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CHAPTER I

INTRODUCTION

1.1 Background

Zinc Oxide (ZnO) is a semiconducting material with a wide bandgap of 3.3 eV
and a large exciton binding energy of 60 me\/ [4]. Accordingly, ZnO is an important
electronic and photonic material which could be"used for UV light-emitters, gas sensors
and acoustic wave devices. Recently, ZnO nanoparticles have attracted considerable
attention due to their unique _physieal properties caused by the nanosized effect. Several
studies have been conductedson iheir synthesis and structural property characterization.
Several methods are used for'syathesis'ZnQ such as sol-gel, chemical vapor deposition
and gas phase reaction. Gas phase'reaction method is advantage because it can operate as
a continuous process. Beside products is high'yield and purity. It is also used in industrial
scale production which is called French Progé_,'ss".'- Mareover gas phase reaction method
was simple, low cost and reduced need for appé'_r_-zitqses [2].

Metal or semiconductor nanoparticles qfs"_pe-_.rsed in polymeric matrices have been
widely studied recently. These nanocomposites ex_h—ibit Interesting properties and could be
widely applied to the /microelectronic and optoelectronic industries. Polymethyl
methacrylate (PMMA) is a promising matrix for these nanocomposites because of its
good thermal stability and ghemical resistance., The mechanical, electrical and optical
properties of pure PMMA are further limproved by including inorganic materials.
Combining ZnO nanoparticles with any polymer could exhibit modified optical properties
such as ‘high fintensity, fluorescence! and® high sradiation | durability.] ZnO/polymer
composites have been produced with different polymer matrices, such as poly-vinyl
pyrrolidone (PVP), poly-vinyl alcohol (PVA), [2] poly(hydroxyethyl methacrylate) [3]
and polyimids [30] . So we are interested in homogeneous dispersion of ZnO in PMMA
due to expected very unique optical characteristics such as high photoluminescence, high
transparency, and high radiation durability which could be applied in optoelectronics,

light emitting diodes, photonics and display industries in the future.



In the present work, preparation and characterization of ZnO nanoparticles via
controlled synthesis of gas phase reaction was investigated. Controlling the O, and N
flow rate is the key issue in the synthesis of ZnO nanoparticles with a particular shape.
The effects of size and concentration of ZnO particles on luminescence of composite, UV
adsorption and dynamic mechanical properties were studied and discussed.

1.2 Objectives of research

- To synthesize ZnO naneparticles by gas.phase reaction of pure zinc particles
- To fabricate nanocomposite of Zn© nanoparticles with PMMA for preparing

photoluminescent films
1.3 Scope of research

1.3.1 To conduct Zn© nanoparticles using gas phase reaction
To Control parameters which will-be"taken into account are;
a) Oxygen and nitrogefi flow raté,-i
b) Collecting method for synthesized’:ZnO nanoparticles
To Characterize morphology of syhfhééi'zed ZnO /by
- X-ray diffraction (XRD)
- Scanning Electron Microscopy (SEM)
- Transmission Electron Microscopy (TEM)
1.3.2 To Prepare ZnO/PMMA rianocomposite
To Cantrol parameter taken into account are;
a) Size,0fZnO-in-PMMA
b) ‘Concentration-ofZnO' in PMMA
To Characterize ZnO/PMMA composite by
- Dynamic mechanical analysis (DMA)
- Scanning Electron Microscopy (SEM)
- Scanning Luminescence Spectrophotometer

- UV-Vis spectrophotometer (UV-vis)



1.4 Procedure of the research
1.4.1 Survey and review related literatures

1.4.2 Synthesize ZnO by gas phase reaction
1.4.3 Perform preliminary experiments to find out suitable conditions for preparing
ZnO/PMMA film composites

1.4.4 Analyze and conclude the experimental results

Ny

1.4.5 Prepare a manuscript for journal publicaiion and thesis
o e

1.5.2 Understanding iller content in polymer matrix on

9
U
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CHAPTER 11

FUNDAMENTAL KNOWLEDGE AND LITERATURE REVIEW

2.1 Zinc Oxide (ZnO)

Zinc oxide is a chemical compoun,d.foti chemical symbol is ZnO. A molecule of

,({)g,oxygen atom. It is nearly insoluble in
water but soluble in acids or-alkalis. It o&curé ei'sff;hi’te hexagonal crystals or a white

A — - e —

zinc oxide consists of one zinc atom bound t

powder commonly known is.;énc”/;h' e as shown in-Figure 2.1. The ZnO structures are
hexagonal which is shown_inFig

Fig 2.2 Zinc Oxide Structure

(Ref. http://www.thi-berlin.mpg.de/th/personal/hermann/Zn0.qif)




Table 2.1 The property of zinc oxide

Properties Value
Band Gap Energy 3.3eV
Exciton binding Energy 60 meV
Molecular weight 81.38
Density 5.67 g/lcm’
Melting point 19r°8C

2.2 Synthesis of ZnO nanostructures

Usually ZnO particlesawvere synthesized by two methods, which are French

process and American process:

2.2.1 French process

Metallic zinc is melted in a graphite crUCit;Ie and vaporized above 900 °C. Zinc
vapor reacts with the oxygen in the air to gi\'/-e'r-ZnO, accompanied by a drop in its
temperature and bright luminescence. Zinc oxide particles are transported into a cooling
duct and collected in a bag house. This indirect method is commonly known as the French
process (FP) which was popularized by LeClaire (France) in 1844. In a typical FP, zinc
oxide normally consists of-agglomerated zinc oxide particles with:an average size of 0.1
micrometres to a ‘few micrometres. By weight, most of the world's zinc oxide is
manufactured via French process-Major applications involverindustriesirelated to rubber,
varistors, sunscreens, paints, healthcare, and poultry nutrients. Recent developments
involve acicular nanostructures (rods, wires, tripods, tetrapods, plates) synthesized using a
modified French process known as catalyst-free combust-oxidized mesh (CFCOM)
process. ZnO nanostructures usually have micrometre-length nanorods with nanometric
diameters (below 100 nm). [19]



American process

The American process for the zinc oxide production of zinc oxide directly from
oxidized ore was developed in 1851. American process zinc oxide, also is called “direct
ZnO”, results from the reduction by coal, and the products of partial combustion,
particularly carbon monoxide, of oxidized zinciferous materials to produce zinc vapour.
The zinc vapour is subsequently oxidized. In the early stages the zinc raw materials were
used to be oxidized ores or roasted sulfide congentrates. Nowadays the industry mostly
uses technical grade oxides obtained from refining the fine fraction of brass ashes. Other
zinc raw materials that can be'used are : Waelz oxides (after purification), dusts from tyre
incineration, zinc carbonate and-hydroxide, blowings and metalling residues, off grade
zinc oxides. The zinc raw maierials are mixed with coal and smelted in gas heated rotary
kilns. The resulting zinc"oxide 1s piped through a dust chamber for elimination of the
coarse agglomerates and eollected in bag filters for packaging. American process zinc

oxides are particularly well stuited for paint, ceramic and rubber industry.[20]

2.3 Application of zinc oxide

ZnO were applied,in. many fields such as p'Iés'tics, ceramics, cosmetics and
rubber.

Plastics

Zinc compounds can. provide a variety of properties in the plastic field. Heat
resistance and mechanical'strength are imparted, to acrylic’composites by zinc oxide. Zinc
Oxide was used toithe formation and cure of epoxy resin. Addition of Zinc Oxide to
epoxy resins impaet to-polyamines imparts; higher, tensilesstrength and.water resistance.
Zinc Oxide Imparts fire=resistant ‘properties'to nylon fibers and moldings. Zinc Oxide is
also useful in the preparation of nylon polymers and in increasing their resistance. The
formation of Zinc Oxide in polyesters increases the viscosity and other improvements.
ZnO reacts with unsaturated polyesters to form higher viscosity. The dye ability of
polyester fibers is improved by Zinc Oxide. Zinc Oxide mixtures stabilize polyethylene
against aging and ultraviolet radiation. Polyolefin's are improved in color, tensile strength,
and vulcanization properties by addition of Zinc Oxide. Thermal stabilization of PVC is
effected by Zinc Oxide.



Ceramics

The properties imparted by Zinc Oxide to some of the newer applications are as
electronic glass, low-melting glass for metal-to-glass and devitrified glasses of low
thermal expansion. Zinc Oxide imparts a unique combination of properties when used in
glass. Zinc Oxide reduces the coefficient of thermal expansion, imparts high brightness

and high stability against deformation under stress.
Cosmetics

The optical and biochemieal properties of Zinc Oxide impart special features to a
variety of cosmetic preparations fer care of the hair and skin. In powders and creams it
protects the skin by absorbing ihe ultraviglet sunburn rays; in burn ointments it aids

healing.
Rubber

The rubber industry, In/its development over the past one hundred years, has
utilized an increasing number of the many optical, physical and chemical properties of
Zinc Oxide. Zinc Oxide proved the most effective activator to speed up the rate of cure
with the new accelerators: Heavy-duty pneumatic tires carry-high loadings of Zinc Oxide
for heat conductivity as well as support since heat-buildup is critical at their higher

operating speeds compared with their solid-rubber counterparts.

2.4 Poly (methyl methacrylate) (PMMA)

Polymethyl methacrylate (PMMA), whose monomer is methyl methacrylate
(MMA) is common used to produce transparent plastics. Boiling point of MMA is 105.5
°C and density is 0.936 - 0.940 g/cm®. PMMA is a thermoplastic whose boiling point is
200°C, density 1.1 g/cm® and glass transition temperature 105°C. Structure of MMA and
PMMA are shown in Figure 2.3. Methyl methacrylate can be converted into high
molecular weight product by all the methods use for radical polymerization (bulk,

emuision and suspension polymerization). PMMA has many trade names such as



Plexiglas, Perspex, Plazcryl, Acrylite, Acryplast, Lucite and Acrylic. It shows several
properties, i.e. resistance to high energy radiation and chemicals, higher impact strength
and good transmission. Therefore PMMA can be used for furniture makers, medical

technologies, police vehicles and semiconductor research [6]

Fig 2.3 a)MMA structure and b) PMMA structure

2.5 Partial pressure

In a mixture of ideal gases; each gas has@'partial pressure which is the pressure
which the gas would have if it alone occupied the volume.[1] The total pressure of gas
mixture is.the.sum.of.the.partial. pressures of.each-individual .gas.in the mixture. The
partial pressure of gas'dissolved in "liquidis the partial pressure of that'gas which would
be generated in gas phase in equilibrium with the liquid at the same temperature. The
partial pressure of gas is a measure of thermodynamic activity of the gas's molecules.
Gases will always flow from a region of higher partial pressure to one of lower pressure;
the larger this difference, the faster the flow. Gases dissolve, diffuse, and react according
to their partial pressures, and not necessarily according to their concentrations in gas

mixture



Pa
o

Where pa is the partial pressure of component A and pr = Y p;is the total pressure

Volume fraction of gas A =

of the system.

