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ABSTRACT

The preparation of series of hydroxy propyl cellulose/Poly (vinyl alcohol) blends with different weight ratios
and their miscibility studies using simple physical techniques such as viscosity, ultrasonic velocity, and
refractive index were carried out at 30 °C. The effect of concentration, composition on the miscibility of the
blends has been reported. The plots of reduced viscosity versus concentration of HPC/PVA blends vary linearly
over the entire composition range. The interaction parameters AB and u proposed by Chee and a proposed by
Sun have been obtained using the viscosity data to probe the miscibility of the polymer blends and the results
suggest that HPC/PVA blends were completely miscible in all proportions. The conclusions drawn from
viscosity data have been confirmed by the ultrasonic velocity and refractive index studies also. The films of the
blends were prepared by solution casting method using water as solvent. The prepared films have been
characterized by analytical techniques such as FTIR, DSC, X-RD and SEM to probe the miscibility of the blends
and concluded that HPC/PVA blends are miscible at all the compositions due to the strong intermolecular
hydrogen bonding interactions between HPC and PVA.
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1. INTRODUCTION

Properties of individual synthetic or natural
polymers alone are often inadequate to produce
materials with good chemical, mechanical, thermal,
and biological performance properties. Blends of
synthetic polymers with biological macromolecules
have been prepared to obtain polymeric
biomaterials [1] with special enhanced properties
for certain applications. The blends were produced
in different forms, like films, sponges or hydrogels
and were evaluated as dialysis membranes[1],
wound dressing [2] and drug delivery systems [3,4]
etc.

To obtain polymer blends with desired & more
useful properties polymer-polymer miscibility is
important criteria which may arise from any
specific interactions, such as hydrogen bonding,
dipole-dipole forces and charge transfer complexes
between the consistent homopolymers in the blend.
There have been various technigues such as SEM,
DSC, X-RD, & FTIR of studying the miscibility of
the polymer blends [5-7]. Some of these techniques
are complicated, costly and time consuming. Hence
it is desirable to identify simple, low cost and rapid
techniques also to study the miscibility of polymer
blends. Chee [8] and Sun, Wang, and Feng [9] have
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suggested the viscometric method for the study of
polymer-polymer miscibility in solution. Singh and
Singh [10-12] have also suggested the use of
ultrasonic velocity and viscosity measurements for
investigating the polymer miscibility in solution.
Palladhi and Singh [13] have shown that the
variation of ultrasonic velocity and viscosity with
blend composition is linear for miscible blends and
non-linear for immiscible blends. Recently
Chowdoji Rao et al. [14-16] used ultrasonic and
refractive index techniques to study the miscibility
of polymer blends.

HPC is an alkyl-substituted hydrophilic cellulose
derivative that not only has a particular phase
transition behavior in aqueous solution [17-18], and
in some solvents [19-21], but also has many
advantages such as excellent film forming
properties, degradability, biocompatibility [22,23]
etc. HPC has been a focus of research because of
these unusual and desirable properties, and its
prospects in industrial applications [24-26]. Poly
(vinyl alcohol) (PVA) is a synthetic water-soluble
polymer with good film forming property, which
offers good tensile strength, flexibility and barrier
properties to oxygen and aroma [27]. The
biodegradability and water solubility of PVA
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ensures its easy degradation and elimination after
use.

Literature reveals that there were no reports on the
compatibility studies of HPC and PVA blend.
Besides this the author has selected these two
polymers not only as they have H-bonding groups
[28, 29], which are useful for preparing compatible
blends but also they have many pharmaceutical and
industrial applications. In continuation of our
research on miscibility studies [14-16], in the
present work, viscosity, ultrasonic velocity and
refractive index techniques were used to determine
the miscibility of HPC/PVA blends in water at 30
°C. Further HPC/PVA blend films were prepared
from solution casting method, and also studied their
miscibility by FTIR, SEM, X-RD and DSC
techniques. These miscibility studies of blends of
natural and synthetic polymers are useful for
preparing biodegradable polymer blend materials
which is further useful to avoid polymer pollution.
The results are presented here.

2. EXPERIMENTAL

2.1 Materials

Hydroxy Propyl Cellulose (My =1,40,000) was
purchased from sigma Aldrich, USA. Poly(vinyl
alcohol) (My=57,600) was purchased from
Molychem, Mumbai, (India) and were used without
further purification. Double distilled water having
almost zero conductivity was used as solvent.

