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This study focuses on developing a new method

to obtain Fe;0,-TiO, nanoparticles and on their use

through photocatalysis in environmental applications. The
procedure for the preparation of Fe;0,-TiO, nanoparticles
occurs according to an in situ TiO, synthesis and magnetite
covered process. After preparation, the Fe;0,TiO,
nanoparticles were exhaustively characterised by XRD
(SAED), EDAX, TEM/HRTEM. The catalytic performances of
the Fe;0,-TiO, nanoparticles in environmental applications,
at different concentrations, were evaluated in relation to the
degradation of the ampicillin and penicillin G antibiotics,
using a photocatalytic reactor with continuous recirculation.
The reactor was equipped with an exterior magnetic field
necessary to support the Fe;0,-TiO, nanoparticles in the
volume of the solution. Different concentrations of Fe;O,-
TiO, nanoparticles were used. The initial concentrations of
the antibiotics were equivalent to 400 mgO,/L. Monitoring
the concentration of the organic substrate took place by
taking off samples from the reactor, at pre-established
times, and analysing them using Chemical Oxygen Demand
(COD). The values for the studied process variables were:
PH of the solutions at 3 and H,0, concentration of 1.5 per
stoichiometric ratio. The effect of Fe;04,TiO; in
environmental applications showed good activity in a UV
light, able to degrade 97.5% ampicillin and 95.0% penicillin
G in 2.0 hours of reaction time.
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1. Introduction

The progressive accumulation of more and
more organic compounds in natural waters is
mostly due to the development and extension of
chemical technologies for organic synthesis and
processing. Advanced oxidation processes (AOPs)
are widely used for the removal of recalcitrant
organic constituents from wastewater. In this sense,
AOP type procedures are very promising
technologies for treating wastewater containing
non-biodegradable or hardly biodegradable organic

* Autor corespondent/Corresponding author,
E-mail: cristina27ccc@yahoo.com

Acest studiu se concentreaza pe dezvoltarea
unei noi metode de obtinere a nanoparticulelor Fe;0,-TiO;
si utilizarea acestora prin fotocataliza in aplicatii de mediu.
Procedura de preparare a nanoparticulelor Fe;0,-TiO, are
loc in conformitate cu sinteza TiO, in situ si acoperire cu
magnetita. Dupa preparare, nanoparticulele Fe;0,-TiO, au
fost caracterizate exhaustiv prin XRD (SAED), EDAX,
TEM/HRTEM. Performantele catalitice ale nanoparticulelor
Fe;04TiO, la diferite concentratii au fost evaluate in
aplicatii de mediu privind degradarea antibioticelor tip
ampicilina si penicilina G folosind un reactor fotocatalitic
cu recirculare continua. Reactorul a fost echipat cu un
cdmp magnetic exterior necesar pentru a sustine
nanoparticulele Fe;04TiO; in solutie. S-au folosit diferite
concentratii ale nanoparticulelor Fe;04-TiO,. Concentratiile
initiale ale antibioticelor in solutile de Ilucru au fost
echivalente cu 400 mgO,/L. Monitorizarea concentratiei
substratului organic a avut loc prin prelevarea unor probe
din reactor, la momente prestabilite si analiza acestora
utilizdnd Consumul Chimic de Oxigen (COD). Valorile
studiate pentru variabilele de proces au fost: pH-ul
solutiilor 3 gi concentratia de H;O, 1,5 fata de raportul
stoichiometric. In aplicatiile de mediu, Fe;0,-TiO, au aratat
o buna activitate catalitica in lumina UV, efectul degradarii
antibioticelor fiind de 97,5% la ampicilina si 95,0% la
penicilina G, in 2 ore de reactie.

