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 Industrial wastewater contains toxic organic and inorganic pollutants, 

posing significant environmental risks. Adsorption using activated 

carbon is an effective, simple, and scalable treatment method. This 

study investigates Orange Peel-derived activated carbon (OPAC) as a 

sustainable, low-cost adsorbent for chemical oxygen demand (COD) 

removal from industrial effluents. OPAC exhibited a high surface area 

of 510.4 m²/g, with FTIR, SEM, and XRD analyses confirming its 

porous structure and abundant functional groups. Adsorption was 

strongly influenced by pH, achieving maximum capacity of 464 mg/g 

and COD removal of 92.8% at pH 6. Optimal performance was 

observed at 30 °C, with higher temperatures reducing efficiency. 

Adsorbent dose and contact time were critical, with maximum COD 

reduction of 96.6% and equilibrium capacity of 484 mg/g at 3 g/L and 

45 minutes, respectively. Agitation speed at 200 rpm further enhanced 

adsorption, yielding 484 mg/g capacity and 96.8% COD removal. 

Comparative analysis showed that OPAC outperformed commercial 

activated carbon in both adsorption capacity and COD reduction. 

Utilizing orange peel, an abundant agricultural waste, for activated 

carbon production promotes efficient wastewater treatment and 

resource valorization. Overall, OPAC demonstrates significant 

potential as an eco-friendly, cost-effective adsorbent for industrial 

wastewater treatment. 
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1. Introduction 

Rapid industrial growth and urban development 

over recent decades have significantly increased 

both the quantity and complexity of wastewater 

discharged into water bodies[1–3]. Industrial 

effluents often contain diverse hazardous 

pollutants, including heavy metals, synthetic 

dyes, phenolic compounds, hydrocarbons, and 

pharmaceutical residues[4–6]. These 

contaminants are typically toxic, non-

biodegradable, and chemically stable, rendering 

them persistent in the environment and 

challenging to remove using conventional 

treatment methods. Inadequate treatment of 

industrial wastewater can lead to serious 

environmental and public health issues, such as 

bioaccumulation in the food chain, 

eutrophication of aquatic ecosystems, and 

adverse effects including carcinogenicity, 

mutagenicity, and endocrine disruption[7], [8]. 

Consequently, the increasing stringency of 

wastewater discharge regulations highlights the 
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urgent need for advanced, cost-effective, and 

sustainable treatment technologies. 

Conventional techniques, such as coagulation 

flocculation, chemical precipitation, ion 

exchange, membrane filtration, ozonation, 

electrochemical processes, and advanced 

oxidation methods, have been widely used for 

pollutant removal[9], [10]. Despite their 

effectiveness, these approaches are often 

Despite their effectiveness, these methods often 

involve high operational costs, complex 

infrastructure, reliance on skilled labor, and the 

generation of secondary wastes such as sludge, 

posing additional disposal challenges. This has 

driven growing interest in sustainable, 

economically feasible, and environmentally 

friendly alternatives, among which adsorption 

has emerged as particularly promising. 

Adsorption is recognized for its operational 

simplicity, high efficiency, scalability, and low 

energy requirements, while avoiding the 

production of hazardous by-products[11–13]. 

Activated carbon (AC) has been extensively 

studied and applied for wastewater treatment 

due to its exceptional physicochemical 

properties, including high surface area, well-

developed porosity, and abundant surface 

functional groups[14–18]. 

Commercial activated carbon (CAC), derived 

from carbon-rich precursors such as coal, wood, 

or coconut shells, is highly effective for 

removing a wide range of contaminants, 

including organic compounds (dyes, phenols, 

pharmaceuticals) and inorganic species (lead, 

cadmium, chromium), with adsorption 

capacities often exceeding 200 mg/g under 

optimized conditions[19]–[26]. However, the 

high cost of CAC limits its accessibility, 

particularly in developing countries, motivating 

the search for low-cost, sustainable alternatives 

from agricultural residues and industrial by-

products. 

Orange Peels, an abundant agro-industrial 

waste, have attracted attention as a promising 

precursor for activated carbon production[26–

32]. Orange Peel-based activated carbon 

(OPAC) offers advantages such as low cost, 

availability, and sustainability, while 

supporting waste valorisation. Rich in cellulose 

and lignin, Orange Peels can be converted into 

highly porous AC with large surface area and 

abundant functional groups. Several studies 

have demonstrated the effectiveness of OPAC 

for removing heavy metals, dyes, and 

pharmaceutical residues. For instance, 

Chaudhary et al. (2020) reported maximum 

adsorption capacities of 150 mg/g for lead and 

120 mg/g for cadmium[33], while Patel et al. 