2.2 Preparation of Blend Solutions

1 wt % of HPC and 1 wt % of PVA solutions were
prepared by dissolving 1 g of each polymer in 100
mL of distilled water in two separate stoppared
conical flasks. Different blend solutions of HPC
and PVA were prepared by mixing HPC with PVA
in the weight ratios of 0/100, 20/80, 40/60, 50/50,
60/40, 80/20, and 100/0. From each of these blend
solutions, 0.1, 0.3, 0.5, 0.7, and 0.9 (w/)
concentrated  solutions were used for the
measurement of solution viscosity, ultrasonic
velocity, and refractive index. The total weight of
the two components in the solution was always
maintained at 1.0 g/dl.

2.3 Preparation of Blend Films

Blend films of HPC with PVA were prepared by
solution casting method. Required amount of HPC
was dissolved in distilled water by stirring over a
magnetic stirrer (Jenway, model 1103, UK) for 24
h. To this 20, 40, 50, 60 and 80 weight% (with
respect to HPC) of PVA were added. Solutions
were mixed uniformly and filtered to remove any
foreign floating or suspended particles. The
respective solution was poured on to a clean glass
plate, leveled perfectly on a tabletop kept in a dust-
free atmosphere and dried at room temperature.
The dried films were peeled off carefully from the

glass plate and used for further analysis and
characterization by using different techniques.

2.4 Techniques:

2.4.1 Solution Techniques

Viscosity and density measurements were made at
30°C using Ubbelohde suspended level viscometer
(with the flow time of 95 sec for distilled water)
and specific gravity bottle respectively. The
required temperature was maintained within +0.05
°C. The ultrasonic velocities of the blend solutions
with different compositions, viz, 0/100, 20/80,
40/60, 50/50, 60/40, 80/20 and 100/0 by weight
were measured at 30 °C using ultrasonic
interferometer manufactured by M/s. Mittal
enterprises, New Delhi. The constant temperature
was maintained by circulating water from a
thermostat with a thermal stability of +0.05 °C
through the double walled jacket of ultrasonic
experimental cell. The experimental frequency was
2MHz and the wvelocity measurements were
accurate to better than +0.05%. The refractive
indices of the solutions were measured directly
with an Abbe’s Refractometer (digital) with
thermostated water circulation system at 30 °C as
explained in the earlier publications of Chowdoji
Rao et al.[14] The accuracy of the refractive index
measurement is +0.02%.

2.4.2 Fourier Transform Infrared Spectroscopy

Fourier transform infrared (FTIR) spectra of HPC,
PVA and their blend films were taken using Bomen
MB-3000 FTIR spectrometer to study the nature of
molecular interactions. Blend films  were
characterized at room temperature from 4000 to
400 cm™ under N, atmosphere at a scan rate of 21

cm?t,

2.4.3 Differential Scanning Calorimetry

DSC was used for the assessment of thermal
properties of the investigated materials. DSC
curves of HPC, PVA and their blend films of
different compositions were recorded using TA
instruments  differential scanning calorimeter
(Model: SDT Q600, USA). The analysis of samples
was performed at heating rate of 20 °C/min under
N, atmosphere at a purge speed of 100ml/min.

2.4.4 X-Ray Diffraction

The X-ray diffraction (XRD) patterns of the blend
samples were obtained with an Intel diffractomer
(Paris, France) with monochromatized Cu Ka
radiation (scan speed of 1°/min in a 20 range of 5°-
40°) at room temperature.

2.4.5 Scanning Electron Microscopic Analysis
The scanning electron microscopic (SEM)
micrographs of the blend samples were obtained
under high resolution (magnification: 150-300X, 5
kV) using JOEL JSM 840 SEM equipped with
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phoenix energy dispersive system.

3. RESULTS AND DISCUSSION
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Figure 1:  Plots of Absolute Viscosity Vs
Concentration for 1% (w/v) HPC-PVA blends.
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Figure 2: Plots of Reduced Viscosity Vs
Concentration for 1% (w/v) HPC-PVA blends.

