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Abstract: Solid polymer blend films based on polyvinyl pyrrolidone (PVP) and 2-hydroxyethyl 
cellulose (2-HEC) were prepared in various concentrations by solution cast technique. X-ray 
diffraction, differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), and stress-
strain of individual polymers and their blended samples were studied. X-ray diffraction patterns 
demonstrate miscibility between the PVP and 2-HEC in amorphous region for blend system. DSC 
characterization on PVP/2-HEC blends revealed a single Tg in each composition and its position was 
slightly shifted towards higher temperatures with increasing PVP content, which further supports 
single-phase behavior. It was found from TGA and its derivatives that the mass loss of most samples is 
accomplished in two decomposition stages in the temperature range of investigation, indicating 
different degradation mechanisms. Making use of Coats-Redfern relation, TG data allowed the 
calculation of some thermodynamic parameters such as activation energy, entropy, enthalpy and 
Gibb’s free energy. Stress-strain data indicated that the blends became more brittle as PVP content 
increased. The elastic modulus was found to increase as the amount of PVP increased, while the strain 
at break decreased in an opposite behavior. Meanwhile, the tensile strength had a maximum value at 30 
wt % PVP content in blend samples. 
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mechanical testing. 
 

INTRODUCTION 
 
 Polymer blends are very important and belong to a rapidly advancing branch in polymer science and 
technology because of their widely used applications as bioequivalent materials [Garrel et al. (1991); Chuang et 
al. (1999)]. The miscibility between the constituents of a polymer mixture is an important factor in the 
development of new materials based on polymeric blends [Wanchoo and Sharma (2003); Abd El-kader et al. 
(2010) and Abd El-kader et al. (2013)]. Blend films may be designed to take advantages of the characteristics of 
the pure components, which should be chemically compatible, to enhance thermal and mechanical properties of 
the new biofilms.  
 Polyvinyl pyrrolidone is very useful in pharmacy and medicine because of its outstanding absorption and 
complex abilities. It is also, used for the preparation of synthetic plasmas as well as to creations of hydrogels 
and thromboresistent hydrophilic gels [Rosiak et al. (1987); Ciardelli et al. (2002) and Eisa et al. (2012)]. 
Cellulose is the most abundant polysaccharides, and occurs mainly within the cell wall of higher plants as a 
structural material, which is water-insoluble [Coffey et al. (1995)]. Substitution of hydroxyl groups within the 
cellulose backbone by some functional groups provides cellulose with water-solubility through the decrease in 
the crystallinity of the molecule. Hydroxyethyl cellulose is a gelling and thickening agent derived from cellulose 
[Dai et al. (1998)]. It is widely used with hydrophobic drugs in capsule formulations, to improve the drug 
dissolution in the gastrointestinal fluids [Ivarsson and Wahlgren (2012)]. Other applications include control of 
emulsion stability in hair conditioning and used for viscosity modification in paints and cosmetics [Patruyo et al. 
(2002)]. A detailed literature survey suggested that no information is available on PVP/2-HEC blends. Both 
PVP and 2-HEC are water-soluble. Accordingly, the blend of PVP and 2-HEC may give the possibility of 
producing a new material for potential biomedical applications. 
 The aim of this work is to perform a study on the effect of composition ratio on thermal and mechanical 
properties of PVP/2-HEC (wt/wt %) blends. Attention has been paid to discuss some thermodynamic parameters 
and elastic behavior related to the investigated samples.  
 
Experimental: 
 Both PVP and 2-HEC of molecular weights 40,000 and 250,000, respectively, were supplied by Sigma-
Aldrich, USA. Weighed amounts of PVP and 2-HEC were dissolved in distilled water at room temperature. 
Solutions of both PVP and 2-HEC were mixed together by the weight percentages 85/15, 70/30, 50/50, 30/70 
and 15/85 (wt/wt %) PVP/2-HEC with a magnetic stirrer at 50 oC. Thin films of these blends were cast onto 
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stainless steel Petri-dishes and then dried at room temperature for six days until the solvent was completely 
evaporated.  
 X-ray diffraction (XRD) patterns were obtained with XRD (Scintag) by cu kα radiation (Cupertino, CA). 
Thermal analysis of the prepared blend films was carried out with computerized differential scanning 
calorimeter (DSC) and thermogravimetric analysis (TGA) instruments (TA-50) by Shimadzu Carp (Kyoto, 
Japan). Analysis was done under an atmospheric of nitrogen at a flow rate of 30 ml/min. The heating rate used 
for all of the samples under investigation was 10 oC/min. Stress-strain tests were carried out on a DMA Q800 
machine TA instruments (USA), using the tension film clamping arrangement at a force rate of 0.5 N/min. 
Specimens in the form of filmstrips with dimensions 15 mm length, 4 mm width and 0.1 mm thick were used. 
 

