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ABSTRACT
Poly(vinyl pyrrolydone) (PVP) dissolved in ethylene glycol and water were exposed to microwave irradiation and conventional heating
for 1 hour with the purpose to determine their possible degradation. Fourier transform infrared spectroscopy, ultraviolet–visible
spectroscopy and viscosity measurement were used as characterization techniques. FTIR shows that microwave treatment produces a
minor effect on the solutions. UV-vis reinforces the negligible affectation that PVP experienced whereas the viscosity experiments
indicated that microwave irradiation did not cause significant changes in the polymer molar mass and neither chain cleavage nor
crosslinking reactions were present.
Keywords: poli(vinyl pyrrolidone); microwave irradiation; thermal effect; degradation.

1. INTRODUCTION
It has been known for a long time that microwaves (MW)
can be used to heat materials [1, 2] and the shorter heating time in
comparison with conventional heating (CHT) led to an explosion
of interest about this technique [3, 4] and nowadays the attention
is centered in both, academic and commercial applications [5].Up
to now, there are considerable amount of reports describing the
uses of MW irradiation in chemistry synthesis, and it is worthy to
mention that in the field of polymers, it has been tremendously
useful as can be evidenced in the numbers of published papers
even in specific journals that have dramatically increased in the
last years [1, 6–14]. However, there is not sufficient and relevant
information about how polymers behave and how they are affected
by MW irradiation during the treatment. In this matter, a previous
study in which poly(vinyl alcohol) was undergone by MW
irradiation clearly indicated that degradation can be ascribed to
MW but not to thermal effects [15]. Nevertheless, the spectrum of
synthetic polymers is exceptionally broad, and there is still an
important world for discovering. In this context, and among
synthetic polymers, poly(vinyl pyrrolidone) (PVP) has been in the
center of interest due to its outstanding absorption properties and
its complexes abilities [16]. Furthermore, PVP is used in medicine
because of its extremely low cytotoxicity [17] and even as a food
additive [18], which implies that PVP could be frequently
undergone by MW irradiation. Moreover, PVP is a reagent for the

preparation of nanofluids using MW irradiation, a reduction agent
for silver in solution, and a stabilizer of colloidal silver
nanoparticles [19].
On the other hand, MW irradiation has been used as an
energy source of several metal-polymer reaction studies [20–22].
Nonetheless, by typing PVP and MW irradiation as keywords in
databases such as Scopus or Web of Science, just a few reports
appear and none of them describes if PVP is degraded by the
action of this energy source. At this point, it is important to
mention that even though MW irradiation can efficiently
accelerate the reaction time, some inconvenient might arise
including reflection and absorption of MW by reactants, which
does not allow a uniform MW heating [23]. In this matter and
since ethylene glycol has the ability to convert electromagnetic
energy into a heat due to its high factor tan δ (1,350 at 2.45 GHz)
[24] it was chosen as one of the solvent in this study. Moreover, its
boiling point can provide homogeneous MW heating of the
solution to relatively high temperature. For all the aforementioned
reasons, it is important to analyze in a deeper extent if PVP is
degraded as a consequence of MW irradiation, and in which
conditions. Furthermore, the goal of the research is to identify how
PVP solutions are affected by MW irradiation meanwhile the
process is monitored by UV-VIS, FTIR spectrometry, and
viscosity measurements.

2. EXPERIMENTAL SECTION
Poly(vinyl pyrrolidone) (PVP, Mw = 1,300,000 g mol-1),
was provided by Sigma Aldrich, The Czech Republic and ethylene
glycol (EG) at 99 % of purity was supplied by PENTA, The Czech
Republic and used without further purification.
A PVP water solution at 5 wt % was prepared by dissolving
the polymer in distilled water for 3 h under continuous magnetic
stirring using a Heidolph MR Hei-Standard magnetic stirrer with

