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For the first time, sustainable LaFg@wders were prepared from soluble bio-based anbss (SBO)
extracted from urban wastes. For the preparaticheperovskite-type powders, a modified solution
combustion synthesis route was used, where SBOthaueple role of fuel, complexant and
microstructural template. A careful examinatiorited LaFeQ powders, by using complementary
characterization techniques, evidenced their pacalicrostructural, morphological, textural and
photocatalytic properties. Preliminary photodegtaetests of a phenol-based wastewater pollutadt a
photobleaching of a model-dye were performed onhste-derived LaFepowders; the obtained
results encourage further studies on the applicatfdhese materials as heterogeneous catalysts for
wastewater treatment. Moreover, a meaningful amotiahtrapped matter was evidenced in the
powders, which is responsible of most of their fiacyroperties.
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silica (SBA-16)° hexadecyltrimethyl ammonium bromide,

porous anodic aluminum oxide,

polyoxyethylene(5)nonylphenylettfdand polystyrené?some of
so which have as well surfactant properti&é

In this work, the production of a LaFg@owder to be tested
as photocatalyst is carried out for the first titteough a
modified solution combustion synthesis (SCS) route the
presence of soluble bio-based substances (SBO)cwdrérom

ss urban wastes.

The SBO have been reported constituted by a mix of
polymeric molecules containing a variety of C typaad
functional groups of different polarity.These chemical features
have been shown to be responsible of their suriagiperties;

eoi.€. in water solution they yield pseudomicelles andiamge
molecular aggregates. For these properties theye Hasen
successfully employed in substitution of syntheticfactants as
auxiliaries in formulations for textile dyeirf§,detergenc¥ and
environmental decontamination procesSesas well as

s microstructural bio-templates for the preparatidniron-doped

€ hydroxyapatité® Si0,? and TiQ® nanopowders. The SBO have
been also employed as photosensiti?érs and adsorption-
promoting materials* The SCS process shows high similarities
with the very well-known Pechini process and it dam also

70 described as a “sol-gel combustion method”. Neetels, this

method differs from Pechini process in that theahés are not

previously eliminated as NOx, but react with thelfto start a

Introduction

Environmental protection is worldwide consideredpdmary
issue of the sustainable developmenin order to preserve our
environment, scientific research has been recemyed towards
two main directions: the recycle and reuse of vestehich
represent a never-ending resource, and the depallaf air,
waters and soils. A major challenge is of courseetnedy the
polluted environment by re-using wastes. New ey
materials manufacture methods, where renewablecesuare
efficiently used for energy production and enviremtal
protection, have been recently developed in tleeditire?

LaFeQ mixed oxides with AB@ perovskite-type structure are
becoming more and more important because of tlagdiytic and
electrical properties that make them suited ascsengxidation
catalysts for air pollutants, fuel cells electrodasd oxygen
permeation membrané4. Moreover, LaFe@ are well known
photocatalysts and they have already been testedthe
abatement of various pollutartts. Photocatalysis is a procedur
included in the broader field of the advanced axislaprocesses
(AOPs), designed to remove organic materials inteveaters,
through the formation of reactive oxygen speéfés. Among
many candidates for photocataly&isTiO, shows very efficient
40 photoactivity under UV-light irradiation (TiOband gap is about

3 eV)!® On the other hand, the advantage of using LaFeO
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powders, as it or supportél’ is their activation by visible light,
thanks to the smaller band gap (about 2.1%¥).
In order to obtain a controlled microstructure, Fe@;
45 synthesis has been carried out with several templaents like
dioctylsulfosuccinate sodiufi,carbon nanotube&’ mesoporous

heat-induced chemical chain reactfn.
The present work shows that the SBO have thke trole of
75 fuel, chelating agents and microstructural bio-textgs. It proves
also that SBO micelles act as a pattern on whifter Burning,



