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ARTICLE INFO ABSTRACT

In the current study, SnO,(5, 10 and 15 wt%)/MgAI-HT hydrotalcite-type materials were synthesized by co-pre-
cipitation method. Besides, the photocatalytic activity of the materials was evaluated in the degradation of Rho-
damine B under simulated sunlight. The characterization of the materials by X-ray diffraction (XRD), Raman
spectroscopy, physisorption of nitrogen and X-ray photoelectron spectroscopy (XPS) showed the formation of the
(003) and (110) characteristic plans of lamellar materials, vibrational modes typical of layered double hydroxides
and tin, specific surface areas, pore size distribution and chemical composition, respectively. The photocatalytic
activity showed that the SnO5(10 %)/MgAI-HT catalyst has the best degradation of the dye reaching a 75 %
of degradation after 210 min under simulated solar light irradiation. The route of action of charge carriers was
evaluated using scavengers for photogenerated holes, hydroxyl and superoxide radicals, such as triethanolamine,
isopropanol and benzoquinone, respectively, when benzoquinone was used it was confirmed that superoxide rad-
icals play an important role in degradation of Rhodamine B.
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1. Introduction

Wastewater from domestic and industrial sources contains a large
amount of pollutants such as pesticides, detergents, drugs and dyes.
These compounds can become harmful to the environmental and cause
adverse health effects. Dyes are ionic salts solvated by water molecules
making it difficult to separate them from water sources [1]. The Rho-
damine B (RhB) is a dye that belong to the family of xanthenes that are
often used in the staining industry and can also be used in biochem-
istry as a biology marker of viruses and diseases [2]. This highly sta-
ble molecule has been related with subcutaneous tissue sarcoma, irrita-
tion to eyes, skin and respiratory tract and suspected of being carcino-
gen and mutagenic for living organisms [3,4]. In addition, RhB can af-
fect the photosynthesis of aquatic plants, since makes light absorption
difficult [5]. Distinct techniques have been used for the treatment of
pollutants such as dyes, which include different conventional treatment
techniques as thermal degradation, biological treatment, adsorption and
membrane separation treatment. However, biological treatments and
adsorption require long operating times; thermal degradation consumes
a large amount of energy. An alternative of treatment is the heteroge-
neous photocatalysis that is a radical-mediated oxidation process, capa-
ble of chemically modify the dyes, achieving a mineralization of the or-
ganic contaminants [6,7].
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In this way, supported-semiconductor over mesoporous materials
have demonstrated be adequate materials in the degradation of RhB
[8], between those materials, the hydrotalcite- type materials or Lay-
ered Double Hydroxides (LDH) have emerged as promising photocat-
alysts due to their stable structure, high anion retention, charge sep-
aration and transfer efficiency, low-cost and facility of synthesis [9].
The hydrotalcite have a structure similar to brucite (Mg(OH),), where
the magnesium atom is octahedrally coordinated to six hydroxyl groups
[10]. When some divalent Mg atoms are isomorphically substituted by
trivalent metals such as aluminum, a positive charge density is gener-
ated that is compensated by interlamellar anions such as carbonate an-
ions [11]. The general formula of LDH is (M1_X"MXIH(OH)Z)A“‘X/anZO
with M" divalent metals, M'! trivalent metals and A"~ interlamellar an-
ions, in the interlamellar regions there is also the presence of water mol-
ecules and hydroxyl ions [12].

However, the rate degradation of RhB in hydrotalcites is highly
dependent of coordination of the active species of the semiconductor
[13,141], as oxidant type used [15-17]. For example, Zn/M-NO3-LDHs
(M = Al, Fe, Ti, and Fe/Ti) displayed high to moderate activity under
visible-light irradiation, being most active Ti** species than Fe3* [14].
Additionally, it has been reported that Pt nanoparticles intercalated in
ZnTi-layered double hydroxides favors the degradation of rhodamine
due to high specific area, the negative shift in potentials and the easy
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of migration of photogenerated electrons that preventing recombination
of the e*/h™* pair [18].

