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Polyvinyl alcohol is unique among polymers. Apart from its preparation, it is not built up in polymerization reactions from
monomers, unlike most vinyl-polymers, and it is biodegradable in the presence of suitably acclimated microorganisms.
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| 1. Introduction

The unique and easily adaptable properties of polymers and polymer-composites open up possibilities for using these
materials in an indefinite number of applications. Among various special features, the easy processing techniques and
optical properties of novel compound polymers, makes them reliable candidates for various optoelectronic applications, in
integrated optics, optical sensors, microlasers, nanophotonics, optical communication, and data processing RIIZIEIA4IE]

The best known water-soluble polymer used for various optoelectronic devices and applications that is environmentally
friendly and cost effective is definitely polyvinyl alcohol (PVA) [EILAE! which is also one of the most important polymers
used in the industry. With very good optical properties, PVA is a semicrystalline polymer, with high dielectric strength, high
transparency and excellent physical properties [, Even if the best low light-scattering-loss polymer glasses (with the
lowest refractive index, n = 1.3-1.4) for high transmission rate are amorphous polymers (perfluoropolymer-0.3 dB/km, at
1.3 um, comparable with silica fiber) [, PVA has been extensively analyzed due to its large number of possible
applications relating to its chemical versatility 29 and its high optical characteristics.

Among the many potential applications of doped PVA in high-tech photonics, we can list: highly diffractively efficient plates
for holography or real time holography 22 hiocompatible microlasers (dye-doped PVA) based on polyvinyl alcohol
microspheres [13: white laser emission where the active material is composed of a solid polyvinyl alcohol matrix with a
phase-separated liquid crystalline mixture 14: LEDs, electroluminescence boards and plasma devices X2: linear film
polarizers in VIS domain (PVA sheets that are stretched and then dyed with iodine during the manufacturing process [26)),
used in LCD displays or projection systems, and possibly even in UV domain ; wide-scale UV-VIS laser cut-off filters
[18]: and so on.

Metals form an enormous number of inorganic compounds, and many of them are able to become a potential dopant/filler
for polymers, including PVA in this case, at least for the purposes of scientific research on the properties of the resultant
compounds. A simple and eloquent proof of interest in these types of composites is the graph of the annual number of
publications about “metals doped PVA”, see Figure 1. This review is not intended to be exhaustive, but to outline some of
the directions in which research is heading.
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Figure 1. Annual number of publications about “Metals doped PVA” over the last decade in the fields of physical and
chemical sciences (source of information: ReadCube- www.readcube.com, accessed on 30 March 2016).

| 2. PVA-Synthesis and Properties

PVA is a water-soluble polymer represented by the formula (C,H40),, see Figure 2, and is produced by the saponification
of poly(vinyl ester) using sodium hydroxide (NaOH) 12, or by hydroxylation of polyvinyl acetate (PVAc). The vinyl alcohol
(not used as the polymerization starting material because it is unstable and cannot be isolated) is hydrolyzed in methanol,
ethanol, or a mixture of alcohol and methyl acetate, using alkalis or mineral acids as catalysts 2%. The resulting reaction
removes the acetate groups from the PVAc molecules without breaking their long-chain structure, and when the reaction
is complete the result is highly soluble in water and insoluble in practically all organic solvents (incomplete removal results
in less solubility in water and more solubility in certain organic liquids) 2. PVA occurs as an odorless, white-/cream-
colored granular powder, with a commercially available degree of polymerization between 500 and 5000 (the number of
monomeric units in a macromolecule equivalent to a molecular weight range of 20,000-200,000) 22, PVA density is 1.19—
1.31 gm/cm3; it has a melting point of 230 °C and decomposes rapidly above 200 °C as it can undergo pyrolysis at high
temperatures 23, The basic properties of PVA depend upon the degree of polymerization and the distribution of hydroxyl
groups, as well as stereoregularity and crystallinity 241,
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Figure 2. The PVA partially hydrolyzed monomeric structure (where O = H or COCHy).

