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ABSTRACT 
 Equimass fraction of polyvinyl alcohol (PVA) and polyethylene oxide (PEO) were used for preparation 
of homogenous polymer blends. In situ preparation techniques were employed for filling the polymeric matrix 
by different concentrations of AgCl. Filled samples were studied by Fourier transform infrared (FTIR) 
spectroscopy, X-ray diffraction (XRD) and thermal analysis via thermogravimetric analysis (TGA) and 
differential scanning colorimetry (DSC) under non-isothermal condition and inert gas atmosphere at constant 
heating rate 10 C/min. Thermal stability of PVA/PEO blend with AgCl up to wt = 12%. were studied and 
interpreted in terms of structural changes observed from FTIR spectra. The variation behavior of characteristic 
temperatures as a function of filler composition has been found to be non-monotonic. The obtained results 
suggested that AgCl acts as a promoter slowing down the degradation and provide higher stability to the overall 
composite. The latter finding was confirmed by DSC thermograms. 
 
Keyword: PEO/PVA blend, TGA, DSC, AgCl, XRD and FTIR.  

 

Introduction 
 
 Superior properties of some polymeric materials can be achieved by blending of two or more pristine 
polymers, these properties includes electrical (Mudigoudra et al., 2012), mechanical (Ranjha and Khan, 2013), 
optical (Reddy et al., 2006) and thermal properties (Sivaiah and Buddhudu, 2010).  
 Polyethylene oxide PEO is an interesting polymeric material because of its high chemical and thermal 
stability. PEO is semi crystalline polymers which can solvate wide variety of salts even at very high salt 
concentrations (Kesavan et al., 2014). Pristine PEO is a simple chain polymer with enteric linkages (Rachna and 
Kalya, 1999) possessing both amorphous and crystalline phases at room temperature.  
 Polyvinyl alcohol PVA consists of a carbon chain backbone with hydroxyl (OH) groups attached to 
methane carbons, these hydroxyl groups are sources of hydrogen bonding and hence assist the formation of 
polymer blend (Abd El-kader et al., 2013; Abdullah, 2014). 
 Blending of two water soluble polymers, namely, PEO with PVA leads to homogenous miscible blend 
with significant practical utility (Mudigoudra et al., 2012; Ranjha and Khan, 2013; Reddy et al., 2006; Sivaiah 
and Buddhudu , 2010). Filling of polymer with inorganic materials leads to cost reduction, improved processing, 
density control and enhance optical, thermal, electrical and magnetic properties, etc. (You et al., 2008; Elhaes et 

al., 2012; Saleh et al., 2015). 
 In scientific and industrial fields, thermal stabilization of polymeric materials is considered an 
important factor and study of the thermal stabilization provides the required information about the period of the 
applicability time of such materials. The quantitative study of solid state transformation in various kinds of 
materials by means of thermogravimetric (TG) analysis, differential scanning calorimetry (DSC), and 

differential thermal analysis techniques has been widely discussed in the literature (Peterson et al., 2001; Lu et 

al., 2005;  Kotkata and Mansour, 2011a,b). It is known that the common technique to study the kinetics of 
polymer degradation is TG, whereas DSC is usually used to elucidate any decomposition steps observed in the 
TG data (Elhaes et al., 2012). Accordingly, by considering both of the potential applications of polymeric 
blend/inorganic filler, valuable data can be obtained from thermal stabilization study. 
 The present work aims to prepare thin composite films of PEO/PVA blend doped with different 
concentrations of AgCl via in situ preparation combined to the solution-cast technique which is a very simple 
method for preparation and to investigate the influence of Silver Chloride-filler on the thermal stabilization and 
degradation pathway of PEO/PVA blend by means of TG/DSC techniques.  
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Experimental Work: 
Materials: 
 Polyethylene oxide (PEO) supplied from ACROS, New Jersey, USA with MW≈40000 and polyvinyl 
alcohol (PVA) from Merck, Germany, with MW≈72.000 were used as a basic polymeric materials. In situ 
prepared silver chloride was made using silver nitrate AgNO3 ACS reagent from Sigma Aldrich Co. with diluted 
HCl 37% pure reagent. 
 