In particular, the use of hydrotalcite-type materials in the degrada-
tion of RhB result a catalyst depending of oxidant employed. For ex-
ample, CoMgAl-LDHs is not as good photocatalyst in the degradation
of this colorant using molecular oxygen [14], but, Cr-Zn layered hy-
droxide showed a degradation of rhodamine near to 100 %, employing
H50,. The formation HO, radicals resulting of the interaction between
H,0, and HO- is essential in the degradation of this colorant [17]. Thus
same, cobalt phthalocyanine supported Mg—Al hydrotalcite using differ-
ent HyO, dosages reaches a degradation near to 90 % [19]. However,
the effect of phtalocyanine was not discussed. Other efforts using this
type of materials is the use of bicarbonate activated hydrogen peroxide
to increase the degradation of Rhodamine [16].

On the other hand, the dispersion of n-type semiconductor in lamel-
lar materials can favor the efficiency of the reaction of degradation of
rhodamine. Tin oxide has been used in the dye degradation reactions,
Babu and Antony employed SnO,/bentonite nanocomposites in degra-
dation of Methylene Blue (MB), in the photocatalytic mechanism sug-
gest that electrons are excited to conduction band of SnO; and these
electrons combined with oxygen lead to the formation of the superoxide
radical (O, ™), in this reaction they added hydrogen peroxide (H505),
which favors the formation of hydroxyl radicals (‘OH), which are ulti-
mately the species responsible for carrying out the degradation reaction
[20]. Also, TiO, nanospheres over SnO, quantum dots composites were
employed in the degradation of methyl orange, in this study SnO5 quan-
tum dots were dispersed over TiO, uniformly. In the discussion, Du and
coworkers affirm that the efficiency in the photocatalytic activity using
the composites is due to the synergistic effect between the two oxides
[21].

If well, the role of semiconductor and the oxidant agent are indis-
pensable in the degradation of RhB, the better results have been showed
using typical semiconductors and H,O, as a strong oxidant agent. In this
work, we report the synthesis of materials of tin (IV) oxide over hydro-
talcite-type materials used in the Rhodamine B photocatalytic degrada-
tion with simulated solar light. The advantage of this type of materials is
the easy synthesis and the possibility of extend its use to scalable process
using sunlight. It was also studied the role of some scavengers because
of photogenerated charge carriers play an important role in the degra-
dation of this type of colorants.

2. Experimental section
2.1. Synthesis of SnO2/MgAI-HT

The solids SnO5/MgAl with 5, 10 and 15 wt percent of tin oxide
were synthetized by co-precipitation method. A mixture of the solutions
of the precursor salts Mg(NO3)5.6H,0 (0.43 mol) and Al(NO3)3.9H,0
(0.14 mol) with a molar relation of 3 together with SnCl4.5H,O were
added to a three mouth-ball while maintaining constant agitation and
room temperature. Afterwards, 2.61 mol of urea was added to the so-
lution mixture and hydrolyzed at 373 K under reflux for 10 h. Ad-
ditionally, the pH was adjusted with a NaOH/NayCO3 solution 2 M
until reaching a pH of 9.5. The resulting suspension was then kept
at 433 K for 36 h. The precipitates were filtered and washed several
times with deionized water. The samples were dried at 353 K and
named as SnO(5%)/MgAI-HT, SnO2(10 %)/MgAl-HT and SnO»(15 %)/
MgAI-HT. The SnO, content was determined by Energy-dispersive X-ray
spectroscopy (EDS) and values were 5.11, 10.8 and 18.4 % for solids
Sn0,(5%)/MgAI-HT, SnO5(10 %)/MgAI-HT and SnO,(15 %)/MgAl-HT,
respectively, values which are closely to the theoretical ones. The
MgAIl-HT material was synthetized by co-precipitation method following
the same methodology for SnO,/MgAl-HT but without the presence of
the of SnCl4.5H,0 semiconductor.
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2.2. Characterization of the materials synthesized

