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polypropylene. The typical raw material used to produce 

N95 mask is polypropylene which is similar to surgical mask 

(Barycka 2020). The ear loops of face masks were made of 

natural and synthetic polyisoprene (i.e. latex-free) rubber 

(Santarsiero 2020). 

Recycling of face masks 

The two ways of recycling face masks are primary recycling 

and secondary/chemical recycling. Primary recycling is the 

reuse of the product in their original structure. In the secondary 

recycling the masks can be re-melted or disintegrated 

chemically (Lackner 2015). The literature related to primary 

and secondary recycling methods of face masks are 

discussed. 

Primary Recycling 

Douglas (2021) conducted experiments by adding fixed 

amount (30oz and 50oz) of shredded mask with concrete 

cylindrical specimen and found that the workability and 

compressive strength decreases compared to conventional 

concrete and suggested that the amount of quantity added 

with concrete need to be reduced. Koniorcyz (2022) added 

1 mask per liter of concrete and found that the compressive 

strength is increased by 5% and tensile strength by 3% 

compared to conventional concrete. Also, it is mentioned 

that the addition of fibers into concrete did not affect the 

material property related to the durability of concrete as frost 

resistance, water permeability and fire performance band. 

Koniorcyz concludes that further research is required to find 

the quantity of the mask to be added with concrete. Li et al. 

(2022a) pretreated the face mask with graphene oxide and 

mixed in the cement paste. It is found that 0.1 % of face 

mask with respect to volume of the cement paste increased 

in the tensile strength by 4 7% but compressive strength 

decreased by 3% at 28 days compared to conventional 

cubes. Castellote et al. (2022) added 5% of the face mask 

with respect to weight of the cement in mortar cubes. It is 

found that the compressive and flexural strength of the cube 

is less than the conventional. From the literature, the quantity 

of the face mask to be added with the cement/concrete plays 

a significant role. There is no literature related to the effect of 

ear string in the cement. This paper aims to fill this gap to fix 

the percentage of face mask, ear strings and the effect of use 

of ear string in the cement mortar cubes. 

Secondary Recycling 

This part discusses the work done by researches on 

secondary recycling. Al-Salem et al. (2017) and Qin et al. 

(2018) disposed PPE by thermochemical process which 

increases air pollution. As per Zhao and Wang (2018) 

thermolysis of polymers such as polyvinyl chloride releases 

toxic chemicals such as dioxins. Jung et al. (2021) tried to 

dispose the face masks by pyrolysis using Ni/ SiO 
2 
as catalyst 

under certain temperature range in the atmosphere ofN
2 
or 

CO
2

. Li et al. (2022b) reported that surgical masks can be 

converted into a burnable fuel having high heating value by 

pyrolysis process which can be used to generate electricity 

or in other applications. 

Knicker (2022) reported that pp-based disposal face masks 

can undergo biodegradation by microorganisms at a low rate, 

which causes accumulation of degraded mask residues in 

the soil. It causes environmental pollution as does by 

microplastics from other resources. The earlier literature 

requires either use of energy or leave carbon foot print in the 

environment. An effective solution for disposal of face mask 

using common chemicals are studied in this paper. 

Materials and Methods 

In this study primary and secondary recycling methods are 

tried for the possible disposal and recycling of personnel 

protective (PP) face masks. In the primary recycling method, 

the face masks and ear strings are added with cement as 

construction materials. In the secondary recycling method, 

the face masks and the ear strings are subjected to different 

chemicals for possible decomposition. 

Four different types of facemasks and their ear strings are 

selected for the chemical decomposition and possible reuse 

in the cement blocks. The three-ply blue face mask, 2ply 

black face mask, 3ply printed face mask with nose string 

and 3ply blue face mask without nose string are labelled as 

mask 1, 2, 3 and 4 respectively in this study (Fig. I). 

Mask I Mask2 Mask 3 Mask 4 

Fig.1. Types of masks 

For chemical decomposition, the masks are cut into small 

pieces without separating the layers. The average size of the 

mask pieces is 15mm x 15mm and the average length of ear 

string is 15 mm. The effect of chemicals on the face masks 

and ear strings are studied using10%, 20% and 40% 

concentrations of acid, alkali and alcohol. The chemicals 





30 Shaukat Khan & Fatima Kaafil 

B2.Mask2 

The layers of the mask remain intact in sulfuric acid on 20th

day. Few black particles of the mask separate out in 40% 

sulfuric acid solution and separation oflayers are seen in 

20% sulfuric acid on 30th day and it remains same till 70th

day. The fabric disintegrates into small particles in 40 % 

sodium hydroxide on 20th day and more disintegration are 

observed till 50thday. The fabric becomes brittle and started 

to break into pieces when kept in 40 % dilution of sodium 

hydroxide for further 20 days. Significant changes are not 

observed on mask 2 in 10% and 20 % dilution upto till fifty 

days. Later the fabric of the mask becomes soft and weak 

when kept for further twenty days. 

B3.Mask3 

The mask remains unaffected in all dilutions of sulfuric acid 

and ethanol though only layers are separated in 40 % dilution 

after 30 days and there is no further change till 70th day. In 

sodium hydroxide the layers are separated in 10% and 20 

% dilution on 20th day. In 40% dilution of sodium hydroxide 

the printed outer layer of the mask disintegrated into small 

particles when observed on 20th day whereas the middle 

layer and the inner layer remains unaffected. The disintegration 

further increased when kept for the next 3 0 days and the 

outer layer of mask decomposed completely in 40 % dilution 

of sodium hydroxide. In 20 % and 10 % dilutions of sodium 

hydroxide the decomposition started from 30th day and there 

is complete decomposition after 50 days in 20% dilution 

and it took 70 days to decompose completely in 10% dilution. 

B4.Mask4 

The layers are separated in all dilutions of sodium hydroxide 

after 30th day and in acid it took 50days to show the same 

effect. There is no further disintegration of mask 4 in any of 

the three reagents even after 70 days. Table 1 and 2 shows 

the effect of acid and alkali on types of face masks and their 

strings after 20thday, 30th day, 40th day and 70th day. 

Table 1. Effect of different percent dilution of acid on face masks and ear strings 

Chemical Number Maskl Mask2 Mask3 Mask4 Strings 

Reagent of days 

1. 40% Acid 20 Days No Very less No No No 

30 days No Less Less No No 

50 Days Very less Less Less Very less Very less 

70 Days Very less Less Less Less Less 

2 20% Acid 20 Days No No No No No 

30 days No Less No No Very less 

50 Days Less Less No Less Very less 

70 Days Less Less No Less Less 

3 10% Acid 20 Days No No No No No 

30 days No No Very less No Very less 

50 Days Very less No Less Less Very less 

70 Days Less No Less Less Less 
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