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Construction of 3D Printed Masks, Face shields and Disinfection Booth for COVID-19 Community Relief Efforts
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Abstract

Since the beginning of March 2020, the World Health Organization (WHO) has declared the novel coronavirus (COVID-19) outbreak a global pandemic. While the crude mortality rate, as well as the morbidity associated with COVID-19, has rapidly increased worldwide, yet neither therapeutics nor vaccinations have been proven to treat or prevent this contagious disease. Because this novel coronavirus can spread easily and sustainably through person-to-person close contact, primarily in respiratory droplets from infected individuals, or contact with contaminated surfaces, the global outbreaks have growth at an exponential rate. Besides practicing personal hygiene, maintaining social distance (about 6 feet) is essential to decrease the possibility of being infected or spreading COVID-19. Many countries have slowed down the COVID-19 transmission by population-level physical distancing measures and movement restrictions, often referred to as “shutdowns” and “lockdowns.” However, these measures have negatively affected the national economy and society. They might cause a widespread socio-economic recession. Thus, a transition away from such restrictions has been urgently necessary for countries to enable the resumption of economic and social life partially, while suppressing the disease transmission at a low level. However, there have been multiple obstacles associated with the transition phase. As community-wide mask-wearing has been proven to slow down the transmission by blocking the shedding of respiratory droplets, there has been a shortage in surgical face mask products, especially for the medical personnel. To relieve this shortage, we have applied the 3D printing technique to print facemask and face shields with 3D printing materials. Furthermore, infectious respiratory droplets lasting on surfaces can also transmit the virus. Consequently, to reduce the contact with the contaminated surfaces, a disinfection booth has been constructed in order to minimize the individual contaminated rate on surfaces such as clothes and shoes.

Introduction	

In December 2019, clusters of reported cases of the novel coronavirus SARS-CoV-2 (COVID-19) in Wuhan quickly gained worldwide public attention. Shortly after the COVID-19 outbreak became an epidemic in China and then spread globally, it has become a global pandemic since the beginning of March 2020, declared by WHO. While several countries have attempted to slow the spread of the disease, the crude mortality and morbidity rate has rapidly soared. As this contagious virus can transmit easily and sustainably through 


respiratory droplets of infected individuals or contacting contaminated surfaces, the COVID-19 pandemic has been growing at an exponential rate, yet neither vaccinations nor therapeutics have been verified to prevent or treat this contagious disease successfully. During the beginning of the COVID-19 global breakout, many countries all over the world have applied the nationwide physical distancing measurements, such as “shelter-in-place,” “social distancing” and even “lockdowns” in order to slow down and minimize the community spread. While some countries still remain “lockdowns,” most of countries have moved towards the transition phase, often referred as “new normal,” in order to avoid socio-economic recessions. Besides remaining hand hygiene and disinfecting frequently touched surfaces, wearing face covering is a highly recommended preventive measurements to eliminate any bigger outbreak during the transition phase. 
Global governments, the United States included, issued the official recommendation to wear facemasks when leaving home and in public places. In January 2020, the World Health Organization (WHO) published the Interim Guidance which provided a general, but confusing, advice on wearing merely medical masks in affected areas to keep individuals from infection with respiratory viruses, including COVID-19. There has been a severe shortage in supply of surgical face masks for the most exposed personnel which are frontline healthcare and community workers, even though WHO eventually modified its recommendations on the use of fabric masks in general public. While WHO and public health agencies across the world have been working together to clarify effectiveness and efficiency of nonmedical masks, a prioritization and rationalization of the distribution of personal protective equipment (PPE) such as medical masks is critical to ensure the protection of public healthcare professionals and frontline community workers. Amidst the rising of COVID-19 globally, 3D-printed filtering facepiece respirators (FFR) made of generic filaments have been designed and printed to ease the shortage of general medical masks.
On the other hand, the Centers of Disease Control and Prevention (CDC) also released the statement on the possibility of fomite transmission in May 2020. In other words, infectious respiratory droplets can last on surfaces which causes the surfaces contaminated, thus possibly leading to the disease transmission to human through touching those surfaces and then touching their own mouth, nose, or possible their eyes. As a result, cleaning and disinfecting highly-touched surfaces is vital to reduce the risks in all situations associated with the transmission of the contagious respiratory viruses generally and COVID-19 specifically. A disinfection booth has been designed and constructed in order to contribute to the community relief in the transition phase by minimizing the possibility of being exposed to the disease through contaminated surfaces, focusing on clothes and shoes in this case.