Preparation Method: 
 Silver chloride was synthesized through direct reaction of silver nitrate (AgNO3) and hydrochloric acid 
(HCl) in aqueous media according to the following equation. 
AgNO3 + HCl → AgCl + HNO3 
 Reaction starts with equal masses of both PEO and PVA (50/50 wt%) dissolved in double distilled 
water separately and then the polymer blend solution was stirred continuously about 72 h at 40 C until a 
homogenous viscous liquid was formed. The composite of AgCl- PEO/PVA were synthesized by adding proper 
amount of silver chloride to the resulting blend at ambient temperature. Specified amount of viscous solution 
were poured onto cleaned Petri dishes and dried in an oven at 50 C for 4 days to remove any access water 
traces. After drying, the films were peeled from Petri dishes and kept in vacuum desiccators until use. 
Calculated masses of PVA/PEO and filler mass fractions x = (0.0, 5.0, 1.0, 2.0, 4.0, 8.0, and 12 wt %) of AgCl 
as shown in table (1) 
 
Table 1: Sample constituents and composition 

Sample PVA PEO AgCl 
Wt% 

S0 50.00 50.00 0.00 
S1 49.75 49.75 0.50 
S2 49.50 49.50 1.00 
S3 49.00 49.00 2.00 
S4 48.00 48.00 4.00 
S5 46.00 46.00 8.00 
S6 44.00 44.00 12.0 

 
Measurement Techniques: 

FT-IR absorption spectra were carried out for different films using the single beam Fourier transform-
infrared spectrometer (Nicolet iS10, USA) at room temperature in the spectral range of 4000-400 cm-1 X-ray 
diffraction scans were obtained using PANalytical XPert PRO XRD system using CuKα radiation (where, λ = 
1.540 Å, the tube operated at 30 kV, the Bragg’s angle (2) in the range of (5-50). The differential scanning 
calorimetry (DSC)of the prepared films was carried out using an equipment type (SETARAM labsys TG-DSC 
16) from room temperature to 500 C with a heating rate of 10 C/min. Thermal techniques are the convenient 
tool to determine the physical and chemical changes such as phase transitions and reactions.  
Thermal analysis embraces all methods in which measurements are made of a property that change as the 
temperature changes. The equipment used ideally consists of a measurement cell in which the specimen is 
placed. A constant rate of change temperature is normally preferred, and it is desirable to make the property 
measurements continually. 
 

Results and Discussion 
 
Fourier Transform -Infrared Analysis: 
 In the present work, IR absorption spectra were used to demonstrate the interaction and complexation 
features between PEO/PVA polymeric matrices with silver chloride (AgCl) as a dopent material, which causes 
some minor changes in the position of vibrational modes and/or in the intensity in specified bands. Figure 1 
shows the FTIR absorption spectra of pure blend and samples that filled with 0.5, 1, 2, 4, 8, and 12 wt% of 
AgCl. The figure reveals some changes in the intensities of some characteristic vibrational bands accompanied 
with increased AgCl content. This indicates that the amorphous regions of the prepared samples are augmented 
with increasing the filler. The shifts of CH2 stretching vibration from 2907 cm-1 to 2892   cm-1, out-of-plane 
rings C-H bending mode from 945 cm-1 to 953 cm-1 were observed. These indicate the chemical interactions of 

AgCl with polymeric matrices (Lu et al., 2005; Kotkata and Mansour, 2011a,b). 
 
X-ray diffraction analysis (XRD): 
 Figure 2 shows the X-ray diffraction scans of neat PVA/PEO blend and samples that filled with 
different concentrations of AgCl. The observed spectra exhibit an amorphous feature and shows two distinct 
sharp characteristic bands at 2 =19 and 23 related to the presence of PEO. Intensity of additional bands at 2 
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=32.17, 39 and 46 increases with increased silver chloride content (Sasikala and Kumar, 2012) and can be 
correlated with 111, 200 and 220 planes of silver chloride. The tendency of apparently diminution of 
crystallinity with the increase of AgCl content in blend sample implies a decrease of the number of hydrogen 
bonds that are formed between PEO and PVA if present. Also, this might be the result of dilution effect of Ag 
when mixed with polymer, which suppresses recrystallization of broken blend polymer chains and inhibit crystal 
growth. The two peaks at 2θ = 19 and 23 (Abdelaziz and Ghannam, 2010; Ramesh et al., 2008), have been 
found to increase in broadness and decrease in intensity for wt = 12%. These results reveal the increase in 
amorphous nature of the films. From all previously mentioned results, the interaction between the filler and 
polymer blend results in decreasing crystallinity with enrichment amorphous phase. This amorphous nature 
confirms the complexation between the filler and the polymer blend. 
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Fig. 1: FT-IR absorption spectra of PVA/PEO polymeric blend and samples that contain concentrations of 