RESULT AND DISCUSSION 
 
X-ray Diffraction (XRD):  
 Typical XRD patterns of both PVP and 2-HEC homopolymers and their blend sample of composition 50/50 
(wt/wt %) at room temperature are shown in Fig. 1. XRD patterns of all samples reveal no Bragg diffractions. 
The x-ray spectrum of pure PVP film exhibited an amorphous feature characterized by two halos centered at 2θ 
= 11.5° and 22.5°, which is in agreement with published data [Razzak et al. (1999); Liu et al. (2004) and Abo-
Talb (2009)]. Also, the x-ray spectrum of pure 2-HEC shows an amorphous halo with scattered intensity 
maximum corresponding to 2θ = 22°. 
 

 
 
Fig. 1: X-ray diffraction patterns for PVP and 2-HEC homopolymers and blend sample of composition 50/50 

(wt/wt %). 
 
 In case of x-ray spectrum of blend sample shows a broad halo amorphous larger than that found in 
individual polymers, which is centered at 2θ = 23°. It is known that glassy amorphous polymers are typically 
clear; they show a liquid-like x-ray pattern [Wignall (1993)]. This is consistent with results of the investigated 
samples. Thus, the x-ray diffraction spectra indicate that the miscibility between the amorphous components of 
both homopolymers is possible. 
 
Thermal Properties: 
Differential Scanning Calorometry:  
 Differential scanning calorometry is a convenient tool to determine the physical and chemical changes such 
as glass transition temperature (Tg), melting point (Tm) and thermal decomposition temperature (Td). Fig. 2 
shows the DSC thermograms for PVP and 2-HEC homopolymers as well as their blends in the temperature 
range 30 – 400 oC. DSC curve of PVP shows two-phase transitions, the first is related to the water bonded to 
molecules at 74 oC and the second corresponds to a glass transition temperature at 130 oC. In addition, the 
melting phase transition for PVP could not be observed in the measured temperature range of DSC scan. This 
may be a direct result of the rigid nature of PVP molecular backbones. It is reported in the literature [Blecher et 
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al. (1980); Kuo et al. (2002) and Sionkowska (2003)] that the value of Tg varied in the range 86 – 178 oC. In the 
present study, the value of Tg is in agreement with that found by Kuo et al. (2002). This variation of Tg values is 
attributed to the difference in molecular weight and the preparation conditions of PVP films. In case of pure 2-
HEC, two endothermic peaks appeared at 66 and 270 oC corresponding to glass transition and melting point, 
respectively. These values are nearly in agreement with that previously reported [Marianiova et al. (1992)]. 
 

 
 
Fig. 2: DSC thermograms for PVP/2-HEC blend samples; (a) 100/0, (b) 85/15, (c) 70/30, (d) 50/50, (e) 30/70, 

(f) 15/85 and (g) 0/100 (wt/wt %). 
 
 It was of particular interest to estimate how the thermal transition of blend samples varied after mixing with 
different concentrations. It is generally accepted that the presence of two separate Tg’s in blend polymers 
provides a strong signature of immiscibility. However, miscible blends could exhibit a broadened Tg that could 
be related to a disparity in the blend component mobility, concentration fluctuations, or both. 
Amorphous/amorphous blends can be produced in which the glass transition process is controlled in terms of 
peak temperature, width, and amplitude [Cheung and Guest (2000)]. It is clear from DSC curves from (b) to (f) 
in Fig. 2 that the blends with different composition ratio can be considered miscible, as indicated by the 
presence of a single Tg in-between the Tg’s of the pure polymers. The transition width of the Tg for the blends is 
almost identical to those of pure components, which further supports single-phase behavior in the blends. 
Besides, the melting point of 2-HEC shifted towards higher temperatures with increasing PVP content in blend 
samples but with decreasing intensities and become faint. Since pyrrolidone rings in PVP contain a proton 
accepting carbonyl groups, while 2-HEC contain CH2OR groups, where R=H or (CH2CH2O)n-H and ethylene 
oxide groups substituted on hydroxyl groups in the glucosidic bond, so we can expect some interactions between 
these two macromolecules. Thus, the blends formed from PVP and 2-HEC have been shown to be miscible due 
to the presence of groups capable of hydrogen bonding. 
 