heating (Heidolph Instruments GmbH., Schwabach, Germany). At
the same manner, another set of PVP solution at 5 wt % was
prepared using EG as a solvent. Then, the solutions were
irradiated for 60 min by MWs in an open vessel reflux system
(MWG1K-10, RADAN, The Czech Republic; 1.5 kW, 2.45 GHz)
operated in continuous mode (zero idle time, maximum power)
with temperature monitored by an industrial contactless
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thermometer (Raytek CM, Germany) and equipped with an
external cooler to reduce the risk of explosion. The temperature
was slightly above of the boiling point of the solvents. Samples
were taken at 0, 1, 3, 5, 10, 15, 20, 25, 30, 25, 40, 45, 50, 55 and
60 min and they were allowed to cool to the laboratory conditions
and used after dilution 1:10 with distilled water. For the same
purpose, another set of PVP solutions in both solvents were heated
by CHT (Heidolph Instruments GmbH., Schwabach, Germanyheating power 800 W) and samples were taken at the same time
intervals and analyzed as the samples treated by MW irradiation in
order to compare and determine the effect of thermal heating on
the polymer. For FTIR analysis, the solutions were cast on
polished silicon wafer substrate and dried in an oven at 35 °C for
1 week. The obtained films had a thickness of about 100 nm.

The absorption spectra were measured by a double beam
UV–VIS spectrophotometer CARY 300 (VARIAN Inc., Australia)
using standard pair quartz cuvettes of 1 cm of path-length. The
apparatus for FTIR was a Nicolet iS5 Thermo scientific (Thermo
Fisher Scientific, Verona Rd, Madison, WI, USA). The spectra
were collected in transmission mode using an iD1 transmission
accessory and plotted in absorbance scale and they were obtained
using a summation of 64 scans and a resolution of 4 cm-1. Density
and viscosity measurements were carried out with an Anton Parr
micro-viscometer (Rolling-ball Lovis 2000 M, Graz, Austria)
according to the rolling ball principle and operating at an angle of
±70 ° at 20 °C using a steel ball with a diameter of 1.5 mm and a
density of 7.66 g/cm3. The capillary tube has a diameter of
1.59 mm.

3. RESULTS SECTION
The UV-VIS spectrum of pure PVP has a narrow intense
band at 200 nm, which may be assigned to n→π* transitions
between the oxygen lone pairs and the vacant π* orbital of the
pyrrolidone ring [25, 26]. Another study has indicated that the
chromophore of PVP absorbs in a maximum λ at 213.5 nm [27].
However, this transition may be shifted to longer wavelengths in
aqueous solutions [28] as it can be observed in fig. 1a and 1b in
which the maximum λ is located at 215 nm. The spectra collection
does not indicate any observable changes during the treatment and
several reasons can explain this behavior. In the first place, the
degradation process of PVP requires a higher temperature which
must reach at least 250 °C under an oxygen atmosphere and 280
°C if nitrogen is used [29]. Nevertheless, the temperature was
always controlled and during the treatment, PVP dissolved in
water never exceeded 105 °C for MW irradiation and CHT
techniques whereas the EG solutions reached 200 °C. No signals
of degradation were detected and the effect on the solution is
considered as negligible. On the other hand, it was reported that
MW irradiation can cause that PVP chains may be broken to a
limited extent [22] although the UV-VIS technique did not show
evidence of degradation or any relevant change in the structure of
the polymer. Despite the different published researches, the
mechanism involved in the thermal decomposition of PVP is still a
matter of controversy. However, it has been pointed out that the
formation of pyrrolidone is the main product of the thermal
degradation of PVP as well as the suggestion that the main volatile
products of the thermal degradation of PVP are compounds with
ester groups, ammonia, and hydrocarbons (unsaturated structures).
These singularities are a consequence of the scission of N–C=O
bond and that the ammonia formation depends on the presence of
NH2 groups which could be probably formed by the protonation of
the nitrogen atom in the PVP. As another explanation, it can be
found that thermal decomposition of the PVP is accompanied by a
breakdown of both main chain and side groups. Nevertheless, any
of the possible degradation routes could be clearly seen in the UVVIS spectrum. Therefore, that spectrophotometric technique
suggests that PVP solutions do not experiment any observable

degradation or the degradation can be considered as negligible
[30].
As can be observed in fig. 2 (spectra were normalized and
moved vertically for better comparison), the prepared solutions in
both solvents exhibit the typical band for N-H groups centered at
3,488 cm-1 [29]. A strong absorption band appears at 2,956 cm-1
which is attributed to CH2 [31, 32] whereas the bands located at
2,918 and 2,870 cm-1 belong to the symmetric stretch mode for
CH2 and stretch for C-H respectively [33].

Figure 1.1. UV-VIS spectra for a) aqueous solutions treated by MWI; b)
aqueous solutions treated by CHT;

Page | 3274

Poly(vinyl pyrrolidone) solutions irradiated with microwaves: study and analysis of their possible degradation

Figure 1.2. c) Ethylene glycol solutions treated by MWI; d) Ethylene
glycol solutions treated by CHT.

