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ABSTRACT. Antibiotic resistance has become a global issue that is quite worrying because it can threaten the survival of living 
things, especially humans. This resistance can occur due to the inappropriate use of antibiotics by the community. This study 
aims to determine the ability of activated charcoal magnetic composites (ACMC) to adsorb tetracycline hydrochloride 
compounds. Samples were obtained from jengkol peel waste which was charred and activated using acid and the addition 
of magnetic properties. The more PbFe2O4 added to activated charcoal, the greater the magnetic properties, surface area, 
pore-volume, and pore radius. The results showed that a type of IV adsorption isotherm which is a characteristic of 
mesoporous materials with a pore size of 2.0892 nm. The addition of magnetic properties to activated charcoal increase 
29.33% the amount of tetracycline that is adsorbed by the adsorbent with optimal absorption in alkaline conditions. The 
adsorption process followed the adsorption kinetics of Ho and the Freundlich adsorption isotherm with an adsorption 
capacity of 76.3359 mg/g. ACMC material can potentially be one of the adsorbents that can reduce contamination of 
tetracycline hydrochloride antibiotics in the aquatic environment so that antimicrobial resistance can be minimized. 
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INTRODUCTION 

Antibiotics are very important to fight infection due 
to bacteria, widely used in medicine, animal 
husbandry, and aquaculture to kill or inhibit the 
growth of bacteria (Wang et al., 2020). Humans or 
animals cannot directly metabolize antibiotics, and 
most are excreted in the form of the original drug or 
parent compound into the environment (Singh et al., 
2019). One of the antibiotic compounds used is a type 
of Tetracycline. About 70% of Tetracycline 
Hydrochloride taken by mouth is excreted in the urine 
(Daghrir & Drogui, 2013; Martins et al., 2015). 

In nature, most of the Tetracycline Hydrochloride 
effluent is released into surface water, underground 
water, into the soil environment in its original form 
through soil infiltration (Akhtar et al., 2016). This is 
due to the widespread use of tetracycline antibiotics, 
especially in the medical and agricultural sectors 
(Akhtar et al., 2016; Daghrir & Drogui, 2013). 
Tetracycline Hydrochloride waste in the aquatic 
environment can cause bacterial resistance, cause 
ecological damage and threaten human health 
through bioaccumulation in the food chain (Guo et al., 
2017). Tetracycline Hydrochloride is classified as a 

potential pollutant in many countries because it causes 
serious damage to the environment (Conde-Cid et al., 
2018). The natural low removal efficiency of 
Tetracycline Hydrochloride is an urgent need to 
develop an effective and economical remediation 
technology to control antibiotics in the environment. 
Adsorption is the most commonly used technique in 
wastewater treatment (Zhang et al., 2017). 

Porous materials are widely used as adsorbents to 
absorb pollutants in the aquatic environment. This 
ability is possessed because of the properties of porous 
materials, including (i) homogeneous pore size, (ii) 
high surface area, and (iii) controlled pore structure 
and surface properties (Sun et al., 2016). One of the 
porous materials that are often used for adsorption is 
activated charcoal. However, the utilization of jengkol 
peel which is modified into Activated charcoal 
magnetic composites as an antibiotic adsorbent has 
not been widely studied. 

Jengkol peel has a total carbon element of 44.02% 
(Gusnidar et al., 2011), which is believed to be the 
most important element that has the potential to be 
used as activated charcoal as an adsorbent. When 
jengkol peel is made into activated carbon, the carbon 
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content increases to 92.87% (Azima et al., 2017).  
Activated carbon or activated charcoal is a suitable 
adsorbent to remove organic compounds in water 
(Bhatnagar et al., 2013; Nielsen et al., 2014; Bakas 
et al., 2014). Modified activated charcoal can increase 
its ability as an adsorbent to absorb organic 
compounds. This can happen because the 
modification of activated charcoal, such as Fe3+ ions, 
can increase the surface area, total pore volume, 
micropore volume, and mesopore volume (Liu et al., 
2017). Modified activated charcoal is then referred to 
as Activated Charcoal Magnetic Composite (ACMC) 