PVA is an atactic polymer (most atactic polymers do not crystallize, remaining in their amorphous state due to the
absence of chain regularity) that can crystallize because its OH-groups are sufficiently small to not disturb the crystal
lattice, and it has good optical transparency [23l. The refractive index of the PVA matrix is situated in the medium domain
for polymers, n = 1.48-1.50 in the visible spectral range 28, and it has a high transparency, starting from approx. 40% at



200 nm (greater than 95% over 350 nm), and reaching almost 100% over 500 nm 2. The refractive index of PVA is very
useful in optics and photonics due to its ability to increase light output while reducing reflection loss.

2.1. PVA-Applications

PVA is a polymer with a wide variety of applications, used mainly as a component of adhesives and emulsifiers, as a
water-soluble protective film, and as a starting material for the preparation of other resins [28 or polymeric nanoparticles.
These can be obtained from most polymers in combination with PVA and Water-in-Oil-in-Water (W/O/W) by the

emulsification solvent evaporation method, when, in most cases, poly(vinyl alcohol) is used as stabilizer of the emulsion
[29]

Due to its ability to retain water (almost equal to that of natural cells) and its biocompatible, biodegradable, and nontoxic
properties, it is one of the oldest and most extensively used synthetic polymer hydrogels, having several advanced
biomedical applications such as wound management, organ drug delivery, artificial organs, and contact lenses BYE1. The
tensile potency of PVA resembles to that of human articular cartilage, its hydrophilicity and chemical stability allowing it to
withstand extreme pHs and ambient temperatures, while its semicrystalline structure permits efficient oxygen and
nutrients passage to cell 22,

In medicine and pharmacology, PVA fibers and films are used because of their ability to swell and absorb toxic products,
decompose necrotic masses, and reduce blood loss B3, They can be also used for coating SPIONs, and for the
fabrication and development of magnetic particles for gene therapy B4l It is shown that solutions containing up to 5% PVA
are nontoxic to fish (221,

PVA, with its carbon—carbon backbone, being water soluble but not liable to hydrolysis B8, requires an oxidation process
for its biodegradation and can be biodegraded by microorganisms in addition to enzymes through an oxidation or photo-
oxidation process, under both aerobic and anaerobic conditions (37,

Many functional groups within the backbone enable PVA to be polar, and form hydrogen bonds that facilitate polymer-
blend formation 28, Morever, the hydrophilic character and the high density of reactive chemical functional groups helps
PVA to be able to cross-link with dopant chemical materials 22,

Even if it is mostly used in food, medicine and cosmetics, PVA has proven to have numerous other applications, such as
high quality thin film deposition, integrated optics and photographic films manufacture 2%, PVA is well known for its high
dielectric strength compounds 42, thermal and chemical stability, and dopant-dependent physical properties 42,

2.2. PVA Films-Synthesis and Tailoring Properties

PVA is a hydrophilic polymer with excellent film forming properties as well as good processability and mechanical strength
for film/membrane fabrication, but the major disadvantage of PVA based film for opto-electronic applications is its higher
water absorption. To prevent such a problem, a possible solution is coating PVA film with protective layers to eliminate
water absorption from the environment when no direct air/polymer interface is required; for example, triacetyl cellulose
(TAC) film is used as a protective PVA based polarization layer in liquid crystal display (LCD) 3l Other studies have
reduced intrinsic polymer hydrophilicity. Using thermal crosslinking and adding different additives, an optimistic conclusion
has been reached, namely that PVA has great potential for use in the synthesis of composites/fiims, as underlined in
(441 Table 1 shows the effects of PVA film treatments on the optical and mechanical properties of the final compound.

Table 1. Effects of PVA film treatments on optical and mechanical properties.

Treatment Parameter Values: {up}-Increasing; {dw}-Decreasing Refs.