Literature Review

Several studies have been conducted to investigate and report on the infection control since 2013 the severe acute respiratory syndrome (SARS) outbreak (Wei & Li, 2016, Chen et al., 2020, Brankston et al., 2020, Liang et al., 2020). In fact, short-range airborne route has been the most potential transmission associated with respiratory disease viruses such as SARS-CoV-2, which means that the spread of those viruses from human-to-human often happens among close contact (within 6 feet) with infected subjects through droplets (CDC). Significantly, even mildly ill and asymptomatic infected subjects were reported to be able to transmit the SARS-CoV-2 (Bai et al., 2020, Klompas et al., 2020). Face covering has been recommended to general public, both symptomatic and asymptomatic, especially in countries moving towards transition phase after lockdowns. Consequently, universal masking in general public has been associated with a lower rate of the positivity among the community. Notwithstanding, while fabric facemasks have been taken into account by health agencies and researchers worldwide on its effectiveness of multiple respiratory diseases prevention (Macintyre et al., 2015, Ho et al., 2020, Davies et al. 2020), there has been little to no evidence to prove that fabric masks can be an alternative to medical masks for protection of health workers. Thus, both healthcare and community frontline workers rely on specialized facemasks which are PPE or FFR to protect themselves and patients from getting the viruses and infecting others (Wang et al., 2020, Macintyre & Chughtai, 2020). Although WHO and CDC have advised general public to limit and rationale the use of PPE such as surgical facemask and filtering facepiece respiratory (FFR) such as N95 face masks in their Interim Guidance, the shortage of those PPE and FFR has soared due to panic buying (WHO, 2020, Secon, 2020). Taken that into account, we have adopted the innovative technology, which is 3D-printer with generic filaments, to construct the design of facemasks integrated with the filter which can meet the requirements of the filtration and breathability. With that being said, this method is proposed to ease the shortage in supply of medical masks for local healthcare worker sufficiently.
Moreover, CDC has reported that COVID-19 can live on surfaces where people frequently touching and be transmitted to subjects by the fact that subjects touch their mouth, eyes and nose, which considers fomite transmission a possible transmission. Although there has been little data supporting fomite transmission as a main way the SARS-CoV-2 spreads, a cluster of COVID-19 cases has been associated with touch the contaminated surface or virus aerosolization (Cai et al., 2020, Brlek et al., 2020). Furthermore, metal and plastic, as garments of clothes, can be an environment where the virus stability is feasible (Doremalen, 2020). Thus, together with maintain hygiene by disinfecting and cleaning surrounding environment, a disinfecting booth has been constructed as a proposed prevention method for virus transmission. Especially, when being placed at the entrance of public places such as school and hospital, disinfecting booth is proposed to be effective in removing any virus in airborne or contaminated surfaces on most common touched areas, such as metal and plastic garments on clothes and accessories. Consequently, it might be able to reduce the possibility of fomite transmission in highly infected area

Methodology

The disinfecting booth has been in progress of design and construction by engineering technology (ET) students as seen in Figure 1. It is proposed that the booth will have a support mechanism which is portable and easy to construct from basic components. Particularly, PVC pipes have been utilized in this study as seen in Figure 2. The booth model composes of the sterilization chamber with a misting system and the attached disinfectant tank containing medical-grade, non-irritating to skin disinfectant. Furthermore, the disinfecting booth can be easily installed and relocated at the entrance of multiple public spaces, especially where general public can access during the transition phases of the pandemic such as schools, public centers, hospitals, clinics, shopping malls, and grocery stores.

[image: ]
Figure 1: ET students working on the frame of the disinfecting booth
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Figure 2: Completed frame of the disinfecting booth

The disinfection booth project is an ongoing work and an electrical motor controlled 360-degree rotational hand-block that includes multiple nuzzles will be installed. The medical-grade disinfectant solution stored in a tank inside the booth will be applied to multiple nuzzles to be sprayed providing a safe misting environment to a human standing on the center of the booth. Multiple motion sensors attached on the rotating hand are also planned for safe movement.  We also plan to install a non-touch infrared temperature sensor that will measure the human temperature and provides an audio response as OK or alarming signal for high temperature value similar to model shown in Figure 3. Besides, plastic curtain will be used to cover the entrance and exit of the booth to maintain the hygiene inside the booth.
[image: ]
Figure 3: Proposed Disinfection Booth with Infrared T measurement and 360 degree rotational nuzzle hand inside (Modified from grabcad).