Another strong absorption band appears at 1,671 cm-1
which is assigned to C=O [31] and known as the band for amide I.
Other author, however, has found that the pick is shifted to 1.665
cm-1 and it is characteristic peak for PVP [34, 35]. The bands
situated at 1,492 and 1,461 cm-1 correspond to C-N and CH2
scissor [33, 36], and the band at 1,419 cm-1 is ascribed to the CH
deformation of the cyclic CH2 groups in the PVP [37]. The bands
situated in the region of 1,300 cm-1 are related to C-H bending,
and in 1,200 cm-1 indicated the CH2 wagging, C-N stretching and
CH2 twisting, which is confirmed by the low intense peak at
1,169 cm-1. Finally, in the signal located at 843 cm-1 is observable
the mode for C-C of the pyrrolidone ring [33, 38].
In a recent study, it was reported that PVP is degraded by
CHT, and it was found that the position of carbonyl band did not
substantially change during the treatment as well as very small
changes are seen in the region of CH stretching bands assigned to
vibrations of the CH2 groups in the chain and ring of PVP.
Additionally, as it was mentioned, the degradation of PVP occurs
at 250-280 °C [25]. However, there are no signal of any
degradation caused neither by MW irradiation nor CHT in both
solvents during this study, as can be evidenced in the spectra
collection which indicates that the bands were not affected
significantly in the location or the intensity. In other words,
changes occurring during the treatment are not associated to the
chain structure or, the conditions described for the experiment do
not cause any significant modification in the chemical
composition of the polymer.

Figure 2. FTIR spectra for a) aqueous solutions treated by MWI; b)
aqueous solutions treated by CHT; c) Ethylene glycol solutions treated by
MWI; d) Ethylene glycol solutions treated by CHT.

The viscosity of a polymer solution depends on a number
of factors that includes the shape of the molecules, molecular
weight, hydrophilic nature, the concentration of the dissolved
polymer, and interaction of the polymer molecules with solvents.
In good solvents, the polymer segments prefer to be surrounded by
solvent molecules rather than by other polymer segments. By
contrast, in poor solvents, the polymer molecules try to minimize
the contact area with the molecules solvent that directly affects its
size and the viscosity of the solution [39]. For that reason,
viscosimetry is a valid and practical approach for monitoring the
degradation of polymers in solution [40]. The viscosity of aqueous
solutions of PVP depends on their average molecular weight. If
the concentrations of the solutions are increased, the viscosity
ranges become greater [41]. As can be seen in table 1, the
variation in viscosity and density are insignificant for both, water
and EG solutions for the evaluated conditions (MW irradiation and
CHT).
Table 1. Values of viscosity and density for the studied samples.
Name
CHT 0 min H20
CHT 15 min H20
CHT 30 min H20
CHT 45 min H20
CHT 60 min H20
CHT 0 min EG
CHT 15 min EG
CHT 30 min EG
CHT 45 min EG
CHT 60 min EG
MWI 0 min H20
MWI 15 min H20

Dynamic
Viscosity
(mPa.s)
2.089
2.044
2.062
2.035
2.096
2.370
2.320
2.465
2.547
2.500
1.903
1.967

Kinematic
Viscosity
(mm2/s)
2.090
2.045
2.063
2.036
2.097
2.342
2.286
2.427
2.508
2.462
1.904
1.968

Variant
Coefficient
(%)
1.03
0.06
0.48
0.27
0.16
0.10
0.92
0.48
0.32
0.45
0.63
0.20

Share
Rate
(1/s)
344.8
352.3
349.3
353.8
343.6
303.3
309.6
291.5
282.1
287.3
378.4
366.1

Density
(g/cm3)
0.99950
0.99949
0.99951
0.99959
0.99959
1.01203
1.01489
1.01550
1.01562
1.01569
0.99945
0.99936
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Name
MWI 30 min H20
MWI 45 min H20
MWI 60 min H20
MWI 0 min EG
MWI 15 min EG
MWI 30 min EG
MWI 45 min EG
MWI 60 min EG

