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Introduction:-

Since the beginning of this century, in the science and engineering have seen a rapid increase in interest for
synthesis of the materials at the nano scale. Nanomaterials have attracted a great deal of research attention due to
their potential use as catalysts, sensors, ceramic and biomaterial because of the physical, electronic, and magnetic
properties resulting from their quantum size [1-3]. The potential for nanotechnology is immensely diverse with
potential applications in the fields of electronics, biomedical devices, energy applications, military uses, and waste
management [3-5]. Nanomaterials could be utilized to design nanotransistors, to develop and deliver medicines for
locally treating diseases and ailments within the body, and for the creation new age weapons and armor for military
applications [6-8]. Within the field of nanomaterials under worldwide research is the subset of electronic
nanomaterials and optic nanoparticles.

Specific heat capacity as a basic thermal property is one of the main parameters for evaluation, calculation and
design of thermal system. It is defined as the required heat per unit mass of material when raising 1°C. Composites
have an extremely broad usage range, and there are different requirements on specific heat capacity according to
different cases. For example, for high-temperature heat shielding composites used in a short term, high specific heat
is required in order to absorb more heat in use; however, for thermal sensitive function composites, small specific
heat is required in order to have a higher thermal sensitivity. By the addition of fillers to plastics the thermal
behavior of polymers and composites can be increased significantly [9-14].
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ZnO is a semiconductor with wide band gap (3.2-3.5 eV) that makes it a promising material for photonics and
optical applications since can absorb UV-light and blue region of the electromagnetic spectrum. The high exciton
binding energy (60 meV) allows efficient excitonic emission even at room temperature [15-16]. The
electroluminescence generates UV and visible light from ZnO. Many narrow band gap materials like metals are
susceptible to photo-degradation and thus reducing the life time of photo devices. Therefore, theoretically, we can
harvest high efficient UV exciton emission and laser at room temperature, which will strongly prompt the
applications of UV laser in the fields of benthal detection, communication and optical memory with magnitude
enhancement in the performance [17-19]. Moreover, the melting point of ZnO is 1975 °C, which determines its high
thermal and chemical stability [19-20]. Plus, ZnO has owned a huge potentially commercial value due to its cheaper
price, abundant resources in the nature, environment friendly, simply fabrication process and so on. Therefore, ZnO
has turned into a new hot focus in the various fields. Especially, ZnO is very important material in optoelectronic
and polymeric composite areas. ZnO nanoparticles used in many electronic applications are easily prepared with
different morphology by different techniques. But, flowerlike morphology is the most important morphology in
terms of polymer composites because of compatibility and surface area between the matrix and reinforcement [15-
20].

ZnO based composites can find potential application areas; like UV-light emitting diodes, transparent UV protection
coatings, luminescent device, laser emitters, fluorescent marker, piezoelectric devices, screening material etc.
Warm-up is a significant problem for the composite of ZnO-polymer used in many electronic applications. To
overcome this problem, it is necessary to determine clearly the heat capacity of the composite with different
reinforcement. Heat capacity of the composites depending on the amount, type and morphology of reinforcement,
varies significantly [21-33]. However, the specific heat capacity of ZnO-PMMA composites used the electronic and
optoelectronic areas were not determined in the literature.

In this paper, the hydrothermal synthesis of the FL-ZnO nanoparticles was discussed because it is a technique which
has successfully been utilized. We investigated the formation of FL-ZnO nanoparticles in a continuous hydrothermal
reactor that allows us to essentially separate the effects of nucleation, growth, and agglomeration. Factors that affect
the size, size-distribution, and morphology of nanoparticles can be isolated. The polymeric composites were
prepared by solution mixing and in-situ technique. Characterization of these composites achieved by Fourier
transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), scanning electron microscopy (SEM), energy
dispersive x-ray spectroscopy (EDX), thermogravimetric analysis (TGA) and atomic force microscopy (AFM)
measurements. These studies showed the homogenous dispersion of ZnO in the PMMA matrix with an increase in
the thermal steadiness of the composite films on ZnO loadings. In addition to, Specific heat capacity measurements
of the FL-ZnO-PMMA composites were performed using a differential scanning calorimeter (DSC).

