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ABSTRACT

This paper details the development and characterization of a photocatalytic efficacy test stand that was designed in
response to an urgent global requirement for efficient and economically viable methods of pathogen elimination,
such as the COVID-19 pandemic. The primary objective was to establish a robust methodology for evaluating
the performance of a new type of device integrating an innovative photocatalytic antimicrobial core. This core is
based on a specially engineered polypropylene fabric, active under normal illumination, which generates reactive
oxygen species (ROS) for the destruction of pathogens, including viral agents. The design of the test stand was
precisely engineered in SolidWorks and is protected by a utility model. The stand allows quantitative assessment of
photocatalytic degradation by monitoring the concentration of toluene as a model volatile organic compound via a
mass spectrometer. This system verifies the significant oxidation capacity and broad-spectrum potential of the test
material for effective decontamination of the air environment. The developed test stand represents a versatile tool
for further research and optimization of photocatalytic materials and is suitable for testing efficacy against both
organic and inorganic compounds. It thus contributes to a major improvement in the quality of the indoor environ-

ment and the protection of public health.
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INTRODUCTION

In recent decades, air quality and the spread of
pathogens have become one of the most pressing
global challenges [1, 4, 9, 12]. Population growth,
urbanization, and industrial activity have led to
significant air pollution that has demonstrable
negative impacts on human health and ecosystems
[47, 52]. In addition to chemical pollutants, bio-
logical agents such as bacteria, viruses, and fun-
gal spores, which may spread through the air and
cause infectious diseases, pose a serious threat [2,
3,7, 8, 11, 13]. The recent COVID-19 pandemic
has particularly highlighted the critical need for
efficient, safe, and cost-effective technologies to
decontaminate indoor environments [5, 6, 10].

Traditional methods of air purification, in-
cluding mechanical filtration [20, 24], UV
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germicidal irradiation [14, 21, 17], chemical
disinfection [14, 15, 23], or the use of ozone
[27, 29], often have limitations. Air ionization,
although offering alternative approaches to pu-
rification [18], also has its specificities in the
context of human health impact [19]. These may
include high energy intensity [16], formation of
harmful by-products [22, 28], limited effective-
ness against a wide range of contaminants [23,
15], or requirements for specific operating condi-
tions and maintenance [25]. Although advanced
approaches have been developed [25, 26], there
is still room for innovative and sustainable solu-
tions to overcome these barriers [30-33].

In this context, photocatalysis has established
itself as a particularly promising environmental
technology [34-36]. It is a chemical process in
which a photocatalyst, activated by light energy,
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catalyzes oxidation and reduction reactions [34,
42]. This process efficiently generates highly re-
active oxygen species (ROS) that can degrade a
wide range of organic pollutants, including vola-
tile organic compounds (VOCs) and pathogens
[35, 37, 38]. An important advance is the devel-
opment of photocatalysts capable of activity un-
der conventional lighting, which increases their
practical applicability and energy efficiency in
indoor applications [39—41, 48].

The development and evaluation of new pho-
tocatalytic materials and systems require robust
and reliable testing methodologies [42, 43]. De-
spite the existence of international ISO standards
[44, 45] for the evaluation of photocatalytic ac-
tivity, challenges remain, particularly regarding
testing innovative nanomaterials [45] and direct
verification of efficacy against biological agents
under realistic conditions [5, 46]. Current evalu-
ation methods are constantly evolving, includ-
ing approaches to rapid, high throughput testing
of photocatalytic activity [45]. There is often a
lack of certified facilities for such specific testing,
which necessitates the development of custom,
adaptable test facilities [44].

This paper focuses on the detailed design,
construction, and operational methodology of a
custom photocatalytic efficiency test bench. The
bench was precisely designed using computer-
aided design (CAD) software [49, 51] and its de-
sign is protected by a utility model [50]. It is spe-
cifically designed to evaluate the performance of
a new type of device that incorporates an innova-
tive photocatalytic antimicrobial core. Monitor-
ing of model substances such as toluene, whose
physicochemical properties are well documented
[53, 54], using an advanced mass spectrometer
[52] is used to quantify performance. The aim of
this work is to present a versatile and reliable tool
for the comprehensive evaluation of photocata-
lytic materials, including their efficacy against
both organic and inorganic compounds, thus con-
tributing to the advancement of sustainable air
purification and the protection of public health.