3.1 Viscometric Studies

The measured values of densities (p) and absolute
viscosities (1) Were used to calculate the reduced
viscosities (neg) oOver the wide range of
concentrations of the blend solutions for different
compositions 20/80, 40/60, 50/50, 60/40 and 80/20
of 1% (w/v) of HPC/PVA blends in water at 30°C.
The absolute viscosity versus concentration curves
for the blends of HPC and PVA of different
compositions at 30°C in water are shown in Figure
1. It was well established earlier by many workers
[30, 31] that the variation of absolute viscosity
versus concentration of blend composition plots are
linear for compatible blends and nonlinear for
incompatible blends. Based on this, in the present
study, the linear variation of the absolute viscosity
with concentration for all the blend compositions in
water was attributed to the miscibility nature of this
blend.

The Huggin’s plots of reduced viscosity versus
concentration of different compositions of
HPC/PVA blends are shown in Figure 2. From
these plots, it is also clearly evident that the
Huggin’s curves are linear in nature and this may
be attributed to the mutual attraction of

macromolecules in solution that favors the polymer
miscibility. A similar observation was made by
Ravi Prakash et al. [32] from their viscometric
investigations on intermolecular interactions
between methyl cellulose/Poly (Ethylene Glycol)
(PEG) in water.

Chee and Sun interaction parameters:

To quantify the miscibility of the polymer blends
from viscosity studies, Chee ® suggested that the
general expression for interaction parameter when
polymers are mixed in weight fractions w,; and w,
is as follows:

b-b
AB — 2w Wy (1)

where b= wiby; + Woby in which, by; and by, are
the slopes of the viscosity curves for the pure
components. The coefficient b is related to the
Huggin’s coefficient Ky as
b = Ku[n)
HIT] @

for ternary systems The coefficient b is also given
by

b—wfbn +W§bgg+2W1ng1g 3

where by, is the slope for the blend solution. Using
these values, Chee defined a more effective
parameter as follows:

P (4)
HUFEL I
where 1; and n, are the intrinsic viscosities for the
pure component solutions. Recently, Sun et al.[9]
have suggested a new formula for the
determination of polymer miscibility as follows:
_Ki[nfiw} + Ka[nj3w3 +2yKiKz[n, |, wiw ®)

o =Kn
i {Nhwr + [MLwa}

where K1, K, and K, are the Huggin’s constants for
individual components 1, 2 and the blend,
respectively. From Table 1, It is noticed that the
values of AB, p and a are positive for all the
compositions of HPC/PVA blends. In general, if
AB, u and o are positive for any poly-blend system,
it is considered as a miscible one, whereas if these
values are negative, the poly-blends are considered
as immiscible. Based on this and the values given
in Table I, HPC/PVA blends show miscibility
nature for all poly-blend compositions. A similar
observation was made by Chowdoji rao et al. [33]
in the case of xanthan gum/PVP blends. To further
confirm this observation, we measured the
ultrasonic velocity (u) and refractive index (n) of
the blend under consideration at various
compositions in water at 30 °C. The variation of the
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Table 1. Chee and Sun’s interaction parameters for different compositions of 1% (w/v) HPC/PVA blends in

water at 30 °C.

Chee’s Differential Interaction

Sun’s miscibility

Blengspcgﬁgéition parameters Parametzer
AB U ax10
20/80 0.0637 0.7114 19.2886
40/60 0.0888 3.0451 2.3939
50/50 0.0375 31.5544 7.1792
60/40 0.0092 13.2295 0.8295
80/20 0.0824 12.8350 3.8986
ultrasonic velocity and refractive index with the —ECHZ- Hjnﬁ
blend composition is shown in Figures 3 and 4, T

respectively.

It was already established [33, 34] that the variation
is linear for miscible blend and nonlinear for
immiscible blend. In the present study, the
variation is found to be linear for all compositions,
and this observation is in confirmation with
viscosity results. Hence, this study indicates the
existence of miscibility over entire composition
range due to possible H-bonding interactions taking
place between the hydroxyl groups of both PVA
and HPC as shown in the Scheme 1. A similar
observation was made by Demappa et al. [34] in
the case of miscibility of hydroxy propyl methyl
cellulose (HPMC)/Poly(vinyl alcohol) PVA blends.
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Figure 3: Plots of Ultrasonic Velocity Vs
Concentration for 1% (w/v) HPC- PVA blends.
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Figure 4: Plots of Refractive Index Vs Concentration
for 1% (w/v) HPC- PVA blends.
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Scheme |I: Schematic representation of hydrogen

bonding between PVA and HPMC.