[45][46]
Adding dopants (conductive ions) {dw}: Degree of crystallinity, tensile strength [47]

{up}: Thermal stability, electrical, mechanical, and electrochemical [agia9)

Blending (plasticizers, polymers) properties [50]

Heat treatment (freezing and . . [31]
thawing) {dw}: Degree of crystallinity

Reinforced with poly(GEMA) {up}: Thermal decomposition temperature 1

Reinforced with carbon nanotube {up}: Mechanical properties 1521

Blending with biodegradable PVP {up}: Refractive index



Treatment Parameter Values: {up}-Increasing; {dw}-Decreasing Refs.

Ultrasonic {up}: Tensile strength. {dw}: Water vapor permeability, strain at break (541

Polymer additive {up}: Glass transition temperature, mechanical properties (551

Gamma ray irradiation {dw}: Degree of crystallinity 561
lon beam {up}: Reflecting coefficient, degree of crystallinity, photoluminescence [57](58]

PVA thermally degrades at temperatures just exceeding 200 °C, at which temperature it often sees the onset of melting
and crystallizes from the melt so rapidly that 100% amorphous samples cannot be obtained. In B2 it is shown from the
heat capacity increment curve vs. mass fraction crystallinity (well fitted by the two-phase model comprising crystalline and
mobile amorphous phases) that there is no evidence for the existence of a third phase, namely a rigid amorphous phase.
In semicrystalline polymers (with two phases) crystalline and amorphous regions have no sharp boundary, allowing one
macromolecule to run across the two regions. We can treat the PVA polymer as a crystalline lattice with voids filled by
amorphous matter £,

In general, PVA films with no special treatments have a degree of crystallization of approx. 30-40% 8 which can be
increased gradually only by annealing the films, to 60% (at a maximum of 150 °C, where, most likely, one sees the
chemical destruction of the polymer, the hydroxyls are lost, and polyene and other chemical structures are formed [42]).
When adding different dopants, like 0.1 mol/L lithium chloride, the crystallization is reduced to 18% 3!, or with chitosan (to
15%), and with supplementary glycerol down to 1% 48],

A highly crystallized molecular structure of final PVA films generates a polymer with low mechanical strength and water
resistance performance 28l Pure PVA is semi-crystalline, and the degree of crystallinity can be controlled by the film/gel
method, by polymer blend with a plasticizer (resins, rubber and elastomers) 28IEL62] or even by dopant insertion. For
example, the lower crystallinity of the PVA films with the addition of various conductive ions may be due to the strong
interaction among the polymer molecules and conductive ions, as with Ni2* 4, or ferric ions Fe3*, when the crystallinity of
PVA is reduced from 41.6 to 7.7% with the addition of 2.0% ions [46],

The presence of acetate groups affects the ability of PVA to crystallize upon heat treatment 3, which is of particular
interest for crosslinked hydrogels. The crystalline degree of PVA can be improved by repeated cycles of freezing and
thawing, and by gamma ray irradiation 81, An alternative method to control crystallinity is the use of derivate polymers,
such as acrylamide (a carcinogenic compound) modified PVA, prepared by the alcoholysis of vinyl acetate and acrylamide
copolymers. This enhances the water solubility and tunes the tacticity (with effects on the physical properties of the
polymer) and crystallinity (4],

It is known that aqueous solutions of PVA gradually undergo gelation upon standing at room temperature (from the
formation of networks in which the PVA crystallites generated by spinodal decomposition serve as the junction points) (€21,
For gel formation through freezing/thawing methods, as the number of cycles is increased, the number and stability of
crystallites also increases (due to the condensation of the PVA solution by the formation of ice) 8. Low-temperature
crystallization is the most popular method used to prepare PVA gel, with excellent mechanical properties, but it uses toxic
dimethylsulfoxide (DMSO) as a solvent 7. A simpler and more eco-friendly method for preparing transparent PVA
hydrogel with an enhanced crystallinity, with water as the only solvent, uses swollen PVA placed into a hot-pressing
machine (95 °C), pressed from 2 to 20 MPa (in successive steps from 2 to 15 min), and kept at room temperature without
drying for one week (for gelation) followed by drying in air for two days, followed by vacuum drying for 2 days. The gel
thus prepared shows a decrease in net crystal size and good mechanical properties 68,