PHOTOCATALYTIC PERFORMANCE
TEST BENCH

Based on an analysis of the theoretical prin-
ciples of photocatalysis and existing test proce-
dures, including international ISO standards and
innovative rapid methods, a specific approach

for the evaluation of the developed photocata-
lyst was designed and implemented. Due to the
absence of certified workplaces in Slovakia for
direct testing of antimicrobial filters with patho-
gens and the impossibility to work with such
biological agents, it was necessary to develop a
custom test bench for the assessment of photo-
catalytic efficacy. The aim was to verify the ef-
ficacy of the antimicrobial filter included in our
test bench. [44—46]

In assessing our antimicrobial filter, which
is based on a knitted fabric substrate and exhib-
its activity in visible light (in the green to blue
wavelength range), its effectiveness was tested
using a model test substance, toluene. It was
hypothesised that if the ability to eliminate the
test substance (toluene) to the desired level was
demonstrated, this would also confirm the abil-
ity to eliminate a variety of pathogens, includ-
ing COVID-19 virus, for which the test stand
was designed as a priority. A mass spectrometer
is used to obtain realistic results of the perfor-
mance of this test bench (Figure 1). This instru-
ment is specialized to measure the concentration
of a calibrated gas in space [52]. It is important to
note that the mass spectrometer, although highly
accurate, is not designed to simultaneously mea-
sure the concentration of multiple gases.

Calibration of the device is necessary before
each measurement. To determine the efficiency
of the polypropylene braid under test in the pho-
tocatalytic efficiency test device, the mass spec-
trometer will measure the concentration of the
test gas before it enters the filter section and after
it leaves the filter section [52]. The output of the
device is data in electronic form, presented as a
graph. In this way, it is demonstrated whether
the test knitted fabric contained in the test de-
vice meets the required parameters or achieves
the percentage efficiency. If the test knitted fabric
eliminates the test gas, toluene, to 70% or more,
it is assumed that the test fabric will also effec-
tively eliminate any pathogens that will be pres-
ent in the area.

The comprehensive methodology for evaluat-
ing photocatalytic efficacy is implemented using
a specifically designed photocatalytic efficiency
test stand. The operational principle of this stand
is based on a continuous flow system designed to
provide a controlled and reproducible environ-
ment for the photocatalytic degradation process.
A high-level representation of the system’s func-
tional blocks is provided on Figure 2.
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Figure 1. Mass spectrometer

As depicted in Figure 2, the test stand inte-
grates several key functional components that
work in synergy. The heating pad, for instance, is
responsible for heating the test substance, specifi-
cally the toluene in the toluene dish. This precise
temperature control, managed by the computer,
ensures a consistent and stable input concentra-
tion of toluene-saturated air into the system.

Furthermore, the mixing device — propeller,
coupled with the fan, is crucial for the suction
of toluene-saturated air and for creating a ho-
mogeneous mixture. The speed control of this
device, managed by the computer, ensures opti-
mal dispersion of the toluene in the air stream,
a critical factor for consistent interaction with
the photocatalyst.

The core of the test stand is represented by
the antimicrobial core, with both an inlet and an
outlet, where the photocatalytic process occurs.
A controllable light source provides the neces-
sary illumination (within the 400-570 nm wave-
length range as described later) to activate the
photocatalyst. The design of this chamber maxi-
mizes the photocatalyst’s surface area exposure
to the contaminated air, leading to the production
of purified air.

To quantify the degradation efficiency, a mass
spectrometer is utilized as the input and out-
put measurement system. This instrument takes
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readings at the inlet measurement point (before
the antimicrobial core) and the output measure-
ment point (after the antimicrobial core). The
collected data are then presented as a measure-
ment graph, allowing for real-time monitoring of
the degradation dynamics.

The computer serves as the central control and
data acquisition unit for the entire system. It man-
ages the temperature control for the heating pad
and the speed control for the fan. Additionally,
it processes the data from the mass spectrometer
to generate the measurement graph and oversee
overall system monitoring. This comprehensive
control system allows for precise adjustment and
monitoring of various experimental parameters,
including illumination intensity, airflow rate, tem-
perature, humidity, and even dust or general air
pollution levels.

The experimental process begins by gener-
ating a stable, known concentration of toluene
vapor, which is then thoroughly mixed with the
air stream. This homogeneous mixture is subse-
quently directed through the antimicrobial core,
where the light-activated photocatalyst initiates
the degradation of toluene. The mass spectrom-
eter continuously monitors the reduction in tolu-
ene concentration, providing real-time data on
the photocatalytic efficiency. This robust setup
ensures highly accurate and reproducible experi-
mental conditions for the evaluation of new pho-
tocatalytic materials.

