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Abstract—Photocatalytic coatings are a broad field of study where these films are proved to provide the applied surfaces
several features such as self-cleaning properties, anti-fouling/anti-bacterial properties, and degradation of pollutants
features. Pigments, a component of the coating, may prompt reactions which favour the aforementioned applications
when under the action of light - also know as photocatalytic pigments. TiO, nanoparticles (NPs) are one of the most
used as photocatalytic pigments. However, EU published a statement in 2020 acknowledging its toxicity by inhalation
and its potential carcinogenic risks. Regulations applied on this suspected carcinogen material, triggered the need to
find healthier and more environmentally-friendly alternatives. A set of alternatives already in use in coatings industry was
selected and a benchmarking approach was taken in order to compare and evaluate the selection to the state-of-the-art
TiO, P25. As TiO,-based photocatalysts, TiO, Rutile, TiO, Anatase, TiO, P25, ZnO were studied, and as non-TiO.-based
photocatalysts, Fe,O5 spherical, Fe,O5 lamellar, FeOOH, and Cu,O were characterized and tested. The characterization
techniques involved X-Ray Diffraction (XRD) and UV-Vis Diffuse Reflectance Spectroscopy (DRS). The first, revealed
the structure, the relative quantity of each present phase, and the cristallite size.All the pigments were tested in the
photodegradation of methylene blue in aqueous solution followed by UV-Vis spectroscopy using UV-C and UV-Vis light.
UV-Vis-DRS along with the Kubelka-Munk equation gave out the band gap value. Of all the non-TiO,-based alternatives
studied, ZnO was elected the alternative to TiO,-based photocatalysts. It showed the best performance under both types
of light when compared with TiO,-based samples.

Keywords—Coatings; photocatalysis; semiconductor; methylene blue photodegradation; non-TiO, based photocata-
lysts; TiO, nanoparticles; toxicity; X-ray diffraction; UV-Vis Diffuse reflectance spectroscopy; UV light source.

*

INTRODUCTION

munities, which is in accordance with UN'’s

ACoating is a layer of material which is
applied to a surface, commonly known
as paint or varnish, and may have several
purposes, such as decorative or protective pur-
poses. Pigments, a component of the coating,
may unveil photocatalytic properties. Photo-
catalysis is a mechanism where photocatalytic
materials, when hit by light, may promote re-
duction and oxidation reactions. Having light
as the driving force, the final applications are
the most diverse - from self-cleaning surfaces
to the degradation of air pollutants, and the
inactivation of viruses and bacteria [1], [2].
Even though photocatalytic coatings con-
tribute to the sustainable development of com-
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Sustainable Development Goals [3], there are
some drawbacks that need to be addressed.
Recently, the widely used TiO, NPs, have been
defined as suspicious carcinogen to humans by
inhalation - published at the latest EU Regu-
lation on classification, labelling and packag-
ing (CLP) of substances and mixtures [4]. As
these harmful effects are being brought to light,
leading political entities are putting pressure
on the scientific community to come up with
new ideas to solve these problems.

The main objective of this work is to select
and compare a set of photocatalytic pigments
already in use in the industry. A benchmark-
ing approach put TiO,-based photocatalysts
against non-TiO,-based alternatives. The TiO,
photocatalytic pigment was selected because it
is an acknowledged state-of-the-art pigment.
As a result of the literature review, the fol-



lowing non-TiO,-based materials were studied:
Fe,O; (spherical and lamellar), FeOOH, ZnO,
and Cu,O. Their photocalatytic activity have
not been extensively described in literature, but
some work have pointed this semiconductors
out as potentially active within UV-Vis light.
TiO,-based photocatalysts materials were cho-
sen to compare and evaluate alternative’s per-
formance. Those are TiO, rutilo, TiO, anatase,
and TiO, P25. Before the performance eval-
uation, characterization techniques were exe-
cuted, such as the X-ray diffraction (XRD) and
Diffuse reflectance spectroscopy (DRS). After
that, some protocols found in the literature,
to evaluate the performance of each pigments,
were adopted. Under two types of light sources
photocatalytic tests were carried out: UV-C and
a “more realistic” UV-Vis light bulbs. A slurry
composed of one of the pigments and a dye,
methylene blue (MB) in this case, was prepared
and put under these light sources. The degra-
dation of the dye was confirmed and mea-
sured by means of a spectrophotometer, being
the semiconductor’s performance subsequently
evaluated.

