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Abstract: The synthesis of alumina (Al,O3) using the hydrothermal method with stearic acid
template (AM1) and without template (AMO) was successfully carried out. The resulting alumina
material showed the y-alumina phase indicated by the appearance of diffraction peaks at 2
theta angles of 37.80°, 45.52°, and 66.29° for AM1 and 37.43°, 46.21°, and 66.84° for AMO. This
success is also supported by the appearance of absorption bands from FTIR which are the
stretching vibrations of Al-O-Al, bending vibrations of AI-O, and stretching vibrations of Al-O.
The test results for the methylene blue adsorbent showed maximum adsorption effectiveness for
AM1 and AMO of 97.70 and 97.75%, respectively, occurring at the 45th minute.
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I INTRODUCTION

Dyes are compounds widely used in textiles, printing, rubber, cosmetics, and the leather industry
for coloring products, providing large amounts of dyes [1]. Waste released from industrial processes
has a negative impact on the environment and humans [2]. Organic dye pollution poses a threat to the
environment due to its teratogenic, carcinogenic, and genotoxic properties. Therefore, the removal of
dyes from the environment is essential despite many challenges. Several technologies such as
ozonation, biological treatment, catalysis, adsorption, and membrane filtration have been successfully
applied to achieve this goal. Nevertheless, among these methods, adsorption has gained more attention
due to its ease of operation, high efficiency, flexibility, and low cost. During the adsorption process,
the adsorbent impacts efficiency [3][1] and is easy to regenerate and reuse [4].

Mesoporous materials such as silica, silica-alumina [4], and -alumina [2] can be used to adsorb dye
waste. This is due to their chemical, mechanical, and structural properties, as these materials are non-
toxic, widely available, and inexpensive [5]. Mesoporous alumina has better adsorption properties
compared to traditional alumina [6]. In general, alumina has several metastable structures including a,
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v-, m-, 6-, 0-, x-, and y-alumina. Among the various alumina structure variations, y-alumina has good
capacity as a water and wastewater absorber [5].

Synthesis methods have been proposed to develop meso-Al203, namely sol-gel, precipitation, and
solvothermal [7]. Mesostructured alumina is usually made with the presence of inorganic surfactants [8].
De S& Da Silva et al. [7] developed the synthesis of alumina using various templates from carboxylic acids.
In this study, synthesis was carried out using stearic acid as a template and used as a methylene blue
adsorbent.

1. MATERIAL AND METHOD
11.1 Material and instrument
The materials in this study include AICIl; (Emerck), ethanol (Emerck), stearic acid (Emerck), and
aquades. The analysis conducted on the products used FTIR Perkin Elmer, X-Ray Diffraction, and UV-Vis
Simadzu instruments.

11.2. Synthesis Alumina (Al,O3)

The research was conducted by making Al,O3; using a molar ratio of stearic acid 1:0 (AMO) and
1:0.2 (AM1), starting with dissolving 8 g of AICI3 in 100 mL of ethanol at 60°C. The mixture was then
stirred at a speed of 250 rpm while adding aquades until all AICI; dissolved. A stearic acid solution
was made by dissolving 1.8 g of stearic acid into 25 mL of ethanol while heating at 60°C for 1 hour
while stirring at a speed of 250 rpm. The alumina solution was added dropwise into the stearic acid
solution while stirring at a speed of 100 rpm for 2 hours and heated at 60°C. The mixture was then
placed into a hydrothermal reactor and heated at 120°C for 24 hours. The next stage of gel separation
from the liquid was done by centrifugation. The obtained solid was washed until neutral pH, which
was then dried at 80°C for 12 hours. The obtained solid was then calcined at 600°C for 6 hours. The
same method was performed without using stearic acid.

11.3. Adsorption of methylene blue with Al,O3

Adsorption testing was conducted using 0.01g of Al,O; which was added to 10 mL of 20 ppm methylene
blue solution. The mixture was shaken with an orbital shaker at a speed of 120 rpm with time variations of
15, 30, 45, and 60 minutes. The liquid was then separated from the solid and measured using UV-Vis to
determine the effectiveness of adsorption.

