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ABSTRACT

This research work focuses on the potential of
utilizing “waste-treats-waste” by the synthesis of
graphene using waste plastic bottles as source
materials. It is studying the reproducible and
affordable method for advanced applying of
graphene and graphene based nanocomposites from
waste plastic bottles by using pyrolysis method. The
synthesized graphene is characterized by X-ray
Diffraction analysis (XRD), Ultra–violent
spectroscopy (UV), Scanning Electron Microscopy
(SEM) and Thermogravimetric-Diffractional
Thermal Analysis (TG-DTA). Moreover, the
powerful modification of graphene/PVA/silver
nanocomposite films was synthesized as modern
semiconductors for advanced applyings in physical
chemistry. Thus, the waste plastic bottles can be used
to valuable carbon-based nanomaterials for use in
electrical applications.Thus, it can be reduced the
air, water and land pollution to the environment.

KEYWORDS: graphene (Gr), polyvinyl alcohol
(PVA), waste plastic bottles (WPB)

1. INTRODUCTION

1.1 Waste Plastic Bottles

Nowadays, Myanmar has been facing with
challenges of waste as a result of increasing income
and consumption levels, urban population growth,
and lack of effective waste treatment and disposal
options. The level of air pollution, soil pollution,
water pollution and global warming is increasing with

the development of industries, population growth and
weakness management of plastic wastes.

The disposal of plastic wastes represents as
major challenge for all over the world in developing
countries for waste and environmental management.
The industrialization, rapid urbanization, economic
growth and changes in consumption patterns have
been accompanied by immense challenges in
managing the country’s solid waste. Because, the
plastic has the insolubility about 300 years in the
nature. Waste plastic bottles, one of the most common
abundant industrial and municipal wastes and as an
excellent candidate in the synthesis of carbon-based-
materials, carbon microspheres, carbon nanotubes
or activated carbon (Premakumara and
Hengesbaugh, 2016).

Fig1.  Waste Plastic Bottles
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Graphene, the first truly 2D material, is a
monolayer of carbon atoms bonded through sp2

hybridization to form a regular hexagonal
honeycomb lattice. Each atom has four bonds: one
sigma bond with each of its three neighbors and one
pi bond that is oriented out of plane. These atoms
are about 1.42 A° apart. It’s the thinnest material and
more electrically conductive than copper about
1000,000 and it conducts heat than diamond at room
temperature. Graphene is the last of a long string of
continuous advances in the science of carbon and a
gapless semiconductor with a linear low-frequency
energy dispersion relation for charge carries (Wang,
and Shi, 2015).

Graphene sheets in solid form usually show
evidence in diffraction for graphite’s (002) layering.
This is true of some single-walled nanostructures.
However, unlayered graphene with only (hkl) rings
has been found in the core of presolar graphite
onions. Electron diffraction patterns showed the
expected honeycomb lattice. Suspended graphene
showed “rippling of the flat sheet, with amplitude of
about one nanometer.

Moreover, graphene is an excellent additive to
significantly enhance mechanical, thermal, and
electrical properties of polymer materials. The unique
properties of graphene include high mechanical
stiffness and strength, high specific surface area, high
flexibility, high electrical conductivity, high carrier
mobility, high thermal conductivity and optical
transparency (Amollo et al., 2017). Confinement of
graphene, combined with enhanced exchange
properties within aqueous environment, is the key
for the development of biosensors, biomedical
devices, and water remediation applications
(Abudabbus, 2017). Graphene can be applied in
various applications such as transparent conductors,
actuators nanocomposites, chemical sensors,
biomedical applications, energy research,
nanoelectronic devices. Graphene is a promising
material for the preparation of graphene/polymer
composites with enhanced electrical, mechanical,
thermal, and gas barrier properties at extremely low
loading ratio due to its unique structure.

The development of green processes for the
synthesis of nanoparticles is evolving into a
significant field. Chemical, Physical and Biological
methods of these nanoparticles can be synthesized.

Silver nanoparticles are between 1 nm and 100
nm in size and have gained a lot of future research
concern. Biological synthesis of nanoparticles was

synthesized by some researchers and testing for
antimicrobial activities. Silver nanoparticles are
capable of applying in electronic and communication,
health care, water treatment, environmental
treatment, biotechnology and pharmaceuticals, food
agriculture and catalysis.

Polyvinyl alcohol (PVA) is the world’s largest
volume, synthetic, water soluble polymer. PVA is
classified into two classes namely: partially
hydrolyzed and fully hydrolyzed. Partially
hydrolyzed PVA is used in the food (Abudabbus,
2017). PVA is an odorless and tasteless, translucent,
white or cream colored granular powder. It is used
as a moisture barrier film for food supplement tablets
and for foods that contain inclusions or dry food with
inclusions that need to be protected from moisture
uptake. It is soluble in water, slightly soluble in
ethanol, but insoluble in other organic solvents. PVA
is a water soluble and biodegradable polymer with
excellent chemical resistance and an interesting
material for biomedical application.

PVA/Gr composite films were used to produce
Gr/PVA/Ag composites, respectively by
electrochemical reduction of Ag+ at a constant
voltage, by in situ synthesis of silver nanoparticles
within the PVA and PVA/Gr matrix, respectively
(Abudabbus, 2017). Graphene nanosheets are of
considerable scientific and technological interest due
their potential applications in structural, thermal,
electronic and various other nanotechnologies (Jiang
and Wang, 2011).

In this research work, as first step graphene is
made from waste plastic bottles by using pyrolysis
method. As second step, silver nanoparticle solution
is prepared from Tiawan papaya fruit as reducing
agent with the help of silver nitrate solution. After
two steps, graphene/PVA/Ag nanocomposite films
are prepared by combining graphene, PVA and silver
nanoparticles with suitable ratios to obtain strong
conductivity as semiconductors in physical
chemistry.

2.   EXPERIMENT

2.1 Materials and Methods

Polyethylene tetrapathalate (PET) bottles were
selected among various waste plastic bottles in
Meiktila Township. Ripen Taiwan papaya fruit was
used as reducing agent. Polyvinyl alcohol (PVA),
0.003 M silver nitrate (AgNO

3
) solution, deionized

water and distilled water were applied as chemicals.
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Fabrication of graphene were analyzed by XRD, UV,
SEM and TG-DTA analysis as well as graphene/PVA/
Ag nanocomposite films were analyzed by SEM and
TG-DTA analysis. Resistances of prepared graphene/
PVA/Ag nanocomposite films were determined by
AVO (Ampere-Voltage-Ohm) meter.

2.2 Preparation of Graphene and Graphene /
PVA/Ag Nanocomposite Films

Graphene was prepared from waste plastic
bottles by using pyrolysis method. Firstly, waste
plastic bottles were cleaned with distilled water and
then they were cut into pieces with a belnder. These
pieces were sieved with 100 mesh size sieves. Finally,
graphene powder was obtained from sealed crucible
containing these pieces by heating about 850°C for
one hour in an electrical furnace.

Fig2.  Graphene (a) sheet (b) powder

After preparation of graphene, silver
nanoparticle solutions were made from ripen papya
fruit to prepare graphene/PVA/Ag nanocomposite
films.

Silver nanoparticle solution was made from ripen
papaya fruit pulp extract with silver nitrate solution
as reducing agents. Ripen papaya fruit pulp extract
solution was prepared by mixing papaya fruit pulp
and deionized water with (1:4) weight byvolume (w/
v) ratio in the first step. And then, silver nitrate
solution was poured down into these papaya fruit
pulp solutions with (10:3) volume by volume ratio
(v/v). Therefore, silver nanoparticle solution was
obtained after few minutes at room temperature.

Fig3.  Ripen Taiwan papaya (a) fruit pulp (b) fruit
pulp extract solution and (c) silver

nanoparticle solution

For fabrication of grapheme / PVA / Ag
nanocomposite films, 1.0 g graphene powder and 3.0
g polyvinyl alcohol was weighed and put into a
beaker. Then, silver nanoparticle solution and
deionized water were poured down into it with
volume by volume ratio (v/v). According to Table 2,
the various ratios of graphene/PVA/Ag
nanocomposite films were prepared by varying
volumes of silver nanoparticle solution and deionized
water.

Fig 4 Photographs of prepared graphene/ PVA/Ag
nanocomposite films

3. RESULTS AND DISCUSSION

3.1Preparation and Analysis of Graphene Powder
from Waste Plastic Bottles

Graphene powders were synthesized from waste
plastic bottles by pyrolysis method at 850 °C  for
one hour. The yield percentage of prepared graphene
powder is shown in Table 1. It was found that average
yield percent of prepared graphene powder is 10.542
%.



162

Journal of Research and Applications (JRA), UCSMTLA, 2019 Volume-01, Issue-01

Table 1 Yield Percentage of Prepared raphene
powder

Fig5.   XRD pattern of prepared graphene powder

Fig6.  UV-Visible spectrum of prepared graphene
powder

Graphene was analyzed by XRD to obtain the
crystallite size of prepared graphene powder. At
(002), (100) and (101) peaks, a broad band was
observed two-theta value between 20 and 30.
Moreover, graphene was analyzed by UV to prove
that it was build up with conjugated double bonds.
As well as SEM analysis showed the surface
morphology of prepared graphene powder and TG-

DTA analysis was provided that thermal stability of
graphene until 600°C under nitrogen gas. Therefore,
these analyses can be revealed that the prepared
powder is graphene powder.

Fig7 SEM analysis of prepared grapheme powder

Fig 8 TG-DTA analysis of   prepared graphene
powder

3.2 Analysis of Silver Nanoparticles and
Graphene/PVA/Ag Nanocomposite Film
Silver nanoparticle solution was prepared by

mixing ripen papaya fruit pulp extract solution and
silver nitrate solution with volume by volume ratio
(v/v). It was characterized by UV-Vis spectroscopy
to obtain the maximum wavelength (»

max
) nearly at

418 nm and it was revealed that the wavelength of
brown color silver nanoparticle solution was between
(400-480 nm). However, it was analyzed by XRD to
know the crystallite size and the size of prepared
silver nanoparticles was (14-18 nm) and average
crystallite size was16.41 nm. The structure of
crystallite arrangement is face centered cubic (f.c.c)
structure. Therefore, the prepared solution is silver
nanoparticle solution.
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Fig10 XRD pattern for prepared silver
nanoparticles

Fig 11   SEM microphotograph of Gr/PVA/Ag
nanocomposite film

Fig 12  TG-DTA thermogram of Gr/PVA/Ag
nanocomposite film

Graphene/PVA/Ag nanocomposite film was
analyzed by SEM to detect the surface morphology
and the surface is more uniform, flexible and stronger
binding capacity than that of prepared graphene
powder. Also it was characterized by TG-DTA which

was given the high conductivity with the help of silver
nanoparticles. Therefore, prepared graphene/ PVA/
Ag nanocomposite film is more suitable than
prepared graphene powder to apply as
semiconductors for electronic devices in physical
chemistry.

3.3 Application of Prepared Nanocomposite
Films

In the electronic field, these graphene/ PVA/Ag
nanocomposite films can be applied for biosensors,
semiconductors, catalysis, electro-chemical and
communications, water treatment and electronic
devices. For advanced applying of graphene based
nanocomposite films as semiconductor, resistances
were determined with AVO (Ampere-Voltage-Ohm)
meter. The film F containing 1.0 g graphene, 3 g PVA
and 100 mL silver nanoparticle solution, was
possessed the lowest resistance value about 0.478
&!. Because the resistance is the reverse of
conductance, this film has higher conductance.

Table 2 Resistances for Prepared Graphene/ PVA/
Ag Nanocomposite Films
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Fig13. Comparison the resistances of prepared
graphene/PVA/Ag nanocomposite films

Fig14  Application of   graphene/PVA/Ag
nanocomposite films

4. CONCLUSION

Prepared graphene powders via recycled PET
plastic bottles are used as precusor for graphene/
PVA/Ag nanocomposite films that they can be
applied as semiconductors. In this research work, the
waste plastic bottles can be reduced and reused to
produce graphene and graphene nanocomposites by
using affordable method. Therefore, not only it can
be reduced environmental pollution but also
commercially produced graphene as advanced
applyings.
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ABSTRACT

 NAA (1-naphthalene acetic acid; C
12

H
10

O
2
),is used

to stimulate root formation in cuttings of woody and
herbaceous plants  to prevent premature flowers and
fruit drop in apples, pears, grapes, guavas, mangoes,
melons, citrus fruits, cucumbers, cotton, soya beans,
etc. Among  the  various  kinds  of  plant   growth
regulators, 1-naphthalene acetic acid especially
encourages the root development of the plants. In
this work, NAA was successfully synthesized from
naphthalene which was extracted from naphthalene
ball. The purity of naphthalene, a-chloromethyl
naphthalene,  a-naphthyl acetonitrile and 1-
naphthalene acetic acid were also confirmed by Thin
Layer Chromatography,  UV and FT-IR spectroscopic
methods. The yield percent of NAA based on
naphthalene was found to be 21%. The yield percent
of naphthalene from naphthalene ball is found to be
39.17%.

KEYWORDS:  naphthalene,1-naphthalene
acetic acid, plant growth regulator, root
development, spectroscopic methods

1. INTRODUCTION

 1-naphthalene acetic acid (NAA) is  an  organic
compound with  the  formula  C

12
H

10
O

2
. This colorless

solid  is soluble in  organic  solvents. It  features  a
carboxyl  methyl group (CH

2
CO

2
H) linked  to the “1-

position” of naphthalene. NAA is a synthetic plant
hormone in the  auxin  family and is an ingredient in
many commercial plant rooting horticultural
products;  it   a  rooting agent and   used for  the
vegetative propagation of plants from stem and  leaf
cuttings. It is  also used for plant tissue culture[1] .

The hormone NAA does not occur naturally, and,
like all auxins, is toxic to plants at high concentrations
NAA is widely used in agriculture shown to greatly
increase  cellulose fiber  formation  in   plants paired
with another phytohormone. [2]  NAA  has been
shown to greatly increase cellulose fiber formation
in plants when paired with another phytohormone
called gibberellic acid. Because it is in the auxin family
it has also been understood to prevent premature
dropping and thinning of fruits from stems. It is
applied after blossom fertilization. Increased amounts
can actually have negative effects however, and
cause growth inhibition to the development  of  plant
crops. It  has  been   used   on  many different crops
including apples, olives, oranges, potatoes, and
various other hanging fruits. In order for it to obtain
its desired effects it must be applied in concentrations
ranging from 20–100 µg/mL[4]. NAA present in the
environment undergoes oxidation reactions with
hydroxyl radicals and sulfate radicals. Radical
reactions of NAA were studied using pulse
radiolysis technique. Hydroxyl adduct radical was
formed as the intermediate during the reaction of
hydroxyl radical with NAA. The intermediate
naphthyl methyl radical was formed during the
reaction of sulfate radical anion with NAA [4]. In
micro propagation of various plants, NAA is typically
added to a medium containing nutrients essential to
the plants’ survival. It is added to help induce root
formation in various plant types. It can also be
applied by spraying it onto plants and which is typical
in agricultural use. It is prohibited in many areas to
use it in high concentrations due to  the  health
concerns  towards  humans and other  animals. The
synthetic auxins are used in commercial applications
largely because they are resistant to oxidation by
enzymes that degrade IAA.  In addition to their
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greater stability, the synthetic auxins are often more
effective than IAA in specific applications. The
synthetic auxins are favored in commercial
applications because of their low cost and greater
chemical stability. Synthetic auxins such as Indole
butyric acid (IBA) and 1-Naphthalene acetic acid
(NAA) have proven most effective.  IBA and /or NAA
are more stable than indole acetic acid (IAA) [5]. In
the present work, NAA was synthesized from
naphthalene.

        In  this  case,   naphthalene   was    prepared
from naphthalene ball. The  prepared  NAA was
checked  by TLC and identified by UV and IR
spectroscopic methods.