The test rig (Figure 3, Figure 4) itself, which
is characterized by a transparent polymer tube
(1), integrates a test substance generator with
thermoregulation to control the evaporation rate
(4), a suction and mixing system (5) and the anti-
microbial core itself. This core consists of a knit-
ted metal oxide polymer fibre and is supplement-
ed by a controllable light source which is located
on a central tube (3). For visual inspection of the
process and access to the measurement probes,
special holes are provided in the tube (2, 7). Air
circulation in the bench is provided by a fan (5)
and a mixing device in the form of a propeller
(7) is used for optimised dispersion in the pre-
filtration zone (6).

The efficiency of the antimicrobial filter is
systematically monitored at two key locations:
before entering the antimicrobial core and after
leaving it, using a mass spectrometer. During ex-
perimental testing, the temperature can be flex-
ibly controlled to optimize the evaporation rate,
and the level of dust or general air pollution can
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Figure 2. Block diagram of the photocatalytic test stand

also be monitored and modified. The versatility
of the device allows the configuration of several
operating parameters such as air flow volume per
minute, temperature, humidity and dust level.
The main advantages of this technical solu-
tion include its adaptability for testing a variety
of photocatalytic agents and their cleaning effi-
ciency, with a proven broad spectrum effect on
both organic and inorganic substances. Thanks to
the integration of a mass spectrometer, the results
can be evaluated instantaneously, with the possi-
bility of continuously controlling the volume of
air supplied to the core of the test rig. In addition
to the basic experimental function, which is cru-
cial for testing a wide range of compounds and
optimizing the photocatalytic core, the test bench
also allows for thorough material lifetime tests
under controlled conditions, whereby a knitted

polymer fibre with metal oxides is applied. This
comprehensive methodology, supported by a
specifically designed test rig, allows not only to
quantify the performance of our photocatalyst in
an exact manner, but also to understand in detail
its basic mechanisms of operation and to confirm
its potential for large-scale practical applications
in the field of indoor air decontamination.

RESEARCH AND DEVELOPMENT
OF A POLYPROPYLENE FIBRE
PHOTOCATALYST

The current global challenges associated with

pathogen elimination and environmental decon-
tamination urgently require the development of

341



Advances in Science and Technology Research Journal 2025, 19(11), 338-353

Figure 3. Photocatalytic efficiency test bench

innovative, energy-efficient and widely appli-
cable solutions. This research presents a break-
through concept of a photocatalyst with polypro-
pylene braid as an essential component (Figure
5). This unique knitted fabric has been specially
developed and is based on polypropylene fibres
that are enriched with additives.

On the basis of proper knitted fabric selection,
six knitted fabrics with different parameters were
selected for testing. The knits fabric tested are de-
tailed in Table 1, where their characteristics such
as designation, fibre type, unit fineness, colour,
knitting tension and areal density are included.

On the basis of these tests, the most suitable
PL-3 knitted fabric was selected, characterised by
afibre fineness of 168 dTex and an areal density in
the range 230-231 g/m?. This knit effectively ab-
sorbs radiation in the wavelength range 400570
nm. On the basis of these aspects, PL-3 knitted
fabrics exhibit exceptional antimicrobial activity
already after exposure to the visible light spec-
trum, namely in the green to blue region, which
corresponds to normal daytime illumination.

To calculate the required radiation power, the
calculation for the mean wavelength required to
activate the total amount of photocatalyst con-
tained in 1 m? of fabric shows a requirement of
833 J of energy. This calculated energy can con-
vert 0.43 mg of oxygen (O,) into a highly reactive
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Figure 4. Photocatalytic efficiency test stand

form (corresponding to approximately 1.6 x 1019
molecules). At a dye and oxygen content of 25%,
the maximum power that 1 m? of fabric will need
to achieve maximum PL-3 knitting activity is ap-
proximately 16 W in the 400-570 nm radiation
spectral range. For a broader radiation spectrum,
approximately 3 W needs to be added for a total
power of 19 W.