Other methods to improve the specific properties of PVA for different applications involve blending it with other polymers:
with poly(vinylpyrrolidone) PVvP (BB for jncreased thermal, electrical, mechanical stability and electrochemical
properties; with polyethylene glycol (PEG) for facilitated gas transport 29, with PVAm in order to improve film formation
and mechanical properties; reinforcing it with carbon nanotubes 2 or with poly(glucosyloxyethyl methacrylate)
(poly(GEMA)) for the suppression of the thermal decomposition of PVA in an aqueous solution, and to increase the
thermal decomposition temperature above 300 °C 1],

References

1. Bhagyaraj, S.; Oluwafemi, O.S.; Krupa, |. Polymers in Optics. In Polymer Science and Innovative Applications; Elsevier:
Amsterdam, The Netherlands, 2020; pp. 423—-455.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Beckers, M.; Schliter, T.; Vad, T.; Gries, T.; Bunge, C.A. Fabrication Techniques for Polymer Optical Fibres; Woodhead

Publishing: Cambridge, UK, 2017; pp. 187-199.

. Loste, J.; Lopez-Cuesta, J.-M.; Billon, L.; Garay, H.; Save, M. Transparent Polymer Nanocomposites: An Overview on T

heir Synthesis and Advanced Properties. Prog. Polym. Sci. 2019, 89, 133-158.

. Fréchet, J.M.J. Functional Polymers: From Plastic Electronics to Polymer-Assisted Therapeutics. Prog. Polym. Sci. 200
5, 30, 844-857.
. Alberto, N.; Domingues, M.; Marques, C.; André, P.; Antunes, P. Optical Fiber Magnetic Field Sensors Based on Magne

tic Fluid: A Review. Sensors 2018, 18, 4325.

. Aslam, M.; Kalyar, M.A.; Raza, Z.A. Polyvinyl Alcohol: A Review of Research Status and Use of Polyvinyl Alcohol Base

d Nanocomposites. Polym. Eng. Sci. 2018, 58, 2119-2132.

. Gaaz, T.; Sulong, A.; Akhtar, M.; Kadhum, A.; Mohamad, A.; Al-Amiery, A. Properties and Applications of Polyvinyl Alcoh

ol, Halloysite Nanotubes and Their Nanocomposites. Molecules 2015, 20, 22833—-22847.

. Deshmukh, K.; Basheer Ahamed, M.; Deshmukh, R.R.; Khadheer Pasha, S.K.; Bhagat, P.R.; Chidambaram, K. Biopoly

mer Composites with High Dielectric Performance: Interface Engineering. Biopolym. Compos. Electron. 2017, 27-128.

. Tanio, N.; Koike, Y. What Is the Most Transparent Polymer? Polym. J. 2000, 32, 43-50.

Paradossi, G.; Cavalieri, F.; Chiessi, E.; Ponassi, V.; Martorana, V. Tailoring of Physical and Chemical Properties of Ma
cro- and Microhydrogels Based on Telechelic PVA. Biomacromolecules 2002, 3, 1255-1262.

Plapcianu, C.; Filoti, G. Optical and electronic properties of (Fe+Sh):PVA, for real time holography. J. Optoelectron. Ad
v. Mater. 2006, 8, 1225-1229.

Bulinski, M.; Kuncser, V.; lova, |.; Bela, A.; Franke, H.; Russo, U.; Filoti, G. Mixed-Valence lon-Doped PVA As Potential
Materials for Real-Time Holography. In Proceedings of the Sixth Symposium on Optoelectronics, Bucharest, Romania,
22-24 September 1999; pp. 17-25, Publisher SPIE-4068-03 (2000).