2. EXPERIMENT

In this work, naphthalene ball was  used  as
naphthalene source.There are  four  reaction steps
involved   in   this synthesis.They are

First step:     Extraction of naphthalene from
naphthalene ball

Second step: Preparation of a-chloromethyl
naphthalene

                       from naphthalene

Third step :  Preparation of a-naphthyl acetonitrile
from

                     a- chloromethyl naphthalene

Fourth step :Preparation of 1-naphthalene acetic acid

                     (NAA) from a- naphthyl acetonitrile

         Step (1)

The source of  naphthalene  was  the
naphthalene  balls  that can be purchased easily in
markets. The pure naphthalene  could be separated
by sublimation.

Fig 1. The reaction step for the extraction of
naphthalene from   naphthalene ball

Fig 2. The reaction step for the preparation of  a -
chloro methyl naphthalene from naphthalene

Figure 3. The  reaction  step  for  the  preparation
of  a-naphthyl  acetonitrile from  a-chloro methyl

naphthalene

Fig 4. The reaction step for the preparation of
1-naphthalene acetic  acid  from a- naphthyl

acetonitrile

        The resulting  naphthalene was  collected and
stored in a sealed glass bottle for  further
investigation and synthesis.[5] Fig1.In each step,
isolation, purification and characterization  by
molecular  spectroscopy such as UV and FT-IR  were
carried  out. The precursor  naphthale, a -chloro
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methyl  naphthalene, a - naphthyl  acetonitrile and
the final product NAA were also checked by thin
layer  chromatography and confirmed by
determination of melting   points. The solvent system
used for TLC was carbon tetrachloride or n-hexane
for naphthalene and benzene, acetone, acetic acid
(15:6:1) v/v for NAA. Fig 7.The FT-IR spectrum and
Ultra-Violet data of the isolated NAA were also
recorded.

3. RESULTS AND DISCUSSION

Naphthalene was prepared from naphthalene
ball. Table1 shows the yield percents of naphtha-
lene from it. The results are given as an average of
six experimental determinations. In this work, naph-
thalene obtained from naphthalene ball was used as
precursor to synthesize 1-naphthalene acetic acid
(NAA). The synthesis of NAA from coal tar was
also carried out because coal tar is more abundant. It
is also a waste effluent of steel mill and can be pur-
chased locally.

Table1.Yield Percent of Naphthalene from
Naphthalene  ball

Table 2. shows the characteristic properties of
naphthalene from naphthalene ball. The melting point
of naphthalene from naphthalene ball is found to be
nearly agree with the literature value. The other
characteristic properties of naphthalene are also
found to be nearly the same. Therefore, the
naphthalene from naphthalene ball was used as
precursor in the synthesis of 1-naphthalene acetic
acid  (NAA).

        According to UV data, the absorption peaks at
215.79 and 274.70 nm which are almost consisted with
those of the literature value 218 and 275 nm [6]. The
UV absorption spectrum of naphthalene from
naphthalene ball was depicted in Fig 5.

         Naphthalene samples were identified by Fourier
Transform Infra-Red spectroscopy.Fig6. is FT-IR
spectra of naphthalene samples from naphthalene
ball. FT-IR spectrum revealed the presence of
symmetric stretching C-H of ring, asymmetric and
symmetric stretching vibration, over tone and
combination bands of aromatic ring, C=C ring
skeleton vibration (aromatic ring) and ring stretching

Table2. Characteristic Properties of Naphthalene

at 3047.85, 2980.12, 1650, 1591.94, 1500 and C-H
bending in plane, C-H out of plane bending and C=C
bending (out of plane ring  at 1387.68, 958.80 and
481.28cm-1.These absorptions were in agreement
with literature values [6,7] thus, naphthalene from
naphthalene ball  source is pure.

Fig5. UV spectrum of naphthalene
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Fig6. FT - IR spectrum of naphthalene

 - chloromethyl  naphthalene   samples
prepared   from naphthalene ball sources were
characterized by taking FT-IR spectrum and by
determining its melting point. The melting point of
prepared a- chloromethyl   naphthalene  compound
is (28.6°C) and   the melting  points  of  a- chloromethyl
naphthalene  were agreeable with  the  literature
values (26 - 29°C )[9].

The yield percents of a- chloromethyl
naphthalene from naphthalene is 50.0%. Fig 7 is the
FT-IR spectra of -chloromethyl naphthalene. FT-IR
spectrum of a-chloromethyl naphthalene revealed the
presence of symmetric stretching C-H of alkene
indicates at 3441.37 and 3414.40 cm-1, asymmetric
stretching CH

2  
at 3065.46 cm-1 aromatic ring at

3003.24cm-1, asymmetric CH
3 
at 2964.69cm-1, C=C ring

stretching at 1593.79 cm-1 , C-H bending (in plane ) at
1387.74,1270.76 and 1256.14 cm-1, C-Cl stretching at
776.51cm-1 and C=C bending (out of plane) at 580.41
cm-1.These absorptions were in agreement with
literature values .

Fig 7.FT - IR spectrum of  a -chloro methyl
naphthalene

 -naphthyl acetonitrile samples prepared   from
naphthalene ball sources were characterized  by
taking  FT-IR  spectrum and by determining its melting
point. The  melting  point  of prepared a-naphthyl
acetonitrile  compound  is  (30°C)  and  the melting
points of a-naphthyl acetonitrile were agreeable with
the literature values(33 - 35°C).[9] The yield  percents
of a- naphthyl acetonitrile based on the weight of a-
chloromethyl naphthalene is 70.8% and the yield
percents of a- naphthyl acetonitrile based on the
weight of naphthalene is 33.2%. Fig 8 is the FT-IR
spectra of a-naphthyl acetonitrile. FT-IR spectrum of
a-naphthyl acetonitrile revealed the presence of
aromatic C-H stretching indicates at 3047.95 cm-1,
nitrile, CºN at 2264.4cm-1, overtone and combination
bonds (weak ) at1732.31cm-1, ring stretching (very
variable intensity) at  1592.03 cm-1 ,

C-H in plane bending, usually weak at 1387.56,
1273.28 and 1120.23cm-1, out of plane bending of C-
H at 958.55cm-1 , C-H out of plane bending indicates
at 854.46, 781.9 and  626.7cm-1.These absorptions
were in agreement with literature values . Fig 8.
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Fig8. FT-IR spectrum of a-Naphthylacetonitrile

        1-naphthalene acetic acid (C
12

H
10

O
2
), melting

point (128°C)  and  the melting points of 1-
naphthalene acetic acid were agreeable with the
literature values(129-135°C) . Fig 9.  shows Thin  Layer
Chromatograph   of synthesized 1-naphthalene acetic
acid comparing with standard sample.  According to
UV data, the  absorption peaks at 223 and 280.25 nm
which are almost consisted with those of the literature
value 218 and 275 nm. The yield percent of 1-
naphthalene acetic acid based on a- naphthyl
acetonitrile is 67.2%. The yield  percents of 1-
naphthalene acetic acid based on naphthalene is
21%. Fig10. show FT-IR spectrum of 1-naphthalene
acetic acid. It revealed the presence of COOH and
intense  O–H and three adjacent hydrogen C-H out
of plane bending vibration of a substituted
naphthalene indicate at 1217.69, and  at  931.34,792.36
cm-1, Fig11.[13][14]

Fig9. Thin Layer Chromatograph of 1-naphthalene
acetic acid (Authentic sample, synthesized sample)

Fig10.UV spectrum of 1-naphthalene acetic acid
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Fig 11. FT-IR spectrum of 1-naphthalene acetic acid

4. CONCLUSION

In this work, 1-naphthalene acetic acid was
successfully synthesized from naphthalene ball.
NAA was checked by TLC and identified by UV and
FT-IR absorption spectroscopy. The yield percent
of naphthalene from naphthalene ball is found to be
39.17%.The yield percent of NAA based on the
precursor,   naphthalene   was   found   to be   21%.

Many NAA-based plant growth regulators are
in the market. Dip ‘N Grow®, AGRONAA  are  such
products.

The former contains 1% IBA and 0.5% NAA
and the latter 4.5% 1-naphthalene acetic acid plus
solvents and other inert ingredients [11]. Many
experiments were done on plant growth regulators.
In Myanmar, all sorts of legumes are cultivated and
exported every year. Actually Myanmar is the second
largest legumes exporting country in the world since
2002. At least 18 varieties of legume was cultivated
and among them, exported soy bean was 4% and
that of cow pea was also nearly 4% of the total export.
Varieties of legumes were exported to neighboring
countries such as India, Pakistan, Indonesia,
Singapore, Malaysia and Japan. As the market demand

is increasing, Myanmar should also increase its
legume cultivation.  In the hope to fulfill this novel
ambition, this research work was performed for the
synthesis of NAA from readily available sources,
naphthalene ball. For further research work, the
synthesis of 1-naphthalene acetic acid from readily
available source, coal tar and application of NAA
with soy  beans  and  cow peas  in  soil  and  aqueous
medium were also carried out.
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ABSTRACT

In this paper, one of Myanmar indigenous
medicinal plants, namely Cassia renigera Wall. (Ngu-
zat) was selected for preliminary phytochemical
screening and antibacterial activity tests. The acute
toxicity of 95% ethanolic root extract of Cassia
renigera Wall (Ngu-zat) was tested by Litchfield and
Wilcoxon on ICR mice. Furthermore, a pure organic
compound could be isolated from the root of Ngu-
zat by using advanced separation techniques such
as Thin Layer and Column Chromatography. This
isolated compound was rechecked by phytochemical
screening and antimicrobial activity tests by agar-
well diffusion method. The functional groups of this
pure organic compound were identified by FT-IR
spectroscopic method.

KEYWORDS: agar- well diffusion method, Cassia
renigera Wall., FT-IR spectroscopic method

1. INTRODUCTION

Plants are rich source of antioxidants, which is
evinced through many reports on medicinal plants
with antioxidant potential.  Many plants possess
antioxidant activity because they contain
antioxidative phyto-chemicals such as phenolic
compounds, which may reduce the risk of cancer,
cardiovascular disease and many other diseases, as
well as reduce the antioxidative damage of cellular
components.  They play a key role as antioxidants
due to the presence of phenolic groups (hydroxyl
substituents next to their aromatic structure), which
enable them to scavenge free radicals. In recent
decades, the phytochemical constituents of plants
have received much attention due to their potential

utilization in the nutraceutical and drug industries
[1].

Cassia renigera Wall (Ngu-zat) commonly
known as Burmese pink cassia is a beautiful
ornamental tree fit for garden and as avenue trees.
Though names Burmese pink cassia, the tree is found
widely in India, and almost all tropical regions of the
world. Pink cassia trees grow quickly and will be in
full bloom in four to five years. The leaves fall off
with the beginning of flowering season. The
flowering season immediately precedes monsoon
season and wraps the tree with a pink blanket. The
flowers fall away at the beginning of rains [2].

In this research work, the acute toxicity of
ethanolic extract of Cassia renigera Wall (Ngu-zat)
could be determined. A pure organic compound could
also  be isolated from the root of Ngu-zat by using
advanced chromatographic techniques such as
column and thin layer, respectively.

1.1 Botanical Description

Family - Caesalpiniaceae

Common name -  Burmese Pink Cassia
Botanical name -  Cassia renigera Wall.

Myanmar name -  Ngu-zat

Medicinal uses - For adenopathy, burning
sensations, leprosy, skin diseases, syphilis and
tubercular glands.

Part used - Root
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Fig1. Flowers and plant of Cassia renigera Wall.

1.2 Aim

The aim of this research work is to isolate the
pure organic compound from the root of Cassia
renigera Wall (Ngu-zat) and to determine the acute
toxicity of ethanolic crude extract of this root.

2. MATERIALS AND METHODS

2.1 Sample collection

The root of Ngu-zat for experiment was collected
from Patheingyi Township, Mandalay Region,
Myanmar. The samples were cut into small pieces
and allowed to dry in air. Then the dried pieces were
stored in a well-stoppered bottle and used
throughout the experiment.

2.2 Phytochemical Tests for Cassia renigera Wall

      (Ngu-zat)

The phytochemical tests of the root of Ngu-zat
were tested by test tube methods [3].

2.3 Antibacterial Activities of Cassia renigera Wall
(Ngu-zat)

The antibacterial activities of the root of Ngu-zat
were tested by using agar well diffusion method on
three selected organisms.

2.4 Determination of Acute Toxicity of Ethanolic
Extract of Root of Cassia renigera Wall (Ngu-zat)

2.4.1 Materials

Different concentrations of ethanolic extracts of
Cassia renigera Wall (Ngu-zat) root, 40 Institute of
Cancer Research (ICR) of both sexes (body weight
25-30g), Mouse cages, Animals balance, Distilled
water, Drinking water bottles, Surgical gloves and
masks, Cannula, Picric acid for marking.

2.4.2 Preparation of Plant Extract

The air dried root samples were coarsely
powdered. The powdered 20 gm was then mixed 100
mL of 95% ethanol and kept at room temperature for
36 hours. The mixture was then filtered and the filtrate
was free from the solvent under partial vacuum at
40°C. Extracts were stored in a refrigerator and used
throughout the acute toxicity test.

2.4.3 Method

A total of 40 ICR mice of both sexes (body weight
25-30 g) used in this study were randomly divided
into four groups with 10 animals in each. Three were
tested groups and one was control group.  10 ICR
mice in each group were fasted overnight before
administration of the ethanol extract of root of Cassia
renigera Wall. The acute toxicity study was carried
out with an oral administration of ethanol extract of
Cassia renigera Wall at increasing doses of 2 g/kg,
4 g/kg and 8 g/kg on the three test groups and 10mL/
kg of distilled water on control group. After
administering the extract orally, each group
containing mice was kept in individual cage with free
access to food and water and was observed toxic
effects daily for two weeks.  The median lethal dose
(LD

50
) was determined from the number of animals

surviving at the end of two weeks periods [4].

Fig 2. ICR mice of both sexes and dministrationof
ethanolic extract solution to the experimental mice

2.5 Extraction and Isolation of A Pure Organic
Compound (CTK-1)

2.5.1 Materials, Methods and Instruments

Commercial grade reagents from BDH, MERCK,
etc, were used in this research work.  Analytical and
preparative TLC was performed by using precoated
silica gel plates (Merck co Inc, Kiesel gel 60F

254
).

Silica gel (60, 70 to 230 Mesh ASTM) was used for
column chromatography.

The following advanced instruments were used
in the characterization of the samples and
identification of the pure compound.
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1. UV-Lamp (Lambda-40, Pekin Elmer Co. England)

2. FT-IR spectrometer, Shimadzu, Japan

2.5.2 Column Separation of Crude Extract

Air dried sample (500)g was percolated with
EtOH (1000 mL) for two months. The percolated
solution was evaporated and then extracted with (150
mL) of ethyl acetate. When ethyl acetate extract was
concentrated, the crude sample (2.35 g) was
obtained.

The crude extract (2.35g) was separated by
column chromatographic method using silica gel (70-
230 mesh) as an adsorbent and various ratios of n-
hexane and ethyl acetate ranging from non-polar to
polar were used as eluent. Totally (202) fractions
were obtained. Each and every fractions were
checked by TLC. The same R

f
 value fractions were

combined. Ten combined fractions were obtained.
The fraction (X) was checked by TLC for purity. It
gives one spot on TLC and UV active. It was
recrystallized by 40% ethylacetate in n-hexane for
two times. The pale orange needle shape crystal (15.8
mg) was obtained. The yield percent of this pure
compound was found to be (0.67%) based upon the
EtOAc crude extract.

2.5.3 Phytochemical Test for Pure Organic

         Compound (CTK-1)

A small amount of pure crystal (CTK-1) was
boiled with ethanol in a water-bath for a few minutes.
The mixture of 1% FeCl

3
 and 1% K

3 
[Fe(CN)

6
] solution

was added to it [3].

