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Resume
The authors of this manuscript present development of a prototype 
protective UV-C half-face mask. The first stage of this study focuses on 
proposing a UV-C half-face mask design and the second phase investigates 
the quality of printings, 3D/2D roughness and porousness of three different 
printed samples of PA12. Development of the protective half-face mask used 
the non-destructive technology of 3D scanning of the human body by the 
Ein Scan scanner. As a part of the experiment, three samples were prepared 
with Sinterit Lisa, EOS Formiga and HP jet fusion printers. SLS and MJF 
technology were used during the experiment. The experimental observation 
of the structure of the surface was secured using the Alicona Infinite focus 
G5 device. The conclusions present the study's results and the authors' 
recommendations for other developers dealing with the development of the 
protective face masks.
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use of protective equipment significantly reduces the 
risk of virus transmission and protects the medical staff 
and other patients from infection [4]. It is a  common 
knowledge that respiratory infections are caused mainly 
by different factors such as bacteria, fungi and viruses. 
This fact has been known for several tens of years. There 
are several ways to “fight” against these undesirable 
factors and keep your health in good condition. Among 
the primary and best-known methods are a  healthy 
lifestyle, enough sleep, staying in the sun and a vitamin-
rich diet. Vitamin D is important, which is essential 
in strengthening the human immune system [5]. The 
authors of the qualified manuscript [5] listed that 

1	 Introduction

The human population has been susceptible to 
new respiratory diseases in the last two years. The 
emergence of COVID - 19 has sparked a  worldwide 
demand for necessary measures to mitigate the spread 
of the infection [1]. At the end of 2019, hospitals reported 
a  shortage of personal protective equipment for the 
frontline health workers [2]. Additive manufacturing 
brings a  unique option to alleviated the lack of these 
critical medical aids [3]. At this time, the protective half-
face masks are essential for masses of people to protect 
themselves and others from the virus’s aerosol. Correct 
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began to develop a new type of the protective face mask 
that would disinfect the air with UV-C light. Value 
UV-C of the light is moving in the vast range from 100 
to 280 nm and is used for disinfection increasingly in 
everyday life. Many researchers are currently working 
on the issue of UV-C light disinfection. When developing 
the protective face masks, information about the shape 
and features of the human head (face) is crucial. 
The imprint of the human face can be obtained only 
scientifically. Anthropology is a  scientific field that 
focuses on measuring the external characteristics of the 
human body. Anthropology is necessary for developing 
and producing ergonomically correct workplaces or 
protective equipment.

Modern 3D scanners are also often used for this. 
Similar anthropological research took place in the U.S. 
in 2003 under the leadership of the National Institute for 
Occupational Safety and Health (NIOSH) [7] to update 
the respirator testing standards. The measurement was 
according to the traditional measure of anthropometric 
techniques on a  sample of 3997 subjects, for 947 
issues used, a Cyberware 3D Rapid Digitizer. Based on 
anthropometric data collected during the 2003 NIOSH 
survey, developed parameters at the National Personal 
Protective Technology Laboratory (NPPTL) for new 
digital models of the human head in five categories. 
The authors of [8] submitted the final report of this 
research in 2004. The digital head models from the 
NIOSH survey are symmetrical and represent the shape 
head-and-face distribution of current U.S. respirator 
users [9]. In the technical specification standard for 
protective equipment ISO TC94, upper respiratory 
protective equipment SC15, WG1 General and PG5 
Human factors are also incorporated head forms [9]. The 
original journal National Library of Medicine [9] and 
several other highly qualified publications published 
the NIOSH anthropological data (2D and 3D). Many 
researchers during the COVID-19 crisis were dedicated 
to development of protective face masks.

vitamin D has a vital role in enhancing and increasing 
the immune system’s ability. This characteristics of 
vitamin D prevents the virus’s rapid spread in the lungs 
[5]. It also prohibits the penetration of viruses deep 
into tissues by maintaining intercellular connections 
[5]. These aspects contribute favorably to the correct 
functioning of the immune system, ultimately resulting 
in a  good defense of the human body against these 
pathogens. However, after breaking through a weakened 
immune system, pathogens can cause respiratory 
disease. When an infection occurs, in most cases, 
medications must be started, which in the current 21st 
century is evident and effective in the fight against 
pathogens. Recently, increased number of people are 
discussing prevention, which is very important. In 
recent months, the public has used various surgical “no-
name” face masks (products without company brand) to 
protect against respiratory diseases, which is not always 
quality protection. Wearing the protective face masks is 
utterly natural in Eastern culture (Asia). The population 
of Asia uses them not only to protect health but in the 
case of increased air chemical pollution (smog), as well.