3.2. Miscibility Studies of Blend Films by
Characteristic Techniques

3.2.1.Fourier Transform Infrared Spectroscopy
Studies

Figure 5. Shows the FTIR transmittance spectra for
pure HPC, PVA and the HPC/PVA poly blends
samples as functions of wave numbers in the range
of 4000-500 cm™. The formation of strong
hydrogen bonds between HPC and PVA was
demonstrated by FTIR spectroscopy from the shifts
of absorption bands showing hydroxyl stretching
vibrations, which were sensitive to the hydrogen
bonds formed during blending. The broad
transmission bands at 3600-3100 cm™ produced by
stretching of the hydroxyl groups in the spectrum
of HPC can be remarkably distinguished. It can be
seen from the spectrums that the peak intensity and
the peak shape were clearly different and these
differences were induced by the different blend
ratios. The presence of hydrogen-bond structures in
some blends could be inferred from the peak shape
and peak intensity of the absorption band of the
hydroxyl stretching vibrations in the FTIR
spectrums [35]. The broad band in the pure HPC
spectrum at 3600-3100 cm™, with a maximum at
3460 cm™, was assigned to stretching vibrations of
the -OH groups. The difference among the curves
in Figure 5. a little broadening or shifting or a peak
at 3600-3100 cm™ was observed in the transmission
band of the HPC/PVA blends when they were
compared with that of pure HPC, which suggested
that a relative low amount of interaction was
presented between the polymers. The hydroxyl
stretching vibrations band shifted to a lower wave
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number with increasing amounts of PVA. This
could be associated with the hydrogen-bonded
hydroxyl in HPC. The bands of hydroxyl stretching
vibrations had a 6-14 cm™ red shift relative to a
free hydroxyl, and the bands of hydroxyl stretching
vibrations varied markedly with hydrogen bonding
interactions between the -OH belonging to HPC
and the -O- atom of -OH groups belonging to PVA.
However, the free and associated hydroxyl groups
in macromolecules drove to equilibrium via
hydrogen bonds. The greater the amount of free
hydroxyls in the structure of the HPC cellulose
chains, the stronger the hydrogen bonds between
the blending constitutes and the vice versa. A
schematic hydrogen bond between the HPC and
PVA is shown in Scheme 1.

d
T ¢\f_\/\f\AJ_/

SE00 3o 2800 2100 1600 1100 BO0

Wave munber (cm h

Figure 5: FTIR Spectra for the PVA (a),
HPC/PVA 20/80 (b), HPC/PVA 40/60 (c),
HPC/PVA 50/50 (d), HPC/PVA 60/40 (e),
HPC/PVA 80/20 (f) and HPC (g).

3.2.2. Differential Scanning Calorimetric Studies
Figure 6. shows the DSC curves for pure PVA (g),
pure HPC (a), and the HPC/PVA blend samples in
different compositions (b to f). The difference in
the shape and area of the melting endotherms were
noticed. As pure HPC is more amorphous in nature
it shows a broader endotherm compared to that of
pure PVA which is a crystalline and shows sharp
endotherm. The blends between pure HPC and pure
PVA will vary the broad area of the endotherm
peak depending on the ratio of the polymers. The
area became larger and broader with a little
sharpness occurred with increase in the content of
HPC in the blends. This variation was attributed to
the different degrees of crystallinity found in the
samples with different blend concentrations. The
observed change in endotherm area may have
indicated the existence of polymer-polymer

o 1) e E0
Tempacamn {'C)

Figure 6: DSC thermograms of HPC (a),
HPC/PVA 80/20 (b), HPC/PVA 60/40 (c),
HPC/PVA 50/50 (d), HPC/PVA 40/60 (e),
HPC/PVA 20/80 (f) and PVA (g).

interactions between HPC and PVA molecules,
through H-bonding between —OH groups of HPC
and -O- atom of —OH groups of PVA.