2.5.4 Antimicrobial Activities of Pure Organic
Compound (CTK-1)

Pure compound was rechecked the antimicrobial
activities by using agar well diffusion method on six
selected organisms.

2.5.5 Functional Groups Identification of Pure

         Organic Compound (CTK-1)

FT-IR spectrum of pure compound (CTK-1) was
measured at Department of Chemistry, University of
Mandalay, Myanmar. 3. RESULTS AND
DISCUSSION

3.1 The Results of Phytochemical Test for Cassia
renigera Wall (Ngu-zat)

According to table (1), the root of Ngu-zat
consists of alkaloid, flavonoid, steroid, terpene,
glycoside, reducing sugar, polyphenol and  saponin
respectively.

Fig 3. FT-IR Spectrum of Pure Organic Compound
(CTK-1)

Table 1 Phytochemical Tests for Cassia renigera
Wall (Ngu-zat)
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(+) = presence of constituents

(–) = absence of constituents

3.2 The Results of Antibacterial Activities of Cassia
renigera Wall (Ngu-zat)

The results of the antibacterial activities of the
root of Ngu-zat  are tabulated in Table (2).

Table 2 Antibacterial Activities of Cassia renigera
Wall (Ngu-zat)

Agar well ~ 7 mm

(+)  ~  7  mm  – 11 mm       S. aureus  =  Staphylococcus
aureus

(++)  ~ 12 mm – 16 mm      E. coli     =  Esherichia coli

(+++) ~ 17 mm above         S. typhi    = Salmonella
typhi

According to this table, the ethyl acetate and
ethanol extracts of this plant respond the medium
activities on all tested organisms.

Fig 4. Antibacterial activities of Cassia renigera
Wall

3.3 The Results of Acute Toxicity Test

The ethanolic extract of root of Ngu-zat was
tested for acute toxicity on albino mice. Acute toxicity
study was evaluated by the method of Litchfield and
Wilcoxon (1949) [4]. These results are shown in Table
(3).

The mice treated with 2 g/kg, 4 g/kg, 8 g/kg doses
of ethanolic extract of Cassia renigera Wall (Ngu-
zat) were kept under observation for 2 weeks. All the
mice were alived and did not show any toxic
symptons such as body weight loss and restlessness.
Therefore the median lethal dose (LD

50
) was more

than 8 g/kg.

Table 3 AcuteToxicity Test of 95 % Ethanolic
Extract of  Cassia renigera Wall (Ngu-zat)

Table (4) presents commonly used terms for
toxicities along with the dose equivalents both in
rats and humans.

Table4. Commonly used Terms for Toxicities
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According to Table (3) and (4), it was found that
8 g/kg of ethanol extract of Ngu-zat was practically
non-toxic.

3.4 The Result of  Phytochemical Test for Pure

      Organic Compound (CTK-1)

Phytochemical Test for Pure Organic Compound
gives the bluish green color solution   which indicates
the presence of polyphenol.

3.5 The Result of Antimicrobial Activities of Pure
Organic   Compound   (CTK-1)

The results of the antimicrobial activities of  the
pure compound are  shown in table (5).

Table 5 Antimicrobial Activities of Pure Organic
Compound (CTK-1)

Organisms

Agar well - 10 mm I.Bacillus subtilis

10  mm ~ 14  mm (+) II. Staphylococcus aureus

15 mm ~ 19 mm (++) III.Pseudomonas eruginosa

20 mm above (+++) IV. Bacillus pumalis

V. Candida albicans

VI. E. Coli

According to this table, the pure compound (CTK-
1) responds medium activities on four tested
organisms, such as Bacillus subtilis, Staphylococcus
aureus, Bacilluspumalis, Candida albicans and low
activities on other two organism.

Fig 5. Antimicrobial Activities of Pure Organic
Compound (CTK-1)

3.6 FT-IR Assignments of Pure Organic Compound
(CTK-1)

The resulting functional groups are tabulated in
Table (6).

Table 6 The Absorption Peaks and their
Assignments of Pure Compound (CTK-1)
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The FT-IR spectrum of pure organic compound
(CTK-1) isolated from Ngu-zat was measured at the
Department of Chemistry, University of Mandalay
and it is shown in Figure (3).

In this spectrum, the broad band at 3313.5 cm–1

indicates the O–H stretching vibration of alcohol group.
The peaks at 2950.9 cm–1 and 2916.2 cm–1 are the
unsymmetrical and symmetrical C–H stretching
vibrations of sp3 hydrocarbons. The peaks which
appear at 1631.7 cm-1 and 1616.2 cm–1indicate the
presence of the C = C ring skeletal stretching vibration
of aromatic benzene ring.The band which occurs
at1469.7cm–1should be the C–H in plane vibration of
allylic hydrocarbon.

The peak at 1245.9 cm–1 represents the  C–C–O
stretching vibration of alcohol group. The two bands
at 1091.6 cm–1 and 1045.3 cm–1 express the presence
of C–O–C stretching vibration of ether functional
group.

In addition, the C–H out of plane bending
vibration of trans or E and cis or Z alkenic groups
could be observed at 972.1 cm–1 and 821.6 cm–1 [5].

4. CONCLUSIONS

In this research work, Myanmar indigenous
medicinal plant Cassia regnigera Wall. (Ngu-zat) was
tested by preliminary phytochemical screening. As
mentioned in Table (1), the root of Ngu-zat contains
alkaloid, flavonoid, steroid,terpene, glycoside,
reducing sugar, polyphenol and saponin compounds.

Moreover, the antibacterial activities of various
solvent extracts of root of Ngu-zat were tested by
agar-well diffusion method on three selected
organisms such as Staphylococcus aureus,
Escherichia coli and Salmonella typhi.  As described
in Table (2), ethylacetate extract of this plant responds
medium activities on all tested organisms.  Hence, it
was selected for detailed chemical investigation.

In addition, the 95 % ethanolic extract of root of
Ngu-zat was tested for acute toxicity on ICR mice.
This extract did not show any toxic symptoms when
tested for acute toxicity (LD

50
) up to maximum dose

of 8g/kg, so it was practically non-toxic.

A pure organic compound (CTK-1) was isolated
from the root of Ngu-zat by using Thin Layer and
Column Chromatographic techniques. Pale orange
needle shaped crystal (15.8 mg, 0.67 %) was obtained
from the column separation.  This isolated compound
was rechecked by phytochemical screening and
antimicrobial activities tests.Pure compound gives
rise to positive for polyphenol test and it responds
medium activities on four tested organisms and low
activities on remaining two organisms, such as
Pseudomonas aeruginosa and E. coli.

The functional groups of pure organic
compound (CTK-1) was identified by FT-IR
spectroscopic method. It contains alcohol group, sp3

and sp2 hydrocarbons, allylic hydrocarbon, ether
group, trans or E and cis or Z alkenenic group.  From
these experimental results, pure compound (CTK-1)
may be polyphenol and  bioactive compound.
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ABSTRACT

In this work, the waste water from Naung-yoe
Battery Factory, Chanmyathazi Township, Mandalay
Region, was collected. The groundnut, groundnut
charcoal and groundnut ash were used as adsorbents
in removal toxic metal lead (Pb).  The optimum pH
was selected by volumetric analysis using standard
EDTA and xylenol orange as indicator. In addition,
the amount of lead removal capacities were
investigated by using various mesh size and various
amount of groundnut, groundnut charcoal and
groundnut ash.

KEYWORDS: lead, groundnut, groundnut
charcoal, groundnut ash, EDTA

1. INTRODUCTION

Environmental pollution is one of the most
serious problem facting humanity and other life forms
on our planet today.

Environmental pollution is defined as the
contamination on the physical and biological
components of the earth/atmosphere system to such
an extent that normal environmental processes are
adversely affected [1].

Some of the main causes of pollution include
industrial emissions, poor disposal of wastes, mining,
deforestation, use of fossil fuels and agricultural
activities.  Pollution can affect air, land and water
bodies throughout the world. (Web-1).

Domestic household, industrial and agricultural
practices produce wastewater that can cause
pollution of many lakes and rivers. (Web-2)

Article ID - JRA190018

REMOVAL OF LEAD FROM THE WASTE WATER
DISCARDED FROM BATTERY FACTORY BY USING

GROUNDNUT, GROUNDNUT CHARCOAL AND GROUNDNUT
ASH

Hla Myint Htwe(1)

(1) Technological University (Mandalay), Engineering Chemistry

(1)drhlamyinthtwe@gmail.com

An important source of water pollutants is
industrial discharge water.  Most industrial waste
waters are discharged directly into natural water
systems without proper management process.

Unfortunately, the existence of large dosage of
heavy metals in these effuents represents the greatest
challenge in water purification, where exceeding the
allowed concentration limit of these metals in the
human body can end up the acute or chronic, death.
[2].

Like other heavy metals, lead is one of major
pollutans in waste water. It is used as a major raw
material in battery manufacturing and wastewater
from this industry can contain high concentration of
lead about 0.50-25.00 mg/L.  Lead may contaminate
surface and drinking water from industrial effluents
(eg. lead-acid, battery), waste incinerators and
utilities.  Lead affects the central nervous system
and inhibits the ability to synthesizer red blood cell.

Several approaches have been employed to
remove heavy metal ions from waste water.  However,
generally, the adsorption process has been proved
convenient in terms of cost, simplicity and flexibility.
[2]

Groundnut is one of the major agricultural
wastes. It is a fibrous materials containing cellulose
as the major constituent.  Agricultural by product
materials appear as effective and cheap sorbents for
removal of heavy metals from wastewater.  In this
research work, groundnut (500 g), groundnut
charcoal (150g) and groundnut ash (100 g) were used
as adsorbents for the removal of lead from battery
factory wastewater.
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2. EXPERIMENT

2.1 Sample collection

The waste water sample was collected from
Naung Yoe battery factory, Chanmyathazi Township,
Mandalay Region.

2.2 Determination of the pH value of waste water
sample

The pH of the waste water was determined by
using pH meter. The results were shown in Table (1).

2.3 Determination of optimum pH for the lead solution

The waste water sample prepared was to obtain
the variable pH values by using ammonia solution.
Then, each waste water having pH values 1-6 was
titrated with 0.001 M EDTA solution using xylenol
orange as indicator. The effect of pH on the waste
water was determined. The results were shown in
Table (2). From the results, the optimum pH was found
to be 5. Therefore, the waste water sample was treated
to get pH 5 by using ammonia solution and this
prepared solution was used throughout the research
work.

2.4 Preparation of adsorbent

Among the many kinds of adsorbents,
groundnut was selected as adsorbent for the study.

Groundnut sample was collected from Bomgwin
village, Kyaukse township, Mandalay Region.

500 g of groundnut was grinded by using motar
and pastel. And then these groundnut were passed
served through 40, 60, 80 and 100 mesh size sieves.

Three different mesh sizes groundnut sample
such as 40> mesh >60, 60> mesh >80, 80> mesh >100
were obtained.

500g of groundnut was heated in electric furnace
at 400ºC about 30 minutes to obtain charcoal. After
burning, the charcoal was cooled at room
temperature. The groundnut charcoal was grinded
and served to set three different mesh sizes denoted
as (GN C

1
, GN C

2
, GN C

3
)

1000 g of groundnut was heated in electric
furnace at 800ºC about 30 minutes to obtain white
colour of ash. After burning, the ash was cooled at
room temperature and sieved to obtain three different
mesh sizes denoted as ( GN A

1
, GN A

2
, GN A

3
).

Fig. 1 Three different adsorbent (groundnut,
groundnut charcoal and groundnut ash)

Fig2.  Three different sizes of adsorbent
(groundnut, groundnut charcoal and groundnut

ash)

2.5 Determination of lead removal capacity of
groundnut

0.215 g cotton was put in the coloum 2 cm
diameter and 70 cm length. Groundnut sample, GN

1
(40> GN

1
> 60 mesh) 1 g was added over the cotton.

Then, 25 ml of prepared waste water was added into
the coloum. The waste water sample was passed
through the adsorbent slowly and steadily along the
coloum at room temperature. The flow rate of the
sample was 10 drops per minute. The filtrate was
collected until no drop comes out from the coloum.
One drop of xylenol orange indicator was added into
5 cm3 of filtrate in a conical flask to obtain wine red
colour solution. A few drop of dilute nitric acid was
added in this solution to obtain yellow colour
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solution. A small amount of hexamine powder was
added in this solution to obtain wine red colour
solution. This prepared solution was titrated with
0.001 M EDTA solution to reach the end point of
lemon yellow colour solution.  To known the effect
of amount of groundnut on removal of lead, the
various amounts of adsorbent, groundnut, were used
in the range of (1-10) g. The results were shown in
Table (3). For groundnut samples, GN

2
 (60 > GN

2
 > 80

mesh), and GN
3
 (80 > GN

3 
> 100 mesh), similar

procedures were performed and the results were
described in Table (4) and (5).

2.6 Determination of lead removal capacity of
groundnut charcoal

0.215 g cotton was put in the coloum 2 cm
diameter and 70 cm length. Groundnut charcoal
sample, GNC

1
 (40> GNC

1
> 60 mesh) 1 g was added

over the cotton. Then, 25 ml of prepared waste water
was added into the coloum. The waste water sample
was passed through the adsorbent slowly and
steadily along the coloum at room temperature. The
flow rate of the sample was 10 drops per minute. The
filtrate was collected until no drop comes out from
the coloum. One drop of xylenol orange indicator
was added into 5 cm3 of filtrate in a conical flask to
obtain wine red colour solution. A few drop of dilute
nitric acid was added in this solution to obtain yellow
colour solution. A small amount of hexamine powder
was added in this solution to obtain wine red colour
solution. This prepared solution was titrated with
0.001 M EDTA solution to reach the end point of
lemon yellow colour solution. To known the effect of
amount of groundnut charcoal on removal of lead,
the various amounts of adsorbent, groundnut
charcoal, were used in the range of (1-10) g. The
results were shown in Table (6). For groundnut
charcoal samples, GNC

2
   (60 > GNC

2
 > 80 mesh), and

GNC
3
 (80 > GNC

3 
> 100 mesh), similar procedures

were performed and the results were described in
Table (7) and (8).

2.7 Determination of lead removal capacity of
groundnut ash

0.215 g cotton was put in the coloum 2 cm
diameter and 70 cm length. Groundnut ash sample,
GNA

1
 (40> GNA

1
> 60 mesh) 1 g was added over the

cotton. Then, 25 mL of prepared waste water was
added into the coloum. The waste water sample was
passed through the adsorbent slowly and steadily
along the coloum at room temperature. The flow rate
of the sample was 10 drops per minute. The filtrate

was collected until no drop comes out from the
coloum. One drop of xylenol orange indicator was
added into 5 cm3 of filtrate in a conical flask to obtain
wine red colour solution. A few drop of dilute nitric
acid was added in this solution to obtain yellow
colour solution. A small amount of hexamine powder
was added in this solution to obtain wine red colour
solution. This prepared solution was titrated with
0.001 M EDTA solution to reach the end point of
lemon yellow colour solution. To known the effect of
amount of groundnut ash on removal of lead, the
various amounts of adsorbent, groundnut ash, were
used in the range of (1-10) g. The results were shown
in Table (9). For groundnut ash samples, GNA

2
 (60 >

GNA
2
 > 80 mesh), and GNA

3
 (80 > GNA

3 
> 100 mesh),

similar procedures were performed and the results
were described in Table (10) and (11).

3. ANALYSIS

3.1 pH value of the waste water sample

pH value of the waste water discarded from
Battery factory was determined and the results were
shown in Table (1).

Table1.  pH Values of Waste Water Sample

According to this table, pH of the waste water
discarded from Battery factory was found to be 0.5.
The discarded waste water is too acidic.

