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Abstract – This mini-review explores the role of nanotechnology in biodegradable facial masks, focusing on nanofibers and 

nanoparticles. Nanofiber-based masks improve skin adhesion, enhance ingredient release, and promote moisture retention, 

while nanoparticles contribute antioxidant and anti-inflammatory properties, extending the shelf life of active compounds. The 

environmental impact and biodegradability of these materials are discussed alongside challenges such as cost, durability, and 

safety concerns. Future directions include optimizing manufacturing techniques, improving cost-effectiveness, and integrating 

smart skincare features. This review highlights the transformative potential of nanotechnology in developing effective and eco-

friendly skincare masks.  
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1. Introduction 

Nanotechnology is revolutionizing the skincare industry, 

particularly through the development of biodegradable face 

masks [1] . These masks, incorporating nanofibers and 

nanoparticles, offer enhanced skincare benefits while 

promoting sustainability[2, 3]. Nanofiber-based masks 

improve skin adhesion, ensuring prolonged contact with 

active ingredients, while also enhancing moisture retention 

[4]. Additionally, their structural properties allow for the 

incorporation of beneficial compounds like antioxidants and 

hydrating agents, further boosting skincare efficacy[5-7]. 

Nanoparticles play a crucial role in skincare masks by 

improving the penetration of active ingredients into deeper 

skin layers[8]. Their small size facilitates better absorption, 

increasing the effectiveness of treatments. Furthermore, 

nanoparticles exhibit antioxidant and anti-inflammatory 

properties, making them valuable additions to skincare 

formulations[9]. These innovations contribute to the growing 

demand for eco-friendly and biodegradable cosmetic 

products, addressing concerns about environmental impact 

and sustainability. 

The incorporation of nanotechnology into biodegradable 

skincare masks presents a significant advancement in 

cosmetic science. These masks not only offer superior 

skincare benefits but also align with the increasing preference 

for sustainable beauty solutions [10]. By utilizing 

biodegradable materials such as natural polymers and plant-

derived compounds, these masks provide an eco-conscious 

alternative to conventional skincare products, reducing waste 

and minimizing pollution [11-13]. 

This review explores the role of nanotechnology in 

biodegradable skincare masks, focusing on their benefits, 

material properties, and environmental impact. It evaluates 

the effectiveness of nanofiber and nanoparticle-based masks, 

comparing their strengths and limitations in skincare 

applications. Additionally, the review discusses challenges 

related to production costs, material durability, and consumer 

safety while identifying emerging trends and innovations in 

the field. Future research directions are also highlighted, 

emphasizing the need for improved sustainability, cost-

effectiveness, and regulatory considerations in developing 

next-generation skincare solutions. 

Ultimately, this study underscores how nanotechnology-

driven biodegradable masks have the potential to 

revolutionize skincare by offering highly effective, 

environmentally friendly, and personalized treatments [14-

17]. As the demand for sustainable beauty products continues 

to rise [18], the integration of nanofibers and nanoparticles 

into skincare formulations represents a promising step toward 

a more responsible and efficient cosmetic industry. 

 

2. Nanofiber-Based Biodegradable Skincare 

Masks 

2.1. Properties and Benefits 

Nanofibers, with their high surface area-to-volume 

ratio, provide excellent adhesion, sustained ingredient 

delivery, and improved moisture retention [19-22]. They 

closely mimic the skin barrier, allowing for effective 

hydration and enhanced active ingredient absorption [17, 

23]. Table 1 provides a comparative analysis of nanofiber 

masks and traditional masks, demonstrating their superior 

properties in adhesion, hydration, and ingredient release. 

This mini-review highlights the advancements, challenges, 

and future potential of nanofiber and nanoparticle-based 

biodegradable skincare masks[24]. Nanofiber masks 

exhibit prolonged hydration retention, enhanced 

penetration, and controlled ingredient release, making 

them superior to traditional masks as depicted in Figure 1. 
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2.2. Common Materials and Manufacturing 

Nanofiber masks are made from biodegradable polymers 

such as polyvinyl alcohol (PVA), silk fibroin, and chitosan, 

known for their biocompatibility and skincare benefits [34]. 