(2019) highlighted excellent methylene blue 

removal under acidic conditions[34]. Other 

studies confirmed OPAC’s versatility for 

pharmaceutical pollutant removal, such as 

ibuprofen and paracetamol[35].   

The adsorption performance of OPAC is 

influenced by key process parameters, 

including pH, temperature, adsorbent dosage, 

contact time, and agitation speed[36], [37]. 

Acidic conditions generally enhance adsorption 

due to increased electrostatic interactions 

between the adsorbent and pollutants, whereas 

temperature affects molecular mobility and 

diffusion into the adsorbent’s pores. Optimal 

adsorbent dosage, contact time, and agitation 

speed further improve efficiency depending on 

contaminant type and wastewater 

characteristics. Characterization techniques 

such as FTIR, SEM, and XRD are critical for 

understanding OPAC’s surface functional 

groups, morphology, and crystallinity, which 

directly influence adsorption capacity [38–40]. 

In addition to performance, OPAC represents a 

sustainable alternative to conventional AC, as it 

utilizes renewable, low-cost agricultural waste. 

This approach aligns with the principles of the 

circular economy by converting agro-industrial 

by-products into valuable adsorbents, reducing 

reliance on non-renewable resources, and 

supporting global sustainability goals[41–43]. 

This study aims to evaluate the adsorption 

efficiency of OPAC for industrial wastewater 

treatment under varying physicochemical 

conditions. Experimental parameters 

investigated include pH (2–8), temperature (30–

60 °C), adsorbent dosage (0.01–0.1 g/L), 

contact time (10–60 min), and agitation speed 

(300–600 rpm). The findings provide insight 

into optimal operational conditions for pollutant 

removal using OPAC, offering a cost-effective, 

eco-friendly solution for industrial wastewater 

treatment and contributing to Sustainable 

Development Goals[44] (SDG 6, SDG 12, and 

SDG 13) by promoting environmentally 
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responsible and economically viable 

technologies.  
 

2. Material and methods 
2.1. Preparation of the Orange Peel-Based 

Activated Carbon 

The Orange Peel-based activated carbon 

(OPAC) was prepared through a two-step 

process involving carbonization and chemical 

activation. Initially, raw Orange Peels (as 

shown in Fig. 1) were washed, dried, and 

ground into fine powder. The powdered 

biomass was then carbonized in a tubular 

furnace under a nitrogen atmosphere at 500°C 

for 2 hours. The resulting char was chemically 

activated by soaking in phosphoric acid (1:1 

w/w) for 24 hours, followed by drying at 100°C. 

Final activation was performed at 800°C for 1.5 

hours to enhance the adsorbent’s porosity and 

surface area. The activated carbon was 

thoroughly washed to remove residual 

chemicals and dried at 110°C. As illustrated in 

Fig. 1, the prepared activated carbon was then 

introduced into a batch adsorption system 

containing industrial wastewater sourced from 

the Rockat Fertilizer Factory in New Salhia, 

Sharqia, Egypt using a magnetic stirrer with a 

hot plate to facilitate mixing. After sufficient 

contact time, the treated effluent was filtered, 

resulting in a notable reduction in chemical 

oxygen demand (COD). The OPAC was 

characterized by FTIR, SEM, XRD, and BET 

analyses to assess its surface morphology, 

functional groups, crystallinity, and surface 

area. For comparison, commercial activated 

carbon was procured from a local supplier in 

Cairo, Egypt, as outlined in Table 1. 

 

Table 1. Company and molecular weight for materials used. 

No Materials company 

1 Industrial wastewater Rockat fertilizer factory in new salhia, sharqia, Egypt 

2 Orange Peel  Local market, cairo  ,Egypt 

 

 

Fig. 1. Schematic of OPAC Synthesis and Wastewater Treatment Process.
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2.2. Optimization of the Adsorption 

Parameters  

In this investigation, Orange Peel-based 

activated carbon (OPAC) was employed to 

adsorb contaminants and reduce COD in 

industrial wastewater. The adsorption 

process was analyzed under the influence of 

five different parameters: pH, duration of 

contact, adsorbent dosage, temperature, and 

agitation speed. 