3.2 Determination of optimum pH for the solution
containing lead

The waste water sample (pH 0.5) was prepared
to obtain various pH values. The observation was
made for the titration of waste water solution contains
lead standard EDTA solution. The results were shown
in Table (2).
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Table2. Titration of 5 mL Waste Water Solution
with Standard 0.001 M EDTA Solution

-  = no true colour changes

From Table (2), pH 5 solution gave the true colour
change during the titration. The optimum pH for the
solution that contains lead found to be 5. This pH
value agrees the literature value.

Therefore, the waste water sample was prepared
to get pH 5 by using ammonia solution. The prepared
solution was used through the research work.

3.3 Determination of Lead Removal Capacity of
Groundnut for the Waste Water Discarder from
Battery Factory

To determine the lead removal capacity,
groundnut, groundnut charcoal and groundnut ash
were used as adsorbents and filtration method was
used. Lead removal capacity of various amount of
three different mesh sizes groundnut samples of were
determined for the waste water sample from Battery
Factory and the results were described in Table (3),
Table (4) and Table (5).

Table3. Removal of Lead from Waste Water Sample
by using Groundnut (40 > GN

1
 > 60 mesh)

Table4. Removal of Lead From Waste Water
Sample by using Groundnut  (60 > GN

2

> 80 mesh)

Table5. Removal of Lead from Waste Water Sample
by using Groundnut (80 > GN

3
 > 100

mesh)
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From Table (3), (4) and (5), it can be seen that the
increase in amount of groundnut used increases the
amount of removal of Lead from the waste water.

Fig 3. The Percent Removal of Lead by Various
Amount and Various Size of Groundnut

According to Table (3), (4), (5) and Figure (3), it
was found that the smaller the mesh size of
groundnut, the more adsorption can occur and the
more amount of Lead can be removed.

3.4 Determination of Lead Removal Capacity of
Groundnut Charcoal

Lead removal capacity of various amount of three
different mesh sizes groundnut charcoal samples of
were determined for the waste water sample from
Battery Factory and the results were described in
Table (6), Table (7) and Table (8).

Table6. Removal of Lead from Waste Water Sample
by using Groundnut Charcoal    (40 > GNC

1 
> 60

mesh)

Table7. Removal of Lead from Waste Water Sample
by using Groundnut Charcoal (60> GNC

2 
>80

mesh)

Table8.  Removal of Lead from Waste Water
Sample by using Groundnut Charcoal  (80 >

GNC
3
 > 100 mesh)
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From Table (6), (7) and (8), it can be seen that the
increase in amount of groundnut charcoal used
increases the amount of removal of Lead from the
waste water.

Fig4.  The Percent Removal of Lead by Various
Amount and Various Size of Groundnut Charcoal

According to Table (6), (7), (8) and Figure (4), it
was found that the smaller the mesh size of
groundnut charcoal, the more adsorption can occur
and the more amount of Lead can be removed.

4.5 Determination of lead removal capacity of
Groundnut ash

Lead removal capacity of various amount of three
different mesh sizes groundnut ash samples of were
determined for the waste water sample from Battery
factory and the results were described in Table (9),
Table (10) and Table (11).

Table 9.  Removal of Lead from Waste Water
Sample by using Groundnut Ash  (40 >GNA

1
 >

60 mesh)

Table10. Removal of Lead from Waste Water
Sample by using Groundnut Ash (60 >

GN A
2
 > 80 mesh)

Table11.  Removal of Lead from Waste Water
Sample by using Groundnut Ash (80 > GN A

3

> 100 mesh)

From Table (9), (10) and (11), it can be seen that
the increase in amount of groundnut ash used
increases the amount of removal of Lead from the
waste water.

According to Table (9) (10), (11) and Figure (5),
it was found that the smaller the mesh size of
groundnut ash, the more adsorption can occur and
the more amount of Lead can be removed.

The amount of removal of lead from the waste
water sample was compared by using same mesh
size of groundnut, groundnut charcoal and groundnut
ash.
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Fig5. The Percent Removal of Lead by Various
Amount and Various Size of Groundnut Ash

Fig6.  The Effect of Same Mesh Size of Three
Adsorbents  (40 > mesh > 60)

Fig7. The Effect of Same Mesh Size of Three
Adsorbents (60 > mesh > 80)

From Figure (6), (7) and (8) it was found that
groundnut charcoal can adsorb more lead and the
amount of removal of lead was greater than that of
others.

Fig8.  The Effect of Same Mesh Size of Three
Adsorbents (80 > mesh  > 100)

IV. CONCLUSION

The waste water discarded from battery factory
contains some extent of toxic lead metal that can
pollute the environment (soil, water, etc.). In this
research work, the removal of toxic metal lead was
studied by using groundnut, groundnut charcoal and
groundnut ash as adsorbents by applying filtration
method.

The pH of the sample solution was measured by
pH meter and pH of the original waste water sample
was found to be 0.5 (very acidic). The amount of lead
removal was selected by volumetric analysis using
standard EDTA and xylenol orange as indicator.

The optimum pH was determined and found that
it was 5. Therefore, the waste water sample was
prepared to obtain pH 5. The experiments were carried
out at room temperature and flow rate of the sample
was 10 drops per minute.

To known the effect of amount of groundnut on
removal of lead, the various amounts of adsorbent,
groundnut, were used in the range of (1-10)g. The
increase in amount of groundnut used increases the
amount of removal of lead from the waste water. The
smaller the mesh size of groundnut, the more
adsorption can occur and the more amount of lead
can be removed. Groundnut charcoal can adsorb the
amount of removal of lead was greater than that of
others.

Therefore, this sample groundnut can be used
for the removal of metal ion (Pb2+) from polluted water.
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ABSTRACT

There are many different way of mathematics rules.
Among them, we express finding the extreme values
for the optimization problems that changes in the
particle life with the derivatives.    The derivative is
the exact rate at which one quantity changes with
respect to another. And them, we can compute the
profit and loss of a process that a company or a
system. Variety of optimization problems are solved
by using derivatives. There were use derivatives to
find the extreme values of functions, to determine
and analyze the shape of graphs and to find
numerically where a function equals zero.

KEYWORDS: first order derivatives, second order
derivatives, differentiation rules, related rate,
optimization problems.

1. INTRODUCTION

In this paper, some basic definitions and
notations of derivatives are firstly introduced. Next,
some differentiation rules are presented. Moreover,
related rates with some examples are also presented.
Finally, some applications of derivatives are
mentioned by using the closed interval method and
the second derivative test.In calculus we have learnt
that when y is the function of x, the derivative of y
with respect to x (i.e  ) measures rate of change in
y with respect x. Geometrically, the derivative is the
slope of curve at a point on the curve. The derivative
is often called as the “instantaneous” rate of change.
The process of finding the derivative is called as
differentiation.

2. FIRSR AND SECOND ORDER DERIVATIVES

If  is a differentiable function, then its
derivative  is also a function. If is also
differentiable, then we can differentiate  to get a

new function of x denoted by . So  .The
function  is called the second derivative of  because
it is the derivative of the first derivative.

 There are many ways to denote the derivative of a
function, where the independent variable is x and
the dependent variable is y. Some common alternative
notations for the derivative are

The symbols   and D indicate the operation of
differentiation.

3. SOME EXAMPLES OF DERIVATIVES

3.1. Example

 Let   be the number of people in the
labor force at time t in a given industry. Let

 be the average production per person in
the labor force at time t. The total production is
then .

(a)If the labor force is growing at the rate of
4% per year and the production per worker is
growing at the rate of 5% per year, we can find the
rate of growth of the total production, y.

(b) If the labor force is decreasing at the rate of
2% per year while the production per person is
increasing at the rate of 3% per year. Is the total
production increasing, or is it decreasing, and at what
rate?
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  be the number of people in the
labor force at time t be the average production per
person in the labor force at time t.

The total production

3.2. Example

       We use the derivatives to solve a variety of
optimization problems in business, physics,
mathematics, and economics. A triangle has two sides
a = 1 cm and b = 2cm. How fast is the third side c
increasing when the angle  between the given sides
is 60 and is increasing at the rate of 3 per second?

By given,

              Fig1. Triangle Shape

 According to the law of cosines,

We differentiate both sides of this equation with
respect to time t,
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4. APPLICATIONS OF DERIVATIVES

Derivatives have various applications in
Mathematics, Science, and Engineering. The closed
interval method is a way to solve a problem within a
specific interval of a function. The solutions found
by the closed interval method will be at the absolute
maximum or minimum points on the interval, which
can either be at the endpoints or at critical points.
We say that x = c is a critical point of the function

if  exist and if either of the following are
true.    or   doesn’t exist.If a point is
not in the domain of the function then it is not a
critical point.

4.1. Example

A management company is going to build a new
apartment complex. They know that if the complex
contains x apartments the maintenance costs for the
building, landscaping etc. will be

The land they have purchased can hold a
complex of at most 500 apartments. How many
apartments should the complex have in order to
minimize the maintenance costs?

All we really need to do here is determine the
absolute minimum of the maintenance function and
the value of x that will give the absolute minimum.

First, we’ll need the derivative and the critical
point that fall in the range 

From these evaluations we can see that the
complex should have 500 apartments to minimize
the maintenance costs.

4.2. Example

We need to enclose a rectangular field with a
fence. We have 500 feet of fencing material and a
building is on one side of the field and so won’t need
any fencing. Determine the dimensions of the field
that will enclose the largest area.

In this problem we want to maximize the area of a
field and we know that will use 500 ft of fencing
material. So, the area will be the function we are trying
to optimize and the amount of fencing is the
constraint. The two equations for these are,

    Fig 2. Rectangular Feild

     Maximize:    

     Constraint: 

                            

Substituting this into the area function gives a
function of y.                     

                              =

Now we want to find the largest value this will
have on the interval .The first derivative is
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   when  

                                                            

We can find the maximum value by the closed
interval method,

 

 The largest possible area is 

    

The dimensions of the field that will give the
largest area, subject to the fact that we used exactly

 of fencing material, are 250 x 125.

5. SECOND DERIVATIVES TEST

Suppose   is continuous on open interval that
contains x = c.

1.If  then f has a local
maximum at x = c.

2.  then f has a local
minimum at x = c.

3.  = 0, then the test fails.
The function f  may have a local maximum, a local
minimum, or neither.See [1].

5.1. Example

A printer need to make a poster that will have a
total area of 200 in2 and will have 1inch margins on
the sides, a 2 inch margin on the top and a 1.5 inch
margin on the bottom. What dimensions will give
the largest printed area?

                                Fig 3. Poster

 The constraint is that the overall area of the
poster must be 200 in2 while we want to optimize the
printed area. (i.e the area of the poster with the margins
taken out ).

 Let’s define the height of the poster to be h and
the width of the poster to be w. Here is a new sketch
of the poster and we can see that once we’ve taken
the margins into account the width of the printer
area is w-2 and the height of the printer area is h-3.5.

Here are equations that we’ll be working with

     Maximize: 

 Constraint:     

Solving the constraint for h and plugging into
the equation for the printed area gives,
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The first and second derivatives are

         

        

From the first derivative, we have the following
two critical points (w = 0 is not critical point because
the area function does not exit there).

          

However, since we’re dealing with the
dimensions of a piece of paper we know that we must
have w > 0 and so only 10.6904 will make sense. Also
notice that provided w > 0 the second derivative will
always be negative and so we know that the maximum
printed area will be at w = 10.6904 inches.

The height of the paper that gives the maximum
printed area is then

          inches.

5.2. Example

A 600 m2 rectangular field is to be enclosed by a
fence and divided into two equal parts by another
fence parallel to one of the sides. What dimensions
for the outer rectangle will require the smallest total
length of fence? How much fence will be needed?

Fig 4. Rectangular Field

 In this problem we want minimize the total length
of fence and we know that will use 600m2 rectangular
field.

  Minimize:     (x and y are the
sides of the rectangle)

 Constraint :   

Solving the constraint for y and plugging into
the equation for the total length of fence gives,

              

                       

The first and second derivatives are

          

          

From the first derivative, we have the following
two critical points (x=0 is not a critical point because
the function does not exist there).

                      =

However, since we’re dealing with the
dimensions of rectangle we know that we must have
x > 0 and so only 15 will make sense.

Also notice that provided x > 0 the second
derivative will always be positive and so we know
that the minimum fence will be at x = 15 m.

The other side of rectangle is

   m
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The dimensions of the outer rectangle are

 30 m by 20 m.

   m.

 120 meters of fence will be needed.

6. CONCLUSION

         We have use the derivatives to find the
extreme values of a process in social life. In the study
of the differential equations, we should know critical
points because it is main point to find the extreme
values. We compute increase or decrease function
during a interval in our social environments. We use
the derivative to determine the maximum and minimum
values of particular function (e.g. cost, strength,
amount of material used in a building, profit, loss,
etc.)

ACKNOWLEDGEMENTS

We would like to thank to Dr Myint Myint
Khaing,Pro-Rector of Technological University
(Pakokku) and Professor Dr Khin Myo Htun, Head
of the Department of Engineering Mathematics,
Technological University (Pakokku) for their kind
permission for the submission of this paper.

REFERENCES

[1] “Thomas’ Calculus Early Transcendentals |
George B. Thomas Jr., Maurice D. Weir, Joel R.
Hass | download.” [Online]. Available: https://
it.b-ok2.org/book/2295761/8d99df. [Accessed:
12-Dec-2019].

[2] “The qualitative theory of ordinary differential
equations’ - Google Search.”

[3] D. W. Jordan and P. Smith, Nonlinear ordinary
differential equations: an introduction for
scientists and engineers, 4th ed. Oxford
[England]: New York/ : Oxford University Press,
2007.



193

Journal of Research and Applications (JRA), UCSMTLA, 2019 Volume-01, Issue-01

Article ID - JRA190028

Solving the Problems in Social Life with Double Integrals

Kay Thi Win(1),KhinMyoHtun(2), Ngwe Kyar Su Khaing(3)

(1)(3)Technological University (Yamethin), Myanmar

(2)Technological University (Pakokku), Myanmar

(1)kaythiwin357@gmail.com, (2)khinmyohtun18@gmail.com,
(3)ngwekhaingjune@gmail.com

ABSTRACT

There are many different rules for mathematics
field.  Among them, we express the solving problems
for practical life with integration methods. There are
integrals, double integrals, triple integrals, etc. Among
these method, we use the double integrals method
to find the volume and area of a region between two
curves and between line and curves that design of
engineering. We define and evaluate double integrals
over bounded regions in the plane which are more
general than rectangles. These double integrals are
also evaluated as iterated integrals, with the main
practical problem being that of determining the limits
of integration. We can find the volume and area of
the various shape by using the integration methods.
For example, volume andarea of the leaf and area of
the cardioid shape, etc. We can compute that number
of people in the region bounded during the interval
by using the integration method.

KEYWORDS:  volume by double integration, area
by double integration and average values, double
integrate a polar form.

1. INTRODUCTION

We consider the integral of a function of two
variables over a region in the plane and the
integral of a function of three variables over
a region in space. To define the double integral of a
function over a bounded, nonrectangular region R,
this paper is organized with some basic definitions
and notations. This paper present finding the volume
with double integrals and finding the area with double
integrals. And then we stated the double integral in
polar form. We express finding the volume and area

of the various shapes of the graph in social life. By
using the integration methods to solve the problems
in our social environment. In this paper, we used
double integrals to solve the problems that submit
the examples.

2.SOME BASIC DEFINITIONS

2.1.Definition

If R is a region like the one shown in the xy-
plane, bounded ‘above’ and ‘below’ by the curve

 and  and on the sides by the

lines  and .The cross-sectional area [1],

       

2.2.Definition

If  is positive and continuous over R, the

volume of the solid region between R and the surface

 to be .

Integrating  from  to  to get the

volume [2] as an iterated integral,
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3. FUBINI’S THEOREM (STRONGER FORM)

Let  be continuous on a region R.

