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ABSTRACT 

 

The Al-MCM-41 was successfully synthesized from red mud as silica and alumina source. The synthesis 

process involved a two-step hydrothermal method using CTABr as the mesopore template. The XRD 

analysis shows an amorphous structure characteristic of Al-MCM-41 with uniform hexagonal pore 
structure. The resulting Al-MCM-41 had a high surface area of 461.37 m2/g with the high pore volume of 

0.41 cc/g. Morphologically, the Al-MCM-41 catalyst displayed agglomerated small crystallites with 

particle sizes ranging from 0.6 to 1.4 μm. Elemental analysis showed the catalyst comprised Al, Si, Fe, 
and O elements, with percentages of 5.45%, 39.61%, 2.72%, and 49.09%, respectively. The catalyst was 

used in the catalytic deoxygenation of Reutealis trisperma oil to produce diesel-range hydrocarbon. 

Furthermore, GC-MS analysis of the liquid product demonstrated a selectivity of 48.5% for hydrocarbons 
and 28.14% of aromatic.  
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1. INTRODUCTION 

          The aluminum industry's development has led to 

several significant challenges, particularly in waste 

management. A notable issue is the production of red mud 

(RM) during the alumina production process using the Bayer 

method, resulting in brownish-red solid waste. Statistical 

data indicates that the global abundance of RM reached 4 

billion tonnes in 2019, with an estimated annual increase of 

up to 150 million tonnes [1–4]. Red mud, which has a pH of 

roughly 10–13.3, has significant alkaline qualities. The 

accumulation of moist mud in rivers or ponds raises the pH 

of the water system since it is an alkaline waste. If red mud 

is directly released into the environment without being 

treated, it must be stored properly across a wide region to 

avoid negative effects on the soil and water [5]. Red mud 

accumulation's negative effects on the environment might be 

mitigated by using it as a source of minerals for chemical 

synthesis. Red mud contains several metal oxides like 

Al2O3, CaO, Fe2O3, SiO2, TiO2 etc [6,7]. Researchers 

have explored various applications of red mud, such as using 

it as a precursor in zeolite synthesis [7,8], mesoporous 

alumina [9], mesoporous aluminosilicate [10], concrete raw 

materials [11], road materials [12] etc. In previous study, 

thermal and chemical treatments were performed to remove 

impurities from the red mud before its use in chemical 

synthesis. In the synthesis of ZSM-5, red mud is treated with 

NaOH to eliminate iron species that could compromise 

zeolite purity [13]. Some researchers have used calcination 

to transform the crystalline phase of red mud into an 

amorphous form [14]. Adding citric acid decreased the pH 

and total alkalinity of red mud by enhancing the solubility of 

Na, Ca, and Al [15]. 

          The synthesis of acid catalysts like Al-MCM-41 has 

practical applications in catalytic deoxygenation reactions. 

Al-MCM-41's unique characteristics, including its 

mesoporous structure and high acid sites, enable it to 

significantly enhance hydrocarbon production from 

triglycerides. In the context of biofuel production, the 

catalytic deoxygenation reaction plays a crucial role. This 

reaction requires a catalyst to remove oxygen content from 

fatty acids while also inhibiting hydrocracking reactions, 

thereby ensuring the formation of hydrocarbons with 

appropriate chain lengths [16–18]. The utilization of a 

catalyst in the deoxygenation reaction is expected to increase 

mailto:reva.edra.tk@upnjatim.ac.id
mailto:didikp@chem.its.ac.id


Malaysian Journal of Catalysis 8 (2024) 1-8 

2 
 

biofuel products within the C11-C18 range while reducing 

carbonyl compounds. The previous study reported that 

employing an acid catalyst with high Lewis acid sites can 

boost hydrocarbon products (C11-C18) while decreasing 

carbonyl compounds in vegetable oil [16]. Additionally, 

studies have indicated that the presence of Fe content in the 

catalyst can inhibit the C-C bond cracking reaction in the 

target hydrocarbon range (C11-C18), thereby enhancing 

catalytic activity and hydrocarbon selectivity [19]. Besides 

catalyst design, selecting the appropriate feedstock is also 

crucial for biofuel production. Non-edible oil is preferred as 

a feedstock over edible oil due to competition in the food 

sector. Reutealis trisperma is a promising non-edible 

biodiesel plant, known for its high seed production capacity 

and oil content. Additionally, it can thrive in unfavorable 

environmental conditions [20].  