The saturation vapor pressure, also called the vapor pressure, is the pressure
required to maintain vapor in mass equilibrium with the condensed vapor (liquid or solid)
at specified temperature. When the partial pressure of vapor equals its saturation vapor
pressure, evaporation from the surface of liquid just equals condensation on that surface,
and there is mass equilibrium at the surface.

The equilibrium watervapor pressure for plane surface ps is the partial pressure p
of water vapor that defines a _cendition of saturation. If, at any given temperature, the
partial pressure is less than ps.theathe \vapor is unsaturated, and if p is greater than ps, the
vapor is supersaturated. The saturation ratio, Sg, Is the ratio of the partial pressure of

vapor in a system to the sattrationvapor pressure for temperature of the system.

2.6 Two-roll mill :

The two-roll mill is an instrument for mpng or blending martial such as polymer
and rubber. Two-roll mill is made up of corrosio.ri: resistant steel, surface hardened and
polished. High temperature sealing are used for the standings. The machine comprises
two drive motors installed tinder the roll tunit. The drive motors is separated from the
electrical side through roller chains on one side of the machine. Both rolls run at a stable
speed and with a constant. friction ratio. The motors are equipped with frequency
converters which permit to adjust friction of ‘one of the rolls; speed of both rolls, and a
free adjustment of speed and friction. Temperature of two rolls can be sensed individually
by a separate thermacouple,system: Fhe surfacesof-the-rolls is,hard chrome plated, ground
and mirror polished. The cooling-of this 'roll “is' done*by water cooling afrangement and

water is collected in a stainless steel water collecting tank which is at the other end of roll.



10

2.7 Nanostructured composite [5]

Nanocomposite is a special class of materials having unique physical properties.
The properties of nanocomposites can be obtained by imparting the characters of parent
constituents to single material. Combining polymer and inorganic will produce an
interesting materials with superior properties.

2.8 Photoluminescence [7]

Photoluminescence includes fluorescence as well as phosphorescence depending
on whether the radiative transition is a spin-allewed transition between two states with
equal multiplicity (singlet — singlet and, sometimes; triplet-triplet) or a spin-forbidden
transition between two states'with different multiplicities (triplet-singlet). The schematic
energy-level diagram in Figure”24 shows the principal pathways by which these
transitions occur. In most cases, molecules are raised from the ground state (SO) to an
excited singlet state (Sn) by absorption. The facored path for deexcitation is the one
which minimizes the lifetime of excited state. Almost all molecules drop quickly to the
lowest levels (S1 or T1) hy the nonradiative processes, therefore, the most commonly

observed irradiative transitions are S1 which is SO fluerescence and T1 which is SO

phosphorescence.
S :
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Fluorescence P
Fig 2.4 Electrons spin in molecule
> Principal radiative ( ) and nonradiative ( ) transitions causing

photoluminescence. S0,S1....... singlet levels; T1,T2...... triplet levels. A: absorption
(108 —10"%s) IC: internal conversion (~107*%). IS: intersystem crossing (~107) F:

fluorescence(102°-108s) P: phosphorescence (1073-10s)
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In general, fluorescence lifetime (0.1 — 10 ns) is much shorter than
phosphorescence lifetime (1 ms to 10s), and thus fluorescence has also been difined as
photoluminescence which occurs after excitation, while phosphorescence is discennibly
delayed. Because the existence of delayed fluorescence with lifetime is similar to
phosphorescence lifetime, this definition is not quite corrected. However, it is convenient
from an operational point of view since delay fluorescence is rare, and since any emission
which is delayed by less than the time constants of the detection system cannot be
distinguished from prompt fluorescence with @a ordinary spectrofluorometer. Likewise,
phosphorescence and delayed fluorescence reguire  similar measurement techniques;
therefore, they can be considered alike from this point of view. In table 2.2, the term
fluorescence is used in the sense«of ihis operational definition as photoluminescence with

lift times shorter than the time.eonstants of the detection system.

Table 2.2 Luminescence.is classified accordin__g_ to the mode of excitation as
follows:[18]

-‘bh‘otoluminescence
Absorption of light 21744

High — energy particles ‘radio luminescence

Cathode rays, cathode-tuminescence

electron beams

Electric fields electro luminescence

Thermally activated themo luminescence

ion recombination

Chemical reaction chemizluminescence

usually oxidation

Biological processes bio luminescence

usually enzymatic

Friction and static forces tribo luminescence

Sound and ultrasound sono luminescence
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2.9 Band gap energy

Band gap, is an energy range in a solid where no electron states exist. For
insulators and semiconductors, the band gap generally refers to the energy difference (in
electron volts) between the top of the valence band and the bottom of the conduction
band. Band gap is the amount of energy required to free an outer shell electron from its
orbit about the nucleus to a free state. The wavelength of the photon is obtained from the
equation relating the band gap energy to the frequency when factor in the relationship
between frequency and wavelength following equation (1).

E~= hc/wavelength. 1)
Where E is band gap energy(eM), hiis Planck constant (6.63x10%*J.s) and c is light speed
(3x10%m/s)

2.10 Visible light

The visible light spectrum is the sectio'rifdf‘ Fhe electromagnetic radiation spectrum
that is visible to the human eye. It ranges in Wailelé’:ngth from approximately 400 nm (4 x
107 m) to 700 nm (7 x-107"-m). If is also kndWh"a's the optical spectrum of light. The
wavelength was shown in:Table 2:3. The Wwavelength (Which is related to frequency and
energy) of the light determines the perceived color. The ranges of these different colors
are listed in the table. Some sources vary these ranges pretty drastically, and the
boundaries of them, areé somewnhat approximate.as they blend-into,each other. The edges

of the visible light spectrum blend into the ultraviolet and infrared levels of radiation.
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Table 2.3 The visible light Spectrum

Color Wavelength (nm)
Red 625-740
Orange 590-625
Yellow 565-590
Green 520-565
Cyan 200-520
Blue 435-500
Violet 380-435

2.11 Dynamic Mechanical Analysis [8]

Dynamic Mechanical /Analysis or DMA |s a technique to study and characterize
material. DMA measures the stiffness and damﬁiﬁg_properties of material. The polymer is
cut and holds by handle. A force which isféhéwn in figure 2.5 is applied to the
measurement. The temperature of the sample is cha—nged. When we apply sinusoidal stress

(o) to sample, the mateal response Is strain (g) The phase.lag between the stress and
strain is 8. The complex modulus (E "), storage modulus (E?), loss modulus (E”) and tan &

were calculated follewing .equation (2)-(6). . The tan d.comes-from loss modulus divided
by storage modulus. "Loss- modulus “is defined "as 'being proportional to the energy
dissipated during one loading cycle. “Storage modulus representsithe stiffness of a
viscoelasticimaterial and 1s proportional te.the energy stared:during a loading cycle. The
phase angle ¢ is the phase difference between the dynamic stress and the dynamic strain
in a viscoelastic material subjected to a sinusoidal oscillation. Figure 2.5 shows DMA
profile in which, X axis is temperature and Y axis is Modulus and tan &. The material

goes through its glass transition. The modulus reduces and the tan & goes through a peak.
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Fig 2.5 Sinusoidal oscillationand response of a linear-viscoelastic material
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2.12 Glass transition temperatuir—ét"

The glass transition temperature (Tg) of polymer material is the critical
temperature at which the material changes its behavior from being glassy state to being
rubbery state. Glassy state:means‘hard-and brittle (and therefore relatively easy to break),
while rubbery staté]means elastic and flexible. Usually when the temperature is lower
than Tg the-pelymer chainawill be-hard; te, move.-On-theyotherhand-when temperature is
increased until Tg the chain end of polymer'will"become vibration: IT thetemperature was
increased higher than Tg the polymer will become more flexible (rubbery state). The
parameter affects Tg such as chain flexibility, interchain attractive forces and the

presence fillers.
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2.13 Literature reviews
2.13.1 Investigation synthesis of ZnO

Manzoo and Kim investigated size controls of ZnO particles which were
synthesized by gas phase reaction. Zn powder and carbon black were mixed and placed in
alumina boat. Argon were used to be carrier gas and oxygen were used to be reaction gas.
The shape of ZnO is the effect from Ar flow rate and temperature. When the temperature
shape of ZnO was changed from ZnO nanogombs to be ZnO nanowires and ZnO
nanorods. Moreover the diameter and size disiribtution of ZnO increases with increasing
in Ar flow rate. In addition to-study the effect of ZnO shape ZnO nanowires can show
luminescence in visible zone. On"the another hand ZnO nanorods and ZnO nanocombs
show luminescence in boat UV zene and visible zone. The ZnO nano combs were heat
treatment at 800 and 900°CI When heat treatment temperature was increased the

luminescence intensity in wvisible zone was decreased. [9]

Park et al. studied the growth of an nanowires when very small amount of
oxygen was used. Zn metal, oxygef gas ahd hitrogen gas were used in their study
experiment. The temperature was varied betweeﬁ 700-1000 °C. The total flow rates
entering the reactor were.set to 200 ml/min and oxygen concentration were changed. ZnO
nanowires became shorter WHen incréasing oxygen concentration. The effects of the
temperature were investigated. ZnO nanorod became nanowires and needle when
temperature was varied 700, 800 and 900°C respectively. The ZnO nanowires which
were synthesized with oxygen’content of 1.6 val%:in the temperature range 700-1000 °C
were investigated photoluminescence properties. ZnO showed strong peak at ultraviolet
region and-very. weeks peak-atvisible region, Fhe~Pls Aintensity 40 wltraviolet region
decreased when increasingthe synthesis temperature.“On the-contrary the'PL intensity in

visible region increased when increasing the synthesis temperature.[10]

