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Abstract

During the COVID-19 pandemic, personal protective equipment (PPE) has
become crucial to protect humans from the transmission of the virus. The
face shield is a simple and effective PPE to prevent the viral and bacterial
contact. Since COVID-19 is known to be spread via respiratory droplets, the
face shield has become increasingly important PPE. However, the common
materials used in face shields are synthetic, environmentally unfriendly po-
lymers, which cause an accumulation of plastic waste once disposed. Cellu-
lose acetate (CA) can be used as an alternative for face shield films due to its
ability to decompose safely in the environment; however, pristine CA cannot
serve as an effective face shield due to its low hydrophobicity. In this research,
the somewhat hydrophilic character of CA with a water contact angle of 55° is
experimented on: hexamethyldisilazane (HMDS) is utilized to improve the
hydrophobicity of CA up to a water contact angle of 77°. After the oxidization
of the surface of CA via oxygen plasma, implementing HMDS shows a signif-
icant increase in hydrophobicity of the film.
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1. Introduction

The current COVID-19 pandemic has greatly impacted our daily lives. As of July
15, 2020 in the United States [1], the virus has infected more than 3.5 million
people and caused nearly 140 thousand deaths. While States are gradually reo-
pening local stores and restaurants since June 2020, wearing PPE such as face
masks and gloves has been strongly recommended or is even mandatory in order

to go to public places. PPE is particularly significant to protect healthcare work-
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ers and workers in public and commercial service sectors. For example, the
nurses who are treating COVID-19 patients must wear both medical masks and
face shields in order to treat them. As long as the pandemic continues, the de-
mand for face shields is expected to increase.

The face shield is a simple, easily accessible item to cover up the face from
unsanitary substances in the environment. The main component (shield) is
made of polymer films; polyethylene terephthalate (PET), polycarbonates (PC),
and polyvinylchlorides (PVC) are widely used as face shields. These polymers
are major materials in the current market. Although these successfully protect
saliva droplets from COVID-19 patients, these films do not last long from disin-
fection procedures. In addition, they become plastic waste in the end. According
to news articles [2], the pandemic causes surges in global plastic waste and this
trend could be permanent. For decades, plastic waste has been a significant issue
in our society; therefore, the efforts to reduce plastic waste are necessary.

Among the aforementioned face shield materials, another candidate is CA
film. In digital projector technology, CA is used in the manufacture of overhead
projector transparencies. Unlike the aforementioned commercial face shield
films, CA is a natural polymer, which is biodegradable and environmentally
friendly. Therefore, CA waste can be buried in soil or water to safely decompose
overtime [3]. Indeed, this is the major advantage of using CA as disposable face
shield.

Although the face shield based on CA is commercially available, there are im-
portant considerations about the surface property of CA compared with other
polymers such as hydrophobicity, optical transparency, antibacterial/antiviral
property, and processability. Recent reports suggest that the hydrophobic coat-
ing on common surfaces may reduce the transmission of COVID-19 [4]. There-
fore, the motivation of this research is how to improve the hydrophobicity of CA

film while retaining the original optical transparency.

2. Experimental

The CA film (Transparency sheet, HP) and Hexamethyldisilazane (HMDS, elec-
tronic grade, Electron Microscopy Sciences) was purchased from Amazon.com
and used as received. The CA film was treated with an oxygen plasma cleaner for
10 minutes to activate hydroxyl (OH") groups in the CA surface. To coat the
HMDS, the solution was drop-casted onto the CA surface and dried in the air for
30 minutes. The water contact angle was measured by a custom-built goniome-

ter and the data was analyzed by using the software Image] [5].

3. Results and Discussion

The hydrophobicity of polymer films can be analyzed by the measurement of the
contact angle with the water droplets on the surface. Based on literature reviews
[6] [7] [8], Table 1 shows the static contact angle of three polymers mainly used

in the manufacturing of face shields in the market.
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Table 1. Water contact angle (static) of common polymer films for face shield.

