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Abstract---Sulfated zirconia over silica core (NSZS) was synthesised 

using an ultrasonic-irradiated sol-gel media in which zirconia 
nanoparticles were distributed on a silica core created by applying 

ultrasonic irradiation to the sol-gel medium. In order to produce a 

highly effective catalyst, it is important to have a high surface-to-

volume ratio, which the synthesised core-shell catalytic system fully 

meets. An ultrasonic titanium horn in a sonochemical glass reactor 

was used for the synthesis. The generated catalyst's crystalline size 
was 8 nm using this procedure. XRD, N2 Physiosorption, TG-DTA, 

FTIR, and SEM were used to analyse the produced catalysts. 

Isobutane alkylation with butene-1 catalysed at 98 percent efficiency 

by the catalyst after 26 hours of speed of a person's response. A 94 

percent activity level was achieved after four and two rounds of 

regeneration, respectively. Nanoparticles that are not agglomerated 
may be formed by ultrasonic irradiation, as shown by the NSZS's 

properties. 

 

Keywords---nano sulfated zirconia, silica, sonochemical, N2 

Physiosorption. 
 

 

Introduction  

 

Recently, there has been a lot of interest in zirconia as a catalyst or support for 

catalysis. Zirconia typically has a low surface area. Several technologies, 
including the fabrication of nanocrystalline, mesostructured, in order to improve 

the surface area of zirconia, meso-macroporous zirconia Meso-macroporous 

zirconia and other materials have also been used. As a result of its application in 

industrial processes such as hydrocarbon isomerization, sulfated zirconia may 

prove to be a beneficial addition to the zirconia family of materials. Despite this, 
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sulfated zirconia is not frequently employed in catalytic processes due to the tiny 

surface area of the material. Because of its huge surface area, sulfated zirconia 

has been in high demand for a long time. A number of times, Zinc oxide with an 

extremely large surface area has been used effectively in this application 
synthesised using conventional methods. The presence of sulfated zirconia in the 

pores of mesostructured silica can be demonstrated by the use of surfactants in 

the synthesis of mesoporous sulfated zirconia nanopatches, nanopatches of 

mesoporous sulfated zirconia prepared by reverse microemulsion and sol-gel 

methods and monoclinic and tetragonal zirconia. In addition, the preparation of 

these materials necessitates the use of solvents, which adds to their complexity. 
 

Acidity of sulfated zirconia catalysts may be affected by a number of parameters, 

including the manufacturing method, zirconia crystalline phase, temperature of 

the calcination process, sulphur species present, and the amount of water on the 

surface. The kind of precursor used to prepare sulfated zirconia has a significant 
impact on the catalyst's final texture and performance. Zr(OH)4 amorphous must 

be employed as the starting point for sulfation. It is impossible to achieve strong 

acidity by sulfating crystalline zirconium oxide. In addition, the calcination 

temperature affects the catalyst's catalytic activity. For sulfated zirconia, the most 

typical calcination temperature is between 550 and 650 degrees Celsius. Some 

argue Although both Brnsted and Lewis acidic sites have been found in sulfated 
zirconia, there is some disagreement over whether the strong acid sites in sulfated 

zirconia are the product of either one or a mixture of the two acid types. The 

dehydrogenation of n-butane is generally considered to be the initial step in the 

formation of n-butene isomers. Techniques for producing N-butene, on the other 

hand, included the use of Brnsted acidic sites or Lewis acidic sites, as well as a 
combination of both, using sulfated zirconia catalysts. 

 

Literature review 

 

Sekewael, Serly& Ayu Pratika(2022)Zirconia's thermal stability and acid–base 

characteristics make it an ideal material for a wide range of applications. 
Sulfation of ZrO2 may increase its acidity, resulting in sulfated zirconia (ZrO2-

SO4). When the FTIR spectra of a ZrO2 catalyst were examined for the presence of 

sulphate absorption bands, the sulphate loading had increased ZrO2's acidity, 

according to an acidity test. Platinum (Pt), Chromium (Cr), and Nickel (Ni) may be 

added to the ZrO2-SO4 catalyst to boost its catalytic activity and stability. Pt, Cr, 
and Ni concentrations were shown to have a significant impact on the catalytic 

activities as a result of the acidity of the catalyst and porosity rose as a result of 

the new components. For their activity, Pt/ZrO2-SO4, Cr/ZrO2-SO4, and Ni/ZrO2-

SO4 were hydrocracked to produce liquid fuels, selectivity, and catalytic stability. 

There was a greater proportion of liquid fractions generated with these catalysts 

compared with pure ZrO2 or ZrO2-SO4. 
 