Gong et al. synthesized ZnO by burning Zn particle in air covered with two
firebricks. They obtained two kinds of ZnO. The first one is ZnO tetrapod which has one
um long leg and each leg is measured from the center to its end. Another one is ZnO rod-
based tetrapod. It is 60% of the product. The formation process of ZnO tetrapods was

proposed. Zn was vaporized under high temperature at atmospheric condition, and then
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Zn vapor was oxidized and nucleated in the air. ZnO grows along [0001] direction
rapidly. Because [0001] was favorable growth direction in one dimension, the nanorod
was grown longer and thicker along with reaction time. When the nanorod diameter
grows to larger size than a critical value, some Zn vapor was grown at [1210] and [1010]
surfaces. ZnO rod-based tetrapods had strong emission band at 389 nm and weak and
broad emission band at 517 nm. The emission at 389 nm was considered near theory

value, which came from the recombination of free excitons.[11]

Shen et al. controlled -morphologies of ZnO. The influences of Zn vapor,
oxidization time and temperature were investigated. The reactor was separated to be
evaporation zone and condepsation zone. Two types of ZnO tetrapods leg were
synthesized. The first one iscuniform hexagonal which 1s the result of kinetically
controlled crystal growth™ aleng,[0001] direction. ~The second one is hierarchical
hexagonal when the thermestatic of ZnO condensation time was longer than 120 min, the
ZnO vapor was completely formed in thicker part of leg. The leg morphology of the
tetrapod ZnO depended on Znvapor oxidizatioh’témperature and time, as well as the ZnO
condensation temperature and time. The incré’aﬁse of the thermostatic ZnO condensation
time resulted in the morphology “transition of ‘:the tetrapod legs from hierarchical
hexagonal (HH) to uniferm hexagonal (UH) p'rishi.'The tetrapod ZnO nanocrystals with
uniform hexagonal (UH) 1egs can only be obtained at reiatively higher condensation
temperature and longer condensation time. [12]

Ren et al. Synthesized"ZnO/nanawire ‘on Zinc'substrate; at-low temperature in the
range of the 200 —3400 °C. A pure zinc metal block was polished with sand paper and
cleaned by-dilute hydrechlorie, acid-and de- donized-water. Zn was-placed into ceramic
tube which was inserted to'a tube‘furnace. First oxygen 'gas flow ‘was used 200 standard
cubic centimeters per minute (sccm) for 30 min. Next ceramic tube was heated and O,
flow rate was changed to be 20 sccm. The oxidation reaction between Zn and oxygen
were produced and ZnO nanowire was obtained with 20-150 nm and the lengths from
several micrometers.

From this research, when a pure zinc metal block was heated, zinc atom at surface
can react with oxygen to form a condense oxide film of ZnO. Some tiny oxide crystals
will be self catalytically on film to be whiskers or nanowires.[13]
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Geng et al. synthesized new shape of ZnO which was sisal shape. They used zinc
acetylacetonate as precursor which was placed in quartz tube furnace which has two
zones: high temperature zone and low temperature zone. The end of the quartz tube was
opened to the atmosphere. Flow rate of Ar was 50 sccm. Zn(acac)2 was vaporized at 150-
160 °C and was carried by Ar into higher temperature zone. ZnO nanosisal was glown on
silicon substrate at 400-500 °C. The novel sisal- like ZnO nanostructure were several
shape which have lengths up to several hundred nanometers and average diameter of 30
nm.

This research supported the method of synthesis ZnO nanoparticles by dividing

the reactor in to two zones which-can€asily be controlled the synthesized parameter. [14]

Chen et al. synthesized' tetrapod * ZnO nanostructures. ZnO particles were
synthesized from Zn powder by vapor phase oxidation methed. The temperature, reaction
time and flow rate of Ar which was used as carrier gas was varied. ZnO nanoparticle
which have three types of tetra pod-tip were syhthesized. The products can be classified
into rod-wire junction, dumbbell-liké-and coh’g-li,ke tetrapod. The formation of tetrapod
ZnO nanostructures may include two stages: nu‘éleation and growth. The nuclei are
octatwins which consist, of -eight tetrahedral-éhapéd crystals-and the polarities of the
twinned crystals are ant=Symmetric, and the rods grow from the four [0001] planes.
Following nucleation, the nanorods were carried out at high temperature region by carrier
gas under the limited oxygen, the second step growth process occurred in layer [0001],
and then nanowires were' formed, at the ‘nanorods. Dumbbell-shaped structures have
different growth process, similar to tetrapod with trumpetlike, caused by rich oxygen
condition as, theykineties facters-which are; dominatingesince the growth, rate along the
[0001] direction” depends ‘on the' oxygen ‘partial pressure to a 'different extent. Their
nanodumbbell structures were synthesized in an abundant oxygen condition. In contrast,
at very short synthesis time (about 1 min) and lower oxygen supply, the conical structure
is formed along the growth direction.[15]

Wu et al. studied structural and optical properties of ZnO nanosaws. The ZnO
has a length of about 1-5 pum and diameters of about 100 nm. The raw marteriall is Zn
powder and MgsN, with a weight ratio of 10:1 and place in a ceramic boat in quartz
furnace tube. The Ar (200 ml/in) was used as carrier gas. The nanosaw was formed on the
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Si substrate. The appearance of diffraction spot [0002] confirms that teeth of nanosaw
growth was along the c-axis direction. The Zn powder turned into Zn vapor during the
evaporation and formed Zn or ZnO nanostructures. After that the solid ZnO particle were
condensed from the droplets. Usually the [0001] direction is the fastest growth direction
along on the side of ZnO comb structures. The PL spectra of ZnO nanosaw was measured
at room temperature. The ZnO nanosaw showed strong UV peak (3.22 eV) which was
near band edge emission and weak green band (1.9-2.8 eV). The strong UV emission and
weak green emission in PL spectra indicate that the ZnO nanosaw has good optical

quality with few oxygen vacancies. [16]

2.13.2 Investigation o ZnO/PMMA composites

Nowadays severalsresearches try to use the ZnO to be filler in polymer matrix.
The properties of nanocomposites ¢an be obtained by Imparting the advantage characters
of parent elements such as higher thermal stability more than pure polymer, to be a UV

shielding capacity and so on.

Lee et al. synthesized nano-ZnO in poly(vi'nyl alechal) and poly(ethylene oxide).
Nano-ZnO were dispersed ifi agueous solutions before added in polymer. The properties
of the cast films were optimized by inclusion of 1 wt% ZnO nanoparticles. The addition
of 1 wt% ZnO to PVA/PEO blends increases loss modulus, but on the other hand addition
of more than 1% ZnO/ pariiclés decreases loss-medulus. ‘At higher nanoparticles loading
the particles tend to agglomerate, to an increasing extent as the nanoparticles content
increases, ,and, agglomeration-of-the, oxide particles, has, a, detrimental ;effect on film

properties.[17]

Hung and Whang studied effect of surface stabilization on luminescent
characteristics in  ZnO/poly(hydroxyethyl methacrylate) nanohybrid films. They
synthesized 2-3 nanometer sized ZnO by solution method and use a 3-
(Trimethoxysilyl)propylmethacrylate (TPM) to be stabilizing agent. TPM-modified
nanoparticles have better dispensability and controllable luminescent properties. The size
of ZnO was in the range of 2.2-3.2 nm. The 2.2 nm of ZnO/PHDMA composite show
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maximum wavelength at 530 nm and the 3.2 nm of ZnO/PHDMA composite show
maximum wavelength at 515 nm. In case of using TPM to the 2.2 nm of ZnO /PHDMA
composite show maximum wavelength at 510 nm and the 3.2 nm of ZnO PHDMA
composite show maximum wavelength at 453 nm. The dispersion of ZnO in polymer
matrix were investigated by SEM. TPM-surfaced modification really permits superior
stability and dispensability of ZnO nanoparticles into the polymer matrix compared to the
unmodified ZnO nanoparticles, probably because of the covalent attachment between

nanoparticles and polymers.[18]

Tang et al. investigate'method to prevent agglomeration of ZnO particle by using
copolymer, polymethyl methacrylate (PMMA) and polymethacrylic acid (PMAA). They
use insitu emulsion polymerization‘under nitrogen atmosphere. ZnO (50nm) is dispersed
by ultrasonic and filled into mixture of monomer, initiator and additive at 75 °C and left
for 8 h. ZnO are formed te'interact with copolymer before blended with PVC to prepare
nanocomposite. It was found /that ZnO coated by copolymer could exhibit better
dispersion stability than uncoated ZnO. TGA- ar'ialysis Indicates that nanocomposite of
coated ZnO and PVC could exhibit higher ther'r‘fia'l‘§tability than pure PVC.[19]

Hu et al. studied, visocoelastic propertiés' of silica and polymethyl methacrylate
(PMMA) composite whiefi Were prepared by a bulk polymerization technique. The silica
powder was dispersed throughout the MMA monomer under sonification after that the
mixture was warmed to 80° for 30 min; it was cooled to room temperature to cast by
using 3 mm PVC packingFinally, the’'mixture-was polymerized-at 55°C for another 12 h
in a water bath and cured at 110 °C for an hour. They found that the thermal
characteristics.of these-composites-were alsa enhanced, by the,incaerperation silica into the
PMMA. The Ty of'these composites‘increased with‘the siliea content.“The degradation
temperature at 10% weight loss was also approximately 30°C higher than that of pristine
PMMA. [20]



CHAPTER IlI

EXPERIMENTAL

The experimental procedure of this work was separated into two parts as follow:

synthesis of zinc oxide nanoparticles and preparation of ZnO/PMMA composite

3.1 Material

Zn particles which weresbought from Sigma-Aldrich were used to be raw matirial.

