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ARTICLE INFO ABSTRACT
Articl_e history: Recalcitrant dyes present in effluents constitute a major environmental concern due to their hazardous
Received 1 June 2017 properties that may cause deleterious effects on aquatic organisms. Tartrazine is a widely-used dye,
Received in revised form 9 October 2017 and it is known to be resistant to biological and chemical degradation processes and by its carcino-

Accepted 25 October 2017 genic and mutagenic nature. This study presents the use of TiO, (P25) nanoparticles immobilized into a

poly(vinylidenefluoride-trifluoroethylene) (P(VDF-TrFE)) membrane to assess the photocatalytic degra-

i?(’) \i\g)rgs: dation of this dye in a solar photoreactor. The nanocomposite morphological properties were analyzed,

Microzollutants confirming an interconnected porous microstructure and the homogeneous distribution of the TiO,

Photoreactor nanoparticles within the membrane pores. It is shown that the nanocomposite with 8 wt% TiO, exhibits

PVDF-TrFE a remarkable sunlight photocatalytic activity over five hours, with 78% of the pollutant being degraded.

Solar photocatalysis It was also demonstrated that the degradation follows pseudo-first-order kinetics model at low ini-
tial tartrazine concentration. Finally, the effective reusability of the produced nanocomposite was also
assessed.
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1. Introduction

Water pollution caused by organic chemicals from textile, paper,
plastic, leather, food, and mineral processing industries is a growing
problem [1,2], mainly caused by the presence of synthetic dyes in
effluents. Estimates show that approximately 10-15% of dyes used
in the industry will end up in wastewaters after the manufacturing
process [3,4]. Most of these dyes possess complex and stable molec-
ular structures, making them resistant to conventional biological
and chemical degradation processes [5,6]. The presence of these
dyes in effluents compromises water properties, such as color, pH,
sunlight penetration, and chemical oxygen demand, and important
ecological impacts as most of these dyes are carcinogenic and geno-
toxic — associated with oxidative stress [7,8]. Among these dyes,
tartrazine (C.I. Acid Yellow 23, AY23) was selected as a model pol-
lutant for the present work. Tartrazine is an azoic dye widely used
in the textile, cosmetics, pharmaceutical and food industry [9,10].
In the last decades, many works have reported about tartrazine
hazards, identifying its potentially deleterious effects, such as food
allergies, mutagenic, carcinogenic and phototoxicity [11-15].

In this context, the development of low-cost and efficient
advanced water treatment technologies are urgently needed. There
has been significant research on applying photocatalysis for water
treatment due to their efficient degradation of organic compounds
[16,17]. Photocatalytic reactions allow for complete degradation of
organic pollutants into small and harmless species, without using
chemicals, thus avoiding sludge production and disposal. Titanium
dioxide (TiO,), a well-known semiconductor, has been applied in
air purification, solar energy conversion, and wastewater treat-
ment due to its high photocatalytic activity, low cost, low photo
erosion, non-toxicity, and excellent chemical and thermal stabil-
ity under illumination [18]. In wastewater treatment processes,
TiO, nanoparticles are used as a slurry system due to the large
surface area of the catalysts, which allows high photocatalytic effi-
ciency [19]. Nevertheless, the filtration to separate and recycle the
TiO, nanoparticles suspended in the treated water significantly
increases the running cost and produces collateral pollution. This
problem has become a limiting factor in the practical application
of photocatalytic slurry systems. To prevent secondary pollution
and to allow the reusability of photocatalytic materials, numer-
ous works have been devoted to TiO, nanoparticle immobilization
into substrates, including glass, zeolites, ceramic particles and poly-
mers, among others [16,20-23]. These materials can be produced
by techniques such as sol-gel, electrochemical anodizing, chemical
deposition, photo-assisted deposition, solvent casting, grafting, dip
coating, electrospinning have been used [20,21,24-27].