Dynamic
Viscosity
(mPa.s)
1.996
1.998
2.044
2.841
2.503
2.649
2.639
2.625

Kinematic
Viscosity
(mm2/s)
1.996
1.999
2.045
2.798
2.480
2.608
2.599
2.584

Variant
Coefficient
(%)
0.39
0.66
0.65
0.09
0.12
0.07
0.19
0.28

Share
Rate
(1/s)
360.9
360.5
352.3
252.8
285.3
271.2
272.2
273.7

Density
(g/cm3)
0.99953
0.99955
0.99963
1.01541
1.01528
1.01558
1.01534
1.01592

If degradation occurs, the viscosity decreases until the
polymer has a specific molecular weight and keep that viscosity
without increments [42, 43]. The dynamic viscosity for samples in
both MW and CHT exhibit a linear tendency after 30 min (fig. 3),
and it indicates that no changes in the polymer were produced as
the influence of the treatment. Changes in viscosity were
insignificant, hence, the molecular weight did not change and PVP
did not suffer considerable degradation. Dynamic viscosity and
molecular weight are correlated variables. Negligible changes
during the treatment might indicate that no changes in molecular
weight are presented, or, in other words, degradation is no
significant [40, 42].

Figure 3. Changes in dynamic viscosity during the samples treatment.

Additionally, this kind of solutions decrease their
viscosity faster and to a higher extent as a result of polymer
degradation. Nonetheless, the percentage of change of the
viscosity may perhaps indicate that there was no degradation [40].

4. CONCLUSIONS
The aim of this work was to investigate the possible
degradation of PVP solutions in water and EG under MW
irradiation. Nonetheless, in this kind of treatment samples reach
high temperatures, which could induce degradation in some level.
For that reason, solutions of PVP dissolved in both solvents were
undergone to MW irradiation and CHT in order to isolate and
determine their influence in the polymer structure. In this matter,
the collected information has indicated that the polymer did not
undergone relevant structural changes, which could be ascribed
neither to MW irradiation nor to CHT. Both, FTIR and UV-vis
spectra for the studied solutions indicated that neither chain
cleavage nor crosslinking reactions were present as well as there
5. REFERENCES
[1] Lidstrom P., Tierney J., Wathey B., Microwave assisted organic
synthesis: a review, Tetrahedron, 57, 45, 9225–9283, 2001.
[2] Saleh T., Majeed S., Nayak A., Bhushan B., Principles and
Advantages of Microwave-Assisted Methods for the Synthesis of
Nanomaterials for Water Purification, Advanced Nanomaterials for Water
Engineering, Treatment, and Hydraulics, IGI Global, 2017.
[3] Whittaker G., Microwave chemistry, School Science Review, 85, 87–
94, 2004.
[3] Kubrakova I., Microwave radiation in analytical chemistry: the scope
and prospects for application, Russian Chemical Reviews, 71, 4, 283–294,
2002.
[4] Mishra R., Sharma A., Microwave-material interaction phenomena:
Heating mechanisms, challenges and opportunities in material processing,
Composites Part A: Applied Science and Manufacturing, 81, 78–97,
2016.
[5] Edinger M., Knoop M., Herdoncuff H., Rantanen J., Rades T.,
Lobmann K., Quantification of microwave-induced amorphization of
celecoxib in PVP tablets using transmission Raman spectroscopy,
European Journal of Pharmaceutical Science, 117, 62–67, 2018.
[6] Kubrakova I., Microwave radiation in analytical chemistry: the scope
and prospects for application, Russian Chemical Reviews, 71, 4, 283–294,
2002.
[7] Bodgal D., Penczek P., Pielichowski J., Prociak A., Microwave
assisted synthesis, crosslinking, and processing of polymeric materials,
Advanced Polymer Science, 163, 193–263, 2003.

was no evidence of the significant presence of possible polymer
degradation products. The measured viscosities can be related to
molecular weight and the changes in these parameters are no
substantial for the treated samples, which suggest thermal stability
under the studied conditions, hence, polymer degradation induced
by microwaves in the solutions can be considered as irrelevant for
prospective applications. MW as an important source of polymer
processing has been expanded and it is plausible to suggest that
PVP solutions can be heated up to 1 hour without manifestations
of changes in the polymer structure, bringing benefits in
shortening time and saving money consumed for the polymer
processing.