          In this research, the Al-MCM-41 catalyst was 

synthesized using red mud as a source of alumina and silica. 

The catalytic activity of Al-MCM-41 is being investigated 

through the deoxygenation reaction of Reutealis trisperma 

oil 

 

2. EXPERIMENTS 

2.1 Materials 

 

 Red mud (bauxite waste) acquired from Bintan 

Island, Riau, Indonesia, Sodium Hydroxide (NaOH Merck, 

99%), LUDOX Colloidal Silica (Sigma Aldrich 30% silica), 

Hexadecyltrimethylammonium bromide (CTAB, Sigma 

Aldrich 98%), Citric Acid (C6H8O7. H2O, Merck 99%), n-

hexane, distilled water and N2 Ultra High Purity (UHP) gas. 

 

2.2 Preparation of Red Mud 

 

The red mud (RM) sample from the Bintan Islands 

was ground and sieved through a 125-mesh screen to achieve 

a finer grain size to increase the reactivity. The silica (SiO2) 

in red mud was dissolve by mixing 100 mL (1 M) citric acid 

with 1 g red mud and stirred for 24 h. Subsequently, the 

mixture of red mud and citric acid (referred to as RCA) 

underwent centrifugation to separate the sediment. The 

resulting brown precipitate was then subjected to drying in 

an oven set at 80°C. 

  

 

2.3  Synthesis of Al-MCM-41 

The synthesis of Al-MCM-41 was conducted via the 

hydrothermal method, employing a molar composition of 10 

Na2O : 100 SiO2 : 2 Al2O3 : 1800 H2O. The molar ratio of 

SiO2 to CTABr was 3.85. The RCA was used as silica source 

and alumina. Initially, 1.6603 g of NaOH dissolved in 

19.4186 g of distilled water in a PP bottle and stirred for 30 

minutes. Then, 0.7196 g of RCA was added as the silica and 

alumina source to the mixture. Subsequently, Ludox was 

gradually introduced along with distilled water to prevent 

clumping, and stirring continued for 8 h. After completion, 

the gel mixture was left to age for 6 h at 70 ℃. The first 

hydrothermal process occurred at 80 ℃ for 12 h following 

the aging process. CTABr was slowly incorporated into the 

mixture and stirred until it had a slurry texture. The second 

hydrothermal process took place in an autoclave at 150 ℃ 

for 24 h. The resulting solid was washed with distilled water 

until neutral (pH = 7) and then dried at 60 ℃ for 24 h. 

Subsequently, the dry powder underwent calcination in a 

tubular furnace at 550 °C (2 °C/minute) under a flow of N2 

gas for 1 h, followed by 6 h under airflow. 

 

2.4  Catalyst Characterization 

          The wide X-ray Diffraction (XRD) characterization 

utilizing a PHILIPS-binary XPert with MPD diffractometer 

with Cu K radiation operating at 30 mA and 40 kV was used 

to examine the phase transformation of red mud to Al-

MCM-41. The low XRD was performed with Bruker type 

D2 Phaser using KFL Cu 2K radiation at 10 mA and 30 kV 

to analyze the pore uniformity in Al-MCM-41. Shimadzu 

Instrument Spectrum One 8400S's Fourier Transform Infra-

Red (FTIR) within range of 400-1400 cm-1 measurement 

was used to examine the functional group of catalyst. The 

specific surface area was assessed using the Brunauer–

Emmet–Teller (BET) method through N2 Adsorption-

Desorption analysis. This analysis was conducted at 363 K 

utilizing a Quantachrome Touchwin v1.11 instrument. 

