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Abstract

The indoor air quality has become a key measure of health, comfort, and customer satisfaction of a
hospitality setting. The challenges that continually affect hotels especially because of volatile organic
compounds (VOCs), particulate matter, and microbial pollutants that are present in cleaning agents,
furnishing, and human activity. In this regard, the photocatalytic polymer nanocomposites are one of
the sustainable and efficient means of purifying indoor air. These materials combine photocatalysts
(titanium dioxide (TiO 2 ), zinc oxide (ZnO), or graphitic carbon nitride (g-C 3 N 4 ) with polymeric
materials (such as polyethylene, polystyrene, or polymethyl methacrylate) to make lightweight, flexible,
durable films that can decompose organic pollutants when irradiated with light. Exposure of the
photocatalyst oxidant to UV or visible radiation leads to oxidation of detrimental molecules by reactive
oxygen species into harmless end products like carbon dioxide and water. This paper highlights the
preparation, structural characterization, and performance optimization of photocatalytic polymer
nanocomposites designed to meet the needs of hotel settings in terms of morphology of their surface,
dispersion of photocatalysts, light absorbing ability, and stability. Its application potential is also
achieved in terms of the coating, air filters, wall paint, and textile treatment, which altogether help to
keep the interiors hygienic, odorless, and energy-efficient. The incorporation of the above smart
materials is in line with the concept of green hospitality, which minimizes the use of chemical air
freshener and improves the occupant well being. Future research interests involve visible-light-active
composites, hybrid photocatalysts and scalable fabrication methods to implement in the real world in
hotels.

Keywords: Photocatalysis, polymer nanocomposites, indoor air purification, titanium dioxide, zinc
oxide, volatile organic compounds, green hospitality, smart coatings, hotel environment, sustainable
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INTRODUCTION
IAQ has emerged as a rather important topic of contemporary built environment in particular in the
hospitality sector, including hotels where the level of customer satisfaction, cleanliness, and freshness
are major factors in operational performance. The health hazards caused by poor IAQ include
respiratory irritation, fatigue, and chronic illnesses in the long run due to volatile organic compounds
(VOC:s), particulate matter (PM), carbon monoxide
;/:;2;,: Tf;)]; Eft:}?irrespondence (CO), nitrogen oxides (NOx), and microbial
contaminants [13]. Hotels are considered unique in
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consumers, requiring regular maintenance, and may also be a source of secondary pollution themselves
[4]. The increasing difficulty has prompted scholars to seek a sustainable, self-regenerative and energy-
efficient solution like the photocatalytic polymer nanocomposites (PPNs)

Photocatalysis is an advanced oxidation reaction that is carried out by the activation of semiconductor
materials in the presence of light to produce reactive oxygen species (ROS) such as hydroxyl radicals (
*OH ) and superoxide ions (O 2 -). Photocatalysis is capable of breaking down a significant variety of
organic and microbial pollutants into harmless by-products (such as CO 2 and H 2 O ) [8]. Some of the
most common photocatalysts currently known include titration dioxide (TiO 2 ), zinc oxide (ZnO), and
graphitic carbon nitride (g-C 3 N 4 ). These compounds have good oxidative potential, are chemically
stable and not very toxic [9,10]. Dispersed into polymer matrices as polyethylene (PE), polystyrene
(PS), polyvinyl alcohol (PVA), or polymethyl methacrylate (PMMA), these nanostructured
photocatalysts give rise to hybrid materials that provide the flexibility, transparency, and mechanical
strength of the polymer with the self-cleaning and antimicrobial capabilities of the photocatalysts [11].
The polymer is an assistive framework which allows the transmission of light and diffusion of pollutants
and prevents aggregation or leaching of the active nanoparticles.

PPN are especially attractive in the case of hotel settings. They can be used as either wall coats, air
filters, curtain linings, window laminates or decorative panels unlike bulky purifiers which are difficult
to blend in with the aesthetic design and still offer constant passive purifying of the air [12]. The
working principle is simple and yet very efficient: when the photocatalyst nanoparticles integrated into
the surface of polymer are exposed to ambient or artificial light, they produce ROS, which oxidize
airborne VOC:s, bacteria, and viruses. This technology does not only keep the air clean and odour free
but also minimises the use of chemical air fresheners and cleaning agents, a move that is in line with
the world trend of green hospitality and sustainable building technologies [13].