LaFeQ with a porous structure is formed. The product lbeen (CVT230/metal nitrates ratio=0.1) was then addedht metal
characterized and tested as heterogeneous phdystatfor the precursors solution, in order to reach, after dut its critical
degradation of 4-methyl phenol (4-MP) and of hextlylep- s micellar concentration (CMC), which is 2.1 g"2” Ammonium

rosaniline chloride (Crystal Violet, CV). nitrate (99% Sigma Aldrich) was added to regulae reducers-
to-oxidizers ratio ¢), which was calculated taking into account
s Materials and methods the model molecular unit of Fig.1. Finally, ammorsialution

(~28 wt.%, Fluka) was slowly added to adjust thegitd. In a 5
40 L beaker, in contact with a hot plate, the watdutson was left
In the present study, SBO indicates substancesceadrdrom to evaporate at 80° C with continuous mechanicairgg, until a
biomass (supplied by ACEA Pinerolese S.p.a., Itagpsisting, sticky brown gel was obtained. In order to carryt the gel
in this particular case, in the green fractionaftise, treated with  decomposition under controlled conditions, the halate
0 aerobic digestion for 230 days (CVT238).Once isolated, temperature was then set to 300° C to decomposgettay self-
CVT230 was characterized according to a previousported 4 ignition. For the sake of comparison, a Lagedd a 20% Ca-
procedure® Table 1 reports the obtained chemical data, whiledoped LaFe® were also prepared following the classical
Fig.1 represents a virtual molecular fragmentrigtthe analytical  procedure with citric acid (ultrapure, Fluka) asc@mbustion
data. fuel*® In the case of Ca-doped material Ca®@s added as a Ca
15 precursor.
Table 1 CVT230 functional groups distribution. Rerage of organic so The as-burned powders were then fired in statiataf00°C for
moieties and/or functional groups are expressexrasint of C over total 5 h, unless otherwise specified. About 2 g of pskdae were
C. Metals concentration determined in the CVT230rganic residue, oObtained from each synthesi$n the following discussion,

SBO extraction and characterization

expressed as % w/w. LaFeQ prepared from citric acid will be referred as LEa-
[ AliphaticC | O-Me + N-R | O-R [ AnomericC | doped LaFe@ will be indicated as LF-Ca, whereas LakeO
2905 | 5.96 | 20.18 | 6.73 | s prepared from CVT230 will be named after LF-B.
| AromaticC | PhOH + PHO" | COOX (X=OH,N) | KetoC |
16.03 | 8.17 [ 11.75 | 2.13 | Fuel-to-oxdant
. . . X regulator
[ Si | Fe | Al | Mg | .
255001 | 0.77%0.04 | 0.49 £0.04 | 1.13 0.06 | SBO Water

Ca [ K | Na j % ﬂ ‘f
6.07+038 | 359£021 | 0.16%001 |
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Fig. 1 Virtual molecular fragment of CVT230 moleeuffitting
analytical data.

Scheme 1 Schematic description of the solution emtitn synthesis
The metal content of the CVT230 inorganic residadter adopted for the preparation of Lakg@wders from SBO.
25 calcination in muffle furnace, was determined by I&falysis.
Metal cations concentration is also reported inl&@4db s Physicochemical characterization

Powder preparation The temperature profile of the reaction medium wesorded
Preparation of the perovskite-type powders wasieghrout  during the combustion process by means of a K-type
according to Scheme 1. 3.567 g of La@g®H,0O (>99.999%, thermocouple (1.5 mm in diameter) coupled with gadagger