compounds with high toxicity [1, 2]. The water
resources management exercises ever more
pressing demands on wastewater treatment
technologies to reduce the industrial negative
impact on natural water sources. Thus, new
regulations and emission limits have been imposed
and industrial activities are required to seek new
methods and technologies capable of effectively
removing pollutants from wastewater. Advanced
oxidation processes (AOPs), i.e. photochemical
and photocatalytic advanced oxidation processes
including UV/H202, UV/Oa, UV/HzOg/Og,
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UV/H,0,/Fe* (Fe*), UVITIO, and UV/H,0,/TiO,
can be used for the oxidative degradation of
organic contaminants. A complete mineralization of
the organic pollutants is not necessary, being more
worthwhile to transform them into biodegradable
aliphatic carboxylic acids followed by a biological
process. The efficiency of the various AOPs
depends both on the rate of generating free
radicals and on the extent of contact between the
radicals and the organic compound. The main
parameters, which determine the efficiency of the
oxidation process, are: the structure of the organic
compounds, the hydrogen peroxide and the
catalyst concentrations, the wavelength and
intensity of the UV radiations, the initial solution pH
and the reaction contact time [2, 3]. Advanced
technologies for the wastewater treatment are
required to eliminate pollution and may also
increase pollutant destruction or separation
processes, such as advanced oxidation methods
(catalytic and photocatalytic oxidation), chemical
precipitation, adsorption on various media etc.
These technologies can be applied successfully to
remove pollutants that are partially removed
through conventional methods, e.g. biodegradable
organic compounds, suspended solids, colloidal
substances, phosphorus and nitrogen compounds,
heavy metals, dissolved compounds,
microorganisms, thus enabling the recycling of
residual water [4]. The oxidation process is also
controlled by the presence of other species in the
reaction medium (intermediate products) in the
sense that they interact with the catalyst
component in a different manner. The species of
reductive character accelerate the oxidation
process because they reduce Fe* (inactive) to
Fe®* (active) and thus the generation of OH
radicals intensifies [5, 6]. The acid type species
lower the pH of the reaction medium and can form
stable complexes with Fe** or Fe®* ions, strongly
slowing the oxidation process. Also, the pH has a
significant role in determining the efficiency of the
Fenton and photo-Fenton oxidation processes [2].
Limitations due to the use of homogeneous
catalysts, such as a limited pH range, the
production of Fe containing sludge, and
deactivation could be overcome by heterogeneous
catalysts. A series of pharmaceuticals such as
analgesics, antibiotics, steroids etc. have been
detected in the water feeding systems of several
countries [7, 8]. Antibiotics can be more or less
extensively metabolized by humans and animals.
Depending on the quantities used and their rate of
excretion, they are released in effluents and reach
sewage treatment plants [7-9]. Available data on
antibiotics (ampicillin, erythromycin, tetracycline
and penicillin groups) indicate their capability to
exert toxic effects on the living organisms (bacteria,
algae etc.), even at very low concentrations. These
antibiotics are practically non-biodegradable,
having the potential to survive sewage treatment,
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leading to a persistence of these compounds in the
environment and a potential for bio-accumulation
[10]. Antibiotics have the potential to affect the
microbial community in the sewage systems and
can affect bacteria in the environment and thus
disturb natural elementary cycles [9]. If they are
not eliminated during the purification process, they
pass through the sewage system and may end up
in the environment, mainly in the surface water.
The presence of antibiotics in the environment has
favored the emergence of antibiotic-resistant
bacteria, increasing the likelihood of infections as
well as the need to find new and more powerful
antibiotics. Advanced oxidation processes can be
used for antibiotics degradation from wastewater
or for increasing their biodegradability in the
biological wastewater treatment [11, 12]. The
kinetic assessment of the oxidative degradation
process applied to antibiotics of the type
amoxicillin, ampicillin and streptomycin (pseudo 1
degree Lagergren kinetic model) suggests that the
oxidative process occurs in two successive steps,
with the formation of reaction intermediates. The
ratio of the 1% degree kinetic constant values
