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ABSTRACT: The aim of this investigation was the synthesis of nanocomposite coatings based on Zn-Al lay-
ered double hydroxides (Zn-Al LDH) and TiO2. The Zn-Al LDH material, which acted as the catalyst support 
of the active TiO2 component (in the content of 3 and 10 wt. %), was synthesized by a low super saturation 
co-precipitation method. The interaction between the Zn-Al LDH and the active TiO2 component was accom-
plished by using vacuum evaporation prior to the mechanical activation and only by mechanical activation. The 
final suspension based on Zn-Al LDH and 10wt. % TiO2, impregnated only by mechanical activation, showed 
the optimal characteristics from the aspect of particle size distribution and XRD analysis. These properties had 
a positive effect on the functional properties of the coatings (photocatalytic activity and self-cleaning efficiency) 
after the water rinsing procedure.
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RESUMEN: Síntesis de un revestimiento nanocompuesto basado en TiO2 / ZnAl hidróxidos dobles en capas. 
El objetivo de esta investigación fue la preparación de recubrimientos de nanocompuestos basados en Zn-Al 
hidróxidos dobles en capas (Zn-Al LDH) y TiO2. El material de LDH Zn-Al, que actuaba como catalizador del 
componente activo TiO2 (en el contenido de 3 y 10 en peso.%), se sintetizó por un método de co-precipitación 
con baja sobresaturación. La interacción entre el Zn-Al LDH y el componente activo TiO2 se llevó a cabo 
mediante el uso de la evaporación al vacío antes de la activación mecánica y sólo por activación mecánica. La 
suspensión final basada en Zn-Al LDH y 10wt. % TiO2, impregnada solamente por la activación mecánica, 
mostró las características óptimas desde el aspecto de la distribución de tamaño de partícula y análisis de XRD. 
Estas propiedades tenían un efecto positivo sobre las propiedades funcionales de los revestimientos (actividad 
fotocatalítica y eficiencia de auto-limpieza) después del procedimiento de aclarado de agua.
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1. INTRODUCTION

Titanium-dioxide (TiO2) has been extensively 
studied recently in the field of environmental pro-
tection due to its high photocatalytic efficiency in 
the processes of water and air purification (1–4). 
Among many candidates for photocatalysts, TiO2 is 
almost the only material suitable for this application 
because it has presented the most efficient photoac-
tivity, the highest stability, and the lowest cost and 
nontoxicity (5–7).

In spite of  the fact that TiO 2 is currently regarded 
as a nontoxic material, the possibility of  TiO 2 to 
be a biohazard has still remained open (8–9) due 
to the risk of  TiO2 nanoparticles being discharged 
into the environment. The simplest way to solve 
this problem is to impregnate these particles into a 
suitable substrate. Associating TiO2 nanoparticles 
to a crystalline substrate allows their easy manip-
ulation. Tennakone et al. (10) studied the photo-
catalytic activity of  TiO2 supported on polythene 
films. It was found that TiO2 could be supported on 
polythene films (commercial polythene film, thick-
ness 0.006 cm) without inhibiting its photocatalytic 
activity. In search of  a cheap titania-imobilized 
photocatalyst, it was found that the coal fly ash 
could be a good mineral support for the TiO2 pho-
tocatalyst (11). According to Zainudin et al. (12), 
beyond certain level of  TiO2 loading, it is impor-
tant to optimize the catalyst composition in order 
to avoid aggregation of  the TiO2 particles or their 
being discard from the supporter. Xagas et al. (13) 
reported that the photocatalytic properties of  the 
immobilized TiO2 film are affected by the prepara-
tion technique of  the TiO2 film.