The source of light is also important in deciding photocatalytic activity. Whereas TiO 2 has a high
activation in ultraviolet (UV) light, its functionality in the visible light, which predominates in the
indoors, is poor. Thus, recent developments have dwelled on the modification of photocatalysts by
doping (e.g. with nitrogen, carbon or metal, like silver, iron, etc.), by coupling with narrow-bandgap
semiconductors, or by incorporating plasmonic nanoparticles to improve visible-light absorption
[14,15]. Similarly, a series of hybrid nanostructures like TiO 2-ZnO, TiO 2-Ag, and g-C3N4-TiO 2 has
been established to enhance the performance of charge separation, lower electron-hole recombination,
and prolong the duration of photocatalysis at low-intensity lighting conditions eco-friendly hotel
interiors usually experience [9].

The PPNs are designed in such a manner that they can be highly customized to the needs of the hotel.
As an example, one can apply transparent PMMA-TiO 2 films on the windows in order to use natural
daylight without sacrificing aesthetics. Composites of g-C 3 N 4 nanosheets based on polyurethane can
be used to produce a flexible coating on air-conditioning duct and furniture surfaces, and ZnO-
impregnated PVA membranes can be used as antimicrobial air filters. The systems are silent, entail low
maintenance, and in combination with the existing lighting systems, they consume little power [5,12].
Implementation of PPNs in hotel air systems also brings with it other advantages other than the
reduction of pollutants. The existence of the antimicrobial effects of the photocatalytic surfaces assures
the maintenance of hygiene in high-contact areas like lobbies, kitchen, restrooms and guest rooms. The
released ROS in the process of photocatalysis destroys bacterial cell walls and denatures viral proteins,
providing an effect of sterilization without using severe chemicals [11,13]. The attribute comes in
especially handy during the aftermath of the pandemic, when microbial safety has become one of the
major factors of customer confidence. In addition, these materials also help in saving energy since there
is reduced use of HVAC filters and chemical purification cycles thus resulting to reduced operational
costs and increased sustainability indices. PPN-based purification has both considerable environmental
and economic advantages. These are composites that do not need consumables, cannot form secondary
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waste and their lifecycle of operation is long and may even last more than five years under controlled
conditions in the indoor environment [4,9]. The fact that these materials can be incorporated into the
current infrastructures of hotels, including HVAC ducts, decorative panels, or curtains, provides a
scalable and affordable route to the passive control of pollution. Moreover, polymer-based matrices can
be used to make sure that the coating or films are lightweight, simple to produce, and are able to comply
with complicated interior designs.

Scientifically, it is one of the greatest challenges to obtain homogeneous distribution of photocatalytic
nanoparticles in the polymer phase. Due to agglomeration, the active surface area may be drastically
lowered and block light penetration. Sol-gel synthesis, melt compounding, in situ polymerization and
electrospinning techniques have been utilized to enhance homogeneity, interfaces between the polymer
and photocatalyst [10,12]. Also, surface functionalization through silane coupling agent, plasma
treatment or surfactant-aided blending improves compatibility and durability of the composites [13].
Regardless of the improvements, there are still some constraints. The degradation of polymer under a
long-term exposure to UV-light conditions can lead to a decrease in optical transparency and structural
strength, whereas the inadequate optical absorption at the visible wavelength still limits the efficiency
in the hotel lighting background [14]. To solve these problems, it is necessary to continue the
investigation of UV-shielded polymers, co-catalyst system, and multi-component composite that can
absorb a wider range of light. Nanofabrication, including the creation of hierarchical micro-nano
structures and photonic crystal coating, is enabling next-generation PPNs which are able to operate
effectively under ambient lighting within the indoors [15].To sum up, photocatalytic polymer
nanocomposites are a game changer in [AM as far as the hospitality industry is concerned. They fit well
inside hotel interiors, and they work passively in the presence of visible or artificial light, as well as,
they degrade VOCs and microbial contaminants and preserve aesthetic value and energy consumption.
With the global trend of hotels becoming eco-certified and going green, there are two real benefits to
the use of PPNs; not only is it better to keep the guests healthy, but also to minimize the environmental
impact. Further studies are needed in the area of the long-term field validation, development of the
hybrid visible-light catalysts and incorporation with the intelligent building systems to make it possible
to monitor the air quality in real-time and control dynamically the photocatalytic work [1].

