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Abstract. The development of active, stable, and low-cost catalysts for efficient reactions is appealing but 

difficult. The objectives of this study are to synthesize Cr2O3-Al2O3 catalysts and analyze their physical 

properties using SEM, XRD, TGA-DTA, and FTIR. The impregnation method was used to create Cr2O3-

Al2O3 catalysts with five different chromium oxide loadings (3wt%, 6wt%, 9wt%, 12wt%, and 15wt%). The 

physical properties of the catalysts were characterized using FTIR, SEM, BET, and TGA. The FTIR spectra 

and SEM images of the samples confirmed that Cr2O3 was successfully incorporated on Al2O3 support. TGA 

was used to evaluate the weight loss and thermal stability of the catalysts during the calcination process. 

The hydroxyl groups of alumina, as well as its water affinity, cause more mass loss when heated because 

water molecules are released. The addition of chromium oxide, on the other hand, alters thermal interactions, 

resulting in different mass loss behavior for chromium oxide alumina. The surface area changes seen by 

BET analysis gave insights into the structural flexibility of the catalyst across varied loading levels. The 

physical properties of synthesized catalysts demonstrated their ability to be utilized in a variety of catalytic 

reactions. 

1 Introduction 

Catalysts stand as remarkable agents of transformation, 

serving as the dynamic agents that accelerate chemical 

reactions, enhance industrial processes, and reshape the 

contours of our technological environment [1-3]. 

Heterogeneous catalysts, renowned for their critical role 

in catalytic processes, offer a plethora of benefits that set 

them apart as crucial agents of conversion [4-5]. These 

catalysts, which operate at the phase interface, have 

properties that make them highly effective and versatile 

tools for driving chemical reactions and industrial 

processes. Their numerous advantages arise from their 

distinct composition, structural adaptability, and 

catalytic effectiveness, which positions them as 

preferred catalysts in a wide range of applications [6-7]. 

 One of the heterogeneous catalysts is the Cr2O3-

Al2O3 catalyst, which skilfully intertwines chromium 

oxide (Cr2O3) and alumina (Al2O3) to generate a 

catalytic entity of note. The Cr2O3-Al2O3 catalyst 

exemplifies heterogeneity by existing as a separate 

entity within a different phase than the reactants and 

products. This spatial separation has a significant benefit 

in that it simplifies the extraction and purification of 

desired products in industrial operations. Notably, the 

separation facilitates catalyst recycling, enabling 

sustainable and cost-effective operations [8-9]. In recent 

times, there has been growing interest in heterogeneous 

catalysts based on chromium oxide supported on 

alumina due to their distinctive redox properties, 

remarkable thermal stability, and versatile catalytic 
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capabilities [10-12]. The combination of chromium 

oxide and alumina imparts a multitude of advantages 

that significantly enhance their performance in diverse 

catalytic applications.  

 Beyond its physical separation, the Cr2O3-Al2O3 

catalyst has an added benefit due to its structural 

versatility. The composition of the catalysts can be 

meticulously tailored by modifying its surface 

properties, porosity, and active sites. This tailoring 

enables fine-tuning of catalytic activity, selectivity, and 

stability, offering precision in steering reaction 

outcomes. Additionally, the choice of support materials 

enhances these properties, granting the catalyst 

adaptability across diverse reaction conditions and 

substrates. Incorporating chromium oxide onto the 

alumina support results in a catalyst with exceptional 

thermal stability, rendering it particularly suitable for 

catalytic processes operating at elevated temperatures 

[13]. This inherent stability not only ensures prolonged 

catalyst activity but also maintains consistent 

performance over extended reaction periods. 

Additionally, the symbiotic interaction between 

chromium oxide and alumina equips the catalyst with a 

diverse array of acidic and basic sites, amplifying its 

applicability across a broad spectrum of acid-catalyzed 

and base-catalyzed reactions. 

 In light of these commendable attributes, the 

chromium oxide alumina catalyst emerges as a 

promising contender for catalytic transformations. It not 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 516, 02005 (2024)   https://doi.org/10.1051/e3sconf/202451602005
CONCEPT 2023

mailto:nurha8558@uitm.edu.my


only boasts inherent advantages but also holds the 

promise of adaptability to desired specifications. Cr2O3 

loading provides different chemical and physical 

properties of the catalyst [14-15]. This claim was 

supported by the previous findings, which showed that 

the catalytic activity elevated as the Cr2O3 loading 

increased up to 8wt% Cr2O3 but dropped as the Cr2O3 

loading increased to 12wt% of Cr2O3 [14]. In addition, 

Wan Isahak et al. (2017) studied the role of active 

chromium species via propane dehydrogenation 

reaction using 15wt%Cr2O3-Al2O3 and 15wt%Cr2O3-

SiO2 catalysts [16]. They found that the propane 

conversion of 15wt%Cr2O3-Al2O3 was relatively low. 

