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Abstract

The use of activated charcoal from sawdust as an adsorbent of tetracycline hydrochloride compounds has been successfully carried
out. Sawdust activated charcoal was carbonized at 450°C for 40 minutes with a charcoal size of 100 mesh and activated using
H3PO, solution. The characteristics of active sawdust charcoal showed that water content, iodine adsorption, and methylene blue
adsorption had met SNI 06-3730-1995 regarding technical activated charcoal. Testing the morphology of charcoal using a Scanning
Electron Microscope showed that the charcoal pores were opened through the activation process. In the functional group analysis
test using infrared spectroscopy, the active group contained in charcoal after being activated contained carbon atoms that were
purer than sawdust. The adsorption process of tetracycline hydrochloride using sawdust activated charcoal is known to follow Ho or
Pseudo second-order (K = 0.0039 g/mg.min), while the adsorption isotherm follows the Langmuir equation, Kz, = 0.0076 L/mg and
adsorption capacity amounting to 242.1307 mg/g. Thermodynamically, the adsorption process occurs not spontaneously with a
Gibbs free energy value of 120.8949 k]/mol and occurs by chemisorption.
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1. INTRODUCTION through the food chain or direct interaction. Thus, many vari-
ous diseases caused by bacterial infections become resistant to
treatment using antibiotic compounds. The resistance of these
pathogenic bacteria creates problems for the patient and can
also cause problems in the patient’s environment (Kotsiltopou-
los, 2017).

One type of antibiotic often used and found in surface
water, especially hospital waste, is the tetracycline antibiotic
(Pena et al., 2010). Pathogenic bacteria due to tetracycline
resistance have also been found in sewage, rivers, ponds, and
swimming pools (Nahar et al., 2019). Therefore, the elimina-
tion of tetracycline antibiotics (Figure 1) from water is essential
to do.

Adsorption is the most common technique used in wastew-
ater treatment to remove inorganic waste and organic waste
(Zhang et al., 2017; Wang et al., 2018). The adsorption
method is effective because of the advantages of simple op-
eration, low cost, and low energy consumption (Yang et al.,
2020). One of the adsorption methods that are often used is
by using activated charcoal. Some of the ingredients that are
used as activated charcoal include cassava peels (Ilaboya, 2013),

Environmental pollution is one of several factors that affect
environmental quality. The rapid growth of the pharmaceutical
industry will create new problems for the environment. It is
indicated by the results of a research showing that many drugs,
such as antibiotics, hormones, preservatives, and anesthetics are
detected in lake, river, and groundwater (Miege et al., 2009).
Hospitals are one of the sources of water pollution besides
lakes, rivers, and groundwater. Hospitals can have a negative
impact where hospital wastewater contains carcinogenic and
genotoxic drugs that can cause various diseases in the surround-
ing community, such as cancer and genetic disorders (Sharma
et al., 2016). Besides that, it also produces drug residues, one
of which is antibiotics. Antibiotics as antibacterial agents are
widely used to treat and prevent diseases for humans and ani-
mals because antibiotics effectively inhibit and kill bacteria.
Antibiotics are drugs that are very important for treatment,
such as transplants and chemotherapy. However, after years
of use, the bacteria have become resistant to antibiotics. These
resistant bacteria can be transmitted from animals to humans
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Figure 1. The Structure of Tetracycline Antibiotic (Gao et al.,
90192)

corncob (Kazmierczak et al., 2012; Rocha et al., 2015), banana
peel (Ingole et al., 2016; Napitupulu et al., 2019; Karimibavani
et al., 2020), straw (Sharal and Hassan, 2013; Ramangkoon
et al.,, 2016; Panhwar et al., 2019), eggshell (Ahmad et al.,
2020), and coconut shell (Huang et al., 2015; Karunakara et al.,
2015).