1. If R is defined by

, with 

continuous on [a, b], then(By using vertical cross-
sections),

2. If R is defined by

, with 

continuous on [c, d], then(By using horizontal
cross-sections),

4. SOME EXAMPLES OF FINDING VOLUME

4.1. Example

The volume of a region such as tunnel shapes that

lies the function  and x-axis between

 can be computed.

dy dx = dx dy..

Fig.1 The region of tunnel shape.

By using horizontal cross-sections,

dx dy = dy

=

 = =  .

4.2. Example

The volume of the region that triangle shape under

the ladder in the -plane bounded by the x-axis and

the line  and  and whose top lies in the

plane 

Fig.2 The region of triangle shape under the ladder

By using the vertical cross-sections,

Volume,V = 

                  = 

                  = 

                  = 
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                  = 

                  =  .

By using the horizontal cross-sections,

Volume,V = 

                  = 

                  = 

                  = 

                  = 

                  =  .

4.3. Example

We will design a can to build at a high place.
Therefore, we should volume of the under a can. The
volume of a region between the curve

bounded by the x-axis on

can find.

=

                  =

= 

                                 = 

                                 = 2π.

5.  AREA BY DOUBLE INTEGRATION

5.1. Definition

The area of a closed, bounded plane region R
is

5.2. Definition

For an integrable function of two variables defined
on a bounded region in the plane, the average
value [3] is the integral over the region divided by
the area of the region.

5.3.  SOME EXAMPLE OF FINDING AREA

5.3.1. Example

An engineering design for a building that
parabola shape region. He will compute enclosed area
by using the integration method. The area of the
region R enclosed by the parabola shape 
and the line  ,can be computed.

Fig3. The region between the curve and the x-axis
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Fig4. The region enclosed by the parabola and the
line

By given ,  and .

If .

.

Region: .

Area,A=

            = 

            = 

            = 

            = 

            = 

            =  =  =  .

5.3.2. Example

The area of the regions R can be computed. The

following function

= 

= 

=  

= +

 =  = 6.

5.3.3. Example

Finding the average values of

 over the rectangle

 .

              = 

              = 

              =  

              = 

              =   = 0.

Area of rectangle = .
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Average value of f over R= 

6. DOUBLE INTEGRAL IN POLAR FORM

Area differential in polar coordinates,

.

6.1.Example

We can compute values of area everything in
our environment of daily life. There are many tree
that having many leaf. We compute the area
enclosed by the one leaf of the rose

 over the region R: .

Fig5.The area enclosed by the one leaf of the rose

Area,A=

            = 

            = 

            = 

            = 4 

             = 2

             = 2  =  .

6.2. Example

The area of the region, R of a piece of moon. The
area of the region that lies inside the cardioid

 over the region R:  and

outside the circle  can be stated.

Fig 6.The region lies inside the cardioid and
outside the circle

Area,A=

            = 

            = 
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            = 

            = 

             = 

             =  

             =  .

7. CONCLUSION

There are many different rules for mathematics
researcher. Among them, integration method is very
important method. Specially for engineering because
they are compute in imaginary for their design that
is, volume of system and area of design for their
practical life. Define and evaluate double integrals
over bounded regions in the plane which are more
general than rectangles. These double integrals are
also evaluated as iterated integrals, with the main
practical problem being that of determining the limits
of integration. By using the integration method:
integrations, double integrations and triple
integrations, computed for solving the problems in
daily life.
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ABSTRACT

The aim of this research is to produce hand-
made eco-friendly wood plastic composites (WPCs)
by applying waste plastic bottles blending with
sawdust particles of softwood (SW) and hardwood
(HW) by compression moulding method and to
compare physical, chemical and mechanical properties
of composites obtained. In this research, composite
preparation could be divided into two steps based
on the types of hand press used. Although the
procedure was similar with first step, ZnO was put as
plasticizer and cotton seed oil -based polyol resin
was utilized instead of cotton seed oil in the second
step preparation. Three ratios applied (polyethylene
(PE): softwood (SW) (or) hardwood (HW): coupling
agent (CA)) were  (65 : 20 :15) as ratio (a), (60 : 25: 15)
as (b) and (55 : 30 : 15) as (c) respectively. Water
reduction, thickness swelling, specific gravity (SG),
density and hardness of prepared WPCs were
examined. In addition, chemical resistance test with
(94% ethanol), salt spraying test with (3.5 % NaCl
solution) and biodegradable test were done on all
WPCs. To compare the properties of WPCs,
screening electron microscopic (SEM) and
thermogravimetric (TGA) analyses were also
performed.

KEYWORDS: composites, plasticizer, coupling
agent, screening electron microscopic (SEM),
thermogravimetric (TGA)

1. INTRODUCTION

Wood Plastic Composite is a material made from
combination of wood and plastic wastes mixed in the
right proportion and extruded inside a specially
designed extruding machine at temperature of about

170°C - 200°C.  The term strength applied to a material
such as WPC refers to its ability to resist external
forces tending to change its shape. Also, the physical
and mechanical properties, which are present in wood
plastic composite, decide purpose to which WPC
can be sustainably put. During utilization, when
external forces such as heavy loads are applied to a
given sample of wood plastic composite, internal
forces generated within the WPC which resist
changes in size and alteration in shape.

Wood plastic composites (WPC) containing
wood plastics and additives are used to substitute
wood products as well as standard plastics (Bledzki,
2002, Dale, 1999 and Bledzki and Gassan, 1999). Due
to their increased water absorption and thus, lower
dimension stability, these composites are not suitable
for all areas of application (e.g. wet areas). However,
the desired stability can be achieved by chemical
modification, for example, by acetylation or by adding
coupling agents (Rowell, 2005). To achieve the
desired composite properties, the wood fibres
(particles) were modified with a cou-pling agent. By
using maleic anhydride grafted PP as a coupling
agent, an increase in water resistance as well as a
rise in mechanical data in comparison to untreated
composites could be demonstrated (Nechwatal, 2005
and Rowell, 2000).

The plastic wastes were first sort into their
specific types (that is, polyethylene terephthalate
(PET), high density polyethylene (HDPE), polyvinyl
chloride (PVC) low density polyethylene (LDPE),
polypropylene (PP), polystyrene (PS). The aim of this
study is to compare the physicochemical and
mechanical properties of hand made wood plastic
composite (WPC) based on soft wood (Say-Khar)
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and hard wood (Taung-Ta-Mar) with waste plastic
bottle of low density polyethylene (LDPE) by cold
pressing and hot pressing.

2. EXPERIMENT

2.1 Sample Collection and Preparation

Two kinds of wood particles from  (Say-Khar)
(softwood) and (Taung-Ta-Mar) (hardwood) were
collected from a sawmill of Mayan, Myitkyina
Township, Kachin State, Myanmar and they were
grounded by applying efficient shredder (100A) to get
powder. Shredded low density polyethylene (LDPE)
of empty water sachet plastics were obtained from a
commercial plastic waste company, Mandalay and
they were also grounded.  Refined cotton seed oil
which was used as coupling agent in the first step of
preparation was purchased from an oil mill of Pakokku.
Polyol of cotton seed oil used as coupling agent in the
second step was synthesized in the laboratory of
Faculty of Science, Institute of Tropical Forestry and
Forest Products (INTROP), University of Putra
Malaysia, Malaysia.

Fig1.  Cotton seed oil to polyol by epoxidation
and ring opening synthesis

2.3 Determination of the Physicochemical
Properties of Sawdust

Determination of moisture, ash, particle density
and water absorption properties were carried out and
the resulting data will  be discussed in the next
seciton.

2.4 Characterization of Sawdust

Two sawdust samples used as raw materials in
the preparation of particlboards were characterized
by Energy Dispersive X-ray Fluorescence (EDXRF)
and Fourier Transform Infrared(FT-IR) spectroscopy.

2.5 Preparation of Composite Panels

Fig2. PE, SW and HW powder samples

Two types of sawdust (SW, HW) and plastic
particles (PE) powders (Figure 2) were dried at 80°C
in an oven for 24 hr prior to the mixing process in
order  to achieve a moisture content of less than 3%.
(1%). PE was added into a pan heated and stirring at
100°C thoroughly to activate its adhesive property.
After 5 mins heating and stirring, calculated amount
of cotton seed oil was added to the heated PE
particles to get more compatibility between the
sawdust and treated PE and then stirred for another
5 min. Finally, oven dried sawdust particles were
blended with treated PE in the heated pan and they
were stirred for 5 mins to produce a homogeneous
PE-sawdust compound through efficient dispersion.
After stirring, commercial adhesive latex ATM (A-
9000), premium grade was added as additive into the
mixture and they were mixed and blended thoroughly.
Then the resulting mixture was transferred into the
mould sprayed with liquid paraffin on which it was
pre-shaped as composite panel. The composite
obtained was rubbed with liquid paraffin smoothly
to get the desired shape and size. The mould was
heated at 70°C in an oven (model 10 lab) for two hrs,
Heating in the oven and pressing by cold hand press
were done alternatively in every 2 hrs for the
composite processing part I.

In the part-II composite processing, PE powder
was added into the heated pan and stirred at 100°C
for 5 mins. Then after 5 mins, cottonseed-based
polyol resin was added as a coupling agent. ZnO
nanoparticles (8.5g) were added and then heated and
stirred to extend the quality of the plastic particles.
Finally sawdust particles were added into the above
heating mixture and stirring was continued for
another 5 mins. After heating, ATM (A-9000), premium
grade was added and blended until homogeneous
PE-sawdust compound mixture was obtained. It was
placed into the mould and pre-shaped. Heating and
pressing the composite sample was done by applying
hot press to get more adhesion between sawdust
and plastic particles.

     Fig3. Cold press         Fig 4. Hot press
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2.6 Determination of Physical Properties of
Composite Panels

Water absorption, water reduction and thickness
swelling of composite panels were examined and their
percentages were calculated using the following
equations.

WA(t) = (W(t) – W
0
)/ W

0
 × 100

W
R
(t) = (W

0
 – W(t))/W

0
× 100

Thickness swelling (%) = 
t 0

0

T T
100

T

-
´

The specific gravity (SG) of composite panels
were examined at Department of Agriculture, Rubber
Research and Development Center, Yangon.

2.7 Determination of Mechanical Properties of
Composite Panels

The hardness and compression set of composite
panels were determined according to ASTM standard
method at Department of Agriculture, Rubber
Research and Development Center, Yangon.

2.8 Determination of Chemical Properties of
Composite Panels

Chemical resistance test, salt spray test and
biodegradable test were done on the composite panel
obtained to detect their chemical and corrosion
resistance and biodegradable properties.

2.9 Characterization of Composite Panels

Scanning electron microscopic analysis on
composite panels was done by (SEM, JSM-5610) for
a visual inspection of external porosity. Thermo
gravimetric analysis was performed using a TGA
detector (DTG-60H) according to ASTM standard
method. The composite panel (7-16mg) were heated
from about 37 to 600 °C at the flow rate of 50[ml/min]
under a nitrogen atmosphere.

3. ANALYSIS

3.1 Some Physical Properties of Wood Powder

Table 1 Physical Properties of Wood Powder

Moisture retaining of HW (1.85%) was greater
than SW (1.35%).Though particle density of SW and
HW were the same (0.20) g cm3, it was found that
higher water absorption (17.69%) in SW then HW
(16.03%) . Ash percent of SW and HW were similar
5.80% and 5.90% .

3.2 Characterization of Wood Powder

3.2.1 Elemental composition of wood powder

Table 2 Elemental Composition of Softwood (SK)
and Hardwood (TTM)
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3.3 Some Physical and Mechanical Properties of
WPCs

Table 3. Some Physical and Mechanical Properties
of Soft Wood Plastic Composite (SWPCs)

IRHD = International Rubber Hardness

Table 4.  Some Physical and Mechanical Properties
of Hard Wood Plastic Composite (HWPCs)

It was observed that both of water absorption
of SWPCs and HWPCs tend to increase as the
percentages of wood contents also increase. The
densities of ratio a , b and c in HWPCs were 0.82 ,
0.68 and 0.85 gcm-3 and the determination of ratio a ,
b and c in SWPCs were 0.79, 0.73 and 0.73 gcm-3

respectively. Water absorption inversely related with
density of all WPCs. When the density was lower,
more water entered into the cell wall of WPCs and
therefore there was more swelling along the
hydrophilic sawdust grains. Water absorption of
SWPC was higher than those of HWPCs.

As the amount of wood increased, thickness
swelling properties of SWPCs and HWPCs were also
increased. Density inversely effected on the thickness
swelling properties of all WPCs. Due to the
increasing order of wood contents in the formulation
of ratio a , b and c, the highest swelling was found in
ratio c not only for SWPCs  but also for HWPCs. It
was found clearly that the highest water reduction
rates in SWPCs and HWPCs were accompanied with
the highest amount of sawdust (SD)  filler because
of the porous  contained SD. Ratios (c) of both WPCs
samples response the best water reduction qualities
in this determination.

It is significant in the determination of variance
of WPCs properties. In this study, slightly decreased
specific gravities were obtained with the increased
amount of wood contents in the analyzed SWPCs
and HWPCs.

Alternatively, higher plastic contents associated
with the higher density and specific gravities of
applied SWPCs and HWPCs  in this study.

3.4 Mechanical Properties

3.4.1 Hardness

Hardness of a material is the measure of the
resistance to indentation and therefore it is one of
the important properties of composites. Among the
HWPCs, ratio (c) gave the highest hardness , 95 and
the similar results were shown in the three tested
SWPCs , ratio (b) and (c) also expressed their
hardness as 94. It was because the more the content
of wood in the composition of  WPCs , the more
adhesion between the sawdust fiber and PE matrix.
Good hydrophilic sawdust short fiber dispersion
within hydrophobic polyethylene gained the
effective interfacial bonding. And therefore it could
reduce the softness and enhance the stiffness of all
WPCs examined in this study.
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3.5 Characterization on WPCs

3.5.1 Screening electron microscopic
analysis(SEM)

In  the SEM micrograms of both of SW and
HW composites, morphological structure of ratio (c)
was found as better dispersion than (a) and (b)
(Figures 5-10). The best ratio (c) from the production
of part-I was carried to the second step preparation.

Fig5. SEM microgram of SWPC ratio (a) and SW
composite panel

Fig6. SEM microgram of SWPC ratio (b) and
SW composite panel

Fig7. SEM microgram of SWPC ratio (c) and
SW composite panel

Fig8. SEM microgram of HWPC ratio (a) and
HW composite panel

Fig9. SEM microgram of HWPC ratio (b) and
HW composite panel

Fig10. SEM microgram of HWPC ratio (c) and
HW composite panel

Fig11. SEM microgram of PE only

Fig12.  SEM microgram of SW only

Fig. 13 SEM microgram of HW only
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3.5.2   Thermogravimetric analysis (TGA) (or)
Thermobalance

A technique in which the mass of the sample is
recorded versus time or temperature while the
temperature of the sample is programmed, in a
controlled atmosphere. In the TGA thermograms of
SW and HW, similar patterns of mass loss by
dehydration and decomposition as the function of
constant temperature were obtained and do not differ
significantly (Figures 14 -22).

Fig. 14 TGA thermogram given by SW ratio (a)

Fig15.  TGA thermogram given by SW ratio (b)

Fig16. TGA thermogram given by SW ratio (c)

Fig17. TGA thermogram given by HWPC ratio (a)

Fig18. TGA thermogram given by HWPC ratio (b)

Fig. 19 TGA thermogram given by HWPC ratio (c)

Fig20. TGA thermogram of SW only
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Fig21. TGA thermogram of HW only

Fig22. TGA thermogram of PE only

3.6 Salt Spray Test

After spraying 3.5 % NaCl solution for 3 days,
the resulting observation at  at  0 day and 3 days
were shown (Figure 23). All samples showed no sign
of corrosion and it could be concluded that these
composites panel showed their resistance on NaCl
salt solution.