2 EXPERIMENTAL
2.1 Materials

To evaluate each sample’s performance, its
ability to degradate a dye under the influ-
ence of light was studied using Methylene
Blue (MB) (Sigma-Aldrich, 97% purity, dry ba-
sis). Distilled water (DW) served as dispersion
medium.

All the samples in study are summarized in
Table 1. The two light sources characteristics
are summarized in Table 2.

2.2 Characterization

The characterization of the samples was done
resorting to two techniques in order to obtain
comprehensive information on the physico-
chemical, structural, and morphological prop-
erties of the samples.

Powder X-ray diffraction (XRD) patterns
were acquired in a D8 Advance diffractometer
from Bruker equipped with a Cu lamp (CuKa
= 1.5406 A), a 1D LynxEye detector and a Ni
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filter. Experiments were performed from 5 to
80 ° (2 0) with a step size of 0.05 ° and a step
time of 1s. Results were analyzed with TOPAS
software (version 5.2) from Bruker.

The UV-Vis spectra of each pigment were ob-
tained using the Cary 5000 spectrophotometer
from Varian equipped with a Praying mantis
accessory for DRS measurements. The informa-
tion was recorded sweeping wavelengths from
200 up to 2500 nm. The scans were obtained
with a spectral bandwidth of 4 nm, a scan rate
of 600 nm/min, and a data interval of 1 nm.
From this technique the band gap value, which
helps to evaluate on the sample performance,
may be obtained. Resorting to the Kubelka-
Munk theory - which covers the behaviour of
light flux through homogeneous isotropic me-
dia - it is possible to relate the diffuse reflected
light to the absorption coefficient, K [5]. The
fundamental equation goes as follows.

K (1= Ring)?

Being S the backscattering coefficient and
R,y ¢ the remission fraction of an infinitely thick
layer. Both S and K are defined by the corre-
sponding thickness of the layer. It is assumed
that S changes negligibly within the wave-
length region of electronic absorption being the
Kubelka-Munk function solely dependent on K.
This assumption facilitates the calculations in a
way that the absorption, a, can be related to K
using the Tauc relation [5]-[7].

F(Ring) - ho)x ~ (o ho) )

h being the Planck’s constant, v the speed of
light, o the absorption coefficient, n the type of
electronic transition, and Eg the optical band
gap energy.

Being / the Planck’s constant, v the speed of
light, o the absorption coefficient, n the type of
electronic transition, and Eg the optical band
gap energy.

From the benchmarking point of view, the
comparison between potential candidates to
find alternatives to TiO,-based photocatalysts
demands a systematic protocol for achiev-
ing reproducible and meaningful results. The
adopted method to find the Eg value consists
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Table 1: List of the samples used. Purity and supplier.

Sample Supplier Commercial Reference Composition (%)
TiO, P25 Sigam-Aldrich Aeroxide 99.5
TiO, rutile Chemours Company - 97
TiO, anatase Merk - 99
ZnO EverZinc - 99.9
Fe,O; lamellar Promindsa Micronox R01 76-95
Fe,O; spherical Promindsa Micronox R110 76-95
FeOOH Lanxess Bayferrox 943 99.4
Cu,O Nordox - 99

Table 2: Model and characteristics of the source of light.

Name Philips Exo-Terra
Model TUV 4P SE UNP/32 | Reptil Glo 10.0 T8
Power (W) 16*6 14*6
Light Source UV-C (250 nm) UV + Visible

in making linear regressions. Although quite
sensible to interpretation, this empirical way of
obtaining the Eg value is acknowledged and
very much used by the scientific community.
Depending on the spectrum profile, one or
two tangent lines are drawn assuming in this
last case the intersection to be the Eg value
[8]. Those lines were drawn tangent to the
far left curve, on the first method, or tangent
to the two far left curves of the plot, on the
second method. Figures 1 and 2 illustrate these
methods.
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Figure 1: Example of a Tauc Plot obtained with the first
method (TiO, P25).

2.3 Photocatalysis

In a 1 L flask a solution of MB was pre-
pared and agitated magnetically for 1 h using
aluminium foil as a light shield. In a 250 mL
Erlenmeyer, each pigment and 250 mL of MB
solution were added and the flask was covered
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Figure 2: Example of a Tauc Plot obtained with the second
method (Fe,O5; lamellar).

in aluminium foil to prevent an uncontrolled
photocatalytic reaction due to unwanted expo-
sure to ambient light. The mixture was then
sonicated for 15 min and magnetically stirred
at 2000 rpm for 1 h in the dark to assure the
adsorption-desorption equilibrium. Past that
hour, a sample was withdrawn, and the ab-
sorbance was measured to evaluate the MB
absorbance by the catalyst. After that, the light
was turned on and a sample was withdrawn
every 20 min. The absorbance was measured
using a spectrophotometer and the temperature
was measured. The experiment was carried out
until the MB degradation reached around 98%
or after 2 h have passed.

