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ABSTRACT 

This study aimed to synthesize and manufacture Sunflower Seed Hull Biochar (SSHB690) as a promising, 

cost-effective, and eco-friendly adsorbent for removing 4-Nitrophenol (4-NP) from aqueous solutions. 

Several characterization techniques were used to analyze this biosorbent, including X-Ray Diffraction 

(XRD), Scanning Electron Microscopy (SEM), Brunauer-Emmett-Teller (BET), and Fourier Transform 

Infrared (FTIR) spectroscopy. The batch testing considered factors, such as temperature, pH, 

concentration, contact time, and material dose. The best removal of 4-NP was achieved at 25 °C (298 K) 

and pH = 5.5, yielding a maximum removal efficiency of 95%. The adsorption data fitted best with the Liu 

isotherm model with the highest Qmax and R² value, while the kinetic studies showed that the adsorption 

rate followed Pseudo-Second-Order (PSO). The thermodynamic parameters confirmed that the adsorption 

process was exothermic (ΔH° < 0) and spontaneous (ΔG° < 0). 
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I. INTRODUCTION  

The rapid growth of industrial activities worldwide has led 
to the spread of different organic and inorganic contaminants in 
aquatic environments posing a serious environmental issue. For 
instance, the effluents of the textile industry include mostly 
synthetic dyes, which are typically overused in the dying 
process to enhance the intensity of color. As a result, 
wastewater from this kind of industries contains high 
concentrations of persistent compounds. Due to their complex 
aromatic components, these dyes are resistant to biodegradation 
and persist in the environment for a high period time. Similarly, 
heavy metals in these contaminated waters are extremely toxic 
even at very low concentrations, threatening aquatic and human 
life [1, 2]. Contaminated water must, therefore, be cleaned 
before being disposed into the sewage system. 

To address this issue, several methods have been developed 
to effectively remove the aforementioned effluents from 
aqueous media, including advanced oxidation, microbiological 
biodegradation, photodegradation, ozonation, and 

photocatalysis. However, these techniques are often expensive 
and energy-intensive, especially for high quantities of 
contaminated water. In contrast, the adsorption process, when 
using inexpensive adsorbents like industrial and agricultural 
waste, has emerged as a promising method for removing 
pollutants from aqueous media. 

Nitrophenols and other Nitroaromatic Compounds (NACs) 
are widely employed in the synthesis of pesticides, dyes, and 
pharmaceuticals and are also formed as byproducts during their 
degradation [3]. These compounds are extremely dangerous 
due to their ecotoxicity, mutagenicity, carcinogenicity, and 
reproductive toxicity. They are metabolized by microbes in the 
liver or intestines, resulting in toxic and carcinogenic 
metabolites [4]. To lessen these threats, the effective removal 
of NACs from the environment becomes necessary [5, 6]. 

Although being a practical solution, biological treatment 
techniques do not fully degrade these pollutants [7]. Chemical 
coagulation and catalytic reduction, especially to transform 4-
NP into less toxic compounds, such as 4-Aminophenol (4-AP), 
have been considered as alternatives [8-11]. However, these 
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methods can also be expensive and might not be suitable for 
common use. Adsorption remains the most suitable method due 
to its affordability, ease of use, and environmental friendliness 
[12-20]. 

Biochar is a carbonaceous solid produced by pyrolysis of 
biomass and has shown great potential for phenolic compound 
adsorption in wastewater treatment. Although it has a smaller 
surface area than activated carbon when produced at 500-600 
°C, it has more surface functionality, which improves its 
adsorption capabilities [21, 22]. 

II. MATERIALS AND METHODS 

A. Adsorbent 

Sunflower Seed Hulls (SSH) were utilized as waste 
materials collected from an oasis in Biskra, Algeria. The hulls 
were washed with distilled water several times to remove any 
dirt or impurities and were dried under the sun. After this, they 
were chopped into few pieces and further dried in an oven for 
48 hours at 110 °C. The dried material was grounded until 
particles were sized between 0.08 and 0.2 mm. 

The prepared materials were pyrolyzed in a crucible coated 
with porcelain under an oxygen-restricted atmosphere. The 
heating process entailed gradual temperature increase from 
room temperature to 690 °C at a rate of 10 °C per min, 
maintained for three hours. 