corresponding to the two oxidation stages depends
on the structure of the antibiotics and indicates a
marked decrease in the oxidation rate in the
second stage. This decrease can be attributed to
the formation of reaction intermediates such as
inferior organic acids with a high stability in regard
to oxidation and/or blocking active catalytic centers
through the formation of compounds of the Fe?***
species with the reaction intermediates,
compounds which are inactive in the process of
generating radicals [12]. As expected, antibiotic-
contaminated water is incompatible  with
conventional biological water treatment
technologies [13]. Unlike complete amoxicillin
degradation, the mineralization of the organic
compounds from the solution is not complete in the
Fenton oxidation process due to the formation of
refractory intermediates [14]. Unless antibiotics are
removed from wastewaters through specific
purification processes, they can affect the
microbial communities in filtering systems using
active sludge and, in general, the bacteria found in
water, and, as a result, they can disturb the natural
elementary cycles. The photocatalytic oxidation of
antibiotics in aqueous solution is based on the
oxidative potential of the HO radicals’ (2.80 V)
generated in the reaction medium though
photocatalytic mechanisms, in the presence of
H,O, and UV radiations. The advanced oxidation
processes based on the photoactivity of
semiconductor-type materials can be successfully
used in wastewater treatment to destroy the
persistent organic pollutants, resistant to biological
degradation processes. Recently, the utilization of
TiO, as a catalyst for the degradation of organic
pollutants in water is becoming a relevant topic in
view of a possible application in economically
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advantageous and environmentally friendly
processes not only performed with the aim to abate
pollution but also for synthetic purposes [15]. TiO,
is the most attractive semiconductor because of its
higher photocatalytic activity, and can be used
suspended into the reaction medium or
immobilized as a film on solid materials. A very
promising method for solving problems concerning
the photocatalyst separation from the reaction
medium is to use a photocatalytic reactor in which
TiO, is immobilized on a support. The
immobilization of TiO, onto various supporting
materials has largely been carried out via physical
or chemical route [16]. Using titanium dioxide for
water splitting after UV irradiation, it has been
shown that this can encompass a wide range of
reactions, especially the oxidation of organic
compounds [17]. The study of the
photodegradation for a large series of substances
such as halogenated hydrocarbons, aromatics,
nitrogenated heterocycles, hydrogen sulfide,
surfactants and herbicides, and toxic metal ions,
among others has clearly shown that the majority
of organic pollutants present in waters can be
mineralized or at least partially destroyed. The
photocatalytic  treatment of many organic
compounds has been successfully achieved. The
photocatalytic activity is dependent on the surface
and structural properties of the semiconductor such
as crystalline structure, surface area, particle size
distribution, porosity, band gap and hydroxyl
density [18]. The environmental applications of
photocatalysis using TiO, have attracted an
enormous interest over the last three decades [2].
It is well established that slurries of TiO,
illuminated with UV light can degrade to the point
of mineralization almost any dissolved organic
pollutant. Nevertheless, photocatalysis, particularly
in aqueous media, has still not found widespread
commercial implementation for environmental
remediation. The main hurdle appears to be the
cost, which is high enough. Heterogeneous
photocatalysis has become an increasingly viable
technology in environmental remediation. The
photocatalytic degradation utilizing titanium dioxide
as a photocatalyst has several advantages in
comparison to traditional water purifications and
wastewater treatment methods. A photocatalytic
process usually requires basic elements: a
semiconductor or photocatalyst, a light source, a
system of reaction and the pollutant. Ultraviolet
energy produces photons that will be absorbed by
the photocatalyst, thus activating it [19]. Some
studies have been performed to evaluate the
effects on the absorption capacity of arsenic on
magnetite Fe,O; nanoparticles [20, 21]. Through
diverse  synthesis methods  (hydrothermal,
ultrasonic hydrothermal, sol-gel, coprecipitation
and others), ferrite nanomaterials derived from
magnetite (FeO, Fe,03) substituting the Fe*" ion in
different concentrations (0.5, 0.8, 1, 1.2, 1.5) with