Photolysis is the decomposition or separation
of molecules by the action of light. In order
to check if the studied dye was active when
irradiated, a solution of MB was prepared and
left under its action for 3h. After building the
calibration curve and going through some liter-
ature, two concentrations of MB were chosen -
10 mg/L and 20 mg/L and the protocol settled.
A 250 mL Erlenmeyer was firstly sonicated for
5 min and then magnetically stirred in the dark



for 1 h to attain homogeneity. Right before
the UV-C light was turned on, a sample was
withdrawn and its absorbance measured on a
spectrophotometer. Right after, the light was
turned and a sample was withdrawn every
20 min. Every experiment stopped after three
hours.

To withdraw a sample, a syringe and a filter
were used. The aim of the filter is preventing
the dispersed powder to interfere with the
MB solution absorbance measurement. A filter
protocol had to be defined to optimize its use.
This way, the slurry would easily reach the
equilibrium again every time a sample was
withdrawn.

3 RESULTS AND DISCUSSION
3.1 Structure and Morphology

Samples can be splitted into two groups:
the pure ones (having mainly one phase), and
the mixed-phase ones (having two or more
different phases). Resorting to the profile fit-
ting based software TOPAS, and to COD and
PDF databases, the quantitative phase analysis,
microstructure analysis and crystal structure
analysis information was obtained. To mention
that the method behind the fitting based soft-
ware TOPAS, and discribed elsewhere, is the
Rietveld method [9].

The information obtained is summarized in
Table 3.

Zn0O, Fe,O; spherical, FeOOH, and Cu,O
samples present only one phase. On the other
hand, TiO, P25, TiO, rutile, TiO, anatase,
and Fe,O; lamellar are mix-phased. The Fe,O;
lamellar have four different phases, namely
hematite, dolomite, quartz, and mica. The com-
mercialized TiO, P25 (Sigma-Aldrich) diffrac-
tion peaks corresponded to reference line pat-
terns - anatase (87 wt.%) and rutile (13 wt.%)
- which confirmed the crystalline structure of
TiO, P25. These findings are in agreement
with the information provided by the sup-
plier and with the structural analysis reported
in the literature [10]. Also, TiO, rutile has a
second phase, anatase, although representing
only around 0,7% of the global weight. The
same happens for TiO, anatase, where the ru-
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tile phase only accounts for 1.8% of the total
weigth.

Figure 3 and 4 are examples of XRD patterns
- one and more phases sample, respectively.
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Figure 3: Example of a one phase sample diffractogram
(ZnO) - zincite COD 9004180.
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Figure 4: Example of a mixed-phase sample diffractogram
(Fe,O; lamellar) - hematite, dolomite, quartz, and mica - COD
9015964, COD 2105963, PDF 46-1045, and PDF 07-0042,
respectively.

The TiO,-based photocatalytic main phases,
anatase and rutile, are acknowledged photo-
catalyic active structures [11]. On the other
hand, non-TiO, - photocatalyst main phases -
hematite, goethite, cuprite, zincite - are still
in study [12]-[15]. This belief supported by
several articles encouraged the determination
of their potential as photocatalysts. Quartz and
mica are used as sand to improve the ap-
pearance and durability of architectural and
industrial paint and coatings or to promotes
paint adhesion in aqueous and oleoresinous
formulations [16]. Dolomine may work as a
photocatalyst, but that was not verified, most
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Table 3: XRD analysis experimental data. Mean particle size available on the supplier’s data sheets. NI means no information.

Sample Phase Weigth % (Slzzta(illllrﬁ)e Mg?:eI:?;;l)c le
TiO, P25 Anatase/Rutile 87/13 21/33 21
TiO, rutile Anatase/Rutile 1/99 126 290
TiO, anatase Anatase/Rutile 98/2 105 NI
ZnO Zincite 100 125 NI
Fe,O; lamellar  Hematite/Dolomite/Quartz/Mica 91/2/2/5 53 NI
Fe,O; spherical Hematite 100 50 NI
FeOOH Goethite 100 54 50 - 300
Cu,O Cuprite 100 33 NI
likely due to its wide band gap value, 5,02 eV
[17] 100
Regarding crystallite size, TiO, rutile, TiO, %
anatase, and ZnO have a crystallite size su- %0
perior to 100 nm, may being considered a &
microstructure. Among white pigments, TiO, 2 o
P25 is the only with a nanostructure (21/33 & 4
nm). Fe-based have around the same crystallite =~ = *°
size (50 nm), while Cu,O has a smaller size, 33 .
nm. Worth mentioning that the state-of-the-art 0
200 300 400 500 600 700 800

TiO, P25 also matched the anatase:rutile ratio
[11].