Further, together with photocatalytic treatments, membrane
processes have also been increasingly applied to treat waste efflu-
ents from industry. Membrane separation processes have shown to
be competitive with other separation processes regarding energy
costs, material recovery, environmental friendliness, and for being
simple to integrate into processes for selective removal of impu-
rities [28]. However, this technique just concentrates pollutants,
not destroying them. It can be argued that the coupling of a photo-
catalytic reaction with a membrane separation process could take
advantage of the synergy of both technologies. This combination
can result in a robust system, with the membrane having the dual
task of supporting the photocatalyst as well as acting as a selective
barrier for the species to be degraded [2,29]. Membrane separa-
tion may be combined with a photocatalysis process in what is
called a photocatalytic membrane reactor. In such reactor, the cata-
lysts could be immobilized on the membrane surface or suspended
in water [30]. However, most of the works reported concerning
photocatalysis use TiO, suspended in water.

Many of the most used membranes are based on poly-
meric materials, mostly for being mechanically stable, chem-

ically inert, inexpensive and easily accessible [31]|. The first
application of a polymer as a TiO, substrate for photocat-
alytic applications dates back to 1995, where TiO, particles
were immobilized into a polythene film [32]. In the next
years, many other polymers such as poly(vinylidenefluoride),
polystyrene, polyethylene glycol and polyamide12, among others,
were tested [21,33,34]. Poly(vinylidenefluoride-trifluoroethylene)
P(VDF-TrFE) allows the production of membranes with controlled
porosity and pore size [35-37]. Its favorable physicochemical prop-
erties are suited for photocatalytic application as it shows excellent
UV resistance [38], which is paramount to materials continuously
exposed to sunlight. Furthermore, it possesses a chemical, mechan-
ical and thermal resistance, related to the stable C-F bonds of the
polymer chain [39]. Additionally, this nanocomposite has displayed
a remarkable photocatalytic activity in the degradation of methy-
lene blue [37,40].

The principal goal of this work is to demonstrate the suitability
and reusability of photocatalytic TiO, nanoparticles immobilized
on a P(VDF-TrFE) porous membrane in the degradation of tar-
trazine in a solar photoreactor. Several studies have reported about
tartrazine photocatalytic degradation [41-44]. However, few of
them focus on the solar radiation and using immobilized catalysts.

2. Experimental

Poly(vinylidene fluoride-trifluoroethylene), (P(VDFTTFE)) 70/30
was purchased to Solvay (Belgium). Titanium dioxide (TiO;)
nanoparticles (P25-Aeroxide), with a surface area ranging from
35 to 65 m?/g (manufacturer datasheet), were acquired to Evonik
Industries AG. Tartrazine (M =534.36 g/mol) also known as Yellow
23 (Fig. 1a), with the chemical formula C;gHgN4Na30gS, and a
maximum absorption at the wavelength of 427 nm (Fig. 1b) was
purchased to ACROS organics (USA).

2.1. Production of TiO,/PVDF-TrFE nanocomposite membranes

The poly(vinylidene difluoride)-co-trifluoroethylene (P(VDF-
TrFE)) membranes containing titanium dioxide P25 were prepared
by solvent casting according to [37]. This filler concentration
was selected based on previously reported works [37] to reduce
nanoparticles aggregates, detachment from the substrate and pre-
serve the required polymer mechanical properties. Briefly, as
represented in Fig. 2, 0.86g (8 wt.%) of TiO, nanoparticles was
added to 90ml of N, N-dimethylformamide (DMF, Merck) and
placed in an ultrasound bath for four hours to achieve a good dis-
persion of the nanoparticles. Then, 10 g of P(VDF-TrFE) was added
to the solution, reaching a concentration of 10 wt.% polymer, and
kept under magnetic stirring until complete dissolution. Finally, the
solution was placed in a glass support to allow solvent evaporation,
at room temperature.

After complete evaporation of the solvent, a membrane with
the same dimensions of the photoreactor tank surface (38cm
length x 12 cm wide cm) was precisely cut out.