The graph in Figure 6 presents the spectral
distribution of the radiation of a specific light
source. The X-axis (A (nm)) shows the wave-
length of light in nanometers, while the Y-axis
(uW/cm?/nm) indicates the radiation intensity in
microwatts per square centimeter per nanometer.
Visual interpretation of the graph shows that the
measured spectrum extends from approximately
200 nm to 850 nm. Within this range, several
emission peaks are clearly observable. A distinct
peak is located around 435 nm, which corresponds
to the blue component of the visible spectrum.
The most dominant peak with the widest range is
concentrated in the interval from approximately
490 nm to 600 nm, with its peak localized in the
530 nm to 570 nm range. This region of the spec-
trum corresponds to the green to blue part of vis-
ible light. In addition to these main components,
minor peaks in the ultraviolet (below 400 nm)
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Figure 5. PL-3 polypropylene fibre knitted fabric

and infrared (above 700 nm) regions are detect-
able, including minor emissions around 405 nm,
580 nm, 770 nm and 800 nm. Overall, the graph
confirms that the light source in question emits
radiation primarily in the visible spectrum, with a
dominant green component and a significant pres-
ence in the blue region.

The key to this innovation lies in the ability
of the above braided structure to function as a

Table 1. Knitted fabrics tested

highly active photocatalyst. Upon absorption
of photons of the corresponding wavelengths, a
complex photocatalytic process is initiated on
the surface of the braid. This process efficiently
generates highly reactive oxygen species (ROS),
which are known for their significant oxidative
capacity that induces the lysis and subsequent
destruction of pathogens, including COVID-19,
present in the surrounding air environment. Un-
like many conventional photocatalysts that re-
quire energy-intensive UV radiation, our photo-
catalyst concept is active under standard room
illumination. This feature significantly increases
its practicality, energy efficiency and overall
safety in daily operation.

The antimicrobial knitted core, made up of
polypropylene fibers, has been precisely designed
to maximize the surface area for interaction with
pathogens and to optimize the transport of pho-
togenerated charge carriers (electrons and holes).
This effectively minimizes their recombination
and increases the overall quantum efficiency of
the photocatalytic process. The synergistic effect
of the combination of the unique braid structure

Designation Type of fibre (fineness/ Unit fineness Colour Knitting tension Fabric density (g/
9 number of fibrils) (dTex/filament) (cN) m?)
PL-1 110/33 x 1 3.33 Black and blue 3.5 84.6
PL-2 125/50 x 2 2.50 black 4.0 190.1
PL-3 84/50 x 2 1.68 maroon 3.6 230.7
PL-4 56/33 x 2 1.67 Dark blue 3.5 95.0
PL-5 70/50 x 1 1.40 White 3.5 106.9
PL-6 50/50 x 2 1.00 light purple 3.5 82.1
2,50E+01
2,00E+01
£ 1,50E+01
g
B
= 1,00E+01
5,00E+00
0,00E+00 s 1 . |~ - I !
200 300 400 500 600 700 800
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Figure 6. Active radiation spectrum of PL-3 knitted fabric
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and photocatalytic functionality ensures not only
extremely efficient but also long-lasting elimina-
tion of a wide range of microorganisms, includ-
ing the viral respiratory disease COVID-19. An
important benefit is also its ability to act not only
on organic but also on inorganic compounds.
This research opens promising avenues for
the development of a new generation of smart
materials and integrated devices capable of pro-
viding continuous, passive decontamination of
indoor air. Ultimately, this will contribute signifi-
cantly to improving the quality of the indoor envi-
ronment and enhancing public health protection.

DETERMINATION OF AIR SATURATION
WITH TOLUENE

Antoine equation and description of
saturation vapour pressure

The Clausius-Clapeyron equation is often
used in physical chemistry and engineering to
characterise saturation vapour pressure in rela-
tion to temperature. Its differential form leads to
an integral expression Equation 1:

mﬂzzézmﬁ(l 1)

o1 R \T. (1)

T, T,
where: p, p, — saturation vapour pressures at the
respective temperatures, 7', T,— tempera-
ture, 4 H — evaporative enthalpy,
R — molar gas constant.

Theoretically, if the values of saturation vapor
pressure at specific temperature and evaporative
enthalpy were available for a given substance,
this equation would allow the prediction of the
functional dependence p = f(7). However, a key
limitation of this relationship is the assumption
that the evaporative enthalpy (AWPH) remains
constant over the entire temperature range. In re-
alistic conditions, this condition is not met, but it
is necessary for the successful integration of the
differential equation from which the Clausius-
Clapeyron equation is derived. Practice shows
that 4.7 varies with temperature, which for
some substances causes the Clausius-Clapeyron
equation to be insufficiently accurate in its de-
scription. [53, 54]

An alternative approach with a similar math-
ematical structure is represented by the Antoine
Equation 2, classified as an empirical relationship:
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B
l =A-—- 2
0gp CIT 2)
where: p — vapor pressure, 7 — temperature,

A, B, C — empirical constants.