RELATED WORKS

The application of photocatalytic polymer nanocomposites (PPNs) for indoor air purification
represents a convergence of environmental science, nanotechnology, and sustainable design—an area
that has evolved from material synthesis to real-world architectural integration. The literature reviewed
below presents a synthesized view of the recent advances, mechanisms, material formulations, and
deployment contexts relevant to hotel interiors, with emphasis on TiO:-based nanocomposites,
polymer—nanofiller integration strategies, visible-light activation, and sustainable applications in air
purification.Early foundational work established the importance of nanomaterials in interior and
architectural design. Anous [3] and Leydecker [18] discussed the aesthetic and functional benefits of
nanomaterials in interior architecture, emphasizing their potential to integrate self-cleaning and
antimicrobial properties into decorative surfaces. Al-Maliki [2] and Alhmoud [1] expanded this idea
into hospital and hospitality contexts, linking nanomaterial sustainability with indoor environmental
quality. These studies emphasized that air purification is not only a technological challenge but also a
design concern requiring materials compatible with human comfort and health standards. From a
photocatalytic material standpoint, TiO. remains the most widely researched catalyst. Athanasekou et
al. [4] and Fermoso et al. [8] highlighted TiO-’s advanced oxidation potential, capable of degrading
VOCs, NOx, and organic particulates. However, its limitation to UV activation prompted research on
visible-light-responsive systems. Gunti et al. [11] and Sewnet et al. [31] provided reviews on doped
TiO: and g-CsN4+/TiO: heterojunctions, showing enhanced photocatalytic performance under indoor
light. Sen et al. [32] further analyzed doping strategies—metallic, non-metallic, and co-doping
approaches—to extend spectral response and improve charge separation efficiency, which is critical in
low-irradiance hotel environments. Tables 1 and 2 collectively highlight the role of nanomaterials and
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photocatalytic systems in enhancing indoor environmental quality and sustainable architectural design.
Table 1 presents early studies demonstrating that nanostructured coatings and TiOz:-based polymer
systems improve aesthetics, self-cleaning ability, and air quality, while Table 2 shows that advanced
photocatalytic composites achieve high pollutant degradation efficiency (up to 95%) for VOCs,
nicotine, and dyes. Material researchers have also explored polymer integration to enhance
processability and flexibility. Chanklom et al. [5] developed polylactic acid (PLA)/TiO2 composite
films that demonstrated VOC degradation in confined spaces. Similarly, Ismayil and Varghese [15]
fabricated silver-doped polyaniline-PVC films exhibiting dual photocatalytic and antibacterial
properties, providing an ideal framework for hotel air filters or wall coatings. Yuan et al. [37] introduced
g-CsNsa-modified polyacrylonitrile fabrics with visible-light self-cleaning and water disinfection
capabilities—demonstrating the potential of polymer-based fabrics in curtains or upholstery for
hospitality use.

The practical application of photocatalysis for air purification was examined by Yu and Kim [36] and
Han [12], who investigated heterogeneous photocatalytic oxidation (HPCO) systems for continuous
degradation of VOCs indoors. Their findings established that photocatalysis can significantly reduce
formaldehyde and benzene levels within enclosed environments. Cieslak et al. [6] corroborated these
results by demonstrating that TiOz-modified polypropylene fibers effectively decomposed nicotine,
indicating a pathway for fabric-based purifiers suitable for hotel rooms or smoking areas. Table 1
presents an overview of early studies on nanomaterials in interior and architectural design, highlighting
their role in improving aesthetics, self-cleaning behavior, and indoor air quality in hospitality
environments. Table 2 summarizes the performance of photocatalytic systems evaluated for indoor air
quality improvement, showing their pollutant degradation efficiency under different light sources and
support materials. Table 3 outlines recent advances in polymer—nanoparticle fabrication and integration
techniques, emphasizing how different synthesis methods enhance surface area, antibacterial activity,
and purification performance.

Table 4 compares visible-light and hybrid photocatalytic systems, demonstrating the growing
importance of advanced composites for efficient indoor air purification under practical lighting

conditions.

Table 1. Summary of early studies on nanomaterials in interior and architectural design.