Al Qaysi, Khalid &Nayebzadeh(2021)Metal cations (Al, Co, Zr, Cr, and Zn) were 

added to sulfated silica-titania catalysts to increase their catalytic activity and 

stability during esterification reactions. The findings showed that the insertion of 

support cations largely transformed the sulphate the sulfated silica-titania to TiO2 
stages (SO4). Samples' acidity and sulphate group-to-support surface bonding 

strength were both impacted. It also had a good effect on the esterification 
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process since the mean pore size was greatly enlarged. At 120°C, all samples were 

found to be appropriate for catalytic activity, however the A titanium-titania 

catalyst enriched with sulfated silica Al3+ showed reduced activity decline when 

the temperature was adjusted to 90°C. Oleic acid conversion was best at 90°C, 

9:1 methanol:oleic acid ratio, and 3 wt. % catalyst in a reaction time of three 
hours under ideal reaction conditions. For six cycles, the Al3+-modified sulfated 

silica-titania catalyst showed excellent catalytic stability, but the activity of the 

original sulfated silica-titania catalyst decreased significantly. 

 

Gondaliya, Mitesh &Maheta (2014)Nano Zirconia and Nano Sulfated Zirconia were 

used to make 1,5-benzodiazepines without the need of any solvent. Conventional 
and microwave synthesis methods were used. When Nanoparticles were added to 

o-phenylenediamine and a few ketones, benzodiazepines were created. The 

utilised particles ranged in size from 53 to 100 nm. The FT-IR, DLS, and powder 

XRD analyses were used to characterise the nanoparticles. Chen, Guochang& 

Guo(2013)As a surfactant, poly(N-vinylpyrrolidone) was used to manufacture well-
dispersed sulfated zirconia nanoparticles. SEM, XRD, FT-IR, and XPS are used to 

characterise the sulfated zirconia nanoparticles that are produced. Catalyzed the 

production bicyclic methane and biodiesel by the reaction of aldehydes with 

indole and esterification of long-chain free fatty acids are examples of electrophilic 

substitution reactions, respectively, these nanoparticles shown good catalytic 

properties. The process by which the zirconia nanoparticles were produced was 
also suggested. 

 

Ortiz de Zarate, David & Gómez‐Moratalla(2006)We were able to synthesise 
materials based on silica that have a high Zr concentration (43 Si/Zn 4) and are 

bimodal mesoporous the employment of a cationic surfactant (CTMABr = 

cetyltrimethylammonium bromide) and hydrolytic inorganic precursors. It is 

possible to optimise the distribution of Using this kind of preparation, Zr guest 

species may be introduced into the silica walls. For example, bimodal mesoporous 

behaviour may be shown in the high surface area nano-sized materials using 
XRD, TEM, and N2 desorption–adsorption isotherm measurements. The findings 

of the research support this up. The surfactant's supramolecular templating 

ability is to blame for the formation of the tiny intraparticle mesopore system, 

while the initial nanometric mesoporous particles aggregate to form massive 

(about 12–24 nm) mesopore systems. In this final pore system, the basicity of the 
reaction media seems to play a role. The Zr locations in the framework were 

studied using UV/VIS spectra as well as the impacts of Zr atoms being gradually 

absorbed into the mesostructure. The results were promising. The results of post-

treatments with HCl/ethanol combinations on the as-synthesised materials 

demonstrate that the atrane approach produces Zr-rich materials with improved 

site accessibility and good chemical uniformity. 
 

Objectives of the study 

 

 Nano units of sulfated zirconia are embedded in a silica core (NSZS) are 
incorporated 

 Nano-sulfated Zirconia with a high surface area may be made using reverse 
micro emulsion or sol-gel methods. 
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Materials and Methods 

  

Reagents and Materials  

 
THF, Conc.H2SO4, From Merck, India, came Ethanol (98 percent), Isobutane (70 

wt. %), and Butene-1 (70 wt. %), as well as TEOS (98 percent) and Zirconium n-

propoxide [Zr(OC3H7)4] (70 wt. %). 

 

Sonochemical Apparatus 

 
The synthesis was carried out using a Hielscher ultrasonic Gmblt UP 200S 

ultrasonic irradiation equipment (Figure-1). At 200W and 24 kHz, the ultrasonic 

processes run. The reaction's amplitude may be adjusted from 0% to 100%. 

Piezoelectric transducer-driven ultrasonic titanium horn S7 with 7 mm diameter 

and length of 100 cm was employed and is immediately inserted inside of a 
temperature-controlled glass reactor with a magnetic stirrer, thermocouple, and 

an input tube for reactants. Various samples with volumes ranging from 20 

millilitres to five hundred millilitres were subjected to ultrasonic analysis. 

 

 
Figure 1. Reactor setup diagram for Sonochemical Semi-batch glass 

 

Catalyst Synthesis  
 

Ultrasonic irradiation with Ar flow in a semi-batch glass reactor (Figure 1) was 

used for the synthesis. All the ingredients were mixed together in a glass reactor 

for the creation of the core-shell NSZS. Using a semi-batch glass reactor, we 

combined THF (20.76 g), double-distilled water (6.40-g), and H2SO4(12M, 4.5-g) 

before adding the tetraethoxysilane (30.16-g) dropwise for over 10 minutes at 
40°C while the mixture was irradiated with ultrasonic waves (200W, 24 kHz). The 

molar ratio of Zr/Si was then adjusted to the required amount using ethanol and 

10 grammes of zirconium n-propoxide (Zr (OC3H7)4 70 weight percent in 

propanol). The mixture was then agitated for 10 minutes. Ultrasonic waves at 

200W and 24kHz frequency were used to irradiate a slurry at 20°C argon flow for 
ten minutes. The amplitude of the reaction can be varied from 0% to 100%. 
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Overnight drying at ambient temperature, followed by 10 hours of heating at 

100°C, and then at 600°C for 5hrs, the samples were filtered by vacuum filtration. 