s Aldrich) and 3.328 g of Fe(NQyOH,0 (>99.99, Aldrich) were  (PICO technology) with a sampling velocity of 20/&éc and a
dissolved together in a minimum amount of distilledter (600 s computer with Picolog software.
mL) to get a clear solution. A proper amount of CQU2
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X-ray diffraction (XRD) measurements were carried oo a Zeta potential measurements were performed on asizet
Bruker-Siemens D5000 X-ray powder diffractometer ipped Nano ZS Malvern Instrument. The zeta potential ealuvere
with a Kiristalloflex 760 X-ray generator and with aurved e measured using principles of laser doppler velowitny and
graphite monochromator using the Cw Kadiation (40 kV/30  phase analysis light scattering (M3-PALS techniqud) the
mA). The D step size was 0.03°. The integration time wap8rs  suspensions were prepared with 3 mg of powder @ndllof
step, and the @scan ranged from 10° to 90°. The diffraction ultrapure water obtained from a Millipore Milli’® system
patterns were analyzed by Rietveld refinemesihg the GSAS  (TOC = 6 ppb).
package’*® Chebyschev polynomials functions were chosen for
the background and for the peak profile fittingspectively. In
the structure refinement lattice constants, Debyadla factors, ~ Photocatalytic tests

microstrain and full width half maximum (FWHM) were o the photocatalytic tests two substrates welectel: 4-

considered as variables pararneterg From fittingults the methylphenol (4-MP, >99% Aldrich) and crystal violeCV,
structural parameters of the investigated compouadd, in >90%, Sigma-Aldrich). Aqueous suspensions of LaFeO

particular, phase composition and the relative edlje lengths _ photocatalyst (1200 mg1) and substrate (10 mg™). were
(@, b and c) were obtained. An estimation of thgstal size  repared with Milli-G™ ultrapure water and stirred for 30
values was obtained from Scherrer equation in ageeé with  1intes in order to grant homogenization beforadiation. The
the GSAS package procedure. The agreement fact®®s ( photodegradation trials were performed by irradigtithe
values’), R, wR, Re” and >’ were generally acceptable. A g, spensions (5 mL) in closed Pyrex® cells underticoous
standard deviation of £0.003 A for the refined qafirameters . stirring. Solar radiation was simulated in Solarb¢€O.FO.

was estimated in the experimental conditions usethis work. Megra, Mi), a system equipped with Xenon lamp (18@pand
The obtained Debye Waller factors for the peroeskype phases . i_off filter for wavelengths below 340 nm.

are in good agreement with the literature ones.yBelyaller After irradiation, in order to remove the photadgst, the
factors of secondary phases were set to 0.025d@tvalue). samples were centrifuged or filtered through ceHel acetate
s0 0.45um pores diameters filter (Millipore).
Degradation of 4-MP was followed by High Performan
Liquid Chromatography (HPLC), employing a Merck-Hhac

Specific surface area and porosity were determinestudying
the gas-volumetric Nuptake at M boiling point (-196° C) using
an ASAP2020 gas-volumetric apparatus by MicronexitBET instrument, equipped with Lichrospher RP-C18 coly&25 mm
modef® was applied for specific surface area determinasind x 4 mm i.d., d.p. um, from Merck), Rheodyne injector, L-6200
BJH modef® was applied to the desorption branch of thg n,mps and UV-VIS Merck Hitachi L-4200 detector dn7000
isotherms and used for porosity characterizatiam8e analyses p|c System Manager (HSM) software. 4-MP was eluted
were performed after outgassing in vacuo (resigusgsure ~10 employing isocratic condition, water (70%) and aotile

mbar) for several hours at 200 °C in order to reagood surface (30%). The flow rate was 1.0 mL rinand the retention time
cleaning. was 5.0 minutes. The detector wavelength was 220 nm

9 The CV photobleaching was followed by a double bé&ivh

FTIR spectra in the range 4000—-400cwere recorded on a visible spectrophotometer CARY 100 SCAN-VARIAN. A
Jasco FT-IR 5300 spectrophotometer at the resalatic} cn, sample quartz cell of 1 cm path length was useé. Maximum
effectuating 100 scans for each spectrum. Selfaiiing pellet absorbance of CV is 585 nm.

