimental methods

All chemicals used for this work were of
analytical grade. Acetone (CH3COCHS3) and
tetraoxosulphate VI acid (H2SO.) were
obtained from MERCK KGaA, Darmstadt,
Germany. 99% anhydrous ethanol was
supplied by Kemetyl A/S, Kage, Denmark.
Hexadecyl trimethyl ammonium bromide
(HDTMA-Br) (Ci9H42N.Br) dispersant was
from  SIGMA-ALDRICH, while  3-
Aminopropyltriethoxosilane (3-APTEYS),
with structural formula shown in Fig. 1, was
supplied by Alfa Aesar GmBH & Co. KG,
Karlsruhe, Germany.

Q/\CHB
N :
H -

3C 0 ?I_\\/’\NH2

HsC._O

Figure 1: Structural formula of 3-Aminopropyltriethoxysilane (3-APTES), Linear Formula:
H2N(CH.)3Si(OC2Hs)s, Molecular Mass: 221.37g, Density: 0.946 gmL™ at 25°C, Boiling

point: 217°C per 760 mmHg

The epoxy resin used for this study is
a two (2) component laminating PRO-SET
epoxy system from PRO-SET Inc., Bay City,
MI, USA. The components are 135/229 epoxy
resin and phenol-free amine hardener, which
are formulated for laminating synthetic
composite structures. The 135/229 mixture,
provides a working time of approximately
120 minutes at 22.2°C bonding. According to
ASTM D-2427-71, 135/229 has pot life of 59
minutes for 100g mixture. Particle size
distribution of the core clay filler material
obtained via calcination of spent oil base mud
(SOBM) cuttings was 10.94% of particles less
than 100um, out of which maximum size of
the smallest 6.78% corresponding to 45um
were  3-aminopropyltriethoxosilane  (3-
APTES) coupled organically modified
SOBM core-clay referred herein as “core-
shell” clay filler, otherwise SOBM Filler-1.
Specific gravity of the core clay is 2.77gcm™.

Energy Dispersive X-Ray (EDX) Analysis
and Scanning Electron Microscopy (SEM)

of SOBM “Core-Shell” Clay

Chemical composition and image
analysis of 40um sized core-clay samples
were carried out using the Hitachi SU-70 and
Zeiss EVO-60 Scanning Electron
Microscope, with accelerating voltage up to
15KV in back scattered mode.

Method for Epoxy Composite Moulding

3-APTES organically modified clays
obtained by calcination of spent oil-base
drilling mud (SOBM) were introduced into
the epoxy resin at various mass fractions of
0.8 mass percent, 1.6 mass percent, 4.0 mass
percent, and 8.0 mass percent corresponding
to 19, 29, 5g and 10g of the total 126g mass
of both epoxy and hardener. Method for
aminosilane coupling on the organically
modified hydrocalcites-rich spent oil-base
drilling mud (SOBM) “core-shell” clay,
Ormocal — christened “SOBM Filler -1,
earlier reported (lheaturu and Madufor,
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2014). Epoxy composites preparation method
reported by Khanbabaei et. al., (2007), was
modified by first of all subjecting a mixture of
the epoxy resin pre-polymer and core-shell
clay to ultrasonication. A first stage
mechanical high speed mixing was carried out
at 200rpm for 15minutes. This first stage
mixing enables sorption of epoxy pre-
polymer into the crevices of the core clay
before hardener addition into the mixture.
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added to the epoxy clay mixture and stirred
vigorously with the high speed mechanical
mixer. This second stage mechanical mixing
was done at 200rpm but this time, for
10minutes in order to homogenize the entire
composites formulation. The stirring time was
reduced to avoid turbulence and emergence of
air bubbles as a result of vigorous stirring
action of the stirrer. These steps are clearly
represented in Figure 2.

Then, 269 of phenol-free amine hardener was

Clay Filler
3-APTES Coupled

Organically Modified
SOBM “core-shell” clay

26g phenol-free
amine hardener

<

a0

- Ultrasonication 1st Mechanical Homogeneous
Matrix Epoxy-“core- |\l . TOMOEENEOUS
E _polvmer ) mixing @ 200rpm mixture
POXy pre-polyme clay” ultrasonic |1/ for 15minutes Ep_oxy + Clay
mixing

~

2nd Mechanical
mixing @ 200rpm
for 10minutes

Composites moulding

Degassing using silicon moulds

~

Oven Curing @
50°C

Composites testing:
Tensile, fracture analysis

Composites De-
moulding

— m

Figure 2: Schematic representation of epoxy composites preparation

To  obtain  dog-bone  shaped
composites for testing, the mixture of 100g
epoxy and 26g hardener with different mass
percent of 3-APTES coupled “core-shell”
clay filler; 0, 0.8, 1.6, 4.0 and 8.0 mass
percent, was poured into silicone moulds. The
mouldings were degassed for a few minutes to
allow micro-bubbles trapped in the resin-clay
mixture in the course of moulding, to escape.
Composite curing was done in a laboratory
oven at a controlled temperature of 50°C for
12 hours before releasing them from the

mould.

