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Abstract: Thermal properties and XRD of nanocomposites play a significant role in 
determining imperative properties of composites. In this investigation we have tried to 
find out the relation between XRD analysis and thermal behaviour of nanocomposites. 
Copper nanoparticles were prepared by chemical reduction method. The prepared 
nanoparticles were incorporated in poly (vinyl alcohol) by physical dispersion method. 
Various compositions of nanocomposites were obtained by changing the ratio of 
nanoparticles with the polymeric material and were subjected to the thermal and 
structural characterization. Thermal studies suggest a greater thermal stability of the 
nanocomposites with an increase in the ratio of nanoparticles in the nanocomposites. 
XRD studies reveal that crystalline behaviour seems to be predominant in the 
PVA/Copper nanocomposites, which is attributed to the inter-facial interactions of 
components of the nanocomposite. SEM was used to study morphology of the film and 
the dispersion of the nanoparticles in the polymer matrix. The dispersion of the 
nanoparticles within the polymer was merely uniform.  
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Introduction 

In recent few decades, there has been 
an excessive concentration in organic 
polymer-inorganic particles nanocomposites 
(Giannelis, et al., 1996; Ke, et al., 2005). This 
is due to their unique properties, for example 
their better fire resistance (Gilman, et al., 
2000), gas permeability (Choi, et al., 2008) 
and enhanced thermal / mechanical properties 
[Ishida et al., 2000; Phong etal., 2013; 
Ateyah, et al.,  2013] as compared to the 
immaculate polymer. These superior 
properties are obtained by properly dispersing 
the inorganic nanoparticles or layered clay 
particles within the polymer matrix. 

  The polymer nanocomposites based 
on inorganic minerals have captivated a great 
deal of attention. Due to the nanoscale 

structure, nanocomposites reveal substantial 
improvements in properties (Pandey, et al., 
2005; Yuan, et al.,  2006; Mohamed, et al., 
2010; Usuki, et al., 2005; Beheri, et al., 
2013). These improvements can be obtained 
at very low nanofiller content, thus ensuring a 
better process ability of polymers. The extent 
of property enhancement depends on several 
factors; for example size and the shape of the 
filler, its degree of dispersion, orientation of 
the filler in the matrix and filler/polymer 
interaction (Dennis, et al., 2001; Weon, et al., 
2005). 

Thermal stability depends on the 
chemical structure of the substance; stability 
towards oxidation can be enhanced by the 
addition of inhibitors (Nasar, et al., 2010; 
Qingwen, et al., 2007). 

J. Sc. & Tech., Univ. Peshawar, 2011, 35 (1&2), 23-29. 
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Fig. 1. XRD analysis of PVA-Copper nanocomposites (A: 1 mg, B: 3 mg, C: 5 mg Copper 
nanoparticles)  
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Fig. 2. Combined TGA results of PVA- Copper nanocomposites (2, 6, 10 mg Copper)  

The knowledge of effect of the 
addition of inorganic/metallic particles into a 
polymer system is of vital importance. Based 
on this information various models have been 
developed to simulate the cure cycle of 
polymer matrix to optimize the manufacturing 
process, as well as to enhance their final 

properties (Dominguez, et al., 2010). One can 
predict the properties and applications of the 
composite system after devising a relation 
between structural and functional properties of 
a material. In the present study thermal and 
structural behavior of the nanocomposites of 
copper with Poly (vinyl alcohol) has been 
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investigated. PVA has outstanding 
emulsifying, film forming and adhesive 
properties. It provides a good deal of 
resistance to grease, oil and other similar 
solvents. It has high tensile strength and 
flexibility. Due to its nontoxic nature it finds a 
number of applications. It is used to make 
vinylon fiber in Japan. It is also used as paper 
adhesive, thickener, textile sizing agent, paper 
coatings, as a water-soluble film useful for 
packaging and so many other applications. 

The nanocomposites were prepared by 
incorporating the copper nanoparticles in the 
polymer matrix. We have tried to establish a 
relation between structure and thermal 
properties of nanocomposite systems. This 
might lead to assessment of the new material 
on a better level and thus will enable us to 
propose appropriate applications of the 
nanocomposite. 