Empirical constants 4, B, C, which are de-
termined for each particular substance on the
basis of experimental data. The constant A4 in
this model symbolizes the pressure at the ref-
erence temperature, analogous to the integra-
tion constant from the boundary conditions in
the Clausius-Clapeyron equation. Parameters B
and C together characterize the behavior of the
evaporative enthalpy. Specifically, parameter B
can be interpreted as the evaporative enthalpy
under reference conditions, while the constant
C governs the temperature dependence of the
evaporative enthalpy, allowing a better approxi-
mation of the actual behavior of the substance.
Although three parameters are used, similarly
to the Clausius-Clapeyron equation (if 4, H is
assumed constant), the Antoine equation allows
a more accurate description of the real depen-
dencies. To achieve even higher accuracy, ad-
ditional powers of temperature in the denomi-
nator and their associated parameters could be
introduced. [53, 54] In the following Table 2 and
Figure 7, the logarithmized values of Antoine’s
equation for calculating the density of toluene
in air as a function of temperature are described
and illustrated.

To calculate the ideal amount of toluene at
saturated state, we used Antoine’s equation at an
outside temperature of 20 degrees Celsius and a
pressure of 1.01 bar. Based on this, we calculated
the ideal density of toluene in air Table 3, Table
4 in units of ppm, which will be compared when
measuring the efficiency of the photocatalytic
core formed from polypropylene knitted fabric.

Experimental methodology

The experimental evaluation of the photo-
catalytic antimicrobial core’s performance fol-
lowed a rigorous methodology designed to en-
sure precision, reproducibility, and comprehen-
sive data collection.

For the preparation and integration of the
photocatalytic core, the specially developed
polypropylene knitted fabric (PL-3), which
serves as the carrier for the photocatalyst, was
meticulously prepared and carefully integrated
into the antimicrobial core of the test stand (as
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Table 2. Logarithmized values of Antoine’s equation for calculating the density of toluene in air

as a function of temperature

Temperature Parameter Antoine’s equation
°C K A B C log(P*/bar) (P*/bar)
0 273 4.23679 1426.448 -45,957 -2.0459318 0.009000
1 274 4.23679 1426.448 -45,957 -2.0183812 0.009590
2 275 4.23679 1426.448 -45,957 -1.9910711 0.010210
3 276 4.23679 1426.448 -45,957 -1.9639985 0.010860
4 277 4.23679 1426.448 -45,957 -1.9371603 0.011560
5 278 4.23679 1426.448 -45,957 -1.9105534 0.012290
6 279 4.23679 1426.448 -45,957 -1.8841748 0.013060
7 280 4.23679 1426.448 -45,957 -1.8580216 0.013870
8 281 4.23679 1426.448 -45,957 -1.832091 0.014720
9 282 4.23679 1426.448 -45,957 -1.8063801 0.015620
10 283 4.23679 1426.448 -45,957 -1.7808861 0.016560
11 284 4.23679 1426.448 -45,957 -1.7556063 0.017550
12 285 4.23679 1426.448 -45,957 -1.7305381 0.018600
13 286 4.23679 1426.448 -45,957 -1.7056786 0.019690
14 287 4.23679 1426.448 -45,957 -1.6810255 0.020840
15 288 4.23679 1426.448 -45,957 -1.6565761 0.022050
16 289 4.23679 1426.448 -45,957 -1.6323278 0.023320
17 290 4.23679 1426.448 -45,957 -1.6082783 0.024640
18 291 4.23679 1426.448 -45,957 -1.5844251 0.026040
19 292 4.23679 1426.448 -45,957 -1.5607657 0.027490
20 293 4.23679 1426.448 -45,957 -1.5372979 0.029020
21 294 4.23679 1426.448 -45,957 -1.5140193 0.030620
22 295 4.23679 1426.448 -45,957 -1.4909277 0.032290
23 296 4.23679 1426.448 -45,957 -1.4680208 0.034040
24 297 4.23679 1426.448 -45,957 -1.4452963 0.035870
25 298 4.23679 1426.448 -45,957 -1.4227522 0.037780

illustrated in Figure 4). Proper alignment and
secure placement were crucial to maximize the
surface area exposed to the airflow and the con-
trolled light source.

