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Abstract
Magnetic magnesium-zinc spinel fermte Mg, _ Zn, Fe Oy (where x =04, 0.6, and (.8) was investigated as adsorbent for the

efficient removal of Srill) 1ons and salicylic acid (SA) contaminants from agqueous medium. The characterization of ferrites was
carried out using XRD, V5SM, BET, SEM, and EDS. The surface charge of magnetic adsorbents was measured by the drift
method. The determination of SA and Sr(Il) 10n concentrations in the solution phase was carmed out by UFLC and
complexometry, respectively. It was shown that varying of the Zn(ll) content affected the adsorption capacities of magnesium-
zinc ferrites. The increasing of zinc content from wZn 1=10.4 toxi n ) = (.6 increased the adsorption of Sr(ll) 1ons from 30 to
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N.V. Danyliuk, T.R. Tatarchuk, A.V. Shyichuk

Batch Microreactor for Photocatalytic Reactions Monitoring

Vasvl Stefanvk Precarpathian National University, Ivano-Frankivsk, Ukraine, danvlivk nazarivia gmail.com

Photocatalytic oxidation of organic contaminants 1s a hot topic in environmental research. However, an
effective purification process needs an effective photoreactor. Typical hight sources such as mercury and halogen
lamps are replaced with more energy efficient Light Emitting Diodes. In the current work, a mimature
photoreactor with low catalyst consumption was presented. The work of the micro-photoreactor is investigated
using anatase and P25 industrial titania as model catalysts. The key element of the microreactor 15 replaceable
UV-LED. The used 365 nm emission wavelength 1s optimal for the model pollutant Rhodamine B dye. The
micro-photoreactor is able almost completely to mineralize the Rhodamine B dye.

Key words: micro-photoreactor, rhodamine B, photocatalyst, LED. photodegradation.
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Abstract

“From the mid-1970s through the mid-1980s, a network of
young urban migrant men created an underground pulp fiction
publishing industry in the city of Dar es Salaam. As texts that
were produced in the underground economy of a city whose
trajectory was increasingly charted outside of formalized
planning and investment, these novellas reveal more than their
narrative content alone. These texts were active components in
the urban social worlds of the young men who produced them.
They reveal a mode of urbanism otherwise obscured by
narratives of decolonization, in which urban belonging was
constituted less by national citizenship than by the
construction of social networks, economic connections, and
the crafting of reputations. This article argues that pulp fiction
novellas of socialist era Dar es Salaam are artifacts of emergent
forms of male sociability and mobility. In printing fictional
stories about urban life on pilfered paper and ink, and
distributing their texts through informal channels, these
writers not only described urban communities, reputations,
and networks, but also actually created them.” (p. 210)

/

The first sentence introduces the context for this
research and announces the topic under study.

The remaining sentences in this abstract
interweave other essential information for an
abstract for this article. The implied research
questions: What do these texts mean? What is
their historical and cultural significance, produced
at this time, in this location, by these authors? The
argument and the significance of this analysis in
microcosm: these texts “reveal a mode or
urbanism otherwise obscured . ..”; and “This
article argues that pulp fiction novellas. . ..” This
section also implies what previous historical
research has obscured. And through the details in
its argumentative claims, this section of the
abstract implies the kinds of methods the author
has used to interpret the novellas and the
concepts under study (e.g., male sociability and
mobility, urban communities, reputations,
network. . .).



Abstract

The first sentence introduces the topic under
study (the “economic resemblance of spouses”).
This sentence also implies the question underlying
this research study: what are the various causes—
and the interrelationships among them—for this

“The growing economic resemblance of spouses has
contributed to rising inequality by increasing the number of
couples in which there are two high- or two low-earning
partners. The dominant explanation for this trend is increased