The purity of Zinc is 99.9Whre 3.1 'shows that Zn particles were investigated by
P

SEM. The morphology of al “ig:le is'sphere and size is smaller than 10 micrometers.

Iv:{giure 3.1 SEM image of Zn raw material

R -

The PMMA/ZnO composite films'were,prepared from ZnO particles which were
purchased from Wako Pure Chemical Industries. ZnO commercial A and commercial B
were purchasedfrom the company: PMMA was obtained from Kuraray.Co.,LTD. Figure
3.2 (a) shows typical SEM image’ of ZnO" commercial’ A:" The“average size is 1.9
micrometer. Figure 3.2(b) shows ZnO commercial B whose average size is 2.3
micrometer. Figure 3.2 (¢) shows ZnO which were synthesized by gas phase reaction. The
Zn particles were evaporated at 900 °C. Air and nitrogen were used to be reaction and
carrier gas. Both gases were controlled flow rate at 1 I/min. The ZnO particles were
collected by filter holder which is polymer membrane. The ZnO particles which was
synthesized by gas phase reaction have a micro meter size and the shape is a mutipods

whose its tip is in nanometer size.
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Figure 3.2 (a) ZnO commercia A’,,_(‘[j_)_'_'ZnO 'ﬁé@i{nercial B and (c) ZnO synthesized by

Sy fr e ] ! . -
gas phase reaction. Using oxygen figw rate at 1 |/min, nitrogen flow rate at 1 I/min,
f N R

temperature 900°C N e S a
3.2 Experimental proéégwc —

X

3.2.1 Synthesis of:Zjinc Oxide nanoparticles I
ZnO particle were fabricated in a horizontal quartz tube furnace by gas phase
reaction without catalyst, The gas phase reaction process was shewen in figure 3.2. The
quartz tube reactor has 60 cm in length/4.3 cm in diameter. The electrical furnace has 30
cm in length. e Zn particle 2 g was loaded into alumina boat. Nitrogen which was
varied between 1000-3000 ml/min was used as carrier gas. Then Oxygen which was
varied between 20-60 ml/min was used a reaction gas. The temperature of reaction was
700 °C. When the reactor was heated until 700 °C the boat was moved into the reactor.
The reaction time was 15 minute. After the growth process, the reactor furnaces were
allowed to cool down at ambient temperature. The ZnO particles deposited on quartz tube

reactor and flask. After that the ZnO particle were scraped and investigated by SEM.
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Figure 3.3 Experimental set up for syntheiiized ZnO.-nanoparticles by gas phase reaction

process

The investigation.of ZnO partlcles Iby SEM found that the particle which was
deposited on quartz tube and tlask had rmcro;me The Zn© nanoparticles were presumed
that it was not deposited on quariz tube and flask. It was carried to environment by
nitrogen gas. Therefore the System ‘which Was used to synthesize ZnO particle was
improved the collecting particle'method by usemg filter and vacuum pump as shown in
figure 3.4. The quartz tube reactor “Fas 120 c:nun length 4.5 cm in diameter. The Zn
particle 2 g was loaded into afumina boat whiehwas placed in middle of furnace.
Nitrogen which was variédbetweeni@@&andﬁ%mﬂmim@as used as carrier gas. Then
oxygen which was varied 20, 40 and 60 ml/min was '—dged as reaction gas. The
temperatures of reaction were 600 and 700 °C. When the t€émperature was varied at 600
or 700 °C ZnO particles were-collected at~the-outlet,of sthe-reaetor by filter. The filter
holder was shown in figure'3.5. The vacuum pump was set'flow rate constant at 1000
ml/min After the growth process, the“reactor furnaces were allowed to cool down at

ambient temperature,
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3.2.2The mstrument which was used to prgpare ZnO/PMMA composite

o wworoltgnlf] ) G\ 7) JELHUVVIVIEAE)

The PMMA and ZnO particles were mixed for 10 min at 200°C using a two-roll

mill as show in figure 3.6. The front and back roll of two roll mill speed is 16 and 8 round

per minute respectively.
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The mixed materi
thick films. The hot press was : igure 3. operating condition of the
compression molding m . The specimens was immersed
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3.3 Analytical instruments

The instruments used to characterize the properties of synthesized ZnO are XRD
(Bruker AXS model D8 discover), SEM (Hitachi, S 4500 and JEOL model JSM-6400)
and TEM (JEOL model JEM-2100) for finding the morphology and size, phase of ZnO
particle while optical and mechanical properties of composite films were investigated by
UV/VIS spectrophotometer (JASCO, V570), Photoluminescence (JASCO FP-6200) and

Dynamic mechanical analysis (PYRIS DIT’T) DMA)

3.3.1 X-Ray Diffraction (XRD) v\\;\
The XRD (Bruker Aw D&ldlscﬁﬁgure 3.8 was used to analyze
\

phase of the investigated Z

aly o )
ARARIN 0 8 8

Figure 3.8 X-Ray Diffraction
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3.3.2 Scanning Electron Microscopy (SEM)

Morphology and size of ZnO particles were investigated by SEM (Hitachi, S 4500
and JEOL model JSM-6400). ZnO particle were dispersed in ethanol and used ultrasonic
treatment with the sufficient time (15 min) for ensuring its uniform dispersion. The mixed
of ZnO in ethanol were dropped on the glass slide and heated to evaporate ethanol. The
shape and size of ZnO were observed by SEM images. Then the sample was placed
sample chamber, and observations were ir i ;started using image catcher scanner

for taking the photos. A photo.wScar-Tin :

-

directly onto a conductive gold coated mixj?tope grid. The specimens were loaded into a

Microscopy (SEM) machine is

shown in Figure 3.9

PURERTEEenE
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3.3.3 UV-Vis spectrophotometer (UV-vis)

UV/VIS spectrophotometer (JASCO, V570) in figure 3.11 was used to measure the
adsorption and % transparency of ZnO/PMMA film. Figure 3.12 is film holder in UV/VIS
spectrophotometer. The scanning speed was 400 nm/min in the range of 200-800 nm

wavelengths.

Figure 3.11 Film holder in UV/VIS spectrophotometer
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3.3.4 Photoluminescence (PL)

The fluorescence spectra were determined with a JASCO FP-6200
spectrophotometer. Figure 3.12 shows the photoluminescence spectrophotometer used in
this work. The ZnO powder and Composite film were scanned in the range of 350-600

nm wavelengths. The excitation was 325 nm.

Fig Oete.r...
AUEANENTNEINS
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3.3.5 Dynamic mechanical analysis (DMA)

Dynamic mechanical analysis of the specimens was performed using a PYRIS
Diamond DMA with a heating rate of 2 °C/min and frequency of 10 Hz. The DMA
instrument was showed in figure 3.13. The nanocomposites of film samples were cut

into rectangular shapes 20mmx10mmx0.50mm

AULINENTNEINS
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CHAPTER IV

RESULTS AND DISCUSSION

As already mentioned in previous chapters, this research has set its aim to study
effect of parameters on the morphology of ZnO nanoparticles synthesized from gas phase
reaction method. Effect of gas flow rate and collecting method on the morphologies and
size of synthesized ZnO nanoparticles were experimentally investigated and then reported
and discussed at the beginning part of this ghapter.“Then the preparation of PMMA/ZnO
composite with respect tosthe compounding conditions and their photoluminescent

behavior would be also reperted.and-discussed.

4.1 Investigation of synthesizing parameter on characteristics of ZnO

nanoparticles

The schematic diagram of experimental’sét*up employed for synthesizing ZnO is
shown in figure 4.1. After the temperature was increased to a certain set point (600 or 700
°C) an alumina boat containing.zinc particles was inseried io-the designated position in
the reactor. Then oxygen-and nitrogen gas were fed in to-the system. Zn vapor would
undergo the oxidation reaction with oxygen and turned to ZnO particle which deposited
on the inner surface/ofithe quartz tube reaetor..An each.experiment;the system was left for
15 minutes after introducing Oz. ZnO-product'was ‘mainly' collected from the deposit of
the reactor wall at 3 positions which are (a), (b) and<c) as shown in‘figure 4.1. The (a)
position which was| located jwithinthe furnace was remarked as *‘hot_zone” in which
temperature range was 400-620 °C. The (b) position at the end of tube was called as “cold
zone” in which temperature range was 100-400 °C and the (c) position was “trapping
bottle zone” in which temperature range was ambient temperature. Those collected
products were analyzed using SEM and image analyses for identifying their morphology

and size distribution.
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4.1.1 Effect of oxygen flow rate on ZnO morphologies

The ZnO particles which were collected from deposits within the quartz tube
reactor and the trapping flask were investigated by SEM. Before SEM analysis, the ZnO
particles were dispersed in ethanol and subjected to ultrasonication for 30 min and then
being heated to vaporize ethanol out of the specimen.

Figure 4.2 shows typical images of ZnO particles synthesized under different
conditions of O, concentrations. With constant N> flow rate of 1000 ml/min and constant
temperature of 700°C, some ZnQ tetrapods could be abundantly obtained with the O,
flow rate of 20 ml/min. Mereover, the ‘smallest size of ZnO tetrapods was mainly
obtained in the “hot zone” (Figure4.2a). Typical tetrapods possess symmetric pods with a
length of 500 nm and diameterof 130 nm.