were prepared by 1 mg of sample and 160 mg of KBrsging
the powder at 2 ton and let the pellet equilibgfior 2 minutes. Results and discussion
The powder morphology was observed by (High-Regwijt 95 Behaviour of CVT230 as combustion fuel
Transmission Electron Microscopy (HR-TEM), perfodnen a Interesting information about the role of the faah be obtained
JEOL JEM 3010UHR (300 kV) TEM fitted with a singleystal following the combustion process by Temperature€Tpnofiles
LaBs filament. Samples were dry-deposited on Cu *“holey” which are reported in Fig. 2. The combustion of &@Fprepared
carbon grids (200 mesh). from CVT230 is not single step, since the processisanore
100 time than processes with traditional fuels likeiciacid. The T-
Thermo-gravimetric analyses (TGA) were conducted @A time profile curves report the temperature perakil®y the
Pyris 1 of Perkin-Elmer Instruments (Waltham, MASA), thermocouple inserted in the reaction medium dutiregheating
sensitivity 0.1ug, with nitrogen feed (35 ml/min), heating from and subsequent combustion. The study of the cubrewms
25 °C up to 800 °C at 15 °C/min rate. The measuremgeats important information about the kinetics of the dustion
performed in aluminum oxide sample holders. As-bdrnuws process. If the combustion wave propagates thrailigihe mass
powders before and after sonication protocol weesréned. of the precursor gel in few seconds, as in the csstric acid
used as fuel the T-time profile shows an uniquekpdfathe
A BRANSON 2510 sonicator (40kHz) and a ALC PK 131 R combustion wave is blocked for some reason, afiéncase of
centrifuge with thermostat were employed for 24rs@onication ~ CVT230 used as combustion fuel, more than one T-figk is
treatment. uo present in the T-time profile. The mechanism is tbllowing.
The combustion of the CVT230 occurs in several sgbsnt
steps, so the combustion can be completed in @iemevhereas
a new combustion takes place in another region afte



5 15 blocking of the combustion wave. Maximum tempermtur
500- 504°C initiation time and combustion intensity are alsiffedent for
LaFeQ prepared from citric acid and from CVT230, consitlte
%) with the different nature of the fuels. LF-Ca sampjeepared
2400+ from citric acid, is also reported in Fig.2 for goamnison, since
o 20 LF-B might contain as well some Ca, which is theanajpetal
4?5 300 impurity coming from CVT230 (see table 1). The tenapere-
& ’ time profile is single step like for LF, althoughet maximum
g— temperature and initiation temperatures are skghijher than
2 200- for LF. Moreover a double peak is evident in LF-Gleg in the
25 LF-B multiple peaks.
Furthermore, the T-time trend for the CVT230-dedigample
100 T T T T T T suggests a not immediate transformation of precsirgo final
350 400 ,450 500 550 600 product, since the temperature continues to oteilia a wide
time (s) interval of time. In this condition, it is possikileat precursors do
600- 570°C LE-B 30 not react completely and, moreover, remain entradpipe the
forming LaFeQ@ structure. In order to evaluate this possibility,
LF-B sample was submitted to sonication.
2007 This treatment has been previodSiproposed to favour the
8 elimination of the templating agent from mesoporoeterials.
© 400 3s The material was then dried and physicochemicélfracterized.
=] Fig. 3 shows the TGA profile of the samples as-bdrand as-
g burned-sonicated.
g_300-
2 1004 1006
200+ 1
981 {005 __
1750 1800 1850 1900 1950 —~ 964 08
time (s) L 1004 &
700 o S 941 {003 &
_ 685°C  ILF-Ca| g | 2
,-\600_ 92+ . 10.02 2
£ 904 ’ E
N 1001
v 500+
E 88 v T v T T T T T T T T T T T T
®© 4004 100 200 300 400 500 600 700 800
g T(°C)
5300- Fig 3. TGA curves obtained under nitrogen for: asaed-sonicated
— sample (a), as-burned sample (b). Dotted line cummresents the
2004 40 derivative weight trend for as-burned-sonicatedda.
2|50 3(|)0 3E|'>0 460 4E|30 5(')0 A continue weight loss is evidenced for the two pls,
time (s) particularly evident for the as-burned-sonicatenga, with two
Fig. 2 Temperature-time profiles of the combustimncess relative ~ important steps (more evident in the derivativetetbturve) are
to LF, LF-B and LF-Ca samples. 4s Observable at about 100°C, and at temperatures thithtam