The combination of adsorbent with magnetic 
particles produces a new composite material with dual 
properties: adsorption and magnetic characteristics. 
This magnetic property is utilized to separate 
composite particles from water using a simple 
magnetic bar, making the process easier, simpler, 
faster, and more efficient in retrieving the adsorbent 
from the waste liquid. Additionally, the use of 
magnetic composites in antibiotic adsorption offers 
several advantages over conventional adsorbents. 
(Sivashankar et al., 2014). magnetic materials such as 
Fe3O4 in carbon nanotube (CNT) composites exhibit 
high adsorption capacity and can be easily separated 
from aqueous media using an external magnetic field 
(Liu et al., 2019). High-porosity magnetic composites, 
such as Fe3O4@HKUST-1, possess superior 
capabilities in rapid desorption through magnetic 
induction heating, thereby enhancing the efficiency of 
the adsorbent regeneration process. Moreover, the 
thermal and chemical stability of magnetic composites 
allows for their reuse in multiple adsorption cycles 
without significant loss of performance, making them 
more economical and sustainable. In the context of 
water treatment, this technology provides a practical 
solution for removing contaminants like antibiotics 
from water sources, both at laboratory and industrial 
scales (Bellusci et al., 2024). Therefore, the utilization 
of magnetic composites in this study is expected to 
contribute significantly to the development of more 
effective and efficient water treatment methods 
 
EXPERIMENTAL SECTION 
Preparation of Magnetic Composite 

To prepare the magnetic composite, a specific 
amount of activated charcoal derived from jengkol 
peels was added to 200 mL of a solution containing 
lead (II) nitrate and iron (II) chloride at room 
temperature. The amount of activated charcoal was 
carefully adjusted to achieve mass ratios of PbFe2O4 
to activated charcoal at 1:1 (referred to as ACMC 11), 
3:1 (ACMC 31), and 1:3 (ACMC 13). Sodium 
hydroxide solution was then added dropwise to the 
mixture while continuously stirring until the pH reached 
11. The suspension was then heated at 100 °C for 4 
hours using a water bath to ensure thorough 
interaction and composite formation. After heating, 
the suspension was allowed to cool to room 

temperature. The formed magnetic composite was 
then carefully washed with demineralized water (aqua 
DM) until the wash water reached a neutral pH, 
indicating the removal of residual reagents. The clean 
composite was separated from the water using a 
simple magnet, exploiting its magnetic properties. 
Finally, the separated composite was dried in an oven 
at 110 °C until a constant weight was achieved, 
ensuring complete moisture removal and preparation 
of the composite for further testing. The magnetic 
composite was characterized using Fourier-transform 
infrared spectroscopy (FTIR) to identify functional 
groups, X-ray diffraction (XRD) to analyze crystal 
structure, Scanning Electron Microscopy (SEM) to 
observe surface morphology, a Surface Area Analyzer 
(SAA) to measure specific surface area and pore 
volume, and Vibrating Sample Magnetometry (VSM) to 
study and application of magnetic materials.  

Adsorption Isotherm Study 
The adsorption isotherm study was conducted to 

understand the relationship between the amount of 
antibiotic adsorbed onto the adsorbent surface and 
the antibiotic concentration in the solution at 
equilibrium. For this analysis, solutions of tetracycline 
hydrochloride with various concentrations (25, 50, 75, 
100, and 125 ppm) were prepared and added to 50 
mL of solution containing a fixed amount of the 
magnetic activated carbon adsorbent. Each solution 
was stirred using a magnetic stirrer at 200 rpm at 
room temperature until equilibrium was reached. After 
the adsorption process, the solutions were filtered, and 
the remaining antibiotic concentration in the solution 
was analyzed using UV–Vis spectrophotometry. The 
data obtained were used to determine the most 
suitable isotherm model, such as Langmuir or 
Freundlich isotherms. 

Adsorption Kinetics Study 
The adsorption kinetics study was conducted to 

determine the rate and mechanism of antibiotic 
adsorption onto the adsorbent surface. For this 
analysis, a fixed concentration (20 mg/L) of 
tetracycline hydrochloride solution was prepared, and 
a specific amount of magnetic activated carbon 
adsorbent was added to 50 mL of the solution. Each 
solution was stirred at 200 rpm at room temperature, 
and samples were taken at different time intervals (30, 
60, 90, 120, and 150 minutes). The collected samples 
were filtered, and the remaining antibiotic 
concentration was analyzed using UV–Vis 
spectrophotometry. The adsorption kinetics data were 
analyzed using first-order and second-order kinetics 
models to determine the kinetic parameters and 
understand the underlying adsorption mechanism. 