In case of 30 mi/min O, flow rate,"ZnO nanoparticles synthesized at the same
temperature and N flow sate €xhibited-significantly different morphology. It could be
observed from Figure 4.2b ihat &t the cehter of each tetrapod there existed a core which
extended in a certain direction. The growing of-'thé‘ core was more enhanced by the further
increase in O, concentration. With, the O; flo\ii}j‘ ,‘ralte of 70 ml/min, the synthesized ZnO
particles turned into a plate-like marphaiogy. An iﬁcrease in oxygen flow rate affects to
increase ZnO concentration. However the exitjdf_réactor was-very small so that the ZnO
particle could not release-and flow back to reactor, resulting 1n supersaturation in reactor.
For this reason, the shape of ZnO changed from tetrapod to plate-like. Chen et al
synthesized ZnO by vapor deposition method. The higher supersaturation of the Zn vapor
and higher oxygen, partial pressure led to the-formation” of ‘the“ZnO nanotetrapods. Zn
reacted with oxygen in vapor to from small ZnO particle, and the ZnO particles were
deposited on thesinner wall-of-the-quariz tube {27}
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Figure 4.2 SEM micrographs of ZnO particle in hot zone at temperature 700° C by
varying oxygen flow rate (a) 20 ml/min, (b) 30 ml/min and (c) 70 ml/min, with nitrogen
flow rate 2000 ml/min
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4.1.2 Effect of flying distance on ZnO morphologies

Figures 4.2- 4.4 illustrate ZnO particles which were synthesized using O, flow
rate at 20, 30 and 70 ml/min and N flow rate at 1000 ml/min at 700°C and then collected
at three different positions, namely hot zone, cold zone and trapping bottle zone. Based
on figure 4.3a the synthesized ZnO tetrapods which were collected in the cold zone had
longer length than those collected in the ht'l)b"'}.o (figure 4.2a). In addition, the ZnO
particles flying to the trapping bottle (Figure 4:4a ‘ibited multi-pod morphology with
the same pod length. Regarding to these results, it shﬁould be noted that with longer time
of flight, ZnO tetrapods c@d alonA&the pod direction and finally coalesce with
other tetrapods to form multi- ticles

Figures 4.2c, 4.3b'and 4.4¢'| s

particle obtained at any z

after the growth was terminated.

strate that under the high concentration of O,, ZnO
ave the core which could grow faster than their pods.

This result would be attribuied 1o the éufficié s'upply of O, which in turn resulted in the

o,

fast growth of ZnO in the diregtion of fﬁ:e"lr co,ffejf“ “
vayent /N

Figure 4.3-SEM- micregraphs,of-ZnO particle,in-cold zone,at temperature 700° C by
varying oxygen (a) 20'ml/min, (b)-70'mi/min, with nitrogen flow rate' 1000 mi/min
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Figure 4.4 SEM micrographs of ZnO partncféa }rapplng bottle at temperature 700° C
by varying oxygen (a) 20 mI/mln (b):30 mI/naEr'and (c) 70 ml/min, with nitrogen flow

o :. J "“‘*'“
rate 1000 ml/min .. \ \ {J

Yy, )
When the sample callecting distance was far from furnace the condensation time

of ZnO was increased. Sh_gn et al. found that leg morpholday of the tetrapod ZnO effect
from the ZnO condensation temperature and time. The increase ofZnO condensation time
results in the morphology of tetrapod legs from hierarchical hexagonal to uniform
hexagonal -prism: [28]~It should-be-nated ;that with-the previous configuration of the
quartz tube reactor, only “few amount of' ZnO products eould be collected in each
experiment.  This would be resulted from the escape of ZnO fine particles though the
trapping bottle was employed. In order to improve the collection efficiency, a set of dust
collector with a glass fiber filter was connected to the exit of the quartz tube reactor as
illustrated in figure 4.5.
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Figure 4.5 Experimental apparatus for synthesis'ZnO with improving collection method

for synthesized ZnO nanoparticles.
4.1.3 Effect of nitrogen-flow rate'on ZnO morphology

Nitrogen flow rate werevaried in the;rénge of 1000, 1500 and 3000 ml/min with
constant oxygen flow rate at/20ml/min. Nittogen flow rate was limited at 3000 ml/min
because when nitrogen flow rate was more thé’n 3000 ml/min it affects the mixing of Zn
vapor and ZnO vapor which bring decreasing 0f.ZnQ yield. The ZnO particles collected
on glass filters were characterized By SEM ana&éfé'. Figure 4.6 shows that morphologies
of ZnO nanoparticles depend onr-nitragen flow:réte. When the nitrogen flow rate was
increased the size of ZnQ_particles became slightly decreased. Higher agglomeration
could be observed when the flow rate of oxygen was increased from 20 to 60 ml/min.
Based on particle size analysis using an image processing method, figure 4.7 reveals that
the nitrogen flow rate ,0f,3000.ml/min would result,in the ZnO, particles with the smallest
average size. This result would be ascribed'to'the fact-that' with the higher nitrogen flow
rate the partial pressure of oxygen would become=lower due to<“the dilution effect.
Therefore, fower amount of ZnO would be, obtained from the oxidation reaction, leading

to formation of ZnO fine particles which become more easily to agglomerate.
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Figure 4.6 SEM micrographs of né)f)‘a:]tn e on glass fiber filter at temperature 700° C

- - I "q . . -
by varying nitrogen (a) 1000 m U;bfﬁﬁ' I/min, and (c) 3000 ml/min with oxygen
J r ey r

flow rate 20 ml/min
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Figure 4.7 Particle size distributions of ZnO nanoparticles by varying nitrogen flow rate
with constant oxygen flow rate at 20 ml/min
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4.1.4 Effect of oxygen flow rate with the improved collecting method

As mentioned above, the sufficient amount of ZnO particles could be obtained
with the reactor equipped with the improved collecting tool. This would be an important
issue for repeatable investigation of preparation of PMMA/ZnO composite. Therefore,
the effect of oxygen flow rate was re-examined again because it is known as the crucial
parameter for controlling the synthesis of ZnO particles.

In this part, the effect of oxygen flow rate was again examined by changing from
20, 40 and 60 ml/min and the nitrogen flow.rate-was fixed at 1000 ml/min. The

temperature was optimized~at-600°C based on pervious investigation [26]. SEM

micrographs shown in figure.4:8 reveal that when the oxygen flow rate of 20 and 40
ml/min was introduced intgsthe System, the synthesized ZnO nanoparticles exhibited
nearly spherical shape with submicron size. \When the oxygen flow rate was increased to
60 ml/min, the ZnO partiele with short ped could be obtained. Figure 4.9 illustrates ZnO
particles which were synthesized with higher-nitrogen flow rate of 1500 ml/min. Similar
tendency of the morphology of the synthesi'zé-d ZnO particles could be observed.
However, due to the effect of oxygen difution, the p_article size analyses of those particles
obtained from the conditions of different nitrogen flow rate illustrates that the lower
oxygen supply would provide the smaller size of-Z‘r-lO particles as shown in figures 4.10
and 4.11.

Regarding to the effect of oxygen flow rate on the size distribution of the
synthesized ZnO particles, it could be observed ,from either figure 4.10 or 4.11 that the
higher oxygen flow rate would' provide the synthesized ZnO particles with larger size.
This result would also be attributed to the increase in the formation of ZnO regarding to
the increased exvigen partial pressure; resulting in‘thefasterigrowth af'ZnO particles.

Based on ideal gas assumption, it could be verified that the partial pressure of
oxygen would be changed regarding to both nitrogen and oxygen flow rate. The
calculated results of oxygen partial pressure regarding to the gas flow rate is depicted in
figure 4.12. It was found that when the partial pressure of oxygen was between 0.0132
and 0.034 atm the synthesized ZnO particles had nearly spherical shape. However, when
the partial pressure of oxygen was in a range of 0.034 to 0.056 atm, the particle exhibited

short leg morphology.



Figure 4.8 SEM micrographs0f ZnO par‘tlcle g?l g‘lass fiber filter at temperature 600° C
by varying oxygen (a) 20 ml/mir (bﬂd I/mh%d () 60 ml/min with nitrogen flow

o ..-f.-_:,

_—.a-;.,p ot "-J "'l_d‘—-

U

A

r‘-l",‘t

38



39

Ak :-'h‘i -1"- A

of ZnOparticle onglas fiber filter at temperature 600° C

by varying oxygen (a) 20 ml/min, (546 mi/ jnd ¢) 60 ml/min with nitrogen flow
et

s i
rate 1500 ml/min _— E’j
n

AT TR n-? "
_.-.-___,-"'__:f__'__." |i" .“‘ i,"M‘

.

AULINENTNYINT
AMIANTAUUNIINYAY



40

0.2 | — T T T [ T T T T [ T T T T [ T T T 1

—o— Oxygen 20 ml/min
== Oxygen 40 ml/min

o

[

ol
I

—+— Oxygen 60 ml/min

Number density (1/nm)

=]
2500

01

Figure 4.10 Particle size distribution of e by varying oxygen flow rate
with constant nitrogen flow rz '

0.2 —

©
=
3]

waw%%aﬁni |
| qn mum'mma

\ ~
0@ ~ u =~

0 500 1000 1500 2000 2500

=

=

mber density (1/nm)

%

Diameter (nm)
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4.2 Properties of ZnO particle which was combined with PMMA

There are 3 types of ZnO particle which were mixed with PMMA. The first and
the second type which were purchased from company were called “commercial ZnO A”
and “commercial ZnO B”. The morphology of ZnO commecial was nearly spherical
shape. The third type of ZnO was synthesized by gas phase reaction. The tetrapod ZnO
morphology was interested in combine with PMMA matrix. The Zn particles were
evaporated at 900 °C. Air and Nitrogen were used to be reaction and carried gas. Both
gases were controlled flow rate-at 1 I/min. ZnO~was synthesized by gas phase reaction

were called “ZnO synthesized by gas phase reaction™.
4.2.1 Crystalline strueture of ZnO particle

Figure 4.13 showssthe X-pay diffraction (XRD) pattern of commercial ZnO and
ZnO which was synthesized'by gas phase reaction. The main peaks appear at 31.9, 34.4
and 36.4 that are typical diffraction peaks from-"héi(agonal ZnO planes of (100), (002) and
(101), respectively. As indexed in figtire 4.13'";%;11[ lqther peaks also match the hexagonal
ZnO structure with lattice constants of a = 3.250 Aand ¢ = 5.207 A. This indicates that
the commercial ZnO and.ZnO which was syntHés'-i_z'"éd by gas phase reaction are composed
of wurtzite structural ZnO; From XRD the average size of ZnO particles can be calculated
by using the Scherrer’s formula. The estimated average size values are 16, 36 and 27 nm
for the commercial ZnO A, commercial ZnO B and ZnO by gas phase reaction,

respectively.
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4.2.2 Particle size distribution of ZnO nanoparticle

Figure 4.14 shows particle size distribution of all ZnO nanoparticle. Almost all
commercial ZnO A and ZnO which was synthesized by gas phase reactions had particle
size in sub micrometer range (100-1000 nm) which was much smaller than commercial
ZnO B. The size of ZnO particles which were synthesized by gas phase reaction were

measured at their core. The tip of ZnO particle was about 50-100 nm.
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Figure 4.14 Particle size distribution of Zn© nanoparticle by‘varying type of ZnO
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4.2.3 Optical properties of ZnO particles

ZnO particles were dispersed in ethanol and subjected to ultrasonication for 30
minute before investigated by UV/VIS spectrophotometer  and luminescence
spectrometer. In figure 4.13 ZnO in ethanol were characterized by UV/VIS
spectrophotometer. The absorption range is 200-800 nm. The absorption intensity of
commercial ZnO A in ethanol is 2 and 1 time when compare with commercial ZnO B and
ZnO which was synthesized by gas phase reaction.