The removal of tetracycline in an aqueous solution in-
cludes using an organic metal skeleton derived from carbon-a
Fe/FegC as a magnetic adsorbent (Xiong et al., 2019), 8D
film composites (Song et al., 2018), and carbon-based glyceryl
material (Alvarez-Torrellas et al., 2016). This study studied
the use of activated charcoal as an adsorbent for tetracycline
hydrochloride antibiotics made from sawdust.

2. EXPERIMENTAL SECTION

2.1 Materials

The equipment used in this research included laboratory glass-
ware, magnetic stirrer, 100 mesh sieve and filter paper, stop-
watch, analytical balance, furnace, oven, Shimadzu UV-1800
spectrometer, Scanning Electron Microscope JEOL jsm-6360
LA, and Shimadzu IRPrestige-21 spectrophotometer. The
chemicals used were analytical grade and without purification.

2.2 Methods

2.2.1 Carbonization Process

A total of 500 g of dry sawdust samples were hydrolyzed in a
furnace at 450°C for 40 minutes. The charcoal formed was
cooled in a desiccator and then weighed. Then, the yield per-
centage was determined. The charcoal was then crushed and
then sieved with a 100 mesh sieve.

2.2.2 Charcoal Activation

The pyrolysis charcoal was immersed for 24 hours using a 15%
H3PO, activator. The carbon yield was filtered and rinsed with
water to neutral pH, and then it was drained and put in an oven

at 150°C for 3 hours.

2.2.3 Testing the Characteristics of Activated Charcoal

The procedure for analysis of activated charcoal refers to the
SNI (Indonesian National Standard) 06-3730-1995 regarding
technical activated charcoal. It was done by doing the testing
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in the form of water content, iodine adsorption, and methy-
lene blue adsorption. Besides, charcoal morphological analysis
was also carried out using Scanning Electron Microscope and
functional group analysis using FTIR.

2.2.4 Adsorption Kinetics Testing

The 20 mg of adsorbent was added to 100 ml of 20 ppm
antibiotic solution. The mixture was stirred using a magnetic
stirrer with a speed of 200 rpm with a variation of contact times
of 30, 60, 90, 120, and 150 minutes. Then, the antibiotic
levels were measured using a UV-Vis spectrophotometer at
a wavelength. The stories of the UV-Vis spectrophotometer
results from the five variations of contact time were calculated
and then entered into Santosa, Lagergren, and Ho’s kinetic
equation models.

2.2.5 Adsorption Isotherm Testing

The 20 mg of adsorbent was added to 100 ml of antibiotic
solution with various concentrations used at 10, 50, 100, 150,
and 200 ppm. Then, the mixture was stirred using a magnetic
stirrer with a speed of 200 rpm for 100 minutes and then
it was filtered. Then, the filtrate was taken. The antibiotic
absorbance was measured at the maximum wavelength. The
UV-Vis spectrophotometer results from the five concentration
variations were then counted and inputted into the Langmuir
isotherm equation model and the Freundlich isotherm equation
model.

3. RESULT AND DISCUSSION

3.1 Results of Characterization of Activated Charcoal
Carbonization is the initial stage for converting organic sub-
stances into carbon or carbon-containing residues through the
pyrolysis process. The result of carbonization at 450°C for
40 minutes produced charcoal yield at 12%. The carbonized
charcoal was then activated using a solution of 15% phosphoric
acid. A 15% phosphoric acid solution was used as an activator
because phosphoric acid is more environmentally friendly and
economical among the various dehydrating agents used for
chemical activation (Kumar and Jena, 2016). Also, phosphoric
acid with a concentration of 15% can produce activated charcoal
with the best characteristics and is according to SNI1 06-3730-
1995 (Sahara et al., 2017). Phosphoric acid increases the yield
and decreases the reaction rate during the oxidation process
to protect the charcoal from high temperatures (Hendra et al.,
2015).