3.2 Optical Properties

Absorbance TiO,-based photocatalysts and
ZnO present the same absorption threshold.
All four absorb light under the 400 nm (UV
band). All the radiation higher than 400 nm is
reflected. Regarding Fe,O; spherical and lamel-
lar they both absorb radiation below 600 nm.
FeOOH absorbs for lower wavelengths than
500 nm. Cu,O absorbs for lower values than
600 nm. All the Fe-based samples and Cu,O
absorb light in part of the UV-Vis region. This
behavior in the UV-Vis region, proved them to
be potential photocatalysts. Figure 5 and 6 are
two examples of the reflance plots obtained by
the spectrophotometer.

Band Gap The reflectance plots obtained by
the UV-Vis DRS were converted to Kubelka-
Munk functions, Equation 1. Both direct and
indirect electronic transitions were plotted and
the band gap obtained. On tables 4 and 5 the
band gap value obtained, as well as the band
gap literature value and the type of electronic
transition may be consulted - [18]-[23].

White samples band gap values are in ac-
cordance with the literature - 4. In the case
of colour samples, the difference is noticeable

Wavelength (nm)

Figure 5: TiO, P25 reflectance plot.
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Figure 6: Fe,O; lamellar reflectance plot.

Table 4: Experimental electronic characteristics of the samples
and the value found on literature. One tangent line approach.

Sample Band Gap | Band Gap | Band Gap
Direct Indirect Literature
TiO, P25 37 33 3.20
TiO, rutile 3.2 3.2 3.00
TiO, anatase 3.4 3.2 3.20
ZnO 3.3 3.2 3.25
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Table 5: Experimental electronic characteristics of the samples
and the values found on literature. Obtained band gap using
the tangent lines intersection method.

Sample Band Gap | Band Gap | Band Gap
Direct Indirect Literature
Fe,O; lamellar 2.3 2.4 1.97
Fe,O; spherical 2.3 24 1.97
FeOOH 2.7 2.7 2.15
Cu,O 2.0 2.0 2.35

- Table 5. The possibility of more transitions
favoured by the interaction with the visible
radiation can explain the so complex profile
of the colour pigments. That behaviour con-
tributes to a less consensual approach of this
practical method once it depends entirely on
the operator’s judgement. This can make the
confrontation of experimental data with the
literature challenging, which urges the need
to adopt a systematic and straightforward ap-
proach so results may be compared and con-
clusions are drawn more easily.

3.3 Photocatalytic Performance

The change in the absorption spectra of the
dye was monitored at regular intervals of time.
The degradation behavior of all the samples for
methylene blue can be seen in Figure 7 and 8.

Dark Light
|

Fe;0; spherical
. 1

Cuz0

Fea0sz lamellar
= TiO; rutile

c/C,

50 40 20 0 0 0 &0 Y 100 120 140 160 130
Time (min)

Figure 7: MB (10 mg/L) degradation by the catalyst (400
mg/L) under UV-C light.

In the Dark, it is believed not to occur MB
degradation. The decrease of C'/Cj in the dark,
spotted in Figures 7 and 8, may be explained
by the adsorption of the dye by the photo-
catalyst phenomenon, once no degradation is
excepted. The Fe,O; lamellar is the sample
that adsorbs the most. That may be due to its
lamellar structure, which may trap more MB
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Figure 8: MB (10 mg/L) degradation by the catalyst (400
mg/L) under UV-Vis light.

molecules. To check this assumption, further
calculations should be performed. Also, fur-
ther experiments could be performed to sustain
this premise, such as building the profile of
MB adsorption by the Fe,O; lamellar and also
studying the textural properties of the powder
(i.e Np-adsorption).