Experimental:-

Instrumentation and Reagents:-

The chemicals used for the synthesis, methyl methacrylate (MMA, >99%), Zinc acetate dihydrate (ZnAc.2H,0) and
(25 wt%) azobisisobutyronitrile (AIBN) were obtained from Fluka. Toluene was obtained from Merck (Schuchardt,
Germany). Sodium hydroxide, ammonia, ethyl alcohol, methanol and acetone were procured from Merck. MMA
was purified by distillation under nitrogen at reduced pressure. All chemical were analytical grade and no further
purification was employed.

The samples were characterized by XRD for the crystal structure, average particle size and the concentration of
impurity compounds present. Rigaku Rad B-Dmax Il powder X-ray diffractometer was used for XRD patterns of
these samples. The 26 values were taken from 20° to 110° with a step size of 0.04°/min using Cu Ka radiation (A
value of 2.2897 A). The dried samples were dusted on to plates with low background. A small quantity of 30(+2) mg
spread over 5 cm? area used to minimize error in peak location and also the broadening of peaks due to thickness of
the sample is reduced. This data illustrates the crystal structure of the particles and also provides the inter-planar
space, d. The broadening of the peak was related to the average diameter (L) of the particle according to Scherrer's
formula, i.e. L = 0.90/A cos 6 where A is X-ray wavelength, A is line broadening measured at half-height and 0 is
Bragg angle of the particles.

FT-IR analysis was conducted with Perkin Elmer FT-IR Spectrometer to investigate the ZnO-PMMA composite

structures and to determine if there is any ZnO present in the polymer matrix. Infrared spectra were recorded as KBr
pellets in the range 4000 - 400 cm™.
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Differential scanning calorimetry (DSC) and thermogravimetry (TG) were performed with Shimadzu DSC-60 and
TGA-50 thermal analyzers, respectively. The TGA measurements were done from 30 °C to 800 °C with a heating
rate of 10 °C/min in static air atmosphere and DSC measurements was done from 30 °C to 300 °C with a heating
rate of 5°C/min in 25 mL/min N, atmosphere.

Chemical composition analysis of samples was done by energy dispersive x-ray spectroscopy; Ronteck xflash
detector analyzer associated to a scanning electron microscope (SEM, Leo-Evo 40xVP). Incident electron beam
energies from 3 to 30 keV had been used. In all cases, the beam was at normal incidence to the sample surface and
the measurement time was 100 s. All the EDX spectra were corrected by using the ZAF correction, which takes into
account the influence of the matrix material on the obtained spectra.

Atomic force microscopy (AFM) measurements were performed on film prepared from pure PMMA and FL-ZnO-
PMMA composites. AFM measurements were carried out using XE-100E (Park Systems Corp., Suwon, Korea) in
non-contact mode by NSC36/Cr—Au type cantilevers with 0.5 Hz scanning speed. In order to prepare films, pure
PMMA and FL-ZnO-PMMA composites were solved in toluene (2:1, w/v) and transferred to the glass substrate and
dried in incubator at room temperature. These prepared films were used for AFM images of pure PMMA and FL-
ZnO-PMMA composites. The AFM measurements were carried out under moisture controlled medium in ambient
conditions (22 £ 2 °C). The surface properties and topographies of the pure PMMA and FL-ZnO-PMMA
composites were compared.

Preparation of FL-ZnO nanoparticles:-

For the synthesis of the flowerlike ZnO, 2 g ZnAc.2H,0 was dissolved in 85 ml distilled water. Then, the mixture
pH using 2 M NaOH was adjusted at 13.5. The resulting solution was transferred into a Teflon-lined autoclave. The
resulting solution 110 °C was allowed to stir for 20 hours. After reaction, the mixture was cooled to room
temperature and centrifuged; the precipitates were washed with distilled water and ethanol for three times,
respectively, dried in vacuum at 60 °C for 10 h.

Preparation of FL-ZnO-PMMA composites:-

For the preparation of flowerlike ZnO-PMMA composites, ZnO particles were dispersed in MMA which was
subsequently polymerized by free-radical chain polymerization. An initiator AIBN (0.0163 mol. %) was first
dissolved in MMA. Various amounts of flowerlike ZnO powder, synthesized via hydrothermal method (1, 3, 5 and
10 wt %), were suspended in this solution by mixing and sonication. The solution was sonicated for 60 min and was
then transferred into the glass plate mold and sonicated for an additional 20 min. The glass mold was put into the
water bath and MMA was polymerized for 8 hours at 85 °C. After 8 hours, the product was precipitated by addition
dropwise of cold methanol. The precipitated product was allowed to dry in vacuum oven at 40 °C for 24 hours and
was performed for analysis of the resulting product. The same procedure was repeated for each FL-ZnO-PMMA
composite with different FL-ZnO content.