Ta, V.D.; Nguyen, T.; Pham, Q.; Nguyen, T. Biocompatible Microlasers Based on Polyvinyl Alcohol Microspheres. Opt.
Commun. 2020, 459, 124925.

Adamow, A.; Szukalski, A.; Sznitko, L.; Persano, L.; Pisignano, D.; Camposeo, A.; Mysliwiec, J. Electrically Controlled
White Laser Emission through Liquid Crystal/Polymer Multiphases. Light Sci. Appl. 2020, 9, 1-9.

Koutavarapu, R.; Manepalli, R.K.N.R.; Madhav, B.T.P.; Satyanarayana, T.; Nagarjuna, G.; Shim, J.; Rao, M.C. Optical,
Electrical and Photoluminescence Studies on Al203 Doped PVA Capped ZnO Nanoparticles for Optoelectronic Device
Application. Optik 2020, 205, 164236.

Seto, M.; Maeda, Y.; Matsuyama, T.; Yamaoka, H.; Sakai, H. Light Polarization in lodine-Doped Polyvinyl Alcohol Films.
Hyperfine Interact. 1992, 68, 221-224.

Sata, R.; Suzuki, H.; Ueno, N.; Morisawa, Y.; Hatanaka, M.; Wakabayashia, T. UV-Polarizing Linear Polyyne Molecules
Aligned in PVA. Chin. J. Chem. Phys. 2019, 32, 175-181.

Ghoshal, D.; Bhattacharya, D.; Mondal, D.; Das, S.; Bose, N.; Basu, M. Methylene Blue/PVA Composite Film for Flexibl
e, Wide-Scale UV-VIS Laser Cut-off Filter. Mater. Res. Express 2019, 6, 075332.

Pandey, S.P.; Shukla, T.; Dhote, V.K.; Mishra, D.K.; Maheshwari, R.; Tekade, R.K. Use of Polymers in Controlled Relea
se of Active Agents. In Basic Fundamentals of Drug Delivery; Tekade, R., Ed.; Academic Press: Cambridge, MA, USA,
2019; pp. 113-172.

Brady, J.; Durig, T.; Lee, P.1.; Li, J.-X. Polymer Properties and Characterization: Developing Solid Oral Dosage Forms, 2
nd ed.; Academic Press: Cambridge, MA, USA, 2017; pp. 181-223.

Amann, M.; Minge, O. Biodegradability of Poly(Vinyl Acetate) and Related Polymers. In Synthetic Biodegradable Polym
ers; Rieger, B., Kiinkel, A., Coates, G.W., Reichard, R., Eds.; Elsevier: Amsterdam, The Netherlands, 2011; pp. 137-17
2.

Lewis, R.J., Sr. (Ed.) Sax’s Dangerous Properties of Industrial Materials, 12th ed.; Wiley-Interscience, Wiley & Sons, In
c.: Hoboken, NJ, USA, 2012; p. 3710.

Shie, J.-L.; Chen, Y.-H.; Chang, C.-Y,; Lin, J.-P.; Lee, D.-J.; Wu, C.-H. Thermal Pyrolysis of Poly(Vinyl Alcohol) and Its
Major Products. Energy Fuels 2002, 16, 109-118.

Rudnik, E. Properties and applications. In Compostable Polymer Materials, 2nd ed.; Elsevier: Amsterdam, The Netherla
nds, 2019; pp. 49-98.

Lin, Y.; Bilotti, E.; Bastiaansen, C.W.M.; Peijs, T. Transparent Semi-Crystalline Polymeric Materials and Their Nanocom
posites: A Review. Polym. Eng. Sci. 2020, 60, 2351-2376.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Bodurov, |.; Vlaeva, |.; Viraneva, A.; Yovcheva, T.; Sainov, S. Modified design of a laser refractometer. Int. J. Biomed. N
anosci. Nanotechnol. 2016, 16, 31-33.