2.2. Characterization of TiO,/PVDF-TrFE nanocomposite
membranes

The microstructure of the produced nanocomposite membranes
was evaluated by scanning electron microscopy (SEM). The samples
were coated during 30 s with a thin gold layer and analyzed with a
Quanta 650 SEM (FEI). Energy dispersive X-ray spectroscopy (EDX)
was assessed with an INCA 350 spectrometer (Oxford Instruments).
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Fig. 1. Tartrazine chemical structure (a) and its UV-vis absorption spectrum in aqueous solution (b).
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Fig. 2. Schematicrepresentation of the production of the 8% TiO, /PVDF-TrFE nanocomposite membranes by solvent casting; a) ultrasonic bath of DMF and TiO, nanoparticles;
b) magnetic stirring of DMF, TiO, nanoparticles, and the added PVDF-TrFE; ¢) pouring the solution on a glass support; d) solvent evaporation at room temperature; e) membrane

after complete evaporation of the solvent.

2.3. Photocatalytic degradation of tartrazine

The photocatalytic degradation of tartrazine was carried out in
a solar photoreactor located in northern Algeria (latitude 36°.39’;
longitude 2°.42’" at sea level), from August to September, using
natural solar irradiation. The intensity of solar UV radiation was
measured with a Pyranometer CMP 11 (Kipp & Zonen) with a spec-
tral range between 285 and 2800 nm. All the assays performed in
this study presented sunlight intensities profiles similar the one
shown in the supplementary material (Figure A1).

The reactor was developed at the Solar Equipment Development
Unit (UDES) in Algeria. The effective volume of the photoreactor
is 11 (38cm length x 12cm wide x 8.5 cm high). The photoreac-
tor tank was fabricated from Pyrex glass, where the produced
TiO,/PVDF-TrFE nanocomposite membrane was placed at the bot-
tom (Fig. 3). The flow rate used for tartrazine solution recirculation
was 28 mls~1; allowing to cover the entire surface of the nanocom-
posite membrane with the tartrazine solution. The photoreactor
was completely covered with a glass to avoid evaporation during
the photocatalytic experiments.

For the photocatalytic assays, one liter of tartrazine solution was
added to the photoreactor tank containing the 8 wt% TiO,/P(VDF-
TrFE) porous membrane and illuminated with solar light for five
hours. The pH of the solution was not adjusted (initial pH~ 6.2
and final pH~4.3), and the temperature was not controlled, vary-
ing from 25 to 36 °C. These conditions were selected to evaluate
the potential applicability of the system. Tartrazine solutions of 10,
20, and 30 mg/l were prepared to study the effect of initial con-
centrations on the photocatalytic degradation. A 5 ml sample was
withdrawn at one-hour intervals. The influence of flow rate was

investigated using a flow rate of 28 mls~! and 9.8 mls~! under
the same experimental conditions (Cq =10 mg1~! under UV for five
hours).

To assess the reusability of the produced 8 wt% TiO,/P(VDF-
TrFE) nanocomposite, after the first use the membrane and the
photoreactor were washed with distilled water under continuous
flow and dried at ambient conditions. Afterwards, a new tartrazine
solution (same concentration — 10 mg1~1) was added, and the same
procedure was adopted.

Different UV intensities were used in the photocatalytic process;
itwas used a UV lamp from Phillips (PL-L 24W/10/4P) — with a max-
imum wavelength peak at 365 nm and an intensity of ~ 6 mW/cm?.
The lamp was used to irradiate the photoreactor (15 cm distance)
with the nanocomposite and the tartrazine solution (10 mg1-1), for
five hours. The results were compared with the sunlight photocat-
alytic degradation.

All the withdrawn samples were analyzed with a UV-visible
spectrophotometer (Shimadzu-1800), and the peak at 427 nm was
used to monitor tartrazine absorbance over irradiation time. The
percentage of degradation was estimated using the following equa-
tion (Eq. 1) [45].

Co—Ct
)

Degradation (%) = x 100 @)

where G, is the initial dye concentration and C; is the dye concen-
tration after a certain reaction time t (min).
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Fig. 3. Schematic representation of the solar photoreactor: 1- tartrazine solution flask; 2- peristaltic pump; 3-photoreactor tank with the 8% TiO, /PVDF-TrFE photocatalytic
membrane (a); picture of the photoreactor during the photocatalytic degradation of tartrazine under sunlight irradiation (b).