Result and Discussion:-

Characterization of ZnO nanoparticles:-

Flowerlike ZnO particles used in the preparation of composites have been successfully synthesized by a
hydrothermal solution method approach. FTIR, XRD and SEM have been used to characterize the product. Firstly,
the composition and quality of the ZnO samples were also examined by the FT-IR spectroscopy. Fig. 1(a) shows the
FTIR spectrum of the flowerlike ZnO particles which was acquired in the range of 400-4000cm™. The band at 523
cm™ is correlated to zinc oxide. The bands at 3200-3600 cm™ correspond to O—H mode of vibration and the
stretching mode of vibration of C=0 is observed at 1431 and 1652 cm™ [11].
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Fig. 1:- FTIR (a) and X-ray (b) spectrum of the flowerlike ZnO particles.

Fig. 1 (b) shows X-ray powder diffraction pattern of a FL-ZnO sample prepared by hydrothermal synthesis
procedure. All of the diffraction peaks can be indexed as the hexagonal ZnO phase (wurtzite-structure) by
comparison with the data from JCPDS card files no. 36-1451. Peaks in the XRD pattern can be indexed to (100),
(002), (101), (102), (110), (103), (200), (112), (201) and (202) [11]. The strong and narrow diffraction peaks
indicate that the product has good crystallinity and large size. The higher intensity of (002) peak compared to bulk
Zn0 indicated the growth orientation of ZnO nano structures towards C-axis.
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Fig. 2:- Different magnification SEM images of flowerlike ZnO.

The morphology and structure of the as synthesized product derived was characterized by SEM. From the SEM
image (Fig. 2), it is evident that the FL-ZnO microsphere was composed of many wide nanosheets in a self-
assembled way. The diameters of flowerlike zinc oxide microspheres are approximately micrometer shape. But, the
structures of FL-ZnO particles are comprised of a great amount of nanoflakes with a mean thickness of ~50 nm.
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Characterization of FL-ZnO-PMMA composites.
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Fig. 3:- FTIR spectra of the ZnO-PMMA composites with different ZnO content.

The FTIR peaks of the ZnO, the poly (methyl methacylate) and the nanocomposites were used for explanation of
nanocomposite structure. FTIR spectra of the flowerlike ZnO composites were given in Fig. 3. All the spectra of
composites have the peaks of the poly (methyl metacrylate) and ZnO particles. The peak around 2966 cm™ is
assigned to the -CHj; and -CH,- stretching vibrations, whereas their bending vibration appeared around 1451 cm™ for
-CH,- and 1314 cm™ for -CHs. The carbonyl absorption vibration appeared around 1774 cm™ and the stretching
vibration for C-O was around 1167 cm™. In addition, the band at 1100 cm™ and the peak at 523 cm™ are correlated
to zinc oxide [34]. There is a clear increase in peak intensity of Zn-O-Zn and Zn-O peaks with increasing ZnO
content in composite.

The XRD spectra of the flowerlike ZnO-PMMA composites are showed in Fig. 4. The FL-ZnO-PMMA composites
showed the most distinct peaks indicating the existence of ZnO crystal structure in the polymer matrix. The peaks in
X-ray spectra of FL-ZnO-PMMA composites, which correspond to the (100), (002), (101), (110) and (103) basal
diffraction of wurtzite ZnO hexagonal phase of ZnO nanoparticles [15-20]. XRD patterns showed here exhibit the
crystal structure of ZnO in polymer matrix.
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Fig. 4:- X-ray spectra of the FL-ZnO-PMMA composites.

The morphology and surface properties of composites were characterized by using SEM. The elemental distribution
of the ZnO-PMMA composites were also determined by EDX and 5000X magnification was used for mapping
analysis of composites. Fig. 5 represent the scanning electron micrographs of 1%FL-ZnO-PMMA, 3%FL-ZnO-
PMMA, 5%FL-ZnO-PMMA and 10%FL-ZnO-PMMA, composites, respectively. The surface of the ZnO-PMMA
composites looked highly porous and fragmental structure. The dispersed ZnO nanoflakes located onto poly(methyl
methacylate) matrix structure. The samples show indicative of miscible characteristics between the ZnO particles
and PMMA matrix. There is a clear increase in fragmental structure on surface of the FL-ZnO-PMMA composites
with increasing ZnO content in composite.