Layer double hydroxides (LDH), also known as 
hydrotalcite, – present the largest group of  materi-
als which can be synthetically produced by using 
different methods such as sol gel, hydrothermal 
precipitation (14) or co-precipitation. Among vari-
ous types of  hydrotalcite, the Zn/Al LDH has been 
broadly synthetized in the recent years because of 
its favorable textural, acid-base and redox proper-
ties. These properties can be successfully tailored 
during synthesis because parameters such as pH 
value, Zn2+/Al3+ molar ratio and temperature of 
calcination significantly affect the characteristics of 
the synthetized powder (particle size distribution, 
specific surface area, photoactivity, etc. (15,16). 
Seftel et. al (15) synthetized Zn/Al LDHs with cat-
ionic ratio of  1-4 by the conventional co-precipi-
tation method at pH=7.5. The largest amounts 
of  ZnO were formed after the thermal treatment 
at T=500°C influencing the photocatalytic activ-
ity of  the final product. Namely, the Zn/Al LDH 
with cationic ratio 4 can remove 93% of the methyl-
orange dye (15). The synthetized Zn/Al LDH with 
a Zn2+/Al3+ molar ratio of  1.48 photodegraded 
phenol and p-cresol up to 95% after 4 and 6 hours 

of  irradiation, respectively. The synthetized Zn/Al 
LDH showed better degradation of  organic pollut-
ant compounds in comparison to TiO2 (16).

The Zn/Al LDH materials have been receiv-
ing increasingly more attention as the supports 
of  the TiO2 particles forming LDH/TiO2 nano-
composites. The TiO2 nanoparticles associated 
with the LDH substrate retain their photoactiv-
ity and do not endanger either the environment or 
human health. Moreover, the TiO2 nanoparticles 
are embedded in the structure of  a porous LDH 
avoiding the formation of  macroscopic aggregates 
that may lead to the diminution of  their efficiency. 
Furthermore, LDHs are stable supports that pro-
tect the TiO2 particles from washing or erosion; 
they are non-toxic and present inexpensive materi-
als (17–20).

The main purpose of  the present study was 
the synthesis and characterization of  TiO2/ZnAl-
LDH active nanocomposites and suspensions. 
For that purpose, first LDH was synthesized and 
then the small sized TiO2 particles were embed-
ded into the structure of  the LDH by using two 
different methods of  impregnation: vacuum 
evaporation impregnation prior to mechanical 
activation and impregnation only by mechanical 
activation. The synthetized coatings were char-
acterized from physical, mineralogical and mor-
phological aspect. The decomposition efficiency 
of  Rhodamine B was chosen as the test reaction 
for the investigation of  photocatalytic activity of 
the synthesized powders and suspensions. Also, 
the functional properties (photoactivity and self-
cleaning efficiency expressed through the contact 
angle measurements) were determined before and 
after the water rinsing procedure in order the 
durability of  the nanocomposites to be character-
ized for.

2. MATERIALS AND METHODS

2.1. Material and sample preparation

The Zn-Al LDHs were synthesized by a low super 
saturation co-precipitation method at constant pH 
value (9–9.5). The synthesis was realized at constant 
temperature (40oC) by intensive stirring. The cho-
sen precursors Zn(NO3)2·6H2O and Al(NO3)3·9H2O 
with molar ratio of 0.7 M and 0.3 M, respectively, 
were continuously added (4 cm3/min). For pH regu-
lation, alkali solution of the Na2CO3 and NaOH 
with a concentration of 0.67 M and 2.25 M, respec-
tively, were employed. The obtained precipitate was 
aged at 40oC/24h by constant stirring at 200 rpm, 
washed with demineralized water until pH 7, and 
then dried at 100oC/24h prior to the calcination at 
500oC/24 (21).

The active ZnAl-LDH/TiO2 nanocompos-
ite powder was obtained by the impregnation 
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of  TiO2 suspension (in contents of  3 and 10 wt. 
%) into Zn-Al-LDH calcined powder. The com-
mercial TiO2 suspension (80  wt.% anatase and 
20  wt.% rutile; grain size < 100 nm; content of 
dry matter 30.0 ± 1.0 wt. % and pH 7), used for 
this purpose, was obtained from Degussa com-
pany, Germany. The process of  impregnation 
was carried out in an alkali solution (pH= 9–9.5) 
by vacuum evaporation, prior to the mechani-
cal activation (the first protocol), and only by 
mechanical activation (the second protocol). The 
pH value during impregnation was maintained 
with the same basic solutions (0.67 M Na2CO3 
and 2.25 M NaOH) as in the previous process of 
Zn-Al-LDH synthetizing.