After activation with 15% phosphoric acid with a particle
size of 100 mesh, the characteristics of activated charcoal were
tested based on SNI 06-3730-1995. Testing the character-
ization of activated charcoal was carried out by determining
the water content, adsorption of Methylene blue, and iodine
adsorption. Water content testing was carried out to determine
the water content in sawdust-activated charcoal after undergo-
ing the carbonization and charcoal activation processes. The
water content test provides an overview of the quality of the
activated charcoal that is made. The greater the water content
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Figure 2. FTIR Results (a) Sawdust, (b) Charcoal Before
Activation, (c) Charcoal After Activation

means that more water is absorbed in the activated charcoal.
This water can cover the pores of activated charcoal to decrease
the adsorbent’s adsorption capacity.

The methylene blue adsorption test can be related to the
surface area of activated charcoal (Jawad et al., 2016). The
greater the adsorption of activated charcoal against methylene
blue, it is expected that it will also have a large adsorption capac-
ity when applied to the sample. Activated charcoal can absorb
iodine very well. Therefore, the iodine adsorption number can
be used to predict the total surface area of activated charcoal
(Madu et al., 2018). Methylene blue adsorption and iodine ad-
sorption tests were carried out to predict the surface area of the
activated charcoal formed, so that effective activated charcoal
could be obtained to be used for adsorption. The results of
characterization of activated charcoal from sawdust produced
(Table 1) follow SNI 06-8730-1995.

Analysis of functional groups on activated charcoal was car-
ried out using FTIR. This analysis compared by looking at the
functional groups on the charcoal before the activation process
and the functional groups on the charcoal after the activation
process with 15% phosphoric acid. Analysis of activated carbon
before and after activation by FTIR can be seen in Figure 2.

Based on Figure 2, it can be seen that in the sawdust (Fig-
ure 2.a), there is a broad absorption band in the 8835 cm™!
area, which indicates the presence of hydrogen lignin bonds,
the absorption band in the 2905 cm™! region, which means
the presence of alkane groups (-CH), the area 2107 cm™! of
the alkynes group (C=C), the site of 1594 cm™! where there is
a C=C bond of lignin and the absorption area of 1281 cm™!
where there is a cellulose C-O-C bond (Poletto et al., 2012)
and the C-N group in the absorption area of 1029 cm™'. Some
of the absorption bands of lignin, hemicellulose, and cellulose
in sawdust were successfully removed by a charcoal process.
FTIR spectra on activated charcoal can confirm it before activa-
tion (Figure 2.b), which does not show that there is absorption
on the hydroxyl group (8835 cm™!), the alkane group (2905
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Figure 3. Characterization Results using XRD (a) Before and
(b) After Activation

em™!), and the C-N group (1029 ecm™!). This indicates that the
charring process’s goal, namely removing organic functional
groups, has been successfully carried out. Changes in the struc-
tural framework were also seen in the different fingerprint areas
between the sawdust and charcoal. The functional groups on
the pre-activated charcoal (Figure 2.b) and the activated char-
coal (Figure 2.c) did not show any difference except for peak
shifts. There was no difference in functional groups between
the charcoal before activation and after the activation process.
The 15% HgPOy, solution as an activator only functioned to
enlarge the pores in the charcoal.

The activated charcoal formed had an amorphous parti-
cle structure by characterization results using XRD (Figure 3).
Based on XRD spectra, it can be seen that the charcoal activa-
tion process causes a shift towards a smaller angle. The shift
in the angle indicates an increase in the distance between the
layers (Shi et al., 2019).