Fig. 4. SEM images of 8 wt% TiO2/P(VDF-TrFE) membranes: Surface (a); cross section (b, ¢); SEM-EDX mapping image of the presence and distribution of titanium (Ti — red)
in the PVDF-TrFE matrix with inset of the EDX spectra with elemental identification (C,F,0, and Ti). (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

3. Results and discussion
3.1. TiO,/PVDF-TrFE nanocomposite membranes characterization

The TiO, nanoparticles were immobilized into P(VDF-TrFE)
membranes produced by solvent evaporation at room tempera-
ture, as previously reported in [37,46]. SEM surface images, Fig. 4a,
show a smooth surface with the presence of few pores. SEM cross-
sectionimages, Fig. 4b, show that the polymer microstructure of the
produced membrane is characterized by interconnected spherical
pores (pores inside the pores) with an average diameter of ~60 pm.
In Fig. 4c it is possible to observe the presence of the TiO, nanopar-
ticles over the pore wall. EDX analysis (Fig. 4d) allowed to identify
carbon (C) and fluorine (F), corresponding to PVDF-TrFE; while tita-
nium (Ti) and oxygen (O) correspond to the TiO, nanoparticles. The
elemental quantification is presented in supplementary material
(Table A1). EDX mapping analysis also presented in Fig. 4d con-
firms the homogeneous distribution of TiO, nanoparticles over the
membrane, indicated by the Ti signature (red dots over the image).

Furthermore, as reported in [37,46], the polymer crystallizes
in the polar B-phase, and no chemical bonds between the poly-
mer and the TiO, nanoparticles were identified. Additionally, the
nanocomposites possess a porosity ranging from ~70 to 80%.

3.2. Photocatalytic degradation of tartrazine

The photocatalytic activity of the 8% TiO,/P(VDF-TrFE) mem-
brane [37,40] was used in this work to assess the degradation
of tartrazine. Fig. 5 shows the degradation profile of tartrazine
(10mgl1-1) after 5h (300min) of sunlight irradiation indicating
that approximately 78% of the dye was degraded, at a reaction rate
constant of 0.30 min~!.

As a control, the same experiment was carried out without the
8% TiO,/P(VDF-TrFE) membrane and, under this condition, just 2%
of degradation was observed after sunlight irradiation of the tar-
trazine solution for 5h. This result shows that this dye is stable
under sunlight irradiation, presenting low photolysis, which agrees
with [47,48]. In the presence of the produced membrane but the
absence of sunlight, 9% of tartrazine removal was observed after
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Fig. 5. Photocatalytic degradation of tartrazine (10mgl-') with the 8wt%

TiO,/PVDF-TrFE nanocomposite, over 5h of sunlight irradiation. Controls: irra-
diation of tartrazine solution without the nanocomposite (photolysis); the
nanocomposite in tartrazine solution with no irradiation (adsorption).

5h (Fig. 5), which can be addressed to adsorption of dye into the
8 wt% TiO, /[PVDF-TrFE nanocomposite membrane.

As previously mentioned, few works have reported on tartrazine
degradation in immobilized systems [42,49,50] using different
approaches like the one presented in this work. Thus, given the
different set-ups and experimental conditions of these works, is
not possible to make a direct comparison of the results. The utmost
similar work also using a solar photoreactor, was based on TiO,
(P25) impregnated on the photoreactor surface to degrade tar-
trazine [49]. The results show that 99% of the dye was degraded
after 5 h of sunlight radiation. The system mentioned above is based
on particles fixed to the photoreactor surface, but the nanopar-
ticles are not embedded into any substrate or matrix — reducing
the surface area loss when compared to our system. Additionally,
this work employs a significantly larger photoreactor (1 x 0.5 m),
and the estimated amount of TiO, nanoparticles was almost 2-fold
(1.8x) the amount used in our study. Furthermore, the impreg-
nation of the nanocatalyst directly into the photoreactor surface
will require a laborious process to clean and re-impregnate it with
a new TiO, layer for eventual further reuse, a task that was not
addressed. On the other hand, our system allows a simple and fast
monitorization/substitution of the photocatalytic nanocomposite
for the proper recycling of the remaining residues. TiO, nanopar-
ticles have also been immobilized by sol-gel on calcinated sewage
sludge and ~80% of tartrazine was degraded under visible radia-
tion (821mW-1) for 120 min [50]. The drawback of this system is
the same presented by slurry systems, which require sedimentation
and decantation processes that are time-consuming and expensive.