Energy dispersive x-ray (EDX) and
scanning electron microscopy (SEM)
analysis

High resolution micrograph with resolution of

up to 50pum, were obtained with the Hitachi
SU-70 and Zeiss EVO 60 SEM in back
scattered electron (BE) mode.
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Tensile Testing of 3-APTES Coupled Core-
Shell Clay Filled Epoxy Composites —
ASTM D638

Prior to testing, dog-bone shaped
epoxy core-shell clay filled samples were
conditioned at liquid nitrogen temperatures of
-196°C for 30 minutes. Tensile tests were
carried out with ZWICK/ROELL Z100
equipment according to ASTM D638, at
cross-head speed of 500pm/min, grip-to-grip
separation of 60mm, and E-modulus speed of
2mm/min. The E-modulus was electronically
measured by the extensometer directly
connected to the neck of dog-bone sample.
All measurements were zeroed before testing.
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Fractography

Fractured surfaces were examined
using the Zeiss scanning electron microscope,
model: EVO 60, with 10KV accelerating
voltage. This procedure exposed the
topography and surface characteristics of the
tensile-tested-to-failure fractured surfaces.

Results and Discussion

Results of EDX and SEM Analysis

Chemical composition of core-shell
clay filler by EDX Analysis as obtained by
Hitachi SU-70 SEM is presented in Table 1.

Table 1: Chemical composition of SOBM core clay by EDX

Element ZAF Weight % Atom %
Aluminium (Al) 1.827 4.68 7.64
Silicon (Si) 1.521 22.92 35.99
Potassium (K) 1.110 3.13 3.53
**Calcium (Ca) 1.067 27.87 30.66
Titanium (Ti) 1.193 1.23 1.13
Iron (Fe) 1.123 15.17 11.97
Molybdenum (Mo) 1.442 7.60 3.49
Barium (Ba) 1.356 17.40 5.59
Total 100.00 100.00

The elemental composition shows almost
equal weight fractions (weight %) of 22.92%
silicon (Si) and 27.87% calcium (Ca) in the
calcined SOBM clay. Iron (Fe) content was
15.17%, while 17.40% barium (Ba) content
may have come from barites used as
weighting agent in mud formulation.

SU-70 15.0kV 16.2mm x1.00k SE(M)

High resolution micrograph from SEM with
resolution of up to 50um, obtained with the
Hitachi SU-70 and Zeiss EVO 60 SEM in
back scattered electron (BE) mode are
presented in Figures 3 (a.) and (b.).

EHT =20.00 kV
WD = 80mm

Signal A = InLens
Mag= 3.82KX

Date :17 Nov2009  Time :10:58:38
Dept. of Mechanical Engineering
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Figure 3: Images of (a.) Calcined SOBM “core” clay and (b.) 3-APTES coupled SOBM “core-
shell” clay. Marked zone indicate frozen-in melt region as a result of high temperature

treatment

Tensile Properties of Epoxy Composite

Samples

The average values of three (3) consecutive
tests for one composite formulation, of which
+5% of the average were plotted in Figure 4,
representing tensile behaviours of 3-APTES

coupled SOBM core-shell clay filled epoxy
composites measured at the crosshead speed
of 500pmmin?, while the variations in tensile
strength, ultimate strength, percentage strain,
E-modulus and toughness with respect to
nanoporous core-shell clay filler content in
the phenol-free epoxy matrix interpreted from
the graph are presented in Table 2.