Following pyrolysis, biochar was sumberged in a 0.1 M 
HCl solution and washed well with hot, deionized water until 
the pH of the filtrate was neutral. The treated biochar, reffered 
to as SSHB690, was dried for 24 hours at 110 °C to keep its 
moisture content below 5%. The final product was stored in a 
desiccator until it was further used. 

B. Adsorbates 

All of the chemicals and reagents utilized in this 
investigation were of 99% reagent grade and were acquired 
from Sigma-Aldrich. The primary adsorbate selected was 4-
NP, a phenolic compound with the chemical formula C6H5NO3 
and a molecular weight of 139.11 g/mol. Its CAS number is 
100-02-7 (Sigma-Aldrich, lot #MKBV0501V). All solutions 
and compounds were prepared using deionized water and were 
utilized without additional purification. 

C. Sample Characterization 

FTIR spectroscopy was deployed to examine the surface 
characteristics of the synthetic biochar. Spectra were obtained 
between 400 and 4000 cm-1 using the Shimadzu IRAffinity-1 
with the KBr pellet method. 

The structure was assessed through XRD analysis using a 
PANalytical diffractometer with Cu Kα radiation (λ = 1.5406 
Å) at 30 mA and 40 kV. SEM and Energy Dispersive X-ray 
Spectroscopy (EDS) using a TESCAN VEGA3 system, were 
utilized to identify the components of the generated sample and 
ascertain its surface structure in a scanning range of  2°-70°. 

The total pore volume (Vtotal) and specific surface area 
(SBET) were determined using the N2 adsorption-desoprtion 
isotherm at 77 K, measured with the ASAP 2020 analyzer. 
BET was applied for surface area calculation, while Barrett-

Joyner-Halenda (BJH) was used to evaluate the micropore 
characteristics from the desorption isotherm. 

The pH of Point of Zero Charge (pHPZC) was determined 
based on the method described in a previous study [23]. The 
initial pH (pH0) of 50 mL of 0.01 M NaCl solution was 
adjusted to a range of 2-12 using HCl or NaOH. After adding 
50 mg of SSHB690 to each solution, the mixture was stirred 
overnight at room temperature. The final pH (pHf) was 
recorded and the direct determination of the pHPZC values was 
achieved by plotting the difference pHf - pH0 against pH0. 

D. Adsorption Experiments 

Adsorption experiments were conducted in a batch system 
at 298 K, except for temperature variation studies. A stock 
solution of 0.5 g/L was used to prepare all solutions. In each 
experiment, 30 mL of 4-NP and 30 mg of SSHB690 adsorbent 
were added to 50 mL Erlenmeyer flasks. The mixtures were 
agitated at a constant speed of 300 rpm for a predetermined 
contact time. The loaded adsorbent was filtered out using a 
0.25 μm membrane and the residual mount concentration of 4-
NP in the solution was then measured using UV-Vis 
spectrophotometry at 415 nm. 

III. RESULTS AND DISCUSSION 

A. Brunauer-Emmett-Teller and Barrett-Joyner-Halenda 
Analysis 

Table I presents the results of BET and BJH analysis for 
both SSH and SSHB690 wastes. 

TABLE I.  BET AND BJH RESULTS OF SSH AND SSHB690 

Adsorbant SBET (m2/g) Vtotal (cm3/g) 

SSH 3.7315 0.000017 
SSHB690 388.0277 0.224263 

 

The SSH exhibited a very low surface area and negligible 
porosity. After pyrolysis, the biochar SSHB690 had significant 
higher surface area and total pore volume, confirming the 
potential of SSHB690 for adsorption applications. 

B. Scanning Electron Microscopy Micrographs 

The surface of raw SSH appeared mostly smooth, with few 
visible pores. On the other hand, the SSHB690 surface 
exhibited a much greater number of pores with different widths 
and noticeable dispersion. This can be related to the 
degradation of cellulose and lignin inside the biochar structure, 
changing the structure [24]. 

C. Fourier Transform Infrared Analysis 

FTIR spectroscopy was employed to identify the surface 
functional groups of the adsorbents. Regarding SSHB690, 
compounds with triple bonds (C≡C) and nitriles (C≡N) can 
serve as indicators of functional groups that are either created 
or maintained throughout the activation process. The carbon 
can effectively capture certain pollutants, particularly organic 
contaminants and gases, as these groups increase the carbon's 
polarity and adsorption capacity. Furthermore, the presence of 
CO2 in the 230-2400 cm⁻¹ range is frequently caused by 
atmospheric interference rather than a material's inherent 
characteristics. 
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In SSH, the spectrum displayed O-H stretching vibrations, 
C-H deformations, C=O stretching, and C-O stretching 
vibrations. The results were similar to those of [25], indicating 
that pyrolysis not only changed the physical structure, but also 
chemically activated the adsorbent, improving its effectiveness 
in capturing heavy metals and other contaminants. 