The structure and crystallinity of the photocatalysts were measured
by X-Ray diffraction using a Bruker D-2 Phaser diffractometer with CuKa
irradiation in the range of 5° to 80°. The band gap energy of the pho-
tocatalysts were measured from the UV-vis spectra by extrapolating the
reflectance to the X-axis for Y = 0, the Raman spectroscopy was real-
ized using an HR LabRam 800 system equipped with an Olympus BX40
confocal microscope and a Nd: YAG laser beam (532 nm). The spec-
tra were recollected in a cooled CCD camera with averaged for 100
accumulations in order to improve the signal to noise ratio, besides,
all spectra were calibrated using the 521 cm™! line of a silicon wafer.
The textural properties of the materials were measured used a Quan-
tachrome Autosorb 3B equipment, the samples were degassed out at
373 K by 16 h before the analysis. The XPS analysis were realized with
a JEOL JPS-9200 instrument equipped with Mg Ko radiation source
(1253.6 eV). The equipment was operated at an energy of 10 eV with an
X-ray power of 300 W. The displacement for charge correction was done
adjusting the spectrum with the 284 eV position of the carbon C (1 s).
Deconvolution of each spectra was performed using Gaussian function
of the Origin 8.1 software.

2.3. Photocatalytic activity

The photocatalytic activity test for the degradation of Rhodamine B
(RhB), was performed using 25 mL of a 10 pM aqueous solution of the
dye together with 12 mg of the photocatalysts added to a Petri dish. The
first 30 min of reaction, the solution with the suspended material was
allowed under stirring to ensure the adsorption-desorption equilibrium.
Subsequently, the system was irradiated with a Sciencetech SF150 so-
lar lamp equipped with an AM1.0D filter that simulated the sun’s spec-
trum. The solar simulator has a xenon lamp that emits with an inten-
sity of 60 mW/cm? and it was kept at a distance of 15 cm from the sur-
face. Aliquots were taken every 15 min during the first irradiation hour
and after aliquots from reaction system were taken every 30 min until
reaching 3 h of reaction time. The concentration of the organic mole-
cule in this case Rhodamine B was followed through the UV-vis spec-
tra in function of the reaction time, following the characteristic band of
Rhodamine B peaking around 526 nm, using a Perkin Elmer Lambda 35
spectrophotometer. A photosensitization test was carried out using the
material SnO,(10 %)/MgAI-HT, the visible photocatalytic experiment
was performed using an Osram Ultra-Vitalux lamp (300 W) and poly-
ester UV filter sheet (Edmund Optics) showing 99.9 % of absorbance be-
low 400 nm. The procedure of the activity under visible light irradiation
was carried out in the same way as described above.

3. Results and discussion
3.1. Characterization of the materials

Fig. 1 shows the diffraction patterns of hydrotalcite-type materials
and SnO,. The characteristic peaks of lamellar solids (JCPDS 22—0700)
corresponding to the basal plans (003), (006), (009), (015), (018) and
(110) in angles 260 at 11.59°, 23.32°, 34.77°, 39.37°, 46.8° and 64.64°,
respectively [22], are present in MgAl-HT and SnO,/MgAI-HT photocat-
alysts. The presence of the characteristic reflections in all the materi-
als synthesized by co-precipitation method indicate that the formation
of lamellar structure was effectively achieved despite the in-situ pres-
ence of the tin precursor. In the SnO,/MgAI-HT solids it can be seen
that with the increase of tin oxide on the support there is a decrease
in crystallinity in the materials probably due to the fact that the seg-
regated semiconductor generates a surface modification of MgAl-HT by
the synthesis in-situ [23]. In addition, it can be seen that with the in-
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Fig. 1. X-ray diffraction patterns of a) SnO,, b)MgAI-HT, ¢) SnO,(5%)/MgAl-HT, d)
Sn0,(10 %)/MgAI-HT, e) SnO5(15 %)/MgAI-HT.

crease in the content of SnO, in the lamellar material, there is an in-
crease in the signal at 26.54° in 20 corresponding to the plane (110) of
tin oxide showing the presence of the semiconductor on the surface. The
reflections (110), (101) and (211) with JCPDS card N° 41-1445 [24]
corroborate the presence of tin oxide in Fig. 1a.