- g ; . : S trend?
assortative mating. Previous research has primarily relied on
cross-sectional data and thus has been unable to disentangle
changes in assortative mating from changes in the division of
spouses’ paid labor—a potentially key mechanism given the These next two sentences explain what previous
dramatic rise in wives’ labor supply. We use data from the research has demonstrated. By pointing out the
Panel Study of Income Dynamics (PSID) to decompose the limitations in the methods that were used in
increase in the correlation between spouses’ earnings and its previous studies, they also provide a rationale for
contribution to inequality between 1970 and 2013 into parts new research.
due to (a) changes in assortative mating, and (b) changes in
the division of paid labor. Contrary to what has often been
assumed, the rise of economic homogamy and its contribution The data, research and analytical methods used in
to inequality is largely attributable to changes in the division of this new study.

paid labor rather than changes in sorting on earnings or

earnings potential. Our findings indicate that the rise of

economic homogamy cannot be explained by hypotheses

centered on meeting and matching opportunities, and they

show where in this process inequality is generated and where it The major findings from and implications and

is not.” (p. 985) significance of this study.



Abstract

The first sentence announces the topic under
study, summarizes what’s already known or been
accomplished in previous research, and signals the
rationale and goals are for the new research and
the problem that the new research solves: How
can researchers reprogram fibroblasts into iCPCs?

“Several studies have reported reprogramming of fibroblasts
into induced cardiomyocytes; however, reprogramming into
proliferative induced cardiac progenitor cells (iCPCs) remains
to be accomplished. Here we report that a combination of 11 or
5 cardiac factors along with canonical Wnt and JAK/STAT
signaling reprogrammed adult mouse cardiac, lung, and tail tip
fibroblasts into iCPCs. The iCPCs were cardiac mesoderm-

restricted progenitors that could be expanded extensively
while maintaining multipo-tency to differentiate into \
cardiomyocytes, smooth muscle cells, and endothelial cells in The methods the researchers developed to

vitro. Moreover, iCPCs injected into the cardiac crescent of achieve their goal and a description of the results.
mouse embryos differentiated into cardiomyocytes. iCPCs

transplanted into the post-myocardial infarction mouse heart

improved survival and differentiated into cardiomyocytes,

reprogramming Of adu1t Somatic CeHS intO iCPCS pI’OVideS a diSCOVEfY, disease mode“ng, and therapy_of this
scalable cell source for drug discovery, disease modeling, and reprogramming of adult somatic cells into iCPCs.

cardiac regenerative therapy.” (p. 354)
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Introduction

In the last years, much attention 1s paid to “green”
methods of wastewater remediation [1-4]. Photocatalysis
1s considered as a promising method of organic pollutant
degradation. Photocatalytic oxidation leads to complete
degradation of organic pollutants. The final products are
non-toxic substances CO, and H,0O. Sunlight-activated
photocatalyst leads to splitting of water molecules and
formation of hydroxyl radicals. The highly aggressive
radicals destroy the pollutant molecules [5-7]. It 1is
known that the most active photocatalysts are TiO, [8-
10] and ZnO [11,12]. Both the substances are
inexpensive, non-toxic and chemically stable. However,
the drawback 1s that these oxides absorb ultraviolet
photons only. The UV part of the Sun energy 1s known to
be 5 % only. For that reason, the key characteristics of
photocatalyst 1s energy band gap, related strongly with
crystalline structure. For example, the band gap for
anatase, rutile, and brookite polymorphs of TiO, are 3.23
eV, 3.1 eV and 3.4 eV, respectively [13]. This 1s due to
the difference in crystal lattice parameters and spatial
locations of TiO, octahedra, in which Ti*" ions are

polymorph has an orthorhombic crystalline structure with
lattice parameters a=5.43 A, b=9.16 A,and c =5.13 A
[13]. The differences in crystalline structure cause
different photocatalytic activities of the three titania
polymorphs. The most active is rutile [14]. This 1s why
extensive research are focused on simple and
environment friendly methods of rutile production [15-
19].

Titania photocatalytic activity may be improved via
doping with heavy elements such as Fe, Co, Ga, W, Bl,
Mo, V and Ni [20]. The dopants reduce rate of electron-
holes recombination and extend the photocatalyst
lifetime. Dopant amount should be chosen correctly. Too
high modifier amount may distort crystal lattice and
reduce photocatalytic activity. Optimal dopant amount 1s
below 3 % [20]. On the other hand, heavy metal dopants
are hazardous pollutants. Thus gradual photocatalyst
destruction can lead to heavy metal dissemination.
Surface properties of titania may be modified via grafting
phosphate [21], arsenate [22], and carbonate [23] groups.