400°C, representative of the elimination of adsdrleater and
some time. The thermocouple is in the center of rimction uncombusted organic matter. The as-burned samjge3fcurve
s beaker and perceives the high temperature combustieen the  b) shows a limited weight loss if compared with #seburned-
combustion occurs thereabout, whereas perceivesr ddtal sonicated one, probably because the organic uncatedbu
combustion processes at lower temperatures when dlocur so residues left during the synthesis are present onlyhe sample
away, depending on the position of the thermocowjle respect ~ surface. On the contrary, the as-burned-sonicaepke (Fig. 3,
to the local combustion wave. When the gel mass ata®st curve a) shows a larger amount of residues be¢hassonication
10 completely reacted, the gel has to be mixed nignimeorder to treatment opens the closed porosities where theminested
complete the process, until no more combustion waaee precursors are trapped leaving them available foe t
visible. A possible reason for this multistep decompositiight ss decomposition in the TG experiments.
be the fact that SBO are mixture of different maavteoules® Fig. 4 shows the N adsorption isotherms and pore size
which might decompose in different conditions, causing a distribution for the LF-B samples, before and afienication.
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Fig. 4 N adsorption isotherm for LF-B (calcined at 700°C %tn)
and pore size distributions for as-burned LF-B beftb) and after (a)
sonication protocol.

s Table 2 reports the BET specific surface areas ahtit8thl pore
volumes for LF and LF-B recovered from the different
treatments.

Table. 2 Surface values and total porosity of LFaBd LF after
10 different treatments. These values are affectea £% error.

Intensity (a.u.)

Surface area Total Porosity

Sample ot L it ",
P (i) (crig) iaal S e
T T T T T T T T T T

LF-B as-burned 50 003 10 20 30 40 50 60 70 80 90
LF-B as-burned and sonicated 21.0 0.08 20 (o)

- i ° 5.2 0.02
LF-B cak.:lned (700 C/5'h) 15 Fig. 5 Comparison between XRD patterns of a LF BReB, both
LF-B sonicated and calcined calcined at 700°C/5 ta) complete XRD pattern with miller indexes; b)
(700°C/5 h) 10.2 0.03 details of the low angle region, where impuritiesl she difference in the
LF as-burned 17.0 0.08 peaks height and largeness are evidepGraphical Rietveld fit of LF-B
LE as-burned and sonicated ~ 22.0 011 after calcination at 700°C/5h. Impurities are raktein into account in the

) 20 fitting procedure.

LF calcined (700°C/5h) 11.0 0.06
LF sonicated and calcined the adsorbed Namount largely increases for sonicated samples
(700°C/5h) 16.0 0.08 (Table 2). Consequently, the BET surface area afiaication

increases as well as the total porosity (Tablé2jhe same time
25 the pore size distribution curves indicate an iasee of large
pores which become visible and available toadsorption after
the sonication treatment (Fig.4b). The larger pieyosf the
sonicated samples is maintained even after thentidetreatment

The adsorption isotherms of LF, LF-Ca and LF-B canabe
classified as IV type (IUPAC classification), typicaf
mesoporous powders (see Fig.4a for LF-B). On therdthnd,



at 700°C, as showed in Table 2. Analogous resultse we Rietveld analysis is 0.25. On the other hand, thpeeted calcium
evidenced for LaFeDprepared by citric acid (Table 2) which molar fraction for LF-B, calculated from the CVT23@haunt

were discussed in details in a previous pédpém. that case the
effect was much less evident, in agreement with dtiferent
s nature of the fuel.