The lattice parameters a (related to the distance between cations)
and c (related with the interlamellar distance) [25] are shown in Table
1. As it can be seen, there is not significant variation in these parameters
which assures that the layered structure is not modified. However, the
presence of XRD signals of SnO, is indicative of its segregation on the
surface of the hydrotalcite; i.e. the Sn was not introduced into the crys-
talline network of hydrotalcite because of ionic radius of Sn is higher
compared with Al and Mg atoms. The crystallite size of SnO, measured
in (110) plane does not show a greater variation with the increase in
weight percentage, which may suggest that the presence of hydrotalcite
prevents SnO, particle agglomeration [26].

On the other hand, the crystallite size of the hydrotalcite measured
in the reflection (003) decreases in the SnO,/MgAl-HT materials. The
diminution in crystallite size is due to segregated particles of SnO, over

Table 1

Crystalline, spectroscopic and textural properties of MgAl and SnO,/MgAI-HT photocatalysts.
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the hydrotalcite surface causing a decrease in crystallinity, as can be
seen in XRD. The addition of tin precursor during the coprecipitation of
the magnesium and alumina salts modified the crystallite growth per-
turbing the reactions of hydrolysis-condensation induced by the pres-
ence of the urea and basic pH hindering the grown of MgAl particles
[27]. This also affects the textural properties of the material (Fig S1).
Thus an increase in surface area values was obtained with the incorpora-
tion of SnO,. SnO,/MgAI-HT 5 and 10 % solids showed the presence of
meso-macroporosity. Taking in account the pore size distribution some
changes in the meso and macroporous regions are observed as a func-
tion of the Mg content, which clearly shows developed microporosity
in these samples that accounts for the increase of surface area which is
more evident with a highest content of tin.

The band gap energy values calculated from the UV-vis diffuse re-
flectance spectra (no showed) are reported in the Table 1. It can be seen
that with a high content of SnO, the band gap energy decrease from
5.10 eV for MgAI-HT to 3.80 eV for the SnO5(15 %)/MgAl-HT. The in-
crease in the intensity of absorption with the increase of tin oxide can
be due to a greater absorption of photons by the material with 15 % of
semiconductor. The decrease in the band gap energy with increase in
the tin content would be related to the approach or approximation to
the value the band gap of SnO, which is 3.68 eV [28].

Fig. 2 displays Raman spectra of the solids studied. In the spectrum
the characteristic bands of the hydrotalcite-type materials are observed.
The bands between 471 - 548 cm™! are assigned to the linkage bonds
as AlOAl and AlOMg of the hydrotalcite [29]. In this same region in
the materials that containing SnO, appear bands around 474 cm™! and
775 ecm~! which corresponding to the Eg and B active Raman vibration
mode, respectively for tin oxide [30]. On the other hand, the signal at
1060 cm~! can be due to carbonate ions bonded to the brucite hydroxyl
surface [29,31]. These signals increasing with the SnO, content evi-
dencing that carbonate anions can be altered by the interaction with the
hydroxyl groups or with water molecules that are also present in the in-
terlamellar region [32]. The signal of low intensity around of 150 cm™!
can be assigned to deformation vibrations in M—OM— [33]. Previ-
ously Mancipe et al. [34], by UV-vis diffuse reflectance spectrum in this
type of materials showed than Sn-O-Sn hexacordinated species are in-
cluded over the lamellar structure [35]. An overtone of F2g around of
447 em~! and 493 ecm™! corresponding to Mg»,Sn can be observed [36].