In Vitro Adsorption Experiment 
For the in vitro adsorption experiments, a standard 

solution of tetracycline hydrochloride (20 mL) was 
prepared at the optimum concentration determined 
from preliminary studies. Varying masses of the 
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magnetic activated carbon composite (5, 10, 15, 20, 
and 25 mg) were added to this solution. The resulting 
mixture was stirred at a constant speed of 200 rpm for 
30 minutes at room temperature to allow sufficient 
interaction between the antibiotic and the adsorbent. 
After the adsorption process was completed, a magnet 
was brought close to the side of the beaker to collect 
the magnetic activated carbon, gathering it against the 
wall of the beaker that was in contact with the magnet, 
thus separating the adsorbent from the solution. The 
collected samples were filtered, and the remaining 
antibiotic concentration was analyzed using UV-Vis 
spectrophotometry. 
 
RESULTS AND DISCUSSION 

The quality of the activated charcoal produced was 
determined by testing the water content, ash content, 
the absorption capacity of methylene blue, and the 
absorption of iodine (Table 1). Parameters of activated 
charcoal compared with Indonesian National 
Standard number of 06-3730-1995. All characteristic 
results meet the Indonesian Nastional Standard 
regarding technical activated charcoal.  

Fourier Transform Infra Red (FTIR) 
The results of the prediction of the adsorbent 

functional group using FTIR (Table 2), jengkol peel 
powder informs the presence of an absorption band 
at a wavenumber of 3397 cm-1, vibrations appear in 
the O-H group. This vibration is supported at the 
absorption of 1207 cm-1 which is a C-O vibration. At 

the wave number 1518 cm-1, there are C = C 
vibrations from the aromatic ring; at wavenumbers, 
2929 cm-1 and 1447 cm-1 are the vibrations from the 
C-H group. In jengkol peel charcoal, absorption 
appears at a wavenumber of 3408 cm-1, vibrations in 
the OH group show that after the carbonization 
process, the intensity of the OH vibration decreases, 
the wavenumber is 1595 cm-1 vibrations from the 
C=C group, the CO group appears at a wavelength 
of 1252 cm-1. On activated charcoal, absorption 
appears at a wavenumber of 3424 cm-1 vibrations on 
the OH group, an indication of hydrogen bonding 
between the hydroxy group and water absorbed on the 
surface of the activated charcoal, wave number 1579 
cm-1 vibrations from the C=C group, the CO group 
appears at a wavelength of 1176 cm-1 wave 
originating from the vibrations of CO in the acid, 
alcohol, phenol, or ether groups. 

The FTIR analysis was carried out on the magnetic 
composite of the adsorbed activated charcoal. The 
wavenumber at 600-400 cm-1 indicated the presence 
of vibrations from the Fe-O absorption, namely with a 
wavenumber of 543 cm-1 at ACMC 11 and 407 cm-1 
at ACMC 11 and Pb-O bonds appeared at 
wavenumbers 681 cm-1 at ACMC 11 and 680 cm-1 at 
ACMC 31 which were not found in the activated 
charcoal spectra. At ACMC 13, there is no vibration 
from Fe-O absorption and Pb-O absorption; this can 
be caused by the lack of intensity of Fe-O and Pb-O 
bonds from magnetite and activated charcoal.

 
Table 1. Characteristics results of jengkol peel activated charcoal 

Parameters Indonesian National Standard Research result 

Water content Max 15% 1.58 % 
The absorption of iodine Min 750 mg/g 995.0579 mg/g 
The absorption of methylene blue 
Ash content 

Min 120 mg/g 
Max 10% 

138.2009 mg/g 
1.45% 

 
Table 2. Adsorbent functional groups based on FTIR characterization. 

Func-
tional 

Groups 

compou
nd type 

Wavenumber 
(cm-1) 

Jengkol 
peel 

(cm-1) 

Char-
coal (cm-

1) 

Activa-ted 
charcoal 

(cm-1) 

ACMC 11 
(cm-1) 

ACMC 
13 

(cm-1) 

ACMC 31 
(cm-1) 

O – H 
Alcohol, 
phenol 

3200-3600 3397 3408 3424 3427 3426 3406 

C – H 
Alkane 2850-2970 

1340 -1470 
2929 
1447 

- 
- 
 

- 
1400 

- 
1391 

- 
1399 

C ≡ C Alkyne  2100-2260 - - - - - - 

C = C 
aromatic 
ring 

1500-1600 1518 1595 1579 - 1575 - 

C = C Alkyne 1600 - 1680 1615 - - 1602  1612 

C – O 

Alcohol, 
Ether, 
carboxyli
c acid, 
Esther 

1050-1300 1207 1252 1176 - - - 

Fe – O  600-400 - - - 543 - 407 
Pb – O   - - - 681 - 680 
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Thus, jengkol skin can be clearly distinguished by 
its spectra from other materials (charcoal, activated 
charcoal, ACMC 11, ACMC 31, and ACMC 13). 
However, the spectra of charcoal, activated charcoal, 
ACMC 11, ACMC 31, and ACMC 13 could not be 
clearly distinguished so the FTIR analysis was not able 
to provide more information on the five samples. This 
can be determined by using principal component 
analysis (PCA) and cluster analysis (CA). 