Study Focus area Material/system Key findings Application
relevance
[3] Anous Interior design Nanostructured coatings | Enhanced aesthetics, self- Interior walls,
(2014) integration cleaning furniture
[2] Al-Maliki | Indoor environmental TiO: in polymers VOC and odor reduction Sustainable
(2022) design interiors
[1] Alhmoud | Healthcare/hospital Multifunctional Improved IAQ and Hotels, hospitals
(2024) context nanomaterials antimicrobial activity
Table 2. Photocatalytic systems evaluated for indoor air quality improvement.
Study Photocatalyst | Support material Target Degradation Light type
pollutant efficiency (%)
[5] Chanklom et al. TiO2 PLA VOCs 92 UV-Visible
(2021)
[6] Cieslak et al. TiO2 Polypropylene Nicotine 85 uv
(2017)
[36] Yu & Kim (2013) | TiO: Wall coating Benzene, 80 uv
Toluene
[31] Sewnet et al. | g-CsN«/TiO2 Composite film Organic 95 Visible
(2022) dyes
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Table 3. Advances in polymer—nanoparticle fabrication and integration techniques.
Study Fabrication method Polymer used Additive Key feature
nanomaterial
[30] Samadi & Electrospinning Polyacrylonitrile | TiO: nanoparticles High surface area films
Moshfegh (2022)
[28] Pelaseyed et al. Casting PLGA TiO: Antibacterial +
(2020) photocatalytic
[22] Lou et al. (2023) Electrospinning PLA Halloysite nanotubes | Dual disinfection-

purification

Table 4. Recent developments in visible-light and hybrid photocatalytic systems.

Study Photocatalyst Matrix Light Efficiency Application
source (%) potential

[7] Devi et al. (2019) Ag/C nanocomposite | Polymer Visible 90 Coatings, filters
blend

[19] Liang et al. (2015) | CdS-triptycene Self- Visible 88 Textiles, curtains

polymer supporting
[24] Mohamed et al. | TiO: hybrid | Polymer LED 91 Interior coatings
(2025) composites matrix

Architectural and environmental studies such as those by Franzoni et al. [9], Nath et al. [25], and Wei
et al. [35] investigated the incorporation of photocatalytic finishes into construction and building
materials. These studies demonstrated that TiO:-based coatings applied to walls and renders can
significantly reduce ambient pollutant loads while retaining aesthetic compatibility. Papadaki et al. [27]
and Puddu [29] emphasized the potential of TiO: nanocoatings for heritage structures and modern
buildings alike, reflecting their adaptability for hotel retrofitting. Luengas et al. [23] and Luengas
Muiioz [24] reviewed biofiltration—photocatalysis coupling systems, highlighting future prospects for
integrating hybrid air-treatment units within HVAC frameworks.

In the realm of advanced polymer—nanoparticle synthesis, Samadi and Moshfegh [30] and Pelaseyed
et al. [28] developed electrospun nanocomposite scaffolds and PLGA/TiO- films, respectively, showing
efficient light activation and antibacterial behavior. Lou et al. [22] expanded this concept by producing
PLA nanofiber membranes integrated with halloysite nanotubes for combined air purification and
disinfection. These developments underscore the scalability and multifunctionality of nanocomposites
for complex hotel environments.

Beyond TiOz, emerging photocatalysts and hybrid composites are broadening the field. Liang et al.
[19] demonstrated that CdS-decorated triptycene-based polymers achieved durable visible-light-driven
hydrogen production, implying potential adaptation for VOC oxidation. Devi et al. [7] proposed
biomass-derived carbon—silver nanocomposites with superior photocatalytic and antimicrobial
properties, aligning with green design objectives. Mohamed et al. [24] and Khan [17] emphasized the
market translation of such systems, predicting their deployment in coatings, textiles, and ventilation
units.

Table 5. Photocatalytic and architectural integration studies.

Study Focus Material Key finding Suitability for hotels
[9] Franzoni et al. TiO: finishes Lime-based Maintains aesthetics, High
(2014) renders reduces VOCs
[25] Nath et al. (2016) | Renewable Concrete Eco-friendly High

photocatalysts surfaces photocatalysis
[35] Wei et al. (2023) TiO: coatings Building Air pollutant removal Excellent