70 -~
60 -
50 -
© 40 -
[a W
2
%)
g 30 -
s —8&— Unfilled
(Vp]
—6—0.8wt %
20 wt %
—A—1.6wt%
10 —X— 4wt %
—— 8wt %
0 &8 T T T T 1
0 0.005 0.01 0.015 0.02 0.025

Strain (%)

Figure 4: Comparative stress-strain behaviour of 3-APTES coupled core clays

Table 2: Mechanical properties of 3-APTES coupled-SOBM core clay epoxy composites

Composite
Sample ID /wt

0.010
0.012
0.023
0.015
0.005

From Figure 4, there is a clear difference
between the tensile strength of unfilled
phenol-free epoxy and that of filled epoxy
material. Similarly, the effect of gradual

Strain /%/ Ultimate E-modulus | Toughness
Strength /MPa/ IGPa/ IMPa.10-?/
%/

28.666 2.871 0.100
35.724 3.069 0.099
54.682 3.327 0.194
46.081 3.105 0.128
48.069 10.018 0.048

increase in filler volume fraction on some
mechanical properties of the composites is
also evident as shown in Table 2. Almost all
the samples showed considerable resistance
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to deformation. Whereas the E-modulus value
associated with stiffness property of the
unfilled phenol-free epoxy matrix was
2.871GPa. The gradual inclusion of the 3-
APTES coupled core-shell clay filler, led to
increase in E-modulus. However, 4wt% of the
core-shell clay filler material, gave a reduced
E-modulus of 3.105GPa which may be
attributed to dysfunctional filler-matrix
interactions due to processing flaws or
presence of un-imploded and unreleased
micro bubbles trapped within the core-clay
structure. The E-modulus increased to
3.327GPa when the filler volume fraction was
doubled up to 1.6wt%. As the mass fraction
of SOBM Filler-1 increased, the material
absorbed more tensile energy than the unfilled
epoxy. It is therefore obvious that the core-
shell clay material has significant effect at
increasing the stiffness of the epoxy
composite material. The epoxy composite
material with the highest ultimate strength of
54.682MPa is that filled with 1.6wt% 3-
APTES coupled core-shell clay filler.
However, as filler volume fraction increased
up to 8wt %, the composite’s ability to
withstand the acting tensile force and absorb
energy reduced. The normalized strain rate of
4.47 is highest also for the epoxy composite

- ',ér_a}tk‘
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material filled with 1.6wt% core-shell clay
filler. This normalized strain value was
calculated as a percentage of the unfilled
epoxy matrix.

Fracture analysis

Surface characteristics of fractured unfilled
phenol-free epoxy and that of 3-APTES
coupled nanoporous core-shell clay filled
epoxy composites observed with the scanning
electron microscope are presented in Figures
5, 6 and 7 respectively. Macroscopically, the
cracked samples were characterized by
relatively smooth surfaces for the unfilled and
all filled epoxy composite samples. But at the
microscopic level, as shown in the SEM
images, certain features became visible. For
the unfilled epoxy, a point of crack initiation
is visible in Figure 5. Also, visible are
diagonal lines of striations, ridges, incisions
and river marks in a pattern similar to that
resulting from cleavage fracture as a result of
sudden impact. However, certain features
show that some impurities may have, in one
way or the other, found their way into the
epoxy  matrix-filler ~ mixture  during
preparation and / or casting.

0 Erack
initiation
point 4

&

- 2 4 [
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2

oot Ir\n@u_rllt'les ¥

WD= 73 mm

EHT = 20.00 kV
Mag= 1.20KX StageatT= 0.0°

Signal A= SE2

Tilt Corrn. = Off = 4.88e-.006 mbar

Figure 5 SEM microgrph of fractured ufiled phenol-ee epoxy composite
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SEM image of 0.8wt% and 1.6wt% silane
coupled SOBM clay, as shown in Figures
6(a.) and (b.) respectively, indicate the
existence of micro-cracks which originated
from multiple plateaus and valleys at different
elevations with respect to one another. The
surfaces are characterized by convex contours

)
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whose edges are the grain boundaries of
nucleating cracks. Clearly visible also are
dimples formed from the existence of micro-
voids. These dimples are initiated as a direct
consequence of tear and shear loading at the
points of nucleating cracks.

