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ABSTRACT
We compared spectra and intensity light of different sources, such as a UV-A lamp, a UV-C lamp, and a visible bulb, and atmospheric
nonthermal plasma emission. Spectroscopic measurements were performed with an optical emission spectrometer and radiometric measure-
ments with a radiometer to which UV-A, UV-C, and visible probes were coupled to measure the light intensity per unit surface. For each light
source, we measured the emission spectrum and light intensity using different probes and also varying the relative distance. The nonthermal
atmospheric plasma was generated by means of a surface barrier dielectric discharge varying the relevant parameters. This work allowed
us to create the experimental setup suitable for further studies on volatile organic compound abatement by plasma-catalysis processing and
compared it to the photocatalysis techniques based on UV and visible lamps.

© 2021 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0057033

I. INTRODUCTION

Nonthermal plasmas are generated in nonthermodynamical
equilibrium. They are weakly ionized, containing a few electrons and
ions and several atomic and molecular species at high excitation lev-
els. These plasmas are characterized to be composed of high reactive
species at ambient temperature and are largely employed for various
applications.1–4

Nonthermal plasmas can be, for instance, employed for cre-
ating a chemical reactive environment in which several processing
steps can be performed to treat materials for modifying surface
properties5–10 as well as to treat harmful substances to decompose
them.11–16

The needs for efficient processes for the abatement of harmful
substances, including Volatile Organic Compounds (VOCs) emitted
in industrial processes, are really strategic to save our environment.

Some competitive processing aimed to reduce VOC concentra-
tions concerns UV photocatalysis.17–24 Photocatalysis is the activity
occurring when a light source interacts with the surface of semicon-
ductor materials, the so-called photocatalysts. During this process,
there must be at least two simultaneous reactions occurring: oxida-
tion from photogenerated holes and reduction from photogenerated
electrons.

Photocatalysis can be successfully used in a real environment
to decompose pollutants and enhance the quality of the atmospheric
air. Usually for a material’s environmental applications, metal oxides
made of Ti, Zn, Mn, and Cu are suitable to induce the photocatalysis
reactions. In this regard, the photocatalysis is more easily induced by
UV light or/and visible light.

Nonthermal plasmas, in addition to generating reactive species,
produce light. With regard to this, plasmas could be used as light
sources instead of UV and visible lamps. It is therefore possible to
also induce catalytic processes with plasma light, during plasma gas
processing, in the presence of a catalyst. This process is very inter-
esting in the application for the decomposition and the abatement of
noxious substances, as demonstrated by the previous literature.25–27

We are, therefore, interested to use the plasma as a source of
both molecular dissociation by charges and oxidating active species
and photocatalysis reactions in the presence of a catalyst deposited
in the vicinity of the plasma source.

In developing the plasma–catalytic system, we are first inter-
ested in studying and comparing the plasma catalytic activity with
that induced by UV and visible light.

This work is aimed to create the experimental setup suit-
able for the study of VOC abatement by both plasma-catalysis and
photocatalysis processes.

AIP Advances 11, 085209 (2021); doi: 10.1063/5.0057033 11, 085209-1

© Author(s) 2021

https://scitation.org/journal/adv
https://doi.org/10.1063/5.0057033
https://www.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0057033
https://crossmark.crossref.org/dialog/?doi=10.1063/5.0057033&domain=pdf&date_stamp=2021-August-6
https://doi.org/10.1063/5.0057033
http://orcid.org/0000-0001-7722-7076
http://orcid.org/0000-0002-6597-7846
http://orcid.org/0000-0002-3983-5414
mailto:claudia.riccardi@unimib.it
https://doi.org/10.1063/5.0057033


AIP Advances ARTICLE scitation.org/journal/adv

To this purpose, this paper presents the experimental setup and
a study on the optical proprieties of plasma in comparison with those
related to UV and visible lamps.

Here, we present a characterization of the spectra and the power
per surface unit for different light sources, such as a UV-A lamp,
a UV-C lamp, and a visible LED bulb, and plasma emission pre-
senting the experimental setup. This study permits us to further
use the nonthermal atmospheric plasma coupled with photocatalytic
medium for the VOC depletion.

This paper is organized as follows: In Sec. II, we describe the
experimental setup. In Sec. III, we present results of the experimental
campaign, the light sources spectra, and the intensity per surface unit
in different conditions. In Sec. IV, we present a final discussion of the
results.