Thermogravimetric Analysis:  
 The thermogravimetric analysis curves of PVP and 2-HEC pure polymers and their blends are indicated in 
Fig. 3. It can be seen from the Figure that all samples present two stages of decomposition in mass loss curves 
except the blend sample containing 30 wt % PVP has three stages of decomposition. The first step from room 
temperature up to approximately 190 oC represents the evaporation of residual absorbed water.  
 The second step starts at approximately 216 oC and ends at about 400 oC, which included melting point of 
2-HEC and its degradation temperature. Table 1 represents the decomposition steps and percentage weight loss 
for individual polymers and their blends. The presence of more weight loss in the second decomposition region 
for pure 2-HEC than both pure PVP and blend samples suggests that it has a lower thermal stability (see Table 
1). Also, it is clear from Table 1 that the blend sample of 30 wt % PVP content has a lower total weight loss 
than other samples indicating that there are intermolecular crosslinking reactions have a stabilizing thermal 
effect. 
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Fig. 3: TGA and DrTGA for PVP/2-HEC blend samples; (a) 100/0, (b) 85/15, (c) 70/30, (d) 50/50, (e) 30/70, (f) 

15/85 and (g) 0/100 (wt/wt %). 
 
Table 1: TG and DrTG data for PVP/2-HEC (wt/wt %) blend samples. 

PVP/2-HEC 
(wt/wt %) 

Steps Temperature range (oC) DrTGA Tp (oC) Weight loss % 
Partial Total 

100/0 1st 21 – 190 62 11.07 16.21 
2nd 229 - 399 383 5.14 

85/15 1st 26 – 146 62 10.06 29.98 
2nd 226 – 397 330 19.92 

70/30 1st 32 – 106 59 7.76 30.36 
2nd 228 – 364 302 22.60 

50/50 1st 21 – 119 55 11.10 36.82 
2nd 245 – 362 297 35.72 

30/70 1st 31 – 138 89 10.47 15.26 
2nd 238 – 348 284 2.81 
3rd 355 – 397 387 1.98 

15/85 1st 36 – 120 81 4.79 40.34 
2nd 218 – 380 296 35.55 

0/100 1st 34 – 125 79 5.35 72.39 
2nd 216 – 380 290 67.04 

 
 The difference in the thermal decomposition behavior of different samples can be seen more clearly from 
the derivative thermogravimetric (DrTG) curves shown in Fig. 3. The DrTG curves for all samples show two 
broad peak temperatures Tp's corresponding to regions I and II except the blend sample contain 30 wt % PVP 
which has an additional narrow peak corresponding to region III. This Tp was used as a measure of thermal 
stability. The relevant data are summarized in Table 1. The data revealed that the thermal stability of the blend 
sample of 30 wt % PVP has a higher thermal stability compared to other blends as indicated by the higher Tp 
value of 89 oC in first decomposition step. This result is consistent with the presented total weight loss data.  
 Thermodynamic activation parameters of decomposition process were evaluated by making use of the well-
known Coats-Redfern relation [Coats and Redfern (1964); Fernands et al. (2001) and Chiang et al. (2002)], non-
isothermal kinetic method in the following form: 
for n≠1 
 

           (1) 
 
for n=1  

 (2)  
 
where A is a constant, β is the heating rate, R is the universal gas constant, E is the activation energy, n is the 
order of reaction and α is the fractional weight loss. The best value of n is found to be nearly equal one using 
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trial method, where the fitting to the experimental data is satisfactory for two stages of decomposition. The plots 
of  against  for all samples in decomposition steps give straight lines as shown in Figs. 4 and 5.The 

slopes of these lines give , so the activation energy E can be calculated. 
 