[8] Wiesbrock F., Hoogenboom R., Schubert U., Microwave-assisted
polymer
synthesis:
state-of-the-art
and
future
perspectives,
Macromolecular Rapid Communication, 25, 20, 1739–1764, 2004.
[9] Adachi K., Iwamura T., Chujo Y., Microwave assisted synthesis of
organic-inorganic polymer hybrids, Polymer Bulletin, 55, 5, 309–315,
2005.
[10] De la Hoz A., Diaz-Ortiz A., Moreno A., Microwaves in organic
synthesis. Thermal and non-thermal microwave effects, Chemical Society
Reviews, 34, 2, 164–178, 2005.
[11] Dallinger D., Kappe C., Microwave-assisted synthesis in water as
solvent, Chemical Reviews, 107, 6, 2563–2591, 2007.
[12] Sosnik A., Gotelli G., Abraham G., Microwave-assisted polymer
synthesis (MAPS) as a tool in biomaterials science: how new and how
powerful, Progress in Polymer Science, 36, 8, 1050–1078, 2011.
[13] Hoogenboom R., Schubert U., Microwave-Assisted polymer
synthesis: recent developments in a rapidly expanding field of research,
Macromolecular Rapid Communication, 28, 4, 368–386, 2007.
[14] Mathe N., Scriba M., Rikhotso S., Coville N., Microwave-irradiation
polyol synthesis of PVP-protected Pt--Ni electrocatalysts for methanol
oxidation reaction, Electrocatalysis, 9, 3, 388–399, 2018.
[15] Bernal A., Kuritka I., Kasparkova V., Sáha P., The effect of
microwave irradiation on poly (vinyl alcohol) dissolved in ethylene
glycol, Journal of Applied Polymer Science, 128, 1, 175–180, 2013.
[16] Sionkowska A., Wisniewski M., Kaczmarek H., Skopinska J.,
Chevallier P., Mantovani D., Lazare S., Tokarev V., The influence of UV
irradiation on surface composition of collagen/PVP blended films,
Applied Surface Science, 253, 4, 1970–1977, 2006.

Page | 3276

Poly(vinyl pyrrolidone) solutions irradiated with microwaves: study and analysis of their possible degradation
[17] Sedlařik V., Saha N., Kuřitka I., Saha P., Characterization of
polymeric biocomposite based on poly (vinyl alcohol) and poly (vinyl
pyrrolidone), Polymer Composites, 27, 2, 147–152, 2006.
[18] Sheftel V., Indirect food additives and polymers: migration and
toxicology, CRP Press, 2000.
[19] Singh A., Raykar V., Microwave synthesis of silver nanofluids with
polyvinylpyrrolidone (PVP) and their transport properties, Colloid and
Polymer Science, 286, 14–15, 1667–1673, 2008.
[20] Katsuki H., Komarneni S., Nano-and micro-mater sized silver metal
powders by microwave-polyol process, Journal of the Japan Society of
Powder and Powder Metallurgy, 50, 10, 745–750, 2003.
[21] Liu D., Ren S., Wang G., Wen L., Yu J., Rapid synthesis and
morphology control of nickel powders via a microwave-assisted chemical
reduction method, Journal of Material Science, 44, 1, 108–113, 2009.
[22] Soltani N., Saion E., Erfani M., Rezaee K., Bahmanrokh G.,
Drummen G., Bahrami A., Zobir M., Influence of the polyvinyl
pyrrolidone concentration on particle size and dispersion of ZnS
nanoparticles synthesized by microwave irradiation, International Journal
of Molecular Science, 13, 10, 12412-12427, 2012.
[23] Huang K., Lin Z., Yang X., Numerical simulation of microwave
heating on chemical reaction in dilute solution, Progress in
Electromagnetic Research, 49, 273–289, 2004.
[24] Kappe C., Controlled microwave heating in modern organic
synthesis, Angewandte Chemie International Edition, 43, 46, 6250–6284,
2004.
[25] Borodko Y., Lee H., Joo S., Zhang Y., Somorjai G., Spectroscopic
study of the thermal degradation of PVP-capped Rh and Pt nanoparticles
in H2 and O2 environments, The Journal of Physical Chemistry C, 114, 2,
1117–1126, 2009.
[26] Morsi M., Abdelghany A., UV-irradiation assisted control of the
structural, optical and thermal properties of PEO/PVP blended gold
nanoparticles, Material Chemistry and Physicis, 201, 100–112, 2017.
[27] Tavlarakis P., Urban J., Snow N., Determination of total
polyvinylpyrrolidone (PVP) in ophthalmic solutions by size exclusion
chromatography with ultraviolet-visible detection, Journal of
Chromatografic Science, 49, 6, 457–462, 2011.
[28] Khan M., Gul K., Rehman N., Interaction of polyvinylpyrrolidone
with metal chloride aqueous solutions, Chinese Journal of Polymer
Science, 22, 6, 581–584, 2004.
[29] Peniche C., Zaldivar D., Pazos M., Páz S., Bulay A., Román J.,
Study of the thermal degradation of poly (N-vinyl-2-pyrrolidone) by
thermogravimetry–FTIR, Journal of Applied Polymer Science, 50, 3,
485–493, 1993.
[30] Loria-Bastarrachea M., Herrera- Kao W., Cauich-Rodriguez J.,
Cervantes-Uc J., Vázquez-Torres H., Ávila-Ortega A., A TG/FTIR study