Electrospinning remains the most common manufacturing 

method, offering precise control over fiber properties [35]. 

Needleless electrospinning and melt-blown extrusion are 

emerging as scalable alternatives. Studies have indicated that 

these techniques allow for mass production while 

maintaining the intricate nanostructure necessary for effective 

skincare delivery [36]. 

 

3. Nanoparticle-Based Biodegradable Skincare 

Masks 

3.1. Benefits and Mechanisms 

 Nanoparticles enhance the penetration of active 

ingredients, ensuring deep skin absorption [36, 37]. 

Additionally, gold, silver, and zinc oxide nanoparticles offer 

antioxidant, antimicrobial, and anti-inflammatory benefits, 

contributing to improved skin health and longer-lasting mask 

efficacy[38, 39]. Research has demonstrated that 

nanoparticle-infused masks significantly improve ingredient 

stability and bioavailability. 

3.2. Biodegradability Considerations 

To maintain sustainability, nanoparticles are integrated 

into biodegradable matrices such as plant-based polymers 

[40, 41]. However, challenges remain in ensuring complete 

biodegradability and minimizing environmental toxicity. The 

effectiveness of these biodegradable carriers in reducing 

nanoparticle accumulation in the environment is an ongoing 

area of research [42-44]. Research is currently focused on 

optimizing nanoparticle formulations to ensure that they 

break down efficiently while retaining their functional 

properties in skincare applications [15, 45, 46]. Advanced 

biodegradable nanocarriers, including polysaccharide-based 

and protein-based systems, have shown promise in reducing 

the long-term impact of nanomaterials on ecosystems. 

Additionally, efforts are being made to integrate bio-inspired 

strategies that mimic natural degradation pathways, 

enhancing the eco-friendliness of nanoparticle-based 

masks[8, 47]. Future innovations will likely emphasize the 

development of nanoparticles that degrade completely into 

non-toxic byproducts, aligning with global sustainability 

goals and ensuring minimal environmental footprint [48].  

4. Advancements in Nanotechnology for Next-

Generation Biodegradable Face Masks 

 

The rapid advancements in nanotechnology have 

revolutionized the skincare industry, particularly in the 

development of biodegradable face masks[49]. Nanofibers 

and nanoparticles offer superior properties compared to 

traditional mask materials, enabling enhanced adhesion, 

sustained release of active ingredients, and deeper penetration 

of bioactive compounds into the skin[50]. Recent research 

has demonstrated that incorporating nanofiber and 

nanoparticle technology into face masks significantly 

improves their efficacy, making them more beneficial for 

both skincare and environmental sustainability [51]. 

 

Nanofiber-based masks are gaining popularity due to their 

ultra-thin, lightweight structure and high surface area-to-

volume ratio, which allows for excellent skin adhesion and 

controlled ingredient release[52, 53]. Studies have shown that 

electrospun nanofibers made from biodegradable polymers 

such as polyvinyl alcohol (PVA), silk fibroin, and chitosan 

not only provide hydration but also mimic the skin barrier, 

allowing for prolonged absorption of beneficial 

compounds[42, 54]. Additionally, research has highlighted 

the role of functionalized nanofibers infused with vitamins, 

peptides, and plant extracts in improving skin regeneration, 

reducing inflammation, and promoting wound healing[23, 

55]. 

 

Nanoparticle-based face masks have also emerged as a 

breakthrough innovation, offering targeted skin treatment 

through precise delivery mechanisms[56]. Gold nanoparticles 

have been widely studied for their anti-aging properties, as 

they enhance collagen synthesis and reduce oxidative stress. 

Silver nanoparticles, known for their antimicrobial effects, 

have been incorporated into facial masks to prevent bacterial 

infections and improve skin health [57-59]. Zinc oxide 

nanoparticles provide UV protection and exhibit soothing 

properties, making them ideal for face masks designed for 

sensitive or acne-prone skin [60]. Plant-based nanoparticles, 

derived from herbal extracts, have demonstrated promising 

antioxidant and moisturizing effects, further enhancing the 

functionality of nanotechnology-driven face masks [61]. 