 

2.2.1. Batch Adsorption Experiments  

All experiments in this study were conducted in 

batch mode at ambient room temperature to 

maintain procedural simplicity, reproducibility, 

and ease of operation. Batch mode was selected 

for its suitability in preliminary adsorption 

studies and its ability to control experimental 

variables precisely. The adsorption experiments 

were performed in 250 mL borosilicate 

Erlenmeyer flasks, each containing a 

predetermined volume of industrial wastewater 

obtained from the Rockat fertilizer factory in 

New Salhia, Sharqia, Egypt (as detailed in 

Table 1). Orange Peel-based activated carbon 

(OPAC), prepared through a two-step process 

involving carbonization and chemical 

activation, was used as the adsorbent for all 

tests . 

Before each experiment, a fixed dosage of 

OPAC was weighed and added to the respective 

flasks. The flasks were placed on an orbital 

shaker and agitated at controlled speeds 

(ranging from 300 to 600 rpm) to maintain 

uniform suspension and ensure consistent 

contact between the adsorbent and 

contaminants. The pH of each wastewater 

sample was adjusted to the desired value 

(ranging from 2 to 8) using dilute NaOH or HCl 

solutions, and the pH was verified with a 

calibrated pH meter before the start of each test. 

After adjusting the pH, a known volume of the 

wastewater was added to the flask containing 

the OPAC, and the adsorption process was 

initiated by continuous shaking. At 

predetermined contact times (ranging from 10 

to 60 minutes), individual flasks were removed 

from the shaker. The mixtures were then filtered 

using Whatman No. 44 filter paper to separate 

the spent adsorbent from the treated solution. 

The filtered samples were analyzed to evaluate 

the concentration of contaminants remaining in 

the solution, allowing the assessment of 

adsorption efficiency under various operational 

parameters, including contact time, adsorbent 

dosage (0.01 to 0.1 g/L), temperature (30 to 

60°C), and agitation speed. All tests were 

performed in duplicate to ensure data reliability, 

and average values were used for subsequent 

analysis. 

The equations below were used to determine the 

COD Reduction (%) and the equilibrium 

adsorption capacity. 
 

%COD Reduction= (CODo−CODe)/ CODo × 100   Eq.1 

 

𝑄𝑒= (CODo− CODe) ×𝑉/𝑊                                         Eq.2 

 

For example, the initial and equilibrium COD 

concentrations (mg/L), are shown as CODo and 

CODe (ppm). The dried adsorbent used during 

the experiment weighs W (g), while V (mL) is 

the volume of solution containing contaminates. 

Qe (mg/g) is the solid's equilibrium adsorption 

capacity. 

 

2.3. Testing Procedures 

2.3.1. Characterization of OPAC 

The Orange Peel-based activated carbon 

(OPAC) was characterized using several 

analytical techniques to assess its structural, 

morphological, and surface properties. The 

specific surface area and porosity of OPAC 

were determined through Brunauer-Emmett-

Teller (BET) analysis, which provided insights 

into its adsorption potential. Fourier Transform 

Infrared Spectroscopy (FTIR) was employed to 

identify functional groups such as hydroxyl, 

carboxyl, and carbonyl groups on the surface of 

OPAC, which are crucial for contaminant 

adsorption. Scanning Electron Microscopy 

(SEM) imaging revealed the surface 

morphology, pore structure, and texture of 

OPAC, while X-ray Diffraction (XRD) analysis 

was used to evaluate its crystallinity and phase 

composition. These characterization methods 

collectively provided a comprehensive 

understanding of OPAC’s properties, 

confirming its suitability as an effective 

adsorbent for industrial wastewater treatment. 
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2.3.2. Collection and Composition of 

Industrial Wastewater 

A sample of industrial wastewater was collected 

from a local juice processing factory in Cairo, 

Egypt, and used for the experimental 

investigation in this study. The key 

physicochemical characteristics of the 

wastewater, including chemical oxygen 

demand (COD), total dissolved solids (TDS), 

total suspended solids (TSS), pH, and color, are 

summarized in Table 2. The COD was 250 

mg/L, indicating a relatively low concentration 

of organic pollutants compared to more heavily 

contaminated effluents, such as those from 

fertilizer or chemical industries. The TDS and 

TSS values were 180 mg/L and 320 mg/L, 

respectively, reflecting the moderate levels of 

dissolved and suspended substances typically 

found in food-industry effluents. The 

wastewater exhibited a slightly acidic pH of 5.8 

and a light-yellow color, characteristic of fruit 

juice residues. pH adjustments were made using 

0.1 M NaOH or 0.1 M HCl, as required for 

batch adsorption experiments. To ensure 

reproducibility, all experiments were conducted 

in triplicate, and variations due to potential 

seasonal or source-based changes in wastewater 

composition were monitored. All chemicals and 

reagents used were of analytical grade and 

obtained from local sources. This 

characterization provides the baseline for 

assessing the adsorption performance of Orange 

peel–based activated carbon (OPAC) in treating 

food-industry wastewater. 