ZnO particles in ethanol were studied photeluminescence spectrum by fixing
excitation wavelength at 325'nm. The light emissions of ZnO particle in ethanol were
shown in Figure 4.16. Commereial’ZnO A showed a weak curve at 370- 400. Then
Commercial ZnO B showed sharpduminescence peak at 385 nm and weak curve at 408-
580 nm. In case of ZnO Which was Synthesized by gas phase reaction, It showed strong
peak at 380 nm and cupve ag405 =580 nm. Commercial ZnO B and ZnO which was
synthesized by gas phase reactioh, sShowgd two distinct peak’s i.e. one peak at UV region
and one broad green band atvisible region. fh’e"‘UV emission peak at about 380 nm is
originated from exitonic correspondifig o thé’j‘ﬁalnd-edge emission of ZnO. The broad
green band is attributed to the recombnation of a.,':photogenerated hole with an electron

occupied at an oxygen vacaney. [22]
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4.3 Characterization of PMMA/ZnO composite

PMMA/ZnO composites were investigated optical and mechanical properties. The
effect of morphology and increasing concentration from 0-5 wt% of ZnO in PMMA was
investigated in this section.

4.3.1 Optical properties of PMMA/ZnO composite

The ZnO commercial A was mixed with PMIMA«to obtain film composite. The effect
of ZnO concentration on absorbance of PMMA/commercial ZnO A composite film was
shown in figure 4.17. The absorptionor all films showed peaks at 359 nm. The absorption
intensity above 359 nm coatinually’ increased when ZnO concentration in PMMA
increased which could be du€ to the: opacity of film which was confirmed by the
appearance of PMMA/ Zn@ film composite in figure 4.23.

Figure 4.18 showed the effect of commercial ZnO A concentration on the light
emission intensity and wavelength of composife' films. The films were excited at 325 nm.
The pure PMMA film has three maiit peaks at“,-_38‘1|, 468 and 531nm which may be come
from a chemical in PMMA product process. Add’i-ng more ZnO particles into the film
caused the light emission, intensity increased ahd' éﬁghtly red shifted from 383 to 400 nm
and a weak peak at 468 and 531 fim Still 6ccurred. The red shift of emission was affected
from an increasing of the particle size. [23-24]

However the light emission of PMMA/commercial ZnO A showed very low intensity
when compared with " PMMA/commercial ZnO B'and PMMA/ZnO synthesized by gas
phase reaction. Frem figure 4.13, the commercial ZnO A can absorb UV more than
commercialZn© B, and ZnO, synthesized,by~gas jphase, reaction~1-2,times. At same
excitation wavelength'at 325'nm PMMA/commercial ZnO ‘A-had excitation energy lower
than commercial ZnO B and ZnO synthesized by gas phase reaction. Moreover the
emission intensity was decreased which could be due to the inner filter effect. Inner filter
effect occurs because of high concentrations of absorbing molecules. The light excitation
and light emission were absorbed so the intensity of light emission was decreased. [29]

The absorbance and photoluminescence of PMMA/commercial ZnO B were shown in
figure 4.19 and 4.20 respectively. The absorption of all concentration showed peak at 385
nm. Increasing of ZnO concentration in PMMA caused turbidity in the films. The light
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emission of all concentration film is at 385 nm and did not shift (~1-2 nm). The highest
light emission intensity is at ZnO 1 wt % in PMMA. Then increase ZnO concentration
decreases light emission intensity. It may be attributed to the aggregation of ZnO particles.

The ZnO synthesized by gas phase reaction was mixed with PMMA to make
composite film. The effect of ZnO concentration on absorbance and photoluminescence
were investigated. The absorbances of PMMA/ZnO synthesized by gas phase reaction
were shown in figure 4.21. When increasing concentration of ZnO particle the absorbance
increased and the films were become opague. The composite film showed strong
absorption peak at 369.5 nm as seen in figure 4:22.The light emission intensity in UV
region increased when adding'mere ZnO concentration. PMMA/ ZnO synthesized by gas
phase reaction showed highest iatensity at 3 wi% where the light emission peak enhanced
by 21 and 2 times when compared with ZnO commercial A and B respectively which is
attributed to smaller crystallite sizes of ZnO. (confirmed with XRD and particle size

distribution graph data).
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Figure 4.24a shows specific % transmittance of PMMA with commercial ZnO A
composite film. Increasing of ZnO concentrations decreases the % transmittance. In case
of PMMA with ZnO 5 wt%, it can shield UV and visible light because the film is opaque.
On the other hand, the composite with 0.5 wt% of commercial ZnO A is good enough to
shield UV rays. Xiong et al. also reported that 7 wt% of 60-nm ZnO particles completely
shields UV ray for poly (stryrenebutylacrylate)/ZnO composite film, which is much
higher compared to the concentration of ZnO commercial A particles [21]. Usually pure
PMMA will have % transmittance nearly 100.%: However in this case Pure PMMA
has % transmittance at 80% because on the camposite film surface have small scratch.
The % transmittance will be inerease when tecreasing the particle size.

The transmission of PMMA/ZNO commercial B composite film was shown in figure
4.24b. When the concentrations were increased more than 0.1wt% the UV light was
shielded because commercial®ZnO" B particle showed highest UV absorption when
compared with commercial’Zn® A'and ZnO synthesized by gas phase reaction. Moreover
visible light were shielded due to the opacity of film.

The PMMA/ZnO synthesized by gas phaéé exhibited high transparency in UV and
visible region. As ZnO synthesized by ga'sff 'phlase showed smaller size than ZnO
commercial B and UV absorption properties Waé'ldi}vest when compared with commercial
ZnO A and commercial ZnO B. Moreover PMMAonO synthesized by gas phase showed
highest luminescence inteasity i UV range.

PMMA/commercial ZnO A showed higher transparency in visible light than
PMMA/commercial ZnO B. and PMMA/ZnO at the same concentration which was
synthesized by gasS,phase ireaction./Because the size of commercial ZnO A was smaller

than commercial ZnO B and ZnO synthesized by gas phase reaction.
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4.3.2 Thermal property of PMMA/ZnO composite

Glass transition temperature (Tg) of PMMA/ZnO commercial A were
characterized by dynamic mechanical analysis (DMA) under nitrogen atmosphere at
heating rate 2°C/ min and frequency 10 Hz, temperature range from 60-150°C. The
storage modulus is shown in figure 4.25. T4 of PMMA is 107 °C. Tqof PMMA/ ZnO 0.1,
0.5,1,3 and 5 wt% was quite the same at 107.0, 107.3, 107.4, 108.5 and 106.3 °C
respectively when compared with that of pure PMMA: The results show that ZnO particle
would not decrease the mobility of pelymer chain.
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CHAPTER V

CONCLUSION AND RECOMMENDATION

5.1 Analysis of ZnO synthesis by gas phase reaction

The shape of ZnO particles which were deposited on quartz tube reactor depended
on oxygen flow rate and collecting position dnsreactor. When oxygen flow rate was
increased the morphology of synthesized ZnO changed. from tetrapod to plate. The ZnO
particles which were deposited-on the rector wall at 100-400°C and at ambient
temperature were bigger thanZnOwhich were deposited on the rector wall at 400-620°C.
When particle collecting method was improved by making use of a particle filter the
shape and size of collected ZaO particle was found to relate to the partial pressure oxygen
inside the reactor. The partial pressure of oxygen was between 0.0132 and 0.034 atm ZnO
nanoparticles were nearly sphere shape. VWhile partial pressures of oxygen were between
0.034 and 0.056 atm, the particles which showed éhort leg were found.

5.2 Analysis of PMMA/ZnO composite

ZnO nanoparticles'were dispersed in PMMA by using-two-roll mill. PMMA/ZnO
composite films prepared’ in this work could exhibit 'photoluminescence property.
PMMA/commercial ZnO A camposite film displayed the light emission range at 383-400
nm and showed red shifted compared to that.of the pure PMMA films. Thereby, it is
reasonable that the PMMA/commercial ZnO A composite film could shield UV
irradiation’,in “comparison“with “other compaosites using 'commercial ZnO B and ZnO
synthesized By gas in-house. The 0.5 wt% of commercial ZnO A in PMMA could shield
all UV and still show high transparency in visible light. Glass transition temperature of

prepared PMMA/ZnO composite was at the same value as that of pure PMMA.
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5.3 Recommendation for future work

In this work we propose that the partial pressure of oxygen is an important factor
for growing leg of ZnO particle. But the synthesized size and shape of ZnO particle still
non-uniform. Therefore we should investigate the effect of mixing between zinc vapor
and oxygen by using mixing device.

The ZnO were synthesized by another condition should be made to obtain the

composite to PMMA for investigat nce property. When concentration of

ZnO was increased in polym me opaque. The opacity of film

affected optical property. i hould be improved by some

chemicals for more dispersion ation of ZnO particle.
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APPENDIX A

Temperature profile inside reactor
The temperature profiles of reactor (60 cm) were shown in figure A-1. The
temperature in the reactor in which nitrogen flow rate was varied from 0 to 3 I/min was

measured at 700 °C. The furnace positi ‘at 10-40 cm. The nitrogen tube was at 5

cm. When nitrogen flow rate ature profiles inside reactor were

slightly changed.