Other works, where the UV lamps were used instead of sun-
light radiation also serve as a reference but not for straightforward
comparison; for instance, nanocomposites based on TiO, and acti-
vated carbon were able to degrade 80% of tartrazine in 3h (UV —
4.7mW/cm?) [42]. The authors mentioned that the obtained effi-
ciency is owed to the adsorptive properties of the activated carbon
that transfers the adsorbed organic compounds to the active cat-
alytic sites on the TiO, surface. Moreover, despite the promising
results, this suspension system does not avoid the time-consuming
and expensive recuperation processes, which is a hindrance con-
cerning the reusability of photocatalytic materials.

3.3. Effect of initial dye concentration

The effect of initial tartrazine concentration on the photocat-
alytic activity was studied by degrading tartrazine solutions of
10, 20 and 30mgl-!. It was found that degradation percentage is
strongly dependent on the initial dye concentration and decreased

Table 1
Effect of initial dye concentration (Cp) on photocatalytic degradation efficiency (%)
and apparent reaction rate (Kqp ) of tartrazine.

Co (mgL~1) Degradation (%) Kapp (min~") R?

10 77.77 0.30 0.96
20 57.72 0.18 0.97
30 46.57 0.12 0.98

from ~78 to 46% with increasing concentration of the dye, from 10
to 30mgl~! (Fig. 6).

Therate of degradation is related to the available catalyst surface
for the generation of electron-hole pairs, which in turn generates
hydroxyl radicals. In this case, the amount of catalyst is kept con-
stant, and the number of hydroxyl radicals generated remains the
same, while dye concentration increases. Therefore, the ratio of
hydroxyl radical/tartrazine molecules decreases with higher con-
centrations [50], leading to lower photodegradation efficiencies.
Additionally, higher tartrazine concentrations will also reduce the
UV light absorbance by TiO, nanoparticles surface, which will also
contribute to decreasing the amount of hydroxyl radicals formed
[44]. In this context, the photocatalytic efficiency reduces in high
concentrated tartrazine solutions.

The kinetics of photocatalytic degradation of tartrazine can be
described by the first-order equation (Eq. 2) [51].

In (@) — Kappt 2)
Ce

where Kgpp is the pseudo-first order rate constant (min=!), C is
the initial concentration, and C; is the concentration of tartrazine
at time t (min). Fig. 6b shows the plot of In (C¢/Cp) vs. time at dif-
ferent initial dye concentrations. Linear plots were observed (with
R2 values higher than 0.9), which confirms that the photocatalytic
degradation of tartrazine obeys a pseudo-first order kinetics. The
estimated pseudo-first order rate constant and corresponding R2
values are presented in Table 1. With increasing dye concentra-
tion from 10 to 30 mg/l, the degradation rate constant decreases
from 0.30 to 0.12 min~!. Other works reporting on at the effect of
initial tartrazine concentration on the photocatalytic process also
confirm a similar trend: higher initial concentrations yield lower
degradation constants [49,52].

The Langmuir-Hinshelwood model has also been used to
evaluate the heterogeneous photocatalytic reaction of organic com-
pounds in aqueous solutions [53]. The experimental data were
then represented concerning the Langmuir-Hinshelwood model to
accommodate reactions taking place at the solid-liquid interface,
(Egs. (3) and (4)) [54].