An important step in developing water purification
method is optimization of experimental conditions. The
photocatalyst efficiency is usually evaluated measuring



Anatase Rutile Brookite

Fig. 1. Crystal structure of anatase, rutile and brookite [10].

easily monitored by photometry. The main factors al. [6] described effect of H,O, on RhB decomposition.
affecting the rate and degree of RhB photodegradation Addition of H,0,; results in formation of large amount of
are UV radiation power and photocatalyst activity. hydroxyl radicals that destroy RhB molecules. However,



Features of laboratory photocatalytic reactors

Table 1

Reactor and solution volume Model pollutant Light source Catalyst Ref.
Photoreactor, 250 ml textile dyes UV-LED 11 mW, 200 TiO, [35]
mW

(Apax = 385 nm)

LED photoreactor, 1.5 L [Co(CN)g]* UV-LED 30 W TiO, (P25, [41]
(Apax = 365 nm) Aeroxide)

Multistage rotating mesh p-nitrophenol 11W UV-C lamps Ti0, P-25 [42]

support photoreactor (Apax = 253.7 nm)

Batch photocatalytic reactor phenol LED (20 mA - 25 mA) Degussa P-25 [43]
(Apax = 375 nm)

Mini-photoreactor, 23 ml n-decane 9 UVA LEDs 270 mW T10, - P25 [44]
(Amax = 365 nm)

Batch monolith photoreactor CO, reduction with 200W Hg T10, monolithic [45]

H, (Apax = 252 nm) catalyst

Photo-microfluidic chip reactor, | propene oxidation UV-LED light Ti0, [36]

0.0095 ml (0.55 W/em®)

UV-LEDs floating-bed caffeine, paracetamol LED 14 W*m’ Zn0- Polystyrene [11]

photoreactor, 200 ml (Apax = 365 nm)

Continuous photoreactor, 1500 Direct Red 23 LED 3.6 W UV-LED/S,0¢™ [26]

ml




pnotoreactors are miniaturized In 1ne wiin Ine Dasic
principles of green chemistry. To be energy efficient,
LED light sources should be optimized in terms of both
power and emission spectrum. In the work [33] a LED-
driven reactor with variable light intensity was presented.
The surfactant sodium dodecylbenzenesulfonate (SDBS)
was used as a model solution. The most effective
removal (approximately 94 %) was observed with
electric power consumption of 27.5 mW-cm™. In terms
of energy efficiency, the best result has been obtained
with energy consumption of 3.22 mW-cm™ and SDBS
degradation of 90 %. Removal of SDBS was far less
effective under mercury lamp illumination. With
degradation of RhB dye, energy consumption was
several times higher than that with using modernized
LED reactor. These data suggest that mercury lamps
should be replaced by LEDs. Bukman et al. [34]
proposed a new approach to evaluation of photoreaction
performance. UV LED was combined with a

S

H3C

I. Experimental

Mixed anatase-rutile titania P25 come from Degussa
(Germany). Reagent-grade titanium dioxide (anatase
99.7 %) and Rhodamine B dye (C,gH; CIN,O;) were
obtained from Sigma (now Merck). Structural formula of
the Rhodamine B dye is presented in Fig. 2.

Spectra in the range 350 - 700 nm were registered
with spectrophotometer ULAB 102-UV using 5 mm
quartz cuvettes. Calibration line was plotted using
absorbance at 558 nm against RhB concentration in the
range from 1 to 20 mg/L. The calibration plot is quite
straight line with determination coefficient R* = 0.999
(Fig. 3-b).