The difference is the case in Europe and America, 
but the trend has changed and wearing a protective face 
mask has become a natural part of our lives in recent 
months. The authors of the manuscript [6] subjected 
surgical face masks to four simulated cycles of folding, 
aging with artificial saliva, or sweating and washing. 
They concluded that folding, saliva and sweat have 
little effect on the face mask’s effectiveness and aging 
(depreciation). Research has confirmed that one can 
wear a worn surgical face mask longer than usual, the 
recommended four hours [6]. The pathogens have lived 
with us since time immemorial, so it is appropriate to 
introduce prevention and prevent infection.

The events from the last period have created a space 
for use of these technologies for disinfection, be it water, 
air, or surfaces with which a  person comes into daily 
contact. For this reason, the authors of this manuscript 

Figure 1 Flowchart of the experimental setup
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needed [14]. The research and development details of 
the modular 3D printer are listed in [14].

In the past, most 3D printers, which worked on the 
principle of additive technology, used only one material 
during the printing. The first multi-material 3D printer 
was presented in 2006 and used a syringe-based system. 
This experimental study addresses only two specific 
additive technologies used in developing the protective 
UV-C mask (SLS, MJF). It should be also mentioned 
that the 3D printers that work on the principle of fusible 
link production, Fused Filament Fabrication (FFF), are 
currently more affordable for the public. In this case, the 
FPP2 filter housing and internal and external exhalation 
valves for the prototype protective half-face mask can 
be 3D printed out of the Fused Filament Fabrication 
(FFF) technology. The 3D printer, which works on 
the Fused Filament Fabrication technology (FFF), can 
simultaneously print a 3D object using several materials 
[15]. From the knowledge gained from practice, we 
can conclude that the primary motivation and goal 
of the 3D printer researchers was the integration of 
additive technologies into the electronic industry, 
aviation, bioengineering, robotics, textile industry and 
development centers, which was achieved [15]. It should 
also be noted that the ISO/ASTM 529000:2015 standard 
categorizes the additive technologies into seven main 
groups [16].

2.1	 Three different PA12 powder materials  
for the experimental samples

At the beginning of 2020, many protective face 
shields made of polypropylene were used worldwide. 
Authors of the manuscript [17] verified that the 3D 
printable extruded material could produce be recycled 
and reused for 3D printing. However, this experimental 
study aims to develop and research materials for 
a  prototype protective half-face mask from polyamide 
12 (PA12). Within the experimental measurement of 
the surface roughness 3 test samples were prepared 
from three different PA12 powder materials (Table 1) of 
a rectangle shape of 50 mm x 30 mm x 10 mm.

Each sample was printed with another 3D printer. 
The first sample was printed out with a  printer from 
SINTERIT company, the second sample was with 
an EOS printer and the third sample was printed 
out with an HP printer. The 3D printers worked 
during printing with the powdered material PA12 
according to the specific requirements of additive 
technology (SLS, MJF) and the manufacturer’s  
recommendations.

An example can be a  manuscript [10] in which 
authors present the custom-made face masks for 
pandemic crisis solutions, made using the 3D printing. 
In addition, the manuscript’s authors [11] present 
a  similar issue. The authors’ study [12] examined the 
relationship between the definition of problems related 
to the COVID-19 pandemics and the characteristics of 
additive manufacturing solutions. 

This study aims to design a  protective UV-C half-
mask and thus contribute to eliminating infection in 
society. At the beginning of the development of the 
protective half-face mask, the researchers established 
the following attributes as essential:
•	 The ideal shape designs;
•	 The high-quality non-porous material PA12;
•	 The surface structure of the half-face mask should 

not be enormously rough (the surface of the 
protective half-face mask will not need additional 
finishing after being printed out).
The flowchart (Figure1) shows the procedure 

for developing a  prototype and the methods used to 
investigate the surface roughness of three different 
materials PA12.