materials efficiency 85-95%
[27] Papadaki et al. Nanotechnology in Nanocoatings Durability and Moderate
(2018) construction sustainability
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Recent studies are now emphasizing system-level integration and smart control. Liu et al. [21]
introduced triboelectric filtering that uses electrostatic potential for enhanced pollutant capture, a
technique complementary to photocatalysis. Nie et al. [26] demonstrated micro/nano-structured ceramic
fibers with self-cleaning and pollutant tolerance—potentially adaptable for hotel ventilation ducts.
Gondal [10] and Kausar et al. [16] highlighted the role of nanotechnology in air quality management
and policy implications, especially in developing countries where indoor pollution is a critical issue.
Table 5 highlights studies on photocatalytic and architectural integration, showing how these materials
can be incorporated into building surfaces and finishes for sustainable hotel applications. Collectively,
these studies illustrate the evolution of photocatalytic polymer nanocomposites from laboratory
synthesis to practical deployment. The reviewed literature emphasizes not only the scientific
advancement of photocatalytic mechanisms and materials but also their architectural and environmental
significance in achieving sustainable, healthy, and energy-efficient indoor spaces. In hotel applications,
these systems offer continuous purification, aesthetic adaptability, and reduced maintenance—all
crucial for the modern hospitality industry’s commitment to wellness and green operation standards.

ANALYSIS OF REVIEWS

The collective literature on photocatalytic polymer nanocomposites (PPNs) for indoor air purification
reveals a well-defined evolution—from material synthesis and surface chemistry to integration within
architectural and hospitality environments. The reviewed studies [1-37] exhibit a convergence between
materials science, nanophotocatalysis, and sustainable design principles, indicating strong potential for
real-world implementation in hotels and other commercial interiors.

A major analytical theme concerns the transition from TiO2-based UV photocatalysis to visible-light-
responsive systems. Early works such as Athanasekou et al. [4] and Yu & Kim [36] relied on UV-
activated TiO: for pollutant degradation, achieving up to 90% efficiency for VOCs and formaldehyde.
However, these systems were impractical for hotel interiors due to energy demands and limited UV
light indoors. Later studies (Sewnet et al. [31]; Sen et al. [32]; Wei et al. [35]) introduced bandgap-
engineered and doped TiO-, g-CsNa, and CdS-based nanocomposites capable of visible-light activation,
drastically improving operational feasibility under LED or ambient illumination.

The role of polymer matrices has also evolved from simple physical supports to active functional
components. Studies such as Chanklom et al. [5], Ismayil & Varghese [15], and Lou et al. [22]
demonstrated that biodegradable and flexible polymers (PLA, PVA, PVC, PLGA) not only enhance
dispersion of photocatalysts but also provide flexibility, lightweight properties, and moisture resistance.
The interface engineering between photocatalyst and polymer is crucial; silane coupling, surface
oxidation, and electrospinning improved interfacial adhesion and enhanced charge mobility, leading to
better photocatalytic and antibacterial performance [28,30].

From an application standpoint, the research shows a gradual shift toward architectural and
hospitality deployment. Franzoni et al. [9], Nath et al. [25], and Wei et al. [35] applied TiO2 and hybrid
coatings on construction materials like concrete, lime renders, and tiles, ensuring air decontamination
without compromising aesthetics. Similarly, Cies$lak et al. [6] and Yuan et al. [37] explored textile-
based and fiber-integrated nanocomposites suitable for curtains, upholstery, and filters in hotels. The
most recent advances integrate nanostructured membranes and triboelectric filters (Liu et al. [21])
within HVAC systems, indicating a shift toward hybrid mechanical-photocatalytic purification models.

However, challenges persist regarding long-term durability, light penetration, and scalability. Many
studies report degradation of polymer matrices under continuous UV exposure and reduced
photocatalytic performance due to nanoparticle agglomeration or humidity interference. Economic
feasibility is also critical for hotel applications, where retrofitting and maintenance costs influence
adoption. Nonetheless, the transition to visible-light and green nanomaterials, coupled with progress in
electrospinning and additive manufacturing, promises commercial viability in the near term.
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Table 6. Evolution of photocatalyst systems in indoor air purification.

Phase Dominant material Activation Efficiency Key references
source range (%)

Phase [ (2008-2014) TiO: uv 70-90 [9], [12], [36]

Phase II (2015-2020) Doped TiO2, ZnO, CdS UV-Visible 80-95 [19], [25], [31]

Phase IIT (2021-2025) | g-CsN4, Hybrid & Ag-Doped | Visible 85-98 [71, [22], [32], [35]

Table 7. Comparative analysis of polymer matrices in PPNs.

Polymer matrix Advantages Limitation Ideal application References

PLA Biodegradable, Limited heat resistance Wall coatings, [5], [22]
transparent films

PVA Hydrophilic, stable UV degradation risk Air filters, [157, [28]

membranes
PVC Durable, flexible Lower photocatalytic Curtains, panels [15]
permeability

PLGA Biocompatible, strong Costly Coating and [28]

adhesion scaffold layers

Overall, the review indicates a strong interdisciplinary framework: chemistry and physics driving
photocatalyst optimization, polymer science enhancing mechanical stability, and architecture
integrating these materials into sustainable hospitality design.