Fig. 3a displays the high-resolution spectra of the region Sn 3ds,
2. The deconvolution of the Sn3ds,, region showing two broad peaks.
The line broadening in the spectrum also has been observed when is de-
posited SnO, in zeolites [37]. The first peak at 487 eV corresponds to
Sn**. However, the second peak appears to lower values of BE (483 eV).
Generally, the distance between peaks of Sn** and Sn2* (486 eV) is as-
sociated with values near to 1.0, while the signal of Sn® appears gen-
erally to 484.6 eV [38]. Consequently, in the Sn/MgAI-HT materials is
discarded the presence of Sn?* or Sn®. Therefore, we proposed that
the peak to 483 eV is associated with Sn species negatively charged.
Probably, the formation of Mg,;Sn could be responsible of this peak.
In fact, the BE values near to 484 eV are assumed as Mg,Sn [39-41].
The magnesium stannide (Mg,Sn) charged negatively may be elec-

Photocatalyst Lattice parameters (nm) Crystallite size (nm) Band gap energy (eV) Sger (M 2/g)
a c SnO, D(110) MgAl D(003) Pore size distribution (nm)
MgAI-HT 0.3046 2.277 - 26.73 5.10 33 18
Sn0,(5%)/MgAIl-HT 0.3046 2.276 2.16 19.53 4.05 87 35
Sn02(10%)/MgAI-HT 0.3047 2.275 2.59 18.32 3.85 99 61
Sn02(15%)/MgAI-HT 0.3049 2.274 2.61 13.00 3.80 111 24
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Fig. 2. Raman spectra of the materials a) MgAI-HT, b) SnO2(5%)/MgAI-HT, ¢) SnO5(10
%)/MgAI-HT, d) SnO5(15 %)/MgAI-HT.

trostatically anchored to the charged positively hydrotalcite [42-45],
this positive charge is formed when the divalent cation (M21) is isomor-
phically substituted by the trivalent cation (M3%) [46]. The formation
of Mg,Sn are not was evidenced by DRX due to overlapping of the sig-
nals with the peaks characteristic of hydrotalcite-type materials.

a

SN0, (5%)MgAI-HT

Sn0,(10%)/MgAlHT
M

Counts (a.u)

492 490 488 486 484 482 480
Binding Energy (eV)
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On the other hand, in the high resolution spectrum of O 1s shows
two peaks at 531.8 and 528 eV labelled as Oy and O;. Typically, these
peaks are related to oxygen vacancies and to lattice oxygen bonds, re-
spectively [47]. The ratio between these two signals is showed in the
Table 2. It can be observed that the incorporation of 5 % of SnO5 in the
surface of the hydrotalcite decreases the amount of O;. However, with
a higher incorporation of SnO, this value is increased. Clearly the solid
Sn0O,(10 %)/MgAIl-HT possesses the highest ratio of tin species, while
it maintains the oxygen vacancies on the surface of the hydrotalcite, as
can be observed in the Table 2. The increase in tin content can lead to
the formation of clusters, while with less tin it is possible to form layers,
which could be in agreement with an increase in the oxygen vacancies
in the catalyst with 5% and a decrease in the solid with 15 % of tin.

3.2. Photocatalytic activity

Fig. 4 shows the UV-vis spectra of the degradation of RhB using
the SnO5(10 %)/MgAI-HT catalyst with irradiation of the solar simula-
tor and visible light, respectively. In the Fig. 4a the signal that was fol-
lowed for the degradation of the dye is around 526 nm, in the spectra
it can be observed that the absorbance decrease with reaction time. The
maximum absorption shows that there is a slight hypsochromic shifts
(526 nm to 524 nm) that may be the result of the formation of a series
of N-de- ethylated intermediates [48]. After of 60 min of reaction the

e ——

Ia SnO,(5%)/MgAI-HT
/

_/

/‘\Sno,(w%ngAl-HT

SnO,(15%)MgAI-HT

"\

.’:.-E"‘ﬂ—-...____ i

Counts (a.u)

I
538 536 534 532 530 528 526 524 52

Binding energy (eV)

Fig. 3. High resolution spectra of a) Sn 3ds/, and b) O1 s of photocatalysts.

Table 2
Atomic ratio obtained by XPS.

ratio MgAI-HT Sn03(5%)/MgAI-HT Sn0,(10%)/MgAI-HT Sn0,(15%)/MgAI-HT
Mg/Al 1.4 0.9 1.7 2.2

Sn/Mg - 0.01 0.01 0.04

Oy/Op+ Oy 0.85 0.95 0.85 0.77

01/01+ 0y 0.15 0.05 0.15 0.33

Mg,Sn/SnO; + MgoSn -- 0.2 0.5 0.3
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Fig. 4. UV-vis absorbance spectra of RhB dye degradation with SnO5(10 %)/MgAI-HT with a) solar simulator and b) Visible light.

band at 345 nm decreased significantly, indicating that benzene-based
intermediates similarly degrade to Rhodamine B [49].