Characterization of structure and morphology

XRD patterns of Fig. 5a, relative to calcined saapl
synthesized from citric acid and from CVT230, shasentially
10 the same peaks, imputable to the Lafpfase (ICSD #164083).
Nevertheless, there are some differences relativeténsity and
shift of known peaks, as well as to the presencepedks

attributable to unidentified impurities (Fig.5b).
Peaks shift of Fig.5b indicates the presence pfadbcations
15in the perovskite structure. Metal cations othemtha and Fe
might come from inorganic residues present in tshea of
CVT230 (Table 1). Also EDX analyses (not shown)iear out
on samples submitted to TEM investigation, confilmihe
presence of impurities in the calcined LF-B matstighmong
20 other possible doping species, calcium represehngs rhost
probable one, since it is the most abundant iratiees (Table 1).
Its effect on the perovskite is a cell volume cadtion, as
verified in XRD signals (C& is smaller than LH). Rietveld
analysis was performed to obtain the cell pararmsetard to
25 evaluate calcium amount in the LakRe€dructure. Fig. 5¢ shows
the graphical Rietveld fit of LF-B as an example.dDédted cell
parameters, crystal size and microstrain of LF-B;Q&and LF
are reported in Table 3, together with the religbfhctors of the
fit.
30
Table. 3. Structural parameters calculated fromtveld analysis of the
diffraction data.

LF LF-Ca LF-B
a(A) 5.570 5.530 5.523
b (A) 7.859 7.808 7.811
c(A) 5.561 5.556 5.542
Cell Volume (&) 243.4 2399 239.1
Crystal Size (nm) 61 67 67
Microstrain (%) 0.22 0.86 0.83
R, (%) 14.1 15.6 16.0
WR, (%) 215 22.4 22.6
Re2 (%) 11.7 14.8 16.5
e 1.17 1.23 1.19

The data confirmed the cell volume contraction BfR (and LF-
35 Ca) with respect to LF. Crystal size is nanometezesand for all
the samples examined, a value of around 65 nm walaslated.
Microstrain is smaller for LF than for the dopedFe®; (LF-Ca
and LF-B), in agreement with the larger strain cdubg the
replacement of trivalent dopants with divalent ones

Taking the calculated LF and LF-Ca cell parametassa
reference, the calcium molar fraction of LF-B evéaddh by

40

used in the syntheses and its ash content, is B.i87evident that
4s the calcium amount present in the contracted pé&i@vstructure
is much more limited than the calcium amount cooteéd from
CVT230. It is possible that Ca excess accumulatesidauthe
LaFeQ lattice as crystalline impurities detected by XRDas
amorphous species not detectable by XRD technique.

The calcined powders obtained from CVT230 and fuitmic
acid have peculiar textural properties, which arainty

50

connected with the features assessed by CVT230assket|.

Fig. 6 TEM images (left sections: low magnificatioight sections:
high magnification).relative to LF-B (a) and LF @g@mples.

55
TEM images of Fig.6 report the comparison betwe&rBLand
LF samples: LF-B particles (Fig.6a) have undefirstthpe,
smaller size and a very close packing, as cleadiple in the
high resolution image reported in Fig.6b. Otherwlde particles

eo (Fig.6c and d) have roundish shape, larger size anmhore
limited aggregatio?> No differences are evidenced by the
analysis of the fringe patterns, which evidence phesence of
LaFeQ phase. Although TEM observations confirm the
nanometric size of both powders, already noticed Xi3D

s analysis, it also evidence that the presence of G@Tael seems
to affect the size and regularity of the LF-B pdes¢ which are
smaller and thus more defective.

FT-IR measurements were performed on LF, LFi@hld-B
powders after calcination at 700°C/5h. Typical signef the

70 LaFeQ structure are visible in all the spectra repoitedrig. 7
(section A), confirming the presence of LakePerovskite
structure in all the examined powders. At the sainee, a
consistent presence of metal residues is suggésteld=-B by
the occurrence of intense carbonate-like specieglddFig.7-

75 section B, C).