Fig23. Salt spray test with 3.5 % NaCl solution

3.7   Chemical Resistance Test

After spraying onto the surface of composite
panels with 94 % ethanol, it was found that there
was no change in color of the composites and
therefore the composites obtained showed their
chemical resistant properties on ethanol were good.

Fig. 24 Chemical resistance test with 94% ethanol

Fig25. Hand-made WPC materials by cold press

3.8 Determination of Physical and Mechanical
Properties of SWPCs*and HWPCs*

SWPCs* and HWPCs* were sent to Rubber
Research and Development Center, Department of
agriculture, Ministry of Agriculture Livestock and
Irrigation, Yangon, to examine mechanical properties
of WPCs*. For the determination of SEM and TGA,
WPCs* were sent to university Research center
(URC), Yangon.

Table5. Mechanical Properties of SWPC* and
HWPC*

Fig26.  SWPC* by hot press and its SEM microgram

By comparing the SEM micrograms of SWPC*
and HWPC*, it was found that more porous and better
dispersion of ZnO nanoparticles between plastic and
softwood and hardwood sawdust particles in the
morphology of SWPC* (Figure 26) than that of
HWPC* (Fig27).
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Fig27. HWPC* by hot press and its SEM
microgram

Fig.28. TGA thermogram given by SWPC*

Fig29. TGA thermogram given by HWPC*

Two thermograms of SW and HW were similar
in mass loss by dehydration, and decomposition as
the function of constant temperature.

4. CONCLUSION

Hand-made SWPCs and HWPCs of various
compositions were fabricated by cold press in part -
I production and hot press by part-II production. In
part-I, it was found that water absorption, water
reduction and thickness swelling properties were
related with the concentration of wood particles in
the composition of WPCs. Alternatively increased
amount of density and specific gravity associated
with an increase of PE concentration. SEM
micrograms  clearly pointed out that HWPCs had
lower porosity than SWPCs and also HW only
showed lesser amount of porosity than SW only
composite. In the part -I production, same size of
sawdust and plastic particles were utilized and
therefore the dispersion of these particles within
composite matrix were similar. But in mechanical
properties, HWPCs had better qualities than SWPCs.

Presence of more hollow feature character within the
fiber cell wall of SW than HW induced the lesser
hardness of SWPCs than HWPCs and also the other
qualities. Thermal decomposition of HWPCs by TGA
analysis and SWPCs composites did not show
significant differences. Among three ratios, both of
HWPCs and SWPCs informed the best response in
ratio (c) and therefore this ratio was brought for the
composite production part-II. More porous character
of SWPC and  well uniform dispersions of
nanoparticles filler, ZnO were matched and this fact
enhanced the hardness mechanical property than
HWPCs. In TGA analysis, both of SWPCs and
HWPCs gave the similar thermograms. It could be
concluded that SW could produce with better
mechanical properties than HW by hot compression
method in the same condition.
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ABSTRACT

Image description generation is the process in
which the sentence is generated for the context of
the image. In this process, there are two important
parts: feature extraction from the image and sentence
generation based on the image features. The process
of image description generation works as the
combination of computer vision and natural language
processing. This paper intends to represent the
image description generation framework based on
the pre-trained Convolutional Neural Network
trained by Deep Residual Network (ResNet) for
feature extraction and Two Long-Short Term Model
(Two-LSTM) for sentence description. The
experiment of the system is implemented on the
Flickr8Kdatasets and the performance of the system
is measured using standard evaluation metrics, such
as: BLEU, METEOR, CIDEr, and ROUGE-L.

KEYWORDS: Image Description Generation,
Convolutional Neural Network, ResNet, Long-
Short Term Memory, LSTM.

1. INTRODUCTION

Image description generation process is still
challenging in the artificial intelligence processes
and is used both computer vision process and natural
language process. Computer vision is utilized to
extract the features from the image, and natural
language processing helps in generating the
sentence description that further describes what the
image shows. The process of the image description
generation requires the model to acknowledge
objects in an image, to comprehend the relationship
between objects and to communicate them in a natural
language sentence.

Deep learning model has become as core
component any advanced applications, and the
usage of this learning method is also much more
available. Image captioning can produce a single
significant and comprehensive grammar phrase and
increase description precision by using a profound
learning model. This paper presents the image
description generation framework by using deep
Residual Network (ResNet) and Long-Short Term
Model (LSTM). The system is implemented on the
benchmark datasets: Flickr8k; and evaluated the
performance of the model using BLEU, METEOR,
CIDEr, and ROUGE-L.

The rest of the paper is prepared with the
following sections. The related works of this research
is reviewed in Section 2.  Section 3 shows the
structure of the image description generation
framework and explains the methodologies. The
experimentation is implemented in Section 4. Section
5 concludes about the methods with the limitation
and future works of the system.

2. RELATED WORKS

Vinyals et al. [1] suggested an end-to-end
neural image caption generator model called NIC
by integrating deep CNN with LSTM. NIC first
utilizes a convolutional neural network to encode
the image and then utilizes a recurrent neural
network to produce a natural language sentence
that matches with the image. This measured
efficiency with the conventional assessment
metrics and also assessed individual judgments on
five benchmark datasets.

Mao et al. [2] initiated the multimodal recurrent
neural network (m-RNN) technique to extract new
image caption. The proposed m-RNN technique
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consists of two networks. A convoluted neural
network that encodes images and adeep recurrent
neural network generates sentences. The two
subnets communicate with each other in the
multimodal layer to form the entire m-RNN model.
The input to this method is the image and the
sentence. The probability distribution is calculated
to form the next captioning word for the sentence.
The model includes five additional layers: a two-
word embedded layer, a recurrent layer, a
multimodal layer, and a SoftMax layer.

Donahue et al. [3] proposed the Long-term
Recurrent Convolutional Network (LRCN) that is
similar with m-RNN [4]. for visual recognition and
description, LRCN incorporates long-range
temporal recursion with convolutional layers.
LRCN uses AlexNet for feature extraction of the
image and a stacked two-layer LSTM for image
description generation by feeding the image
content. In a stacked two-layer LSTM, bottom
LSTM is supplied only with the prior word to
embed, and the top LSTM takes the feature of the
image as input and the bottom LSTM output the
result. The benefit of the stacked architecture is
that top LSTM merges the image and the context
information to predict the distribution of word, and
bottom LSTM can concentrate on text information
modelling.

Jia et al. [5] suggested the alternative LSTM
extension which is called guided LSTM (gLSTM)
and long sentences can be generated by using this
gLSTM. This model brings the semantic image-
extracted information into LSTM cell state and
each gate to produce image descriptions as input
together with entire image. It also examines the
various strategies for controlling the captioning
length by normalizing with the semantic
information. Multimodal embedding space can also
be used to extract semantic based information from
the image.

Wang et al. [6] indicated the architecture by
integrating the benefits of simple RNN and LSTM
used throughout parallel fusion for image
captioning, namely parallel-fusion RNN-LSTM.
This strategy enhances performance and
effectiveness through evaluation on Flickr8 K
dataset with BLEU and METEOR. Future research
must examine the restriction of simultaneous
threads by using more complicated image features
to concentrate the greater efficiency.

Aneja et al. [7] studied convolutional image
captioning technology, which has proven to be
consistent with current LSTM techniques. Validity
and comparison performance is shown by
verifying on the MSCOCO datasets. Models can
be used to carefully improve performance. Wang et
al. [8] found a framework for producing the caption
of the image using a convolutional neural network
(CNN). MSCOCO has been extensively studied to
examine the effects of model size and thickness.
Compared to the LSTM-based model using a
similar attention process, the proposed design can
be compared in terms of BLEU, METEOR and
CIDER scores.

There are few important literatures on image
description processes but mostly lack of explicit
concluding remrks and scope for research
directions that can be implemented. Thus, an
extensive comparison is required to assess what
methodology could be considered as benchmark
with suitable datasets.

3. IMAGE DESCRIPTION GENERATION MODEL

This system presents the analysis of image
description generation model by using deep residual
network (ResNet) and long-short term model (LSTM)
as shown in Fig 1.

Fig 1.Image Description Generation Model
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3.1 Convolutional Neural Network

Convolutional Neural Network (CNN) is
fundamental type of deep learning method similar to
ordinary neural network with hidden layers. In
convolutional neural network, increasing the number
of hidden layers poses several challenges which are
overcome in CNN. In CNN, convolutional layers,
pooling scheme, normalization scheme and fully
connected layers are main components. Pooling is
most important component that helps in reducing
the repeating number of features and allowing the
hidden layers to increase. CNN works much better
than ordinary SVM or any other training method.

There are many pre-trained model for
Convolutional Neural Network (CNN). Among them,
some pre-trained model that contained in Keras. Keras
is a neural-network library, which is open-source and
is written with Python. There have been many
research areas that used Keras. For image captioning,
many researchers used Keras pre-trained model for
image encoding that extracts the features of image. It
supports convolutional neural networks, recurrent
neural networks, and also combinations of two
networks; and runs impeccably on CPU and GPU.
There are many pre-trained models for image
captioning. Among them, this study is applied deep
Residual Networkfor the feature extraction of the
image.

The Residual Network (ResNet) [9] is a
specialized neural network that helps to manage more
advanced deep learning tasks and models. ResNet is
implemented by adding the corresponding residual
version to the normal network. In the network, the
layer uses the reference as a layer input to learn the
redundant function instead of learning the function
without reference. ResNet can achieve precision from
a greatly increased depth and is easy to optimize.
ResNet is available in 18, 34, 50, 101 and 152 versions.
34-layer ResNet is better than 18-layer ResNet. The
34-tier ResNet reduced the previous error by 3.5%.
The 18-layer ResNet is faster than an 18-layer normal
network. ResNet 50/101/152 is more sensitive than
ResNet 34. Therefore, ResNet50, ResNet101, and
ResNet152 are implemented in the feature extractor.

3.2Long-Short Term Memory

Long-Short Term Memory (LSTM) is used that
can handle long term dependence and also address
the problems of hidden states. LSTM was actually
suggested by Hachreiter (1997) mainly to deal with
long term dependency issues and the information

can retain for very long time also [10]. LSTM is
designed in chain like structure with four important
layers, namely Forget Gate (f); Input Gate (I);
Candidate Layer (C ); Output Gate (O). Except
Candidate layer, other layers are all single layered
networks that use Sigmoid function whereas
Candidate layer utilizes Tanh function for activation
purposes. Generally, three major steps are executed
in LSTM operation. The information that has to be
thrown away is processed in first step and second
step determines what information has to be stored
as new information. Output is appropriately decided
by third step.The output of the LSTM cell is
calculated with the following equations.

(1)

(2)

(3)

(4)

(5)

(6)

In the equations,f
t
 is forget gate, ̄ c

t
  is cell state,

i
t
 is input gate and o

t
 is output gate, c

t
 is current cell

memory, h
t
 is current cell output, c

t-1
 is previous cell

memory, h
t-1

 is previous cell output, x
t
 is input vector.

W
x
 and W

h
 are the weights of input and the previous

cell output respectively.

4. EXPERIMENT

4.1 Dataset

There has been many popular datasets that is
used for image description generation model such
as Flickr8k [11], Flickr30k [12], MSCOCo [12], etc.
Among them, this study presents on Flickr8k [11]
benchmark datasets. That is very popular and mostly
used for image annotation. The images from Flickr.com
website is collected for Flickr8k dataset. Flickr8k
dataset consists of 8,092 images; and divided into
6,000 images to train, 1,000 images to test and 1,000
images to validate. Five sentences are created for
each image in the dataset by characterizing with
events scenes, situation, and entities (animals,
people and objects). The grammar of images from
the dataset is tested with the help of the workers and
spelling is checked with United State format.
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Fig 2. Sample images and descriptions from the
dataset

4.2Evaluation Metrics

The evaluation metrics are mostly implemented
to measure the performance of image captioning
model. There are many popular evaluation metrics.
Among them, this study is evaluated with Bilingual
Evaluation Understudy (BLEU), Metric for
Evaluation based Image Description Evaluation
(METEOR), Consensusbased Image Description
Evaluation (CIDEr), and Recall-Oriented Understudy
for Gisting Evaluation (ROUGE).

BLEU [13] measures by the similarity between
machine-generated sentences and sentences in a data
set. It is part of the N-gram. This is very similar to
human judgment. Therefore, this is often referred to
as a humanoid assessment for machine translation.
In this experiment, the performance of the model will
be verified at 1, 2, 3 and 4 grams, respectively.

To overcome the BLEU metric problem,
METEOR [14] was designed based on the harmonic
averages of unigram precision and recall rates. It is
used the same resources to evaluate the target

language and create a statistical translation system.
Open source software is freely available for that.
Unlike BLEU indicators, METEOR seeks compliance
at the corpus level.

CIDEr [15] is used to evaluate definitions created
using human consensus. The purpose of CIDEr is to
automatically evaluate the description for the image.
The metric specifies the number of units of ideas
that match the candidate sentence in the image
description set.

ROUGE-L [16] is designed for measurement of a
general result of maximum length between the target
and source statements. There are four different
ROUGE measurements: ROUGE-L, ROUGE-N,
ROUGE-S, and ROUGE-W. Because the survey has
a sentence-level LCS, ROUGE-L is used for the most
common sequence of results (LCS) in this experiment.

4.3 Experimental Results

To implement the image description generation
model, we have used the machine with Intel Core I7
processor with 8 cores and 8GB RAM running on
Window 10 OS. Keras library based on tensorflow is
used for creating and training deep neural networks.
Tensorflow is a deep learning library developed by
Google [17]. Tensorflow uses the graph definition to
implement the deep learning network. It can be
executed on any supported devices by defining one
graph at once.

For the image description generation model, we
are using by combining CNN and LSTM. ResNetsare
used for the image features extraction task and act
as an image encoder. That model is trained with 10
epochs. Table 1 shows the experimental results for
image description generation.Generally, ResNet50 is
better than the other two and ResNet152 is better
than ResNet101. However, BLEU-2, BLEU-3, BLEU-
4 of ResNet152 is the better than ResNet50 and
ResNet101. Sample generated descriptions of the
images are shown in Fig.3.

This work compares few image description
generation models in terms of various performance
metrics and it can be evidently seen that ResNet50
outperforms all the models. So, the comparison of
literature suggests that we need to expensively
evaluate and based on that the suitable model can
be recommended.



212

Journal of Research and Applications (JRA), UCSMTLA, 2019 Volume-01, Issue-01

Table 1. Experimental results of image description generation

Fig 3.Some Generated Captions for Sample Images

5. CONCLUSIONS

This paper studies the analysis for image
description generation models and the study used
the encoder-decoder framework for image description
generation. Deep residual networks (ResNets)are
used as the encoder to extract features from image
and LSTM is used as the decoder to generate a
sentence that described the image. This study is
implemented on Flickr8k dataset and evaluate with
BLEU, METEOR, CIDEr, and ROUGE-L evaluation
metrics. We have evaluated different models in term
of performance evaluation parameters and observed
that the model ResNet50 does well in comparison
with other models.The work, however, doesn’t
consider the attention mechanism on the model. For
the extension, we will test with different datasets and
other different models, and we will also add the
attention models in the encoder-decoder framework.
Though, the test and experimentation were carried
out for a dataset which is significantly used by
numerous researchers.
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ABSTRACT

This paper is concerned with the numerical
properties of explicit Runge-Kutta methods (ERK)
for the first order initial value problems. The
derivatives of each method will be presented by
Butcher tableau of the coefficients in the system of
algebraic equations of s-stage ERK methods.
Besides, it is examined that the order of accuracy
and convergence of ERK methods. It is also examined
the regions of absolute stability of s-stage ERK
methods of order s for s = 1, 2, 3, 4 for y = f(t, y) by
applying these methods to the test equation + ay +
r(t)=0. It will be found that the regions of higher order
methods are more broader from the point of stability
as well as the higher order methods are more closer
to the exact solutions by calculating ERK methods.
At last, Numerical and graphical comparisons
between these methods with the exact solution have
been presented for the initial value problems.