Co**, Cu®, Ni**, Zn*" ions were obtained [22-24].
Other iron oxides and hydroxides have been
reported for their practical ability in environmental
applications. Resistance to oxidation of these
compounds in atmospheric conditions is an
important factor [25].

In this work, we present a feasible method
to obtain Fe,O;-TiO, nanoparticles through the sol-
gel method and evaluate its performance to
remove organic compounds, such as the
antibiotics-ampicillin  and penicilin G, from
wastewater. The objectives of this paper are: i.
The preparation of Fez04-TiO, nanoparticles
occurs according to an in situ TiO, synthesis and
magnetite covered process; ii. the characterization
of the immobilised TiO, thin films using XRD
(SAED), EDAX, TEM/HRTEM,; jii. the study of the
capacity of Fe;0,4-TiO; (in different concentrations)
to remove antibiotics from wastewaters.

2. Experimental

The proposed nanoparticles synthesis was
performed in three stages: obtaining magnetite
nanoparticles, polyethylene coating and
functionalization with cyanuryl chloride.

2.1 Materials

The materials used in this study are: FeC,0,
(Merck), FeClz (Fluka AG), HCI (Merck), KOH
(Merck), AgNO; (Merck ), i-butanol (Merck),
titanium  tetrabutoxide, Ti(OBu);  (Merck),
dimedone, 5,5-Dimethyl-1,3-cyclohexanedione,
CgH120, (Merck), ampicillin and penicillin G in the
form of crystalline powder of pharmaceutical
grade; hydrogen peroxide, a stock solution of 30%
(w/w), analytical reagent from S.C. Comchim S.A.
(Bucharest, RO); sodium hydroxide analytical
reagent from S.C. Chimopar S.A. (Bucharest, RO),
freshly prepared with double-distilled water.

2.2. Procedures and Methodes

a. Fe30,TiO, composite nanoparticles
synthesis

The magnetite  nanoparticles  were

obtained through a variant of the Massart method
[26-28], which consists of the coprecipitation of
ferric and ferrous ions with alkali hydroxide. In a 4
L autoclave, 10 mL solution of concentration 1
mol/L FeC,0, (Merck) and 20 mL solution of 1
mol/L FeCl; (Fluka AG) were introduced, prepared
in a 970 mL solution of 0.01mol/L of hydrochloric
acid (Merck), precipitated with 500 mL solution of 1
M KOH (Merck), through light stirring. The dark
brown precipitate was separated magnetically and
inserted into a tubular membrane of regenerated
cellulose (VISKING, 49 mm &) for continuous
dialysis with bidistiled water (produced with a
Millipore module) to slightly alkaline pH (7.6-8.2).
After dialysis was verified the absence of chloride
ions through contacting with AgNO;. The
magnetite nanoparticles (M1) were coated with
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titanium dioxide through the technique of in situ
generation of titanium dioxide from titanium
tetrabutoxide with or without the presence of
dimedone [29]. Thus are activated the magnetic
particles with 1 mmol KOH disgersed in 90mL of i-
butanol in the 200 mL Teflon™ shaft of a PM100
Retsch® colloid mill, then treated with titanium
tetrabutoxide (1.11 mmol) or with a mixture of
titanium tetrabutoxide (1.11 mmol) and dimedone
(2.4 mmol) in 10 mL of i-butanol. After 4 hours of
reaction at 250 rpm, the functionalized particles are
transferred into an Erlenmeyer flask of 250 mL and
are separated in a magnetic field, washed with
ethanol, dried, and washed again with ethanol.
Thus, types of light gray Fe;O0,-TiO,, M2 composite
nanoparticles are obtained, through synthesis in
the absence of dimedone (Scheme 1) [30].
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Scheme | - Reaction of coating magnetic nanoparticles with
titanium dioxide in the presence of dimedone
(M=magnetite) / Reactia de acoperire a

nanoparticulelor magnetice cu dioxid de titan, in
prezenta dimedonei (M = magnetita).
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The characterization of the samples
obtained (M1 and M2) through electron
microscopy was performed using an electron
microscope through high resolution transm|SS|on
(HRTEM) of the type TECNAI F30 G* STWIN with
a linear resolution of 1A and a punctual resolution
of 1.4 A [31, 32]. In the experimental research two
samples of powders were analyzed, noted M1and
M2. Small amounts of powder from each sample
were immersed in absolute ethanol, the
suspension being homogenized through
ultrasonication. For sampling, a copper grid coated
with a very thin (perforated) layer of amorphous
carbon was used. On this grid fine particles in
homogenized suspension were collected. The
samples thus taken were examined through
transmission electron microscopy in bright field
(TEMBF) and electron diffraction (SAED), high-
resolution transmission electron microscopy
(HRTEM) and energy dispersive  X-ray
microanalysis (EDAX), and the samples were
characterized from the point of view of the
nanostructure and the nanocomposition.