on the thermal degradation of poly (vinyl pyrrolidone), Journal of
Thermal Analysis and Calorimetry, 104, 2, 737–742, 2011.
[31] Du Y., Yang P., Mou Z., Hua N., Jiang L., Thermal decomposition
behaviors of PVP coated on platinum nanoparticles, Journal of Applied
Polymer Science, 99, 1, 23–26, 2006.
[32] Darwish M., Mohammadi A., Assi N., Microwave-assisted polyol
synthesis and characterization of PVP-capped cds nanoparticles for the
photocatalytic degradation of tartrazine,” Materials Research Bulletin. 74,
387–396, 2016.
[33] Borodko Y., Habas S., Koebel M., Yang P., Frei H., Somorjai G.,
Probing the interaction of poly (vinylpyrrolidone) with platinum
nanocrystals by UV- Raman and FTIR, The Journal of Physical
Chemistry B, 110, 46, 23052–23059, 2006.
[34] Huang J., Yang H., Chen M., Ji t., Hou Z., Wu M., An infrared
spectroscopy study of PES PVP blend and PES-g-PVP copolymer,”
Polyme Testing, 59, 212–219, 2017.
[35] Kumar M., Devi P., Shivling V., Thermal stability and
electrochemical properties of PVP-protected Ru nanoparticles synthesized
at room temperature, Materials Research Express, 4, 8, 85006, 2017.
[36] Kourde-Hanafi Y., Loulergue P., Szymczyk A., Van der Bruggen B.,
Nachtnebel M., Rabiller-Baudry M., Audic L., Polt P., Baddari K.,
Influence of PVP content on degradation of PES/PVP membranes:
Insights from characterization of membranes with controlled
composition,” Journal of Membrane Science, 533, 261–269, 2017.
[37] Laot C., Marand E., Oyama H., Spectroscopic characterization of
molecular interdiffusion at a poly (vinyl pyrrolidone)/vinyl ester interface,
Polymer (Guildford), 40, 5, 1095–1108, 1999.
[38] Wang Y., Zhang X., Qiu D., Li Y., Yao L., Duan J., Ultrasonic
assisted microwave synthesis of poly (Chitosan-co-gelatin)/polyvinyl
pyrrolidone IPN hydrogel,” Ultrasonics Sonochemistry, 40, 714–719,
2018.
[39] Al-Shammari B., Al-Fariss T., Al-Sewailm F., Elleithy R., The effect
of polymer concentration and temperature on the rheological behavior of
metallocene linear low density polyethylene (mLLDPE) solutions,
Journal of King Saud University - Science, 23, 1, 9–14, 2011.
[40] Taghizadeh M., Asadpour T., Effect of molecular weight on the
ultrasonic degradation of poly (vinyl-pyrrolidone), Ultrasonics
Sonochemistry, 16, 2, 280–286, 2009.
[41] Bühler V., Polyvinylpyrrolidone excipients for pharmaceuticals:
povidone, crospovidone and copovidone, Springer Science & Business
Media, 2005.
[42] Mason T., Peters D., Practical sonochemistry: power ultrasound
uses and applications, Woodhead Publishing, 2002
[43] Swei J., Talbot J., Viscosity correlation for aqueous
polyvinylpyrrolidone (PVP) solutions, Journal of Applied Polymer
Science, 90, 4, 1153–1155, 2003

6. ACKNOWLEDGEMENTS
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic-Program NPU I (LO1504).

© 2018 by the authors. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/4.0/).

Page | 3277