The Results of The Identification of the FTIR Spectra 
using PCA and CA  

When viewed from the absorption in the FTIR 
(Table 2), it is not possible to clearly distinguish the 
spectral pattern between charcoal, activated charcoal, 
and modified charcoal. PCA is used to group similar 
data by reducing multivariate data in which there is a 
correlation between variables. All samples (Table 2) 
were analyzed using the PCA method except the 
jengkol peel (Figure 1).  

The five samples have different groups. PC-1 can 
distinguish 48% with charcoal, ACMC 11, ACMC 13, 

and ACMC 31 are located in the same group, while 
activated charcoal is located in different groups. PC-2 
differentiated the data by 34% by placing charcoal, 
ACMC 13, and ACMC 11 in the same group, while 
activated charcoal was in one group with ACMC 31. 
However, overall ACMC 31 was very different from the 
other samples, while activated charcoal was not. can 
be separated by PC-2 because it is close to point 0 on 
PC-2. 

The position of activated charcoal and ACMC 11 
on PCA did not give good separation results on PC-2. 
Therefore, a cluster analysis was carried out (Figure 2) 
to divide the sample into a group so that similar 
samples would be in the same group. The five samples 
were successfully grouped by type. The ACMC 31 
material has a very big difference compared to the 
other four samples. ACMC 11 and ACMC 13 
materials can be grouped into the same group 
because they do not have much difference. Likewise, 
charcoal and activated charcoal are grouped in the 
same group. 

 

 
Figure 1. Principal component analysis (PCA) of adsorbent material based on FTIR spectra 

 

Figure 2. Cluster analysis (CA) of adsorbent material based on FTIR spectra 
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Adsorbent Morphology Based on SEM and XRD 
Characterization 

The SEM characterization of the adsorbent aims to 
determine the surface morphology. The surface 
morphology of charcoal before and after activation 
was identified using SEM with an object magnification 
of 2500 times (Figure 3). Morphological analysis of 
the surface shape was carried out by Scanning 
Electron Microscopy (SEM), which showed the 
adsorbent surface shaped like a hollow sponge with 
many pores on the surface of the charcoal before and 
after activation. PbFe2O4 particles with various 
diameters were distributed on the activated charcoal 
surface. Although many small aggregates of lead 
ferrite covered the activated charcoal surface, the 
porous structure of activated charcoal could still be 
observed, which maintained the adsorption power of 
activated charcoal (Shao et al., 2012). X-ray 
diffraction analysis was carried out using an XRD 
device with a wavelength of 1.54 nm using radiation 
from a Cu target tube, and the observation area was 
between 5.00o – 79.99o (Figure 4).  

The crystallinity data for the charcoal sample 
before activation, there were 4 peaks in the 2θ region, 
namely 14.93°, 24.46°, 28.37°, and 40.48°. There 
are 2 main peaks in charcoal after activation, which 
are in the 2θ region with values of 26.66o and 40.39o, 
which are different from the value of 2θ in the charcoal 
diffractogram before activation. The appearance of 
peaks 26.66° and 40.38° in the charcoal can be 
possible due to impurities in the charcoal. Impurities 
contained in the charcoal can be removed by the 
activation process into activated charcoal using 15% 
phosphoric acid. This is indicated by the loss of the two 
peaks in the activated charcoal sample. The XRD 
pattern of activated charcoal shows a broad weak 
diffraction peak between 20° and 30°, which indicates 
that the activated charcoal is amorphous (Wang et al., 
2013). There is a shift in the value of 2θ to a smaller 
one in the charcoal after activation; this indicates that 
the pores of the activated charcoal are wider than the 
charcoal before activation due to the activation 
process (Shi et al., 2019). 

 

   
(a) (b) (c) 

  
                                          (d)             (e) 

Figure 3. SEM results at 2500x magnification (a) Charcoal before activation (b) Charcoal after activation 
(c) ACMC 11 (d) ACMC 13 (e) ACMC 31 
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Figure 4. XRD Results of (a) Charcoal, (b) Activated Charcoal, (c) ACMC 11, (d) ACMC 13, and (e) ACMC 31 
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Surface Area Analyzer (SAA) 
The magnetic composite diffraction pattern of 

activated charcoal in Figure 3 matches the amcsd 
0013508 code database of γ-Fe2O3 with the result that 
the value of 2θ confirming the presence of γ-Fe2O3 in 
the pores of the activated charcoal. Iron metal is in the 
form of oxide; the addition of Fe2+ tends to increase 
the formation of γ-Fe2O3. 