The impregnation by vacuum evaporation was 
realized in a rotary vacuum evaporator (DEVAROT) 
at 55oC for 30 min. Further on, the obtained pow-
der was mechanically activated in a planetary mill 
during 180 min using the speed of 200 rpm, while 
the material and ball ratio was 1:5. The process of 
impregnation performed only by mechanical activa-
tion was realized in an attritor mill for 90 min with 
the speed of 1500 rpm, in air atmosphere (material: 
ball ratio was 1: 5).

According to the way of impregnation and the 
TiO2 content, the obtained ZnAl-LDH/TiO2 nano-
composite powders were assigned as: A1 and A2 
representing ZnAl-LDH/TiO2 nanocomposite 
powders with 3 and 10wt.% TiO2 content, respec-
tively, impregnated by vacuum evaporation prior to 
mechanical activation and B1 and B2 representing 
ZnAl-LDH/TiO2 nanocomposite powders with 3 
and 10wt.% TiO2 content, respectively, impregnated 
only by mechanical activation.

The nanocomposite suspension was formed by 
suspending ZnAl-LDH/TiO2 powder (in a quantity 
of 0.1 and 0.5g) into demineralized water (100 ml) 
by using di-ammonia-hydrogen citrate as a dispers-
ing agent and by a stirring procedure at 300 rpm, for 
1hour. Ultrasonic bath was used for 30 min in order 
to prevent possible agglomeration.

The obtained nanocomposite suspension was 
applied onto the surface of clay roofing tile samples 
by using spray technique in the following condi-
tions: spraying pressure was 6.5 MPa, distance of 
the spray device from the sample was 90 cm, angle 
of spraying was 45o, and diameter of nozzle was 
1.3 mm. The coated roofing tile samples were after-
wards dried at RT/24h.

2.2. Characterization

The particle size distribution of the synthetized 
ZnAl-LDH/TiO2 nanocomposite powder was deter-
mined by Malvern Instruments, zeta-nanoseries, 
NanoZS under the following conditions: refraction 
index of the investigated suspensions (n = 1.55), 
light absorption (a = 0.3) and pH value = 9.

The X-ray diffraction (XRD) was performed by 
Philips PW 1710 device in order to determine the 
phase composition of the designed nanocomposite 
powders. The employed conditions for this investi-
gation were: monochromatic CuKα radiation with 
λ = 1.5418 Ȧ in the 5–55o of 2o range, scan rate 0.02o, 
0.5 s per step.

The photocatalytic activity of  the obtained 
nanocomposite powders was determined spectro-
photometrically by monitoring the photocatalytic 
degradation of  Rhodamine B (RhB) used as a model 
pollutant in the photocatalytic tests. The photo-
catalytic tests were performed on the newly synthe-
tized ZnAl-LDH/TiO2 powders and ZnAl-LDH/
TiO2 suspensions. The suspension was sprayed 
onto the samples (4x4x1 cm) of  clay roofing tiles 
(total porosity: 32.93% roughness evaluated by Ra: 
cca 3m). The powder and the coated clay roofing 
tile samples were UV/VIS irradiated (EVERSUN 
lamp, intensity of  UV-A and Visible light spectra 
were 0.8 mWcm-2 and 0.3 Wcm-2, respectively). The 
distance between the UV/VIS lamp and the samples 
was 35 cm (20).

The photocatalytic activity tests of  the powders 
were performed in a Pyrex flasks patch-type reac-
tor (21). Namely, the quantity of  50 mg of  the cal-
cined ZnAl-LDH/TiO2 powder was added to 100 
ml RhB water solution, 10 ppm dm-3. The obtained 
solution was stirred for 30 min in the dark, in 
order to reach adsorption/desorption equilibrium 
between the dye and the surface of  the catalysts. 
Aliquots of  the obtained suspension were taken at 
definite time intervals of  UV/VIS irradiation and 
centrifuged in order to obtain a clear solution for 
the analysis of  the RhB content. In order to elimi-
nate possible additional adsorption phenomena, 
the control solution was kept in the dark for the 
same reaction periods as for the UV/VIS irradiated 
samples. The RhB solution was used, as a blind 
sample, in the same UV/VIS irradiation condi-
tions in order to confirm it’s slightly photocatalytic 
degradation (22). All reactions were carried out 
at atmospheric pressure and at room temperature. 
The RhB concentration was measured by monitor-
ing the major absorption peak at λ = 554 nm by 
using UV-VIS spectrophotometer (EVOLUTION 
600 spectrophotometer). The photocatalytic activ-
ity was estimated based on the efficiency of  the 
RhB degradation, A (%). It was calculated accord-
ing to the relation [1]:

A (%) = [(C 0 – C)/C0] ·100 [1]

Where:
C0 is the RhB concentration of the sample in the 

dark at the defined time
C is the RhB concentration of sample under the 

UV light irradiation at defined time.
In order to enable direct contact between the 

active surface of  the clay tile sample and the dye/
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RhB solution, a glass tube (d = 3 cm, h = 6 cm) 
was fixed with silicon on the surface of  each tile 
sample and filled with 12 ml of  the dye/RhB solu-
tion. Considering that the porosity and roughness 
of  the substrate (clay roofing tiles) is an important 
parameter that may control photocatalytic activ-
ity, a pre-absorption test of  RhB solution was also 
carried out in order to saturate samples before 
the photocatalyitic test. It was possible to change 
the color of  RhB solution during the examina-
tion of  photocatalytic activity even without any 
photocatalytic coating, due to the occurrence of 
RhB absorption by the substrate. Namely, the tile 
samples were submerged (24h) in a glass tank filed 
with the RhB solution with the same concentration 
(10 ppm dm-3). During the pre-absorption test, the 
solution of  RhB in the glass tubes and in the tank 
was constantly replaced with a fresh solution until 
the tiles were saturated and the difference in color 
concentration between the two consecutive mea-
surements was within the limit of  5%. After the pre-
absorption period, the RhB solution was replaced 
with a new one freshly prepared. At defined time 
intervals of  UV/VIS irradiation and correspond-
ingly the samples kept in the dark, aliquots of  glass 
tube solution were taken for spectrophotometric 
concentration testing.

The photocatalytic activity of the coatings was 
estimated by degradation efficiency of the RhB 
solution by using the same formula as for the pow-
der samples (18).

The contact angle between the appropriate 
experimental fluid (glycerol) and the surfaces of 
the coated samples, before and after water rinsing 
procedure, was measured by using Surface Energy 
Evaluation System, Advex Instruments, (Brno, 
Czech Republic). The liquid droplets of about 5 μl 
in volume were gently deposited on the coated sub-
strate using a micro syringe. All measurements of 
the initial contact angle (θci, after 1 s) at room tem-
perature were performed at five different points for 
each of three specimens of the investigated samples. 
Each droplet deposited onto surface was measured 
five times.

Water rinsing durability test was performed in 
order to define the stability of  the coating in the 
severe conditions (rain rinsing procedure) on the 
porous clay tile. The rinsing procedure was simu-
lated in laboratory conditions by using the equip-
ment which provides constant tap water flow (0.04 
l/s) through a pipe system (nozzle diameter of  0.90) 
and water fall (height of  50 cm) on the sample (set 
at an angle of  45°). The duration of  the test was 
30 min.

The functional properties (photocatalytic activ-
ity and self-cleaning efficiency) of  the coated tiles 
were measured before and after the rinsing proce-
dure during UV/VIS irradiation. The RhB (10ppm) 
was used as the model pollutant for photocatalytic 

activity assessment while the contact angle measure-
ments for the estimation of  self-cleaning properties.

3. RESULTS AND DISCUSSION

3.1. Particle size distribution of the impregnated 
ZnAl-LDH/TiO2 powders

Particle size distribution of the ZnAl-LDH/TiO2 
powders impregnated by vacuum evaporation and 
then mechanically activated (A1 and A2) and only 
mechanically activated (B1 and B2) are presented in 
Figure 1.