2	 Materials and methods

Additive technologies started to develop several 
decades ago and the development in a  few years 
has grown exponentially. These developing additive 
technologies are significant and decisive for the fourth 
industrial revolution. Nowadays, increasing number of 
people come across devices that work on the principle 
of additive technologies. The use is very diverse and 
sometimes it is no longer possible to clearly say what 
was used in specific additive technology in production. 
Products realized by the additive technology also bring 
material and technical limitations that should be 
discussed more [13-14]. In the final process of the 3D 
printing, there may be limits, which can be manifested 
in the size of the printed object or the complex geometry. 
The current state of matters in the field of 3D printing 
does not allow fundamental structural changes in the 
standard design of a  3D printer [14]. The 3D printer 
forms a  definite structure without the possibility of 
expanding individual parts of the device [14]. In addition, 
for this reason, a  trend in the development of several 
researchers is a modular 3D printer, which solves these 
limitations and improves shortcomings. In the future, 
this would mean that after purchasing and asking for 
an increase in the construction area, only another block 
of, for example, the essential construction area would be 

Table 1 List of samples used in the experiment

Samples AM - No.1 AM - No.2 AM - No.3

Used additive technology SLS (5W) SLS (60W) MJF

The powder material PA12 Smooth PA12 PA 2 200 PA12 MJF
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assemblies utilizing the CAD system. The EinScan-SP 
scanner has a  fully automatic mode for larger objects 
with the support of a tripod. 

During the development of the protective UV-C 
mask benefits of the powerful EinScan-SP 3D scanner 
were used, Figure 2. EinScan features two scanning 
modes. The first is Fixed Scan (manual control) and 
the second is Auto Scan. The fully automatic mode is 
only suitable for up to 5 kg objects with the support of 
a  tripod. The smaller physical objects need a  rotary 
table. When the rotary table is used, it is possible to scan 
objects with an accuracy of 0.05 mm. In addition to the 
fixed scanner placement on the tripod, the scanner, even 
outside the tripod, creates digital 3D objects. EinScan 
device is recommended in manual mode for objects 
heavier than 5 kg, of lengths more than 25 cm and for 
items with complex geometry. In this case, the object 
to be scanned is placed on a flat surface and gradually 
rotated manually. The human body is 3D scanned using 
this manual mode. The advantage of the EinScan-SP 
scanner is that it provides a new human face and hair 
scanning mode that works with an invisible infrared 
light source. It offers a reliable solution even for dark-
colored scanning objects and, last but not the least, 
has high accuracy. The Ein Scan-SP scanner software 
also adjusts the data coordinates in the post-processing 
process, which provides spotless 3D data for subsequent 
applications [31]. Another advantage is that the scanned 
3D objects can be used in further work in virtual 
assemblies utilizing the CAD system [31].

2.3	 Selective laser sintering (SLS)

The selective laser sintering (SLS) is a  method 
that creates physical models through the selective 
solidification of various fine powders and has received 
much attention in the clinical field [32]. During the 
3D printing, tiny powder particles with 18 to 80 µm 
are sintered. Selective laser sintering (SLS) ranks 
among a solid freeform fabrication technique developed 

2.2	 Photogrammetry - 3D projection

Three-dimensional scanning brings the best choice 
for obtaining data from physical objects into a  digital 
3D model. In the 21st century, it is characteristic of 
the start of the fourth industrial revolution, which 
presents these technologies. The manuscript [18] states 
that the 3D scanning systems can work with or without 
contact. The 3D scanning technology is currently used 
in the development and research, design, engineering, 
healthcare, dentistry, or scanning of parts of the human 
body, as well as in archaeology. Prototyping has become 
a certain standard in the field of healthcare especially.

Additive manufacturing is used for production of 
Orthopedic Prosthetics devices, as well. In [19] the 
authors described the 3D printing and the application 
of Orthopedic Prosthetics in an industrial area. An 
example can be the manuscript [20] in which the 
authors published research results on foot deformation 
with bearing conditions to improve the design of diabetic 
footwear. Last but not be least, the authors of [21] used 
the 3D scanner EinScan-SP to scan the foot deformities. 

In addition, dentistry uses 3D scanning; for 
example, a manuscript [22] confirmed the suitability of 
intraoral digital scanners for scanning the entire arch 
for dental patients. The other significant publications 
of the authors [23-27] present results from their actual 
medical practice. 

The use of photogrammetry is varied. The mentioned 
authors used the non-contact and non-destructive 3D 
laser scanning technology during the research and 
development. The authors [28] stated more information 
about the technology of 3D scanning in their manuscript.