UV-C light

Under UV-C illumination, different degra-
dation behaviours have been registered. TiO,
P25, TiO, rutile, TiO, anatase, and ZnO are
the pigments with the best MB degradation
performance. ZnO showed a MB degradation
of around 100% after 2 h while TiO, P25, and
TiO, anatase degraded more than 90% after 3
h. TiO, rutile went no further than 20% after
3 h. Fe-based and Cu,0 samples revealed the
lowest activity under light exposure holding
around 0% MB degradation after 3 h.

UV-Vis light

Under UV-Vis illumination, the degradation
behaviour registered revealed an identical be-
haviour to the UV-C light. TiO, P25, TiO, rutile,
TiO, anatase, and ZnO were again the pigments
with the best MB degradation performance.
ZnO showed a MB degradation of around
100% after 2 h while TiO, P25, and TiO, anatase
degraded more than 90% after 3 h. TiO, rutile
went no further than 20% after 3 h. Fe-based
and Cu,0 samples revealed the lowest activity
under light exposure holding around 0% MB
degradation after 3 h.

The best photo-degradation performance be-
longs to TiO, P25, TiO, rutile, TiO, anatase,
and ZnO - white pigments. The Fe-based and
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CuO are the powders which revealed lower
to none activity under light exposure - colored
pigments.

3.4 Kinetic Study

Heterogeneous photocatalysis follows a
Langmuir-Hinshelwood model, which may be
written as 4.

e ©)

" kok,C

r is the reaction rate for the oxidation of
reactant, kr is the specific reaction rate constant
for the oxidation of the reactant (mg/Lmin),
ka is the equilibrium constant of the reactant
(L/mg) and C is the dye concentration. When
Cy is small (milimolar) the equation can be

simplified to as apparent first-order equation
[24].

C = C,exp(—k,,,1) 4)

To analyse the data, a normalized form of
Langmuir-Hinshelwood, should be plotted in
order to describe the solid-liquid reaction 5
[25].

Ing = —kt (5)

Figures 9 and 10 represent the kinetic model
of the MB degradation under UV-C and UV-Vis
following that model.

Fe,0; lamellar

) Cu,0
Fe,0; spherical TiO, rutile

2 Tio, P25

Time (min)

Figure 9: Kinetic model: MB (10 mg/L) degradation by the
catalysts (400 mg/L) under UV-Vis.

05 |, Fe,0, Fe;0, Cu,0
lamellar

Time (min)

Figure 10: Kinetic model: MB (10 mg/L) degradation by the
catalysts (400 mg/L) under UV-C.

The reaction rate constant for both light
sources and runs, are in Table 6. The Fe-based
samples, as well as Cu,O, are not represented
here because the regression did not provide
realistic rate constants, ranging from (0.002 to
0.05)102 min~! in absolute value.

Table 6: Constant for each light source (UV-C and UV-Vis)
and for both runs.

Powder kx10~2 kx10~?
(min~!) UV-C | (min~!) UV-Vis
TiO, P25 12723 13/16
TiO, rutile 0.14 / 0.16 0.13 /017
TiO, anatase 1.5/17 14/ 1.6
ZnO 30/35 36 /37

All the pigments confirmed the pseudo first-
order kinetics fitting ( 0.8758 < R? < 0.9886).

UV-C light

In Figure 10, TiO, P25, TiO, anatase, and ZnO
are the samples which showed the best per-
formance - TiO, P25 (1.20x10~? min~!) < TiO,
anatase (1.50x1072 min!) < ZnO (3.00x10~2
min~'). TiO, rutile, among the best perfor-
mances, is the one with the lowest reaction rate
constant - 0.14x107? min~'. As said previously,
Fe-based and Cu,O did not provide realistic
constants.

UV-Vis light

In Figure 9, TiO, P25, TiO, anatase, and ZnO
are the samples which showed the best per-
formance - TiO, P25 (1.30x1072? min—!) < TiO,
anatase (1.40x1072 min—!) < ZnO (3.50x10~2
min~!). TiO, rutile, among the best perfor-
mances detained by the white powders, is the
one with the lowest reaction rate constant -
0.13x107% min~'. As said previously, Fe-based
and Cu,O did not provide realistic constants.



The band gap value may give an idea of how
good a sample is under a certain type of light
source. Narrower band gaps (colour samples)
need less energetic light to form a pair elec-
tron/hole. On the contrary, wider band gaps
(white pigments) need more energy for a pair
electron/hole to occur. The band gap width
was obtained to comply with the absorbance
region of the samples covered before. Mean-
ing, wider band gap semiconductors have an
electron/hole pair with more potential energy
than the pairs formed in narrower band gaps.