Researchers have also designed prototypes of the contoured face masks and face shields initially as CAD model with Creo – PTC and SolidworksTM, then printed the prototypes promptly with 3D printer as shown in Figure 4. The face coverings were designed to be face-fitting and integrated with a filter pocket. Thus, the qualified filters, such as carbon filter, are removable and can be replaced sustainably. Moreover, as the 3D printed masks are made of ABS and PLA, they are lightweight and can be printed expeditiously. The products are also proposed to be durable and reusable as users can wash, disinfect, and reuse them as well as easy to manufacture (Figures 5a,b). Hence, the large quantity of 3D printed masks can become a temporary solution for the shortage of face masks and PPE during the pandemic, especially for medical personnel, frontline workers, and students that have forgotten their masks prior to coming to the classroom. 
[image: ]
Figure 4: 3D printing in progress
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Figure 5a: Mask assembly components
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Figure 5b: Assembled 3D printed facemasks

In addition to the disinfection booth and the 3D printed masks, the researchers have developed face shields to provide additional protection against COVID 19 as shown in Figure 6.
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Figure 6: 3D printed face shield frame

Result

During testing period, the 3D printed masks have received many feedbacks, including negative and positive ones. Users have reported that the edges of the 3D printed masks could cause discomfort while wearing due to its rigid material (generic filaments). Even though the masks have been designed to be contoured and face fitting, face shapes can differ among users which results in the improper sizing and gaps between users’ face and the 3D printed face masks. Thus, the effectiveness in preventing airborne and droplet transmission could decrease significantly as the airflow can be leak into the masks through the gaps. To solve this problem, researchers have proposed to modify the design by adding rubber foam, or similar materials, along the edges to ensure that the airflow would only circulate through the filter and also create better fitting for all users. Also, the required replaceable filters of the masks varies due to the utilizing purpose. For example, if users work with the environment with highly infected possibility such as hospitals, N95 or HEPA filters are required. In some cases, activated carbon filters can also be utilized. Furthermore, most filters, such as N95 (3M Product), are recommended to be replaced after a period of wearing from 40 hours of wearing up to a month, whichever is first.
Homemade masks have become available to provide protection as well as to stay compliant with local regulations on mask wearing in the public. In this regard, number of masks have skyrocketed on online marketplaces such as amazon an ebay, where individuals are providing homemade masks for purchase. Fischer et al. (2020) have tested 14 face masks and identified Fleece masks were equal to no mask and bandanas were the least effective, among others. The 3D printed masks have filter cartridge housing, which receives commonly available carbon filters, which cost $5.97 per 10 pieces, that is almost 6 times more cost effective than the 3M N95 mask with a single filter.
Regarding the cost for 3d-printed mask, one large spool of PLA which costs $60 generally, material used in the study, can be used to print approximately 250 masks. Together with the cost of the filter, which is $5.97 each, the cost for each 3d-printed mask can be less than $10 for monthly usage.

Conclusions

Although the worldwide pandemic is still present, with no existing proven vaccine, and schools, businesses, private and public institutions, and parks are being opening and in some cases closing again, the need for social distancing as well as protecting from viruses is rising. Proposed free 3D printed masks can provide protection from viruses, to students, faculty, and staff, cost effectively and can be disinfected with a regular hand sanitizer or alcohol. This work is in progress, therefore, with he start of Fall 2020 semester, more 3D printed masks will be distributed to students and more data will be collected to report future findings in terms of types of filters students are using, number of hours the mask is worn, comfort level, and longevity. Based on the aforementioned design considerations and observations, there is no doubt that the proposed disinfection booth, masks, and face shields designed by faculty and students will serve effectively to millions of citizens to make their lives healthier, better, more secure and resilient against Covid-19 and other genetically similar viruses and harmful bacteria that may arise today and in future. 
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