In the Fig. 4b it can be observed a small decrease in the ab-
sorbance when SnO,(10 %)/MgAI-HT is irradiated only with visible
light, this diminution in the absorbance can be assigned to the forma-
tion of oxidant species from to the reactions of oxygen with the elec-
trons transferred from HOMO to the LUMO in the Rhodamine B [50].
This behavior would be according with the photosensitizing effect of the
dyes. However, it can be observed that when irradiating SnO5(10 %)/
MgAI-HT with only visible light the photocatalytic activity is low, this
behavior could be due to the fact that the active phase is not activated
in visible light in order to carry out the photocatalytic activity in the
degradation of Rhodamine B.

The relationship of relative concentration vs reaction time of the cat-
alysts is shown in Fig. 5a. The reaction of photolysis without presence
of catalyst shown a low reduction in the relative concentration, reaching
30 % dye degradation (Fig. 5b). Similarly, the MgAI-HT support does
not show a good activity in the degradation of the organic pollutant (45
% of degradation). However, when tin oxide is added to the MgAl-HT
support, it is observed that there is an effect in the 30 min of adsorption
of the dye and in the degradation reaction at the time the solution is ir-
radiated with the simulated solar light. The solids with 5, 10 and 15 %
of semiconductor reaching a 65 %, 75 % and 56 % of degradation, re-
spectively.

The RhB dye and the semiconductor are irradiated with a solar light
source for the photosensitization and formation of charge carriers (pair
e~-h™), respectively (ec. 1 and 2). The electron is excited to the con-
duction band, this charge carrier reacting with oxygen to the form the
superoxide radicals (ec. 3), the superoxide radicals can react with the
water molecule, electrons of CB of the semiconductor and protons to
lead to the formation of hydroperoxyl radicals and H,O, (ec. 4-6).

_.1a — 3
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@ 034 % SnO,{S%YMgALHT + - +
= Y Sn0,(10%)¥MgAl-HT solar simulator

% 1+ 5n0,(15%)Mgal-HT

@ 014 Sn0(10%)MgA-HT visible light
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Thus, HO4 react with photogenerated electrons to form the hydroxyl
radical (ec. 7). In the holes, the oxidation of water or hydroxyl ions
occurs to generate hydroxyl radicals that induce the oxidation of the
substrate in the holes or vacancies generated (ec. 8 and ec. 9). The
degradation reaction competes either via holes or electrons (ec. 10) to
finally the contaminant be transformed to carbon dioxide and water
[14,51,52].

RhB + hv - RhB* (€Y
RhB* + SC — RhB™ + SC (e pc) )
SC (e7pc) + Ogags — SC + O~ (3)
0y~ + Hy0 - HOO' + OH: @
SC (e pc) + Oy~ + 2HT — HyOsec. 5205~ + 2H' — 0y + Hy04(6)
H,0, + SC (e pc) — ‘OH + OH™ + SC %)
SC (h*py) + HyOuds = SC + "OHags + HT (€))
SC (h*py) + OH 445 = SC + OHags ©)]
Organic compound (RhB*) + Oy ~or -OH — H,0 + CO, 10)

The presence of the semiconductors p-type and n-type of Mg,Sn and
SnO,, respectively, over the surface the hydrotalcite, favors the pho-
tocatalytic activity in the degradation of Rhodamine B dye, this be-
cause the presence of the semiconductors prevents the recombination
of charge carriers, species responsible for carrying out the oxidation re-
action in this case. The p-n heterostructures favor charge separation of
electron-hole pair and improve the absorption of light [53]. Besides,