A 60:40 mixture of NSZS and alumina binder was used to create extrudates, 

which were allowed to peptize for two hours before being added to glacial acetic 

acid solution in a drop-wise manner. Following overnight drying at ambient 
temperature and 12 hours of heating at 100°C, the extruded paste was extruded 

to a diameter of 1 mm. They were all calcined at 600°C for five hours. A desiccator 

was used to preserve the calcined extrudates before they were used in the 

catalytic processes. 

 

Results  
 

Crystallinity and the Size of Individual Crystals 

 

FIGURE 2: After being heated to 600°C, NSZS sample Diffraction patterns with 2 

= 30.15[(111) reflection], 35.15, 5020, and 59,30 are the only ones discernible in 
the X-ray data. In comparison to previously reported non-nano dispersed SZ/SiO2 

catalysts, the NSZS sample's crystalline size is 8 nm, which is smaller, according 

to X-ray diffraction data. 

 

FT-IR Studies  

 
A large Adsorbed water molecules in the form of stretch and bend modes are seen 

in the FT-IR spectrum (Fig.3) (not shown) of sulfated zirconia (Fig.3) (shown), both 

of which are linked to zirconia and the sulphate group (NSZS). An infrared 

spectrum of inorganic chelating bidentate sulphate shows peaks at 1244, 1145, 

1078, 1045, and 995 cm–1 due S-O bond stretching frequencies may be 
asymmetric or symmetric, with a wavelength of 1200–900 cm–1. Sulfated zirconia 

samples include Brnsted acid sites caused by the S-O bond's partly ionic 

character. 

 

 
Figure 2. Overlay of sulfated zirconia and silica for XRD (NSZS) 
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Figure 3. FT-IR of NSZS catalyst 

 

Thermal Analysis 
 

 
Figure 4. TG/DTA curves of NSZS catalyst 

 

According to Figure-4 shows non-calcined NSZS TG/DTA curves, 600–650°C 

seems to be the ideal temperature for the NSZS sample to be calcined. In the TGA 

curves, there are two primary losses of mass. The first one, which occurs at about 
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100°C, has an endothermic reaction. The elimination heterogeneity of strong acid 

sites based on the physiosorbed water and a range of temperatures up to 400 

degrees Celsius. When the temperature rises over 700°C, an exothermic peak is 

noticed along with the second weight loss. Decomposition of organic molecules is 

likely responsible for the greatest weight loss of 25-30 percent. 
 

Textural Properties  

 

According to the isotherms illustrated in Figure-5, the extremely the calcined 

sample contains the surface area of microporous materials measured using the 

Brunauer-Emmett-Teller method had a N2 adsorption/desorption type I feature. 
As determined by their respective isotherms, the NSZS has an adsorption 

isotherm-based size distribution of 5–27 nm, with an average single-pore volume 

of 0.63 mlg-1. Ultrasonic synthesis of NSZS is clearly superior to traditional 

synthesis, providing a ZS significantly outperforms classical synthesis in terms of 

quality and ease of implementation. with high surface area. 
 

 
Figure 5. The NSZS catalyst's N2 adsorption isotherm and pore-size distribution 

(inset) 
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Scanning Electron Microscopy 

 

 
Figure 6. NSZS catalyst SEM image for (A) 20 minutes, (B) 40 minutes, and (C) 

high resolution, ultrasonic irradiation is used 

 

This type of ultrasonic irradiation has a distinct surface structure than other 

traditional ways of zirconia preparation (Figure-6). The ultrasonic irradiated NSZS 

catalyst was found to contain spherical particles. When subjected to ultrasonic 
irradiation high-energy cavitation occurring over an extended length of time is 

assumed to be the cause of the particles' poor form (figure 6-B) over 40 minutes 

(figure-6 A). 

 

Conclusion 

 
It is anultrasonic preparation of a core-shell Sulfated zirconia over silica (NSZS) 

catalyst.radiation, which promotes the homogeneity of ZrO2 and SiO2 precursor 

hydrolysis, prevents after several calcinations and sulfation cycles, the 

agglomeration remains stable even after repeated regenerations. For solid 

catalytic processes, the increased structural and textural features of the NSZS 
catalyst have tremendous application potential because to their high sulphur 

loadings, large malleable crystal sizes, large surface areas and large pore volumes. 

Figure 6-B shows that after 40 minutes, the particles' bad shape is attributed to 

high-energy cavitation happening over a long period of time, which may be 

employed for the synthesis of various metal oxides or silica-supported metals 

such as TiO2/SiO2 and CuO/SiO2. As a result of ultrasonic treatment, highly 
efficient sulfated zirconia and silicon catalysts may be superior to other commonly 

used one- and two-step procedures, such as simple heating and simple 

calcination. 
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