KEYWORDS: explicit Runge-Kutta methods,
Butcher tableau, stability regions, approximations,
errors

1. INTRODUCTION

 Differential equations can nearly describe all system
undergone change. Many mathematicians have
studied the nature of these equations and many
complicated systems can be described quite
precisely with compact mathematical expressions.
However, many systems involving differential
equations are so complex. It is in these complex
systems where computer simulations and numerical
approximations are useful. The techniques for solving
differential equations based on numerical
approximations were developed before
programmable computers existed. The problem of

solving ordinary differential equations is classified
into initial value and boundary value problems,
depending on the conditions specified at the end
points of the domain. There are numerous methods
that produce numerical approximations to solution
of initial value problems in ordinary differential
equations such as Euler’s method which was the
oldest and simplest method originated by Leonhard
Euler in 1768 and Runge-Kutta methods. The Runge-
Kutta methods are an important family of iterative
methods for the approximation of solutions of
ordinary differential equations (ODEs), that were
developed around 1900 by the German
mathematicians C. Runge and M.W. Kutta[1] [2].

We start with the consideration of the explicit
methods. Let us consider an initial value problem
(IVP)

dy
f(t, y(t)),

dt
 (1)

T
1 2 ny(t) = (y (t), y (t),..., y (t)) , n nf [a,b] ,   

with an initial condition

0 0y(t ) y . (2)

Here, it is interested in a numerical approximation of
the continuously differentiable solution y(t) of the

IVP(1)-(2) over the time interval t [a,b]. To this aim

we subdivide the interval [a, b] into M equal
subintervals and select the mesh points t

j
 .
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j

b a
t a jh, j 0,1,...,M, h .

M


         (3)

The value h is called a step size. Traditionally it
is assumed that the function f of (1) is continuous
and satisfies a Lipschitz condition with constant L,

|| f (t, u) f (t, v) || L || u v || .  

The stability of solution of (1) in this class of
problems is easily established. It will be sketched in
a form analogous to developments which follow. Any
solution y(t) of (1) can be represented in the form

n

t

n

t

y(t) y(t ) f ( , y( ))d      in [8], [9], [10].

Standard introductory texts are Stoer & Bulirsch [1],
Dekker & Verwer [2], Morecver, Bosede, Emmanuel
& Temitayo [3] , Sankara Rao [4], Islam [5] ,Sastry [6]
and Scott [7]   give a more complete recent survey of
the field.

2. EXPLICIT RUNGE-KUTTA METHODS

2.1 Definition

The family of explicit Runge-Kutta (ERK)
methods of the s- stage is given by

s

n 1 n 1 n i i

i 1

y(t ) y y h b k , 


    (4)

where

1 n nk f (t , y )

2 n 2 n 21 1 n nk f (t c h, y ha k (t , y )),  

3 n 3 n 31 1 n n 32 1 n nk f (t c h, y h(a k (t , y ) a k (t , y ))),   



s

s n s n sj j

j 1

k f (t c h, y h a k ).


   

To specify a particular method, we need to
provide the integer s (the number of stages), and the

coefficients ic (i 2,3,...,s),  ija (1 j i s),   and

ib (i 1,2,..., s).

These data are usually arranged in a co-called
Butcher tableau (after John C. Butcher):

              

2.2 First, Second, third and Fourth Order of

Let s =1 then,

1 n nk f (t , y ), n 1 n 1 n ny y hb f (t , y ).               (5)

On the other hand, the Taylor expansion yields

n

2
n 1 n n n nt

y y h y ... y hf (t , y ) O(h ).      

This implies 1b 1.

Thus, the first stage RK method is equivalent to the
explicit Euler’s method. Note that the Euler’s method
is the first order of accuracy. Thus, it is the RK method
of the first order.

Now consider the case s= 2. In this case (4) is
equivalent to the system

1 n nk f (t , y ), 2 n 2 n 21 1k f (t c h, y ha k ),  

n 1 n 1 1 2 2y y h(b k b k ).   

 Now, let us write down the Taylor series expansion
of y in the neighborhood of nt  up to the 2h  term, i.e.,
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n n

2 2
3

n 1 n 2
t t

dy h d y
y y h O(h ).

dt 2 dt
    

However, we know that y f(t, y(t)),  so that

2

2

d y df(t, y) f(t, y) f(t, y)
= +f(t, y) .

dt t ydt

 


 

Hence the Taylor series expansion can be rewritten
as

n n

2
3

n 1 n n n

(t , y )

h f f
y y =hf(t , y )+ +f O(h ).

2 t y

  
    

(6)

On the other hand, the term in the proposed RK

method can also expanded to 3O(h ) as

2 n 2 n 21 1k f (t c h, y ha k )  

n n n n

3
n n 2 21

(t ,y ) (t ,y )

f f
hf (t , y ) hc ha f O(h ).

t y

 
   

 

Now, substituting this relation for 2k into the

last equation of (5), we achieve the following
expression:

n n

2
n 1 n 1 2 n n 2 2

( t ,y )

f
y y h(b b )f (t , y ) h b c

t


   


n n

2 3
2 21

( t ,y )

f
h b a O(h ).

y


 



Making comparison in the last equation and (6)
we can write down the system of algebraic equations
for unknown coefficients

1 2b b 1,  2 2

1
b c ,

2
 2 21

1
b a .

2


The system involves four unknowns in three
equations. That is, one additional condition must be
supplied to solve the system. We discuss two useful
choices, namely

a) Let 2c 1. Then

2 1 21b 1 2, b 1 2,a 1.   The corresponding

Butcher tableau is

       

Thus, in this case the two-stages RK method
takes the form

 n 1 n n n n n n n

h
y y (f (t , y ) f (t h, y hf (t , y )) ,

2     

and is equivalent to the Heun’s method, so we
refer the last method of two-stages to RK-method of
the second order.

a) Now, let 2c 1 2. In this

case 2 1b 1, b 0,  21a 1 2.  The corresponding

Butcher tableau is

  

In this case the second-order RK method (4)
can be written as
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n 1 n n n n n

h h
y y h(f (t , y f (t , y ))

2 2    

and is called the second order RK method (RK2
method).

Otherwise, the method becomes

n 1 n 1 2

1
y y (k k ),

2    (7)

where, 1 n nk hf (t , y ), 2 n n 1k hf (t h, y k ).  

This formula (7) is also called Heun’s formula
(or) the improved Euler’s method (or) Trapezoidal
method.

So, the choice of the parameter (coefficients) is
arbitrary and we have several s-stage RK-formulas.

Therefore, we choose the coefficients for the
most commonly used formulas for third-stage and
fourth-stage RK methods.

For s =3, by applying Taylor series expansion
we can compute the equations of the coefficients as
follow:

1 2 3b b b 1,   3 2 32

1
b c a ,

6


2 2 3 3

1
b c b c ,

2
 

2 21c a ,

2 2
2 2 3 3

1
b c b c ,

3
 

3 31 32c a a . 

If we choose 2c 1 2 and 3c 3 4, then, we get

1b 2 9, 2b 1 3, 3b 4 9, 21a 1 2 , 31a 0 and

32a 3 4.
The corresponding Butcher tableau is

  

Therefore third-stage RK method is

n 1 n 1 2 3

2 1 4
y y k k k ,

9 3 9     (8)

where

1 n nk hf (t , y ), 2 n n 1

1 1
k hf (t h, y k ),

2 2
  

3 n n 1

3 3
k hf (t h, y k ).

4 4
  

This method is called the third order RK method
(RK3 method). It is also called Simpson method.

Let s = 4, then there are fourth-stage RK methods.
One member of the family of Runge–Kutta methods
(4) is often referred to RK4 method or classical RK
method and represents one of the solutions
corresponding to the case s = 4. In this case, by
matching coefficients with those of the Taylor series
one obtains the following system of equations
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1 2 3 4

2 2 3 3 4 4

2 2 2
2 2 3 3 4 4

3 3 3
2 2 3 3 4 4

3 2 32 4 2 42 3 43

3 2 3 32 4 4 2 42 3 43

2 2 2
3 2 32 4 2 42 3 43

2 21 3 31 32

4 2 32 43

b b b b 1

1
b c b c b c

2
1

b c b c b c
3
1

b c b c b c
4

1
b c a b (c a c a )

6
1

b c c a b c (c a c a )
8

1
b c a b (c a c a )

12
c a ,c a a

1
b c a a .

24

    

  


  


  



   

  

  

  

















The system involves thirteen unknowns in
eleven equations. That is, two additional conditions
must be supplied to solve the system. The most
useful choices are

2c 1 2,
31a 0.

The corresponding Butcher tableau is presented in
the following table. The tableau yields

Then the equivalent corresponding equations
defining the classical RK4 method is

n 1 n 1 2 3 4

1
y y (k 2k 2k k ),

6      (10)

where  1 n nk hf (t , y ),

2 n n 1

1 1
k hf (t h, y k )

2 2
  

3 n n 2

1 1
k hf (t h, y k )

2 2
  

2 n n 3k hf (t h, y k ).  

Hence, this method is the most commonly used
method and called the fourth order RK method (RK4
method).

Now, we will accommodate the convergence and
stability of ERK methods as the following sections.

3. CONVERGENCE OF EXPLICIT RUNGE-

    KUTTA  (ERK) METHODS 2.2 Convergence
of RK methods

3.1  Definition

A Runge-Kutta method has accuracy order p if
for sufficiently smooth problem (1),

p 1
n n 1y(t h ) y Kh 

               (11)

i.e., if the Taylor series for the exact solution

ny( t h )  and for n 1y  coincide up to (and

including) the term
.

ph
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3.2   Lemma   (Gronwall)

Let χ : [a,b]   be continuous, α,β 0  and

0

t

0

t

χ( t ) α β χ(s )ds , t t b.   

Then        0β( t t )
0χ( t ) αe , t [t ,b].  

(12)

Proof. Let 
0

t

t

u( t ) α β χ(s )ds   .

       Then 0u( t ) α.     By hypothesis, χ(t) u(t) .

The equation can be written as

0u (t)  β χ(t) β u(t) , since β 0, t [t ,b].    

Multiply throughout this inequality by 0β(t t )e  , we

get

0 0β(t t ) β(t t )u (t)e  u(t)βe 0.     

Equivalently,     0β(t t )d
u(t)e 0.

dt
    

Integrating from 0t  to t, we obtain

0β(t t )
0u(t) e  u(t ) 0 .    0β(t t )u( t ) αe  ,since

0u( t ) α

0β(t t )
0χ( t ) αe , t [t ,b].  

3.3   Theorem

Let  f  be  Lipschitz continuous with L and x(t), y(t)

the solutions of IVP (1) with  x( 0t )= 0x  and y( 0t )

= 0y .

Then oL(t t )
0 0 0x(t) y(t) e x y , t [t ,b].    

(13)

Proof.        Take any 0t [t ,b] .

Consider

x(t) y(t)

0 0

t t

0 0

t t

|| x f(s ,x(s )) ds [y f(s ,y( s )) ds ] ||    

0

t

0 0

t

x y f(s,x(s )) f(s,y( s )) ds   

0

t

0 0

t

x y L x(s ) y(s ) ds   

By Gronwall   Lemma, we have

0L( t t )
0 0x(t) y(t) e x y .  

This theorem is known as Gronwall theorem.

3.4   Theorem   (Convergence)

Suppose f  is Lipschitz continuous. Then the
Runge-Kutta method is convergent if its accuracy
order p is at least 1.
Proof.

 Consider a RK method of accuracy order p with
residual vector

p 1
n n 1 n n nr y Φ(  , t )y , r C τ τ 

     where

 is solution operator.
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Next consider two solutions y(t) and x(t)  in which

y = f(y, t),    x = f(x, t),   y(0) = 0y      x(0) = 0x

and let g(t) = 
2

 y(t)  x(t)  .

Computing this equation,

we get 
1

2
 g(t) =

 y(t) – x(t) ,  y(t) – x(t)
 y(t) x(t) f(y, t) f(x, t)  

f(y, t) f(x, t) Lg(t). 

By using Gronwall Theorem,

 y(t)  x(t)  Lte  y(0)  x(0) . 

In terms of the solution operator, this becomes

(t ; 0) y(0) (t ; 0) x(0)  Lte  y(0)  x(0) . 

(14)

Now we consider the error at time

nt , n n ne y y(t ). 

We prove by induction that 
p n L

n

C
e (e 1).

L
  

Since the initial condition is exact, this obviously
holds for  n = 0.  Assume it is true for n and

consider the error at n 1t  :

n 1 n 1 n 1 n 1e y y(t ) y         (; nt ) y( nt )

n 1e  = [ n 1y  – (; nt ) ny ] [(; nt ) ny

             –(; n nt )y(t )].

We put the first term in brackets as the residual nr .

Taking norms and applying the triangle inequality,
we obtain

n 1 n n n n ne r ( ; t )y ( ; t ) y(t ) .       

Applying (14), we get

L
n 1 n ne r e e
     Lp 1

nC e e  

 
L n Lp 1 pC

C e (e 1)
L

     

(n+1) L LpC
(e L e )

L
        

(n+1) LpC
(e 1).

L
  

By mathematical induction, we have

 
n Lp

n

C
e (e 1),

L
         n = 0, ..., N.

Thus
TLp

n

C
e (e 1),

L
    ere  T = N   .

Convergence follows since for any  p > 0 ,

                 

n
n 0 1 ... N

T
N

, , ,
lim max e 0.

h 0

h








4. STABILITY OF EXPLICIT RUNGE-KUTTA

    (ERK) METHODS 3.1 STABILITY OF
EXPLICIT RUNGE-KUTTA (ERK) METHODS

Let φ (t) be a smooth solution of y  = f( t, y ).

Using Taylor expansion, we obtain

f
y (t) f(t,φ(t)) (t,φ(t))(y(t) φ(t))

y

    




             (15)
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And introduce y(t) φ (t) = y (t) to obtain

            
f

y (t) (t,φ(t))y(t) J(t)y(t)
y

    


 

          (3.4)                          As a first approximation
we consider the Jacobian J(t) as constant and
neglect the error terms.

Omitting the bars we arrive at   y Jy  .     (16)

By applying the Runge-Kutta method (4) to the
test equation (16), we obtain0

s

n 1 n i i

i 1

y y hJ b k


  
i 1

i n ij j

j 1

k y hJ a k ,




          i = 1,2,…,s.          (17)

Inserting ik  repeatedly from the second line into

the first equation, this becomes  n 1 ny R(h J) y 
(18)

Let  z = hJ  then

R(z)=1+z

  
2 3

i i ik i ik kl

i i,k i,k,l

b z b a z b a a            (19)

is a polynomial of degree s .

4.1  Definition

The function R(z) in the equation (18) is called the
stability function or the stability polynomial of
the method. It can be interpreted as the numerical

solution n 1y R(z)   after one step for

0y λy, y 1, z hλ                          (20)

the famous Dahlquist test equation.

The set   S =  z C/ R(z) 1  ,

is called the stability domain or the stability

region of the method.

4.2 Theorem

If the Runge-Kutta method is order p, then

R(z) = 1 + z + 
2 p

p 1z z
O(z )

2! p!
   .

Proof.    From the equation  (9) ,we have the
coefficients of  RK method as follow:

               i

i

b 1

i ik i i 1 1 2 2

i,k i

1b a b c b c b c 2    

i ik kl i ik i 3 32 2 4 42 2 43 3

i,k,l i,k

1b a a b a c b a c b (a c a c )
6

     

i ik kl l 4 43 32 2

i,k,l

1b a a c b a a c .24 

The stability function in (19) becomes

2 3 4z z z
R(z) 1 z .

2! 3! 4!
                     (21)

Since the RK method is order p, and the exact

solution of (20) is ze  and therefore the numerical

solution n 1y R(z)   must satisfy ccc

z p 1 p 1e R(z) O( ) O( ).zτ    
As a consequence, all explicit Runge-Kutta

methods of order p s  possess the stability

function
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2 sz z

R(z) 1 z .
2! s!