Technologies of the 3D scanning are just now used 
in a  wide range of various applications. Additionally, 
photogrammetry use is in scanning museum 
archaeological objects [29]. Next, in the area of reverse 
engineering a  3D scan is used for the mechanism’s 
physical parts that lack documentation or have changed 
from the original CAD design of the element [30]. 
Scanned 3D objects can be used in further work in virtual 

Figure 2 EinScan - SP 3D scanner
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ultimately brings a  practical solution. In general, 
however, the objects made using the mentioned additive 
technology (SLS) have a  superior surface quality and 
incomparable mechanical and temperature resistance 
up to 120 °C. One advantage of the Sinterit Lisa printer 
is the reuse of unused dust, which is found together with 
the model in the print cake [34]. The 3D Sinterit Lisa 
printer can also bake with flex grey powder material - 
TPU (Thermoplastic Polyurethane Elastomer), which 
makes it possible to create the 3D prints of high 
elasticity. 

The second 3D printer used, the Formiga P100 from 
EOS company (Figure 4), uses a 60 - Watt laser to sinter 
particles of PA12 powder material.

The EOS Formiga P100 printer prints vertical 
walls of objects with maximum surface quality. For 
this reason, the printer is ideally suited for small 
filigree components, precisely like those that make up 
a  protective UV-C face half-mask. The manufacturer 
states the vertical accuracy at distances of 300 mm ± 
0.05 mm. The development of the EOS Formiga P100 
printer was primarily aimed for that parameter. Sinterit 
Lisa (Figure 3) and EOS Formiga P100 (Figure 4) 

by Deckard for his thesis at the University of Texas, 
patented in 1989 [32]. The authors of [33] thoroughly 
addressed the issue of polymers produced using the SLS 
technology. They developed a  transparent production 
methodology based on research using the desktop 
printers with selective laser sintering (SLS). The critical 
aspects described in the manuscript can also apply to 
developing a protective UV-C half-face mask.

The first used 3D printer Lisa (Figure 3) from 
Sinterit Lisa, has a  laser with a  power of 5 - Watts. 
The working principle of the Lisa 3D printer consists 
in fusing the powder material with a  laser beam. The 
printer works with the SLS technology, which sinters 
the powder material layer by layer using a laser emitter. 
The current market offers several powder materials that 
apply to Sinterit Lisa. The best known are the PA12 
powder material, PA11 and polypropylene (PP) [34].

The Lisa printer can print any shaped object in 
the printer space. It should be noted that the Sinterit 
Lisa printer offers the printing of 3D objects without 
supporting materials, which represents a  significant 
advantage [34]. The Sinterit Lisa can be placed on 
a  worktable thanks to its smaller dimensions, what 

Figure 3 The 3D printer of the Sinterit Lisa in the laboratory [34]

Figure 4 The 3D printer of the EOS Formiga P100 in the laboratory
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and other applications. In their manuscript, the authors 
describe attempts to optimize some process properties, 
such as surface roughness, porosity and mechanical 
properties of 3D prints. The authors also described 
the issue in great detail, to understand the existing 
research gaps. The publication [36] outlines some 
critical aspects for further development of the technique 
of selective laser sintering of metal powder, especially 
in medical applications, which needs consideration. 
In addition, optimizing process properties, such as 
surface roughness, porosity and mechanical properties 
for the 3D prints PA12, printed out with selective 
laser sintering (SLS) technology, is similarly necessary. 
Authors of [37] correctly noted one fact. Before achieving 
more economical production, one must decide on the 
setup of the 3D printer to economically print parts 
with good mechanical behavior. They also noted that if 
the hatch spacing, laser power and scanning speed are 
selected so that the laser energy density was too high, 
the powders would burn and the printing process would 
fail.

2.5	 Alicona Infinite Focus G5 and observing 2D 
and 3D roughness of the samples

The team of researchers defined the essential 
attributes the protective half-face mask must meet at 
the beginning of development. The first two important, 
characteristic primary features that the half-face mask 
must fulfill are focused on the ideal shape design 
as well as on the high-quality non-porous material, 
which is necessary for the correct function of the half-
face mask. This second most significant requirement 
defines the zero penetration of air and liquids through 
the material’s structure of the print-out from PA12 
of the powder material. The third condition discusses 
how the surface of the protective half-face mask will 

devices offer 3D printing of PA12 using selective laser 
sintering (SLS). The listed printers differ in dimensions 
and, above all, sintering performance.

