
Copyright © 2023 The Author(s). Published by Vilnius Gediminas Technical University
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

I. ENVIRONMENTAL PROTECTION AND WATER ENGINEERING http://vilniustech.lt/enviro

* Corresponding author. E-mail: shazwin@utm.my 

12th International Conference

ENVIRONMENTAL ENGINEERING 

April 27–28, 2023, Vilnius, LITHUANIA eISSN 2029-7092  
eISBN 978-609-476-342-7

Article ID:  enviro.2023.951
https://doi.org/10.3846/enviro.2023.951

Adsorption is highly recommended technique due to 
its flexibility and simplicity of design, low initial cost, 
high insensitivity to toxic pollutants and ease of opera-
tion. Various materials, including alumina, carbons (Sa-
bzehmeidani et al., 2021), clays (Gil et al., 2021; Adeyemo 
et al., 2017), silicas (Da’na, 2017; Saman et al., 2020), zeo-
lites (Rad & Anbia, 2021; Lye et al., 2020), biomasses (Ali 
et al., 2021; Saman et al., 2018, 2019; Abdul Rahim et al., 
2021; Johari et al., 2016), biochar (Baltrėnaitė-Gedienė 
et  al., 2020, 2021) and polymeric matters (Sharma & 
Rajesh, 2016) have been employed as adsorbents for the 
elimination of contaminants in environmental water. 
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Abstract. Application of waste materials as adsorbent for water treatment has obtained special attention owning to 
their low cost and surface functionality. In this study the waste-treatment sludge (WTS) sludge was selected as based 
materials and used as adsorbents for dyes and antibiotic adsorption. The adsorbent was prepared by calcination of the 
washed and dried WTS adsorbent (S105) at 300 °C (S300) and 700 °C (S700). The morphology, elemental composi-
tion, functional groups, pH at point zero charged, and cationic exchange capacity were observed and evaluated to 
understand the adsorption performance capability of the adsorbents. Then, the adsorbents were test for dyes and an-
tibiotic adsorption in aqueous solution. Adsorbent prepared at higher temperature have darker color. The FTIR peaks 
related to functional groups of organic compounds such as OH and CO were diminished when the WTS was calcined 
at 700 °C. Value of pHpzc of of S105, S300 and S700 were 5.43, 5.81 and 5.89, respectively. The value of CEC for S700 
and S105 however lower than S300. Adsorption performance of WTS adsorbents towards cationic methylene blue 
(MB), anionic methyl orange (MO) and reactive red-120 was evaluated in aqueous solution. All adsorbents show high 
adsorption performance towards MO, but lower adsorption performance towards RR was observed. The calcination of 
WTS results the higher adsorption capacity observed for adsorption of anionic and cationic dyes. The S700 also show 
better adsorption performance towards OTC and TC. This study indicates that the WTS has a potential application as 
low-cost adsorbent to remove hazardous substances from aqueous solution. 

Keywords: water treatment sludge (WTS), adsorbents, physiochemistry, dyes, antibiotics.

Introduction

Clean waste demand is increasing over a year due to 
increasing population. Due to industrialization and ur-
banization, the risk of consuming dirty water and deal-
ing with its sanitation issues is growing. Therefore, cost-
effective, and efficient wastewater treatment technologies 
are urgently needed. Conventional techniques such as 
chemical precipitation, carbon adsorption, ion exchange, 
evaporations and membrane processes for removing dis-
solved hazardous substances becoming inadequate to 
meet current stringent regulatory effluent limits or are 
increasing in cost (Rajasulochana & Preethy, 2016).
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In this study the waste-treatment sludge (WTS) 
sludge was selected as based materials and used as ad-
sorbents for dyes and antibiotic adsorption. 

The WTS basically is residue generated from purifica-
tion of water for drinking water, which usually includes 
several processes such as screening, coagulation, floc-
culation, sedimentation, decantation, granular filtration, 
and chemical disinfection (He et  al., 2021). The WTS 
product is rising annually along with the rapidly grow-
ing urban population, and its management has become a 
global concern. The sludge commonly contains of silicon 
oxide, aluminum oxide, calcium phosphates, and iron 
oxide (Wang et al., 2019; Ali et al., 2021). In some coun-
try, it is classified as a scheduled waste since it contains 
metals which causes its disposal to be expensive. 

WTS is produced in massive amounts globally and 
there is very less solutions on how to utilize the sludge 
for the good of mankind. This paper aims to use modified 
WTS as adsorbent material, by determining the effects 
of calcined WTS with changes in their physicochemi-
cal properties and adsorption performance towards dyes 
and antibiotic in aqueous solution.

1. Materials and methods

1.1. Materials

The water treatment sludge (WTS) used in this study was 
collected from Syarikat Air Johor (SAJ) plant located at 
Skudai, Johor Bahru, Malaysia. In this study, the syn-
thesized adsorbents were test for their potential adsorp-
tion towards dyes and antibiotics in aqueous solution. 
Chemicals used for adsorption process includes methyl 
orange (C.I.13025) manufactured by Merck Chemicals 
(Germany), methylene blue (C.I.52015) manufactured 
by Riendermann Schimidt (Germany) and Reactive Red-
120 manufactured by Sigma Aldrich (China). Antibiotics 
solution was prepared using tetracycline hydrocholoride 
manufactured by EMD chemicals (USA) and oxytetracy-
cline dihydrate produced by Sigma Aldrich (Germany).  
Molecular structure of dyes and antibiotics used in this 
study are shown in Figure 1. 