PbO compounds are formed due to the presence 
of excess Pb2+ ions to form Pb in the form of oxides 
with the formation of peaks at PbFe2O4/Activated 
Carbon 1:1 31.89o, 48.23o; PbFe2O4/Activated 
Carbon 3:1 31.17o have the same value of 2θ (Lin et 
al., 2020). The PbFe2O4/Activated Charcoal 
composite has similar peaks with Fe2O3/Activated 
Charcoal and PbO/Activated Charcoal used as a 
comparison. 

Various treatments given to magnetically activated 
charcoal adsorbents can produce different 
characteristics (surface area, pore-volume, and pore 
spacing) of the adsorbent. The surface area of the 
adsorbent can be determined using the Brunauer-
Emmett-Teller (BET) method. In contrast, the pore 
volume and pore spacing are determined using the 
Barrett-Joyner-Halenda (BJH) method. The activation 
process of charcoal material (Table 3) can increase the 
surface area from 11.684 m2/gram to 73.089 
m2/gram (525.55 %).  

In addition to the surface area, the pore volume 
also increased by 157.14% with the smaller pore size. 
The smaller pore size and the increased surface area 
and pore volume indicate increasing pores during the 
activation process. To increase the absorption of the 
adsorbent, it is necessary to modify it by providing 
magnetic properties so that it becomes a magnetic-
activated charcoal composite further. The addition of 
magnetic properties using a ratio of 
PbFe2O4/activated charcoal 3:1 (ACMC 31) is known 
to have the largest surface area, pore-volume, and 
pore radius. Thus, the greater the ratio of 
PbFe2O4/activated charcoal, the surface area of the 
adsorbent will increase, as well as the pore volume 
and pore radius. The pore size of ACMC 31 of 20.892 
Å or 2.0892 nm belongs to the mesopore composite 
(2 – 50 nm). At the same time, the other variations 
(charcoal, activated charcoal, ACMC 11, and ACMC 
13) are included in the micropore composite, which 
has a pore size of less than 2 nm (Pérez-Ramírez et al., 
2008).  

Mesopore carbon has its advantages, including 
regular pore structure, narrow pore distribution, large 
and specific surface area, and excellent chemical and 
physical stability (Nejad et al., 2013). The large pore 
size supports the ability to absorb tetracycline 
hydrochloride compounds well. The adsorption of 
tetracycline hydrochloride by ACMC 31 indicated a 
type IV adsorption (Figure 5).  

 
Table 3. The results of the characterization of the adsorbent using the BET and BJH methods 

Sample 
BET Method BJH Method 

Surface Area 
(m2/gram) 

Pore volume (cc/gram) Pore radius (Å) 

Charcoal 11.684 0.014 16.921 
Activated charcoal 73.089 0.036 15.571 
ACMC 11 60.895 0.092 19.442 
ACMC 13 48.988 0.068 15.538 
ACMC 31 75.242 0.130 20.892 

 

0.0 0.2 0.4 0.6 0.8 1.0

0

20

40

60

80

100

V
o
lu

m
e
 @

 S
T

P
 (

c
c
/g

ra
m

)

Relative Pressure, P/Po

 Charcoal

 Activated Charcoal

 ACMC 11

 ACMC 13

 ACMC 31

 
Figure 5. Nitrogen adsorption and desorption isotherms of (a) charcoal, (b) activated charcoal, (c) 
ACMC 11, (d) ACMC 13, and (e) ACMC 31 
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The hysteresis loop in ACMC 31 was more 
pronounced than in the other samples. This indicates 
that the material is mesoporous (Farzin Nejad et al., 
2013). Type IV adsorption shows the dominant pore 
shape in the form of wedge and parallel plates (Ding 
et al., 2021). 

Vibrating Sample Magnetometer (VSM) 
The magnetic properties of the activated charcoal 

magnetic composite adsorbent were compared to 
charcoal before activation and charcoal after 
activation, so measurements were made using a VSM. 
The data obtained from this test is in the form of a 
hysteresis curve. The results of the VSM analysis (Figure 
6) can be seen that the activated charcoal magnetic 
composite has a small magnetizing property. For 
activated charcoal magnetic composites with a ratio of 
1:1 and 3:1, a linear curve is formed, inclined towards 
paramagnetic properties, namely objects that can be 
weakly attracted by magnets. If we apply an external 

magnetic field, the direction of the magnetic moment 
tends to line up with the external magnetic field, thus 
exhibiting a paramagnetic effect. 