Regarding system calibration and baseline
establishment, prior to each experimental run,
the mass spectrometer (Figure 1) underwent a
thorough calibration process to ensure the ac-
curate quantification of toluene concentrations.
This calibration is essential for obtaining reli-
able and comparable results. A stable baseline
concentration of toluene (Cin) was established
within the test stand. This was achieved by pre-
cisely controlling the evaporation rate of liquid
toluene using the thermoregulation system of
the Test Substance Generator. This initial con-
centration, theoretically determined using An-
toine’s equation (as detailed in Tables 2—4), was

consistently maintained before any photocata-
lytic activity was initiated.

Under controlled experimental conditions,
measurements were systematically performed
under tightly controlled environmental param-
eters to isolate the effect of illumination inten-
sity on photocatalytic efficiency. A constant air-
flow rate of 10 liters per second (equivalent to
36 m*® per hour) was maintained throughout all
experiments. This specific flow rate was chosen
to simulate the average volumetric air exchange
typically found in standard indoor environments
where such air purification devices would be de-
ployed. The air temperature within the test envi-
ronment was precisely maintained at 20 °C, and
the relative humidity at 55%. These conditions
were kept constant across all experimental runs
to eliminate their variability as a factor influenc-
ing photocatalytic degradation. For illumination
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Figure 7. Logarithmized values of Antoine’s equation for calculating the density of toluene in air
as a function of temperature

Table 3. Logarithmized values of Antoine’s equation for calculating the density of toluene in air

as a function of temperature

Air Parameter M (toluene) 92,14 g/mol
x(N,) 0.78084 (% mol) M(N,) 28.01 g/mol
x(0,) 0.20946 (% mol) M(O,) 32.00 g/mol

x(H,0) 0.00970 (% mol) M(H,0) 18.02 g/mol
Air pressure 1.01 bar
Temperature 20 °C
Table 4. Theoretical density of toluene after saturation
Air + toluene
Saturated vapour pressure of toluene 0.029020 bar X(N,) 0.758203
Mole fraction of toluene vapour 0.028991 x(0,) 0.203388
ppm (mol, toluene) 28991.01 x(H,0) 0.009419
Mass fraction of toluene vapour 0.087333
M of air + toluene mixture 30.59000 g/mol

Intensities, the primary variable investigated was
the illumination intensity supplied to the photo-
catalytic core. Experiments were conducted at
25%, 50%, 75%, and 100% of the maximum light
source output. The light source was specifically
configured to emit radiation primarily in the vis-
ible spectrum (mean wavelength of 500 nm with-
in the 400—570 nm range), which corresponds to
the activation spectrum of the PL-3 knitted fabric
(Figure 5).

For data acquisition and efficacy measure-
ment, the mass spectrometer, with its special-
ized probe, was used to quantitatively measure
the concentration of toluene at two distinct
points: before the air entered the antimicrobial
core (Cin) and after it exited the core (Cout).
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Measurements were captured at short, predefined
time intervals, enabling real-time monitoring
of the degradation dynamics and providing im-
mediate insights into the photocatalytic process.
The collected data were recorded electronically
and presented graphically (Figure 9, Figure 10,
Figure 11, Figure 12). The percentage decrease
in toluene concentration was calculated for each
measurement to determine the photocatalytic ef-
ficiency as shown in Equation 3:

(Cin - Cout)
C

in

Efficiency (%) = x 100 (3)

where: Efficiency (%) — percentage decrease in
toluene concentration, representing the
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photocatalytic efficiency, C, — input tolu-
ene concentration (measured before en-
tering the antimicrobial core), C, — out-
put toluene concentration (measured after
exiting the antimicrobial core).

This direct comparative method allowed for
clear assessment of the photocatalyst’s perfor-
mance under varying illumination conditions.

Finally, for interpretation and hypothesis
validation, the underlying hypothesis for this
research posits that a significant degradation
of toluene (specifically, at least 50% degrada-
tion) indicates substantial damage to most or-
ganic matter. Furthermore, achieving a 75% or
higher reduction in toluene levels is considered
a strong indicator for effective elimination of
a wide range of airborne pathogens, including
viral agents like COVID-19. The experimental
results were analyzed in light of this hypothesis
to confirm the broad-spectrum potential of the
tested material.