Figure 1. Molecular weight and molecular structure of dyes and antibiotics
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1.2. Preparation of water treatment sludge (WTS) 
adsorbents

The water treatment sludge (WTS) was collected and 
washed with distilled water several times to remove 
stone, dirt, and foreign object that may be collected dur-
ing sampling. Then, it was dry in an oven at 105 °C in an 
oven for 3 days This sample denoted as S-105. The dry 
S-105 sample was then calcined at 300 °C and 700 °C for 
3 hr, and denoted as S-300 and S-700, respectively. The 
sample then were characterized and the potential used 
as adsorbents was evaluated using dyes and antibiotic 
compounds.

1.3. Adsorbent characterization

The morphology of adsorbents was observed using 
Field-Emission Scanning Electron Microscope, (FE-
SEM) coupled with energy dispersive X-ray (EDX). A 
small portion of the samples was mounted on the copper 
stub and sputter-coated with a thin layer of gold to avoid 
electrostatic charging during examination. The samples 
were examined at a power voltage of 5–10 kV and mag-
nifications power of 10000x.

In order to determine the ion-exchange properties 
of adsorbents, the cation exchange capacity (CEC) was 
determined. First, the adsorbents were saturated with 
barium by treating it with three times with 0.1 M bari-
um chloride solution followed by an equilibration with 
a 0.01 M barium chloride solution. Then a known excess 
of 0.02 M magnesium sulphate was added. After equili-
bration with a 200 rpm shaker for 2 days, the liquid was 
retained and tested for magnesium content. 

The functional group was determined using Fourier 
Transform Infrared Red (FTIR). The test was conduct-
ed using the KBr disc method. A small amount of the 
adsorbent will be grinded together with KBr followed 
by a compression between steel cylinders. This forms a 
transparent layer of the adsorbent which can be directly 
used for the scanning purposes. The measurement were 
carried out at 4000–370 cm–1. 

The zero point charge (pHPZC) of the adsor-
bent was determined by the solid addition method. 
0.25 mL of 0.3M KNO3 solution was transferred into 
a series of Erlenmeyer flasks. The pH0 values were ad-
justed to 2.0, 4.01, 6.02, 7.00, 9.01 and 11.01 respec-
tively by adding 0.1 M HNO3 and NaOH solutions. 
The pH0 of the solutions were accurately noted and 
0.05 g of adsorbent was added into each flask and was 
securely capped immediately. The suspensions were 
then shaken and allowed to equilibrate for 48 hours. 
The final pH of the solution was noted accurately. 
The difference between the initial and final pH values 
(ΔpH  =  pHi – pHe) was plotted against the final pH 
(pHe). The point of intersection of the resulting curve 
at which ΔpH = 0 gives the value of pHpzc.

1.4. Dyes and antibiotics concentration 
determination

The concentration of the dyes and antibiotics in aque-
ous sample was determined using UV-VIS spectropho-
tometer, Perkin Elmer model Lambda 35. The standard 
calibration curve of each type of dyes were obtained by 
plotting absorbance versus concentration. The dye con-
centration determination was carried out in triplicate 
and the average value was presented. 

1.5. Adsorption performance evaluation

In this study, the adsorbents were also tested on their 
capabilities to adsorb dyes and antibiotics compounds. 
Three type of dyes namely cationic methylene blue (MB), 
anionic methyl orange (MO) and reactive red-120 (RR) 
and two types of antibiotics compound namely oxytet-
racycline (OTC) and tetracycline (TC) were used for the 
adsorption studies. 0.05 mmol/L of dyes solution were 
prepared and used for the adsorption studies.

50 mg adsorbent was suspended in 50 mL aqueous 
solution and the mixture was shaken at 200 rpm using 
a shaker temperature of 30 °C. The mixture was shaken 
for 2 days to ensure equilibrium of the adsorption. After 
that, the mixture was filtered using nylon membrane fil-
ters (0.80 μm) and the concentration of dyes or antibiotic 
in the solution were measured. Adsorption capacity at 
equilibrium, Qe of the adsorption process was calculated 
using Eq. (1):

( )
,

Ci Ce V
Qe

m
−

=

where Ci is the initial concentrations (mg/L), Ce is the 
concentrations at equilibrium (mg/L), V is the volume 
of solution (L), and m is the mass of the adsorbent (g).

2. Results and discussions

2.1. Adsorbents characterization

Figure 2 shows the photograph and SEM images for 
the synthesized adsorbents. The colour of sample 
become darker as the temperature used during the 

Figure 2. Photograph (above) and SEM (below) images of 
adsorbents
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sample preparation increased. As it can be seen, there 
are no significant different present in the SEM images, 
except that the powder structure seemed to become 
denser as the preparation temperature of the samples 
is increased. 