2.5      The Catalytic Deoxygenation 

          The deoxygenation process involved 10 g Reutealis 

trisperma oil (RTO) and 0.3 g of catalyst placed in a three-

neck flask connected to distillation equipment and a heating 

mantle. The reaction proceeded at approximately 350 ℃ for 

4 h. After completion of the reaction, the catalyst and residue 

were weighed and washed with n-hexane for catalyst reuse. 

The resulting deoxygenation product was weighed and 

subjected to analysis using Gas Chromatography-Mass 

Spectrometry (GC-MS). Subsequently, the Degree of 

Deoxygenation (DD) (Eq. 1), conversion (Eq. 2), selectivity 

(Eq. 3) and yield (Eq. 4) of the deoxygenation product were 

calculated. 

𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑑𝑒𝑜𝑥𝑦𝑔𝑒𝑛𝑎𝑡𝑖𝑜𝑛 (𝐷𝐷) = 

[1 − (
%𝐹𝐴 𝑖𝑛 𝑙𝑖𝑞𝑢𝑖𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

%𝐹𝐴 𝑖𝑛 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡
)] 𝑥100%                              Eq. 1 

 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 (%) = 

(

 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 

𝑓𝑖𝑛𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡

)

 𝑥100%                              Eq. 2 
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𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  

(𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡)

(𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 )
 𝑥 100%     Eq. 3 

 

𝐿𝑖𝑞𝑢𝑖𝑑 𝑦𝑖𝑒𝑙𝑑 (%) = 

(
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡
) 𝑥100%   Eq. 4 

 

3. RESULTS AND DISCUSSION 

3.1 Red Mud Pre-Treatment 

          This citric acid treatment serves to dissolve the 

mineral content present in red mud. According to research 

conducted by Kalsen et al. (2019), it demonstrates that the 

reduction in silica (Si) content achieved through citric acid 

has shown an increase compared to HCl [21]. XRD analysis 

was conducted to determine the crystalline phase of the 

sample. According to the XRD pattern depicted in Fig. 1, no 

notable difference was observed between RM and RCA. The 

diffractograms display peaks corresponding to Gibbsite 

(Al(OH)3) at 2θ = 18.05° and 18.10°, hematite (Fe2O3) at 2θ 

= 24.62°, 35.75°, and 45.33°, and quartz (SiO2) at 2θ = 

26.39° and 26.60° [7]. A noticeable difference in peak 

intensity between the two diffractograms indicates 

crystallization within the sample. Specifically, there is a 

reduction in the intensity of the quartz peak in the activated 

red mud diffractogram, suggesting a successful separation of 

quartz (SiO2) from the red mud.  

 

 

Fig. 1. Diffraction pattern of a) RM and b) RCA 

 

          The findings from the XRD analysis are further 

supported by the FTIR characterization of RM and RCA. In 

Fig. 2, the RM and RCA shows similar absorption band of 

Si-O, Al-O and Fe-O. The peaks are observed at wave 

numbers 462 – 468 cm-1 and 549 – 540 cm-1, indicating 

bonds related to (Fe3+ - O2-) which correspond to the 

presence of hematite (Fe2O3). Additionally, peaks at wave 

numbers 999 – 1000 cm-1 suggest the presence of Si-O bonds 

from quartz, while peaks at 874 cm-1, 712 cm-1, and 628 cm-

1 indicate the bond (Al3+ - O2- ) from Gibbsite (Al(OH)3) 

[22,23].  

 

 

Fig. 2. FTIR spectra of a) RM and b) RCA 

 

          The results from N2 adsorption-desorption analysis 

confirm that red mud is a non-porous material. The isotherm 

graph for both RM and RCA samples, shown in Fig. 3a, 

exhibits a type II isotherm according to the IUPAC 

classification. The type II isotherm observed in both RM and 

RCA indicates that they are non-porous materials [24–26]. 

This conclusion is further supported by the absence of 

hysteresis, which typically signifies the presence of 

condensed adsorbate liquid between non-porous particles 

[27]. The similarity between the two isotherms without 

prominent differences suggests that there is no structural 

change between red mud (RM) and red mud activated by 

citric acid (RCA).  