2.4	 Multi jet fusion 3D printer

The last 3D printer, used in developing the UV-C 
protection half-face mask, is the HP Jet Fusion 3D 
4200. The device works with Multi-Jet Fusion (MJF) 
technology. The last sample AM-No. 3, was printed from 
unique PA 12 powder material, designated for Multi-Jet 
Fusion sintering technology. The mentioned HP printer 
can print the PA12 powder material, the polypropylene 
(PP) and thermoplastic polyurethane (TPU 90A) [35]. 
After producing three samples from the powder material, 
visual differences were visible in the surface structure of 
every experimental sample. Ultimately, the quality of 
the 3D print depends on the 3D printer technologies. 
During the development of the protective UV-C face 
half-mask, emphasis was placed not only on the quality 
of the surface, which does not let water, viruses and 
bacteria through the surface of the half-face mask. The 
EOS Formiga P100 printer produces vertical walls of 3D 
objects with maximum surface quality.

For this reason, the system is ideally suited for 
small filigree components, precisely like those that make 
up a protective UV-C face half-mask. The manufacturer 
states the vertical accuracy at distances of 300 mm 
± 0.05 mm. TThe last sample was made of the PA12 
powder material, suitable for multi-jet fusion sintering 
technology. The research examines several prints’ 
surface quality for the proposed protective half-face 
mask as a primary goal.

Some medical devices are, at this time, already 
produced using modern 3D printers with sintering 
metal powder (SLM) technology. The authors of [36] 
present experiences with developing medical devices 

Figure 5 HP Jet Fusion 3D printer 4200 [35]
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Ein Scan-SP scanner automatically generated a digital 
file human head, which was subsequently edited by the 
modeling software Ein Scan-SP scanner. During the 
scanning, imperfections arose in the digital model in the 
form of hole shapes. For this reason, using the software 
Ein Scan the digital model was modified and the holes 
were filled, smoothed and sharpened. This process 
aimed to provide the perfect 3D data for the parametric 
design of the mask in Creo parametric software from 
PTC company.

3.1 	Design of the UV - C half mask

Development of the half-face mask was primarily 
the parametric 3D model focused, including creating 
a chamber with an air disinfection system using a UV-C 
light source. The developers also emphasized the overall 
appearance and ergonomic shapes of the proposed 
prototype of the protective half-face mask. In developing 
the protective UV-C half-face mask the Creo Parametric 
software was used, with a  standard modeling tool and 
the ISDX (Interactive Surface Design Extension) tool, 
which allows the modeling of free surfaces (Figure 9). 

not be additionally finished after being printed out. It 
means that the surface structure of the half-face mask 
should not be enormously rough, but pleasant to the 
touch after print-out. For this reason, it was necessary 
to investigate all the samples’ roughness, porosity and 
surface topography. All the samples’ surface roughness 
structures were analyzed using the Alicona Infinite 
Focus G5 device (Figure 6).

3	 Results of the experimental study

The facial features recorded with the 3D EinScan-SP 
scanner are essential in developing the UV-C protective 
half-face mask design. The scanned digital model of 
the head (Figure 7) was subsequently phase modified 
(Figure 8). The digital model of the human face is used 
to create the basic parametric model of the protective 
UV-C face half mask. After printing, the half-face mask 
should be perfectly sitting on the chin, cheekbones and 
nose. 

The human head’s anthropology data was collected 
using the 3D scanning technology, the so-called 
photogrammetry-3D projection. The software of the 

Figure 6 Alicona Infinite Focus G5

Figure 7 3D digital head form-EinScan-SP before  
digital modification

Figure 8 3D digital head form EinScan SP after  
digital modification



D E V E L O P M E N T  O F  A   P R O T O T Y P E  O F  A   P R O T E C T I V E  U V - C  H A L F - F A C E  M A S K  W I T H  I M P L E M E N T A T I O N . . . 	 B147

V O L U M E  2 5 	 C O M M U N I C A T I O N S    2 / 2 0 2 3

The prototype development of the protective UV-C 
half-face mask used the experience of the researchers 
from the Rapid Prototyping laboratory. During the 
development of the mask, the results and experiences of 
prototyping from publication [38] were applied, as well. 

In the current era of the 21st century, software tools 
already handle the demanding requirements of high-
quality free characters (class A surfaces), similar to the 
modeling of structural components using the power of 
parametric modeling.

Figure 9 Enhanced Interactive Head Surface (ISDE)

Figure 10 Protective UV-C half-face mask in the exploded view

Figure 11 Construction of the UV-C half-face mask
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The inside valve design ensures that the airflow 
direction is always from the accumulation chamber to 
the other section, never in the opposite direction. During 
inhaling, the person breathes disinfected air, passing 
through the two side valves into the second chamber. 
During exhalation, the consumed air is enriched with 
CO2 and exhaled through the exhalation valve into 
the surrounding space. The external exhalation valve 
works on a similar principle. However, the air fluxed is 
the opposite, as in the case of the two internal valves. 
The air flows from the exhalation valve only to the 
surrounding area, never back inside.

