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Abstract
In this framework study, an attempt was made to synthesize, characterize, and develop some applications of 
nano AlF3 (nAF) by sol-gel method. Meanwhile, precursor gel preparation and the interaction on the nano-
sized area have been studied. By nAF the ZnAl2O3/AlF3 (ZA) nanocomposite has been successfully prepared 
and Structural, morphological and thermal characterization has been done using by FT-IR, XRD, SEM, TG-
DTG, and HRTEM techniques. This nanocomposite was used for the removal of Congo red dye. For this 
purpose, the morphology and the structure of crystals has been changed by modification on precursor gel. 
When precursor gel has been changed from 4 to 9 h, the size of crystals decreased to 15-20 nanometers. The 
results showed that ZA have been efficiency for photocatalysts in decolorization of Congo red.
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INTRODUCTION 
Now pure or organic-inorganic hybrid materials 

and Nano-metal oxides, are applied and available 
from synthesis of the sol-gel method [1-2]. Zinc 
oxide has been long studied to degradation and 
decolorization of Congo red dye [3, 4]. Therefore, 
ZnO doping with metal or non-metals can improve 
its photocatalytic activity in the visible light 
region [5]. One of the most practical materials in 
recent times for researchers is Aluminum Fluoride 
nanoparticles (nAF). Their excellent properties, 
e.g., ease in the manipulation of fabrication, high 
specific surface area, and etc. is reported [6, 7]. 
Degradation of Congo red dye by a Fe2O3-CeO2-
ZrO2/palygorskite composite catalyst was studied 
by Ouyang and the result indicated that the 
adsorption efficiency of CR was up to 95% [8]. 

On the catalyst’s performance in sol-gel 
processes has been significance many factors 
of the catalyst condition, such as raw materials, 
temperature, pH. Several of current and potential 

applications for Aluminum fluoride have as an 
increase the electrical conductivity and to lower 
the melting point [9-14].  Moreover, AlF

3 is one of 
the most critical catalysts for exchange reactions 
in the supports halogens [15-18]. Sol-gel 
method, sputtering and chemical vapor deposition 
are some of methods have been applied for the 
synthesized of nAlF3 thin films, which the sol-gel 
method is the most widely used. 

We have recently developed a reduction method 
of converting Ag nanospheres into nanorods [19], 
nanoplates [20], their antibacterial activity [21, 
22], an improved an easy synthetic route for silver 
nanoparticles in poly (diallyldimethylammonium 
chloride) (PDDA) [23], synthesis of Gold/HPC 
hybrid nanocomposite [24], Preparation of Ag/
ZnO nanocomposite [25, 26] and comparison 
nanosilver particles and nanosilver plates for the 
oxidation of ascorbic acid [27]. 

We have been synthesized ZnAl2O4/AlF3 (ZA) 
nanocomposite by using the sol-gel method. 
The produce of ZA nanocomposite by using a 

http://creativecommons.org/licenses/by/4.0/.
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hybrid sol–gel combustion method at relatively 
low temperature is a new method, especially 
applied to form of photocatalyst. Degradation 
photocatalytic process under UV light radiation 
showed high decomposition of congo-red dye in a 
short time (98.9% - 75 min).

EXPERIMENTAL
Characterization

In this investigation, a FESEM (SNE 4500-
M) equipped with an energy dispersive X-ray 
spectrometer (EDS) was used to assess coating 
morphology. Structural properties of the 
composite film were carried out using a Broker-
based D8-Advance device detector, the XRD 
measurements were performed. The analyses 
were carried out at all angles of 2θ, from 3° to 80°, 
with steps of 0.1°, a stoppage time of 0.1 seconds 
per step at room temperature, and a pressure 
of 1 atm. The FT-IR spectra were recorded using 
KBr discs and Nujol in the wavelength range 400-
4000 cm-1 on FT-IR (Model Perkin–Elmer). TG-
DTG analysis with radiation of Cu-Kα in the range 
10º–80º (2θ) was recorded using Bruker AXS 
diffractometer D8 ADVANCE. Using a UV-1800, a 
UV-Vis spectrophotometer investigated the optical 
properties of samples.