    

The corresponding stability domains for

s 1, , 4   are represented in Fig.1.
Fig1.Stability domains for ERK methods of order 1,

2, 3,4

It is noted that the stability regions of higher
order methods more safe for the accuracy than lower
order methods of ERK methods.

Moreover, the another way which applies the
formulas of ERK methods means higher order
methods are more accurate than the lower order
methods in solving ODEs. So, we will illustrate the
approximations by means of the following examples.

4.3 Example

Consider the initial-value problem      y = y + t , with
the initial condition y(0) = 0.

The exact solution of this IVP is t(e t 1). 

 It is computed by applying the explicit Runge-Kutta
methods for order 1, 2, 3 and 4 with   h = 0.1 for time-
steps and its exact solution and the approximate
solutions are given as the following table and the
figures.  Here, this problem is computed on the
interval 0 t 1,  for the step size h = 0.1. The
intermediate data is only given to six decimal places
even though the computation has been done to many
more.

Table 1. Comparison of numerical approximations

and exact solution for y = t + y, h= 0.1

Fig2.  RK1, RK2, RK3, RK4 methods and Comparison
of   exact solution and these methods for y = y + t,

h=0.1

4.4 Example

Consider the initial-value problem
2y 2(1 y ),    with the initial condition y(0) = 0.

The exact solution of this IVP is tan 2x.   It is
computed by applying the explicit Runge-Kutta
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methods for order 1, 2, 3 and 4 with   h = 0.1 and
0.05 for time-steps and its exact solution and the
approximate solutions are given as the following
tables and the figures.  Here, this problem is

computed on the interval 0 t 0.5  for the step

size

h = 0.1and 0.05. The intermediate data is only given
to six decimal places even though the computation
has been done to many more.

Table 2. Comparison of numerical approximations

and exact solution for 2y 2(1 y ),   h= 0.1

Fig3.  RK1, RK2, RK3, RK4 methods and
Comparison of   exact solution and these methods

for y = 2(1 + y2), h=0.1

Table 3. Comparison of numerical approximations

and exact solution for 2y 2(1 y ),   h= 0.05

Here, although it cannot be compared with the
exact solutions and the stability regions of IVPs in
the examples, it is presented that the more the orders,
the closer to the exact solutions and then the results
of the formulas can create a good situation according
to the theory of stability regions. It can be observed
that the explicit Runge-Kutta methods of order 1, 2, 3
and 4 are accurate to the analytical solutions of the
first order initial value problems from these tables
and figures. The tables and the figures for the
comparison of approximate solutions and the exact
solutions are obtained by MATLAB. It is also found
that the less the step-size, the closer to the exact
solutions by calculating with the formulas. Hence,
the fourth order Runge-Kutta method (RK4 method)
gives more accuracy than the three methods.
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5. CONCLUSIONS

It can be concluded that the stability regions
of the explicit Runge-Kutta methods get bigger as
the order increase. And it is also attained that the
approximations of the explicit Runge-Kutta methods
are applied to solve the first order initial value
problems of the ordinary differential equations.
Therefore, it is also concluded that finding more
accurate result of higher order numerical methods is
more appropriate than lower order methods from any
point of views (the stability region and the formulas
of ERK methods).
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ABSTRACT

Zinc Oxide (ZnO) films with difference thickness
(13, 23, 51 nm) were prepared by sol-gel spin-coating
method. The optical properties, phase and structure
of ZnO films were investigated by UV-vis
spectroscopy and X-ray Diffractometry. The
electrical conductivity of the films were determined
from the I-V characteristics of ZnO based two terminal
device. The wettability of organometallic halide
perovskite solution toward on the ZnO thin films
were also evaluated by contact angle measurement.
According to the result of UV-vis spectroscopy
measurement, the optical transmission and band-gap
energy 90% and 3.1 eV for thinner ZnO films (13 nm).
X-ray Diffractometry study indicated that ZnO film
has hexagonal structure and the calculated crystallite
size was 43.13 nm for ZnO films annealed at 700C for
3 hr. The electrical conductivity is about 1.0 x 10-4 S/
m for ZnO film (13 nm thick). The contact angle
measurement showed lower the contact angle of ZnO
towards the perovskite solution indicating that ZnO
surface is hydrophilic. A series of investigation
suggests that ZnO is promising as compact electron
transport layer in perovskite solar cell applications.

KEYWORDS: sol-gel, perovskite solar cell, optical
transmission, band-gap energy, conductivity,
wettability.

1. INTRODUCTION

Global warming is one of the main problem in
human being life that come from energy consume
from fossil fuels. The energy from fossil fuels is the
main reason for environmental damages. In many
countries, wind, photovoltaics and hydropower are

green and renewable energies. Among them, solar
energy is one of the important resources.
Photovoltaic is the most important technology to
use the solar energy. The technology of solar cell is
one of the most promising renewable energy [1], [2].

Solar cells are usually divided into three main
generations. Organic solar cells and organic-
inorganic hybrid perovskite solar cells (PSCs), as the
third-generation solar cells, are attracting due to low-
cost, flexibility and high output. Most technologies
in this generation have not yet been commercialized,
but there is a lot of research going on in this area [3].

Solar energy technology is very important to
improve the power conversion efficiency (PCE) and
reduce the cost. In order to enhance the photovoltaic
performance of perovskite solar cells, a lot of
researchers have been extensively studied to the
interface engineering, device architecture, perovskite
deposition methods, perovskite composition
engineering, etc. [4]. Photovoltaic solar cells harvest
sun light and convert into electrical energy. The
general components of perovskite solar cells are
fluorine-doped tin oxide (FTO), electron transporting
layer (ETL), absorber layer (perovskite), hole
transporting layer (HTL), and anode [5].

The perovskite layer can harvest the light on
the basis of electron excitation. Afterwards, the
electron and hole are collected at the charge transport
materials. The electron and hole transport materials
play, therefore, as a crucial role in determining the
light harvesting and charge transport properties.
There are many kinds of metal oxides and ternary
metal oxides are used as ETL and HTL. Metal oxide
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such as TiO
2
, ZnO, SnO

2
, Fe

2
O

3
, WO

3
, etc., have

received a grate attention over the last few years [6].
The favorable characterize of charge transporting
window layer in solar cells are high optical
transmittance, high electrical conductivity, mobility
and good energy level alignment.

Among these metal oxides, ZnO possesses
several advantages such as high-specific surface
area, nontoxicity, chemical stability, electrochemical
activity, high electron communication, high optical
and electrical properties. The thin films of ZnO gave
many applications such as solar cells, luminescent,
electrical and acoustic devices, transparent
electrodes, field effect transistors, display devices,
chemical sensors, gas sensor devices, catalysis,
optoelectronics transducers, and biomedical science.
Moreover, ZnO has high-electron Hall mobility, wide
optical band-gap, and relatively low refractive index
nearly and transmittance in the visible region [7]-[8].

There are many techniques used for preparation
of ZnO thin films such as physical vapor deposition,
RF magnetron sputtering, chemical vapor deposition,
spray pyrolysis and sol-gel technique. Among them
sol-gel method especially spin coating has much
attention due to simple deposition procedure, easy
control of chemical components and low-cost [9],
[10].

In this paper, we report the fabrication of zinc
oxide layers by sol-gel spin-coating method.
Moreover, the optical, electrical, structural and
wetting properties of fabricated ZnO layers were
carried out by using UV-vis spectrophotometer,
current-voltage characteristic of a two terminal
device, X-ray diffractometry and Digital Microscope.
It was expected that the ZnO layers will be used as
electron transporting layer in perovskite solar cells
as a further study.

2. EXPERIMENT

2.1 Preparation of ZnO solution

There are three stages of thin film coating
process. They are solution preparation, coating and
drying of coated film. Zinc chloride [ZnCl

2
] was used

as a precursor for preparation of ZnO solution.  This
solution was prepared by dissolving 0.24M of ZnCl

2
in acetonitrile solvent (40 ml). The mixed solution
was stirred using magnetic stirrer for 60 minutes. The
solution was kept in a beaker for 3 hours to obtain a
homogenous and transparent clear solution.

2.1.1 Spin-coating for synthesis ZnO thin films

Before the spin-coating process, we need to
clean the substrates.  Substrate cleaning process is
the important step to get homogenous film. The glass
slides as substrate were cut with size 2 cm´2 cm and
were cleaned with distilled water, detergent, chromic
acid, acetone and isopropyl alcohol in ultrasonic
cleaner for 15 minutes each. They were also treated
with 1M NaOH solution for 15 minutes to make it
hydrophilic nature. Then the substrates were dried
by nitrogen blow and followed by UV treatment.
Figure 1 shows the substrate cleaning process before
the spin-coating.

Cleaned glass substrates were span with
prepared ZnO solution. The speed range of spin
coater is 3000 rpm and spinning duration is 30
seconds in this research. The WS-400-6NPP-Lite spin
coater (special spinning container) was used to coat
the ZnO layer on substrate. The ZnO coated glasses
were dried at 100 °C for 10 minutes on hot-plate. The
spin-coating process repeat again and again in order
to get desire thickness and then deposited films were
annealed at 700 °C for 3 hours. Figure 2 shows the
flow chat for synthesis of ZnO solution and thin film
by spin-coating method.

Fig1. Substrate cleaning process

3. CHARACTERIZATION OF ZnO THIN FILMS

The optical property of ZnO films was measured
by UV-Vis spectrophotometer (UV-1600). The
transmission spectra of ZnO films were recorded in
the wavelength ranging from 400 nm-900 nm. The
thickness of films were determined by surface profiler
which is computerized by Alpha-Step IQ software.
The electrical conductivity of films were calculated
by measuring I-V characteristic of device with two
terminals configuration (FTO/ZnO/Al). The structure
and phase of the films were analyzed by X-ray
diffractometry. The determination of wetting
properties of perovskite solution (CH3NH3PbI3) on
ZnO films were captured by a video camera which is
attached with Digital Microscope (U500X).
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Fig2. Flow chat for synthesis of ZnO thin film

4. RESULTS AND DISSUSIONS

4.1 Transmission and optical band-gap energy of
ZnO films

The optical properties of ZnO films with
difference thickness in wavelength range (400-900
nm) by using UV-Vis spectrophotometry. Figure 3
show the transmission spectra of ZnO films with
difference thickness (13 nm, 23 nm, 51 nm). The
transmission of ZnO films with various thickness are
90, 98 and 87% respectively. The band-gap energy is
main point to select the material which can match or
not with that of photosensitizer. We calculated band–
gap energy E

g 
from absorption spectra of ZnO films

by using the following equation (1).

h = A (h- E
g
)n                           (1)

where  is absorption coefficient, h is the
incident photon energy, A is the proportionality
constant, E

g  
is

 
the band-gap energy and n is either

1/2 for direct band-gap semiconductor or 2 for
indirect band-gap semiconductor [11]. Band-gap
energy means the different between the
conduction band and valance band of ZnO film.
Figure 4 shows the optical band-gap energy of the
ZnO films. The calculated band-gap energies of
ZnO films with various thickness are 3.10, 3.15, 2.88
eV. Table 1 shows the transmission and optical
band-gap of ZnO films with difference thickness.
The calculated band-gap energies are confirmed
with the references [12].

Fig3. Transmission spectra of ZnO films with
difference thickness (13 nm, 23 nm, 51 nm)

Fig4. Optical band-gap energies of ZnO films with
difference thickness (13 nm, 23 nm, 51 nm)

Table1. The transmission and optical band-gap of
ZnO films with difference thickness
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4.2 Electrical conductivity of ZnO films

The electrical conductivity of ZnO films were
determined by measuring the current- voltage
characteristic of a two terminal device (FTO/ZnO/
Ag). The device structure is shown in Figure 5. Figure
6 shows the slop of current- voltage curve of two
terminal device (FTO/ZnO/Ag). The reciprocal of the
slope is the resistance of the ZnO as seen in equation
(2).

  Slope =  =                         (2)

where, R is resistant, I is current, V is voltage. The
cross- sectional area (active area) of ZnO in the
device is 0.24 cm2 and the thickness (t) of ZnO films
are about 13 nm, 23 nm, 51 nm by measured by
surface profiometry. Using R and t values, the
electrical resistivity and conductivity of ZnO were
obtained using equation (3) and (4).

  =                        (3)

  =   =                                  (4)

where,  is resistivity,  A is active area,  is
conductivity.
The calculated electrical conductivity values of ZnO
are in table 2. According to the result, the
conductivity for ZnO film with 51 nm thickness is
not reasonable. According to my opinion, it may be
due to experimental error during the experiment.

Fig 5. Structure of two terminal device

Fig6. Slop of current- voltage curve of two terminal
device

Table2. The band-gap energies and electrical
conductivities of ZnO

4.3 XRD characterization of ZnO films

The phase and structural characteristics of
samples were examined with the X-ray diffractometry
(XRD). Figure 7 shows the XRD patterns of ZnO film
annealed at 700C. ZnO with 23 nm thickness will be
used to characterize the structural property of film in
this paper. The samples were annealed with a fixed
annealing time of 3 hr in muffle furnace. The observed
XRD patterns were examined using Joint Committee
on Powder Diffraction Standard (JCPDS) reference
data of ZnO (JCPDS, 36-1451). In prepared ZnO film,
the observed peaks can be confirmed as the ZnO
hexagonal structure. The peaks of ZnO were indexed
as (100), (002), (101), (102), (110), (103), (200), (112),
and (201) as shown in Figure 7. The ZnO film at 700C
have sharp and narrow diffraction peaks, indicating
that the materials exhibit high crystallinity and the
average lattice constant were (a=3.2701 Å, c=5.2148
Å).

The strongest peak of corresponding to the
plane (100) was selected to determine the crystallite
size of using Debye-Scherrer’s equation (3):

                                  t =                                     (3)

where, t is the crystallite size,  is the X-ray
wavelength,  is the full-width half-maximum
(FWHM) of the peak and θ is the Bragg’s angle. The
calculated crystallite size was 43.13 nm for ZnO film
at 700C for 3 hr. It is a good agreement with references
[13], [14].
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Fig 7. XRD patterns of ZnO film at 700C

4.4 Wettability of perovskite towards ZnO films

The topic of wetting plays an important role in
many industrial processes. In recent years, there has
been an increasing interest in the study of super
hydrophilic surfaces, due to their potential
applications. Wettability studies indicates the degree
of wetting when a solid and liquid interact. Small
contact angles (£90°) correspond to high wettability,
while large contact angles (³90°) correspond to low
wettability [15]. All contact angle measurements were
performed immediately after the formation of
CH

3
NH

3
PbI

3 
(perovskite solution) drop at the

substrate. The obtained contact angles at three
different locations of the same sample were averaged
out. In Figure 8, the contact angles of CH

3
NH

3
PbI

3
solution on ZnO films were measured. The contact
angles of CH

3
NH

3
PbI

3
 solution on ZnO films is very

small about 5°. Table 3 shows the contact angles of
CH

3
NH

3
PbI

3
 solution on ZnO films. According to

this result, ZnO films are hydrophilic surfaces for
CH

3
NH

3
PbI

3
 solution.

Fig 8. Contact angles of perovskite solution on
ZnO thin films with difference concentrations

Table 3. The contact angles of CH
3
NH

3
PbI

3
 solution

on ZnO films.

5. CONCLUSIONS

In this research work, synthesis and
characterization of ZnO films by sol-gel spin coating
method have been successfully studied. As a result
of UV-vis spectrum, the optical transmission are
about 90% and band-gap energy are 2.88-3.15 eV
according to different thickness. From XRD analysis,
ZnO was found with hexagonal structure. The
average crystallite size of ZnO is about 43.13 nm.
The conductivities of ZnO layers are 1 to 2´10-4 S/m.
In addition, the contact angle is very small and that
means the ZnO film is hydrophilic surface.
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