Experimental results

After careful preparation and application of
the polypropylene knitted fabric to the device
(Figure 8), which serves as a carrier for the pho-
tocatalyst, the test bench was ready to measure

the performance of the antimicrobial filter. The
efficiency is measured using a mass spectrom-
eter, which is applied with a special probe from
above into the test environment (Figure 8). This
instrument allows the concentration of the test
substance to be accurately quantified before en-
tering and after leaving the antimicrobial core.
Measurements are taken at short time intervals,
which is critical for immediate evaluation of the
dynamics of the degradation process.

The measurements were performed on the
test bench at illumination intensities of 25% (Ta-
ble 5), 50% (Table 6), 75% (Table 7) and 100%
(Table 8) at a constant airflow rate of 10 liters per
second, which is 36 m’per hour, and this is the
average volumetric size of the room where it is
to be deployed.

The measurement of toluene degradation at
25% illumination intensity is shown graphically
in the following Figure 9.

The air temperature was 20 °C and the hu-
midity was 55%. We hypothesized that the pho-
tocatalytic reaction results in the oxidation of
toluene, and in the case of at least 50% toluene
degradation, most organic matter will be dam-
aged. As can be seen from the following mea-
surements (Table 5) 25% illumination intensity
is insufficient for the expected photocatalytic
efficiency, 50% illumination intensity (Table 6)

Figure 8. Measurement of test bench performance using sensors and probes
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Table 5. Measurement of toluene degradation at 25% 1

[lumination intensity

Measurement lllumination Air temperature | Input value of Toluene Toluene output Percentage
number intensity [°C] quantity [ppm] value [ppm] decrease
1 25% 20 27714 17946 35.25%
2 25% 20 27942 17667 36.77%
3 25% 20 27202 18668 31.37%
4 25% 20 27205 18435 32.23%
5 25% 20 27078 18892 30.23%
6 25% 20 27585 18319 33.59%
7 25% 20 27729 18989 31.52%
8 25% 20 27621 18313 33.70%
9 25% 20 27492 19709 28.31%
10 25% 20 27387 19121 30.18%
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20000
I I
15000
10000
5000
0
1 2 3 4

Toluene quantity value [ppm]

5 6 7 8 9 10

Measurement number

m Input Toluene quantity [ppm]

m Output Toluene quantity [ppm]

Figure 9. Measurement of toluene degradation at 25% illumination intensity

is at the limit of the desired photocatalytic effi-
ciency. For a given photocatalytic filter size, at
least 75% illumination intensity satisfies the con-
ditions (Table 7, Table 8). The measurement of
toluene degradation at 50% illumination intensity

Table 6. Measurement of toluene degradation at 50% 1

is shown graphically in Figure 10. The measure-
ment of toluene degradation at 75% illumination
intensity is shown graphically in Figure 11.

As we predicted at 100% illumination inten-
sity, there should be at least a 75% decrease in the

llumination intensity

Measurement Intensity of Air temperature Input Toluene Toluene quantity Percentage
number enlightenment [°C] quantity [ppm] output [ppm] decrease
1 50% 20 27802 12035 56.71%
2 50% 20 27765 11358 59.09%
3 50% 20 27747 11507 58.52%
4 50% 20 27236 11523 57.69%
5 50% 20 27193 12222 55.05%
6 50% 20 27619 12582 54.44%
7 50% 20 27925 11762 57.88%
8 50% 20 27652 12172 55.98%
9 50% 20 27589 11834 57.10%
10 50% 20 27267 11984 56.04%
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Figure 10. Measurement of toluene degradation at 50% illumination intensity

Table 7. Measurement of toluene degradation at 75% illumination intensity

Measurement Intensity of Air temperature Input Toluene Toluene quantity Percentage
number enlightenment [°C] quantity [ppm] output [ppm] decrease
1 75% 20 27286 8724 68.02%
2 75% 20 27987 8778 68.63%
3 75% 20 27000 8640 68.00%
4 75% 20 27068 8694 67.88%
5 75% 20 27929 8627 69.11%
6 75% 20 27155 8819 67.52%
7 75% 20 27212 8960 67.07%
8 75% 20 27893 8790 68.48%
9 75% 20 27060 8543 68.42%
10 75% 20 27321 8564 68.65%
30000

Toluene quantity value [ppm]

25000
20000
15000
10000
5000
0

1 2 3 4 5 6 7 8 9 10

Measurement number
m Input Toluene quantity [ppm] m Toluene quantity output [ppm]

Figure 11. Measurement of toluene degradation at 75% illumination intensity

toluene level, which will ensure the elimination For the measurements, we used the mean value
of pathogens. In the case of an increase in effi- of the colour spectrum of 500 nm from the range
ciency, it would be necessary to increase the filter =~ of 400-570 nm required by the manufacturer of
area and increase the illumination intensity. the photocatalytic substance present in the braid.