Figure 6: SEM micrograph of fractured epoxy composite surface filled with (a.) 0.8wt% and
(b.) 1.6wt% of 3-APTES coupled SOBM core-shell clay filler

From Figure 6, the number of dimples which
is governed by number and distribution of
nucleating micro-voids is high. On the other
hand, fractography of 3-APTES coupled
SOBM  core-shell-clay  filled  epoxy
composites as presented in Figures 7 (a.) and
(b.) respectively, are those of relatively plain

Sl e

Crack di §
y kS 4 K ;g
\‘ | @ ; : : @ ‘

surfaces indicating non-linear behaviour of
the filled epoxy composites, showing micro-
cracks, dips and tongues. It can be inferred
that the micro and macro cracks, dips and
tongues are indicative of well dispersed and
well distributed core-shell clay filler material
used as reinforcement in the epoxy matrix.
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bridging”, Crack

,(

tongue and crack’dip iyt

>

Figure 7: SEM micrograph of fractured epoxy composite surface filled with (a.) 4 /wt% and
(b.) 8 /wt% of 3-APTES coupled SOBM core-shell clay filler

4wt% and 8wt% 3-APTES coupled SOBM
core-shell clay filled epoxy is indicative of
diffused crack propagation along grain
boundaries as a result of SOBM core-shell
clay particles imbedded in the epoxy matrix.

When a fatigue crack approaches such a
particle, it is briefly retarded if the particle
remains intact, or accelerated if the particle
cleaves. In this case, there seems to be a very
clear sign of crack path deflection as a result
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of SOBM porous clay particle bridging. The
crack path deflections may have led to
elongated dimples and crack tongues
signifying shear fracture as shown in Figures
6 (a.) and (b.). Visible also are multiple points
of crack pinning which may be showing a
distributed stress concentration along grain
lines as a result of SOBM clay nanoporous
morphology in the form of foamed clay
materials. Evidently, the clays may have
helped to diffuse crack propagation along
grain boundaries and crack paths.

Conclusion

We have presented phenol-free epoxy
composites filled with nanoporous core-shell
calcite-aluminosilicate clays and their cryo-
fracture character at very low temperatures.
Tensile test results show brittle behavior of
core-shell clay filled epoxy composites. SEM
images confirmed reasons for brittle
mechanical behavior with the absence of
shear yielding. It is therefore evident that as
the silane coupled SOBM clay concentration
increased from 0.8wt% to 1.6wt% volume
fraction, and with effective SOBM filler
dispersion, the clay particles transmitted
stresses throughout epoxy matrix while at the
same time bridging crack propagation.
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Abstract

Plastic waste materials pose great challenge worldwide as they affect both human and marine life, in
every environment where waste is indiscriminately disposed of. The use of coir fibre and WLDPE for
the production of paver block has been studied. Rockwell hardness, water absorption, and
compression tests were conducted on samples developed with cement and WLDPE with 5%,10% and
15% coir fibre-content. This is supported with Phenom Pro Desktop SEM. The convention paver block
recorded a hardness value of 97.3RHN while the 15% filled WLDPE block had the highest hardness
value of 91.3RHN compared to other WLDPE blocks. The water absorption result showed that the 5%
filled WLDPE blocks absorbed 2.20%, the cement block had 4.96% water absorption and the 15% filled
block recorded absorption of 8.20%%. The WLDPE blocks, however, showed better compression
strength than the cement blocks. The 5% filled WLDPE had the highest compression strength of
20.1MPa with the cement block recording a value of 9. 56MPa.Results from this study show that
WLDPE offers better and cheaper alternative for the production of paver blocks.

Keywords: Waste Low-Density Polyethylene (WLDPE), Compression strength, paver block.

As plastic is non-biodegradable, its disposal

Introduction _ has been a problem. The 79% deposited in
The production and demand of plastics landfills and other natural environment
globally have increased consistently since pose grave environmental hazards,
the first plastic material was produced. however, these hazards can be reduced
Hence, an increase in the amount of plastic through a thorough recycling process.
waste generated. Greyor, Jambeck, and Plastic recycling is the process of
Law (2017) calculates that 8.3 billion recovering plastic wastes and turning old or
metric tonnes of plastic have been produced scrap plastic into useable products that can
in the 65 years since when plastics were re-enter the manufacturing chains. The
mass_produced, 6.3 billion metric tonnes of recycling of plastics is capable of creating
plastic waste has been generated as of 2015, more job opportunities and minimize the
only 9% have been recycled, 12% hazards associated with improper disposal
incinerated and 79% deposited in landfills of plastic wastes (Temitope et al.,2015).

or natural environment.
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The increasing demand for alternative
construction materials other than Ordinary
Portland Cement (OPC) has led to research
in the application of plastics as construction
materials. Typically cement contain an
average of 84% Portland cement clinker;
the clinker manufacturing process releases
0.9 tonnes of CO2 per tonne of clinker
(Mehta and Walters,2008). The emission of
CO: is responsible for global warming. In
order to protect the environment, it is
necessary that new materials with improved
mechanical be developed. The use of waste
plastics for making paver blocks has several
advantages over conventional cement paver
blocks. Some of the advantages include
relative cheapness, less time required for
production, comparative lightweight to that
of cement paver blocks, and reduction in
the emission of greenhouse gases
(Temitope et al.,2005).

