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a b s t r a c t
In this study, the potential of adsorption of amoxicillin antibiotic (AMOX) from aqueous solutions 
using prepared activated carbon (AC) was studied. The used AC was prepared from an inexpen-
sive and available precursor (sunflower seed hulls (SSH)) and activated by potassium hydroxide 
(KOH). The prepared AC was examined for its ability to remove AMOX from aqueous contaminated 
solutions and characterized with the aid of N2-adsorption/desorption isotherm Brunauer–Emmett–
Teller, scanning electron microscopy, energy-dispersive X-ray spectroscopy and Fourier-transform 
infrared. Zeta potential of the prepared activated carbon from sunflower seed hulls (SSHAC) 
were studied in relation to AMOX adsorption. The physical and chemical properties of SSHAC 
were analyzed and it showed successful preparation of SSHAC with a preferable surface area, 
micropores volume and average pore diameter of 928.706 m2/g, 0.565 cm3/g and 2.55 nm, respec-
tively due to the hierarchical porosity of the prepared adsorbent. SSHAC exhibited a removal per-
centage of 95% for AMOX at a solution pH of 6, SSHAC dosage of 0.75 g/L and an initial AMOX 
amount of 50 mg/L. Equilibrium analysis were performed in a batch model within the range of 
5–9 solution pH, 0.25–1.25 mg/mL SSHAC dosage and 50–250 mg/L AMOX initial concentration. 
The experimental data obtained were analyzed by Langmuir, Freundlich and Temkin isotherm mod-
els. The equilibrium data fitted well with the Langmuir model with a maximum AMOX adsorp-
tion capacity of 272.44 mg/g. Pseudo-first-order, pseudo-second-order and intraparticle diffusion 
models were utilized to examine the kinetic data obtained at various inlet AMOX concentrations. 
The kinetic experimental data were well fitted with the pseudo-first-order equation. A proposed 
adsorption mechanism by π–π interactions were introduced. From the obtained results, SSHAC 
is recommended as a highly efficient adsorbent for removal of AMOX from aqueous solutions.
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1. Introduction

The presence of contaminants in wastewater represents 
one of the modern environmental threats and global chal-
lenges, which have to control and treatment [1]. This excites 
interesting of more research centers and environmental 
protection foundations around the world [2]. From these 

pollutants, pharmaceuticals especially antibiotics which 
come from drugs factories, excrement of humans and 
animals, hospital effluents [3] and inefficient water treat-
ment plants [4]. The existence of antibiotics in the surface 
water may leads to respiratory problems, skin irritation 
and can also cause cancer and cell mutation risk in human 
beings [5,6].
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The studies showed that most of the antibiotics can-
not be consumed and absorbed well from organisms [7]. 
Therefore, about 30%–90% of these pollutants reach and 
spread to the aquatic environment as a part of human and 
animals’ excrement and urine [8]. The appearance of anti-
biotics in water causes toxicity for aquatic life for long time 
especially on algae and lower organisms even with very 
low concentrations. Antibiotics cause adverse effects on 
human and animals like sharp and chronic toxicity as well 
as emergence of multi resistant bacteria [9,10].

Amoxicillin (AMOX) is one of the antibiotics that wildly 
used. It is from beta-lactam family and penicillin type. 
The mechanism of its activity is stopping and prevent-
ing of bacteria growth [11]. Consequently, it used to treat 
skin infections, pneumonia, ear and throat infections and 
more uses [12]. Furthermore, AMOX is classified within 
the list of essentially drugs reported by the World Health 
Organization as one of drugs with a big deal of activity and 
safely [13]. However, the studies proved that more than 
80% of AMOX used for treating humans and animals, are 
excreted with urine within no more than 2 h after used and 
discharges into surface water [13].

The wastewater treatment plants are unable to remove 
contaminants especially antibiotics [11]. Therefore, several 
methods have been used to remove these contaminants. 
For example, catalytic degradation [14] ozonation [15], bio-
degradation [16] membrane filtration [17], photocatalytic 
degradation [18], photo-transformation [19], electrocoagu-
lation [20], electrochemical [21], advanced oxidation [12], 
extraction [22] and adsorption [17]. Among these methods, 
it has been found that adsorption is one of the most effec-
tive techniques in the removal of antibiotics from aqueous 
solutions [23]. Both organic and inorganic materials can be 
removed by adsorption process even with very low amounts 
[24]. Adsorption is very simple method in operation and 
maintenance [25]. Also due to its lower initial operating cost 
and high efficiency for eliminating of antibiotics from con-
taminated wastewaters even with very low concentrated 
pollutants (less than 1 mg/L) [26,27]. Furthermore, the per-
formance of adsorption depends on the efficient surface 
area and properties of adsorbent material used [28].