b. Evaluation of the Fe3;0,TiO, catalytic
activity
The laboratory experiments for the
evaluation of the Fe;0,-TiO, catalytic activity were
achieved using a photocatalytic reactor [33, 34]
with continuous recirculation (reaction volume 1.5
L, total solution volume 2.0 L and the recirculation
flow rate 1 L/min) equipped with an
electromagnetic field, a high pressure mercury
lamp, of 120 W, coaxially positioned (Scheme ).
The experiments were performed at 20+2°C using
synthetic solutions of antibiotics (ampicillin or
penicillin G) with an initial concentration equivalent
to chemical oxygen demand value of 400 mg O/L.
The used amount of hydrogen peroxide ensured a
1.5 times H,O,/antibiotic stoichiometric ratio. The
antibiotics oxidation processes were studied by

Scheme |l: Photo-catalytic reactor representation (a) and general view in operation (b) 1-photocatalytic reactor vessel; 2-cooling jacket;
3-electromagnet, cylindrical shape; 4-UV lamp source; 5-thermometer; 6-quartz tube; 7-UV lamp; 8-recirculation reservoir;
9-recirculation pump; 10-magnetic stirrer / Reprezentarea reactorului foto-catalitic (a) vedere generald in functiune (b)
1- reactor foto-catalitic ;2- cdmaséa de récire; 3-electromagnet, forma cilindrica; 4-sursd lampa -UV, 5-termometru;6- tubu-
cuart; 7- lampa UV; 8- rezervor recirculare; 9- pompa de recirculare; 10-agitator magnetic
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monitoring the organic substrate concentration
changes using chemical oxygen demand (COD)
analysis function of reaction time.

The COD analyses were performed
through a standard method (SR ISO 6060/1996)
using a Digestor DK6. In this sense, the collected
samples were stabilized using MnO; crystalline
powder so that the unreacted H,O, could quickly
decompose, and then they were filtered. For the
COD analysis, the samples were corrected in
terms of the pH using a NaOH solution 40% (w/w)
for the Fe ions precipitation, and then they were
filtered.

3. Results and Discussions

3.1. Synthesis and characterizations of
Fe3;0, -TiO, composite nanoparticles
a. Magnetite nanoparticles (M1)
The structural characteristics of the
magnetite sample M1, obtained using transmission

Fig. 1a- Image of transmission electron microscopy in bright

field (TEMBF) presenting a set of nanoparticles /
Imagine de microscopie electronica prin transmisie in
cdmp luminos (TEMBF) ce prezintd un ansamblu de
nanoparticule

Fig. 1c- Image of high-resolution transmission electron
microscopy (HRTEM) - detail from Fig. 1a / Imagine
de microscopie electronica prin transmisie de inalta
rezolutie (HRTEM) — detaliu din figura 1a.

electron microscopy in bright field (TEMBF) are
illustrated in Figure 1a [28]. As can be seen, the
set consists of particles of relatively uniform sizes
and shapes. It can be observed that the particles
have sizes between 6 and 20 nm.

The electron diffraction pattern in Figure 1b
obtained on the nano-zone in Figure 1a contains
nearly diffuse diffraction spots (distributed in
circles). Therefore, they correspond to very small
nanocrystals. The diffraction circles correspond to
the interplanar distances specified in the right of
the image, distances corresponding to families of
crystalline planes of Miller indices (hkl) specified
against each of the face-centered cubic lattice of
the magnetite compound (Fe;O,).

The image of high-resolution transmission
electron microscopy (HRTEM) in Figure 1c
indicates that magnetite nanoparticles are
nanometer-sized, measuring between 6 nm and 11
nm, the existence of parallel fringes in each image
showing that they are crystalline. The image in

Fe30 h
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Fig. 1b- Image of electron diffraction (SAED) associated to the
area in Fig. 1a / Imagine de difractie de electroni
(SAED ) asociata ariei din figura 1a.

Fig. 1d- Image of high-resolution transmission electron
microscopy (HRTEM) / Imagine de microscopie electronica
prin transmisie de inalta rezolutie (HRTEM,).
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Fig. 1e. - Energy dispersive X-ray spectrum (EDAX) obtained on the nano-area from Fig. 1a/
Spectrul de raze X in energie dispersatd (EDAX) obtinut pe nano-zona din Fig.1a.