According to the research of Smitha et al., 2008, 
the saturation magnetization of PbFe2O4 is 0.52 
emu/g. The saturation magnetization decreases after 
the magnet is composited with activated charcoal 
(Figure 7). This is because there is a non-magnetic 
fraction, namely activated charcoal, in the composite. 
The higher the non-magnetic fraction in the 
composite, the more saturation magnetization also 
decreases. The saturation magnetization decreases 
after the magnetization is composited with activated 
charcoal. This is due to the presence of non-magnetic 
fractions such as activated carbon in the composite. 
The characterization results with VSM showed that the 
sample with the most Fe2+ administration produced a 
high saturation magnetization value. Thus, it can be 
concluded that this sample has the best magnetic 
properties. 

 

  

(a) (b) 

  
(c) (d) 

 

(e) 

Figure 6. The results of the analysis of the magnetic properties of the adsorbent (a) Charcoal before 
activation (b) Charcoal after activation (c) ACMC 11 (d) ACMC 13 (e) ACMC 31 
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The adsorbed concentration of tetracycline 
hydrochloride increases with the increase in the mass 
of the adsorbent (Figure 8). The adsorbent mass of 15 
mg was the best because there had been a balance 
between the tetracycline hydrochloride absorbed by 
the adsorbent and the amount of remaining in the 
solution so that the adsorbent had maximally bound 
the tetracycline hydrochloride. Meanwhile, the mass of 
more than 15 mg decreased the adsorption of 
tetracycline hydrochloride. This is due to overlapping 
events during the adsorption process due to the density 
of the adsorbent particles. This density causes the 
surface area of the adsorbent to be smaller so that the 
active site of the adsorbent is reduced. In this study, 
the best adsorbent mass of activated charcoal and 
magnetic composites of activated charcoal 3:1 was 15 
mg with a concentration of tetracycline hydrochloride 
adsorbed from activated charcoal of 1.3253 ppm and 
of magnetic composites of activated charcoal 3:1, 
which were 7.7769 ppm. 

In this study, the magnetic composite of activated 
charcoal 3:1 absorbs more tetracycline hydrochloride 
than  activated  charcoal.  This  is  due to the 
adsorption mechanism that occurs between the 
hydroxyl group present in tetracycline hydrochloride 
and Fe2+ metal ions,  which are positively charged on 
the surface of the  adsorbent, the  interaction  between  
the  hydroxyl group and the hydroxyl with metal ions 
is possible through the mechanism of formation of 
coordination complexes, chemical bonds that occur 
between  active groups in organic molecules and 
metal ions  can be explained by Lewis acid-base 
interactions that produce complexes on the solid 
surface, this phenomenon is due to metals having 
Lewis acid properties (Metiu et al., 2012), so the more 
metal cations added to activated charcoal, the greater 
the affinity for Lewis bases on tetracycline 
hydrochloride, for example hydroxyl groups, thereby 
increasing the adsorption. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Results of tetracycline hydrochloride adsorption with variations in adsorbent mass 
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Difference Between Adsorbent Absorption and 
Contact Time 

Contact time is required for activated charcoal and 
activated charcoal magnetic composites as adsorbents 
to interact with the adsorbate, namely tetracycline 
hydrochloride (Figure 9). At the beginning of the 
contact time, the adsorption takes place quickly 
because the active site on the adsorbent is still quite a 
lot, so that the frequency of bonding with the 
adsorbate molecule is quite high (Zian et al., 2016). 
The longer the contact time, the greater the interaction 
between the activated charcoal adsorbent and the 
magnetic composite of activated charcoal 3:1 with 
tetracycline hydrochloride. More and more tetracycline 
hydrochloride are adsorbed. The increase in the 
adsorption of the adsorbate was also caused by the 
fact that the adsorption equilibrium factor of the 
adsorbent to tetracycline hydrochloride had not been 
reached. The adsorption process will continue until all 
the active sides of the adsorbent are filled with an 
adsorbate. Adsorption continues until it reaches the 
optimum at a contact time of 60 minutes. When the 
adsorption equilibrium is reached, it is seen that the 
adsorption curve is no longer increasing but 
decreasing. At a contact time of more than 60 
minutes, there was a decrease in the adsorption of 
tetracycline hydrochloride on the adsorbent because 

the adsorbent underwent a desorption process in this 
condition. The desorption process occurs because the 
adsorbate has saturated the surface of the adsorbent. 
Under these conditions, activated charcoal is unable 
to absorb more tetracycline hydrochloride. With 
increasing contact time, the amount of adsorbate 
adsorbed on the surface of the adsorbent increases 
until an equilibrium point is reached. The contact time 
between the adsorbent and the adsorbate that is too 
long can cause the adsorbent to become saturated 
and the adsorbate to be released (Zian et al., 2016).  