800
—e— No nitrogen

—— Nitrogen 1000 ml/min
4 —+—Nitrogen 2000 ml/min
1 —— Nitrogen 3000 ml/min

700
600
500
400

300 *

Temperature ('C)

200

] 50
Y Distance (cm)

RINNINANINYAY

Figure A-1 Temperature profiles inside reactor (60cm)
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The temperature profiles of reactor (120 cm) were shown in figure A-2. The
temperature in the reactor in which nitrogen flow rate was varied from 0 to 3 I/min was
measured at 600 °C. The furnace position was at 15-45 cm. The nitrogen tube was at 0 cm.
When nitrogen flow rate was increased the temperature profile inside reactor were
slightly changed. At the 80 cm of reactor, the temperature profile decreased until

reaching room temperature.

700 !
i —e— No nitrogen

—— Nitrogen 1000 ml/min
—— Nitrogen 1500 ml/min
—=—Nitrogen 2000 ml/min
—— Nitrogen 3000 ml/min

600 F
500 |
400 T

300 |

Temperature (C)

200 |

100 |

0 20 40 60 80 100 120
Distance (cm)

Figure'A-2 Temperature‘profiles inside reactor (125cm)
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APPENDIX B

Calculation of partial pressure

Partial pressure of zinc vapor and oxygen was calculated by using ideal gas

|.0as component in an ideal gas mixture can

mixtures. The mole fraction of an indivi

where : n
Pa
Na
e i
XA moles fractloﬁ of g
p

For example, in case of 20 rplgnhin of oxygen agg 1000 ml/min of nitrogen flow rate

ﬂUﬂ"J‘i’lﬁJ‘ﬂ‘ﬁwmﬂ‘i

Mole of oxygen, nOl = 0.0201/min]x1.429[g /1]

amamﬁﬁﬁ;ﬁmwmé’ ¢

1/ min]x1.251[g /1]
28[g/ mole]

Mole of nitrogen, nN;

4.46 x1072 mole/min

4.56x1072 mole/min

Total mole
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8.93x10°°
4.56x107

= 0.020

Mole fraction of oxygen, xO, =

We assume that partial pressure inside reactor is 1 atm. Therefore, partial pressure of gas
component is equal to mole fractio
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APPENDIX C

The average size of the crystal

The average size of the crystal ZnO particles were calculated by Scherrers’s

formula equation as shown below.

A = the waveleng
B = line width at h

Ured by XRD. The value of 26 peak is
ed ﬁ follows.

Diffraction angle of crystal A,

36.2242° in which aver

m b= cos2242 ‘
ﬂuﬂ§ #0781

Q’maﬂﬂ‘im 191INa Y
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Synthesized by Gas Phase Reaction
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Tetrapod ZnO nanoparticles have beef™e & phase reaction with

oxygen flow control. Synthesized TG alvmethyl metacrylate
(PMMA) for preparing nanocomposife Tilig methacrylic acid (MMA),
in the presence of benzoyl peroxide (B ature profile along

the reactor on characteristics of ZR0 r@fORATUC & Jchaiac ics, wihich A crystal structure,
morphology and size have been invg "-j , scanning clectron

microscopy (SEM) and transmissioafClegfogfnicr o (1 : fisc in N, flow rate
results in formation of tetrapod ZnO gingPagicles Maddshr gth Meanwhile, an

inerease in Oy flow rate provides Znlfnar ' kb ofy. At the O ﬂorw
mie of 20 scem, the smallest tetrapod ZnOMagbparijeles A agona wurtzite strueture could

be obtained. Then effect of tetrapod ZnC¥n
composite film has been investigated using

thermal stability of the
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Application of ZnO nanoparticles for improving mechanical
and optical property of PMMA film

- Satitpitakun’, P. Nampachananon' , A. Somwangthanaro's, Y. Otan’i, K. Nitta® and T. Charinpanikul’
‘Center of Excellence in Particle Technology.,
Depariment of Chemical Enginecring. CHULALONGKORN University, THAILAND
* Deparmment of Chemical Engineering,
Graduate School of Natural Science and Techngl ’ KNanazawa Universite, JAPAN

Abstraet

In this present work, Zn0 nanocompositgs. A E @B ncaniration of polvmethyl metacryime
(PMMA) were prepared by melt extrusion. The o iy and pff’# mechanical properties of Zn0 and
PMMA have been investigated. Polvmer as o surfice e in gs is commonly because it could

easily be fabricated in various forms including Thin Qlae 3 anyyr ctively focused on the superior
emitting properties of the nanocomposite offs -5 and B pdl H‘“"‘! Consequently, ZnO/PMMA
composites were successfully prepared by two rg , hé : 7 Ebnanoparticles in PMMA has been

varied for examining its effect on the p lesalt 200 AR & VP ok D¥namic Mechanical Analyzer,
ultraviolei—visible (UV-vis) spectrophotometer \\\‘\
Intraduction Aeoiind 1} mivedhon two roll mill at 200°C for 10

epmpression molded into 0,03
a hot plated. hydraulic,
Mgchine. The temperature of hot
00 kft'em” pressures were
. \lier 5 min the molds were cooled
1c] u'\x using water at 0°C

Zine Oxide (Zn0) is a semiconduci
with a wide band gap of 3.4 ¢V and a Is
binding enerzv of 60 meV [1]. The
nanostructures of Zn0 including nanowires, 1
nanobelts and nanoneedle have been synthesiz
investigated by variety of techniques chemical & _ w0
vapor deposition, pyvrolysis. hvdrothermal methiod ¢ T
so on [2]. ZnD nanupa.mcll.' as one of 7 "p‘f ‘
multifunction  inorganic, have drawn  increasing ‘%ﬂ bptical properties were studied by UV=
attention in recent vear due to its many S-Iu,ﬂlﬁl'.‘-'lllt ﬁ"!’ YE] gmetry (Jasco V370). The scgm- speed
physical and chemical properties, such as chep e R it e the, range of  200-800 nm
stability, ulraviolet and infrared jac '
Puh[mclh}l methacrylare) (PMMA) 2
clear thcrmmpln;:{c It is widely as a | ﬁ
inorganic glass, because it show higher impis AmigiMechanical Analyzer at a
resistant 1o weak acids, alkaline solutions, Tipn-polar grare of | "'E‘rmi nd frequency 10 Hz. Sample
solvents, oils and water. It is new well establfshed that dlmnmlum wers I}T:n:nl 20 mm long, 3 mm wide,

the polymers are excellent  host maten# and 0.20gpm thick.
nanoparticles of metal and semi ?Tl
r

nanoparticles are mixed with poly E}‘ mn i
act as surfpce capping agent bec I 3 ,3, ,;.
znﬂ 1‘0 m -.~.cre maLc to
controdled well within many conditions. Many research
avelength

be built 10 be a film ecasilv an lhe pumcies is
groups have focused on ﬁ m ﬁﬂ %
of nanocomposites by 1l sdc ml Chin ef al

polvmeric matrix, The h.t jd nanocemposites not only suud'. cchﬂ uf surface stabilization of nannpm‘ncles on

eifinical  analysis of the
e using a DVE-V4 FT

inherit the high ]ummcscence but also possess luminescent  characteristics in  ZnO  /  poly
“dw"!”g“ of Ful}mm. .m:h b Aexibility, ﬁ_lm (hydroxyethvl methacrviate) nanohybrid - When Zn0
integrity and thermal stability [4-5].The conceniration agglomerates 1o be bigger the peak of UV absorbance
af#nd rnanfrpamcluﬁ in PMMA has been varied. The peak will shifi.[6] The imensity of UV absorbance
mechanism propesty: of ZnQ/PMMA composite was peak increases with increment of ZnQV/PMMA
investigated compaosite. This optical change resulis from a quantum
effect of the nanoparticles when the size of particles is
Experimental reduced 10 a nanoscale [T  Therefore, the
Preparation of iles nanocomposite prepared in this stwdy can protect
Zn0 0.02um from Wako Pure Chemical against UV light. This means that nano-ZnO/PMMA
Industries, Ltd. and PMMA from Negami Chemical composites can improve the weather ability of the
Industrinl Co., Ltd. The concentrations of ZnO coatings film.

nanoparticles were varied (0, 0.5 1. 3 and 5 wi%). The

—195—
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Viscoelastic properties of modifie
Nanocomposites

The storage modulus (E™) and
of the composites were charactes#ed
mechanical analysis (DMA) The si
connects with the elastic modulus g
the loss modilus relates to the :
polymer chain movement. Fig 2 the #orag
composite (E") for the compositg@Con

amount ZnO (0.3 wits) is higher thegthyf® o pdre r

PMMA in given range 30 w 275 4
associated with the modified ZnO fFarticl
well within the PMMA matrix cause
modulus to increase with Zn0 content
that T, of the ZnOPMMA nanocompogiig
wilh tih: n0) content. The T, of these ]
camposites exceads that of pure PMMA beca

well-dispersed ZnO lavers resirict ﬂw mobilipgiaf e L 2

PMMA chain and the Zn0 surfage is ¢
the PMMA molecule Fig 4 ploid thn
& on temperature for Zn0/PM
The loss factor tan d is very \
transformation of the materials. Adg
to the PMMA matrix shifis the tanl§

_th values o

comiposites to the high temperature I'CEII:II'J implying an

imeraciion between ZnO and the P H‘mlﬂ:u[ﬂs
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mill. Mlhen concentration of Zn0 increase-

abortions incresdsd The result indicates that  the
ZnOVPMMA nanocomposite films with higher Znf)
daptem exhibits  higher glass transition temperature
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Dependence of UV abortion and mechanical characteristics of
PMMA/ZnO composite on ZnO nanoparticle properties

L. Saripitakun’, H. Yamamot', A. Samumtg:hnnm-a’: ¥, Otani’,
T.5etd’, K. Nitd' and T. Charinpanikul
'Center of Excellence I'n Fariicle Technolagy,
Department of Chemical Engineeringy LO..'&'GKG&"F University, THAILAND
? Department of Chemical Enginceritng, \G of Natural Science and Technalogy,
Kanazawa University, JAPANSTELS mail: etanifdLkanazawa-wac fp

Poly{methylmetacrylate)/Z .ﬂ- galed by a melt mixing method.
PMMA was kneaded using g | dhmix LLal particles with various sizes and
concentrations in order to investigaiesths effcgt on th ical and mechanical properties of the
composite film. As a res aafLpirticle arn !y dispersed in PMMA polymer by
using the two-roll mill. ZnCenn _ Innanocompasitedl Eﬁ'ﬂ:l.i!.l:l}r shielded UV rays
compared to micromelef=Size 2A0 p / hermore, Z 0 Tanoparticles shifted the glass
transition temperature of P 1 J geralare Wit { in Zn0 concentration.

