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ABSTRACT:

A series of poly(vinyl alcohol) (PVA)/ZnO films were cast. The synthesized PVA/ZnO films with various weight
percentages Owt%, 1wt%, 2wt%, 3wt% were subjected to XRD analysis for the characterization process for
estimating the size of crystalline particle. Zinc Oxide Nanoparticles were synthesized by solution combustion
method employing ODH as fuel with corresponding metal nitrate. The crystallite size (<N>), lattice strain (g in
%), stacking faults (ag) and twin faults (B) were determined by whole powder pattern fitting technique,
developed by us. We have studied the microcrystalline parameters from XRD. Activation energy has been
computed for these systems.
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1. INTRODUCTION

Metal and Metal Oxide nanoparticles as fillers into
Polymer matrix demonstrate remarkably improved
properties with respect to the pure polymers.
Polymeric Nano composites exhibits improved
mechanical properties such as Tensile strength,
YoungsModulus, Thermal Conductivity, Film
barrier properties, Drug solubilization properties
[1-5]. ZnO is also considered as Biocompatible,
innoxious catalyst, suitable for various photo
catalytic reactions. ZnO is propitiousmaterial for
Gas sensors, UV absorbers, Food Packaging, Solar
Cells, and Bio-Medical applications [6-10].
Poly(vinyl alcohol) (PVA) is an ecofriendly
polymer due to its biodegradability [11].

The Extensive studies have been reported in the
literature on the influence of zinc oxide
nanoparticles on ZnO/PVA films. Dielectric loss
tangent (tan §) decreases with increase in filler
content at lower frequency, but at higher
frequencies the tan & increases with increase in
nanoparticles concentration in ZnO-Ce,O3/PVA
Nano composite films [12]. Flame Retardancy[13]
of the poly(vinyl alcohol)-ZnO Nano composites in
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which ZnO have barrier effect to slow down the
product volatilization and thermal transport during
decomposition of the polymer have been
reported.Similarly presence of 20% of nano-
cellulose particles from linen in the PVA matrix
increases the mechanical properties, such as tensile
strength and percentage elongation at break. Higher
percent of the nano-cellulose particles decreases the
tensile strength due to the change in the
morphological structure of the PVA film [14].
Thorough research has been carried out on
Nanoparticles of uncapped and poly(vinyl alcohol)
capped zinc oxide which revealed the reduced
photocatalytic activity of PVA capped ZnO.
[15,16].

In this study the Zinc oxide nanoparticles were
synthesized via Solution combustion process
usingoxalyl di-hydrazide  as  fuel and
PVA/ZnO/NaCl polymer blends were prepared by
Solvent cast method. The crystallite size (<N>),
lattice strain (g in %), stacking faults (aq) and twin
faults (B) were determined by whole powder
pattern fitting technique, developed by us using
XRD data.
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2. EXPERIMENTAL

2.1. Materials and Methods

2.1.1. Synthesis of Zinc Oxide Nanoparticles

Zinc nitrate [Zn(NO3),,6H,0] acted as an oxidizing
reactant and oxalyl di-hydrazide (ODH)
[C,HeN4O,] as a reducing one.The Stoichiometric
ratio of mixture was taken in borosilicate petri dish
and stirred for few minutes and later it was
introduced into Muffle furnace maintained at
300°C.The Mixture undergoes thermal dehydration
with the liberation of large amount of gases with
very high flame temperature. The entire
combustion process is accomplished in less than 5
min.

2.1.2. Preparationof PVA/NaCl/ZnONano
composites

PVA/NaCl-ZnONano composites were prepared by
solution casting method.PVA was dissolved in
distilled water by heating at 60° C for 16 h under
stirring.This was used as stock solution 0 wt% .The
blends with varying amounts viz.,
Iwt%,2wt%,3wt% and 4 wt% of Nacl and
0.1wt%,0.2wt%,0.3wt%and  0.4wt% of ZnO
nanoparticles were prepared by stirring the
appropriate weight percentages of the blends for 30
min and the films were cast from blend The
PVA/NaCl -ZnO solution was casted on to a
cleaned glass plate and dried at room temperature.

2.2. Theory

The contribution of crystallite size, lattice strain and
stacking faults[17] to a Bragg reflection profile can
be written as,

Lo (5ua) = [ T 7 (nd e300 Areolgizandsulg (ng 1)

where lna(Sha) is the intensity of a profile in the
direction joining the origin to the center of the
reflection, T" is the Fourier transform of instrument
profile, e?™“") js the average phase factor due to
lattice distortion() and e®*™ s due to crystallite
size / stacking faults(e). L = nd (with d=dyy) is the
column length. Equation (1) can be written in the
form of Fourier series as,

Tt (Shia)= z Apa(n)cos {2nndpq(s-50) } (2

N=—o0

whereAp(n) are corrected Fourier coefficients with
Fourier coefficients of instrumental profile function
T®(nd), s is sin6/A and sy is the value of s at the peak
of the reflection. Here afterwards, we refer to
crystallite size in terms of the average number of
unit cells counted in a direction perpendicular to the
Bragg plane (hkl) with a notation <N>, and the
crystallite size in A is given by Dny = <N>0pq(h 1S
the perpendicular spacing of the (hkl) planes from

their origin). These Fourier coefficients Apqg(n) are
functions of the size of the crystallite, the disorder
of the lattice and stacking faults coefficients, i.e.