 

Table 1. The textural properties of RM, RCA and Al-MCM-

41 

Sample 
Surface area(m2/g) Pore volume (cc/g) d 

(nm) SBET
a Smicro

b Smeso
b Vtotal

d Vmicro
b Vmeso

c 

RM 61.81 34.89 26.92 0.26 0.2 0.24 42.79 

RCA 66.53 34.84 31.7 0.25 0.2 0.23 11.4 

Al-

MCM-

41 

461.7

3 
377.38 84.35 0.41 0.04 0.37 2.5 

aSBET by BET method 
bSmicro,Smeso and Vmicro by t-plot method 
cVmeso by BJH desorption 
dVtotal= Vmicro+Vmeso 

 

The pore distribution of RM and RCA were shown 

in Fig. 3b. RM shows the higher pore diameter of 42.79 nm, 

meanwhile the RCA shows the lower pore diameter of 11.4 

nm. As shown in Table 1, the RM sample has a total surface 
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area of 61.81 m2/g and a total pore volume of 0.26 cc/g, 

while the RCA sample exhibits an increased total surface 

area of 66.53 m2/g and a total pore volume of 0.25 cc/g.  

 

Fig. 3. The N2 adsorption-desorption of isotherm and pore 

size distribution of RM and RCA 

 

3.2 FTIR  

          The wide-angle XRD analysis results, as depicted in 

Fig. 4a reveal a broad peak at around 2θ = 23°, indicating the 

formation of an amorphous structure from silica [28]. Fig. 

4b, displaying the low-angle XRD pattern of the Al-MCM-

41 catalyst, shows a strong peak at 2θ = 2.2° corresponding 

to the (100) plane, along with two weaker peaks at 2θ = 3.5° 

- 4.2° related to the (110) and (200) plane reflections [29,30]. 

These peaks collectively suggest the formation of a well-

structured mesoporous material consistent with the 

hexagonal structure of MCM-41[31]. The strong and sharp 

peak of the (100) plane further indicates good crystallization 

of the mesoporous structure [32]. 

 

Fig. 4. The wide a) and low angle b) XRD analysis of Al-

MCM-41  

          The FTIR spectra of Al-MCM-41 was depicted in Fig. 

5 reveal a peak at a wavenumber of 457 cm-1 corresponding 

to the Si-O vibration of TO4 [33]. Additionally, the peak at 

798 cm-1 signifies the bending vibration of the Si-O-Si group 

[34]. The peak observed at the wavenumber of 1100 cm-1 

corresponds to the internal asymmetric stretching vibration 

of the T-O-T bond, where T can be Si or Al [35]. The peak 

in the range of 950-970 cm-1 is typically associated with Si-

OH or Si-OM+ vibrations [33]. Additionally, the 

wavenumber 1220 cm-1 represents the external asymmetric 

stretching vibration of Si-O [36]. 

 

Fig. 5. FTIR spectra of Al-MCM-41 

          According to IUPAC, the Al-MCM-41 isotherm 

depicted in Fig. 6a is classified to type IV isotherm with type 

H1 hysteresis [37,38]. The Al-MCM-41 catalyst's isotherm 

shows a typical mesoporous material with hysteresis at P/Po 

= 0.4 – 1 [39]. The hysteresis curve is associated with the 

secondary capillary condensation process, which fills the 

pores at P/Po < 1 in mesoporous materials [40,41]. The Al-

MCM-41 catalyst exhibits an H1 hysteresis type, indicating 

that the sample comprises plate-like particles and pores 

resembling gaps. This type of hysteresis is often observed in 

catalyst samples synthesized from clay, where the pores 
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resemble gaps [42]. The analysis of pore distribution in Al-

MCM-41 using the BJH method (Fig. 6b) indicates that the 

catalyst's pore diameter ranges from 1.8 to 5.5 nm. 