349



Advances in Science and Technology Research Journal 2025, 19(11), 338-353

Table 8. Measurement of toluene degradation at 100% illumination intensity

Measurement Intensity of Air temperature Input Toluene Toluene quantity Percentage
number enlightenment [°C] quantity [ppm] output [ppm] decrease
1 100% 20 27668 7304 73.60%
2 100% 20 27941 7343 73.72%
3 100% 20 27882 7214 74.13%
4 100% 20 27855 7423 73.35%
5 100% 20 27331 7410 72.89%
6 100% 20 27498 7201 73.81%
7 100% 20 27556 7422 73.07%
8 100% 20 27812 7071 74.58%
9 100% 20 27758 7456 73.14%
10 100% 20 27327 7010 74.35%
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Figure 12. Measurement of toluene degradation at 100% illumination intensity

Changing the wavelength to the extremes of the
range (400 and 570 nm) did not produce a mea-
surable improvement in the efficiency of the pho-
tocatalytic filter. The measurement of toluene
degradation at 100% illumination intensity is
shown graphically in the following Figure 12.
During experimental testing, the temperature
can be flexibly controlled to optimize the rate of
toluene evaporation. At the same time, dust and
overall air pollution levels are monitored and mod-
ified, contributing to the versatility of the device.
Configuration of several operating parameters
such as air flow volume per minute, temperature,
humidity and dust level is provided by the afore-
mentioned integrated sensors and control system.

CONCLUSIONS

The research presented in this paper focused
on the development and characterization of a
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photocatalytic efficacy test-bed that was de-
signed as a direct response to the urgent need
for efficient, inexpensive, and highly effective
air decontamination and pathogen elimination,
particularly in the context of global pandemic
challenges. This innovative bench is used to ac-
curately evaluate the performance of a new type
of device that incorporates a photocatalytic anti-
microbial core based on a polypropylene knitted
fabric that is active under normal illumination.
The testing methodology uses toluene as a mod-
el volatile organic compound, the concentration
of which is monitored by a mass spectrometer,
allowing immediate evaluation of the degrada-
tion dynamics, thus ensuring efficient verifica-
tion of its functionality.

The measurements performed confirmed the
ability of the photocatalytic antimicrobial core
to degrade toluene at different illumination in-
tensities. At 25% illumination intensity, an aver-
age toluene degradation of approximately 32.2%
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was recorded, which was evaluated as insuffi-
cient for the expected photocatalytic efficiency.
Increasing the intensity to 50% resulted in an av-
erage degradation of about 56.8%, which was at
the limit of the desired photocatalytic efficiency.
At 75% illumination intensity, an average deg-
radation of about 68.3% was achieved. Finally,
at 100% illumination intensity, the tests showed
an average decrease in toluene concentration of
around 73.6%. Based on the hypothesis that at
least 50% degradation of toluene leads to the
deterioration of most organic matter, and with
the assumption of a 75% decrease in toluene lev-
els to ensure pathogen elimination, these results
confirm the considerable potential of the tested
material. To achieve higher efficiency, the filter
area would need to be increased and the illumi-
nation intensity increased.

The developed test bench, whose design is
protected by a utility model, represents a robust
and adaptable solution for the comprehensive
evaluation of photocatalytic materials. Its main
advantages are the ability to test a wide range
of substances, including both organic and inor-
ganic compounds, the immediate evaluation of
results thanks to the mass spectrometer, and the
flexible configuration of operating parameters
such as temperature, humidity and dust level.
This comprehensive methodology not only
quantifies the performance of the photocatalyst
in an exact manner, but also allows a deeper
understanding of its mechanisms of operation
and confirms its potential for large-scale practi-
cal applications in the field of continuous and
passive indoor air decontamination. Ultimately,
this research contributes significantly to im-
proving the quality of the indoor environment
and enhancing public health protection.
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