 

Despite these advancements, challenges such as high 

production costs, regulatory concerns, and potential long-

term effects of nanomaterials on the skin remain areas of 

active research. Studies continue to focus on optimizing 

manufacturing techniques, improving the biodegradability of 

nanofiber and nanoparticle-based masks, and ensuring their 

safety for long-term use. With ongoing developments in 

green nanotechnology and smart biomaterials, the next 

generation of face masks will likely integrate responsive 

nanomaterials capable of adapting to individual skin needs, 

offering personalized skincare solutions while minimizing 

environmental impact. 

 

5. Conclusion and Future Directions 

 

This review has discussed the application of 

nanotechnology in the synthesis of bio-degradable skincare 

masks, especially identifying the developments made in 

nanofiber and nanoparticles. Some of the findings suggest 

that masks made of nanofiber stick better to the skin, 

distribute active ingredients more effectively, and retain 

moisture better than traditional materials, while nanoparticles 

also act as antioxidants and anti-inflammatories, and preserve 

skincare compounds. But issues including cost of production, 

the durability of the material, and safety concerns, are still 

present. Concern with sustainable and biodegradable 

products is constantly increasing and affecting the market as 

it stimulates the development of new materials that are more 

sustainable and cheaper. The future enhancement will enrich 

the functions of this novel mask in terms of individualized  
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Table 1: Performance Comparison of Traditional and Nanofiber Skincare Mask 

 

Feature Traditional Masks Nanofiber Masks References 

Material Composition Cotton, hydrogel, cellulose Biodegradable polymers (PVA, silk fibroin, chitosan) [25, 26] 

Skin Adhesion Moderate, may shift during use High, conforms to facial contours [10, 27] 

Hydration Retention Temporary, dries out quickly Long-lasting moisture retention  [28]       

Ingredient Release Rapid, uneven distribution Controlled, sustained release of actives [29, 30] 

Breathability Limited, may cause discomfort High, allows air circulation and prevents irritation [31] 

Environmental Impact Varies, often non-biodegradable Biodegradable, eco-friendly materials [23] 

Active Penetration Superficial, limited absorption Deep penetration, enhanced bioavailability [32] 

Comfort & Fit May be loose, not adaptable to all face 
shapes 

Soft, flexible structure that adapts to skin [20, 33] 

Production Cost Lower due to simple materials Higher due to advanced nanotechnology [7] 

Material Composition Cotton, hydrogel, cellulose Biodegradable polymers (PVA, silk fibroin, chitosan) [24] 

 

 
 

Figure 1.Benefits of using nanofiber skincare Masks. 
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Figure 2. Benefits of using nanofiber skincare Masks. 

 

 

 

 

 
Table 2: Performance Comparison of Traditional and Nanofiber Skincare Masks 

Nanoparticle Type Functionality & Benefits References 

Gold Anti-inflammatory, anti-aging [25, 26] 

Silver Antibacterial, wound healing [10, 27] 

Zinc Oxide UV protection, antimicrobial  [28]       

Plant-Based Moisturizing, antioxidant [29, 30] 



 

 

skincare elements, the alteration of the main composition 

to biodegradable materials, and the improvements in the 

manufacturing technologies of these masks. 

 

The applicability of nanotechnology in skincare masks is 

one of the most important opportunities that can change 

the market for the better, as it provides consumers with 

actual problem-solving and more environmentally friendly 

products. As material science and manufacturing 

technology continue to improve to provide the best-

performing and cost-effective solutions, more efforts are 

needed to understand the biodegradation characteristics of 

these products given the increasing concern for green 

beauty products. In addition, the integration of smart 

skincare features can open the door to a range of highly 

personalised treatments to enhance the users’ experience. 

Finally, the further development and improvement of the 

nanofiber and the nanoparticle masks not only will 

determine the future of the skincare industry but also will 

provide the customer with better results and will be 

environmentally friendly. 
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