_dC KK C
0= = T Ky KappC (3)
1 1 C
0 (4)

Kap _ KiKz T Ky

where 1, is the rate of degradation of the dye, K; is the surface
reaction rate constant (moll~!min-'), and K, is the Langmuir-
Hinshelwood adsorption equilibrium constant (Imol-1). The plot
of 1/Kapp vs. Co for the photocatalytic degradation of tartrazine is
shown in Fig. 7.

The linear relationship between 1/Kapp and Co (R?2=0.995) indi-
cates the validity and applicability of the Langmuir — Hinshelwood
model for photocatalytic degradation of tartrazine by the 8 wt%
TiO,/P(VDF-TrFE) membrane suggesting that tartrazine degrada-
tion occurs mostly on nanoparticles surface, in good agreement
with other works [50]. The values of K; and K, were found to be
5.4moll-'min~! and 4 I mol-1, respectively.
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Fig. 8. Degradation of tartrazine (Co=10mgl') at different circulation flowrates
with an 8%wt TiO, /PVDF-TrFE nanocomposite and free pH (6.2) under 5 h of solar
irradiation.

3.4. Effect of flow rate

The effect of tartrazine solution flow rate in the photocatalytic
degradation was investigated by testing two different flow rates:
9.78 mls~! and 28 mls~!. Fig. 8 shows that the degradation of tar-
trazine increases almost linearly with time for both flow rates
tested. After 5h of UV irradiation, the percent degradation of tar-
trazine was 37% and 77% for 9.78 mls—! and 28 mls~1, respectively.
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Fig. 9. Photocatalytic degradation of tartrazine (Co=10mgl-') with an 8%wt
TiO,/PVDF-TrFE nanocomposite in two consecutive uses, under 5 h of sunlight expo-
sure.

The increase in degradation efficiency at a higher flow rate is
ascribed to a larger turbulence in the solution, which promotes the
external mass transfer from the bulk solution to TiO,/PVDF-TrFE
nanocomposite surface. This conditions will indirectly increase the
global rate of reaction between the TiO,/PVDF-TrFE nanocom-
posite and tartrazine and in turn will result in higher percent
degradation of tartrazine. In fact, Amid Amiri and co-workers also
found that increasing the flow rate throughout membranes coated
with zinc oxide nanoparticles promoted higher Reactive Yellow
degradation rates, caused by enhanced mass transfer [55].

3.5. Reusability of the TiO,/P(VDF-TrFE) nanocomposite
membrane

The reusability of the nanocomposite was also assessed, and
two uses were performed. Between the first and the second uses
the nanocomposite membrane was rinsed with distilled water and
dried at room temperature. Afterward, a new tartrazine solution
was added to the photoreactor and a second use performed, under
the same experimental conditions. The results presented in Fig. 9
show that~ 78% of tartrazine was degraded after 5h of sunlight
exposure. For asecond use, ~ 67% of tartrazine was degraded, which
corresponds to ~10% of efficiency loss. No further reuses were
performed, as it has been demonstrated that most nanoparticles
inefficiently attached to the polymer matrix detach during the first
use and cleaning step [46,56,57].

This loss of photocatalytic efficiency is explained by the washing
out of TiO, nanoparticles from the surface of the PVDF-TrFE mem-
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Fig. 10. Comparative degradation of tartrazine (Co=10mgl-!) with an 8%wt
TiO, /PVDF-TrFE nanocomposite under 5 h of solar or UV lamp irradiation.