Figure 3 shows the EDX analysis of the WTS adsor-
bents. The materials basically composed of element Al, 
Si, O, and C. Element C is decreasing as the materials 
undergoes calcination process (S300 and S700). Element 
Au detected for all three adsorbent is due to coating ma-
terials used to prevent electrostatic interaction during 
the examination process. 

Figure 3. EDX-spectra of adsorbents S105, S300 and S700

The FTIR spectra of the sample is shown in Fig-
ure 4. The figure shows that adsorbent that prepared 
at higher temperature (S700) has less functional group 
compared to adsorbents prepared at lower temperature. 

The functional groups, including OH, and CO function-
alities as well as fingerprint region (at wavelength below 
800 cm–1) diminished or have low percentage of absorp-
tion with increased calcination temperature. These re-
sults shows that the organic compounds were degraded 
during the calcination process.

The cation exchange capacity (CEC) values deter-
mine the ability of adsorbent to hold and release vari-
ous ions and compounds at the active functional groups 
in the adsorbent. The values of CEC for S105, S300 and 
S700 were 737319.6 cmol+/kg, 821817.9 cmol+/kg and 
718146.3 cmol+/kg, respectively. The S300 has the high-
est CEC values compared to other adsorbents. This result 
indicate that the 300 has higher potential to form inter-
action by ion-exchange mechanism compared to other 
two adsorbents. 

The pH at point of zero charge, HPZC values is deter-
mined the pH condition on the adsorbent where number 
of negative charges is equal to the number of positive 
charges on the adsorbent surface. The values of pHPZC 
for S105, S300 and S700 were 5.43, 5.81 and 5.89, re-
spectively. The adsorption capacity of cations is favored 
at pH higher than pHPZC because their surfaces might 
be negatively charged under this condition, while the 
adsorption of anions is favored at pH lower than the ad-
sorbent pHPZC value.

2.2. Adsorption experiments

2.2.1. Dyes adsorption evaluation
Figure 5 shows the adsorption capacity of dyes adsorbed 
onto the synthesized adsorbents. All adsorbents basically 
have higher adsorption performance towards MO. The 
MO adsorption capacity onto S105, S300 and S700 were 
0.027 mmol/g, 0.028 mmol/g and 0.029 mmol/g, respec-
tively. For the MB, the S105 resulted the highest adsorp-
tion capacity, followed with S700 and the adsorption of 
MB onto S300 was the lowest. 
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Figure 5. Adsorption capacity of MB, MO and RR WTS 
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Adsorption performance of dyes is related to the 
physiochemistry properties of the adsorbent as well as 
dyes properties. MB is classified as cationic dyes which 
is preferable to be adsorbed onto negatively charged ad-
sorbents through electrostatic interactions. While, me-
thyl orange and reactive red however is anionic dye, thus 
highly attracted towards positively charged adsorbents. 
These dyes also known as a polycyclic aromatic com-
pound hence can have electron donor-acceptor interac-
tions with adsorbents with some amount of aromaticity 
such as biochar and carbonaceous adsorbents (Iwuozor 
et al., 2021). The electrostatic interaction and hydrogen 
bonding between nitrogen (N), oxygen (O) and hy-
drogen (H) functional groups of dye’s and adsorbent’s 
structure are also expected (Al-Ghouti & Al-Absi, 2020; 
Iwuozor et al., 2021; Jawad et al., 2019). 

High affinity of methyl orange among other dyes is 
probably due to presence of –SO3Na that can interact 
through ion-exchange with Al+ at the adsorbents which 
is ascribed as the higher CEC values. The adsorption 
of RR onto all three adsorbents is not very promising. 
This result might be due to the bulkiness of the RR com-
pounds (see Figure 1).

2.2.2. Antibiotic dyes adsorption evaluation
The adsorption capacity of antibiotics, namely tetra-
cycline (TC) and oxytetracycline (OTC) are shown in 
Figure 6. The adsorbents show higher adsorption per-
formance towards OTC compared to TC and adsorbent 
prepared at higher temperature resulted better perfor-
mances.
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Figure 6. Adsorption capacity of TC and OTC onto WTS 
adsorbents

Compared with TC, OTC exhibited higher adsorp-
tion onto all three adsorbents, which is ascribed to 
additional OH groups of the OTC. This indicates that 
H-bonding between functional groups of the this type 
of antibiotic and the WTC adsorbent were significant. 
Other studies also provide evidence for the involvement 
of these groups in complex formation with the adsorbent 
(Yang et al., 2011; Lye et al., 2017).

Conclusions 

1. The WTS-based adsorbents show a potential applica-
tion to remove hazardous substances from aqueous 
solution.

2. The physiochemistry properties of the WTS changed 
when heat treatment is applied, thus affect the ad-
sorption performance towards various hazardous 
substances.

3. For dyes adsorption performance, the three adsor-
bents have high affinity towards MO. 

4. For antibiotic adsorption performance, the adsorbent 
that prepared at higher temperature resulted better 
adsorption performance.

5. In order to understand the adsorption mechanism, 
details adsorption studies at equilibrium and kinetic 
adsorption needs to be carried out. 
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