 

Table 2. The characteristics of the industrial’s wastewater.  

Alk TDS, (ppm) COD, (ppm) TSS, (ppm) PH Colour 

0 180 250 320 5.8 light-yellow 

2.3.3. Analysis of Raw and Treated Water 

The pH of both raw and treated wastewater 

samples was measured using a pH meter 

(AD1000). Total Suspended Solids (TSS) and 

Total Dissolved Solids (TDS) concentrations 

were analyzed according to standard 

procedures. Additionally, the Chemical Oxygen 

Demand (COD) was determined using a 

standard analytical method to assess the organic 

pollutant load. All analyses were carried out 

using high-precision instruments, with pH 

adjustments made using 0.1 M NaOH or HCl, 

depending on the experimental conditions. For 

the analysis of other parameters, such as metal 

ion concentrations, atomic absorption 

spectroscopy (AAS) was employed, utilizing 

the ZEEnitu 700P-Analytik Jena-Germany 

flammatic absorption spectrometer. This 

method ensured precise and reliable detection 

of contaminants. These analytical procedures 

provided a comprehensive assessment of the 

wastewater's physicochemical characteristics, 

forming a solid foundation for evaluating the 

effectiveness of Orange Peel-based activated 

carbon (OPAC) in wastewater treatment. 

 

3. Results and discussion 

3.1. Characterization of Activated Carbon: 

3.1.1. FTIR spectroscopy.  

Fourier-transform infrared (FTIR) spectroscopy 

is a powerful analytical technique widely 

employed to identify functional groups on the 

surface of porous materials, such as activated 

carbon. These surface functional groups play a 

pivotal role in adsorption mechanisms, 

significantly influencing the material’s 

interaction with various contaminants. In the 

context of biomass-derived activated carbon, 

FTIR analysis offers valuable insights into the 

chemical structure and surface chemistry, 

which directly correlate with its adsorption 

performance . 

The FTIR spectrum of Orange Peel-based 

activated carbon prepared at an activation 

temperature of 800 °C. The spectrum reveals 

the presence of several characteristic absorption 

bands corresponding to key functional groups. 

Notable peaks typically include those 

associated with hydroxyl (–OH), carboxyl (–

COOH), carbonyl (C=O), and aromatic C=C 

stretching vibrations. These groups are known 

to enhance the adsorptive interaction between 

the activated carbon surface and pollutant 
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molecules, thereby contributing to the 

material’s high adsorption efficiency . 

The presence and intensity of these peaks 

confirm the successful development of surface 

functionalities during the carbonization and 

activation processes. Consequently, FTIR 

spectroscopy not only verifies the chemical 

nature of the functional groups but also supports 

the evaluation of the material’s suitability for 

environmental remediation applications. 

A summary of the major functional groups 

commonly observed in FTIR analysis of 

activated carbon, along with their associated 

wavenumbers and vibration types, is presented 

in Table 3. 

 

Table 3. Major FTIR Peaks Observed in Orange Peel-Based Activated Carbon. 

Wavenumber 

(cm⁻¹) 
Functional 

Group 

Vibration Type Description 

~3400 –OH (hydroxyl 

groups) 

O–H stretching Indicative of alcohols, phenols, and 

adsorbed water 

~2920 –CH₂ / –CH₃ C–H stretching Aliphatic chains (possible remnants 

of biomass) 

~1700 C=O (carbonyl 

groups) 

C=O stretching Associated with carboxylic acids, 

ketones, and aldehydes 

~1600 C=C (aromatic 

rings) 

C=C stretching Suggests the presence of aromatic 

structures formed during 

carbonization 

~1400 –COO⁻ 
(carboxylates) 

C–O symmetric 

stretching 

Indicative of carboxylic acids or 

their salts 

~1100–1000 C–O–C or C–O C–O stretching Often linked to alcohols, ethers, or 

esters 

 

3.1.2. XRD results. 

The crystalline nature of the activated carbon 

produced from Orange Peel was examined 

using X-ray diffraction (XRD) analysis. The 

XRD patterns provided insight into the 

structural changes induced during the 

activation process. A clear diffraction peak 

observed at 2θ ≈ 25° is characteristic of the 

graphitic (002) plane, confirming the 

formation of an ordered carbon structure in the 

activated carbon. The absence of sharp 

diffraction peaks in the lower-angle regions 

suggests a reduction in crystallinity, which is 

typical for activated carbon materials. These 

findings align with similar studies where the 

activation process led to an increase in 

amorphous carbon content, enhancing the 

material’s porosity. The observed peak 

positions and intensities further corroborate 

the effectiveness of the activation method 

used in developing a highly porous and 

structurally modified carbon material. A 

summary of the main diffraction features and 

their corresponding interpretations is 

presented in Table 4 and Fig.2. 