brane, during the first use and posterior cleaning step. The second
use corresponds to the photocatalytic process involving the TiO,
nanoparticles more efficiently retained on the microporous struc-
ture, in good agreement with the SEM and EDX mapping Images
— where high amounts of nanoparticles are distributed inside the
pores. Previous reports on the recyclability of the nanocomposite
indicate similar efficiencies losses (16% after 3 cycles) for a 10 wt%
TiO, PVDF-TrFE nanocomposite used for methylene blue degrada-
tion [46]. This efficiency loss is in the order of the losses observed
in related immobilization strategies. Thus, a TiO,-RGO/nylon-6
nanocomposite produced by electrospinning and hydrothermal
treatment revealed a slight photocatalytic efficiency loss (<10%)
after 4 cycles of methylene blue degradation [58]; a sol-gel mem-
brane containing TiO,, silicon dioxide (SiO,) and silicon carbide
(SiC) was used to degrade methylene blue and for some of the
produced membranes, the efficiency decreased 2.3, 3 and 5 times
during the second use [59]; finally, pluronic-based TiO, hybrid pho-
tocatalytic membranes suffered a reduction of ~9% after 5 cycles
for Rhodamine B degradation [60]. In all these works, the efficiency
loss was explained by the loss of nanoparticles from the substrate,
which is one of the larger hurdles immobilized systems [21]. Addi-
tionally, the efficiency loss can also be related to the high amount
of accumulated dye (after the consecutive uses) on the membrane
surface and the consequent diminishing specific photo catalytically
active sites [60]. Thus, considering the literature and the obtained
results, the produced photocatalytic nanocomposites demonstrate
a suitable reusability.

3.6. Effect of irradiation intensity

The influence of irradiation intensity on the degradation effi-
ciency of the 8 wt% TiO2/PVDF-TrFE nanocomposite was assessed
exposing the nanocomposite and tartrazine solution to a UV lamp
or sunlight irradiation (Fig. 10).

As mentioned before, during 5h of sunlight exposure, the
8%wt TiO,/PVDF-TrFE nanocomposite placed on the photoreac-
tor could degrade ~78% of tartrazine. In comparison using a UV
lamp, under the same experimental conditions, there was a signifi-
cant photocatalytic efficiency decrease, and just ~37% of tartrazine
was degraded. These results indicate a remarkable photocatalytic
activity under sunlight radiation, especially because TiO, requires
UV radiation (<387 nm) to be photocatalytic active, which corre-
sponds to only ~5% of the radiation provided by the sun [61].
The different intensity of the UV lamp and UV from sunlight dur-
ing the photocatalytic experiments, respectively 6 mW/cm? and
60-100 mW/cm? (Supplementary material Figure A1), explains the
differences observed in the photocatalytic degradation. However,
higher light intensities do not always guarantee higher photo-

catalytic efficiencies, and studies with different compounds have
shown the nonlinear relationship between these two variables,
due to the higher electron-hole recombination rate that may occur
under high light intensities [51,53]. However, our results show that
asignificant increase in light intensity (>10x) yielded an enhanced
tartrazine degradation efficiency. These results are consistent with
the results obtained by Salam K. Al-Dawery, which demonstrated
the linear relationship between the light intensity and degradation
rate and identified light intensity as the main factor in the tartrazine
degradation kinetic [44]. The work developed by Chekir and co-
workers also shows that tartrazine was more efficiently degraded
by TiO, under solar radiation than with UV lamp radiation [49].

4. Conclusions

The degradation of persistent and hazardous organic chemi-
cals such as tartrazine is urgent to avoid environmental impacts.
In this work, a TiO,/PVDF-TrFE nanocomposite membrane with
an interconnected pores microstructure was produced and used
for tartrazine photocatalytic degradation in a solar photoreac-
tor. The nanocomposite displays an even distribution of the TiO,
nanoparticles over the pore walls. Tartrazine solutions of 10, 20
and 30 mgl~! presented degradation efficiencies of 78, 58 and 47%
respectively, after 5 h of solar irradiation. The results show that the
photocatalytic degradation of tartrazine obeys a pseudo-first-order
kinetics and that degradation occurs mainly on nanoparticles sur-
face. Decreasing the UV radiation intensity (UV lamp) reduces the
photocatalytic degradation of tartrazine to 37%. Finally, a reusabil-
ity assay was performed, and the nanocomposite proved to be
effective, as the nanoparticles efficiently attached/retained in the
polymeric porous structure allow for an efficient photocatalytic
performance. These results indicate the feasibility of the scale-up
process for the TiO,/PVDF-TrFE nanocomposite and the suitability
of this nanocomposite membrane for application in solar photore-
actors for the degradation of tartrazine and related pollutants.
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