1. Introduction mersed in 0°C water to cool It
Composite material sl ¢

and polymer have been jfivestightedfin Bid 4 "The mogpholegy of the ZnQ nanoparticles

improve their matrix propeq andipaitic] - obtaiged each experiment was analyzed

Ipolymer matrices have at

ing electron microscope (SEM Hitachi
of the unique mechanical, g

3 oplical properties of prepared

The mechanical and therm fids ~of ' SEpatimens ware studied by UV spectrophotometer
inorganic/organic nanoe sile 2 e B/ The scanning speed was 400
be considerably improved ud: range of 200-800 nm wavelengths.
inorganic surface area is present | p-osil.e film samples were direcily cut

Zn0O is an important compound se
material because of ils wide band gape(:
high excitation binding energy (60.4r
temperature  [2]. Pl (methyl

ectangular shapes of 20mmxSmm=0.20mm.

u: mechumr.al analysis of the specimens
mned usmg a DMA (DVE-V4 FT) with
1 fmin and frequency of 10 Hz

(PMMA) is an opiie

materials. It is widely rificial giess, 3. Resulls i ugsion

because it shows hight : iEleWith the nominal diameter of
to weak acid or alkaline | solut m W uided inte PMMA  at  varies
solvents, oils and water. The ohjective of present concentrations. Ejgure 2(a) shows the absorption
work is to improve optical and mechanical curves at ZnO concentrations of 0.5, 1, 3 and 5

properties of PMMA ﬁlmm‘?ﬂnmpﬂﬁclﬂ, Quwt¥%. The intensity of UV absorbance peak

The effects C
ekl %WW
properties we

was obitained from Kuraray Co LTD F:g,l shuws
typical SEM image of ZnD with nanometer size.
There are large Zn0 particles with many small
particles, resulting in the number-based average
size of about 20 nm.

The PMMA I.I'Id Zn;} Pﬂﬂﬂlﬁ were mixed 150 kY 5 o0k 200 m

for 10 min al 200°C using a two-roll mill. The
mixed materials were subject to a compression
molding to prepare 0.5 mm thick films. The
operating condition of the compression molding
machine was 200 °C and 100 MPa Then the

Fig 1. SEM images of 20 nm ZnO particles,
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Fig 2 Absorbance and transmitta

Although there are some ng
absorbance curves at a high ZnDCo
the peak absorption exists @t the wa
367 nm, which is smaller than 3
theoretical wavelength of bulk ZnO correspdnding
1o band-gap of 3.3 eV). Whereas, in Fig. 3, Wit % may be atiributed to the
absorption peak exists at 378 nm for the polymers —mabiligERestriction of PMMA chain due 1o the
embedded with 5-um ZnO particles, The b ' 0 particles wilhin PMMA matrix.
shift phenomenen for 20-nm_ZnO pa T Kion 7 increase in ZnD
altributed to the quantum effect g oot
Fig:2 (b) shows specific absolplSeer i tight———ei-agslomemtion-oi-2ne pifticles at a high ZnO
In particular, the composite Wit

[c].{d}iﬂmZnﬁ

‘\ 088 modulus, E", of 20-nm
te film with various ZnO

n from Fig.3 that the glass

T, shifts to a higher

an increase in  ZnOD

nm Zn0 is enough 1o shield UV , - increase in Zn0
also reported that 7 wi%% of 60-nm #n0 pa cles are  uniformly
completely  shields UV rn nr puly dlspemd in PMMA agglomeration even
[:lryund:ut}rlacrylm}fz:ro com ol a Zn0} concentration with our mixing
which is much hi

concentration  of  20-fum’ E] w EJI] ﬂ i

However as could be |

particles exhibit insigni urmum when 0 nanopanticles are uniformly dispersed in

compared with that of ¢ P‘MM& polymez by using two-roll

nanoparticles shift the gjm transition utmpmnm:
nfmmammrmmwmm
increase in Zn0 concentration.
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In this present work, poly (methy wiate) 2 nanoeompesitedins been successfully fabricated by
melt mixing method. The concetiiasion 9 n pu iplesimBadlla has been varied for examining its
effect on the propertics of "" by cchanical analysis (DMA) and

"h "‘:""**z\\ hat the thermal swability of the
Mhe composite glass transition
ger. Furthermore, UV absorption

gel and the composite with 0.5

uliraviolet-visible (UV-viz) speeiTog
prepared PMMA/ZnO composits
temperature shifted to a hig
of ZnO PMMA composite
wi% of 20-nm Zn0 was suffig

1. Introduction
Because of the wide bagll g

ganoparticles  with  designated
pixed with PMMA using a two-
high exciton binding energy™ {60 00°C for 10 min. The mixed
emperature and high mechanigl =i ‘&re subject to compression molding
stabilities, zinc oxide (ZnQ) 1sMseds it prn % mm thick sheets. The operating
semiconductor but also functiog itigiiof the compression molding machine
polymer composites  [1]. oly “ilme 100 %C and 100 MPa. Then the specimen
methacrylate) (PMMA) is an optic : immersed in 0°C water for cooling down.

thermoplastic material, 1t i5 widely optical  properties  of prepared
artificial glass because |it"she studied by  UV-vis-NIR
strength as well as bfo VAT0). The scanning
alkaline solutions, non- ﬁ" ymin in the wavelength
water, Therefore, PMMA= B0-800 nm. The nanocomposite film
for alternative constructing “ uh‘:nnr InsIEE s samples werd/gut into rectangular shapes of
glass. It is well recogmzed that PMMA is 20mmSmm~020mm. Dynamic mechanical
excellent host material furﬁwnmclcs of nlysls of the specimens was performed using

metal and semi eating rate of 1 *C/min
wide range of m

could convert phiptonic cnr.-rgy excitalion
eneroy [2]. Therefore, ZnO) could cspec:allg‘bx. 3. Results and Discussiu

::r;:gﬁHWﬁ“ﬁ%JﬁJ ﬁﬂ%ﬂ@ B s

present Work is to improve optical and peak increases with ZnO  concentration.
mechanical propertics of PMMA film with Although there were some noises in the

n0 mnnpar{:c]es. T‘I}evc:;ecl_af cun:tgmmliqn absorbance curves at a high ZnO concentration,
of ZnO particles on I T et i the peak absorption existed at the wavelength

mechanical properties was exp-anmemally of 367 nm, which is smaller than 378 nm (the

studied and analyzed. theoretical  wavelength  of bulk  ZnO
3. Experimenital corresponding to band-gap of 3.3 eV). The

hl: ::::ra to prepare composite of blue-shift phenomenen  for  20-nm  ZnD
PMMA/ZnO, commercial Zn0O particles with particles is attributed to the quantum effect of
average size of 20 nm purchased from Wako nanoparticles. Kanemitsu et al.[3] claim that
Pure Chemical Industrics and PMMA by semiconductive nanoparticles would play a

Kuraray Co. LTD.. were employed. role in the electronic interaction due to the
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confinement of excitons and clectrons in
nanoparticles which would lead 1w efficien
energy transfer.

ia}
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Fig, 1 Optical characterd
nanocomposite films (a) UV
transmittance

Fig.l (b) shows speciif
UV light. It could be clearly
only 0.5 wis of 20-nm Zn0 co
PMMA  could _signifi
irradiation, resultipghi
in % transmissior] o
that 7 wi%% of 60-maftEn
poly(stryrenebutylaciflate) oo
UV irradiation [4]. Ash result, it is reasonab
to imply that the nanocpmposite prepared in
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wits inereased, UV absorption of the composite
became higher. Based on therma-mechanical
test, the PMMA/ZnO nanocomposite films
with higher Zn0O content exhibited higher glass
transition temperature compared with that of
purc PMMA. These results would exhibit
possibility to apply PMMA/Zn0 composite for
UW-cut window, which would be beneficial to
many countries including Thailand. However,
capability of producing Zn0 nanoparticles

‘ould be required for Thai manufacturers.
cover process of manufacturing of UV

" ing
j ﬁmﬂmm effective route,

material should be further studied for

N
n oo 120 140
Tampiritugs (&)
18, 2 Ertect of Zn0 loading on loss modulus of
LA/Zn0) nanccomposite

5. References

P, Yang , H. Yan, 8. Mao, R, Russo, J.
sgh R, Saykally, N, Morris, 1. Pham,
et -], Choi, Adv. Funet. Mater. 12
e BT

B. f‘r‘,:':' H. B. ucher, K. Rauch, U.
Dicgknann, R. Nitsche, T. Fritz, Thin
Solid
[3] Y.

ilms 485 (2005) 108-114
Kanemitsu, A, Ishizumi, .

1 r y "} whib u
;,]::fmff:f} ﬁﬁ“ii. mﬂ}ﬂﬂé’&“’ﬁfﬁ w m 119-120 (2006) 161-166
: T . . [ . Xigng, Gd Gu. B.You, L. Wy, J. Appl.
improve the L y ofth oo ﬂoljﬂ.s i. 90

Meanwhild. the loss modulus (E") of the
composites was characterized by a @ynamic

mEhafyenl Ao lyTer ; 1 ‘
g e DAL NSOk b |
moygment and the E" peak corresponds to the
gl transition temperature (T.). Figure 2
indicates that the T, of PMMA/ZnO
nanocomposites was shifted with the inerement
of Zn0 content and exceeded that of pure
PMMA.  This would be attributed to the
mobility restriction of PMMA chain due to the

entangling ZnO particles within PMMA matrix,

4. Conclusions and Recommendations for
Thailand

PMMA/ZnO nanocomposite films have
been successfully prepared by a two-roll mill.
When concentration of Zn0 in the composite

(2003) 1923-1931.
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