Polymer (Pristine) Water contact angle (static)
Polyethylene Terephthalate (PET) 70.6° - 75.0° [6] [7] [8]
Polycarbonate (PC) 84.3° - 84.4° [7] [8]
Polyvinylchloride (PVC) 72.0°-76.3° [6] [7]
Cellulose Acetate (CA) ~55.0°

In Table 1, the first three polymer films show slight hydrophilic character be-
cause their water contact angle is less than 90° [9]. However, the CA film shows
a higher degree of hydrophilicity; therefore, the hydrophobicity of CA films
needs improvement. The typical image of a water droplet on the CA film used in
this experiment is shown in Figure 1(a) (Pristine CA). In principle, the contact
angle is estimated from the image between the horizontal surface and the tan-
gent line from the left corner. The average contact angle from 10 different spots
is 55.2° (£0.7). To promote the hydrophobicity of the CA film, a coating of
HMDS, which is typically used in silicon microfabrication process to prepare
hydrophobic surfaces, was applied. HMDS forms a hydrophobic layer from its
abundance of methyl groups. In Figure 1(b), HMDS was drop-casted onto the
pristine CA film without any treatment. After completely drying the HMDS so-
lution in the air for 30 - 60 minutes, the water contact angle was measured.
However, unlike the expectation to improve the hydrophobicity of CA, the re-
sults indicated that the contact angle was similar to the pristine film, suggesting
that HMDS coating is not effective.

In order to modify the pristine CA surface, an oxygen plasma treatment was
utilized to oxidize the CA film. Previous reports [10] [11] suggested that oxygen
plasma treatments can oxidize polymer surfaces and facilitate surface functiona-
lization with various molecules. In fact, HMDS chemically binds its silicon atom
to the oxygen by releasing ammonia moieties and then the surface can be stably
modified by methyl groups [12]. After treating the CA film with oxygen plasma
for 10 minutes, the improved wetting property was observed as shown in Figure
1(c). The water contact angle was decreased to 43.7° (+3.3), suggesting that the
CA surface was oxidized and became hydrophilic. The increase in hydrophilicity
is due to the abundance of polar hydroxyl groups. The HMDS was then
drop-casted onto the oxidized CA film and dried in the air. The water contact
angle significantly increased to 77.1° (+3.3).

In Figure 1(e), the stability of HMDS was tested. The HMDS coated CA sur-
face was stored under ambient conditions for one week and remained at a simi-
lar level of hydrophobicity at 78.8° (+3.8), indicating that the outside environ-
ment did not influence the properties of HMDS. The results clearly show that
prior oxidation by oxygen plasma and subsequent HMDS modification can
therefore improve the hydrophobicity of CA film in order to achieve water con-
tact angles similar to other polymer films of face shields.

Another important property for the face shield is its optical transparency. Fig-

ure 2 shows the photograph of the CA films in three different surface treatments:
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Figure 1. The water contact angle of each treatment: (a) pristine CA, (b) hydro-
phobic HMDS coating on pristine CA without prior oxidation, (c) after oxygen
plasma treatment for 10 minutes, (d) HMDS coated on oxygen plasma treated
CA film, and (e) HMDS coated CA after 7 days under ambient condition. Water
contact angle was analyzed by custom-built goniometer.
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Figure 2. Transparency comparisons between: (a) pristine CA film, (b) O: plas-
ma treated CA film, and (c¢) HMDS coated CA film after O, plasma treatment.

(a) the pristine CA film, (b) after 10 minutes of oxygen plasma, and (c) drop
casted HMDS. There is no significant change in the optical transparency during
the treatments; therefore, the CA modification process preserved the optical
property of the film. For future research, spectrophotometer analysis should be

performed to calculate the optical transparencies of each treatment.

4. Conclusion

The face shield has become a crucial element of PPE during the COVID-19
pandemic. The major material for the face shield is polymer films. There has
been an increased attention to plastic waste because it is not environmentally
friendly. Unlike common face shield polymer films, CA is a biodegradable natu-
ral polymer and one of the candidates for face shield manufacturing. However,
the hydrophobicity of CA surface needs to be improved. The HMDS coating
with oxygen plasma improved the CA film’s hydrophobicity while retaining its
optical transparency. Further research could include coating super-hydrophobic

molecules, controlling porosity, and investigating antibacterial/antiviral activity.
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