Activated carbon (AC) is one of the most effective adsor-
bents in removing of organic pollutants from wastewater 
because of its high adsorption capacity [29,30]. Its textural 
properties (surface area and pore volume) [31], mechanical 
strength, thermal stability [32], as well as efficient removal 
of contaminants may reach (in some cases) to 100% [33,34].

Sunflower seeds (SS) are one of the most significant oil 
seeds in the world with a global production of 416 million 
tons in the year 2013/2014 [35]. Universally, sunflowers are 
grown on about 24 million hectares, (National Sunflower 
Association, 2011) [36]. Every year a huge amount of sun-
flower seed hulls (SSH) is accumulated as a by-product of 
SS oil refining. In the last years, SSH was examined as an 
efficient, economic and renewable precursor for prepar-
ing highly porous ACs [37]. The high carbon content of 
SSH within the range of 41%–51%, make SSH an efficient 
precursor for carbonaceous materials [38].

Several researches have been carried out and proved 
that AC can be represented as an efficient adsorbent [39,40]. 
Different activators were used to activate the carbonized pre-
cursor SSH like NaOH, H3PO4, ZnCl2 and CO2. So far, very 
little attention has been adopted to use KOH as an activa-
tor to prepare efficient, low cost and eco-friendly adsor-
bent. To the authors knowledge, this is the first study that 
deals with preparation of activated carbon from sunflower 
seed hulls (SSHAC) as an eco-friendly adsorbent from 
SSH using KOH as an activator.

In this work, the potential and adsorption capacity of 
SSHAC in removing AMOX from aqueous solutions was 
investigated. The adsorption of AMOX was enhanced by 
increasing the diffusion inside the pores of adsorbent due 
to its hierarchical porosity. The SSHAC was characterized 
using surface area morphology, porosity and active groups. 
The impact of several factors such as initial pH of solution, 
dosage of adsorbent and initial adsorbate amount were 
investigated. Also the equilibrium isotherm and kinetic 
models were performed to understand the adsorption  
behavior.

2. Materials and methods

2.1. Materials

The chemicals used in this work include KOH, NaOH, 
HCl (BDH Limited Poole, England) and AMOX (Brawn 
Laboratories Limited, Faridabad-121001, Haryana, India). 
The chemical and physical properties of AMOX are shown 
in Table 1 [7,9]. The hulls of sunflower seeds (SSH) were 
provided by a local oil factory (Baghdad, Iraq). The SSH 
were cleaned with deionized water to remove impurities 
and dust, dried in an oven (Gallenkamp-Model No. IH-100, 
England) at 110°C for 24 h and allowed to cool to a room tem-
perature. The dried hulls were crushed in a mill (LABSCO 

Table 1
Chemical and physical properties of AMOX [7,9]

Chemical 
symbol

Chemical structure Molecular weight 
(g/mol)

Solubility in 
water (mg/L)

Melting 
point (°C)

Density, g/cm3 
(25°C)

pKa

C16H19N3O5S 365.4 3,430 at 20°C 194 320 2.68
7.49
9.63
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D-6360/H, Germany) in order to get a particle size of  
250–500 μm.

2.2. Preparation and characterization of activated carbon

15 g of the dried precursor (SSH) were mixed very well 
with 50 mL of KOH solution as an activator with impreg-
nation ratio of 0.5, 1 and 2 for 24 h at a room temperature. 
After that, all samples were fully dried at 110°C and kept 
in a desiccator. To carbonize the samples, a stainless steel 
reactor (10 cm height and 2.5 cm inside diameter) was used, 
it has a removable cover with a centric hole of 1.5 mm to 
allow the released gases to exit from the reactor. A fur-
nace (Nabertherm N-20/H, Germany) was used to heat the 
samples at a heating rate of 10°C/min with various activa-
tion temperatures of 400°C, 600°C and 800°C and different 
activation times of 0.5, 1.5 and 2.5 h. After the activation 
under the specified conditions, the samples were removed 
from the furnace and allowed to cool to room temperature. 
Then, the samples were steeped with 0.1 M of HCl at a liq-
uid to solid ratio of 10 mL/g for 24 h, filtered and washed 
with distilled water in order to make the pH of solution 
reach the value of 6.5–7. The samples were dried at 110°C 
for whole a day and weighed to find the product yield. 
Eventually, the samples were placed in tightly sealed con-
tainers. Eq. (1) represents the value of the yield of adsor-
bent which equal to the ratio of final amount of the product 
to the primary amount of the fully dried precursor [41].