Ania(M)=A%i(n).Aha(n). A a(n) (3)

Fourier analysis of a Bragg reflection profile must
always be performed [17] over the complete cycle
of the fundamental form d (s-s,) = -1/2 to +1/2,
which is rarely possible experimentally. We do
this analysis with the available truncated range by
introducing truncated correction [18]. For a
paracrystalline material, with Gaussian strain
distribution, A% (n)[17,19-20] turns out to be

Aa(n)=exp(-2n°n’mg?) (4)

where m is the order of the reflection and g =

(Ad/d) is the lattice strain. Normally one also

defines mean square strain <¢®> that is given by

g%/n. This mean square strain is dependent on n (or

column length L = nd), whereas g is not. With

exponential distribution function for column

length, we have,

A:kl n) { 0 1 n/< >) ’{f P (5)
0{exp a (n- p)]} aN ;if n>p

In the above equation a = 1/(N-p), refers to the

width of the distribution and p is the smallest

number of unit cells in a column.

The whole powder pattern of samples were

simulated using individual Bragg reflections

represented by the above equations using

1(s) = > (@1 g —BG) (6)

hkl

wherewyy are the appropriate weight functions for
the (hkl) Bragg reflection. Here s takes the whole
range (20 ~ 6 to 60° of X-ray diffraction
recording of the sample. BG is an error parameter
introduced to correct the background estimations.

3. RESULTS AND DISCUSSION

X-ray diffraction pattern of Polymer blend film
samples were recorded on RigakuMiniflex I
Diffractometer with Ni filtered, CuK, radiation of
wavelength 1542 A, and a graphite
monochromator. The scattered beam from the
sample was focused on to a detector. The
specifications used for the recording were 30 kV
and 15 mA. The sample was scanned in the 20
range of 6° to 60° with a scanning step of 0.02°.

Figure 1shows the XRD of as-formed ZnO nano

particles. The three strongest XRD peaks for ZnO
were detected corresponding to Bragg angles
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Table 1. Microstructural parameters and stacking faults for pure PVA and PVA doped Zinc using exponential

distribution function.

sample 26 dA) N DA) g% a o B Delta grrggt&'z')te
1967 452 8 618 0 0000  282E7 L74E4

PURE 4197 218 87 1900 0 3206 6.02E-5 416E-5 2863 6874
1950 454 68 3092 0 0483 345E-7 1.78E-4
3142 284 150 4266 O 1874 4.96E-6  1.09E-5

1% 3165 282 100 2824 O 1904 21665 2115  LO6E3 13190
4540 199 150 2994 0 1893 169E-5  2.12E-5
1959 452 9 4074 0 0481 176E-5  1.05E-4

2% 3172 281 140 3945 0 1748 789E-6 197E-5  0S57E-3 20207
4569 198 250 4960 O 0612 421E-9  176E-9
188 471 85 4008 0 0314 243E-5  7.37E-5

3% 3072 290 130 3780 0 1905 862E-6 O9.94E-6  092E-3 15150
4451 203 160 3252 O 1601 8.62E-6  9.98E-6
1953 454 105 4768 O 0480 188E-5  1.90E-5

4% 3174 281 8 2393 0 1899 120E-5 213E-5  040E-3 14246
4549 199 150 2988 O 1676 947E-6  9.59E-6

31.40, 34.1> and 36.2° respectively.All diffraction
peaks are consistent with the standard PDF
database (JCPDS file No. 89-511).with the
hexagonal ZnO structure with lattice constants
a=3.249(1) A° and ¢=5.2052(2)A° .Average particle
size was estimated using Debye-Scherer formula
given by

D=0.9X/B Cos0 (7)

Where ,A is the wavelength of X ray, p Full Width
at Half Maximum (FWHM) , D is the particle size
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Figurel: XRD pattern of ZnO nanoparticles.