Energy Dispersive X-ray (EDX) spectrum and EDX mapping of C and Zn of the ZnO-PMMA composites are shown
in Fig. 6 respectively. EDX measurement of the FL-ZnO-PMMA composites show the Zn and O are present in
composite structure. In composite structures, ZnO amount of the ZnO increases, Zn and O peaks are increasing. In
EDX mapping of C and Zn of the FL-ZnO-PMMA composites, the presence and homogenously dispersion of Zn
and C can be seen clearly. This result proves that the composites were prepared as homogeneous and required us.

AFM is the best method for investigating the surface topography and composite surface homogeneity of the
composite samples with high resolution. AFM has been proved to be an important tool to characterize the micro
phase separated in ZnO-PMMA composite structure. It allows to obtain new information about the polymers surface
such as morphology, distribution of phases in blends and composites, compatibility between the phases of polymer
blends and interaction between nanocomposites phases, polymeric chains conformation, dispersion of fillers in the
polymeric matrix, among other applications. Thus, the surface morphologies were investigated by AFM in non-
contact mode using standard non-contact cantilever with silicone tips. AFM images were shown in Fig. 7 with 3d.
Good dispersion was achieved in FL-ZnO-PMMA composites as shown in the AFM images. In AFM image of
composites, the ZnO particle beads indeed located outside and adhered on the surface of the PMMA structure.
When, amount of ZnO particles in composite increases, the surface roughness has also increased.
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Fig. 5:- Low and high magnification SEM images of the FL-ZnO-PMMA composites.
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Fig. 6:- EDX spectra and EDX mapping of C and Zn of the FL-ZnO-PMMA composites.
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Fig. 7:- AFM images of pure PMMA and of the FL-ZnO-PMMA composites films. Low magnification of PMMA
(@), 1%FL-ZnO-PMMA (b), 3%FL-ZnO-PMMA (c) and 5%FL-ZnO-PMMA (d). High magnification of PMMA (e),
1%FL-ZnO-PMMA (f), 3%FL-ZnO-PMMA (g) and 5%FL-ZnO-PMMA (h).

Thermal stability of FL-ZnO and FL-ZnO-PMMA composites were analyzed by TGA and thermograms are
presented in Fig. 8. ZnO shows one-step weight loss behavior. This weight loss up to 500 °C is due to surface
hydroxide group. The data show that thermal decomposition of all ZnO composites occurs in two-steps from 100°C
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to 700 °C. An initial weight loss of ~10% was observed over a range 190-220°C. This result is attributed to
desorption of residual water. The second weight loss of ~ 80% indicated that organic groups polymeric matrix begin
to degrade at ~320°C. It can be seen from Fig. 7 that the onset temperature of decomposition for ZnO-PMMA
composites are shifted to a lower temperature range, with increasing ZnO content, which indicates the small amount
decrease of thermal stability of the composite, because of the fragmental structure and increase free volume.

TGA
%

100.00-

80.00F

60.00-

40.00r

20.00-

000555 200.00 400.00 600.00 800.00

Temp [C]

Fig. 8:- TGA thermograms of ZnO and the ZnO-PMMA composites. (a; 1%FL-ZnO-PMMA, b; 3%FL-ZnO-
PMMA, c¢; 5%FL-ZnO-PMMA and d; 10%FL-ZnO-PMMA)

The DSC thermograms of the ZnO-PMMA composites were showed in Fig. 9. At greater filler concentrations, the
glass transition (Tg) was observed to decrease precipitously compared to that of the neat polymer. The decrease was
attributed to a threshold at which a significant volume fraction of the polymer has higher mobility. The Tg
depression was suppressed by coating the nanoparticles to make them compatible with the matrix.
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Fig. 9:- DSC thermograms of the FL-ZnO-PMMA composites.