 

 

Table 4. Summary of XRD Findings for Orange Peel-Based Activated Carbon. 

 

2θ Position (°) Corresponding 

Plane 

Observation Interpretation 

≈ 25° (002) Broad diffraction 

peak 

Indicates partial graphitization 

and formation of layered carbon 

structures 
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< 20° — Absence or low-

intensity peaks 

Suggests reduced crystallinity and 

dominance of amorphous carbon 

Broad 

background 

hump 

— Wide, low-intensity 

region across 20°–

30° 

Characteristic of amorphous 

carbon with disordered structure 

No sharp peaks — Lack of crystalline 

phases 

Confirms thermal degradation and 

structural transformation into 

amorphous carbon 

 

Fig.2. XRD Pattern of Orange Peel-Derived Activated Carbon Showing Amorphous Carbon 

Structure and Partial Graphitization. 

3.1.3. Scanning electron microscopy 

(SEM). 

The surface morphology of the Orange Peel-

derived activated carbon was investigated 

using scanning electron microscopy (SEM) as 

shown in Fig.3. The SEM images revealed 

significant changes in the surface structure 

before and after activation. Raw Orange Peels 

exhibited a smooth and compact surface with 

minimal porosity, characteristic of the native 

biomass. However, after activation at 800°C, 

the surface of the activated carbon was 

markedly altered, showing the development of 

a highly porous and rough texture. The 

presence of well-defined pores and irregular 

cavities indicates the successful activation and 

the formation of a high surface area, which is 

crucial for enhancing adsorption capacity. 

These structural modifications, as observed 

under SEM, align with the increase in 

adsorption performance reported in the FTIR 

and other characterization studies, confirming 

the effectiveness of the activation process in 

improving the material’s adsorptive 

properties. 
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Fig. 3. SEM micrographs at 2000× of 

magnification for the activated carbon 

(OPAC). 

3.2. Batch Adsorbent  

3.2.1. Effect of pH 

The effect of pH on the adsorption capacity and 

COD reduction efficiency of Orange Peel-

derived activated carbon (OPAC) was 

investigated over a pH range of 4 to 10. The 

adsorption capacity (mg/g) was determined 

based on the number of COD adsorbed per gram 

of adsorbent, while COD reduction (%) was 

calculated from the initial and equilibrium 

concentrations of COD in solution. The results, 

shown in Fig. 4, indicate that pH plays a crucial 

role in the adsorption performance of OPAC. 

At pH 6, the OPAC exhibited the highest 

adsorption capacity of 464 mg/g and achieved a 

COD reduction of 92.8%, indicating optimal 

interaction between the surface of the activated 

carbon and organic pollutants under slightly 

acidic conditions. At pH 8, the capacity dropped 

slightly to 408 mg/g, with a COD reduction of 

81.6%. Similarly, at pH 4, although the 

adsorption capacity was still relatively high 

(400 mg/g), the COD reduction was only 80%. 

At pH 10, both adsorption capacity (390 mg/g) 

and COD reduction (78%) declined, suggesting 

reduced efficiency in alkaline environments . 

These results clearly demonstrate that the 

adsorption process is highly sensitive to the 

solution pH, with optimal performance 

observed at pH 6. The enhanced adsorption 

under slightly acidic conditions may be 

attributed to favorable surface charge 

interactions and increased availability of active 

functional groups on the OPAC surface for 

binding organic pollutants. 

 

 

Fig. 4. Effect pH on COD removal efficiency and the adsorption capacity of COD at adsorbent dose 

=0.5g/l, contact time=30 min, and agitation speed= 200 rpm at 30 0C. 
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3.2.2. Effect of temperature 

Temperature is a critical factor influencing the 

adsorption process, as it affects the mobility of 

adsorbate molecules, surface interactions, and 

the structural behavior of the adsorbent. To 

evaluate the effect of temperature on the 

adsorption performance of Orange Peel-derived 

activated carbon (OPAC), experiments were 

conducted at 30°C, 40°C, 50°C, and 60°C. The 

results, shown in Fig. 5, reveal that increasing 

temperature led to a gradual decline in both 

adsorption capacity and COD reduction 

efficiency . 