Itis also clear from Figure 6. that T4 for pure PVA
is observed at 63.21°C and the T, for pure HPC is
observed at 55.80°C. It is difficult to analyze the
difference in the values of Ty’s for the HPC/PVA
blends, because the difference in T4 between two
blend components is only about 8.6°C. We did not
expect that two separate transition temperatures
would be resolved. If T, values of the blended
polymer is intermediate between those of the parent
polymers, this means that it is a miscible polymer
blend. Such reports were there in the literature [36,
37] with regard to the miscibility studies of
polymer blends by DSC technique. In the present
study HPC/PVA blends show T, values in between
pure compounds hence the present blend is
miscible one.

3.2.3. X-Ray Diffraction Studies

XRD has been used by many researchers to
characterize changes in the crystal structure
parameters, including the degree of crystal
orientation, the apparent crystal size, and the lattice
strain along the axis of the crystal unit cell. [38]
Analysis of these diffractions yields a great deal of
valuable information on the configuration of
macromolecules and the size of the ordered regions
of the material. XRD was used to check the
crystalline formation [39] of pure PVA, pure HPC
and 50/50 of HPC/PVA blend sample in the present
study. Their typical XRD patterns are represented
in Figure 7 and it is observed not much change in
the intensity of the XRD peaks of the blended
sample compared to the pure polymers. The peaks
obtained in pure PVA at 26=17.271, pure HPC at
20=17.021 are similar to 50/50 HPC/PVA blend at
26=17.950. This can be attributed to the H-bonding
interactions between the two polymers. This again
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Figure 7: X-ray diffraction patterns HPC, PVA and its

blend composition.

is an indication of complete miscibility of the
blend.

3.2.4. Scanning Electron Microscopy Studies
Figure 8. shows the SEM images of HPC (a), PVA
(b) and their blends of different compositions 20/80
(c), 50/50 (d), and 80/20 (e). The surface
morphology of HPC and PVA films were
homogeneous. It is also noticed from SEM studies
that the morphology of the blends show
homogeneity as observed in case of pure and HPC
and pure PVA (Figure 8.). No phase separation is
observed in the SEM images of the blends
compared to SEM images of pure compounds.
Hence, we can conclude that the blends of different
formulations are miscible in nature.

4. CONCLUSIONS

Miscibility of HPC/PVA blend was investigated by
different techniques. Miscible parameters derived
from the classical Huggins equations were used to
estimate the miscibility of these polymer pair. The
effect of concentration of the blends, composition
of the blends on the miscibility of HPC/PVA was
studied, based on, the viscosity, ultrasonic velocity
and refractive index measurements. It is concluded
that HPC/PVA blend is found to be completely
miscibility over the entire composition range.

The blends were also characterized by different
analytical methods such as FTIR, DSC, X-RD and
SEM methods. These results support the miscibility
window obtained by simple physical techniques.
As the prepared polymer blend films and their
corresponding homopolymers are transparent in
nature, these observations clearly supports the
miscibility of the blends. This may be due to the
formation hydrogen bond between the oxygen atom
of -OH groups PVA and free hydroxyl groups of
HPC.

Figure 8: SEM images of HPC (a), PVA (b), 20/80
HPC/PVA (c), 50/50 HPC/PVA (d), 80/20
HPC/PVA (e).

43



Indian Journal of Advances in Chemical Science 2 (1) (2013) 38-45

5. REFERENCES

[1].

2.

3.

[4].

[5].

[6].

[7]1.

[8].

[9].

[10].

[11].

[12].

S. Krause, S. D. R. In Paul, and N. Seymour
(Eds.) (1978) Polymer-polymer compatibility
in polymer blends, New York: Academic
Press, 1.

D. F. Varnell, J. P. Runt, M. M. Coleman
(1983) FT i.r. and thermal analysis studies of
blends of poly(e-caprolactone) with homo-and
copolymers of poly(vinylidene chloride).
Polymer, 24: 37-42.

B. Mallikarjuna, K. Madhusudana Rao, P.
Sudhakar, K. Chowdoji Rao, M.C.S Subha
(2013) chitosan based biodegradable hydrogel
microspheres for controlled release of an anti
HIV drug, Indian Journal of Advances in
Chemical Science, 1(3): 144-151.

M. N. Prabhakar, U. Sajankumarji Rao, P.
Kumara Babu, M.C.S Subha, (2013)
interpenetrating polymer network hydrogel
membranes of PLA and SA for control release
of penicillamine drug, Indian Journal of
Advances in Chemical Science, 1(4): 240-
249.