The diagram presented in Figure 1, shows that 
the powders impregnated by vacuum evaporation 
and then mechanically activated have significantly 
larger particle size distribution compared with the 
powders impregnated only by mechanical activa-
tion. The sample A2 has a bimodal particle size 
distribution and mostly contains particles with 
diameters of  1718 nm and 5560 nm. On the other 
hand, for the powder A1 a three-modal particle 
size distribution is evident i.e. they are mainly dis-
tributed in three intervals with the maximum par-
ticle diameters: 825 nm, 1718 nm and 5560 nm. As 
opposed to the A1 and A2 powders, which possess 
a wide range of  particle size distribution mainly in 
micrometric range, the powders B1 and B2 have 
a finer and mono-modal particle size distribu-
tion. Namely, the B2 powder contains particles 
with diameters from 10 to 1700 nm. The registered 
diameter maximum is 459 nm. As for the sample 
B2, the powders B1 have a relative mono-modal 
particle size distribution, but it is also evident that 
only a small quantity of  the particles are in the 
interval between 3000 and 6000 nm. This system 

FIGURE 1. Particle size distribution of the ZnAl-LDH/
TiO2 powders impregnated by vacuum evaporation prior to 
the mechanically activation (A1 – 3wt.% TiO2, A2 – 10wt.% 

TiO2) and only mechanically activated (B1 - 3wt.% TiO2, 
B2 – 10wt.% TiO2).
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contains 19.6 % of  particles with the diameter of 
712 nm.

3.2. Phase composition of the impregnated ZnAl-
LDH/TiO2

The X-ray diffractograms of the obtained pow-
ders are shown in Figure 2.

Generally, regarding the procedure of the TiO2 
impregnation, differences in the intensity of the 
identified peaks can be observed from the XRD dif-
fractograms. This indicates that there are differences 
in the phase composition (presence and step of 
crystallinity) of the analyzed powders. Namely, the 
powders impregnated only by mechanical activa-
tion (powders B1 and B2) show significantly higher 
crystallinity compared to the powders impregnated 
in a vacuum evaporator prior to the mechanical 
activation (A1 and A2). The XRD measurements 
of the samples also revealed that the crystallinity 
of the samples depends not only on the amount of 
the impregnated TiO2, but also on the procedure of 
impregnation.

As for the sample of  B1 (3wt.% TiO2), it can 
be noticed that LDH (JCPDS 38-0486) and ZnO 

(JCPDS 80-0075) are the only dominant phases. 
Evidently, the TiO2, anatas crystal phase (JCPDS 
84-1286), was dispersed in the intermediate LDH 
layers. It is an interesting fact that LDH appears 
mainly as the dominant phase although this car-
rier of  the photocatalytic active component TiO2 
was calcinated before the impregnation process. 
This phenomenon points towards the conclusion 
that in this sample the memory effect was achieved. 
Namely, returning of  the structure of  the mixed 
oxides into the memory of  the original structure of 
the layered double hydroxides during the process of 
impregnation was present (23). For the sample B2 
(10wt.% TiO2), the reflections of  the LDH possess 
higher intensity indicating a higher memory effect 
and return to the layered double structure in com-
parison with the powder B1. It can be concluded 
that the increase in the quantity of  the impregnated 
TiO2 to 10wt.% does not inhibit the memory effect 
of  the calcinated active carrier. On the contrary, 
it has a positive effect on the crystallinity and on 
stability of  the ZnO and Zn2TiO4, which is impor-
tant for the upcoming photocatalytical reactions 
(24). The lower crystallinity of  the TiO2, ZnO and 
Zn2TiO4 in the case of  the powders A1 and A2 
could be responsible for their lower photocatalytic 
activity.

3.3. Morphology

Figure 3 shows the morphological changes of the 
ZnAl-LDH/TiO2 powders along with the increase 
of the TiO2 content of the mono modal powder 
samples, B1 and B2. In the case of both powders, 
it is evident that the typical morphology for the 
LDHs, agglomerates of the flat particles named 
“desert rose”, were identified (24–26). The spheri-
cal TiO2 particles in the form of agglomerates most 
frequently preferably appear on the LDH particles’ 
edges (27) of the “desert rose”.

This observation implies the idea that the rigid, 
smooth plain surface of  the LDH particles with-
out cracks are not a suitable matrix for the TiO2 
incorporation (24–26). Generally, it was found 

FIGURE 2. X-ray diffractograms of the powders A1, A2, B1 
and B2.
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that a slight increase of  TiO2 spherical particles is 
in direct correlation to the greater amount of  TiO 2 
previously impregnated into the LDH structure. 
No remarkable change of  the surface morphol-
ogy was observed in either one of  the analyzed 
systems.