The protective half-mask is removable for more 
accessible cleaning of all corners and inaccessible 
crevices. An outer part of the mask covers the space 
where the disinfected air is maintained. The figure 
below illustrates four slots integrated into the outer part 
of the mask, respectively, the outer cover (Figure 12).

The 3D model of the prototype protective half-face 
mask contains two side valves on both the right-hand 

The parametric 3D model of the protective UV-C half-
face mask consists of seven parts. The module for the 
internal valve the exhalation valve and the FFP2 filter 
housing comprises two separate parts and the rubber 
valve together form an assembly. The illustration below 
shows a parametric 3D prototype of a protective UV-C 
half-face mask, Figure 10.

The protective half-face mask’s working principal 
rests in disinfecting the air-inhaled using the UV-C 
light. The inner part of the protective half-face mask has 
two separate chambers. The first chamber is named the 
“disinfection module” and forms a separately removable 
part of the mask. Inhaled air enters the disinfection 
module with UV-C LED through the FFP2 filter on the 
bottom of the mask. The air stream slows down in the 
disinfection module as it passes through the labyrinth-
shaped holes. In this case, the slower-flowing air is 
cleaned effectively of pathogens with UV-C light. The 
space of the second chamber accumulates the disinfected 
air, which the person subsequently breathes (Figure 11). 

Figure 12 Inside part of protective UV-C half-face mask

Figure 13 Inside part of protective UV-C half-face mask
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100 times magnification. The sample showed more pores 
and minor irregularities in the surface structure. In 
addition, the unevenness of the primary surface ranged 
from 100 to 240 µm. The second sample, AM - No.2, was 
printed by selective laser sintering technology on the 
printer EOS Formiga P100.

The last sample, AM - No.3, was prepared by 
additive Multi-Jet Fusion (MJF) technology. At 100 - 
fold magnification regularly repeating waves are seen 
on the structure of the surface that arise after applying 
the powder material (Figure 16). The unevenness of the 
primary surface ranges from 120 to 180 µm.

The authors of [39] presented research on the 
surface roughness profile for both parallel and 
perpendicular orientations of 3D-printed polymers. They 
concluded that the similar direction shows a consistent 
periodicity for the surface topography with peak height. 
However, at perpendicular orientation, the profile shows 
different peak height values for the scan lengths with 
a  reasonably consistent peak periodicity between the 
consecutive peaks [39]. The authors of [40] presented 
the surface roughness of the manufactured parts of 
the Lisa 3D printer using the Focus Variation (FV) 
technology. The authors described the experimental 
investigation of the surface roughness of three samples 
from PA12. The experimental investigation occurred 

and left-hand sides. However, one valve is visible on the 
back side of the protective half-face mask (Figure 13). 
The front round valve exhales consumed air. Both inside 
valves use musk rubber, ensuring air penetration into 
and out of the chambers. The outer cover is equipped 
by a groove for a silicone gasket, which is visible on the 
back side of the outer surface of the mask.

3.2	 Observation of the surface topography  
of PA12 with Alicona infinite Focus G5

The last stage of experimental research was focused 
on the samples’ surface topography investigation. The 
3D graphs show the primary surface of samples in 
perfect natural resolution and clarity. The display 
of colors is authentic and at a  high micro level. The 
results of investigation follow ISO 16610 - 61 standards. 
Additionally, the roughness profile is shown in a  2D 
diagram with a complete RA surface roughness analysis. 
Figure 14 shows the primary surface of sample AM - 
No.1 (PA12 - Smooth) at 100 times magnification. The 
unevenness of the primary surface ranged from 350 to 
100 µm.

Figure 15 presents the primary surface of sample 
AM - No.2, made of powder material PA12 - PA 2 200 at 

Figure 14 Primary surface PA12 - Smooth - Selective laser sintering (SLS)

Figure 15 Primary surface PA12 - PA 2 200 - Selective Laser Sintering (SLS)
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surface parameters in terms of surface functionality. 
The red line on each sample (Figures 17-21) represents 
1 cm of the length and location of the 2D roughness 
measurement. During the test, the parameters of the 
2D surface roughness (Figures 18-22) were measured. 
These parameters were the average roughness of the 
profile (Ra), root mean square roughness (Rq), the mean 
height of the roughness profile from peak to valley 
(Rz), maximum roughness profile valley height (Rv) and 
roughness profile distortion (Rsk).