Yield %� � � �
W
W

f

o

100  (1)

where Wf is the final weight of SSHAC product (g) and 
Wo is the weight of dried SSH (g).

The prepared SSHAC was characterized by 
N2-adsorption/desorption isotherm Brunauer–Emmett–
Teller (BET) at 77 K in order to evaluate the BET surface 
area, pore volume and average pore diameter of the pre-
pared SSHAC [42] using a Thermo Finnigan, USA. The mor-
phologies of different samples were analyzed via scanning 
electron microscopy (SEM) using a model Inspect S50, FEI 
Company, Netherlands. Also the energy-dispersive X-ray 
spectroscopy (EDX) was observed by XFlash 6110, Bruker 
Company, Germany. Fourier-transform infrared (FTIR) 
spectroscopy analysis was carried out by Shimadzu with 
scanning range of 4,000–400 cm–1 to test the bonds between 
molecules by forming an infrared adsorption spectrum and 
to provide details about functional groups of the adsor-
bents. The results were recorded at a resolution of 4 cm–1 
[3]. The zeta potential (ZP) of the prepared SSHAC was 
evaluated as a relate to pH (using 0.1 M HCl or NaOH) by  
Zetasizer, UK.

2.3. Examination of the samples

The amount of AMOX in the aqueous solutions before 
and after adsorption performed using a single beam UV 
spectrophotometer (Shimadzu UV-160A, Japan) at a wave 
length of (284) nm. The obtained calibration curve was 
linear for the used concentration range in this research.

2.4. Adsorption isotherms

The equilibrium adsorption isotherms of AMOX adsor-
ption onto prepared SSHAC were performed in a set of 
Erlenmeyer flasks (100 mL). Each flask contains 40 mL 
of AMOX solution with different initial concentrations 
(50–250 mg/L). Drops of 0.1 M HCl solution were added 
in order to adjust the pH of the solutions to 6. Then, 0.02 g 
of the prepared SSHAC with a particle size of 250 μm was 
added to AMOX solutions and each sample was shaken at 
(120 rpm at 30°C) for 24 h to ensure reaching equilibrium. 
Then, the samples were filtered and analyzed using UV spec-
trophotometer at appropriate wave length of 284 nm. The 
removed amount of AMOX qe (mg/g) and the removal per-
centage were calculated by the following equations [43,44]:

Adsorption capacity q
C C V
We

o e�
�� �

 (2)

Removal percentage %� � � �� �
�

C C
C

e0

0

100  (3)

where Co and Ce are the inlet and equilibrium amounts of 
AMOX solution (mg/L), respectively. V is the volume of 
solution (L) and W is the weight of used adsorbent (g).

The investigation of kinetics studies was mainly simi-
lar to those of equilibrium adsorption isotherms. The sam-
ples were withdrawn at programmed time periods and 
the amounts of AMOX were similarly measured.

3. Results and discussion

3.1. Activated carbon yield and characteristics

The yield of prepared SSHAC according to Eq. (1) at 
activation temperature of 400°C, activation time of 1 h 
and impregnation ratio of 1 g/g was 52%. Zou et al. [26] 
reported 40% yield at 650°C activation temperature, 1 h 
activation time and 3 g/g impregnation ratio for SSHAC 
prepared from SSH by ZnCl2 activation. The high yield 
of this investigation may be related to the KOH acti-
vation at low temperature (400°C), which causes low 
burn-off or activation degree [45].

The morphology of SSH and SSHAC before and after 
the AMOX adsorption was obtained by SEM and is shown 
in Fig. 1. Fig. 1A shows smooth surface of SSH, while 
Fig. 1B shows the rougher surface with uniform pores 
distribution of SSHAC. This result is due to the evapo-
ration of components during the burning at an isolated 
reactor [10,23]. Fig. 1C reveals that the pores of SSHAC 
were filled with AMOX molecules [5]. The EDX spectrum 
in Fig. 1D shows the expected components present in 
the prepared SSHAC [46].