Indeed, the 585 cmband in the LF-B spectrum of Fig.7 is
attributable to the Fe-O antisymmetric stretchiiiations inside
the octahedral structure FgCithe shoulder at 619 c¢h
corresponds to symmetric stretching), while sigralgt00 crit

s are ascribable at O-Fe-O bendirf§:**Splitting of ~400 crit
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LE chosen as model pollutants being able to showrdiftecharges

45 in the adopted experimental conditions and to assepossible,
the role played by electrostatic interaction andidsorption on
the surface of the catalyst with respect to theigtatalytic probe
molecule degradation.

so Degradation of 4-MP
Fig.8 reports the data obtained using the thrderdifit materials
differing for the reagents used in their preparatio

60+

T%

45
504

1.0 A LF
40 ~ 0.9 —m—LF-Ca
30 O 0.84 —®— LF-B
y : y : y : . O 0.7 o
4000 3500 3000 2500 2000 _ 1500 1000 500 =
Wavenumber (cm ™) S 0.6 A ®
Fig. 7 FTIR absorption spectra of LaRd@m citric acid (LF), Ca- € 054
doped LaFe®@from citric acid (LF-Ca) and LaFg@rom CVT230 (LF- % 0.4 l\
B); A) Fe-O signals; B) carbonate ions and =CHnalg, C) metal % u
carbonates signals; D) CH signals. o 03] n
= 0.2
band is caused by the structural deformation of ghmvskite ¥ 0.1 A
lattice with respect to the ideal cubic perovskite,agreement o
with literature datd® Calcium is reported to be responsible of 0 1 2 3 4 5 6
LaFeQ main peaks shift to higher frequenciHowever, in the Irradiation Time (h)
present work no trend was found in the bands pwsitipon Fig.8: Abatemenvsirradiation time for 10 mg £ 4-MP in the presence
increasing the amount of calcium in the sample. of 1200 mg [* LF, LF-Ca and LF-B. Abatement is expressed byC/C

Surface carbonate-like species, result of the raction 5 ratio, where G represents 4-MP concentration for not irradiated

between atmospheric GGand CVT230-derived materials, are suspension.

identified at 869, 1046, 1466 and about 14001<(ﬁig.7-sections

B, C). Signals in the 1000-800 émange (section B) belong as N all cases, a progressive disappearance of 4-MR loe
well to the =CH bending of organic species derivedmf observed increasing the irradiation time. It clpaappears that
CVT230 decomposition, but can be also assigned¢orabusted after 6 hours of irradiation LF and LF-Ca perforrgréficantly
CVT230 residues (C-O polysaccharide vibrations)abB LF-Ca better than LF-B. In particular the most efficierghlaviour is
spectra are similar to the LF-B ones, althoughsigeals of metal ~ Shown by LF. In the adopted experimental condititire
carbonates and organic species are less inteniseesipect to the ~ Operational pH was 8.0 for the LF and 10.0 for tfeB
LF-B signals. The weak peak at ~2350"¢im imputable to CQ photocatalyst suspensions. Under this condition,tlie 4-MP,
interacting with the material (adsorbed or entrapein ¢ having a dissociation pK about 10, more than 90%thuf
agreement with the literatuf& At about 3000 cfh (section D) substrate can be assumed in its undissociatedifotine presence
CH stretching band is visible. OH signals are showedigh of LF whereas about 50% is present in the aniooimnfwhen
frequencies region, due to adsorbesDHbr oxygenated organic  Using LF-B. At the same time LF particles possegsositive
residues, such as alcohols or phenols. ThereforgIRF charge (based on the positive measured zeta paltemtue of
characterization confirmed the presence of orgasimpounds ™ *10.5). Beside the specific reactivity of 4-MP witthe
and metal impurites in the CVT230-derived powden i photogenerated active speéfesan interaction between the

agreement with TGA, XRD and Madsorption results. positively charged photocatalyst surface and tHecdézed 4-
MP aromatic electrons could not be ruled out ineorid explain