Photodegradation experiments were carried out using
30 mL of 5 mg/L aqueous solution of the RhB dye and
30 mg of titania photocatalyst. Before the experiment,
the reaction solution was stirred for 30 min in order to

Ccl @r

CHj

H3CVN WOWNVCHS}



A,=0.10308*C_+ 0.0288

R?=0.999
A =558 nm

Absorbance (a.u.)
Absorbance

Fig. 3. (a) UV-vis spectrum of RhB solutions at indicated concentrations. (b) Absorbance at 558 nm (the spectral
peak wavelength) versus RhB concentration.

equilibrate adsorption of the dye on titania surface. The Fig. 6. The cuvette holder is moved to collect samples of
solution pH was in the range from 6 to 7. Samples were the solution.

collected at 0, 180, and 300 minutes. Fig. 4 shows 3.2. Photocatalytic experiments.

images of RhB solution before and after photo- The microreactor was designed for rapid testing of

degradation. The sample of 5 mL was centrifuged for 5 photocatalysts.  The exemplary study presents



300 min

Fig. 4. Images of RhB solution before (a) and after (b)
photo-degradation.

II. Results

3.1. Design of the micro-photoreactor.

Principal scheme of the micro-photoreactor is
presented in Fig. 5. The main element is rectangle glass
cuvette with 20 mm optical path. The cuvette volume is
30 mL. Magnetic stirrer ensures even distribution of
photocatalyst. The light source is a LED supplied with
700 mA current at 3.4 - 3.8 V. The power LED is placed

VVllll.l\lullu &\ L.’l“\l) l,lll\l‘v\dutl.‘lj s Vlll\«l\vll\/) \ A SV ANY &= Jo

Replaceable light source allows to choose
wavelength optimal to absorbance spectrum of the
substance studied. If the goal of a study is stability test of
a substance, the wave length should match peak of the
substance absorption spectrum. On contrary, a study on a
catalyst efficiency requires minimal light absorption by a
model substance. In the present study, wave length of the
LED light source was 365 nm. This wavelength
corresponds to the range of minimal light absorption of
the RhB dye (Fig. 3a). Thus, photodegradation of RhB
dye 1s minimalized. On the other hand, the LED emission
spectrum corresponds to the absorption range of the
titania photocatalyst used (Fig. 3a). The TiO;
photocatalyst is usually activated with irradiation of short
wavelengths less than 400 nm. Optical power of the light
source should be optimal for a studied catalyst [S8]. In
the present study, the luminous power was 15 lumen.

Efficiencies of the studied photocatalyts were
evaluated using extent of the dye degradation. The
numerical data are presented in Table 3. The data
indicate clearly that the P25 catalyst has higher activity
than anatase.

Spectra of the degraded RhB samples are presented
in Fig. 7. There was no new spectral band registered.

™ f ' | : 2 1 1



Table 3

Extent of RhB dye degradation using P25

and anatase photocatalysts

Degradation (%)
Catalyst 130 min 300 min
P25 67.5 97.3
anatase 39.7 59.6
0.7 4 a
; . g P25-Degussa (a)
0.6 = |
— [ min
@ 099 180 min
E s 300 min
8 04+
=]
o .
< 0.3-
0.2 -
0.1 - |
b o
004 — 'N‘“-I—“'—“-‘ —
350 600 650 700

markedly to shorter wavelength (Fig. 7b). In the case of
the P25 catalyst, spectra of the samples are slightly
shifted to longer wavelengths (Fig. 7a). Probable
mechanism of RhB photodegradation comprises three
stages [6,57]. At first, auxochrome ethyl groups are
detached from amino groups. Second, the deethylated
products lose carboxyle group. Third stage 1is
decomposition of chromophore core and formation of
low molecular acidic compounds. Finally, carbon dioxide
and water are formed.

The comparison of photocatalytic micro-reactors
aimed to degradation of dyes are presented in Table 4.
The advantages of the presented micro-reactor are low
operating costs, simple experimental design, high energy
efficiency and very narrow emission spectrum.