Specific heat measurements of the FL-ZnO-PMMA composites:-

Due to excellent transparency, good processing ability and weather ability, poly (methyl methacrylate) is a versatile
thermoplastic using applications such as lenses, food containers, to produce membranes. On the other hand, has not
good thermal stability. Therefore, many studies in literature are aimed at enhancing the thermal stability of PMMA
without compromising the basic properties such as transparency, low moisture absorption capacity and good
dielectric properties. In these study and application, specific heat capacity of a polymer and polymeric composite is
important because it determines how quickly a substance will heat up or cool down and the elucidation of thermal
stability. In this study, specific heat capacity measurements of the pure PMMA and FL-ZnO-PMMA composites
were performed using a differential scanning calorimeter (Shimadzu DSC-60). Measurements were carried out in the
temperature range from 30 to 270 °C with a heating rate of 10 °C/min. The DSC was calibrated in the same
temperature region before each experiment, using a sapphire sample as standard, with a well-known specific heat
capacity. Fig. 10 shows the dependence of the specific heat capacity of PMMA and the FL-ZnO-PMMA composites
in the temperature range from 30 to 270 °C. The heat capacities of materials, from 30 to 200 °C, are given in the
table 1.
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Fig. 10:- Specific heat measurements of the pure PMMA and FL-ZnO-PMMA composites.

From 30 °C to 200 °C, the heat capacities of the pure PMMA, 1%FL-ZnO-PMMA, 3%FL-ZnO-PMMA, 5%FL-
ZnO-PMMA and 10%FL-ZnO-PMMA were found in the range of 0.52-1.35 J/g°C, 1,08-3,49 J/g°C, 1.99-3.78
JIg°C, 2.21-4.33 J/g°C and 2.54-6.43 J/g°C, respectively. If Cp curve of PMMA, and their FL-ZnO-PMMA
composites are examined, it can be seen that Cp curves of polymeric composites are difference with its component.
Specific heat capacity is a measure of the ability of a material to absorb heat from the external surroundings; it
represents the amount of energy required to produce a unit temperature rise [30-31]. Therefore, high Cp value of
ZnO-PMMA composites means that the heat absorption of blend is better than pure PMMA and ZnO particles.

Table 1:- The heat capacities of the pure PMMA and FL-ZnO-PMMA composites.

Materials PMMA | 1%FL-ZnO- 3%FL-ZnO- 5%FL-ZnO- 10%FL-ZnO-
PMMA PMMA PMMA PMMA

Heat capacities 0.52- 1,08-3,49 1.99-3.78 2.21-4.33 2.54-6.43

range, 1.35

Cp, JIgK

The heat capacity of ZnO-PMMA composites shows no peculiarities than other polymers. As other polymers,
specific heat capacity increase with rising temperature and it is demonstrated jump at the point of Tg temperature. It
should be noted here that the Tg of polymers and its blend can be observed by DSC as a stepped increase in the heat
capacity sample during heating. When polymers are heated, absorbed heat is changed because of molecular motion
in polymer [32].

Conclusion:-

FL-ZnO-PMMA nanocomposite obtained using ZnO particles with flowerlike morphology, in a PPMA matrix were
synthesized and characterized. The dispersion of ZnO particles in polymer matrix was achieved by applying the
mixing to the suspension of ZnO in-situ polymer synthesis. The Fourier transform infrared spectroscopy confirms
the chemical structure of the FL-ZnO-PMMA composite. Because of than a good dispersion occurred, a significant
increase of Tg of nanocomposites with ZnO content was also observed, confirming the good dispersion of the
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flowerlike metaloxide. SEM results confirm the dispersion of ZnO particles in the polymer matrix. In addition to,
specific heat capacity of the ZnO composites were measured by DSC. From 30 to 200 °C, the heat capacities of the
pure PMMA 1%FL-ZnO-PMMA, 3%FL-ZnO-PMMA, 5%FL-ZnO-PMMA and 10%FL-ZnO-PMMA were found
in the range of 0.52-1.35 J/g°C, 1,08-3,49 J/g°C, 1.99-3.78 J/g°C, 2.21-4.33 J/g°C and 2.54-6.43 J/g°C, respectively.

The heat capacities of FL-ZnO-PMMA composites show no peculiarities than other polymers. As other polymers,
specific heat capacity increase with rising temperature and it is demonstrated jump at the point of Tg temperature. It
should be noted here that the Tg of polymers and its blend can be observed by DSC as a stepped increase in the heat
capacity sample during heating. When polymers are heated, absorbed heat is changed because of molecular motion
in polymer.
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