The presence of TiO2 on the LDH particles 
edges was additionally confirmed by EDS (Energy 
Dispersive Spectroscopy) analysis (Table 1) of the 
samples, Figure 4.

The results of the EDS analysis (Table 1) in the 
spectra of the both samples, beside the Ti presence, 
detected the existence of the basic building metals, 
zinc and aluminum, of the LDH form. Successful 
impregnation of the TiO2 into the LDH carrier was 
confirmed.

3.4. Photocatalytic activity testing of the 
impregnated LDH with TiO2

The results from the testing of the photocatalytic 
activity during a period of 24h irradiation with UV/
VIS rays (powder systems A1, A2, B1 and B2 and 
blank sample of RhB solution) are shown in the 
Figure 5.

As shown in Figure 5, the RhB was degraded 
~3% under the UV/VIS irradiation without the 
presence of  the catalyst (blank sample), indicat-
ing that photolysis reaction also contributes to a 
slightly degradation of  the dye. However, even by 
taking this effect into account, the photo-degra-
dation of  RhB was enhanced remarkably in the 
presence of  the above mentioned synthetized pho-
tocatalists. Also, it was evident that after 210 min 
(3.5h) of  UV/VIS radiation, the highest photoac-
tivity value for the sample B2 was 90.87% while 

for sample B1 it was only 32%. Samples A1 and 
A2, after this time of  irradiation, possessed almost 
the same photoactivity values i.e. only 18%. By 
increasing the time of  UV/VIS irradiation up to 
1440 min (24 h) it was evident that samples B2 and 
B1 reached almost the maximal value of  the pho-
toactivity. The photoactivity of  the samples B1 
and A2 also increased up to 94,06% and 61,45%, 
respectively, but there was no changes of  the pho-
tocatalytic activity of  the powder A1. Generally, 
it can be concluded, from Figure 5, that the pow-
ders impregnated only by mechanical activation 
(B1 and B2) and the samples impregnated with 10 
wt.% TiO2 (B2 and A2) showed better photocata-
lytic activity. In addition, higher photocatalytic 
activity of  B1 and B2 samples can be attributed 
to  their finer particle size distribution (Figure 1) 
that could  offer a higher surface for the RhB 
adsorption than A1 and A2 samples. Also, higher 
crystallinity of  B1 and B2 samples enabled higher 
RhB degradation. In general, the way of  TiO2 
impregnation, either by mechanical activation or 
by vacuum evaporation prior to the mechanical 
activation has the crucial impact on the photo-
catalytic activity. The former way of  impregnation 
is preferable for reaching better photocatalytic 
activity.

Based on the obtained results of the potocatalitic 
activity, the powders B2 and A2 from groups A 
and B, were further used for the creation of photo-
catalytic suspensions which were later deposited by 
spray technique on the surface of the clay roofing 
tile samples used as porous substrates, Figure 6.

The values of the photocatalytic activities of the 
coating composed of 0.1g B2 powder, after UV/VIS 
irradiation of 210 min (3.5 h) and 1440 min (24 h), 

TABLE 1. EDS analysis for the samples B1 and B2

  C O Al Ti Zn Total

B1 spectrum 1 19.56 37.5 7.45 2.3 33.18 100

B2 spectrum 1 23.06 34.75 5.62 4.45 32.13 100

FIGURE 4. SEM micrographs of the location of EDS spectra in the samples B1 (a) and B2 (b).

6µm Electron Image 16µm Electron Image 1

(a) (b)

Spectrum 1
Spectrum 1
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are 7.61% and 22.28%, respectively, while the coat-
ing composed of 0.1g A2 powder, showed insignifi-
cant values of the photocalytic activity even after 
(24 h) of UV/VIS irradiation.