 
 
Fig. 4: Coats-Redfern plots of the first decomposition step for PVP/2-HEC blend samples; (a) 100/0, (b) 85/15, 

(c) 70/30, (d) 50/50, (e) 30/70, (f) 15/85 and (g) 0/100 (wt/wt %). 
 

 
Fig. 5: Coats-Redfern plots of the second decomposition step for PVP/2-HEC blend samples; (a) 100/0, (b) 

85/15, (c) 70/30, (d) 50/50, (e) 30/70, (f) 15/85 and (g) 0/100 (wt/wt %). 
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 The activation entropy (∆S*), the activation enthalpy (∆H*) and the Gibb's free energy of activation (∆G*) 
are calculated using the following equations [Yakuphanoglu et al. (2004)] 
 

            (3) 
 

              (4)  
 

             (5) 
 
where KB and h are Boltzmann and Planck constants, respectively and Tp is the DrTG peak temperature. The 
calculated values of E, A, ∆S*, ∆H* and ∆G* for the first and second decomposition steps are given in table 2. 
The data obtained in the first decomposition step indicate that the blend sample of 30 wt % PVP content has 
more thermal stability, more order and less total thermal motion compared to other samples. Also, the blend 
sample 70 wt % PVP content has less order than the other samples. In the second decomposition step, the blend 
sample 85 wt % PVP content has a more thermal stability and less total thermal motion compared to other 
samples. Also, the blend sample of 50 wt % has a less order than the other samples. The values of E, ∆H* and 
∆G* in the first decomposition step are lower than the values of the second decomposition step. This result 
indicates that the nature of the first decomposition region is of low total thermal motion and more thermal 
stability with respect to the second decomposition region. The initial lower E value is likely associated with 
initiation process that occur at weak links of PVP and 2-HEC, which is, however, a limited step of degradation. 
By increasing the temperature, random scission of macromolecular chains predominates and the activation 
energy has a greater value. Besides, all the samples have negative entropy, which indicates ordered systems and 
more ordered activated states that may be possible through the chemosorption of other light decomposition 
products. 
 
Table 2: Thermodynamic parameters of the thermal decomposition steps of PVP/2-HEC (wt/wt %) blend samples. 

PVP/2HEC 
(wt/wt %) 