FTIR spectrum of SSHAC has emphasized the pres-
ence of many important functional groups on the surface 
of SSHAC as shown in Fig. 2. The existence of a wide band 
within the range from 2,800 to 3,200 cm–1 because of the 
presence of amine (N–H) and hydroxyl (O–H) extending 
vibration groups [12,47]. The band around 1,600 cm–1 indi-
cates the symmetric and asymmetric vibration mode C–H 
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group in alkane [48]. The peak at 1,080 cm–1 is attributed 
to the existence of C=C poly aromatic vibration of the ACs 
[36]. The peaks around 795 cm–1 clarify the appearance of 
a C=C bond which can be attributed to the activation with 
KOH and the active sites on the surface of adsorbent [49]. 
The wide band at 400–600 cm–1 (462 cm–1) relates to in plane /
out of plane vibration of vinyl group (=C–H), C–O and C–N 
bonds [50]. The prepared SSHAC consists essentially of an 
amorphous structure with different oxygen-containing func-
tional groups. Such groups may have a deep and important 

influence on the surface properties of ACs as well as their 
removal characteristics [33]. The BET surface area, micro-
pore volume and average pore diameter of SSHAC were 
928.706 m2/g, 0.565 cm3/g and 2.55 nm, respectively. The 
high SSHAC yield, large surface area, high pore volume fur-
thermore the simplicity of activation procedure, the SSHAC 
prepared in this work can be considered as an economic 
adsorbent for large-scale wastewater treatment.

3.2. Zeta potential of SSHAC

The surface charge density of SSHAC was investigated 
by measuring zeta potential (ZP) which refers to the poten-
tial difference between the solid medium and the external 
static layer of liquid contact with surface of adsorbent. ZP 
is affected by many factors like the pH of solution and the 
conductivity of the dispersion medium [51]. ZP of SSHAC 
was measured at different values of pH (2–10). Fig. 3 shows 
the relationship between ZP and the dispersion solution 
pH. The curve clearly consists of two regions connected at 
a point of pHIEP (isoelectric point) where ZP equal to zero, 
this point appears at pH of 6.5. The first region with posi-
tive values of ZP (pH of 2–6.5) is due to the presence of pos-
itive functional group (H+) which increases the adsorption 
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Fig. 1. SEM images of (A) SSH, (B) SSHAC before adsorption, (C) SSHAC after adsorption and (D) EDX spectrum.
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rate because of the protonation of these positive functional 
group [52], however, the second region of negative ZP 
(pH of 6.5–10) which indicate the existence and deproton-
ation of negative charge functional groups (OH–) causing 
a decrease in the adsorption rate [53].

3.3. Effect of initial pH of solution on the adsorption capacity

The uptake of AMOX by adsorption onto the pre-
pared SSHAC, as a function of pH, is presented in 
Fig 4A. Different values of initial pH AMOX solution of 5, 
6, 7, 8 and 9 were used to carry out experiments for batch 
of AMOX adsorption. Solutions of 0.1 M NaOH and HCl 

were used to adjust the values of pH solution. A significant 
effect of initial pH of AMOX solution on AMOX adsorp-
tion was observed, the uptake rate of AMOX decreased 
from 82% to 30% with rising of pH, a similar behavior for 
AMOX adsorption onto AC prepared from reed has been 
noticed [18], the electrostatic interaction between AMOX 
and SSHAC with opposite charges was the reason of 
this behavior. SSHAC has a number of functional groups 
belong to acidic oxygen which decreased with the pH value 
increasing, that lead to occupy active sites. In general, the 
acceptable range of pH value of wastewater that could be 
discharge into surface water is 6–9 [17].