Liu, X.; Chen, Q.; Lv, L.; Feng, X.; Meng, X. Preparation of Transparent PVA/TiO2 Nanocomposite Films with Enhanced
Visible-Light Photocatalytic Activity. Catal. Commun. 2015, 58, 30-33.

Satoh, K. Poly(Vinyl Alcohol) (PVA). In Encyclopedia of Polymeric Nanomaterials; Springer: Berlin/Heidelberg, German
y, 2014; pp. 1-6.

Vandervoort, J.; Ludwig, A. Biocompatible Stabilizers in the Preparation of PLGA Nanoparticles: A Factorial Design Stu
dy. Int. J. Pharm. 2002, 238, 77-92.

Kamoun, E.A.; Chen, X.; Mohy Eldin, M.S.; Kenawy, E.-R.S. Crosslinked Poly(Vinyl Alcohol) Hydrogels for Wound Dres
sing Applications: A Review of Remarkably Blended Polymers. Arab. J. Chem. 2015, 8, 1-14.

Hassan, C.M.; Peppas, N.A. Structure and Applications of Poly(Vinyl Alcohol) Hydrogels Produced by Conventional Cro
sslinking or by Freezing/Thawing Methods. Biopolymers - PVA Hydrogels, Anionic Polymerisation Nanocomposites. Ad
v. Polym. Sci. 2000, 153, 37-65.

Mukherjee, P.; Rani, A.; Saravanan, P. Polymeric Materials for 3D Bioprinting. 3D Print. Technol. Nanomed. 2019, 63-8
1.

Muppalaneni, S.; Omidian, H. Polyvinyl Alcohol in Medicine and Pharmacy: A Perspective. J. Dev. Drugs 2013, 2.

Uthaman, S.; Muthiah, M.; Park, I.-K.; Cho, C.-S. Fabrication and Development of Magnetic Particles for Gene Therap
y. Polym. Nanomater. Gene Ther. 2016, 215-230.

Hallensleben, M.L. Polyvinyl Compounds, Others. In Ullmann’s Encyclopedia of Industrial Chemistry; Wiley-VCH Verla
g GmbH & Co. KGaA: Weinheim, Germany, 2000.

Ibrahim, M.S.; EI-Wassefy, N.A.; Farahat, D.S. Biocompatibility of Dental Biomaterials. Biomater. Oral Dent. Tissue En
g. 2017, 117-140.

Raghul, S.S.; Bhat, S.G.; Chandrasekaran, M.; Francis, V.; Thachil, E.T. Biodegradation of Polyvinyl Alcohol-Low Linear
Density Polyethylene-Blended Plastic Film by Consortium of Marine Benthic Vibrios. Int. J. Environ. Sci. Technol. 2013,
11, 1827-1834.

Aziz, S.B.; Hamsan, M.H.; Karim, W.O.; Marif, A.S.; Abdulwahid, R.T.; Kadir, M.F.Z.; Brza, M.A. Study of Impedance an
d Solid-State Double-Layer Capacitor Behavior of Proton (H+)-Conducting Polymer Blend Electrolyte-Based CS:PS Pol
ymers. lonics 2020, 26, 4635-4649.

Aziz, S.B. Modifying Poly(Vinyl Alcohol) (PVA) from Insulator to Small-Bandgap Polymer: A Novel Approach for Organic
Solar Cells and Optoelectronic Devices. J. Electron. Mater. 2015, 45, 736—745.

Lampman, S. Characterization and Failure Analysis of Plastics; ASM International: Novelty, OH, USA, 2003; p. 29.

Ahmed, K.; Kanwal, F.; Ramay, S.M.; Atig, S.; Khan, A.; Mahmood, A. Study of the effect of PVA on dielectric constant a
nd structure of TiO2/polypyrrole composites prepared by in-situ polymerization. Dig. J. Nanomater. Bios. 2017, 12, 775
—783.