in the certified measurement laboratory, where they 
investigated the 2D, as well as the 3D surface roughness 
of the three samples above. The measurement of surface 
roughness took place with the help of the Alicona 
Infinite Focus G5 device. The measuring device used an 
optical sensor IF Sensor C100 G1 to extract the primary 
surface. During the experimental investigation of the 
2D roughness on the sample’s surface, 50 roughness 
profiles per 1 cm length were pulled. The diagrams show 
the graphic course of roughness results with the worst 

Figure 16 Primary surface PA12 - MJF - Multi - Jet Fusion (MJF)

Figure 17 PA12 Smooth - 2D surface roughness measurement path

Figure 18 Diagram of PA12 Smooth profile roughness measurement - Sinterit Lisa

Figure 19 PA12 Smooth - 2D surface roughness measurement path
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parameter came out in positive numbers for on all the 
examined samples. That means that protrusions are 
predominantly present the surface of each sample. 
However, when the value Rsk of is negative, the sample’s 
surface is dominated by holes. The Rv/Rz ratio is at the 
limit of the permissible value of 0.55 for all the samples. 
The 3D surface roughness was investigated in the last 
phase of the experiment. When evaluating the surface’s 
topography, the nesting index is fixed to 8 mm. In 
addition, the evaluation was to use the Gaussian filter. 
The first sample represents the 3D surface of sample 
AM - No. 1 (Figure 23). The second sample represents 
the 3D surface of sample AM - No. 2 (Figure 24).

The Rv/Rz ratio is the most important, indicating 
whether depressions or elevations predominate on the 
sample’s surface. If depressions prevail, cracks may 
appear in the structure of the polyamide sample. 
However, in the case of cyclic stress, the split can occur 
after some time. Bacteria and viruses can accumulate 
in cracks, which is undesirable for protective half-
face masks with a  UV-C light source. The acceptable 
value of the Rv/Rz ratio is in the interval from 0 to 
0.55. Ultimately, this finding stems from the long-term 
research experience of researchers. The results of all 
investigated parameters are given in Table 2.

From the measured results it is clear that the Rsk 

Figure 20 Diagram of PA 2 200 profile roughness measurement - EOS Formiga

Figure 21 PA12 Smooth - 2D surface roughness measurement path

Figure 22 Diagram measuring the roughness of the PA12 profile - MJF - HP Jet Fusion 3D 4200

Table 2 2D surface roughness parameters of all samples

Samples Ra (μm) Rq (μm) Rz (μm) Rv (μm) Rsk (μm) Rv/Rz (μm)

AM - No.1 7.656 10.498 59.421 32.194 0.959 0.541

AM - No.2 9.185 12.499 66.363 28.714 1.430 0.432

AM - No.3 21.200 30.045 157.093 81.992 1.245 0.521
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The main idea of this project was to immediately use 
the created digital mask data. Another part of the 
research and development was preparing a  chamber 
for disinfecting the inhaled air with a  source of UV-C 
light and preparing the section for breathing disinfected 
air. Some publications [42-43] state that the ideal 
wavelength band of UV-C light for the air disinfection, 
which does not harm human health is the band of 
wavelengths from 220 to 222 nm. In addition, several 
publications mention that UV-C light with wavelength 
band UV from 220 to 222 nm should not produce ozone 
(O3) and using UV with said wavelength is biocompatible. 
Therefore, this claim will continue to be explored and 
verified. However, the authors of [43] state that further 
evaluation and testing of the safety and efficacy of the 
band of wavelengths from 220 to 222 nm UV-C light 
is needed. Therefore, the research will be extended to 
clinical evaluation and testing of the wavelength band 
UV from 220 to 222 nm in the future and its impact 
on the human health in prolonged use. The project will 
also focus on other additive technologies and materials 
suitable for such protective masks. Ultimately, additive 
technology allows production of parts with complex 

The last sample represents the 3D surface of sample 
AM - No. 3. The sample is printed-out from PA12 - MJF 
powder material (Figure 25). During the measurement 
of 3D roughness, a Gaussian filter (FALG) was applied 
by the ISO 16610 - 61 standard on all the samples.

4	 Discussions

Manuscript [41] listed that the global pandemic 
that has affected humanity has contributed to the 
breakdown of traditional supply chains responsible for 
providing personal protective equipment for health and 
social staffers. 

The researchers’ strategy was to mitigate the 
impact of infectious diseases on the world’s population. 
The researchers of this experimental study decided 
to contribute with their prototyping experience and 
proposed a protective UV-C half-face mask. 