3.4. Effect of mass of activated carbon on the adsorption process

The impact of SSHAC dosage on the uptake of AMOX 
from synthesis aqueous solutions was investigated. 
Different dosage range 0.25, 0.5, 0.75, 1.00 and 1.25 g/L was 
performed with 40 mL volume of AMOX solution, at initial 
solution pH of 6 and 150 mg/L of initial AMOX concentra-
tion for 24 h with agitation speed of 120 rpm. The results are 
introduced in Fig. 4B, the removal efficiency % of SSHAC 
increased and reached asymptotic certain value with the 
increasing weight of SSHAC dosage, it was observed 
that the maximum AMOX removal efficiency was 85% at 
0.75 mg/mL. This trend can be demonstrated by the avail-
ability of adsorption active sites with the increase of dos-
age of SSHAC. Furthermore, after a certain value of SSHAC 
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dosage 0.75, the extra rise in AC dosage never conducted 
to any increase in removal efficiency due to the reaching to 
equilibrium which mean there is no net mass transfer from 
adsorbate to adsorbent molecules. An identical behavior 
for ciprofloxacin and AMOX adsorption onto AC prepared 
from Prosopis juliflora was also reported [26].

3.5. Effect of initial AMOX concentration on adsorption process

The influence of initial AMOX concentration 50–250 mg/L 
on the removal efficiency of AMOX was tested at pH of 
6 and AC dosage of 0.75 mg/mL, as presented in Fig. 4C. 
This figure showed that the AMOX removal efficiency was 
attained a maximum value of 95% at the initial concen-
tration of 50 mg/L. Subsequently, the removal efficiency 
decreased with the increase of AMOX initial concentration 
until reach 65% at the initial concentration of 250 mg/L, this 
trend related to the identified availability of active uptake 
sites for increased amounts of AMOX particles [54]. On the 
other hand, the specific amount of SSHAC could not be able 
to provide enough surface area that required to remove 
all the amount of adsorbate. Similar trend was observed 
for removing AMOX antibiotic from water by adsorption 
onto AC [49].

Eventually, the results emphasized the effectiveness of 
the activation method that used to modify the SSHAC in 
order to improve its favorability for the removal of AMOX 
from pollutant waters.

3.6. Adsorption isotherm

Adsorption isotherms are essential relations to describe 
the behavior of adsorption systems at equilibrium state 

[55]. The most common adsorption isotherms are the 
Langmuir [56], Freundlich [57], as well as, Temkin [58], 
these equations were applied to explain the relation 
between the adsorbed amount of AMOX and its amount in 
solutions at equilibrium.

The Langmuir model is appropriate for monolayer 
adsorption happened on a surface including limited num-
ber of similar sites [59]. The linear form of this model is 
given as:

C
q Q b

C
Q

e

e o

e

o

� �
1  (4)

where Ce (mg/L) refers the concentration at equilibrium of 
AMOX, qe (mg/g) is the adsorbed quantity of AMOX per unit 
mass of SSHAC, Qo is the Langmuir constant of the removal 
capacity and b is the Langmuir constant refer to the rate of 
adsorption. Fig. 5A shows a linear relationship of Ce/qe vs. 
Ce, representing the applicability of the Langmuir equation 
(R2 = 0.99). The applicability of this model confirms mono-
layer coverage of AMOX at the surface of SSHAC. Values of 
Qo and b are estimated from the plot represented in Fig. 5A.

The Freundlich isotherm model can be expressed by 
the following equation [60]:

q K Ce F e
n= 1/  (5)

where KF (mg/g·(L/mg)1/n) and (1/n) refer to Freundlich 
constants which are relatively indicators of the adsorption 
capacity and the adsorption intensity, respectively [60]. 
Value of n < 1 refers to weak absorption while value of n > 1 
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represents a favorable adsorption [61]. The linear form of 
Eq. (5) is represented by Eq. (6):

ln ln lnq K
n

Ce F e� �
�

�
�

�

�
�

1  (6)

where represent a linear relationship having a slope of 1/n 
as well as an intercept of ln(KF) when ln(qe) is plotted vs. 
ln(Ce) as represented in Fig. 5B. The magnitude of n was 
reported to be 2.19, confirming that the adsorption process 
was preferable.

Temkin isotherm model considers the influences of 
indirect SSHAC/AMOX interactions on adsorption iso-
therms. The heat of process of all the particles in the layer 
would be reduced linearly with coverage because of SSHAC/
AMOX interactions. Temkin isotherm can be written in 
linear form as follows [12]:

q B K B Ce T e� �ln ln  (7)

where KT refers to Temkin constant and B = RT/b. 
Fig. 5C shows the relation between qe and lnCe. The val-
ues of constants A and B as well as R2 are listed in Table 2. 

The correlation factor of Temkin model (R2 = 0.93) is less 
than that related to Langmuir model.