J. C. Cabanclas, B. Serrano, J. Baselga (2005)
Development of Continuous Morphologies in
Initially Heterogeneous Thermosets Blended
with Poly(methyl methacrylate),
Macromolecules, 38: 961-970.

E. G. Crispim, A. F. Rubira, E. C. Muniz
(1999) Solvent effects on the miscibility of
poly(methyl methacrylate)/poly(vinyl acetate)
blends - I: Using differential scanning
calorimetry and viscometry techniques,
Polymer, 40: 5129-5135.

W.H. Jiang, S. Han (1998) An improved
criterion of polymer-polymer miscibility
determined by viscometry, European
Polymer Journal, 34: 579-1584.

K. K. Chee (1990). Determination of
polymer-polymer miscibility by viscometry,
European Polymer Journal, 2: 423-426.
Z.Sun, W. Wang, Z. Feng (1992) Criterion of
polymer-polymer miscibility determined by
viscometry, European Polymer Journal, 28:
1259-1261.

Y. P. Singh, R. P. Singh (1983) Compatibility
studies on solutions of polymer blends by
viscometric and ultrasonic  techniques.
European, Polymer Journal, 19: 535- 41.
Y.P. Singh, R. P. Singh (1984) Compatibility
studies on polyblends of PVC with
chlororubber-20 and its graft polyblends by
ultrasonic. European Polymer Journal, 20:
201-205.

R. Palladhi, R. P. Singh (1994) Miscibility
and interaction studies on some aqueous
polymer blends solutions by ultrasonic and
rheological techniques Journal of Applied
Polymer Science, 51: 1559-1565.

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

R. Palladhi, R. P. Singh (1994) Ultrasonic and
rheological investigations on interacting blend
solutions of poly (acrylic acid) with poly
(vinyl pyrrolidone) or poly (vinyl alcohol).
European Polymer Journal, 30: 251-257.

H. M. P. Naveen Kumar, M. N. Prabhakar, C.
Venkata Prasad, K. Madhusudhana Rao, T. V.
Ashok Kumar Reddy, M.C.S. Subha,
K.Chowdoji Rao (2010) Compatibility studies
of chitosan/PVA blend in 2% aqueous acetic
acid solution at 30°C. Carbohydrate
Polymers, 82: 251-255.

K. Sudarsan Reddy, M. N. Prabhakar, V.
Nagamaheswara Reddy, G. Satyamaiah, Y.
Maruthi, M.C.S. Subha, K. Chowdoji Rao
(2012) Miscibility Studies of Hydroxy Propyl
Cellulose/Poly(vinyl Pyrrolidine) in dilute
solutions and solid state, Journal of Applied
Polymer Science,125: 2289-2296.

K. Sudarsan Reddy, M. N. Prabhakar, P.
Kumara Babu, M. C. S. Subha K. Chowdoji
Rao (2012). Miscibility Studies of Hydroxy
Propyl Cellulose/Poly(ethylene glycol) in
Dilute solutions and solid state, International
Journal of Carbohydrate Chemistry, 2012: 9.
T. Cai, Z. B. Hu (2003) Synthesis and Study
of and Controlled Release from Nanoparticles
and Their Networks Based on Functionalized
Hydroxy propyl cellulose, Macromolecules,
36: 6559- 6564.

N. Nymweya, S. W. Hoag (2000) Assessment
of polymer-polymer interactions in blends of
HPMC and film forming polymers by
modulated temperature differential scanning
calorimetry.  Pharmaceutical  Research,
17(5): 625-631.

M. A. Aden, E. Biabchi, A. Ciferrri, G. Conio,
A. Tealdi (1984) Mesophase formation and
chain rigidity in cellulose and derivatives 2-
Hydroxy propyl cellulose in dichloroacetic
acid, Macromolecules, 17(10): 2010-2015.

A. Immaneni, A. L. Kuba, A. J. Mchugh
(1997) Effects of Temperature and Solvent on
the Rheo-optical Behavior of Hydroxy-
propylcellulose Solutions, Macromolecules,
30: 4613-4618.

M. Jiang, M. Li, M. L. Xiang, H. Zhou (1999)
Interpolymer Complexation and Miscibility
Enhancement by  hydrogen  bonding,
Advances in Polymer Science, 146: 121-196.
V. V. Khutoryanskiy, M. G. Cascone, L.
Lazzeri, N. Barbani, Z. S. Nurkeeva, G. A.
Mun, A. V. Dubolazov (2004) Morphological
and thermal characterization of interpolymer
complexes and blends based on poly(acrylic
acid) and hydroxypropylcellulose, Polymer
International, 53: 307-311.