Figure 1d highlights the existence of a crystalline
ordering within these nanoparticles. In image it is
measured the distance of 2.53 A between the
parallel lines corresponding to the families of
crystalline planes of Miller indices (3717) of the
magnetite compound (Fe;O,). The energy
dispersive X-ray spectrum (EDAX) in Figure 1e,
shows that nanoparticles contain iron and oxygen
as majority elements. The EDAX spectrum also
indicates the insignificant presence of the element
Si (from grinding), the element CI (contaminant
from the incomplete dialysis of these samples) and
the element C (from the amorphous carbon film,
from the technique of analysis).

In conclusion, the nanoparticles obtained
through the selected Massart variant (M1) consist
of magnetite of about 5 to 20 nm, with a crystalline
structure which, after purification (for the complete
removal of chloride ions) can be used in the
titanium dioxide coating step.

b. Fe;0, -TiO, (M2) composite nanopatticles (M2)
The structural characteristics of the sample

Fig. 2a- Image of transmission electron microscopy in bright
field (TEMBF) presenting a set of nanoparticles /
Imagine de microscopie electronica prin transmisie in
cadmp luminos(TEMBF) ce prezintd un ansamblu de
nanoparticule.

M2, obtained through the technique of magnetite
coating through the sol-gel method, without
dimedone, visualized by transmission electron
microscopy in bright field (TEMBF) are illustrated
in Figures 2a and 2b.

Analyzing the TEMBF image (Fig. 2b), we
highlight two structural aspects of the M2 sample,
namely: there are regions with a structured aspect,
comprising larger nanoparticles-these are areas
containing a Fe;O4 majority and there are regions
with an indefinite, amorphous aspect, comprising
much smaller nanoparticles-these are areas
containing a TiO, majority. The electron diffraction
pattern in Figure 2b obtained on the nano-zone in
Figure 2a contains nearly diffuse diffraction spots
(distributed in circles), sharper than in the case of
M1. The diffraction circles correspond to the
interplanar distances specified in the right of the
image, distances corresponding to families of
crystalline planes of Miller indices (hkl) specified
against each of the face-centered cubic lattice of
the magnetite compound (Fe;0,).

FeO,
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20 1/nm

Fig. 2b- Image of electron diffraction (SAED) associated to the
EDX1 area in Fig. 2a / Imagine de difractie de electroni
(SAED) asociatéa ariei EDX1 din figura 2a.
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Fig. 2c- Energy dispersive X-ray spectrum (EDAX) obtained on the nano-area indicated with EDX2 in Fig.2b / Spectrul de raze X in
energie dispersata (EDAX) obtinut pe nanoaria indicata cu EDX2 din figura 2b.
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Fig. 2d- Energy dispersive X-ray spectrum (EDAX) obtained on the nano-area indicated with EDX1 in Fig.2a / Spectrul de raze X in
energie dispersata (EDAX) obtinut pe nanoaria indicata cu EDX1 din figura 2a.

The energy dispersive X-ray spectrum
(EDAX), shown in Figure 2c, obtained on the nano-
area noted in Figure 2a with EDX2, shows that the

nanoparticles in this region contain iron and
oxygen as majority elements, titanium being
present in a much smaller quantity. The EDAX
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Fig. 2e -Image of transmission electron microscopy in bright
field (TEMBF) presenting a set of nanoparticles; larger
magnetite nanoparticles and areas with TiO, majority /
Imagine de microscopie electronica prin transmisie in
camp luminos (TEMBF) ce prezintd un ansamblu de
nanoparticule; nanoparticule mai mari de magnetita si
zone cu TiO, majoritar.

Image of high-resolution transmission electron
microscopy (HRTEM) — detail from Fig. 2e / Imagine
de microscopie electronica prin transmisie de inalta
rezolutie (HRTEM) — detaliu din figura 2e.

Fig. 2f-

Image of high-resolution transmission electron
microscopy (HRTEM) — detail from Fig. 2g / Imagine
de microscopie electronica prin transmisie de inalta
rezolutie (HRTEM) — detaliu din figura 2g.