Therefore, this paper explores the Cr2O3-Al2O3 catalyst, 

covering its preparation through impregnation with 

different chromium oxide loading (3, 6, 9, 12 and 

15wt%) and characterized using SEM, TGA, FTIR, and 

BET. Our study aims to understand the properties of the 

catalysts and examine their potential uses. 

2 Experimental  

2.1 Catalyst preparation  

Chromium (III) nitrate nonahydrate (Cr(NO3)3.9H2O, 

99% purity) was purchased from Merck, Sdn. Bhd., 

Malaysia. Alumina (C6H14O6, 99% purity) was acquired 

from R&M Chemicals, Malaysia. The technique utilized 

in this study was impregnation, employed to synthesize 

Cr₂O₃-Al₂O₃ catalysts with distinct chromium oxide 

(Cr₂O₃) concentrations: specifically, 3wt%, 6wt%, 

9wt%, 12wt%, and 15wt%. The initial phase involved 

the creation of a solution containing chromium(III) 

nitrate nonahydrate (Cr(NO₃)₃ . 9H₂O). To prepare the 

Cr(NO₃)₃.9H₂O solution, 60 g of the compound was 

dissolved in 500 ml of distilled water within a 

volumetric flask. Concurrently, 100 g of Al₂O₃ 

underwent calcination in a vacuum furnace under 

ambient air conditions at a temperature of 700 °C for a 

duration of one hour. Subsequently, the calcined Al₂O₃ 

was added to the Cr(NO₃)₃.9H₂O solution and subjected 

to an hour-long mixing process utilizing a hot plate and 

a magnetic stirrer, operated consistently at 400 rpm. 

 To enhance homogeneity and particle dispersion 

within the sample, the resulting mixture underwent a 

ten-minute ultrasonication process. The resulting 

solution was subsequently dried within an oven at a 

temperature of 110 °C for a duration of two hours. 

Following this, the sample was subjected to a 

calcination process in an air environment at a 

temperature of 400 °C for a duration of three hours, 

rendering it ready for subsequent analysis. This 

sequence of steps was replicated across varying 

chromium oxide percentages to generate the array of 

catalysts under scrutiny. 

2.2 Catalyst Characterization  

The calcined catalysts were thermally analysed using a 

Perkin Elmer Thermo Gravimetric Analyzer (TGA 

8000). 10 ± 0.5 mg of a sample was treated in the 

thermogravimetry analyser with nitrogen gas at a rate of 

100 ml/min. To minimize excessive heat evolution, 

which could pose a safety concern and damage 

equipment, the sample quantity was kept minimal, 

around 10 mg or less. The furnace temperature was 

regulated between 30 and 800 °C, with a heating rate of 

10 °C/min. The Bruker Fourier Transform Infrared 

Spectroscopy Vertex 70 (FTIR) study was performed to 

determine the chemical component and structure of the 

catalysts, as well as to investigate the primary 

absorption band. The analysis employs a spectral range 

of 600 cm-1 to 2200 cm-1. Scanning electron 

micrographs (SEM, FEI Titan electron microscope) 

with a magnification of 1000 were used to evaluate the 

surface morphology of the catalysts. The porous 

structure of the materials was characterized by nitrogen 

adsorption at -196 °C using a Beckman Coulter SA3100 

surface area analyser. The multipoint BET technique 

was used to calculate the specific surface area by 

linearizing the adsorption isotherm in the P/Po range of 

0 to 1. The BJH desorption method was used to create 

the pore size distribution function by analysing the 

desorption branch of the nitrogen adsorption-desorption 

isotherm. 

3 Results and discussion  

3.1 Characterization of catalysts  

N2 physisorption analysis is the most widely used 

technique to investigate textural properties of solid 

materials. Table 1 showed the surface area of all 

catalysts. The surface area of Al2O3, 3wt%Cr2O3-Al2O3, 

6wt%Cr2O3-Al2O3, 9wt%Cr2O3-Al2O3, 12wt%Cr2O3-

Al2O3 and 15wt%Cr2O3-Al2O3 is 148.67 cm3/g, 143.08 

cm3/g, 141.31 cm3/g, 128.37 cm3/g, 120.71 cm3/g, 

104.79 cm3/g respectively. Based on the data tabulated, 

Al2O3 recorded the highest surface area compared to 

other catalysts. High surface area attributed to small size 

of the sample. Up to 12wt% of chromium loading, the 

surface area decreases and drastically reduced at 

15wt%Cr2O3-Al2O3. The findings indicated that the 

deposition of chromium oxide onto the alumina support 

can restrict the available surface area for N2 

physisorption by obstructing pores within the material. 

Furthermore, increased accumulation of chromium 

oxide could promote the aggregation of particles, 

leading to a decrease in the quantity of active sites and, 

as a result, an expansion of the surface area. 