Abdulwahid, R.T.; Abdullah, O.G.; Aziz, S.B.; Hussein, S.A.; Muhammad, F.F,; Yahya, M.Y. The Study of Structural and
Optical Properties of PVA:PbO2 Based Solid Polymer Nanocomposites. J. Mater. Sci. Mater. Electron. 2016, 27, 12112
-12118.

Suh, J.H.; Shin, J.W.,; Kim, H.K.; Kim, H.S.; Kim, Y.W.; Kang, H.J. Effect of Poly(Vinyl Alcohol) Adhesives on the Dimen
sional Stability of LCD Polarizer. Polym. Korea 2010, 34, 560-564.

Jain, N.; Singh, V.K.; Chauhan, S. A Review on Mechanical and Water Absorption Properties of Polyvinyl Alcohol Based
Composites/Films. J. Mech. Behav. Mater. 2017, 26, 213-222.

Tretinnikov, O.N.; Zagorskaya, S.A. Determination of the Degree of Crystallinity of Poly(Vinyl Alcohol) by FTIR Spectros
copy. J. Appl. Spectrosc. 2012, 79, 521-526.

Su, Y.; Wy, Y,; Liu, M.; Qing, Y.; Zhou, J.; Wu, Y. Ferric lons Modified Polyvinyl Alcohol for Enhanced Molecular Structur
e and Mechanical Performance. Materials 2020, 13, 1412.

Elhosiny, H.; Khairy, Y. Microstructure and optical properties of Ni2+ doped PVA for optoelectronic devices. Phys. B Co
ndens. Matter 2019, 570, 41-47.

Aziz, S.B.; Marf, A.S.; Dannoun, E.M.A.; Brza, M.A.; Abdullah, R.M. The Study of the Degree of Crystallinity, Electrical
Equivalent Circuit, and Dielectric Properties of Polyvinyl Alcohol (PVA)-Based Biopolymer Electrolytes. Polymers 2020,
12, 2184.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

Premalatha, M.; Vijaya, N.; Selvasekarapandian, S.; Selvalakshmi, S. Characterization of Blend Polymer PVA-PVP Co
mplexed with Ammonium Thiocyanate. lonics 2016, 22, 1299-1310.

Mondal, A.; Mandal, B. CO2 Separation Using Thermally Stable Crosslinked Poly(Vinyl Alcohol) Membrane Blended wit
h Polyvinylpyrrolidone/Polyethyleneimine/Tetraethylenepentamine. J. Membr. Sci. 2014, 460, 126-138.

Nishino, T.; Kani, S.; Gotoh, K.; Nakamae, K. Melt Processing of Poly(Vinyl Alcohol) through Blending with Sugar Pend
ant Polymer. Polymer 2002, 43, 2869-2873.

Deng, L.; Hagg, M.-B. Carbon Nanotube Reinforced PVAM/PVA Blend FSC Nanocomposite Membrane for CO2/CH4 S
eparation. Int. J. Greenh. Gas Control 2014, 26, 127-134.

Khurana, K.; Patel, A.K.; Das, K. Refractive Indices Studies on PVA and PVP Blends. Int. J. Sci. Res. Dev. 2016, 4, 984
—985.

Abral, H.; Atmajaya, A.; Mahardika, M.; Hafizulhaq, F.; Handayani, D.; Sapuan, S.M.; llyas, R.A. Effect of ultrasonicatio
n duration of polyvinyl alcohol (PVA) gel on characterizations of PVA film. J. Mater. Res. Technol. 2020, 9, 2477-2486.

Russo, P.; Speranza, V.; Vignali, A.; Tescione, F.; Buonocore, G.G.; Lavorgna, M. Structure and Physical Properties of
High Amorphous Polyvinyl Alcohol/Clay Composites. Aip Conf. Proc. 2015, 1695, 020035.

El Salmawi, K.M. Application of Polyvinyl Alcohol (PVA)/Carboxymethyl Cellulose (CMC) Hydrogel Produced by Conve
ntional Crosslinking or by Freezing and Thawing. J. Macromol. Sci. Part A 2007, 44, 619-624.