The protective half-face mask can be printed out on 
a 3D printer that works with SLM or MJF technology, 
based on a  digital parametric model, in any corner of 
the world, where the technical means are available. 

Figure 23 The 3D roughness PA12 – Smooth Figure 24 The 3D surface roughness PA12 – 2200

Figure 25 The 3D surface roughness of PA12 – MJF
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2 200 is biocompatible.
In the case of MJF technology, the sample surface 

quality (AM - No.3) is, at the first glance, reasonable, 
it has fewer pores and no additional surface treatment 
is required. However, the sample made by Multi-Jet 
Fusion (MJF) technology showed the highest surface 
roughness value of all three examined samples. The 
texture in place of the sample’s surface resembled 
a wave shape and rougher. Compared to all the analyzed 
samples, the last piece, AM - No.3, has a distinct surface 
structure, which can also be seen at the macro level. 

The summary of the experimental investigation of 
the surface roughness:
•	 Regarding the surface structure of samples and 

print quality, PA12 smooth or PA12 MJF material 
is recommended for the protective UV-C half-face 
mask. 

•	 Roughness of the PA12 Smoot has a  value of Ra 
7.656 µm. 

•	 Roughness of the PA12 2200 has a value of Ra 9.185 
µm.

•	 Roughness of the PA12 MJF has a  value of Ra 
21.200 µm. 

•	 Continue clinical research and testing of the mask, 
especially the impact of UV-C light at a wavelength 
of 220 nm on human health.
The protecting UV-C half-face mask will find 

application mainly in medical facilities and public 
service (fire and police forces etc.). The advantage of 
the protective UV-C half-face mask is the possibility 
of repeated use. The use time is limited to one battery 
charge because the battery provides an electricity source 
for the UV-C led light. The FFP2 protective filter placed 
into the mask protects human health for more than four 
hours. The FFP2 filter is also advisable to replace after 
each use. In conclusion, it is necessary to appreciate that 
the collaboration between the 3D printing community 
and the healthcare system has helped in providing 
innovative solutions to combat the crisis.
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designs, with certain limitations depending on the 
specific additive technology [44-45]. Several researchers 
dealt with polyamide materials listed in this manuscript 
within development. The researchers also focus on UV-C 
portable disinfection boxes for small objects, such as 
a set of keys, a mobile phone, etc. A team of researchers 
is also considering developing a  device for disinfecting 
factories’ production areas by using a  UV-C module 
mounted on an automated guided vehicle (AGV) cover 
of the body.

5	 Conclusions

The developers used the advantages of the 3D 
scanning while developing the protective UV-C half-face 
mask, since in development of a  protective half-face 
mask technology of non-contact and non - destructive 3D 
laser scanning, details of a human head was needed. As 
already mentioned at the beginning of the experimental 
study, as a  part of the development of the prototype 
of the protective UV-C half-face mask, three samples 
were prepared, which consisted of the PA 12 powder 
material. However, the final sintering of the PA12 
powder material took place on the three 3D printers 
with different sintering technologies. At the first glance, 
the difference in the surface structure is easily visible 
in all samples. It is essential to mention that any 
additive technology influences the surface roughness of 
components with PA12 in a certain way. The right choice 
of a  suitable PA12 powder material for a  protective 
half mask is also necessary due to the roughness and 
porosity of the PA12 material. The research also showed 
significant differences in surface porosity in all the 
investigated samples. The first sample, AM - No.1, 
produced by selective laser sintering of PA12 - Smooth 
powder material, is biocompatible. Sample AM - No.1 
has a smooth surface and is pleasant to the touch. The 
surface 2D roughness results are the proof and the 3D 
diagram (Figure 18) proves it, as well. This sample 
has the minimum number of pores in the structure 
surface. The second sample of AM - No.2, produced by 
the EOS Formiga P100 printer, has visible pores in 
its surface structure that, when enlarged, resembled 
a sieve. Evidence can be black dots in the 2D diagram 
(Figure 20), which present holes. The blue to black spots 
are visible on the chart of the 3D roughness surface of 
the second sample. Chemical surface protections for 
technical plastics from practice are known. However, 
applying a  chemical surface treatment to the printed 
parts of the PA12 material and thus filling a  large 
number of pores is impossible since this protective 
half-mask is for biocompatible use. The EOS Formiga 
P100 printer works with selective laser sintering (SLS) 
technology, similar to the SINTERIT Lisa printer. It is 
essential to note that the authors of [46] stated that PA 
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