Adsorption Kinetics 
Adsorption kinetics (Table 4) is one of the important 

factors in the adsorption process because it shows the 
absorption rate of the adsorbent on the adsorbate and 
is influenced by contact time. The adsorption kinetics 
model of the tetracycline hydrochloride compound by 
ACMC 31 follows the Ho adsorption kinetics model. 
The kinetics model of Ho adsorption corresponds to 
pseudo-second-order with a constant adsorption rate 
of 0.0039 g/mg.min, which means 0.0039 g ACMC 
31 can adsorb 1.0 mg of tetracycline hydrochloride in 
1 minute. This means that the rate of adsorption of the 
tetracycline hydrochloride solution is influenced by the 
concentration of the adsorbate and the active site on 
the adsorbent. 
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Figure 9. Results of tetracycline hydrochloride adsorption with variation of contact time 

 
Table 4. Parameters of adsorption kinetics of Ho, 
Lagergreen, and Santosa of ACMC 31 

Kinetics Model  Parameter  Value 

Ho 
R² 0.9649 
K 0.0039 g/mg.min  

Qe 23.0947 mg/g 

Lagergreen 
R² 0.0713 
K 0.0005 g/mg.min  

Qe 37.6262 mg/g 

Santosa 
R² 0.0122 
K 0.0479 L/mol 
k 0.0004/min  
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Difference Between Adsorbent Absorption and Initial 
Adsorbate Concentration 

Determination of the optimum concentration aims 
to determine the amount of the optimum adsorbate 
concentration that can be adsorbed by the adsorbent 
(Figure 10). The higher the concentration of 
adsorbate, the more concentration of tetracycline 
hydrochloride is adsorbed. However, under certain 
conditions, it will become stable because it has 
reached the saturation point so that an equilibrium 
process occurs. Inactivated charcoal magnetic 
composites with a concentration of tetracycline 
hydrochloride more than 100 ppm, there is a decrease 
in absorption efficiency because, at higher 
concentrations, the amount of tetracycline 
hydrochloride in solution is not proportional to the 
number of active sites on the available adsorbent so 
that the adsorbent surface will reach saturation point 
and the absorption efficiency also decreases. 

Adsorption Isotherm 
According to the adsorption mechanism, changes 

in the concentration of adsorbate by the adsorption 
process can be studied by determining the adsorption 
isotherm. The isotherm that shows the relationship 
between the concentration of tetracycline 
Hydrochloride absorbed (adsorbate) and the amount 
absorbed is the Langmuir and Freundlich adsorption 
isotherm. The Langmuir adsorption isotherm indicates 
that the adsorption process that occurs is a type of 
chemical adsorption, while the Freundlich adsorption 

isotherm indicates that the adsorption occurs 
physically. 

The adsorption of tetracycline hydrochloride 
antibiotic solution using ACMC 31 followed the 
Freundlich isotherm model with a coefficient of 
determination (R2) value of 0.7190 compared to the 
Langmuir isotherm model (Table 5). Thus, it can be 
assumed that the adsorbent surface is heterogeneous, 
and the adsorption forms many layers. This is because 
active adsorption sites have high affinity, and other 
parts have low affinity. However, the adsorbate is not 
strongly bound to the adsorbent. The adsorbate can 
move from one part of the adsorbent surface to 
another, and on the surface left by the adsorbate can 
be replaced by another. Activated charcoal magnetic 
composite has a heterogeneous surface shape 
because the surface pores of activated charcoal are 
surrounded and covered by small particles of PbFe2O4 
magnetic composite. The Freundlich adsorption 
isotherm model also means that the adsorption 
process does not require heat to be uniformly or evenly 
distributed over the entire surface. When viewed from 
the value of 1/n, it can be concluded that the 
adsorption that occurs is favorable adsorption. This is 
because the value of 1/n is between 0 and 1, which is 
0.4402, where if the value of 1/n is more than 1, then 
the adsorption that occurs is not profitable. Likewise, if 
the value of n = 1, then it can be interpreted that the 
process that occurs is irreversible, so there needs to be 
a drastic reduction in pressure or concentration to a 
lower value (Al-Ghouti & Da’ana, 2020). 
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Figure 10. Results of tetracycline hydrochloride adsorption with variations in initial concentration 