Photocatalytic tests. the results. o

Aqueous suspensions of LF, LF-Ca and LF-B were tefstethe 7 On the contrary, when working in the presence BfBL a

degradation of two different substrates, 4-methgiph (4- negative zeta potential of -22.1 was measuredud¢h sonditions

MP)and Crystal Violet (CV). The optimum concentratiof & Possible repulsion between negatively chargefdseiparticles
catalyst to be employed in the experiments wasirpirgrily and 4-MP in its dissociate form as well as aromat&ctrons
determined by irradiating for 3,5 hours differenquaous ~ Should be hypothesized; this phenomenon could icomér to
solutions of 4-MP (10 mg}) in the presence of LF suspensiorio €xplain the lower efficiency observed for LF-B.

in the concentration range 250-1500 mg. IThe degradation

efficiency increased with LF concentration up touper limit of ~ CV photobleaching

about 1200 mg I This concentration was therefore adopted for When the CV solution undergoes irradiation in thespnce of
all the photocatalytic trials. The 4-MP substraveld be present either LF or LF-B catalyst, a relevant different aeiour of the
in its negative ionized form depending on the ofpezgpH values & WO Systems was immediately evident by visual olet@n. In
of the suspension, whereas CV is a cationic dyey There essence, it was observed only for the CV-LF-B suspernbat,



upon filtration, the separated catalyst powder veaongly
coloured This fact suggests that adsorption of ititensely
coloured CV occurs only on the LF-B prepared mateaich
behaviour is consistent with the negative measaetd potential

s of the catalysts and the cationic nature of CV himéxperimental
conditions applied an electrostatic attraction dake place
between the cationic CV and the negatively chargidB
surface. On the contrary, repulsion may occur betw€V and
the positively charged LF surface. After 6 hoursrddiation the

10 complete colour abatement was observed in the presef LF-B
against a partial solution fading (about 30%) odog in the
presence of LF.
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methylphenol more efficiently. These differences ba probably

explained in terms of a different zeta potential the surface,
2s Which is positively charged for the LaFgPrepared from citric 1
acid, but negatively charged for the samples pegpérom the es
biowaste sourced soluble substance 2

Significant amount of entrapped matter was deteeteen in
the calcined powders. This presence seems to belated to the 4
Temperature-time profiles evidenced during the teysis of
materials, in particular in the presence of thewdiste sourced
soluble substance, which causes a slow formatidheotructure  ©
with the consequent entrapment of unreacted precis closed
porosities. Although this might be viewed as a wwidel
s phenomenon, a sonication treatment can be cartiédooopen 8
the closed porosities increasing specific surfaceasa and
porosity of the materials.

The results point out that the relative efficieraly LaFeQ
photocatalysts synthesized using different reageémtstrictly
related to the target substrates to be degradedermfarkable
efficiency has been obtained for the LF-B obtainadough
sustainable processes, owing to the availabilitgasft-effective 12
and environmentally compatible substances isol&@uh urban e 13
biowastes. To get deeper insight the degradatiocharésm in
order to optimize it, further investigation on pbcatalysts
synthesis in the presence of biowaste sourced lgotulbbstances
of different origin and chemical compositions seemusth to be
pursued. As an additional point, it is possiblectory out an
evaluation of the cost reduction, considering tthet synthesis
procedure was not greatly modified with respecthi® classical
one. Taking into account the cost of the fuels pised bio-based 11518
surfactantvs. citric acid, the estimated cost for a bio-based
surfactant, like the one used in this work is atbuh1-0.5
euro/kg, whereas the cost of citric acid is attl&@seuro/kg. This
s5 point alone should justify the industrial developnef bio-based 120 21

substances for materials preparation.
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