 Figure 1 showed the N2 adsorption-desorption 

isotherms of the catalysts. According to the IUPAC 

classification, the prepared samples possessed the type 

IV isotherm along with a H1 hysteresis loop (narrow 

range of uniform mesopores where networking effects 

are minimal), where both are the characteristics of 

mesoporous materials [17] as evidenced by the 

corresponding pore size distribution. The adsorption 

branch is comprised of a region with a low slope, which 

is linked to multilayer adsorption on the walls of pores. 

Subsequently, pore condensation takes place in the 

mesopores, and the branch concludes with a plateau 

region, which signifies fully filled mesopores and 

minimal or absent macroporosity. The desorption 
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branch leads to a narrow hysteresis loop that is parallel 

to the adsorption branch, indicating a confined 

distribution of uniform mesopores and limited 

networking effects [18]. In the instance of adsorption 

isotherms, it is discovered that chromium impregnation 

on alumina somewhat affects the hydrogen adsorption 

capacity of base alumina support. The chromium-

hydrogen bond is known to be more energetically weak 

than the alumina-hydrogen bond [19]. This could be the 

cause of the slight decrease in the hydrogen adsorption 

capacity of chromium-alumina relative to alumina that 

was seen in the hydrogen adsorption isotherm of 

chromium alumina, along with the reduction in surface 

area.  

 The presence of both chromium oxide and alumina 

can result in synergistic effects that significantly boost 

catalytic activity, surpassing what would be anticipated 

purely based on surface area analysis. These effects can 

result from intricate interactions among the various 

constituents of the catalyst. Although the surface area 

decreases as the amount of chromium oxide increases, 

the catalytic performance can still be enhanced or 

optimised through mechanisms such as improved 

accessibility to active sites, favourable chemical 

interactions, increased selectivity of the catalyst, and 

synergistic effects between the components of the 

catalyst. 

 
Table 1. Textural properties of the Al2O3, 3wt%Cr2O3-Al2O3, 

6wt%Cr2O3-Al2O3, 9wt%Cr2O3-Al2O3, 12wt%Cr2O3-Al2O3 

and 15wt%Cr2O3-Al2O3 catalysts. 

 

 

Fig. 1. Isotherm linear plot of synthesized catalysts.  

 Figure 2 displayed below illustrates the SEM 

images of Al2O3 and 15wt%Cr2O3-Al2O3 catalysts at 

1000 magnification. The images distinctly highlighted 

notable distinctions in surface characteristics between 

both catalysts. Specifically, the difference lay in their 

surface features; the alumina particles exhibited an 

absence of minuscule chromium particles adhering to 

the surface. In contrast, the 15% chromium alumina 

showcased the presence of finely dispersed particles 

resembling powder (chromium) that adhere to the 

alumina surface. The addition of chromium oxide leads 

to surface modification, which is an important process 

for customizing surface characteristics and catalytic 

activity. Moreover, these particles augment the 

catalyst's efficacy by offering supplementary active sites 

for catalytic reactions, capitalizing on the well-

established catalytic capabilities of chromium oxide. 

The extent to which chromium adhered to the surface of 

the alumina particles served as a critical indicator of the 

successful incorporation of chromium and alumina. 

 

 

Fig. 2. SEM images of the Al2O3 and 15wt%Cr2O3-Al2O3 

catalysts at 1000 magnification.  
 

 FTIR spectroscopy was utilised to evaluate the type 

of functional groups entailed in the catalysts as well as 

to investigate the structure variation of Al2O3 and varied 

weight percent of Cr2O3-Al2O3. Figure 3 depicted the 

FTIR spectra of all catalysts in the range of 600-2200 

cm-1. Each individual sample exhibited a distinctive 

peak at 690 cm-1, indicative of the characteristic bending 

observed in Al-O-Al bonds [20]. This unequivocally 

signified the presence of alumina across all samples. 

Subsequently, a discernible peak emerged at 1052 cm-1, 

corresponding to the bending of Al-O-H bonds [21]. 

However, upon meticulous scrutiny of the graph, it 

became evident that the intensity of each Al-O peak 

diminished as the chromium loadings increased, 

rendering the peak less conspicuous. This phenomenon 

can be attributed to the intricate interplay of chromium 

oxide.  

Catalysts 
BET surface areas 

(m2/g) 

Al2O3 148.67 

3wt% Cr2O3-Al2O3 143.08 

6wt% Cr2O3-Al2O3 141.31 

9wt% Cr2O3-Al2O3 128.37 

12wt% Cr2O3-Al2O3 120.71 

15wt% Cr2O3-Al2O3 104.79 

 Al2O3 

 

15wt% Cr2O3-Al2O3 
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 A discernible deduction can be made that 

heightened percentages of chromium induce a reduction 

in the prominence of the peak, underscoring the 

effective interaction involving chromium. Thus, the 

increased in chromium content led to a proportional 

decline in the peak, thereby substantiating the successful 

occurrence of reactions associated with chromium. 