 
Table 5. Freundlich and Langmuir adsorption isotherms of ACMC31 adsorbent 

Isotherms Parameter Value  

Freundlich 
R² 0.7190 
Kf 180.1358 L/mg   

1/n 0.4402 

Langmuir 
R² 0.6945 
KL 0.049 L/mg  
qm 76.3359 mg/g 
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The Langmuir equation determined the adsorption 
capacity of the tetracycline hydrochloride compound 
by ACMC 31 (Table 5). After calculating, the 
adsorption capacity of 76.3359 mg/g was obtained. 
The adsorption capacity of tetracycline hydrochloride 
by ACMC 31 is greater than other adsorbents, 
including Fe3O4@HCS (Yan et al., 2018), rice husk 
ash (Chen et al., 2016), Cu-immobilized alginate 
(Zhang et al., 2019), and iron-incorporated 
hydroxyapatite (Li et al., 2017). Although the 
adsorption capacity of ACMC 31 shows something 
good in absorbing tetracycline hydrochloride 
compounds, further modifications can still be made 
(for example, adding nanoparticles or using heating  

methods) to improve its performance as in the case of 
magnetic adsorbents carbon-coated cobalt oxide 
nanoparticles which have adsorption capacity reached 
769.43 mg/g (Yang et al., 2020). 

The Difference in the Absorption of the Adsorbent to 
the Acidity of the Adsorbate Solution 

The pH value of the solution is one of the factors 
that affect the adsorption of tetracycline hydrochloride; 
with increasing pH, the proportion of negatively 
charged tetracycline hydrochloride molecules 
increases continuously. Tetracycline hydrochloride 
adsorption by activated charcoal is optimum at pH 8 
and for adsorption using a magnetic composite of 
activated charcoal 3:1 optimum at pH 10 (Figure 11). 
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Figure 11. Results of tetracycline hydrochloride adsorption with variations in pH 

 
Table 6. Adsorption of antibiotic using several adsorbents adsorbent 

 

Types of antibiotics Adsorben material Adsorption 
capacity 

Reference 

Tetracycline 
hydrochloride 

Rice hulk ash 8.37 mg/g (Chen et al., 2016) 

Ciprofloxacin PAC@Fe3O4-MN 109.833 mg/g (Al-Musawi et al., 2021) 
Tetracycline 
hydrochloride 

Sawdust activated charcoal 242.1308 mg/g (Wardani et al., 2021) 

Oxytetracycline 
hydrochloride 

magnetic zeolite/Fe3O4 
particles 

83.33 mg/g (Başkan et al., 2022) 

Tetracycline iron oxide 0.480 (K. Sun et al., 2022) 
Amoxicillin CTAB‑activated Carbon from 

Peanut Husks 
305 mg/g (Egbedina et al., 2023) 

Sulfadiazine FO@CC-PM 214.07 mg.g (M. Wang & You, 2023) 
Ciprofloxacin chitosan by TiO2@MWCNT 

nanohybrid 
1510.5 mg/g (Rostami et al., 2024) 

Tetracycline 
hydrochloride 

activated charcoal magnetic 
composites from Jengkol peels 

76.3359 mg/g This research 

The pH value of the solution can greatly change the 
surface speciation of tetracycline hydrochloride. The 
effect of acidity on the adsorption of tetracycline 
hydrochloride is due to the interaction between the 
adsorbent and anionic TCH- the concentration 
increases with increasing pH. TCH- adsorption occurs 

because the anionic speciation of tetracycline 
hydrochloride interacts with the positive charge in 
activated charcoal and activated charcoal magnetic 
composites; this can increase TCH- which is adsorbed 
at pH 10 by activated charcoal magnetic composites 
(Dehghan et al., 2018). Antibiotic adsorption can also 
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be carried out using other types of adsorbents as 
shown in Table 6. 
 
CONCLUSIONS 

In this study, activated charcoal material from the 
jengkol peel can be modified into an activated 
charcoal magnetic composite (ACMC). The magnetic 
properties present in ACMC are useful for facilitating 
the separation of the solution with the adsorbent in the 
separation process after adsorption. ACMC material 
has a greater absorption capacity than ordinary 
activated charcoal. The ACMC 31 material has a 
distinctly different structure from the other samples. 
Thus, the ACMC 31 material that has been made from 
jengkol peel waste can be potential as an antibiotic 
adsorbent, especially tetracycline hydrochloride 
compounds. This adsorbent can be an option to 
reduce antibiotic contamination in waters so that it can 
help in overcoming environmental problems. 
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