The morphology of activated charcoal was analyzed using
SEM to see the inactivated and activated charcoal pore sizes.
Based on the analysis using SEM (Figure 4), the pores of acti-
vated charcoal after being activated using 15% phosphoric acid
are more open than before being activated. Charcoal cavities
and pores are also formed due to heat during the carbonization
process, which causes the decomposition process of organic
compounds, such as lignin, holocellulose, and pentosane in
sawdust activated charcoal. The carbonization process gener-
ates many volatile materials to evaporate to form many active
lattices (pores). Phosphoric acid reacts with alcohol groups
remaining in charcoal at low temperatures to form organic
phosphates, which are unstable and quickly degraded in acidic
or neutral media (Wu et al., 2018). The volume occupied
by organic phosphate, which is then degraded, can result in a
larger volume and pore size.
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Table 1. Results of the Characteristics of Sawdust Activated Charcoal

Testing SNI 06-8730-1995 Results
‘Water content Max 15% 1.69%

Methylene Blue Adsorption

Min 120 mg/g

235.3026 mg/g

Iodine Adsorption Min 750 mg/g 995.3211 mg/g
constant
ky
log (Q, - Q;) =log Q, — 9303 t (2)
1 1 1
L . 3)
Q kQZ Qe
15
Figure 4. SEM Results of Charcoal (a) Before and (b) After
Activation at 5000x Magnification M
g 13
= 12.4939
3.2 Results of Activated Charcoal Adsorption on Tetracy- g 1z ﬂ@ \
cline Hydrochloride Antibiotics E }w 113358
The adsorption results of tetracycline hydrochloride antibiotic g A
solution using sawdust activated charcoal with various contact =
time variations are presented in Figure 5. Measurement of the ,-; 1
concentration of tetracycline hydrochloride using UV Vis spec- =N
. . b 8.8632
trophotometry was at a wave of 276 nm. The optimum time +
during the adsorption process for tetracyclic hydrochloride oc- 8 —
curred at 90 minutes. At 120 and 150 minutes, the adsorption
200 40 60 S0 100 120 140 160 180

process of activated charcoal against tetracycline hydrochloride
decreased. The decrease in adsorption occurred because the
activated charcoal had saturated bonds with tetracycline hy-
drochloride or the active side that had been maximally filled did
not absorb more tetracycline hydrochloride. The kinetics study
was conducted to determine the adsorption kinetics model that
occurred. The model studied in this study’s adsorption pro-
cess uses the Santosa kinetics equation, the pseudo-first-order
(PFO) kinetics model (Lagergren kinetics), and the pseudo-
second-order (PSO) kinetics model (Ho kinetics). The Santosa
kinetics model can be calculated by equation 1 (Santosa et al.,
2007), while the PFO and PSO kinetics models can be calcu-
lated based on equations 2 and 3, respectively (Santosa et al.,
2007), while the PFO and PSO kinetics models can be calcu-
lated based on equations 2 and 3, respectively (Siregar et al.,
2021).

ln(%—”j’) o

c, < 1)

+0Q

Where C 4 is the initial concentration; C 4 is the A species
concentration in solution; k; is the adsorption rate constant
for Santosa; t is the adsorption time; Q is sorption-desorption
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Figure 5. Tetracycline Hydrochloride Adsorption Results with
Variation in Contact Time

Where Q, is the adsorption capacity (mg/g); Q, is the ad-
sorption capacity at t (mg/g); ¢ is the adsorption time (minutes);
k1 is the adsorption rate constant for PFO (min~!); and kq is
the adsorption rate constant for PSO (g/mg.min). The graph
of the adsorption kinetics analysis results for the three models
used is presented in Table 2.

Based on Table 2 regarding the calculation of the adsorp-
tion kinetics parameters of the three adsorption kinetics models
studied, the Ho kinetics or PSO kinetics model provides the
best linearity value (R2~1) compared to the Santosa and Lager-
gren (PFO) kinetics models. Thus, tetracycline hydrochloride
antibiotic solution’s adsorption process more closely follows the
Ho pseudo-second-order kinetics model. An adsorption rate
constant of 0.00389 g/mg.min means that 0.00389 grams of the
adsorbent can adsorb 1.0 mg of adsorbate in 1 minute. It im-
plies that the factors that influence the tetracycline hydrochlo-
ride antibiotic solution’s adsorption rate are the adsorbent’s
concentration and active site.

Page 184 of 188



Wardani et. al.

