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Research Progress on Dye-based Poly(vinyl alcohol) Polarizer Development
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Abstract: With the advancement of display technologies toward flexibility and high weatherability, dye-
based polarizers have attracted widespread attention owing to their excellent resistance to high temperature
and humidity. This review systematically summarizes recent research progress on poly(vinyl alcohol)
(PVA)-based dye-type polarizing films, focusing on their preparation principles, PVA optical film
properties, and the effects of these mechanisms on polarizing performance. To address the key challenges
of enhancing optical performance and durability, diversified modification strategies are discussed,
including molecular structure optimization of dyes, synergistic dye compounding, improvements in dyeing
processes, and modifications of the PVA substrate. Studies have shown that constructing strong interfacial
interactions between dyes and the PVA matrix can significantly improve the orientation order and moisture-
heat stability of the dyes. Composite modification of the PVA substrate not only enhanced its mechanical
and water-resistant properties but also provided a more stable orientation platform for the dye molecules.
Finally, this review outlines the challenges and future directions for dye-based polarizers in flexible
displays and harsh-environment applications, emphasizing the importance of establishing a “structure-
processing-performance” relationship. This study provides a theoretical basis and technical pathway for
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the design and development of a new generation of high-performance composite-based polarizers.
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Figure 1 (a) The layered structure of typical polarizer; (b) Main preparation process of polarizer (Reprinted with permission

from Ref. [3]; Copyright (2011) Elsevier B.V.)
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Figure 2 (a) The preparation of PVA optical film, the basic prcess of preparation of PVA based iodine based polarizer, and the

binding diagram of polyiodide molecules or dyes in PVA based film (Reprinted with permission from Ref. [7]; Copyright (2021)

Elsevier Ltd.); (b) The basic process of vinyl acetate polymerization to prepare PVAc and alcoholysis to obtain PVA (Reprinted

with permission from Ref. [8]; Copyright (2024) MDPI)
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Figure 3 (a) Synthesis of reactive dyes and durability verification of polarizing film (Reprinted with permission from Ref. [34];

Copyright (2023) MDPI); (b) Schematic diagram of molecular structure and transition dipole direction of chromophore of two

anthraquinone azo dyes, and analysis of color difference brightness of polarizer after dyeing (Reprinted with permission from

Ref. [35]; Copyright (2011) Elsevier Ltd.)
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Figure 4 (a) Structural characteristics of quinoline and azo dyes and their performance in broadband polarization
films(Reprinted with permission from Ref. [38]; Copyright (2011) RSC Publishing); (b) Dichroism comparison between new
dyes and old dyes and durability verification(Reprinted with permission from Ref. [39]; Copyright (2016) John Wiley and Sons)
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Figure 5 (a) Influence of dyeing temperature and dyeing promoters on dye uptake of PVA membrane: (i) The transmittance of

polarizer film with different dyeing temperatures, (ii) The dyeing time corresponding to different additive amount (Reprinted with

permission from Ref.[40]; Copyright (2022) Guangzhou Chemical Industry); (b) Optimization of dichroic pigment arrangement

and comparison of chromaticity performance of depolarizer: (i) The drawing process of polarizer improves the orientation of

dichroic pigment: traditional and new methods, (ii) Chromaticity of parallel polarizer, (iii) Chromaticity of cross polarizer (Reprinted

with permission from Ref.[9]; Copyright (2018) ITE Transactions on Media Technology and Applications (MTA))
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Figure 6 (a) Effect of boric acid concentration on structure evolution and mechanical behavior of PVA film during tensile

process: (i) Schematic representation of the structural evolution of PVA film during stretching in the aqueous solution with different

mass fractions of boric acid, (ii) The stress-strain and aqueous do/de-¢ curve of the sample at the boric acid mass fraction of

0.3%, (iii) the stress-strain curves of the samples at the boric acid mass fractions of 0.3%, 1.0%, 3.0% (Reprinted with permission
from Ref. [45]; Copyright (2019) Elsevier Ltd.); (b) Comparison of calculated values between PVA polarizing film and PVA/GQDS

composite polarizing film: (i) monolithic transmittance, (ii) parallel transmittance, (iii) orthogonal transmittance, (iv) degree of

polarization (Reprinted with permission from Ref. [57]; Copyright (2021) Journal of Huagiao University (Natural Science))
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Figure 7 (a) Preparation process and thermal performance analysis of pva/chitin membrane: (i) Schematic diagram of silica
reinforced PVA/LBMC biodegradable films preparation, (ii) TGA curves of the blend films, (iii) DTG curves of the blend films
(Reprinted with permission from Ref. [58]; Copyright (2020) Elsevier Ltd.); (b) Interaction, crystallization and hydrophobic
properties of PLA reinforced PVA blend membranes: (i) Schematic illustration of the interactions in poly(vinyl alcohol) (PVA)/
polylactic acid (PLA) blend system, (ii) Crystallinity of PVA/PLA blend films with different PLA content, (iii) Water contact
angle of PVA/PLA blend films with different PLA contents (Reprinted with permission from Ref. [60]; Copyright (2021) John
Wiley and Sons)
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