Conclusions

LED photocatalytic reactors can be successfully used
to study degradation of organic pollutants. The important
features of the LED UV sources are the following: (1)
high energy efficiency; (i1) small size and low toxicity
(He-free): (111) hich durabilitv leadine to long service
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Halloysite nanotubes and halloysite-based composites for environmental "?_
and biomedical applications =i
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ARTICLE INFO ABSTRACT

Article history: Halloysite is a natural tubular mineral with unique properties. It can be used in a various fields of industries. The
Received 22 February 2020 aim of current review is to describe the structural properties and methods of halloysite surface modification,
Received in revised form 29 March 2020 what led to the extension of its application. The achievements of scientists over the last 10 years indicate that
'?'I'ipf‘c",d 3 ‘?.P"' E'?m., halloysite is a promising material for drug delivery, as polymer filler, as matrix for photocatalysts and adsorbents
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Halloysite composites ture prospects for halloysite composites using have been identified. This review provides the latest findings
from researchers, which sheds light on future halloysite studies.
© 2020 Elsevier B.V. All rights reserved.
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1. Introduction properties [1,2]. The nanotubes may originate from nature ( natural alu-

minosilicate nanotubes - halloysite) and may be obtained through syn-

Chemical compounds in the tubes form have attracted an interest of thetic way [3,4]. The layered structure of these minerals consists of
scientists due to their possibilities to demonstrate a wide range of tetrahedral Si-O and octahedral Al-O sheets, which are linked into a sin-
gle layer [5]. The halloysite occurs also in spheroidal, flat and other

- ——— forms. In the nature, the aluminosilicate nanotubes were formed
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Fig. 1. The number of scientific publications based on the HNTs investigations over the last
10 years.
(The data obtained from Scopus database on February 2020.)

of halloysite and kaolinite made their interlayer spaces suitable also for
the intercalation of herbicide amitrole (AMT) [4].

3. Applications of halloysite and halloysite-based composites
3.1. Adsorption properties of halloysite and its composites

One of the most important task for environmental application is the
modification of natural and synthetic porous materials in order to get
the adsorbents for pollutants removal from aquatic environment
[46-48]. The halloysite nanotubes are among promising adsorbents
due to the surface of nanotube cavities, which are involved in adsorp-
tion processes [49]. HNTs exhibit less adsorption capacity compared to
other adsorbents, so the solution is to modify the halloysite surface
[50]. Nowadays, many publications related to the HNTs modification
have been published [16-23]. The HNTs surface can be modified in
order to adsorb the chloroanilines [21], ciprofloxacin [19], benzene
[20], heavy metal ions [16], iodates [17], CO, [ 18], arsenic compounds
[23], for simultaneous adsorption of Cr (VI) and Sb (V) [22].

Deng et al. [20] conducted the acidic treatment of HNTSs surface in
order to improve its adsorption properties and investigate the benzene
adsorption. Annealing at 800 °C resulted in the dehydroxylation and
phase separation of amorphous SiO, and Al,04. Due to the dehydroxyl-

ation, the hydrophilicity of halloysite is reduced, which leads to the af-
finitv of hvdranhabhic henzene molecules. The adsorntion canacitv of



ical precipitation route. The transmission electron microscopy shows
that the Fe;0,4 nanoparticles with a diameter of 3-5 nm were deposited
on the HNTs surface and exhibit magnetic property (Ms = 8.47 emu/g),
which makes it easy to separate it from the aqueous solution (Fig. 12).
The HNTs-Fe;04 nanocomposite showed excellent adsorption capacity
with respect to the methyl violet dye - 90,09 mg/g. The calcination
was proposed as a method for adsorbent reuse.

contaminated water due to the external magnetic field applying.

Wan et al. [ 73] synthesized the core@double-shell structured HNTs/
Fe;04/poly(DA + KH550) magnetic composite for effective removal of
methylene blue from an aqueous solution. The obtained adsorbent con-
sists of a halloysite core and two layers with active adsorption sites: the
magnetic layer (necessary for magnetic separation) and the second
layer of polydopamine and KH550 as silane coupling agent. The

(B)

a) b)
+Fe304-HNTs

Adsorption ——

and Separation 5

K m

Fig. 12. TEM micrographs for Fe;0,4-HNTs (A), separation of Fe;0,4-HNTs from solution by a magnet, (a) MV solution, (b) magnetic separation after adsorption onto Fe;04-HNTSs.

(Reprinted from |70), Copyright (2012), with permission from Elsevier.)
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temperatures, what makes it as promising bioactive component for
bone tissue regeneration.