Science and Technology Indonesia, 6 (2021) 181-188

Table 2. Adsorption Kinetics Parameters of Santosa, PFO and PSO

o Parameter
Kinetics Model Qe Qeeute R2 k
Santosa - - 0.316 0.0028 min~!
PFO (Lagergreen) 100 mg/g 50.015 mg/g 0.251 -0.0007 min~!
PSO (Ho) 100 mg/g  60.241 mg/g  0.985 0.0039 g/mg.min
* Table 3. Parameters of Freundlich and Langmuir Isotherms
] %68'1815 Isotherm model  Parameters Value
2% R2 0.8694
=50 A K 4.2092 L/
é ¥ E 48.2285 Freundlich nF 102 Ing
57 AG? -8.5609 kJ/mol
s A 335462 R? 0.9718
3 , Ky 0.0076 L/mg
22.6416 ;
£ 4 Langmuir O 942.1308 mg/g
E o J AGY 120.8949 kJ/mol
1 o 2.8069
0 T T T T T T T

0 50 100 150 200 250

mitial concentration (ppm)

Figure 6. Effect of Initial Concentration on Tetracycline
Hydrochloride Adsorption

The adsorption results of tetracycline hydrochloride an-
tibiotic solution using sawdust activated charcoal for testing
the adsorption isotherm using various concentrations of 10,
50, 100, 150, 200 ppm are presented in Figure 6. Based on
this figure, it is known that the initial concentration of tetra-
cycline hydrochloride that can be adsorbed is the maximum
of 150 ppm. The parameters of the Freundlich and Lang-
muir isotherms are presented in Table 3. Both of them can
be calculated with equations 4 (Freundlich) and 5 (Langmuir).
Freundlich isotherm is usually used to describe adsorption
events on heterogeneous surfaces, whereas Langmuir isotherm
occurs when adsorption occurs on a monolayer surface (Dada,
2012).

Log Q. =log K + 1/nlog C, 4)

L1, 1
qe Qm QmKLCe

Where K is Freundlich isotherm constant (mg/g); n is
adsorption intensity; C, is the aquilibrium concentration of
adsorbate (mg/L); Q, is the amount of metal adsorbed per
gram of the adsorbent at equilibrium (mg/g); K}, is Langmuir
isotherm constant (L./mg); Q,, is maximum monolayer cover-
age capacity (L/mg); q, is the amount of metal adsorbed per
gram of the adsorbent at equilibrium (mg/g).

©®)
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From Table 3, it can see that the adsorption of tetracy-
cline hydrochloride antibiotic solution using sawdust activated
charcoal is closer to the Langmuir adsorption isotherm model.
It can be proven by the value of the relation coeflicient (R2),
which is closer to 1 compared to the Freundlich model. On
the surface, the active sawdust charcoal adsorbent is homoge-
neous and the adsorbate is adsorbed in a single (monolayer)
form. Langmuir model illustrates that there are a certain num-
ber of active sites that are proportional to the surface area on
the adsorbent’s surface. On each active site, there is only one
adsorbable molecule. Langmuir adsorption isotherm is usu-
ally used to describe the physisorption adsorption, whereas
Freundlich model describes the occurrence of chemisorption
adsorption.

In chemisorption, tetracycline hydrochloride as an adsor-
bate forms covalent bonds with adsorbents and has a large ad-
sorption heat. This matter is different from the physisorption
event, which only has a low adsorption heat, and the adsorbate
is only attracted by the adsorbent through weak Van der Waals
forces as shown in Figure 7. The difference between physisorp-
tion and chemisorption can be determined more clearly by
determining the enthalpy (AH") and Gibbs free energy (AG").
Physisorption occurs when the AH” value is between -2.1 and
-20.9 kJ/mol, or the AG” value is between 0 and -20 kJ/mol,
while chemisorption adsorption can occur if the AH? value is
between -80 and -200 k]/mol or AG" value is between -80 and
-400 kJ/mol (Humpola et al., 2018).