Once UV light accounts for only around
8% of the spectrum of light, that makes wide
band gaps less active under sunlight and in-
door environments where common light has
almost no UV component. Narrower band gap
semiconductors will need less energetic light to
form an electron/hole pair (UV-Vis). In short,
wider band gap semiconductors will have their
applications shortened under sunlight and in-
door light.

In short, colour pigments showed a low ac-
tivity under both types of lights, while white
pigments showed better performance under
UV-C and UV-Vis - as k values suggest (Table
6). However, there is another aspect that should
be taken into consideration when evaluating
pigments performance - the VB/CB position,
Figure 11.

Photocatalytic degradation is a surface re-
action, therefore, high surface areas generally
promote higher degradation since the pollu-
tants adsorb faster onto the catalyst surface.
The smaller particle size, the higher the surface
are. The white pigments - ZnO, anatase, and
rutile - have particle sizes superior to 100 nm.
Only P25 has a particle size of 21/33 nm. All
the colored ones have a particle size of 33 - 54
nm. Regarding what was explained previously,
the lower particle size should present a better
photodegradation performance. However, the
light used was not enough to promote the
reaction.

The band gap position may enable reduc-
tion and/or oxidation reactions depending on
the positions of the VB/CB [27]. The VB hole
formed when the migration of the electron to
the conduction band is a strong oxidizing agent
and it is capable of oxidizing electron donor
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molecules adsorbed on the surface. The CB
electron is a powerful reducing agent and may
reduce acceptor molecules.

Wider band gap samples, namely TiO, P25,
TiO, anatase and ZnO, have their valence and
conduction bands well aligned to trigger ox-
idation and reduction reactions. The proper
alignment, along with the wide band gap,
grant these samples the best photocatalytic
performance. The narrower band gap samples
present a lower to none activity because of the
band alignment which does not allow reduc-
tion reactions to occur.

4 CONCLUSIONS AND FUTURE WORK

The main objective of this work was to select
and compare a set of photocatalytic pigments
already in use in the industry. A benchmark-
ing approach put TiO,-based photocatalysts
against non-TiO,-based alternatives. The TiO,
photocatalytic pigment was selected because it
is an acknowledged state-of-the-art pigment.

All the samples in the study were char-
acterized using techniques that gave out in-
formation about their physicochemical, struc-
tural, and optical properties, namely XRD and
UV-DRS techniques. Pigments have shown the
presence of one or more phases. In the case
of TiO, rutile, TiO, anatase, ZnO, Cu,0, Fe,O;
spherical, and FeOOH they are all pure - hav-
ing the first two minute quantities of other
phases (TiO, rutile with 1 wt.% anatase and
TiO, anatase with 2 wt.%). On the other hand,
Fe,O; lamellar, and TiO, P25 revealed the pres-
ence of two or more phases. The TiO,-based
photocatalysts main phases, anatase and rutile,
are acknowledged photocatalytic active struc-
tures. Oppositely, non-TiO,-photocatalyst main
phases - hematite, goethite, cuprite, zincite - are
still in study. Fe,O; lamellar has four different
phases - hematite, dolomite, quartz, and mica.

The photo-degradation protocol revealed
pigments performances. ZnO is the only non-
TiO,-based pigment which showed a better
performance than TiO, P25 under UV-C and
UV-Vis lights. Fe,O; lamellar, Fe,O; spherical,
FeOOH, and Cu,0 did not degrade methylene
blue, while TiO, rutile, TiO, anatase, and TiO,
P25 did degrade the dye at some extent. Not
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Figure 11: Valence and conduction band samples’ position [26].

only does the band gap value dictate the effi-
cacy of a photocatalytic pigment, but few other
aspects such as the position of the valance and
conduction band. ZnO band’s position enables
oxidation and reduction reactions to occur.

Even though ZnO proved to be a good al-
ternative to TiO,-based photocatalysts, further
characterization must be done as well as pho-
todegradation experiments. Regarding charac-
terization, SEM should be carried out to cor-
roborate XRD results and confirm the structure.
N2-physisorption and DLS techniques should
be performed again. The first will give out
information about the textural properties of the
sample, while the latter will determine the size
distribution profile of the particles, corroborat-
ing, or not, the XRD results. Adopting other
types of light sources, with less UV component
and more Vis component, would be interesting
to evaluate the performance of each sample
under this less energetic light source. And
lastly, elected the ZnO, the formulation of a
photocatalytic coating containing this pigment
and the evaluation of its activity, including
comparison with reference coatings containing

TiO, NPs, should be performed.
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