The parameters of the three models were calculated 
and listed in Table 2. By comparing the correlation coeffi-
cients R2, it was found that R2 for Langmuir model (0.985) 
was higher than the other two models, therefore, this pro-
cess was a good fitted with Langmuir isotherm model. An 
identical finding was obtained for the adsorption of AMOX 
on AC [62]. Table 2 shows that the estimated maximum 
monolayer adsorption capacity Qo of AMOX on SSHAC was 
272.44 mg/g. This roughly high adsorption capacity may be 
related to the effective high surface area 928.706 m2/g and 
to the uniform and homogenous distribution of active sites 
on the SSHAC surface having pores with hierarchical poros-
ity. Table 2 also reveals that the magnitude of n for AMOX 
is more than one, that confirmed that the AMOX adsorp-
tion process is favorable. Adsorption isotherms of n value 
above one are categorized among L-type equilibrium iso-
therms and the process is chemical [63]. In this study, the 
value of 1/n is lower than one, which means that the adsorp-
tion of AMOX on SSHAC at low AMOX amounts is better 
than that at high amounts. This indicates the adsorption 
is a chemical process [64]. Table 3 presents a comparison 
of adsorption capacity and specific surface area of AMOX 
adsorption in this work with those reported in the litera-
tures. Eventually, it can be seen that the prepared SSHAC 
from an available and low cost precursor (SSH) is effec-
tive adsorbent which can be used for AMOX removal from 
pharmaceutical industries wastewater [34].

3.7. Adsorption kinetics

Kinetic models were applied to clarify the adsorption 
behavior of the AMOX-SSHAC system with unit time and 
to inspect parameters that affect the adsorption rate [68]. 
In this part, pseudo-first-order [69], pseudo-second-order 
[70], and intraparticle diffusion [71] were tested to exam-
ine the parameters influencing the adsorption rate of the 
AMOX uptake by SSHAC as adsorbent. The three adsorp-
tion kinetic equations can be expressed by Eqs. (8)–(10), 
respectively [68]:

Table 2
Isotherms constants for AMOX adsorption onto SSHAC at 30°C

Models Parameters Values

Langmuir
Qo (mg/g) 272.44
b (L/mg) 0.21
R2 0.985

Freundlich
KF (mg/g·(L/mg)1/n) 33.78
n 2.19
R2 0.84

Temkin
A (L/g) 2.99
B 27.67
R2 0.93

Table 3
Comparison between the maximum adsorption capacities and specific surface areas of AMOX onto AC prepared from 
different precursors with different activators at 30°C

Adsorbate (AC source) Activator Surface area (m2/g) Qmax (mg/g) References

Sunflower seed hull KOH 928.7 272.44 This study
Durian shell CO2 917 142.714 [13]
Pomegranate peel H3PO4 – 40.282 [12]
Prosopis juliflora H3PO4 855 482.14 [65]
Reed H3PO4 806.67 77.5 [18]
Cashew of Para ZnCl2 1,457 451 [3]
Olive kernel NaOH 2,188 238.1 [4,50]
Guava seeds NaOH 2,573.6 570.45 [66]
Granular activated carbon – 1,092.951 189.5 [11]
Olive biomass using furnace (ACF) ZnCl2 1,742 237.02 [67]
Olive biomass using microwave (ACMW) ZnCl2 1,742 166.96 [67]



S.A. Rashid et al. / Desalination and Water Treatment 276 (2022) 93–103100

ln lnq q q k te t e�� � � � 1  (8)

t
q k q q

t
t e e

� �
1 1

2
2  (9)

q k t Ct � �3
1 2/  (10)

where qe and qt (mg/g) represent the adsorption capac-
ity at equilibrium and at any time, t (min), respectively, 
k1 (1/min) refers to the rate constant of pseudo-first-order 
equation at equilibrium, k2 (g/mg·min) refers to the rate 
constant of pseudo-second-order equation at equilibrium, 
k3 (mg/g·min0.5) is the constant of intraparticle diffusion 
rate and C (mg/g) is the constant of adsorption that rele-
vant to the thickness of boundary layer. On the other hand, 
in Eq. (8), qe and qt magnitudes represent the intercept on 
y-axis and the slope of the linear plot of ln(qe–qt) against t, 