D. X-Ray Diffraction Analysis 

A prominent peak in 2θ at roughly 20°-25° was detected in 
the spectrum for SSH (raw biomass). This peak indicated the 
presence of semi-crystalline or amorphous organic materials, 
such as cellulose, hemicellulose, and lignin, which have some 
degree of short-range structure. In SSHB690, the spectrum's 
peaks were softer and less discernible. The HCl activation of 
the biomass disrupted its ordered structure, transforming the 
organic molecules into a highly porous and disorganized 
material. This resulted in a higher specific surface area as well 
as multiple adsorption active sites. The material's porosity 
caused the peaks to broaden and the diffraction intensity to 
decrease, suggesting a more porous and disordered structure. 

In conclusion, raw biomass's XRD spectrum exhibited 
some degree of organization and crystallinity, whereas 
activated carbon's spectrum, which is the consequence of the 
biomass's chemical activation and thermal degradation, 
displayed a highly porous and disordered structure [26]. 

IV. EFFECT OF OPERATIONAL PARAMETERS ON 4-
NP ADSORPTION 

A. Effet of Time 
 

 

Fig. 1.  Effect of contact time. 

To determine the cost of the adsorption process, the contact 
time of this procedure was determined. Figure 1 illustrates the 
variation in 4-NP adsorption on SSHB690 biochar over a range 
of contact times (5-200 min). The findings demonstrated a two-
stage dye adsorption. During the initial phase (0-60 min), a 
rapid increase in adsorption was observed. This can be 
attributed to the adsorption of pollutant molecules in a large 
number of free active sites. Other ions could not enter the 
solution as the pores closed. After this period, the adsorption 

slowed down and after 120 min, equilibrium was reached. 
SSHB690 removed about 86.42% of the total pollutant content 
[27-29]. 

B. Effet of pH 

The competitive interaction between excess protons (H+) 
and 4-NP ions to occupy active sites on the SSHB690 surface 
may be the cause of the lower adsorption efficiency of 4-NP in 
acidic environments. Figure 2 indicated that the adsorption 
efficiency of 4-NP increased significantly from 93.84% to 
20.98% as the pH of the initial solution increased, having 
reached a maximum at pH = 3.62 before having declined to 11. 
The decrease in the concentration of H+ ions in the solution, 
which reduced this competition by raising the negative charge 
of the surface, is what caused the observed increase in the 
percentage removal of 4-NP with increasing pH values up to 
5.6. 

 

 

Fig. 2.  Effet of PH. 

At pH > 6, 4-NP ions began to dissipate as precipitation 
took place. The pHPZC revealed that the surface of the biochar 
was negatively charged when the pH was greater than pHPZC, 
which encouraged the uptake of CV dye in the solution. 
However, the surfaces of the two adsorbents became positive 
when the pH fell below pHPZC, which makes it difficult for 
cationic dyes, like CV dye, to adsorb [30]. 

C. Modeling of Isotherms 

A comparison of the calculated isotherm coefficients, as 
displayed in Figure 3 and Table II, demonstrated that 
equilibrium adsorption data fit best with the Liu isotherm 
model, as indicated by the lowest reduced chi-square (red-χ2 = 
41.376) and highest adjusted R2 (adj-R2 = 0.9876),compared to 
the Langmuir and Temkin models. This suggests that the 
adsorption of 4-NP on SSHB690 occurred on a homogeneous 
surface and was driven by a monolayer process. The maximum 
adsorption capacity of the Langmuir model, Qmax = 244.48 
mg/g, and the determined separation factor, KL = 0.0748 L/mg, 
both indicated a satisfactory adsorption process. Furthermore, 
the data were well-fitted by the Freundlich model (adj-R2 = 
0.988). 
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Fig. 3.  Modeling of Isotherms. 