One challenge with the use of waste plastics
as replacement for fine or coarse aggregate
in concrete or mortar mix is the reducing
compressive and flexural strength with
increasing plastic addition. Pramod et al.,
(2013) used recycled plastic aggregate as
replacement for coarse aggregate in the
production of concrete. Results showed
decrease in 7days and 28days compressive
strength with as coarse aggregate was
replaced with recycled plastic. Similar
result was obtained by Ramesh et al.,
(2004) and Zainab and Enus (2007). Zainab
and Enus attributed the decreasing
compressive and flexural strength to poor
adhesion between plastic and cement.

Low-Density Polyethylene (LDPE) which
is used in the production of plastic bags and
films make up a large chunk of all plastic
waste in Nigeria. This is as a result of
millions of used polyethylene being thrown

ISSN: 1119 - 4111

Yibowei et al.,

on a daily basis onto the streets of virtually
every city, town and villages in Nigeria
(Babatunde and Biala,2010; Bassey et
al.,2017). Sources of these waste include
Residential, commercial, institutions and
industries. About 70% of Nigerian adults
drink, at least a sachet of water per day
resulting to almost 50 to 60 million used
polyethylene sachets disposed of daily
across the country (Bassey, et al., 2017).

Coir is the name given to the fibrous
material that constitutes the thick mesocarp
(middle layer) of the coconut fruit (Cocos
nucifera). The husk of the coconut contains
approximately 75 percent fibre and 25
percent fine material (Maher,2008). Coir
fibre has the highest toughness of natural
fibres and they have been wused as
reinforcement in  low-cost  concrete
structures (Ali, et al., 2012).

In this work, an attempt has been made to
manufacture paver blocks by using waste
LDPE up to 70% by weight, with fine
aggregates and coir fibres. The blocks
produced were tested for their compressive
strength, hardness and water absorption.

Experimental
Materials

The Waste Low-Density Polyethylene
(WLDPE) was sourced from different
residences and industries and dumpsites in
Lagos. Coir fibres were also collected from
Badagry market in Lagos, Nigeria. The
entangled fibres were separated by hand,
washed with distilled water and cut to 1-
inch lengths. River sand was sieved to get a
particle size of 3.5mm
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Fig 1: Shredded WLDPE

Material preparation/ Methodology

The collected waste plastic was washed,
shredded and dried. Sand was poured into a
metal barrel and heated to 200°C for
15mins and the shredded plastic was
introduced. The mixture was heated and
stirred for 15mins to get a paste. Different
weight percentage composition of coir
fibres; 5%,10% and 15% were added to the
paste, stirred for 2mins and poured into a
194mm x 134mmx 40mm [-section paver
mould. Proper compaction was done to
ensure that the paste fills the entire mould
and no air was trapped. Samples were taken
out of the mould and allowed to cure at
ambient temperature for 7 days.

Test procedure
Hardness

A hardness test was carried out on the
samples to measure the resistance to
indentation with a Qualitest, Rockwell
Hardness Tester and it was determined by
measuring the permanent depth of the
indentation. A sample was placed on the
sample holder and a sharp dent was made
by a load of 1500N on the sample. Each
sample was tested at different points, the
hardness values were recorded and the
average was calculated. The sample
hardness was tested on either end of the
samples and also at the centre.

Fig 2: Developed WLDPE block

Fig 3: Coir Fibre

Compression

The compression test was determined on
each sample using a motorized crushing
machine.  Samples were weighed and
placed between two plates which applied
load across the entire surface area of the two
opposite faces of the test sample causing the
sample to deform.

Water absorption

The water absorption was determined
according to ASTM D570.Samples cut to
5mm by 5mm were dried in an oven for 1hr
at 50°C and allowed to cool. They were
immersed in 100ml of water for 24 hrs they
were taken out, wiped clean with a cloth
and re-weighed. The water absorption was
calculated using the Eq. (1).

Wo—Wq

% Water Absorption= x 100
Eqg. (1)
W> = Wet weight (g)

W1 = Dry weight (g)

w1

Morphology

The morphology of the samples was
determined using a Phenom Pro Desktop
Scanning Electron Microscope (SEM) with
a magnification range up to 150,000x and
light optical magnification between 20-
134x. A 10mm diameter and 5mm thick
sample was mounted on the stub using a
metallic adhesive, the stub was place on a
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sample holder and the height of the sample
was adjusted so that it was just 2mm from
the surface of the holder. A 10KV electron
beam was focused on the samples with the
view depth of 521um to view the surface.