Fig. 2h-
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spectrum also shows the presence of the element
Cu (the grid), and the element C (from the
amorphous carbon film), as in the case of the M1
sample.

The energy dispersive X-ray spectrum
(EDAX), shown in Figure 2d and obtained on the
nano-area noted in Figure 2a with EDX1 indicates
that the nanoparticles contain titanium and oxygen
as majority elements, Fe being present in a much
smaller quantity. The EDAX spectrum also shows
the presence of the element Cu (the grid) and the
element C (from the amorphous carbon film). The
image Figure 2h highlights the existence of a
crystalline ordering within the nanoparticles. In
image are measured the distances of 2.53 A and
4.86 A between the parallel lines corresponding to
families of crystalline planes of Miller indices (311)
and (111) respectively, of the magnetite compound
(Fes04). In Figure 2i it is also highlighted the
distance of 2.97 A between the parallel lines
corresponding to the family of crystalline planes of
Miller indices (220) of the magnetite compound

Fig. 2g- Image of “hlgh-resolution transmission electron
microscopy (HRTEM) / / Imagine de microscopie electronica
prin transmisie de inalta rezolutie (HRTEM).

. £
Image of high-resolution transmission electron
microscopy (HRTEM) / Imagine de microscopie
electronicd prin transmisie de Tinaltd rezolutie
(HRTEM).

Fig. 2i-
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Fig. 2j- Image of high-resolution transmission electron
microscopy (HRTEM); very small nanoparticles
(between 3 nm and 5 nm) in the region with TiO,
majority / Imagine de microscopie electronica prin
transmisie de inalté rezolutie (HRTEM); nanoparticule
foarte mici (intre 3 nm si 5 nm) in regiunea cu TiO,
majoritar

(Fe30y). It is to be noted the characteristic "core-
shell" aspect. The image in Figure 2k shows the
distance of 3.27 A between the parallel lines
corresponding to the family of crystalline planes of
Miller indices (110) of the rutile compound (TiO,).

3.2. Environmental applications of Fe;0,-TiO,

The  photocatalytic  degradation  of
antibiotics, such as ampicillin and penicillin G using
Fe3;04-TiO, was the subject of this research part. In
order to attain the objective of investigating the
functionalized materials prepared in environment
applications, i.e. evaluating the efficiency of the
Fes;04-TiO, nanoparticles in oxidative processes,
we performed kinetic studies, aimed at using
Fe;0,4-TiO, at different concentrations (0.1; 0.5; 1.0
g/L) in synthetic solutions of antibiotics and
establishing the importance that the structure of the
chemical compound (ampicillin or penicillin G) has
on the photocatalytic process. In this sense, we
used a laboratory installation for the photocatalytic
oxidation of organic compounds from wastewater.
The main component of this installation is the
photocatalytic reactor with continuous recirculation,
equipped with a UV lamp (of 120 W) and an
exterior magnetic field necessary to support the
Fe;0,-TiO, in the whole volume of the work
solution. In Figure 3a are presented the
experimental data concerning the photocatalytic
activity in the absence of Fe3;O,4-TiO, compared
with that in the presence of Fe304-TiO,
nanoparticles. It is to be noted that there is a clear
distinction between the sets of values COD
obtained in the absence of Fe;0,-TiO, {tests: 1A =
amplicillin + without Fe30,4-TiO, + UV + H,O,; 1P =
penicillin G + without Fe;0,4-TiO, + UV + H,0O,}and
in the presence of the Fe;0,-TiO, in different

Fig. 2k- Image of high-resolution transmission electron
microscopy (HRTEM); very small nanoparticle
(between 3 nm and 5 nm) in the region with TiO,
majority / Imagine de microscopie electronica prin
transmisie  de  inaltd  rezolutie = (HRTEM);
nanoparticule foarte mici (intre 3 nm si 5 nm) in
regiunea cu TiO, majoritar

400 1
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0 15 30 45 60 75 90 105 120
Time (min)