respectively. In Eq. (9) qe and k2 magnitudes are found from 
the intercept and slope on y-axis of the linear plot of t/qt 
vs. t [72]. In Eq. (10), qt is the amount of adsorbate mate-
rial (mg/g) at time t. Fig. 6 presents the pseudo-first-order 
kinetic, pseudo-second-order kinetic and intraparticle dif-
fusion kinetic, respectively. Table 4 illustrates the factors 
of the three kinetic equations. The obtained results con-
firmed that pseudo-first-order model better represented 
the adsorption kinetics. This suggests is agreement with 
result introduced by [12] for the removal of AMOX by 
adsorption onto pomegranate peel. Furthermore, the rate 
constant of the pseudo-second-order equation (k2) has been 
reduced with the rise in AMOX amount as shows in Table 4. 
The reason of decreasing in velocity rate could be related 
to the existence of enough active sites in the structure of 
SSHAC at lower amounts of AMOX. Although, the rate of 
mass transfer was larger, it gradually decreased because 
of the reduction in active sites of SSHAC at large amounts  
of AMOX.
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Fig. 6. Kinetic plots of AMOX uptake by SSHAC (A) pseudo-first-order, (B) pseudo-second-order, and (C) intraparticle diffusion.

Table 4
Kinetic parameters for AMOX adsorption onto SSHAC 

Pseudo-first-order model Pseudo-second-order model Intraparticle diffusion model

Parameters Values Parameters Values Parameters Values

k1 (min–1) 0.078 k2 (mg/g·min) 0.029 k3 (mg/g·min0.5) 7.081
qe (mg/g) 37.156 qe (mg/g) 12.725 C 7.456
R2 0.974 R2 0.678 R2 0.949
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3.8. Adsorption mechanism

The main mechanisms for adsorption processes of anti-
biotics onto ACs can be attributed to the one of these mech-
anisms; electrostatic attraction or ion exchange (cation and 
anion attractions), hydrophobic interaction, hydrogen 
bonds, partition process, pore filling, π–π interactions and 
surface precipitation [25,73]. According to the morphology, 
textural properties of SSHAC and the outcomes of the iso-
therm and kinetics studies, a reasonable mechanism can be 
predicted for AMOX adsorption onto SSHAC. The bindings 
of AMOX molecules with SSHAC prepared from SSH can 
be controlled by π–π interactions (the binding occurring 
because of the bonds type π of both AMOX and SSHAC), 
polar groups attraction of oxygen-containing AMOX and 
the polar part of the SSHAC, and hydrogen bonds between 
the NH group of the AMOX molecules and the OH group 
of the SSHAC [67]. Furthermore, large number of AMOX 
particles can be attracted to the surface of SSHAC due to the 
accommodation properties such as high active surface area, 
micro pore volume and average pore diameter [47,74].

4. Conclusions

The present study demonstrated the feasibility of using 
sunflower seed hulls (SSH) as a low-cost precursor for pre-
paring an efficient AC for the adsorption of antibiotics from 
contaminant solutions. From the results, the following 
conclusions are made: (1) a maximum removal percentage 
(95%) was attained at 6 pH value, 0.75 g/L SSHAC dosage 
and 50 mg/L AMOX initial concentration. (2) Potassium 
hydroxide (KOH) was successfully used as an activator in 
the chemical activation process as a result of studying the 
influence of impregnation ratio of KOH to SSH, activation 
temperature and activation time on the activation pro-
cess of SSH. (3) The equilibrium data of AMOX adsorption 
onto SSHAC were well fitted with Langmuir model giv-
ing maximum adsorption capacity of 272.44 mg/g. (4) The 
kinetics of AMOX adsorption onto SSHAC followed the 
pseudo-first-order equation based on the values of R2 and 
qe. (5) The fabricated adsorbent (SSHAC) revealed favor-
able morphological and structural characteristics (surface 
area and pore volume of SSHAC were 928.706 m2/g and 
0.565 cm3/g, respectively). (6) The mechanism of AMOX 
adsorption onto SSHAC is controlled by π–π stacking, elec-
trostatic interaction, hydrophobic attraction, pore filling 
and hydrogen bonds. (7) The results confirmed that the pre-
pared SSHAC adsorbent with high surface area and pore 
volume from an agriculture waste is favorable for applica-
tions controlling the water pollution and provided a very 
valuable, useful and economic material to the environment.
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