Results

Compressive Strength

The WLDPE samples did not fracture,
unlike the cement blocks, rather they
continued to flatten out as the load was
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applied. However, there was a consistent
reduction in the compressive strength as
fibre loading increased. The reduction in
compressive strength as fibre loading
increased could be as a result of poor
interfacial adhesion between the fibre and
plastic (Meenalochani & Vijayasimha
Reddy, 2017). The 5% WLDPE had the
least compression strength compared to
other WLDPE samples. Comparing the
WLDPE blocks with the cement blocks, the
WLDPE block had better compressive
strength.

Table 1: Compressive strength of cement and WLDPE samples

Sample WLDPE Ratio  Coir Ratio Sand Ratio ~ Cement Ratio Compression
Strength(Mpa)
Cement block NIL NIL 4 1 9.6
WLDPE (5%) 1 0.07 0.4 NIL 20.1
WLDPE 1 0.14 0.3 NIL 16.2
(10%)
WLDPE 1 0.21 0.2 NIL 10.8
(15%)

= = N N
o (€] o (6]

Compression strength( MPa)
(53]

Cement 5

10 15

Fibre loading (volume %)

Fig. 4: showing graph of compression strength against fibre loading

Hardness

Figure 5 shows the graph of hardness
against fibre loading. The cement blocks
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had the highest hardness value. Again, the
hardness of the 5% WLDPE sample was the
lowest due to the presence of large pores in
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the sample. There was little change in the
hardness of the 10% and 15% filled
WLDPE.

Table 2: Hardness values of cement and WLDPE samples.

Sample WLDPE Ratio  Coir Ratio Sand Ratio Cement Hardness
Ratio (HRN)
Cement block NIL NIL 4 1 97.3
WLDPE (5%) 1 0.07 0.4 NIL 88.5
WLDPE (10%) 1 0.14 0.3 NIL 90.0
WLDPE (15%) 1 0.21 0.2 NIL 91.3

Hardness (HRC)
o0 (Yo} (Vo) (o)
0 O N H

o]
)]

o]
B

Cement 5

10 15

Fibre loading(volume %)

Fig. 5: showing graph of hardness against fibre loading

Water absorption

The water absorption result showed that the
cement block absorbed more water than the
WLDPE samples. It also showed that fibre
addition led to increasing water absorption.
Coir like most natural fibres has high

hydroxyl content making it susceptible to
absorb water. The water absorption tends to
increase with increased fibre content
(Meenalochani & Vijayasimha Reddy,
2017). Comparing the cement block with
the WLDPE block, results showed that the
WLDPE blocks absorbed less water.
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Table 3: Water absorption value of cement and WLDPE samples

SAMPLE WLDPE COIR RATIO SAND RATIO CEMENT WATER ABSORPTION
RATIO RATIO (%)
Cement block NIL NIL 4 1 4.96
WLDPE (5%) 1 0.07 0.4 NIL 2.19
WLDPE (10%) 1 0.14 0.3 NIL 3.33
WLDPE (15%) 1 0.12 0.2 NIL 8.20
10
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=~ 8
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10 15
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Fig. 6: showing graph of water absorption against fibre loading

Micrograph

Fig. 7, 8 and 9 shows the micrograph of
15%,5% and 10% filled plastic blocks
respectively after failure. Fig 7 show fibre
pull out from the plastic matrix due to poor
interfacial adhesion. Fig. 8 also shows the

growth of crack along the surface of the
plastic. There was also poor interfacial
adhesion between the fine aggregate and
WLDPE, thus causing the fine aggregate to
slide out of the matrix during compression,
as can be seen in fig. 9, this explains why
the blocks flattened out during the
compression test and almost lost its shape.
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Fig. 7: Microstructure of 15% filler Fig. 8: Microstructure of 5% filler Fig9: Microstructure of 10% filler

CONCLUSION

Waste LDPE can serve as a good
replacement or alternative to the use of
cement for the production of paver blocks.
The incorporation of fibres such as coir
could help increase the hardness of the
material but does not improve the
compressive strength beyond 5% loading
for paver blocks. However, better results
can be achieved when the interfacial
adhesion between the fibres and WLDPE is
enhanced with the use of a coupling agent.
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