TABLE II.  ISOTHERM PARAMETERS FOR THE 
ADSORPTION OF 4-NP ON SSHB690 

Model Parameters Unit Value 

Langmuir 

Qmax mg/g 244.48 ± 42.85 
KL L/mg 0.0748 ± 0.027 

adj-R2 - 0.9461 
red-χ2 - 179.74 

Freundlich 

KF (mg/g)·(mg/L1/n) 29.30 ± 0.24 
nF - 1.875 ± 0.0101 

adj-R2 - 0.988 
red-χ2 - 28.327 

Temkin 

AT L/mg 1.6212 ±0.783 
BT J/mol 38.848 ± 7.56 

adj-R2 - 0.896 
red-χ2 - 345.473 

Liu 

qm mg/g 134,669.89 ± 6.26 
k - 7.34E-8 ± 6.73E-5 
n - 0.5113± 0.195 

adj-R2 - 0.9876 
red-χ2 - 41.376 

 
Compared to the Freundlich and Langmuir models, the 

Temkin isotherm exhibited a lower correlation coefficient. The 
Temkin isotherm, linked to the heat of adsorption, indicated 
evidence of chemisorption due to its value exceeding 8 kJ L-1 
[31]. 

D. Kinetic Model Fitting 

TABLE III.  THERMODYNAMIC PARAMETERS FOR 4-NP 
ADSORPTION ON SSHB690. 

T (K) Qmax (mg/g) ΔS (J/mol) 
ΔG 

(kJ/mol) 

ΔH 

(kJ/mol) 

393 76.93 

-22.81 

-3.127 

-10.012 303 88.56 -2.867 

313 69.27 -2.456 
 

 

Fig. 4.  Kinetic model fitting. 

TABLE IV.  KINETIC PARAMETERS FOR THE ADSORPTION 
OF 4-NP ON SSHB690 

Model Parameters Unit Value 

Pseudo-First 
Order (PFO) 

qe mg/g 87.19 ± 1.49 
k1 min-1 0.216 ± 0.02 

adj-R2 - 0.976 
red-χ2 - 172.944 

Pseudo-
Second Order 

(PSO) 

qe mg/g 89.36 ± 0.09 
k2 g/(min mg) 0.005 ± 9.86 

adj-R2 - 0.927 
red-χ2 - 5.433 

Elovich 

α g/(min mg) 
105,656 ± 
25,380.64 

β mg/g 0.16608 ± 0.003 
adj-R2 - 0.778 
red-χ2 - 14.423 

 

V. CONCLUSION 

The goal of this study was to develop a novel adsorbent 
material, Sunflower Seed Hull Biochar (SSHB690), derived 
from agricultural waste, specifically Sunflower Seed Hulls 
(SSH) from the Biskra region, to effectively remove 4-
Nitrophenol (4-NP) from aqueous solutions. After 
approximately 120 min at a pH of 5.5, the adsorption efficiency 
of 4-NP solution reached an impressive 95%. This result 
highlighted the potential of using agricultural byproducts for 
environmental cleanup applications. 

The surface analysis of SSHB690 revealed a significant 
increase in surface area (SBET = 388.03 m²/g) compared to the 
raw SSH (SBET = 3.73 m²/g). The X-Ray Diffraction (XRD) 
analysis confirmed that the material's structure was amorphous 
carbon, while Fourier Transform Infrared (FTIR) spectroscopy 
detected several oxygen-bonded functional groups on the 
surface. These features were indicative of the material's high 
adsorption capacity. 

The adsorption process was modeled using Liu's adsorption 
isotherm, which exhibited that the maximum adsorption 
capacity for SSHB690 was Qmax = 134,669.89 mg/g. This 
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suggested that a monolayer adsorption mechanism was 
involved, supporting a homogeneous process. Kinetic studies 
further revealed that although the Pseudo-First-Order (PFO) 
model exhibited better correlation (highest R2 value), the 
Pseudo-Second-Order (PSO) model gave a more accurate 
prediction (lower red-χ2), which suggests that it may better 
represent the actual adsorption mechanism. The 
thermodynamic parameters confirmed that the adsorption 
process was exothermic (ΔH° < 0) and spontaneous (ΔG° < 0). 

This study demonstrates the potential of transforming SSH 
waste into valuable activated carbon, promoting sustainability 
and circular economy practices. It also presents an opportunity 
for job creation in regions where sunflower seeds are produced. 
Future research should focus on optimizing production 
conditions for activated carbon, and field trials should be 
conducted to assess its performance in real-world applications, 
such as industrial wastewater treatment facilities. 
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