Suner et al. [78] presented biocompatible cryogel composites
based on hyaluronic acid (HA) and HNTs for use in tissue engineer-
ing. Cryogel composites of HA/HNTs were prepared in different ra-
tios of HA:HNTs, for example, 1:0; 1:0.5; 1:1 and 1:2 in cryogenic
conditions in order to obtain macroporous nanosystems with pore
sizes from 50 pum to 500 um. It is revealed that rooting of HNTs in
HA influences the Young's modulus. For example, the ratio of HA:
HNTs = 1:2 leds to increase of Young's modulus in 2.5 times (from
38 + 11to 99 + 4 kPa). Also cryogels based on HA:HNTs composite
in ratio as 1:2 showed high biocompatibility with blood with a he-
molysis coefficient of 1.37 4+ 0.11% and thrombogenic activity with
a blood clotting index of 17.3 + 4.8, In addition, HA:HNTs cryogel
composites have shown excellent results in the study of proliferation
of rat mesenchymal stem cells (MSCs) and human colon cancer cells
(HCT116). Based on the obtained results, it can be stated that the
prepared cryogel composites HA:HNTs are promising materials for
tissue engineering with macroporous structure and good compati-
bility with blood. Such composites can find many applications in
the biomedical field to promote cell viability and regeneration.

4. Conclusions

Halloysite is safe and environmentally friendly nanomaterial avail-
able in large amounts and may be used for large-scale industrial applica-
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8.1 Nanomaterials for Photocatalysis

In the past few years, nanomaterials have emerged as one of the main influencers
in technology and biomedicine. The extremely small size of nanomaterials
(5-100 nm) owe them miraculous properties due to their large surface area in
addition to quantum confinement. It is well known that nanomaterials can be
shaped in many forms as rods, thin films, powder, and so on [1,2]. They also can
be synthesized through several methods resulting in different shapes, sizes, and
properties [3]. Therefore, they are applied in mostly every life sector including
drugs and modifications, manufacturing and materals, environmental issues,
electronics, energy production, and industry [4]. The photocatalysis process using
the unique properties of nanomaterials has been applied in a wide range of
applications such as degradation of pollutants from atmosphere and water. It is
also used in producing energy. Some nanomaterials such as oxides [5-7], semi-
conductors [89], metals [10,11], and graphene [12,13] have shown great effect on
photocatalysis processes [14,15] due to their enhanced and controllable optical
properties, which makes them excellent photocatalysts. This chapter will discuss
the mechanism of photocatalysis processes using nanomaterials and their appli-
cations. Table 8.1 shows some of the nanoparticles applied for photocatalytics
procedures. The chapter will also focus on the different types of nanomaterials
used in photocatalysis in terms of their synthesis method, microstructure, and
their optical and magnetic properties.

N. hmology in Envi antal Saenar, First Edition. Edited by Chaudhery Mustansar Hussain and
Ajay Kumar Mishra.
© 2018 Wiley-VCH Verhg GmbH & Co KGaA. Published 2018 by Wiley-VCH Verlag GmbH & Co KGaA




n2 I & Photocatalysic Actvity of Nanomaterials

Table 8.1 Some of the nanopartides applied in photocatalytic procedures.

Nanopartides Irradiation Mechanism of Reference
photocatalysis
enhancement
TiON O Sun light/solar Heterogeneous [15]
UV-visible light
ZnO/Ag UV (320400 nm) Heterogeneous/SPR 151
WOSTiOx UV (3654 5nm) Heterojunctional - (6]
electrical layered
system
p-type -FeOOH/n-type UVA (365 nm) Semiconductors [16]
WO LH,O
Zinc and copper co-doped  Visible light (>420nm)  Heterogeneous [17]
w03
N-TiO, Visible light Doping (18]
Fe-doped response TiO;  Visible light Doping [19]
film
Graphitic carbon nitride  Visible light Heterogeneous [12]
(g-C3Ny) with graphene
oxide (GO)
TiOy/graphene oxide Visible light Heterogeneous [13]
(GO) composite
nanofibers
Gold-doped (UV) 254 nm UV +H,0," system [20]
PAO NPs batch system
Ag NPs on Cd(I1) boron uv SPR [10]
imidazolate
Ag NPs uv SPR [21]
Ag-polymer core-shell UVA SPR [11]
NPs
Gd-doped PbSe NPs Visible light irradiation  Doping (8]
M,Biy T, (M: Fe, UV light (2320 nm) Heterogeneous 9]
Mn) Visible light (= 400 nm)
Ni-doped CuS Visible light Doping [22]
Na-doped ZnO Solar irrad ation Doping 23]