Laput, O.A.; Zuza, D.A.; Vasenina, |.V.; Kurzina, I.A. Chemical State and Morphology of Zn and Mg lon-Implanted Polyv
inyl Alcohol. Surf. Coat. Technol. 2020, 389, 125558.

Shanthini, G.M.; Sakthivel, N.; Menon, R.; Nabhiraj, P.Y.; Gbmez-Tejedor, J.A.; Meseguer-Duefias, J.M.; Gomez Ribelle
s, J.L.; Krishna, J.B.M.; Kalkura, S.N. Surface Stiffening and Enhanced Photoluminescence of lon Implanted Cellulose—
Polyvinyl Alcohol-Silica Composite. Carbohydr. Polym. 2016, 153, 619-630.

Thomas, D.; Zhuravley, E.; Wurm, A.; Schick, C.; Cebe, P. Fundamental Thermal Properties of Polyvinyl Alcohol by Fas
t Scanning Calorimetry. Polymer 2018, 137, 145-155.

Swapna, V.P.; Selvin Thomas, P.; Suresh, K.l.; Saranya, V.; Rahana, M.P.; Stephen, R. Thermal properties of poly (vinyl
alcohol)(PVA)/halloysite nanotubes reinforced nanocomposites. Int. J. Plast. Technol. 2015, 19, 1-13.

Nagarkar, R.; Patel, J. Polyvinyl Alcohol: A Comprehensive Study. Acta Sci. Pharm. Sci. 2019, 3.4, 34-44.

Vieira, M.G.A.; da Silva, M.A.; dos Santos, L.O.; Beppu, M.M. Natural-Based Plasticizers and Biopolymer Films: A Revi
ew. Eur. Polym. J. 2011, 47, 254-263.

Gohil, J.M.; Bhattacharya, A.; Ray, P. Studies On The Crosslinking Of Poly (Vinyl Alcohol). J. Polym. Res. 2005, 13, 16
1-169.

Jiang, L.; Yang, T.; Peng, L.; Dan, Y. Acrylamide Modified Poly(Vinyl Alcohol): Crystalline and Enhanced Water Solubilit
y. RSC Adv. 2015, 5, 86598-86605.

Yokoyama, F.; Masada, I.; Shimamura, K.; Ikawa, T.; Monobe, K. Morphology and Structure of Highly Elastic Poly(Vinyl
Alcohol) Hydrogel Prepared by Repeated Freezing-And-Melting. Colloid Polym. Sci. 1986, 264, 595-601.

Hassan, C.M.; Peppas, N.A. Structure and Morphology of Freeze/Thawed PVA Hydrogels. Macromolecules 2000, 33, 2
472-2479.

Hyon, S.-H.; Cha, W.-l.; Ikada, VY.; Kita, M.; Ogura, Y.; Honda, Y. Poly(Vinyl Alcohol) Hydrogels as Soft Contact Lens Ma
terial. J. Biomater. Sci. Polym. Ed. 1994, 5, 397—-406.

Sakaguchi, T.; Nagano, S.; Hara, M.; Hyon, S.-H.; Patel, M.; Matsumura, K. Facile Preparation of Transparent Poly(Vin
yl Alcohol) Hydrogels with Uniform Microcrystalline Structure by Hot-Pressing without Using Organic Solvents. Polym.
J. 2017, 49, 535-542.

Teodorescu, M.; Bercea, M.; Morariu, S. Biomaterials of PVA and PVP in Medical and Pharmaceutical Applications: Per
spectives and Challenges. Biotechnol. Adv. 2019, 37, 109-131.

Yi, C.; Wang, Z.; Li, M.; Wang, J.; Wang, S. Facilitated Transport of CO2 through Polyvinylamine/Polyethlene Glycol Bl
end Membranes. Desalination 2006, 193, 90-96.

Retrieved from https://encyclopedia.pub/entry/history/show/29042