Materials and methods
All of the materials are laboratory-grade and 

have been purchased from Merck Company. The 
nAF with the addition of (Al(CH3COO)3) was started 
the reaction and finished by adding of  HF solution. 
pH of solution was changed between 7 and 10. 
The Ammonium solution, 0.50 g nAlF3 and 0.06 g 
Zinc choloride∙4H2O (in 15 mL water) added, then 
mixed for 30 min at 45 ºC. The white precipitates 
ZA were filtered and dried at room temperature 
for three days. The most experimental details are 
summarized in Table 1.

RESULT AND DISCUSSION
The precipitant in this sample was nAF. The 

crystalline shape of nAF, has been observed in the 
XRD pattern [15, 16] in during the reaction 1.

                                                               alkaline regions 
Al (CH3COO)3 + Al2O2F4 + 5HF                                     3nanoAlF3 +  3 CH3COOH + H2 + O2       (NH3 Solvent)             (1) 
                                                             In glass reactor           (nAF) 
                                                    

                                                               alkaline regions 
Al (CH3COO)3 + Al2O2F4 + 5HF                                     3nanoAlF3 +  3 CH3COOH + H2 + O2       (NH3 Solvent)             (1) 
                                                             In glass reactor           (nAF) 
                                                    

  (1)

The conforming XRD pattern is reported in Fig. 
1. The X-ray diffraction (XRD) analysis of the as 
prepared nAF was carried out for investigate the 
structural properties. The appearance intensity of 
peaks (weak and broad peaks) in the XRD pattern 
indicates that the particle size is small. The nature 
of the synthesized samples indicates with the 
broadening of the diffraction peaks nanostructure. 
The peaks of nAF at 2θ of 25.1°, 35.2°, 42.7°, 52.3°, 
and 58.5° are assigned to the (111), (200), (220), 
(311), and (222), respectively. The orthorhombic 
structure has been provided (reaction 1) for 
crystal planes of nAF (JCPDS-No. 83-2384) [28-31]. 
The XRD patterns showing that the nAF sample 
nano area is successfully synthesized. The crystal 
size with using the Scherrer equation for sample 
was 15.6 nm.

TEM analysis shows that morphology of nAF is 
in nano area. The synthesized nAF with the regular 
shape has spherical shape structure and has been 
connected to each other. The spherical structure 
can has numerous abilities and the size and shape 
of the nanoparticles affects the properties such as 
rheology, stability, and optical characteristics. The 
size of the particle in the HRTEM is in the range 15-
20 nm which as it matches the XRD patterns (Figs. 
2a, 2b).

In the formed alumina precipitates has been 
displayed that variation between two samples 

Table 1. Analysis of the synthesized crystal. 
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Table 1. Analysis of the synthesized crystal.
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of HCO3
- and OH- (Fig. 3). We have been used to 

explain the thermal transformation of nAF TG-DTG 
analysis with reveals some-stage weight loss. At 
the under 98 °C, about 7.59% weight decreased, 
which releases O2, NH3, H2 and forms nAF. The 
weight loss was 2.5%, when the temperature 
increased from 310 to 500 ºC, which is related 
to the removal of the remaining acetates in the 
crystalline nAF. The peak around 103 ºC and a 
broad peak at 301, 482 ºC, showed acetate of the 
weight loss of phase transformation to nAF and 
the removal of adsorbed NH3 [29, 32]. 

The FTIR spectrum of nAlF3 has not been 
showed any Hydroxyl group stretching of water 
(adsorbed) bands at 3300-3500 cm-1 (Fig. 4). The 

band at 1635-1645 cm-1 shows the bending mode 
of absorbed with a small amount of water, that the 
nAF has strong affinity for water. Peak observed at 
1075 cm-1 represents Al–F bending mode [28, 32]. 