Experimental/Materials and Methods 

Chemicals used 

Poly (vinyl alcohol) of molecular 
mass 70000 gram per mole (BDH), Copper 
(II) carbonate (Unichem) and Sodium 
borohydride (Applichem). PVA was pre-dried 
for 100 minutes in vacuum oven at 100 oC. 
Other chemicals were used as such without 
any processing. Methanol and de-ionized 
water were used as solvents in the preparation 
of copper nanoparticles and de-ionized water 
was used as solvent in the preparation of 
nanocomposites. 

Synthesis  

Copper nanoparticles were prepared 
by chemical reduction with sodium 
borohydride under vacuum conditions using 
water/methanol as solvent. For this purposes 
100 ml of 0.25 molar solution of copper 

carbonate was reduced by 0.15 molar solution 
of sodium borohydride. The borohydride 
solution was added slowly to the copper 
carbonate solution under the vacuum with 
vigorous stirring. At the appearance of bright 
red colour the stirring was stopped and the 
precipitates were centrifuged and washed with 
the methanol/water solution. The resulting 
nanoparticles were separated from the solution 
by centrifugation. Nanoparticles were dried 
and stored in an air-tight desiccator. These 
nanoparticles were then incorporated in the 
PVA solution to synthesize various 
compositions of composites using hotplate 
stirring and ultra-sonication. De-ionized water 
was used as common solvent during this 
process. To obtain various compositions of 
the nanocomposites, PVA was taken in a 
constant amount i.e. 2.5 g while copper 
nanoparticles were varied in five different 
concentrations; 1mg, 2mg, 3mg, 4mg and 
5mg. The nanocomposites of PVA with 
copper nanoparticles were cast in films using 
solvent evaporation method. Films were 
removed from Petri dishes and were cut into 
appropriate sizes for characterization 
techniques. One square centimeter samples 
were prepared for XRD while 5 mg sample 
was cut for TGA. Similarly for SEM a small 
piece of 2 mm2 sample was cut and gold-
coated. 

X-Ray Diffraction 

X-Ray Diffraction of the nano 
composites was obtained using Rigaku 
(Japan) FX Gieger Series RAD-B system. 
Thermal analysis of the samples was carried 
out on Diamond TG/DTA machine 
manufactured by Perkin Elmer Instruments, 
USA. Morphology of the films was studied 
using Scanning Electron Microscope SEM 
SJ-6490LVMA manufactured by JEOL, 
Germany. 
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Results and Discussion 

X Ray Diffraction  

Fig.1 shows how crystallinity of the 
composite system varies with increasing 
concentration of copper nanoparticles. The 
PVA peak can be found with a lesser intensity 
near the region of 18-20o whereas the copper 
NPs exhibit a sharper peak near 30o. It was 
found out that crystallinity of pure polymer 
increases with increasing concentration of 
copper. This phenomenon is attributed to the 
addition of crystalline behavior of both PVA 
and the metallic particles. Semi crystalline 
nature of PVA contributes towards a greater 
crystalline behavior due to the strengthening 
of intermolecular attractive forces among the 
polymer molecules. With the incorporation of 
the copper, alignment of the polymer matrix is 
re-organized and there occurs a rearrangement 
in the structural arrangement within the 
polymer matrix. This fact weakens the 
polymer matrix in a bulk but at the same time 
cohesive forces between the polymer and 
copper nanoparticles strengthen, which in turn 
increases the crystalline nature of the 
composite system. Copper nanoparticles being 
metallic crystallites support the cohesive 
forces to develop further within the polymer 
matrix. 

Thermal Properties  

Thermal analysis reveals that rate of 
weight loss is a function of concentration of 
copper nanoparticles. TGA of PVA/copper 
nanocomposite (A: 1 mg copper) in figure 2 
shows that weight loss occurred in three 
steps. Prior to 136 oC, 12% weight loss during 
the first step was due to evaporation of 
surface and structural water. The major 
weight loss of 49 % was observed during the 
second step. This was due to combustion and 

decomposition when the temperature was 
raised from 136 to 276oC. During the last step 
when the temperature was raised from 276oC 
to 600oC, a weight loss of 22% was observed. 
This is attributed to the transformation from 
carbon black to carbon dioxide. It was noticed 
that total weight loss during the TGA was 
83% of the total mass of the sample. The 
same idea is supported by the DTA result 
which is shown in Fig.3. 