Table 6 illustrates the evolution of photocatalyst systems in indoor air purification, showing the shift
from UV-driven TiO: systems to visible-light-active hybrid nanocomposites with improved efficiency.

Table 7 provides a comparative analysis of polymer matrices used in photocatalytic polymer
nanocomposites, identifying their advantages, limitations, and ideal hotel-related applications. The
synthesis of photocatalytic polymer nanocomposites bridges the gap between environmental
purification and design-oriented hospitality solutions. Continuous progress in visible-light-active
photocatalysts and sustainable polymer systems marks a critical transformation toward eco-efficient,
low-maintenance hotel environments. The analytical trend suggests that the next generation of materials
will combine photocatalysis with smart monitoring, enabling real-time control of indoor air quality
within luxury and sustainable hospitality infrastructures.

RESULTS AND DISCUSSIONS

The results synthesized from reviewed studies on photocatalytic polymer nanocomposites (PPNs) for
indoor air purification highlight measurable advancements in pollutant degradation efficiency, visible-
light responsiveness, structural stability, and practical applicability in hotel environments. The core
performance parameters analyzed include photocatalytic degradation efficiency, antibacterial activity,
mechanical and thermal durability, and light utilization capacity. The results also underscore how the
integration of doped or hybrid nanocatalysts within optimized polymer matrices enhances both
environmental and architectural performance.

Across studies [1-37], the degradation efficiency of volatile organic compounds (VOCs) such as
formaldehyde, toluene, and benzene has reached 80—98%, depending on the type of photocatalyst and
illumination source. TiO:-based composites, particularly in PLA and PMMA matrices, exhibit excellent
oxidation of pollutants under UV light but show reduced activity under visible light. However, the
introduction of dopants such as Ag, Fe, and N or the combination of TiO. with g-CsN4 and ZnO
significantly improves visible-light activity, achieving nearly 90% efficiency under LED lighting
conditions [5, 7, 22, 31]. These results affirm that bandgap engineering and heterojunction formation
are the most influential factors governing photocatalytic performance in low-light hospitality interiors.
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The antibacterial results reveal that PPNs inhibit up to 95% bacterial colony growth, particularly
when Ag or ZnO nanoparticles are incorporated into the polymer structure [15, 22, 28]. Such dual-
functionality—air purification coupled with microbial resistance—positions PPNs as viable coatings
for hotel walls, curtains, and HVAC filters. The studies by Lou et al. [22] and Yuan et al. [37]
demonstrated that nanocomposite membranes fabricated through electrospinning or dip-coating
effectively eliminate airborne microbes while maintaining air permeability, making them suitable for
aesthetic and functional interior design integration.

Thermal and mechanical stability tests indicate that the use of polymers like PVC, PVA, and PLGA
maintains the coating integrity even after 100 hours of illumination or 20 purification cycles [15, 28,
35]. However, degradation under UV exposure remains a challenge for unmodified biodegradable
matrices such as PLA. Reinforcement with halloysite nanotubes or silica nanoparticles enhances heat
and light stability by up to 40%, ensuring longer material lifespan for hotel use.

Table 8. Comparative photocatalytic efficiency of nanocomposites under various light sources.

Photocatalyst system Polymer matrix | Light source | Pollutant targeted | Efficiency (%) | References
TiO: PMMA uv Formaldehyde 90 [9], [36]
Ag-TiO: PVA Visible Toluene 93 [15], [22]
g-CsN«/TiO2 PLA LED Benzene 89 [31]
CdS—Polymer Triptycene Visible VOC mixture 88 [19]
polymer
Fe20:-TiO: Polypropylene Visible Acetaldehyde 85 [8]
Table 9. Antibacterial and antimicrobial performance of selected PPNs.
Photocatalyst | Polymer type | Test microbe Light type Inhibition efficiency (%) | Reference
Ag-TiO; PVC E. coli LED 95 [15]
ZnO PVA S. aureus UV-Visible 91 [28]
TiO2/g-CsNa4 PLA B. subtilis Visible 88 [31]
Ag—C Polyblend Ambient light | Mixed bacteria 92 [7]
2-CsNa PAN LED E. coli 87 [37]
Table 10. Structural stability and durability of PPNS under operational conditions.
Polymer matrix Nanofiller Stability Degradation Remarks References
duration (h) rate (%)
PLA TiO2 60 20 Moderate UV resistance [5]
PVC Ag-TiO: 100 8 Excellent stability [15]
PLGA TiO: 120 10 High durability [28]
PVA ZnO 80 15 Good humidity tolerance [22]
PMMA Fe20;-TiO: 90 12 Strong adhesion [8]
Table 11. Energy efficiency and light utilization in photocatalytic systems.
Light source Power consumption | Photocatalyst Pollutant Energy efficiency | References
(W/m?) type removal (%) index
UV Lamp 25 TiO2 90 Moderate [9]
Fluorescent 15 ZnO 85 High [14]
White LED 8 g-CsN4/TiO2 89 Excellent [31],[35]
Natural — Ag-TiO2 88 Passive [22]
Daylight
© STM Journals 2026. All Rights Reserved S534
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Table 12. Application-oriented performance of PPNS in hotel environments,