AgCl. 
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Fig. 2: X-ray diffraction scans of PVA/PEO blend and blend filled with different concentrations of AgCl. 
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Thermogravimetric Analysis (TGA): 
 TGA is an established technique which measures the weight changes as a function of temperature or 
time. It provides information of the thermal behavior such as pyrolysis and thermal decomposition of the 
samples (Chang et al., 2007). 
 Decomposition profiles were obtained while heating at a rate of 10oC/min in air between 25 oC and 500 
oC. Figure 3 Shows TGA thermograms of weight loss as a function of temperature for pure PEO/PVA blend and 
their composites the initial weight loss for S0 appeared at 220–285oC.  The initial weight loss for all samples 
which contain filler appeared at 280-430 due to the presence of AgCl in the samples, which means the thermal 
stability increases at higher concentration of filler. Table (1) summarizes the percentage weight loss at different 
decomposition temperatures of the samples taken from the TGA thermograms. These results have proved that 
the thermal stability of the product samples has indeed improved after filling AgCl. 
 
Table 2: The characteristic degradation temperatures obtained from TGA. 

AgCl 

Wt.% 
Temperature 

D40 D50 D60 D70 D80 D90 
0.0 402 396 350 362 251 240 
0.5 404 397 386 360 329 306 
1.0 405 402 387 359 337 318 
2.0 408 403 389 359 337 219 
4.0 410 405 392 372 344 220 
8 420 402 396 376 354 335 

12 430 418 405 391 355 327 
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Fig. 3: TGA thermograms of weight loss as a function of temperature for pure blend, and blend filled with  

different concentrations of AgCl 
 
Differential scanning calorimetry (DSC): 
 Differential scanning calorimetry (DSC) is a thermal analysis technique used to measure heat flows 
associated with thermally induced transitions in materials as a function of temperature (or time, in isothermal 
experiments). Such measurements provide qualitative and quantitative information about physical and chemical 
changes that involve endothermic and exothermic processes, or changes in heat capacity such as phase 
transitions, glass transition temperatures (Tg) and melting parameters (melting point Tm, thermal decomposition 
temperature Td, enthalpy of fusion Hf). A temperature range of 30–500 oC at a heating rate of 10 C/min was 
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utilized under nitrogen atmosphere. The thermal properties were examined by DSC to estimate how the thermal 
transitions of the prepared films were affected by the different concentrations of AgCl as shown in Figure (4). 
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Fig. 4: DSC thermograms of PEO/PVA blend and blend filled with different concentrations of AgCl. 
 
Table 3: DSC results of blend and blend with different concentration of AgCl. 

AgCl 

(Wt%) 
 

Glass transition 
temperature 

(Tg) 

Melting 
temperature 

(Tm1) 

Melting 
temperature 

(Tm2) 

decomposition 
temperature 

(Td) 
0.0 64.96 220.0 310 400.0 
0.5 65.11 221.0 310 403.0 
1.0 66.13 219.0 309 404.0 
2.0 68.30 219.5 311 404.8 
4.0 68.97 221.5 313 405.0 
8.0 69.63 221.4 314 406.0 

12.0 70.00 222.0 315 409.0 

 

Conclusions: 
 
 Samples that contain equal mass fraction of both PEO and PVA pristine polymers and other samples of 
the same composition containing different amount of silver chloride were successfully prepared via combined in 
situ-casting preparation technique. FTIR absorption spectrum shows the persistence of the main vibrational band 
corresponding to the overlapped main structural groups in polymers, indicating homogenity and complexation 
of the interacting polymeric materials. These results supported by XRD results except in the case of high filler 
concentration where  diffraction peaks appear at 2  about 32, 39 and 46 indicating the presence of separated 
silver and are correlated with 111, 200 and 220 planes of silver. Decomposition profile shows that, thermal 
stability was found to improve with increasing AgCl concentration and thermal properties were examined by 
DSC to estimate how the thermal transitions of the prepared films were affected by the different concentrations 
of AgCl 
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