II. EXPERIMENTAL SETUP
In our experiment, we used a vacuum cross chamber (20

× 20 cm2 in length and 10 cm in diameter). The plasma source
and the catalytic support are placed in a chamber, while the lamps
are placed in front of a quartz window facing the catalytic support
outside the chamber. Three of the four openings are closed by vac-
uum gauges, and the last one is left opened for the first part of the
experiment when we study the plasma emission light and the light
emitted by the lamps. In the last part of the experiment, we close the
last opening by a quartz window to study the light emission lamp
abatement from a filter. The same chamber will be also used for
the VOC depletion experiments placing the plasma and the catalytic
plate inside and the lamp outside.

For the characterization of the light sources, we used optical
emission spectroscopy and a radiometric system. As light sources,
we used an UV-C lamp (UV Lawtronics centered at 253.7 nm), an
UV-A lamp (UV Philips Lighting centered at 370 nm), and a visible
LED bulb (GLS Osram at 4000 K). All the lamps are powered by 4 W.
During the intensity light measurements, we placed the radiometric
probe (or alternatively during the spectra analysis, the optical fiber)
at the middle of a semi-closed box aligned with the light source, as
shown in Fig. 1. To obscure the ambient light, we covered the device
with a blanket. The radiometric probes were placed exactly where we
will place the photocatalytic support.

For the characterization of the plasma emission, we placed
the plasma source inside the chamber and the probe in front of it

FIG. 2. Plasma device scheme setup.

(Fig. 2). We used an alumina Surface Dielectric Barrier Discharge
(SDBD).2,28–31

In our experiment, the SDBD is a 9 × 5 cm2 alumina dielectric
surface, 1 mm thickness, with 9 metal fingers, 7 cm long, 1 mm large,
and 4 mm apart made of an alloy of ruthenium, nickel, silver, and
palladium. The plasma is lit up by a high voltage (HV) power supply
working in a power range between 8 and 80 W and a frequency of
the order of tens of kilohertz.30,31

A. Optical emission spectroscopy device
The used spectrometer is Ocean Optic PS2000, which works in

a range of wavelengths between 180 and 870 nm with a resolution of
∼0.3 nm.1,2 The fiber slit is 10 μm.

B. Radiometric device
As a radiometric device, we used a HD 31 datalogger from

DeltaOhm coupled with three radiometric probes that collect the
irradiated power per surface unit (μW/cm2) in the specified spectra
range. The probe are LP47-RAD for visible spectra (400–1050 nm
range), LP471-P-A for UV-A spectra (315–400 nm), and
LP471-UVC for UV-C spectra (220–280 nm).

Each probe was employed to collect the intensity per surface
unit in the specific spectrum range of the light sources.

FIG. 1. (a) Lamp equipment setup and (b) scheme.
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III. MEASUREMENT RESULTS

For every light source, we measured the optical emission spec-
tra and the radiometric intensity by means of the probes.

A. Optical emission spectroscopy
We used optical emission spectroscopy to characterize the light

source spectra (Fig. 3).
The UV-C lamp is characterized by the typical line spectrum

of the low pressure Hg: the main peak is at 253.7 nm. The UV-A
lamp has only a peak at 370 nm produced by the low pressure Hg
vapors, while all the other lines are suppressed by the lamp glass.
The visible bulb has a continuous spectrum in the visible range from
about 450 to 700 nm. The SDBD plasma is generated at atmospheric
pressure in air gas. The plasma emission is characterized by a line
spectrum, mainly in the UV-A region, due to the principal, rota-
tional, and vibrational emission of N2 species. The observed N2 lines
are at 315.93, 337.13, 357.69, 380.49, and 405.94 nm.

We are interested in knowing the light source spectra not only
to compare them but also to couple them with the specific catalytic
substance for the catalysis processing. Different catalysts are, in fact,
activated by different specific light frequencies. In Fig. 3, we can see
that plasma emits in the frequency range of the UV-A lamp; in this
frequency range, we could expect a synergic effect due to both the
light sources in the presence of catalytic support and interactions of
the plasma reactive species with the noxious substances. VOC deple-
tion with catalysis activated in the UV-A spectrum region by plasma
and UV-A lamp will be the object of future studies.

B. Lamps radiometric measurements
It was observed that the light sources require some time to

achieve stable intensity. That time is about 5 min for the UV-A lamp,
about 3 min for the UV-C lamp, and about 2 min for the visible bulb.

To set up our apparatus, for each light source, we collected the
intensities at different distances between the source itself and the
probe, as shown in Fig. 4.