8.2 Mechanism of Photocatalysis

Photocatalysis is a series of chemical reactions that is usually induced by electro-
magnetic irradiation. This will cause excitation of atoms of the irradiated
materials that results in radicals that affect surroundings [5]. Photocatalysis
process can be divided into two main stages: reduction and oxidation [24].
When a material is irradiated with photons with energy equal to or higher

8.2 Mechanism of Photocatalysis |z|3

"
e + 0z — 03 — H03 2220, + H,0,
e + HoOp — OH- — OH’
9+02-¢0§~02—00H-+0H'

Figure 8.1 Mechanism of photocatalytics process induding chemical reactions.

than its bandgap, electrons in the conduction band (CB) will jump to the valence
band (VB) through the bandgap leaving positive holes, and this stage is called
reduction (Figure 8.1). As a result of reduction, the generated electrons and holes
lead to the formation of reactive oxygen spices (ROS) such as O, and OH
(oxidation). The kind of ROS depends on the type of material and irradiated
photons. A typical photcatalysis process is shown in Figure 8.1. The formation of
ROS is the significant outcome of photocatalysis, as it can cause various effects
such as degradation of dye [10] and antibacterial activity [20]. Other applications
of photocatalytic activity are mentioned in Table 82. A series of chemical effects
occur as a result of photocatlysis. Figure 8.1 shows example of chemical reactions
occurs during photocatalysis process.

Efficiency of photocatalysis process can be evaluated by its effect on the
surroundings such as degradation, adoption, reduction, or antibacterial activity.
The common way of evaluating the efficiency of the photocatalytic process is to
compare between the initial concentration of the unwanted substances with the
concentration of these substances after the photocatalytic reactions using the
following equation:

o
I =kt

t
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Figure 8.2 (a) Mechanism of hetrostructure photocatalysis. (b) PEC degradation mechanism
of phenol by g-C3N4 film electrode [30] (c). The rate constants for EC degradation activity of
g-CaNs film electrode for phenol at various potentialsin 0.1 M Na;SOs solution (reproduced
with permission from Ref. [30]. Copyright 2016, Elsevier). (d) Schematic diagram of the
interdigital electrode/WO3/TiO; HEL system (Al;Os substrate, Au interdigital electrode layer,
WO, layer, and TiO, layer from bottom to top) [6]. (e) Comparison of photocatalytic
decomposition rates of toluene between S-T and S‘W/T with no bias and 0.2V bias
(reproduced with permission from Ref. [6]. Copyright 2011, Elsevier).

found that voltage applied did not dramatically affect the degradation rate. In
general, ithas been stated that phoroel ectrocatlysis not only reduces recombination
but also allows electrochemical oxidation that significantly increases the photo-
gedradation rate [31].

Another effective way to decrease the recombination rate is the use of
heterogeneous structure (a mixture of different materials) [24]. This allows
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8.3 Synthesis of Photocatalytic Materials

MNumerous methods have been established in the synthesis of photocatalytic
materials during the past decade because of their applications in processes such as
wastewater and effluents treatment [36], which includes degradation of organic
dyes [37] and volatile organic compounds [38], antimicrobial, antibacterdal, and
antioxidant activity [39], solar cell applications [40], photocatalytic self cleaning
effect [41], hydrogen generation [42], food packaging [43], and biomedical and
medical applications [44].