210 min

Fig. 5. Photocatalytic activity of RhB degradation a) relative concentration, and b) degradation percent with the synthesized materials.
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according to the results shown in Fig. 5, the SnO5(10 %)/MgAl-HT ma-
terial exhibits the best photocatalytic activity, reaching 75 % degrada-
tion at 210 min of reaction. This behavior can be due to: i) the low
crystallite size obtained in the plane (003) that possibly allows a better
distribution of the active phase on the MgAl support, ii) a surface area
greater than that presented in the hydrotalcite, iii) low recombination of
the electron-hole pair formed after irradiation with simulated solar light,
iv) higher Mg,;Sn/SnO, + Mg,Sn ratio shown by XPS and v) by the pres-
ence of meso/macroporosity that allows a better transport of reactants
and products through the porous structure [54]. Besides, it should be
noted that in these materials, a higher oxygen vacancy does not ensure
that the activity increases as can be seen in Table 2, where Oy ratio is
similar for MgAI-HT and SnO4(10 %)/MgAI-HT

The degradation pathway of the contaminating molecule via elec-
trons and holes photogenerated during the exposure of the reaction to
solar light, was performed using scavengers, in similar way as it has
been reported in the literature [55,56], with the purpose to identify
the species responsible of the charge carriers which favors degradation.
Isopropanol and triethanolamine were used separately, to evaluate the
path of degradation by action of hydroxyl radicals (OH) or photogen-
erated holes, respectively. On the other hand, benzoquinone was used
to determine if the degradation route was carried out via the forma-
tion of supeoxide radicals (O ™) to lead to the obtaining ‘OH radicals,
which are finally the species that act on the contaminating organic mat-
ter [57]. The Fig. 6 shows the bar diagram of the relative concentration
of RhB with each of the scavengers, using the photocatalysts SnO2(10
%)/MgAI-HT.

With the addition of triethanolamine and isopropanol it is observed
that there is degradation of the dye, however, when using benzo-
quinone, a scavenger for superoxide radicals, there is no degradation re-
action. This behavior shows that the reaction takes place via photogen-
erated electrons.

In the representation showed in Fig. 7 it can be observed that the
particles of p-n semiconductor are over the hydrotalcite surface, it can
be observed that the p-n semiconductor are over the hydrotalcite sur-
face, when the dye and semiconductors p-n are in contact and are irra-
diated with simulated solar light, exist transfer of electrons from HOMO
to LUMO in the Rhodamine B, this electrons are transferred to CB of
the semiconductor, the electrons are transfer from CB of p-type semi-
conductor (MgsSn) to CB of n-type semiconductor (SnO,) and holes
are transfer to the Valence Band of the p-type semiconductors [58],
favoring charge separation, agreeing to the results of activity it can
be affirmed that the action of the electrons photogenerated by reac-
tion with O,, form the superoxide radicals which by successive reac-

1,0

0,8
m : .
£ 064 Il Triethanolamine
© - I 'sopropanol
o [ Benzoquinone
O 04-

0,2

0,0-

Time: 210 min

Fig. 6. Effect of scavengers on the degradation of Rhodamine B under simulated solar light
irradiation using SnO5(10 %)/MgAI-HT material.
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Fig. 7. Representation process of degradation of the RhB dye.

tions gives rise the hydroxyl radicals which may also be responsible for
carried out the photo-degradation reaction of the dye.

4. Conclusion

The synthesis of the hydrotalcite-type materials by co-precipitation
method were successfully development. The characterization of the pho-
tocatalysts by XRD allowed demonstrating the formation of the laminar
structure and the segregation of the SnO, particles on MgAIl-HT. The
pore size distribution indicates that the solid SnO5(10 %)/ MgAI-HT pre-
sents a meso/macroporosity, which makes it an interesting material for
the degradation reaction. The evaluation of the photocatalytic activity
in the degradation of Rhodamine B showed that the material with 10 %
semiconductor presents the best activity, due to the higher ratio Mg,Sn/
SnO, + Mg,Sn as has been showed by XPS, that favored the separation of
the charge carriers. In addition, the evaluation using scavengers showed
that the reaction occurs via the photogenerated electrons.
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