According to Table 1, the Al-MCM-41 catalyst has a total 

surface area of 461.73 m2/g and a total pore volume of 0.41 

cc/g. This signifies an increase in the surface area of RM and 

RCA on Al-MCM-41, suggesting improved catalytic 

activity in deoxygenation reactions. 

 

Fig. 6. a) The N2 adsorption-desorption of isotherm and b) 

pore size distribution of Al-MCM-41 

          The SEM-EDX analysis revealed the morphology and 

elemental composition of the samples. The SEM profile 

depicted in Fig. 7 indicates that red mud has a particle size 

ranging from 0.4 to 1.3 μm, with irregular particle shapes. 

Some particles appear spherical and agglomerated [43]. On 

the other hand, the morphology of Al-MCM-41 shows small 

crystals agglomerating into larger aggregates [17]. The 

particle size of Al-MCM-41 ranges from 0.6 to 1.4 μm. The 

EDX analysis results indicate the presence of Al, Si, Fe, and 

O elements in both red mud and the Al-MCM-41 catalyst, as 

shown in Table 2. From the table, it is evident that there was 

a decrease in Al content and an increase in Si content from 

red mud to Al-MCM-41. This change is attributed to the 

lower molar ratio of Al compared to Si during the synthesis 

of Al-MCM-41, resulting in a higher Si content in the 

catalyst. Similarly, there was a decrease in Fe content in Al-

MCM-41 compared to red mud. This reduction in Fe content 

is due to the pre-treatment of the red mud material before its 

use in catalyst synthesis [9]. 

 

Fig. 7. The SEM images of a) RM and b) Al-MCM-41 

Table 2. The EDX analysis of RM and Al-MCM-41 

Element %weight %atom 

RM Al-MCM-

41 

RM Al-MCM-

41 

Al 22.90 5.45 17.31 4.16 

Si 12.95 39.61 9.40 28.99 

Fe 8.01 2.72 2.93 1.00 

O 54.22 49.09 69.10 63.06 

 

3.3 Catalytic Activity 

          The catalytic activity was tested in the deoxygenation 

reaction of Reutealis trisperma oil. The deoxygenation 

reaction was carried out for 4 h at 350°C with a N2 gas flow. 

In this catalytic activity test, the GC-MS instrument was 

utilized to perform qualitative and quantitative analysis on 

the deoxygenation process product. The conversion, yield 

and degree of deoxygenation of liquid product obtained from 
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different catalysts was shown in Table 3. The deoxygenation 

reaction of Reutealis trisperma oil resulted in the conversion 

of reactants into liquid (bio-oil), gas (CO and CO2) and coke. 

According to Table 3, using RCA as a catalyst yielded the 

highest conversion rate at 64.45%, with a liquid yield of 

33.44%. On the other hand, the Al-MCM-41 catalyst 

achieved a conversion rate of 45.4% with a liquid yield of 

17.99%. The highest hydrocarbon selectivity was observed 

when using the Al-MCM-41 catalyst at 48.50%. 

Interestingly, even without a catalyst, the reaction showed 

good selectivity at 45.78%. However, the use of a catalyst 

notably increased the amount of oil converted and provided 

a higher liquid yield. This underscores the influence of acid 

sites and mesoporosity on the catalyst in promoting the 

conversion of Reutealis trisperma oil into hydrocarbons 

[44].  

 

Table 3. Conversion, yield and degree of deoxygenation of 

liquid product 

Catalysts 
Conversion 

(%) 
Yield (%) 

Degree of 

Deoxygenation 

Blank 41.8 9.24 45.78 

RM 45.1 11.7 34.00 

RCA 64.45 33.44 14.89 

Al-MCM-41 45.5 17.99 48.50 

 

          The GC-MS analysis of deoxygenation liquid 

products reveals several data points, including the 

distribution of compounds from oil and the distribution of 

carbon chains. Figure 8, illustrates the composition of the 

liquid deoxygenation product, which includes hydrocarbons, 

cyclic compounds, aromatics, carboxylic acids, and ketones. 