Nurnerous studies have explained that the intrinsic properties of photocatalytic
materials can be effectively tailored by controlling their size, shape, composition,
crystallinity, and structure. The growth of nanoscale materials rely on factors such
as their thermodynamic and kinetic barders in the reaction. It is also influenced
by vacancies, defects, and surface reconstruction. Most synthetic methods for
synthesizing nanomatedals uwse conventional heating due to the need for high-
temperature-initiated nucleation followed by a controlled addition of precumsor
to the reaction

The preparation of photocatalytic manocomposite materials can be ideally
divided into three main steps: (i) synthesis of an effective photocatalyst, (i) its
surface functionalization to enhance reactivity, and (i) its incorporation in the
most suitable host matrix according to the final application. Vardous methods
have been developed for the synthesis of these property-tailored materials, which
include hydrothermal, coprecipitation, sol—gel, ultmsonic impregnation, fonic
liguid-assisted photochemical synthesis, electrochemical synthesis, solvotherml,
facile chemical impregnation, microwave-assisted synthesis, and so on. In this
section, recent progress in modern material science for the synthesis of photo-
catalytic materials, as well as advances achieved in their functionalization to tune
their surface chemistey, will be presented and discussed. The next section focuses
on the various nanoparticles that are employed ina wide range of applications of
photocatalysis, see Figure. 8.5

i

Fuel
Safery Cells

Figure 8.5 Photocatalysis applications of nanomaterials.




8.4 Phase Transton and Microstru cture of Photocatalytic Matenals

that the Bi;O-I can be obtained from the BiOI precursor at lower temperatures.
XPS wide scan spectra of the samples indicate the presence of bismuth (Bi 4f, Bi
4d, Bi 4p, and Bi 5d), oxygen (O 1s), iodine (I 3d), and carbon (C 1s). The
observed shift of binding energies confirms the complete phase transition from
BiOI to Bi;O-I after heat treatment at 450 °C. SEM and TEM show spherical
microstructures assembled by numerous ultrathin nanosheets. For all BiOl
powders, the spherical shape is maintained and their diameters slightly decreased
from 3 tol.5 mm, while the thickness of the sheet-like nanostructures increased.
TEM image of a single BizO.I microsphere heat treated at 450 °C confirms it is
composed of nanosheets of a thickness of about 25 nm. HR TEM image reveals
that the two different lattice fringes with intervals of about 0317 and 0306 nm
can be assigned to (312) and (113) planes of the orthorhombic phase Bi;O.1,
respectively. The BiOI1-400 sample showed the higher adsorption property with
RhB that is attributed to its large surface area, unique surface, and surface
electronegativity (see Figure 8.12) [149].

8.45 Phase Transition Studies of Bicrystalline Cr-TiO, Nanoparticles

Employing one-step flame spray pyrolysis technique, Tian et al [150] synthesized
bicrystalline phase Cr-TiO, nanoparticles. The mixed phases of TiO,, such as
anatase/rutile and anatase/brookite, exhibit higher photocatalytic activity than
pure single-crystal phase. The enhanced activity of mixed phases is attributed to
the formation of heterojunction between different phases, which can efficiently
separate the spatial charges and consequently improve the quantum yield of TiO,.
The intimate contact between two phases is necessary to enhance the

Figure 8.12 SEM images of pure (a) and heat-treated BiOl powders at 400 (b, 450 (d, and
500 °C (d). TEM (e} and HRTEM (f) images of the BiOl powder heat treatment at 450 °C
(reproduced with permission from Ref. [149]. Copyright 2016, Elsevier).
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Figure 831 Reaction schemes for the photocatalytic reduction of CO, with H,0 on (a)
Ag3PO./gC;N, composite (reproduced with permission from Ref. [310]. Copyright 2015,
American Chemical Sodety) and on (b) BiDIl/g-C;N, photocatalysts (reproduced with
permission from Ref. [313]. Copyright 2016, American Chemical Sodety).

bismuth oxyhalides (BiOX, X = Br, I) [312-314], and so on have also been
reported as photocatalysts for effective CO, reduction. For example, a combina-
tion of the g-C3;N; with other proper semiconductors such as Ag,PO, (Figure
8.31a) and BiOIl (Figure 8.31b) not only extend the visible-light absorption
capacity but also improve the separation of electron-hole pairs. It provides a
great enhancement of the photocatalytic activity for different hybrids and will
undoubtedly help in the development of the next generation of photocatalysts for
environmental applications.
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