FESEM analysis shows the morphology of 
synthesized nano sized nAF shown in Fig. 5. The 
image has been demonstrated spherical particles 
with agglomeration and has porosity. After the 
chemical interaction, the synthesized nAF has 
regular shape having straight fibers connected to 
each other that indicates the homogeneity and 
smooth surface of nanoparticle with uniform 
distribution of particles.

Table 1 demonstration that the bulk density, 
humidity percent, crystal percent and quality of 

 
 

Fig 1. The XRD pattern of the nAF sample. 
   

 
 
 

Figs. 2 (a, b). The images of HR TEM for nAF sample. 
   

Fig. 1. The XRD pattern of the nAF sample.

Figs. 2 (a, b). The images of HR TEM for nAF sample.
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Fig. 3. The TG-DTG curves for nAF dried samples. 
   

 

 
 Fig. 4. The FTIR spectrum of the nano AlF3. 

   

Fig. 3. The TG-DTG curves for nAF dried samples.

Fig. 4. The FTIR spectrum of the nano AlF3.
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Fig. 5. FESEM images of calcined samples. 
   

Fig. 5. FESEM images of calcined samples.

nano AlF3. When increasing precursor gel aging 
time, the percent of crystal (nAF) increased and 
then the quality of the crystals improved. The 
crystal formation can be attributed to the solubility 
of raw materials together which this is reason of 
caused homogenized precursor gel. On the other 
hand, by increasing the time of homogenize 
the purity of synthesized nAF is increasing and 
precursor gel the size of crystals was decreased.

The spherical shape of nanoparticles of 
ZnAl2O4/AlF3 (ZA) nanocomposite loaded on PEG is 

seen in the SEM image (Fig. 6). However, there is 
an agglomerated between the particles [33, 34].

As indicated in Fig. 7 a, b, after the visible 
light irradiation exposure, be seen that no serious 
decolorization is observed, because the Congo 
red is very stable. In the Fig. 7b with catalyst, we 
have been seen a decrease in the concentration 
of Congo red solution. The best result for 
decolorization of Congo red with ZnAl2O4/AlF3 
(ZA) nanocomposite has been showed after 90 
min with decolorization of 98.9%. A yield of 98.9% 
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Figure 6. The SEM image of ZA loaded on PEG. 
   

 
 
Fig. 7. The rate curve for decolorization of Congo red dye solution using the ZnAl2O4/AlF3 (ZA) 

nanocomposite (under UV light irradiation), (a) without catalyst, (b) with catalyst. 
 

Fig. 6. The SEM image of ZA loaded on PEG.

Fig. 7. The rate curve for decolorization of Congo red dye solution using the ZnAl2O4/AlF3 (ZA) nanocomposite (under UV light irradi-
ation), (a) without catalyst, (b) with catalyst.
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demonstrated for remove the Congo red, while 
showed a good efficiency compared with similar 
researches (Table 2).

CONCLUSIONS
In this study, the nAF and ZA nanocomposite 

have been synthesized with sol-gel technique and 
different characterizations have been carried out. 
Results show that aluminum triisopropylate as Al 
source for nAF, and nAF is the best source to form 
the ZnAl2O4/AlF3 nanocomposite structure. The 
particles size of crystals was obtained in 15-20 
nm. The XRD pattern of nAF crystals showed high 
crystallinity and purity in samples and crystal size 
of sample was 15.6 nm. SEM and TEM analysis 
showed that the synthesized crystals has spherical 
shape structure connected to each other, showing 
the regular shape, the obtained spherical shape 
regulates the ZA nanocomposite for decolorization 
of Congo red. The results show the good efficiency 
of the photocatalyst. 
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Table 2. Congo Red removal by some of photocatalysts.
Table 2. Congo Red  removal  by some of photocatalysts. 

 
 

 Photo-catalyst The Pollutant T(min) Remov.(%) Ref. 
1 Alg./ C-Fe2O3/CdS 20 mg/L 300 91 [35] 
2 ZnFe2O4/Graphene 15 mg/L 270 88 [36] 
3 ZnS-CdS 50 mg/L 60 98 [37] 
4 ZnAl2O4/AlF3 10 mg/L 75 98/9 This work 
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