stage Thermodynamic Parameters 
E 

(J mol-1) 
A 

(s-1) 
ΔS* 

(J mol-1 K-1) 
ΔH* (J mol-1) ΔG* 

(J mol-1) 
100/0 1st 2.95×104 1.8×101 -222.1 2.67×104 2.39×104 

2nd 3.84×104 4.5×10-1 -257.3 3.35×104 2.85×104 

85/15 1st 3.27×104 5.6×101 -212.4 2.99×104 2.71×104 

2nd 3.75×104 3.5×10-1 -259.3 3.26×104 2.76×104 

70/30 1st 3.90×104 1.2×103 -186.7 3.62×104 3.34×104 

2nd 6.33×104 2.4×102 -205.0 5.85×104 5.37×104 

50/50 1st 3.25×104 8.6×101 -209.5 2.95×104 2.65×104 

2nd 8.39×104 2.5×104 -166.0 7.91×104 7.44×104 

30/70 1st 1.04×104 7.7×103 -287.0 7.01×103 4.38×103 

2nd 5.68×104 6.8×101 -215.1 5.22×104 4.75×104 

15/85 1st 2.93×104 9.9×100 -227.5 2.63×104 2.33×104 

2nd 7.12×104 1.1×103 -191.9 6.64×104 6.17×104 

0/100 1st 3.76×104 3.0×103 -198.7 3.47×104 3.18×104 

2nd 6.70×104 3.4×102 -201.8 6.13×104 5.66×104 

 
Mechanical Properties:  
 The stress-strain curves of pure 2-HEC and the blend samples of compositions 85/15, 70/30, 50/50, 30/70 
and 15/85 PVP/2-HEC (wt/wt %) are illustrated in Fig. 6. The pure PVP sample is brittle and it is hard to deal 
with it and so it was not tested. Initially a viscoelastic response that is considered to be fully reversible is found. 
For small stresses the blends behavior is linear viscoelastic, while with increasing stress the behavior becomes 
progressively nonlinear. At the yield point the deformation becomes irrecoverable since stress-induced plastic 
flow sets in leading to a structural evolution which reduces the material’s resistance to plastic flow, strain 
softening. 
 The origin of the deformation of polymer materials lies in their ability to adjust their chain conformation on 
a molecular level by rotation around single covalent bonds in the main chain. This freedom of rotation is, 
however, controlled by intermolecular (chain stiffness) and intermolecular (inter-chain) interactions. Together 
these interactions give rise to an energy barrier that restricts conformational change(s) of the main chain 
[Bauwens-Crowet et al. (1969)]. As the applied stress exceeds this barrier, chain scission takes place resulting as 
a softening of the material. Yielding occurs when the polymer backbone chains begin to disentangle [Rubatat et 
al. (2004); Van Der Heijder et al. (2004) and Lui et al. (2006)]. As the amount of PVP content increased, the 
blend samples become more brittle as indicated from the behavior illustrated in Fig. 6. 
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Fig. 6: Stress-strain curves at room temperature for PVP/2-HEC blend samples; (a) 100/0, (b) 85/15, (c) 70/30, 

(d) 50/50, (e) 30/70, (f) 15/85 and (g) 0/100 (wt/wt %). 
 
 Separate plots of the change of stress and strain dσ/dε versus strain ε are performed for all blend samples 
(figures not shown). It shows strain-independent regions at very low strain values. These constant values are 
taken to be the elastic modulus (Eel) for the different compositions, which are shown in Fig. 7. The addition of 
PVP to 2-HEC increases the elastic modulus from 0.23 GPa for pure 2-HEC to 1.77 GPa for blend sample of 85 
wt % PVP content. 
 

 

 
Fig. 7: The elastic modulus of PVP/2-HEC blends at room temperature.

  
 Tensile strength σb and strain at break εb of the samples under investigation are shown in Fig. 8. It is clear 
from the Figure that εb decreases with increasing PVP content in the blend samples. It must be also mentioned 
that the strain at break has an opposite behavior to that of the elastic modulus. Tensile strength, on the other 
hand, increases with increasing PVP content and reaches a maximum value of 28.4 MPa for blend sample of 30 
wt % PVP and then followed by a decrease up to 85 wt %. The chains of 2-HEC are easily moved and oriented 
in the direction of the applied stress making this polymer more flexible, while the chains of PVP are hard to 
reorient themselves parallel to the applied stress making it more brittle. Chains of PVP restrict the motion of the 
chains of 2-HEC on blending them which results in the increase of the elastic modulus and a decrease in the 
strain at break. Besides, for PVP concentrations less than or equal to 30 wt % the tensile strength increases due 
to some sort of interaction between the hard PVP phase and the host 2-HEC. Further increase of PVP (greater 
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than 30 wt %) in blend samples, the hard phase predominates and may make aggregates which results in less 
interaction with the soft one (2-HEC). This leads to a decrease in the tensile strength. 
 

 

 
Fig. 8: The strain at break and the tensile strength of PVP/2-HEC blends at room temperature. 
 
Conclusion: 
 The results obtained from this work demonstrate that blending PVP with 2-HEC causes considerable 
changes in the structure, thermal and mechanical characterizations of the resultant polymeric system. X-ray 
diffraction, DSC and mechanical data indicate that the blends of PVP and 2-HEC are miscible due to the 
presence of polar groups capable of interacting through hydrogen bond, which gives a compatible impact 
blends. However, TG and DrTG thermograms show that the thermal stability of 2-HEC in the first 
decomposition step is enhanced by the addition of PVP up to 30 wt %. This result was confirmed from Gibb’s 
free energy data. Also, the blend sample containing 30 wt % PVP had a maximum value of tensile strength. 
These properties obtained for 30 wt % PVP content blend sample prefer its use in a board scope for many 
medical and industrial applications. Therefore, it is recommended to take into consideration the role of additive 
concentration of chemical compounds in obtaining polymeric materials with specific characterization. 
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