The catalytic activity of the sample is reflected in the 

selectivity of hydrocarbons and compounds containing 

oxygen. Specifically, the Al-MCM-41 catalyst demonstrates 

good hydrocarbon selectivity at 48.50%, with a carboxylic 

acid selectivity that is 12.74% lower compared to other 

reactions. This lower selectivity for carboxylic acids 

suggests a reduction in the oxygen content of the 

deoxygenation product, indicating the effective conversion 

of oxygen-containing compounds into hydrocarbons. The 

activity test for the Al-MCM-41 catalyst also revealed an 

aromatic compound selectivity of 28.14%, which is 

attributed to the Bronsted acid site. In biofuel production via 

deoxygenation reaction, the goal is to reduce the oxygen 

component. Aromatic compounds can lower the freezing 

point, reduce the energy released during combustion, and 

decrease oil viscosity [45]. Therefore, achieving good 

hydrocarbon and aromatic selectivity is a desirable outcome 

in this research. The selectivity observed corresponds to the 

degree of deoxygenation achieved by RCA, which is 83.94% 

compared to the blank reaction (91.71%), RM (93.15%), and 

the highest with Al-MCM-41 (93.17%). The degree of 

deoxygenation is directly related to the reduction in the 

concentration of fatty acids in the liquid deoxygenation 

product, thereby impacting its composition [46]. 

 

Fig. 8. Hydrocarbon distribution from catalytic 

deoxygenation reaction of Reutealis trisperma oil 

 

The deoxygenation process results in oxygen-free 

hydrocarbons with one fewer carbon atom than the original 

fatty acid (C16-18). These hydrocarbons are categorized into 

short carbon chains (C6-10) and long carbon chains (C11-17). 

Fig. 8b illustrates the carbon chain distribution, showing that 

when using Al-MCM-41 as the catalyst, the deoxygenation 

product comprises 24% short carbon chains (C6-10) and 76% 

long carbon chains (C11-17), with the primary product being 

(C15+C17) at 49.2%. This indicates successful deoxygenation 

of RTO with this catalyst. In the deoxygenation of Reutealis 

trisperma oil using the Al-MCM-41 catalyst, there is a 

significant formation of short-chain hydrocarbons (C6-10). 

This formation of short-chain hydrocarbon products is 

believed to result from a secondary hydrocracking reaction. 

The catalyst's characteristics, especially a higher 

concentration of Brønsted acid compared to Lewis acid, can 

indeed trigger hydrocracking reactions, resulting in a higher 

yield of short-chain hydrocarbons (C8-10) [47,48]. The 

catalyst's characteristics, especially a higher concentration 

of Brønsted acid compared to Lewis acid, can indeed trigger 

hydrocracking reactions, resulting in a higher yield of short-

chain hydrocarbons (C8-10). This is because Brønsted acid 

sites are known to promote hydrocracking reactions, which 

break down larger hydrocarbons into smaller ones, thus 

favoring the production of shorter carbon chain compounds 
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[16]. This is because Brønsted acid sites are known to 

promote hydrocracking reactions, which break down larger 

hydrocarbons into smaller ones, thus favoring the production 

of shorter carbon chain compounds. 

 

4. CONCLUSION 

           The Al-MCM-41 catalyst derived from red mud has 

been successfully synthesized. This catalyst boasts a 

substantial total surface area of 461.73 m2/g, with a 

mesopore surface area measuring 84.35 m2/g and a 

mesopore volume of 0.37 cc/g. Featuring a pore diameter of 

2.5 nm, the morphology of Al-MCM-41 reveals the 

agglomeration of small crystals into larger aggregates, 

presenting a particle size range of 0.6 – 1.4 μm. The 

elemental composition showcases the presence of Al 

(5.45%), Si (39.61%), Fe (2.72%), and O (49.09%). In 

catalytic tests involving the deoxygenation reaction of 

Reutealis trisperma oil, the Al-MCM-41 catalyst 

demonstrated a remarkable hydrocarbon selectivity of 

48.5%, alongside a notably low carboxylic acid selectivity 

of 12.74% compared to alternative catalysts utilized in 

similar reactions. 
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