which was found to be around 24 nm.In the first
step, the micro structural parameters were refined
for individual profiles of X-ray recordings in each
of the sample and the computed values of
crystallite size <N>, lattice strain (g in %), stacking
fault probability and twin fault probability are
given in Table 1 for Pure PVA and PVA doped
with various weight percentages of Zinc Oxide
nanoparticles and Sodium chloride salt using
exponential column length distribution. We observe
that the lattice strain in both is 0.0% and average
crystallite area in the PVA/ZnO Nano composite
increases compared to Pure PVA. The Figure 2
shows the XRD pattern of Pure PVA
andPVA/NaCl/ nano-ZnO/ composite film, which

shows a broad peak around 20 = 20° corresponding
to 101plane of crystalline PVA [12] . Intensities of
other peaks seen in the nano-ZnO, decrease in the
XRD pattern of composite film, which signifies the
crystallinity of PVA gets influenced by the
presence of ZnO nanoparticles. It is also observed
from Figure 2 that the strongest peak for Bragg’s
angle 36.2° is also present in the composite film
indicating the presence of ZnO nanoparticles in the
polymeric matrix.
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Figure 2. XRD pattern of Pure PVA and
PVA/NACcI/ZnO nanocomposites.

Figure 4 shows simulated and experimental
profiles for Pure PVA and PVA/ZnO Nano
composites obtained with exponential column
length distribution. The standard deviations in all
the cases for the micro structural parameters are
given in Table 1 as A. This A represents the
statistical percentage of deviation of the
parameters. The agreement between simulated and
experimental intensity of the individual profiles in
each of the samples are less than 10% of the mean
value. With these parameters given in Table 1 as
an input, we have further refined these parameters
against whole pattern (20 =~ 6° to 60°% recorded
from the samples by taking summation which
extends over the whole pattern [equation (6)]. We
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have observed small but significant changes in
these parameters with the set convergence of 1%.
These changes are also given in Table 1. The
goodness of the fit between simulated and
experimental profiles for the samples were given
in Figure 4.

The observed variation in the micro structural
parameters given in Table 1 is due to a two-fold
refinement. First we have carried out the line
profile analysis of the extracted profiles from
overlapping regions, which is a standard procedure
to compute the micro structural parameters.
Secondly, the range of overlapping regions
determines the extent of broadening of the
reflections. In fact, the broadening may decrease if
the reflections are closer together and hence results
in an increase in the crystallite size values. A
closer look at the results in Table 1 and also the
whole pattern indicates such a problem. It is

worth noting that none of other parameters, such
as lattice strain and stacking fault probability,
varied much during the refinement against the
whole pattern data of the samples.

To check the reliability of the computed
deformation and twin faults, we have used a
simple approximate method suggested by Warren
[18] and the expression for the twin fault is given

by,

(29(:0@ - 2081\4 )i =—14.6X, tand x j ®

where 20° CG is the center of gravity of the Bragg
reflection profile and 26°PM is the peak maxima, p
is the twin fault and Xpq is the constant value,
which we have taken to be 0.23. For all the
samples we have computed the average twin fault
probabilities are comparable to the values obtained
by incorporating an appropriate expression in the
Fourier coefficients. From this we would like to
emphasize that these values are reliable and do
represent the twin faults present in the sample in a
direction perpendicular to the axis of sample. In
fact, 1/B represents the number. We have also
approximately estimated the deformation fault
probability value of by making use of the
following expression given by Warren [18],

1 1 o
~5.5-<D> +[@5a° + B)d,] [;\LO\/(u +b)h0](9)

where hg=(h2+k2+12)1/2 , u is the un broadened
component, b is the broadened component and
Lo=3N+1 reflections. A comparison with the
deformation fault probability values obtained by

Pure PVA -
pure PVA + 1% Zn
pure PVA + 2% Zn -------=~
pure PVA + 3% Zn
pure PVA + 4% Zn

-200 L L L L L
-600 —-400 -200 o 200 400 600
Dgin A

Figure 3: Variation of crystallite shape ellipsoid
for Pure PVA and PVA/ZnO Nanoparticles

Fourier coefficient method (Table 1) indicates that
the values are low, because there are too many
layers between two successive deformation fault
layers. This is due to the fact that there are pockets
of crystalline like order in a matrix of amorphous
regions. It is well known that the Fourier method
gives a reliable set of micro structural parameters
and we have shown that in addition to these
values, one can also compute reliable fault
probabilities. Also our investigation reveals that
PVA/ZnO Nano composites have more Crystalline
area than Pure PVA in PVA/ZnO Nano
composites is greater than Pure PVA.Figure 3 a
graphical plot of the crystallite shape ellipse
reveals that the crystallite shape ellipse area
increases as the concentration of ZnO
nanoparticles increases in the Composite, The
strength of the polymer samples is proportional to
crystalline area, which is essentially equal to the
area of ellipse

4. CONCLUSION

Whole X - ray pattern fitting procedure developed
by us has been used to compute micro crystalline
parameters. The stacking faults and twin faults for
Pure PVA and PVA ZnO Nano composites
nanoparticles are found to be very small. But as the
concentration of the nanoparticles increases the
Stacking faults and twin faults decreases due to
nanoparticles loading as fillers into the polymer
matrix.
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