Based on the results above, a new suspension 
with 0.5g of  the powder B2 was prepared in the 
same conditions as in the case of  the previously 
two B suspensions and deposited onto the ceramic 
samples (porous substrate). The results from 
Figure 6 show an increase of  the photocatalytic 
activity up to 17.57 % after 3.5 h of  UV/VIS irra-
diation and 62.16% after 24 h of  UV/VIS irradia-
tion for the suspension with 0.5g of  the powder B2. 
Comparing these results with the activities of  the 
coating containing only 0.1 g of  the powder system 
B2, Figure 6, it can be concluded that the catalyst 
carrying 0.5g B2 significantly affected the increase 
of  the photocatalytic activity of  the LDH/TiO2 
coating. This system was further the object of  the 
water rinsing investigation.

3.5. Water rinsing durability of the coating

The water rinsing durability of the coating with 
the best photocatalytic activity (B2 with 0.5g of the 
powder) was investigated regarding the two main 
functional properties: photocatalytic activity and 
self-cleaning efficiency. The clay tiles coating formed 
with 0.5g of the B2 suspension were previously 
exposed to water rinsing procedure (30 min) and 
then the photocatalytic activity and self-cleaning 
efficiency were analyzed. The obtained results are 
presented in Figures 7 and 8.

The results of  the photocatalytic activity 
after rinsing procedure showed a small decline 
in terms of  the measurements made before the 
rinsing procedure, Figure 7. During irrigation, 
the poorly bound TiO2 particles were removed. 
Namely, the values of  the photocatalytic activity 
after rinsing procedure was 10.09% (210 min) of 
UV/VIS irradiation, and 54.26% after 1440 min 
of  irradiation, while before rinsing procedure, 
these values had been slightly higher (17.57 % 
after 210 min of  UV/VIS irradiation and 62.16% 
after 1440 min of  UV/VIS irradiation). The 
noticed difference indicates a good stability of 
the synthetized coating B2 to rinsing procedure 
which is a significant characteristic regarding its 
application.

The assessment of the self-cleaning properties of 
the coated substrate was performed by the measure-
ments of the initial contact angle, θci (Figure 8). The 
decreasing of the both θci values, before and after 
water rinsing procedure, with UV/VIS irradiation, 
directly confirms the presence of the strong self-
cleaning effect. Generally, the values of the con-
tact angle (lower than 900) proved the existing of 
hydrophilicity of the coating before and after water 
rinsing procedure which is of great importance for 
self-cleaning behavior.

FIGURE 5. Photocatalytic activity of A1, A2, B1 and B2 
powder samples and of the blank sample of RhB solution.
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FIGURE 6. Photocatalytic activity of the coatings formed with 
0.1g A2 /B2 powder and 0.5g B2 powder.
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The noted differences of the θci values before 
and after water rinsing procedure were the result 
of a slight physical removal of the deposited ZnAl-
LDH/TiO2 coating. This presents some insignificant 
negative influence of rinsing procedure on the self-
cleaning efficiency, since the same trend of the θci 
value, in both cases of the experiment, was identi-
fied. The existing decreasing trend of the θci values 
after water rinsing procedure proves a good durabil-
ity and a significant compatibility of the synthesized 
B2 coating with the substrate of clay roofing tiles.

4. CONCLUSIONS

Based on the comparative investigation of par-
ticle size distribution and XRD analysis of the 
designed nano-composite ZnAl-LDH/TiO2 pow-
ders, it was concluded that the samples impreg-
nated with TiO2 by vacuum evaporation prior to 
the mechanical activation, possessed a three modal 
particle size distribution and smaller crystallinity, 
whereas the samples impregnated only by mechani-
cal activation were characterized with a fine mono-
modal particle sized distribution and a significantly 
higher level of crystallinity. These results indicate a 
strong influence of the way of TiO2 impregnation 
on the photocatalytic powder activity.

The amount of the impregnated TiO2 affected 
the photocatalytic activity of the obtained powders. 
An optimal loading of 0.5 g powder catalyst/100ml 
suspension of ZnAl-LDH/TiO2 was found to be the 
most appropriate. The value of the photochatalitic 
activity was found to be 17.57 % after 3.5h of radia-
tion and 62.16 % after 24h radiation. This coat-
ing shows significant durability to water rinsing, 
indicating a good adhesion with the surface of the 
porous clay roofing tile.

Based on the obtained results, the newly synthe-
tized coating composed of ZnAl-LDH/TiO2 pres-
ents a potential material that may find its use as a 
protective coating for inorganic porous substrates.
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