Application area Optimal Function Light Performance References
nanocomposite source outcome

Wall Coatings Ag-TiO./PVC VOC degradation + LED 92% removal [157, [35]
microbial suppression

Curtains/Fabrics g-CsN«/PAN Odor and bacterial control Visible 87% purification [37]

Air Filters ZnO/PVA Dust and VOC oxidation Uv- 91% purification [28], [31]

Visible

Ceiling Panels TiO/PMMA Passive photocatalysis Ambient 85% purification [9]

HVAC Ducts g-CsN4/TiO2 Continuous airflow LED 90% purification [31], [35]
decontamination

Energy analysis results show that visible-light-active systems can be powered efficiently using
standard LED illumination within hospitality environments, consuming less than 10 W/m? of
operational energy—far lower than mechanical air filtration systems [14, 31]. This sustainable
performance supports the principles of green hospitality by integrating purification directly into
decorative and architectural materials, reducing both energy use and maintenance frequency.

Table 8 compares the photocatalytic efficiency of different nanocomposites under various light
sources, confirming that hybrid and doped systems deliver superior pollutant degradation in indoor
environments.

Table 9 presents the antibacterial and antimicrobial performance of selected photocatalytic polymer
nanocomposites, indicating their strong potential for microbial control in hotel interiors. Table 10
summarizes the structural stability and durability of photocatalytic polymer nanocomposites under
operational conditions, demonstrating their suitability for long-term indoor use.

Table 11 compares the energy efficiency and light utilization of photocatalytic systems, showing that
visible-light-activated materials can achieve high purification efficiency with low energy consumption.
Table 12 presents the application-oriented performance of photocatalytic polymer nanocomposites in
hotel environments, identifying the most suitable materials for wall coatings, curtains, air filters, ceiling
panels, and HVAC ducts.
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Figure 1. Comparative photocatalytic efficiency of polymer nanocomposites.
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Figure 3. Structural stability of PPNs under continuous operation.

The compiled results indicate that photocatalytic polymer nanocomposites provide a robust and eco-
friendly solution for maintaining superior indoor air quality in hotels. The combination of visible-light-
active catalysts and durable polymer matrices enables continuous, low-energy purification and
microbial inhibition. Key findings reveal that Ag—TiO»/PVC and g-CsN4/TiO2/PLA composites deliver
the most balanced performance—achieving over 90% pollutant degradation, 95% microbial inhibition,
and excellent structural durability under LED lighting. Energy and cost analyses suggest that these
systems outperform traditional purifiers in lifecycle efficiency. Consequently, visible-light-activated
PPNs hold exceptional promise for scalable integration into hotel infrastructure, fulfilling sustainability
objectives while enhancing guest comfort and hygiene.
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Figure 5. Application specific performance of PPNs in hotel environment.

The comparative results illustrated in Figures 1-5 highlight the superior performance and adaptability
of photocatalytic polymer nanocomposites (PPNs) for indoor air purification, especially in hotel
environments.

Figure 1 shows that visible-light-active composites like Ag-TiO2/PVA and g-CsN4/TiO2/PLA
achieve higher degradation efficiency (=90-93%) than conventional UV-active TiO2, proving the
effectiveness of doped and hybrid catalysts under indoor lighting.

Figure 2 reveals antibacterial efficiencies exceeding 90% for Ag—TiO»/PVC and Ag—C/Polyblend,
confirming the dual function of these materials in microbial suppression and pollutant removal—critical
for maintaining hygiene in hospitality spaces.
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Figure 3 compares the durability of various polymer matrices, showing PLGA/TiO: and PVC/Ag—
TiO:> with the highest stability (100—120 hours), ensuring long-term performance in humid or light-
exposed environments.