Notably, the characterization of O-H bending is 

observed across all samples within the spectral range of 

1610 cm-1 [22]. This figure clearly illustrated the lack of 

observable chromium vibrations. This can be attributed 

to the challenge of precisely identifying the precise 

location of the chromium peak, given that it falls below 

600 cm-1, while the recorded results are above this 

threshold. 

 
Fig. 3. FTIR spectra of (a) Al2O3, (b) 3wt%Cr2O3-Al2O3, (c) 

6wt%Cr2O3-Al2O3, (d) 9wt%Cr2O3-Al2O3, (e) 12wt%Cr2O3-

Al2O3 and (f) 15wt%Cr2O3-Al2O3 catalysts. 

 

 The weight loss and thermal stability of the samples 

in the calcination treatment were determined using TGA 

analysis. Figure 4 depicted the TGA profiles vs 

temperature under air conditions ranging from 30 to 800 

°C. The observed TGA curve exhibited 17.6%, 3.87%, 

9.62%, 9.86%, 10.4% and 11.36% total weight loss for 

Al2O3, 3wt%Cr2O3-Al2O3, 6wt%Cr2O3-Al2O3, 

9wt%Cr2O3-Al2O3, 12wt%Cr2O3-Al2O3 and 

15wt%Cr2O3-Al2O3 catalysts respectively. 

15wt%Cr2O3-Al2O3 catalysts showed high weight loss 

compared to other Cr-alumina based catalyst may due to 

the higher mass of Cr(NO3)3.9H2O used during the 

impregnation method, which contributed to higher 

amount of physisorbed water in the sample. The TGA 

curve of all catalysts showed a gradual weight loss as 

temperature rises at around 30-117 °C. This is mostly 

due to the removal of physically adsorbed water and 

other volatile components from the alumina surface and 

pores [23]. As the temperature rose which is around 480-

570 °C, the TGA curve of alumina exhibited a slight 

plateau or steady drop, indicating the removal of 

chemisorbed water and the alteration of specific 

hydroxyl groups on the alumina surface. 

 TGA analysis of chromium oxide alumina, on the 

other hand, showed a single weight loss occurring 

within the temperature range of roughly 30 °C to 100 

°C. This weight loss is due to the removal of physically 

adsorbed water and volatile substances from the 

catalyst's surface and pores. The contrast in weight loss 

behaviour between pure alumina and chromium oxide 

alumina underscores the impact of the chromium oxide 

element on the thermal properties of the catalyst. The 

presence of a singular weight loss event in chromium 

oxide alumina predominantly pertained to the 

elimination of water. Conversely, pure alumina 

displayed two distinct weight loss events, encompassing 

the expulsion of water and the subsequent 

dehydroxylation process. The hydroxyl groups of 

alumina and their affinity for water contributed to its 

higher mass loss as it released water molecules during 

heating. Conversely, the introduction of chromium 

oxide altered the thermal interactions, resulting in a 

different mass loss behaviour for chromium oxide 

alumina. This divergence may be attributed to potential 

interactions between the chromium oxide species and 

the alumina matrix. These revelations deliver valuable 

insights into the thermal attributes of these materials and 

provide deeper comprehension of the role that 

chromium oxide plays in shaping the behaviour of the 

catalyst. 

 

 
Fig. 4. TGA curves of synthesized catalysts. 

4 Conclusion 

The study focused on the Cr2O3-Al2O3 catalyst, 

examining its behaviour across different chromium 

oxide loading levels (3wt% to 15wt%). This 

methodological approach yielded a nuanced 

understanding of how distinct levels of chromium oxide 

loading influenced both the physical characteristics of 

the catalyst, including surface area and thermal stability, 

and the intricate dynamics of the interaction between 

chromium and alumina. The shifts in surface areas, 

observed through BET analysis, provided insights into 

the structural adaptability of the catalyst across varying 

loading levels. The mesoporous nature, evident from 

type IV isotherms, connected loading to textural 

properties. Observable alterations in thermal behaviour, 
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as indicated by TGA findings, shed light on how the 

presence of chromium oxide contributed to the stability 

and thermal profile of the catalyst. Furthermore, the 

discernible shifts in Al-O bending peaks revealed by 

FTIR analysis highlighted the interaction between 

chromium and alumina, showcasing its distinct variation 

with different chromium oxide loadings. SEM images 

visually confirmed successful incorporation of chromia. 

This multi-technique analysis deepened our 

understanding of how chromium oxide loading 

intricately influences the Cr2O3-Al2O3 catalyst, 

enhancing its potential applications. 
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