Fig. 3a - Photocatalytic activity of Fe304-TiO, nanoparticles
Activitatea fotocataliticad a nanoparticulelor Fe;04TiO,,

concentrations {tests: 2A = amplicillin + 0.1 g/L
(Fe304 -TiOy) + UV + H,0,; 2P = penicillin G + 0.1
g/L (Fe304-TiOy) + UV + H,0, ; 3A = amplicillin +
0.5 g/L (Fe304-TiO,) + UV + H,0,; 3P = penicillin
G + 0.5 g/L (Fe304 -TiOy) + UV + H,O,; 4A =
amplicillin +1.0 g/L (Fe;0,4-TiO,) + UV + H,0,; 4P
= penicillin G +1.0 g/L (Fe304-TiO,) + UV + H,0,}.
Monitoring the concentration of the organic
substrate indicated a decrease in the COD values.
Also, the results obtained highlight the importance
of the catalytic component (Fe;0,4-TiO,
nanoparticles) in the system. As shown, the rates
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of the organic compounds degradation increased
progressively with increasing the concentration of
the catalyst in the solution. The presence of the
catalyst (Fe;0,4-TiO5) is beneficial to the process of
advanced degradation of the organic compounds in
wastewaters. Essentially, the functionalized
nanomaterials (Fe;04-TiO;) show a catalytic
activity, the degradation rates of the organic
compounds being dependent on the reaction time.
All tests related to the influence of catalyst
concentration show a good photocatalytic activity in
the degradation of antibiotics; the degree of
oxidation increased progressively with increasing
levels of nanomaterials functionalized in the
working solution. The catalytic behaviour is similar
(as shown by consecutive experiments); an
increase is noticed in the efficiency of the photo-
oxidative degradation process when the catalyst
concentration in the solution increases, for
prolonged UV exposure. The structure of the
chemical compound (ampicillin or penicillin G) is
closely related to the oxidation of organic
compounds from wastewater. The efficiency to
removal of organic compound, determined at the
same reaction time, indicate a small variation in all
tests with the Fe;0,4-TiO, particles (Fig. 3b).

100

Degradation efficiency (%)

0 15 30 45 60 75 90 105 120

Time (min)

Fig. 3b - Effect of Fe304-TiO; in environmental applications
Efectul Fe;O4TiO, in aplicatii de mediu.

Thus, coupling the Fe3;0,4 particles with
TiO, ensures the efficiency to degradation of the
organic compounds present in the solution,
especially when the catalyst concentration in the
solution increases. As the experimental data show
in Figure 3, both the importance of structure of the
chemical compound (ampicillin or penicillin G) and
the catalyst concentration can be established. The
presence of Fe;0,4-TiO, in the system is beneficial;

Fe;04— TiO; pentru fotodegradarea ampicilinei si penicilinei G

the antibiotics show a higher degree of
degradation once with increasing the concentration
of Fe304-TiO,, from 0.1-0.5 up to 1.0 g/L. The best
results were obtained when testing Fe;0,-TiO;
particles in a concentration equivalent to 1.0 g/L, in
an ampicillin solution. It is to be noted that the
photocatalytic process is stronger for ampicillin
than for penicillin G, thus the oxidation rate for
ampicillin is better than for penicilin G;
degradations of 97.5% ampicilin and 95.0%
penicillin G in 2.0 hours of reaction time were
obtained.

4. Conclusions

The technique proposed for obtaining
Fe3;0,4-TiO, leads to obtaining nanoparticles with
magnetic and catalytic properties, stable in an
oxidative medium. The advantage of this new
method to obtain Fe3;04-TiO, nanoparticles
derives from the fact that it is a simple procedure,
based on commercial raw materials with relatively
low price. The main factors, which determine the
characteristics of the Fe;O4-TiO, nanoparticles
(including mechanical strength, chemical stability,
photocatalytic  activity), are: TiO, powder
characteristics, FesO, characteristics, the mass
ratio between Fe;0,-TiO, and the thermic
treatment. The Fe;0,4-TiO, nanoparticles showed a
good photocatalytic activity and stability in the
oxidation process of antibiotics. While Fe, and
Fe;O,4 respectively, play an adsorbtion role for
antibiotics, TiO, is considered responsible for the
photocatalytic activity. Therefore, the use Fe;0,-
TiO, in environment applications is viable.
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