The Gibbs free energy can be determined by equation 6.

AG" = RTInK (6)

Where AGY is Gibbs free energy (kJ/mol); R is the gas con-
stant (8.314 J/mol.K); T'is temperature (K); K is the Langmuir
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Adsorbent Adsorption capacity References
Ball milled bio char 84.54 mg/g (Xiang et al., 2020)
Magnetic carbon-coated . onc
cobalt oxide nanoparticles 769.43 mg/g (Yang et al., 2020)
CugO-TiOg-Pal 113.6 mg/g (Shi et al., 2016)
MWCNT/MIL-53 (Fe) 364.37 mg/g (Xiong et al., 2019)
Rice hulk ash 8.37 mg/g (Chen et al., 2016)
Magnetic graphene oxide 141.4427 mg/g (Miao et al., 2019)
Graphene oxide 322.43 mg/g (Ghadim et al., 2013)
Petroleum coke derived ACs 897.6 mg/g (Zhang et al., 2015)
Cu-immobilized alginate 53.26 mg/g (Zhang et al., 2019)

45.39 mg/g
257.07 mg/g

Iron-incorporated hydroxyapatite
FegO,/PAN composite NFs
A garlic skin-derived

(Li et al., 2017b)
(Liu et al., 2015)

porous biomass carbon 1911.8 mg/g (Liu et al., 2020b)
NaY zeolite straw ash 230.69 mg/g (Ali et al., 2018)

Magnetic microsphere 166 mg/g (Lietal., 2017a)
HSBB600 157.38 mg/g (Liu et al., 2020a)

Sawdust activated charcoal

242.1308 mg/g

This research

Binding Site \

PR 4 R

Physisorption Subtrate Chemisorption

v
|

Figure 7. Schematic of the Physisorption and Chemisorption
Events (Berger and Bhown, 2011)

or Freundlich (L./mg) adsorption rate (Hampola et al., 2013).
Based on equation 6, the value of AG? in the tetracycline hy-
drochloride adsorption process by sawdust activated charcoal
is 120.8949 kJ/mol. Gibbs free energy is in the range of 80 to
400 kJ/mol, indicating that the adsorption process that occurs
is chemisorption. A positive value at AG? indicates that the
adsorption process is not spontaneous.

The entropy and enthalpy values can be obtained by con-
verting equation 6 into a linear equation as in equation 7.

K = — - — (7)

Where AS is the system entropy (J/mol.K) and AH is the
system enthalpy (k]/mol). The entropy and enthalpy values can
be obtained by plotting /nK against 1/T into a linear regression
equation. The slope and intercept values of the equation show
the enthalpy and entropy values, respectively. In this study, the
enthalpy and entropy values could not be determined in the
adsorption process of tetracycline hydrochloride by activated
charcoal from sawdust because there was no variation in tem-
perature. Tetracycline hydrochloride adsorption can also be
carried out using other types of adsorbents as shown in Table

4.

© 2021 The Authors.

4. CONCLUSIONS

The characteristics of sawdust activated charcoal showed mois-
ture content, iodine adsorption, and methylene blue adsorp-
tion, namely 1.69%, 995.3211 mg/g, and 235.3067 mg/g,
respectively. All the following characteristics followed SNI
06-3730-1995 regarding technical activated charcoal, so that
the activation process succeeded in expanding the pore surface
from 1 pm to 13 pm. The kinetics test of active sawdust char-
coal adsorption against tetracycline hydrochloride antibiotics
followed the Ho kinetics equation (PSO) with R2 = 0.985, K
value of 0.0039 g/mg.min, and ¢, of 60.241 mg/g. The test
isotherm of active sawdust charcoal adsorption more closely
followed the Langmuir equation model with R2 = 0.972, the
K7, value of 0.0076 L./mg, and adsorption capacity 242.1308
mg/g. Gibbs’s free energy from the adsorption process was
positive, indicating that the adsorption process did not sponta-
neously occur.
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