Z. S. Nurkeeva, . S. Tyukova, A. I
Suvorova, G. A. Mun, A. B. Dzhusupbekova,
V. V. Khutoryanskiy (2005) Miscibility

44



[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

Indian Journal of Advances in Chemical Science 2 (1) (2013) 38-45

studies in poly(methyl vinyl
ether)/hydroxypropylcellulose binary system
in aqueous solutions and solid state.
Carbohydrate Polymers, 62: 80-86.

B. P. Adrados, I. Y. Galaev, K. Nilsson, B.
Mattiasson (2001) Size exclusion behavior of
hydroxypropylcellulose beads with
temperature dependant porosity, Journal of
Chromatography, 930: 73-80.

S. Fujii, N. Sasaki, M. Nakata (2001)
Rheological studies on the phase separation of
hydroxypropylcellulose  solution  systems,
Journal of Polymer Science Part B: Polymer
Physics, 39: 1976-1986.

L. Robitaille, N. Turcotte, S. Fortin, and G.
Charlet (1991) Calorimetric study of aqueous
solutions  of  hydroxypropyl cellulose,
Macromolecules, 24(9): 2413-2418.

R. Schellekens, C. J. Bastiansen (1991) The
drawing behavior of Poly (vinylalcohol)
fibers, Journal of Applied Polymer Science,
43: 2311-2315.

P. A. A. P. Mamaza, F. M. Folarsnmi (1996)
Compatibility  studies on solution of
polystyrene and polyvinyl acetate blend by
density and viscometric methods, European
Polymer Journal, 32: 909-912.

M. Mucha, A. Pawlak (2005) Thermal
analysis of chitosan and its blends Thermo
Chimica Acta, 427: 69-76.

Y. Haiyang, Z. Pinping, W. shiquiang, G.
Qipeng (1998) Discussion, European
Polymer Journal, 34: 463-467.

Y. Haiyang, Z. pingping, R. Feng, W.
Yuanyun, Z. Tiao (1999) Viscometric
investigations on  the  intermolecular
interactions between poly (methyl
methacrylate) and poly(vinyl acetate) in
various solvents, European Polymer

Journal, 36: 21- 26.

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

S. D. Ravi prakash, H. V. Rama, S. K. Rai
(2003) Miscibility studies of sodium alginate/
poly(vinyl alcohol) blend in water by
viscosity, ultrasonic, and refractive index
methods. Journal of Applied Polymer
Science, 90: 33-39.

C. Suresh Reddy, P. Kumara Babu, K.
Sudhakar, M. N. Prabhakar, Y. Maruthi, U.
Sajan Kumarji Rao, M. C. S. Subha, K.
Chowdoji Rao (2013) Miscibility studies of
Hydroxy Ethyl Cellulose and Poly (vinyl
Pyrrolidone) polymer blends, International
Journal of Basic and Applied Chemical
Sciences, 3(1): 73-83.

C. Fadnis, S. R. llliger, K. P. Rao, T.
Demappa (2008) Miscibility studies of
HPMC/PVA blends in water by viscosity,
density, refractive index and ultrasonic
velocity method, Carbohydrate Polymers, 74:
779 - 782.

S. K. Rai, J. Jayaraju, S. D. Raviprakash, J.
Kesavayya (2006) Miscibility studies on
chitosan/hydroxypropylmethyl cellulose blend
in solution by viscosity, ultrasonic velocity,
density, and refractive index methods,
Journal of Applied Polymer Science, 102:
2738-2742.

M. Gardon, J. Taylor (1952) Ideal copolymers
and the second-order transitions of synthetic
rubbers. i. non-crystalline  copolymers.
Journal of Applied Chemistry, 2: 493-500.
T.G. Fox, (1956) Bulletin of the American
Physical Society, 1: 123.

P. J. Phillips (1980) Electrical properties of
solid insulating materials; ASTM book series
of engineering dielectrics V11. American

society of testing and materials west
conshockeoa.
R.C. Atella (1962) Advances in X-Ray

analysis plenum and university of Denver,
Canada; 104.

45