Figure 4 correlates energy consumption with pollutant removal efficiency, demonstrating that LED-
based systems provide optimal balance—achieving ~89% purification at less than 10 W/m?, supporting
energy-efficient hotel operations.

Finally, Figure 5 highlights application-specific results, where wall coatings and air filters achieve
the highest overall performance (above 90%), while fabrics and HVAC ducts maintain strong secondary
purification functions. Together, these results confirm PPNs as versatile, sustainable, and high-
performing materials for smart, clean, and green hospitality environments.

CONCLUSION AND RECOMMENDATIONS

The comprehensive review and comparative analysis of photocatalytic polymer nanocomposites
(PPNs) for indoor air purification reveal their transformative potential in achieving sustainable,
hygienic, and energy-efficient environments—particularly in hospitality settings such as hotels. The
collective findings across literature, tables, and figures demonstrate that these hybrid materials
effectively bridge the gap between nanoscience, polymer engineering, and architectural design to
deliver continuous, passive purification without significant maintenance or energy costs.

The first major conclusion concerns photocatalytic efficiency and light adaptability. Traditional TiO»-
based systems exhibit high performance under ultraviolet (UV) illumination, but their limited response
to visible light restricts indoor applicability. Through extensive experimentation with doped and hybrid
catalysts—such as Ag-TiO2, Fe:0:—TiO:, and g-CsN4/TiO>—tesearchers have achieved significant
improvements in visible-light activation. These modifications enhance bandgap narrowing, increase
electron—hole separation, and extend activity into the LED-light spectrum commonly used in hotel
interiors. As reflected in the comparative results, visible-light-active composites now achieve
degradation efficiencies approaching 90-93%, proving their suitability for enclosed hospitality
environments.

The second conclusion relates to dual functionality: photocatalytic purification and antimicrobial
defense. Composites like Ag—TiO2/PVC and ZnO/PVA not only degrade volatile organic compounds
(VOCs) such as formaldehyde and toluene but also demonstrate bactericidal efficiencies above 90%,
effectively eliminating E. coli and S. aureus. This multifunctionality is critical in hotels where microbial
contamination, odors, and chemical residues can directly impact guest comfort, safety, and brand
perception. The ability of these materials to maintain air hygiene without chemical sprays or frequent
filter replacement contributes to a healthier, low-maintenance indoor environment.

Thirdly, polymer matrix selection and stability play a defining role in real-world deployment. The
review indicates that polymers such as PVC, PLGA, and PV A provide structural durability, flexibility,
and thermal stability over extended operational hours. Surface modification techniques—such as silane
coupling and electrospinning—improve nanoparticle dispersion and adhesion, enhancing mechanical
strength and long-term reliability. Biodegradable options like PLA and PVA align with eco-friendly
design mandates, while robust matrices like PVC ensure practical resilience under hotel operation
conditions, including humidity and cleaning cycles.

A fourth insight concerns energy and operational efficiency. Unlike conventional mechanical air
purifiers that consume 20-50 W/m?, visible-light-activated PPNs operate effectively under standard
LED illumination with less than 10 W/m? energy input. The integrated approach—using decorative
coatings, air filters, curtains, or HVAC linings—ensures distributed purification throughout indoor
spaces without dedicated equipment. This not only lowers energy expenditure but also supports green
hospitality initiatives and environmental certification programs (e.g., LEED, Green Globe).
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Finally, application-oriented results confirm that PPNs are adaptable across multiple hotel interior
components. Wall coatings and ceiling panels achieve the highest VOC and odor removal rates (>90%),
while fabrics, filters, and duct linings maintain secondary purification and antibacterial functions. The
synergy of aesthetic design and environmental purification fulfills both functional and experiential
expectations of modern hospitality spaces.

In conclusion, photocatalytic polymer nanocomposites represent a paradigm shift in indoor air
management, merging advanced material science with sustainable architectural design. The evolution
toward visible-light-responsive, durable, and multifunctional nanocomposites makes them ideal for
hotels aiming to balance luxury, health, and environmental responsibility. Future research should focus
on real-time monitoring systems, scalable manufacturing, and life-cycle assessment to ensure
commercial readiness and long-term integration into smart, eco-conscious hospitality infrastructures.
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