The other concentrations of the 
composites show similar behavior after they 
were subjected to thermal analysis. TGA of 
PVA/copper nanocomposite (B: 3 mg copper) 
as shown in figure 2 reveals the same trend as 
PVA/copper nanocomposite (A: 1 mg 
copper). A three step weight loss was 
observed here too. First step shows the 
temperature prior to 152oC. During this step 
13% weight loss was observed due to 
evaporation of surface and structural water. 
Next step shows a weight loss of 50 % of the 
total mass which was due to combustion and 
decomposition of the organic compounds 
present in the composites during a 
temperature change from 152oC to 300oC.On 
a raise of temperature from 300 oC to 600 oC, 
another weight loss of 21% was observed. 
The unburned carbon was converted to 
carbon dioxide during the process of heating 
in this step. 

TGA of PVA/copper nanocomposite 
(C: 5 mg copper) as shown in figure 2 also 
shows a three step weight loss like the same 
trend as PVA/copper nanocomposite (A: 1 mg 
copper) and (B: 3 mg copper). First step 
continues from ambient temperature to 130oC 
with 12% weight loss due to evaporation 
absorbed and adsorbed water. During the 
second phase 50 % weight was lost. This step 
went through a temperature range of 130 to 
301oC.  Again this weight loss is attributed to 



Studies on Thermal and Structural Properties of Poly (Vinyl Alcohol) / Copper Nanocomposites 
Tuberculosis and its Risk Factors in Mardan District: Odds Ratio Analysis 

 
 

27 

the structural and organizational changes in 
the composites. On further rise in temperature 
from 300oC to 600oC, another spell of weight 
loss of 21% was observed by converting the 
unburned carbon contents to gaseous form. 
After the total weight loss of 83% mass 
remained unchanged leaving the ashes behind. 
All the results of TGA were supported by the 
DTA results as shown in Fig. 3. 

Scanning Electron Microscopy 

 Samples of nanocomposite 
systems were analyzed to figure out 
morphology and distribution of the 
components of the polymer composites using 
Scanning Electron Microscope SEM SJ-
6490LVMA manufactured by JEUL, 
Germany. A 5 kV to 20 kV ranges of voltage 
was used for this purpose. The samples of 
polymer nanocomposites were cut into 
appropriate sizes and were coated with gold 
using sputter coater machine prior to SEM 
analysis. Then the samples were subjected to 
the test. Micrographs of the polymer 
composites were taken using suitable voltage 
and resolution. 

 Fig. 4 displays the morphology of 
Cu nanocomposite. Dispersion of the copper 
particles can be viewed with almost same size 
having a difference of few nanometers. The 
variation in the size of the particles is 
attributed to the process of agglomeration 
phenomenon of the nanoparticles of copper. 
On certain points the nanoparticles of copper 
agglomerate to form rather larger grains 
which can be seen in the Figure 4. The copper 
particles have a shiny texture, which 
increases with increase in size as a result of 
agglomeration. Non agglomerated 
nanoparticles have almost same size with 
lesser shiny texture.  

 Fig. 5 shows the SEM image of 
the polymer nanocomposite material resulted 
after the incorporation of copper 
nanoparticles in the polymer matrix. 
Although the surface has a smooth 
morphology, there can be viewed some multi 
sized granular particles within the surface of 
the composite. This shows the distribution of 
smaller non agglomerated particles and larger 
agglomerated particles within the polymer 
matrix. The image could not be further 
magnified due to the limitation that the 
polymer gets decomposed/ burned when 
voltage is increased for further magnification. 

Conclusions 

PVA- copper nanocomposites were 
prepared using various concentrations of 
copper nanoparticles. The samples were 
analyzed for their thermal and structural 
behavior using XRD, TGA/DTA and SEM. It 
was found out that crystalline nature of the 
composites increases with an increase of 
copper nanoparticles concentration. The 
results obtained by TGA/DTA revealed that 
83% of the total weight was lost during the 
thermal analysis. Thermal stability of the 
composites is enhanced with an increase of 
copper nanoparticles concentration in the 
PVA- copper nanocomposites system. SEM 
micrographs display that copper 
nanocomposites are embedded in the polymer 
matrix with an appreciable degree of 
dispersion. 
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Fig. 5. SEM image of a PVA/Cu NPs film 
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