We fitted the UV-A and UV-C data considering the emission
source as a uniform limited cylinder (L = 11 cm), so its intensity is

FIG. 3. Spectra emission (in arbitrary units) of the used lamps and plasma detected
by the emission spectroscopy device.

FIG. 4. Intensity (μW/cm2) vs distance (cm) for the three light sources using the
coupled probe.

given by

E(d) = 2
A
d
[atan(L/2

d
)] + B, (1)

while for the visible bulb, it is a spherical symmetry, and the intensity
is given by

E(d) = A
d2 + B, (2)

where d is the lamp–probe distance.
In Eqs. (1) and (2), the additive parameter B is due to a func-

tional approximation. The errors occurring in the distance measure-
ments are predominant on the intensity ones; to get a better fit, we
fitted the inverse function of Eqs. (1) and (2). The fitting curve and
parameters are shown in Fig. 5, denoting good agreement between
experiments and theory.

Concerning the intensity of the light sources in the other spec-
trum regions, by radiometric probes, we also found the following:

● Using the UV-A lamp, the visible component is about
0.08 times the UV-A component, while there is no UV-C
component.

● Using the UV-C lamp, the visible component is about 0.14
times the UV-C component, while the UV-A component is
about 0.02 times the UV-C one.

● Using the visible bulb, there are no UV-A and UV-C
components.

We summarize these results in Table I.
Since we are interested in using the catalyst support inside the

chamber while the lamps outside the chamber in front of a quartz
window, we measured the intensity transmission factor due to the
quartz window. The results are shown in Table II. As can be seen,
the transmission factor is high and the same in UV-A and visible
regions, while it is lower in UV-C light.

C. Plasma radiometric measurements
Using plasma, we measured the intensity per surface unit at dif-

ferent ignition powers at a fixed distance (about 3.5 cm) using both
the UV-A and visible probes (Fig. 6). UV-C radiation is almost null
in the plasma light.

Comparing the UV-A plasma emission with the UV-A lamp
ones at 3.5 cm distance, we found that the latter is between 20
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FIG. 5. Fit and experimental data of distance (cm) vs intensity (μW/cm2) for (a)
UV-A, (b) UV-C, and (c) visible light sources.

and 600 times brighter than plasma, depending on their distance
from the radiometric probe. A higher intensity factor was found
between the visible bulb and the visible component of the plasma.

These results force us to place the catalysts directly on the alu-
mina dielectric surface of our SDBD source between the electrodes.
In this way, the catalyst is directly induced by the plasma light, being
located at a distance of the order of 1 mm.

TABLE I. Comparison of the intensity emission of the light sources in the different
spectrum regions.

Probe
Source UV-A UV-C Visible
UV-A lamp 1 0 0.08
UV-C lamp 0.02 1 0.14
Visible bulb 0 0 1
Plasma 1 0 0.50

TABLE II. Transmission factor due to the quartz window filter.

Source Transmission factor (%)

UV-A lamp 80
UV-C lamp 55
Visible bulb 80

FIG. 6. Intensity (μW/cm2) vs plasma ignition power (W) for the UV-A probe (black
dots) and visible probe (red dots).

IV. DISCUSSION
We investigated the intensity of UV light lamps in compari-

son with the light emitted by a SDBD plasma at different powers.
The intensity of each light source can be summarized in Table I. In
this table, we compare the source intensities in the different spec-
trum regions with respect to the predominant emission spectrum.
We demonstrated that the UV-A lamp emits in the UV-A region of
the spectrum with also a minor contribution in the UV-C spectrum;
the UV-C lamp emits in the UV-C region with a minor contribution
in the UV-A spectrum; for the visible LED bulb, it is in the visible
region; and for the plasma, the main emission is in the UV-A region.

We also verified that the emission of UV-A and UV-C lamps
vs the distance follows Eq. (1), while the visible bulb emission vs the
distance follows Eq. (2) and we found the fitting parameters for all
our lamps.

Concerning the plasma emission, we found that the intensity
is strictly dependent on the applied ignition power and it is much
lower than the lamp intensity. This result suggested us to deposit the
catalyst near the plasma light, that is, directly on the alumina surface
on which plasma is ignited. Then, as the plasma emits both in the
visible and in the UV regions, a catalyst can be chosen from among
those activated by UV and visible light.

The next step will concern experiments including photocat-
alysts to study the abatement of various noxious substances. A
comparison of photocatalysis processes by lamps and plasma pro-
cesses with and without the photocatalysts will be object of future
studies.28,29
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