I1l.  RESULTSAND DISCUSSION

I11.1. Material Characterization

Figure 1 shows the diffraction pattern of AM1 and AMO. The diffraction results show sharp
diffraction peaks for AM1 at angles 2 theta 37.80°, 45.52°, and 66.29°. Meanwhile, AMO shows more
gradual diffraction peaks compared to AM1 at angles 2 theta 37.43°, 46.21°, and 66.84°. According to
the research by Buwono [9] and Bahari [10], the alumina produced from this study is in gamma (y)
phase. According to the Joint Committee on Powder Diffraction Standards (JCPDS) 29-0063, -
alumina has three main peaks at 38°, 45°, and 67° which mark the planes (311), (400), and (440) that
have a face-centered cubic (fcc) crystal structure [9]. This indicates that in this study, the synthesis of
-alumina was successfully carried out. From the XRD diffraction pattern, it shows that y-Alumina
AM1 has higher crystallinity compared to AMO, as indicated by the appearance of sharp peaks in
AML1.
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Figure 1 XRD diffraction pattern of calcined AMO and AM1

The characterization results using Fourier Transform Infrared Spectroscopy (FTIR) (Figure 2) show that
the synthesized y-alumina has absorption in the range of 400-1000 cm™, indicating the stretching
vibration of AI-O-Al arising from the distribution of alumina through octahedral and tetrahedral sites in
the crystal structure [5]. The absorption in the region around 500-420 cm™ corresponds to the bending
vibration of Al-O[11], which in this study appears at 505.7 cm-1 for AM1 and 496.13 cm™ for AMO. The
absorption band appearing between 850-650 cm™ is due to the stretching vibration of Al-O[11], where in
this study it appears at a wavenumber of 770.97 for AM1 and 775.95 for AMO. The absorption bands
appearing at 3376 and 3371 cm™ are from the OH groups of adsorbed water [12][13]. The absorption band
at 770 cm™ is a symmetric stretching vibration [4], which appears at a wavenumber of 750-820 cm™ [14].
The obtained FTIR data indicate that the Al,Os structure has formed in the synthesized material.
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Fig. 2. FTIR spectra of y-alumina AM1 and AMO

©2025, Cognizance Journal, ZAIN Publications, Fridhemsgatan 62, 112 46, Stockholm, Sweden, All Rights Reserved 39



COGNIZANCE
JOURNAL

cognizancejournal.com
Rahmad Nuryanto et al, Cognizance Journal of Multidisciplinary Studies, VVol.5, Issue.6, June 2025, pg. 37-41
(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal)

ISSN: 0976-7797
Impact Factor: 5.183
Index Copernicus Value (ICV) = 77.57

111.2. Adsorption of Methylene Blue
Determination of the effectiveness of methylene blue adsorption with synthesized Al,O3; was carried

out by adsorbing 20 ppm of methylene blue solution of 10 ml using 0.01 g of Al,O5 adsorbent for 15,
30, 45, and 60 minutes. The residual solution after adsorption was tested with UV-Vis. The adsorption
results are presented in the following table:

Table 1. Residual of Methylene Blue Concentration after Adsorption

Materials Residual consentration (ppm)
time (minute) 0 15 30 45 60
AM1 10 2,26 1,35 2,25 2,51
AMO 10 3,19 2,55 2,30 2,31

The adsorption data shows that the adsorbents AM1 and AMO experienced a significant decrease in
dye concentration. This is indicated by the relatively low amount of residual concentration. This result
shows a high adsorption effectiveness of above 95%. The effectiveness of adsorption is calculated
using the following formula:

(Co—Cy)

o

EA% =

Where:

EA % = Effectiveness of adsorption in %
Co = initial concentration

C; = concentration after adsorption

x 10084

100
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Fig. 3 Data on the Effectiveness of adsorption for AM1 and AMO.

Figure 3 shows that the adsorption effectiveness pattern of AM1 indicates a good adsorption pattern
where the maximum adsorption is obtained at 45 minutes, which is 97.70%, while above 45 minutes
shows a decrease to 96.69. This is due to the synthesis using stearic acid template causing adsorption to
occur in the pores produced after calcination at 600°C, supported by XRD data of AM1 which has better
crystallinity compared to the XRD results of AMO which tends to be amorphous. The implications of these
conditions lead to better interactions between the adsorbent and adsorbate. Meanwhile, AMO, which
tends to have an amorphous structure, tends to adsorb quite a lot on the surface and tends to reach
equilibrium quickly. The maximum adsorption effectiveness of AM1 and AMO is 97.7 and 97.75%,
respectively, occurring at an adsorption time of 45 minutes.
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V. CONCLUSION

1. y-Al203 has been successfully synthesized using the hydrothermal method with a stearic acid template
(AML1), marked by the appearance of diffraction peaks at 2 theta 37.80°, 45.52°, and 66.29°. AM1
tends to be more crystalline compared to AMO, as indicated by the sharp peaks that appear in AML1,
while AMO tends to be flat, thus having a tendency to be amorphous. The success of this synthesis is also
supported by FTIR data showing the absorption bands of Al-O-Al stretching vibrations, Al-O bending
vibrations, and Al-O stretching vibrations.

2. The results of the adsorption test against methylene blue show that the maximum adsorption of AM1
occurs at 45 minutes, and afterwards there is a decrease due to the desorption process resulting from
equilibrium. The maximum adsorption effectiveness for AM1 and AMO is 97.70 and 97.75%, respectively,
occurring at an adsorption time of 45 minutes.
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