At 30°C, the OPAC exhibited the highest 

adsorption capacity of 464 mg/g and achieved a 

COD reduction of 92.8%, indicating highly 

favorable adsorption conditions at moderate 

temperatures. As the temperature increased to 

40°C, the adsorption capacity decreased to 440 

mg/g, with COD reduction dropping to 88%. 

Further increases in temperature to 50°C and 

60°C led to additional reductions in capacity 

(422 mg/g and 410 mg/g, respectively), 

accompanied by COD reduction efficiencies of 

84.4% and 82% . 

These results suggest that the adsorption 

process is exothermic, as higher temperatures 

negatively impacted the adsorption 

performance. The decline in efficiency at 

elevated temperatures may be attributed to 

increased molecular motion, which can weaken 

the physical interactions between adsorbate 

molecules and active sites on the adsorbent 

surface, or even cause partial desorption. Thus, 

30°C appears to be the optimal temperature for 

maximum adsorption efficiency, reinforcing the 

suitability of OPAC for use under ambient or 

slightly warm conditions in environmental 

applications. 

 

Fig. 5.   Effect of temperature on COD removal efficiency and the adsorption capacity of COD at 

adsorbent dose =0.5 g, contact time=30 min, pH = 6, and agitation speed=200 rpm. 
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determines the availability of active sites for 
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up to 96.6% at 3 g/L. This improvement can be 

attributed to the higher number of available 

adsorption sites with increasing OPAC dose, 

which facilitates greater pollutant uptake from 

the solution . 

However, a decrease in adsorption capacity 

(mg/g) was observed as the dose increased. For 

instance, the adsorption capacity declined from 

464 mg/g at 0.5 g/L to 80.5 mg/g at 3 g/L. This 

inverse relationship occurs because, while more 

active sites are available at higher doses, the 

fixed amount of contaminant becomes 

distributed across a larger mass of adsorbent, 

resulting in a lower calculated uptake per gram 

of adsorbent . 

These findings highlight that although higher 

doses improve removal efficiency, the 

adsorption capacity per unit mass decreases, 

and therefore, an optimal balance between 

removal efficiency and material cost must be 

considered for practical and economic 

applications. 

 

Fig. 6.   Effect of adsorbent dose on COD removal efficiency and the adsorption capacity of COD at  

pH = 6, contact time=45 min, and agitation speed=200 rpm at 300c 
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followed by a plateau, indicating equilibrium. 

Therefore, selecting an appropriate contact time 

is essential to optimize treatment performance 

and operational efficiency . 

 

 

Fig. 7.  Effect of contact time on COD on the removal efficiency and the adsorption capacity of 

COD at adsorbent dose =0.5 g, pH = 6, and agitation speed= 200 rpm at 30 0C. 

 

3.2.5. Effect of stirring speed (rpm) 

Stirring speed significantly affects the mass 

transfer rate of solutes from the bulk solution to 

the surface of the adsorbent, thereby influencing 

adsorption efficiency. In this study, batch 

adsorption experiments were performed at 

stirring speeds ranging from 200 to 700 rpm, 

while maintaining constant conditions for 

adsorbent dose, contact time, pH, and 

contaminant concentration . 

As shown in Fig. 8, the adsorption capacity and 

COD reduction initially increased with stirring 

speed, reaching a maximum value of 484 mg/g 

and 96.8% COD reduction at 200 rpm. This 

enhancement is attributed to improved mixing 

and increased interaction between the Orange 

Peel-derived activated carbon (OPAC) and the 

contaminants in the solution . 

However, a gradual decline in adsorption 

performance was observed at higher stirring 

speeds. At 300 rpm, the capacity decreased to 

426 mg/g with 85.2% COD reduction, and 

further declined at 500 rpm (390 mg/g, 78%) 

and 700 rpm (384 mg/g, 76.8%). This reduction 

can be linked to excessive turbulence at high 

speeds, which may cause desorption or reduce 

the effective contact time between adsorbate 

and adsorbent particles. 

 

These findings indicate that 200 rpm is the 

optimal stirring speed under the tested 

conditions, as it ensures efficient mass transfer 

without introducing disruptive turbulence. 

Selecting an appropriate stirring speed is 

therefore crucial to maximizing adsorption 

efficiency in practical applications. 
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Fig. 8. Effect of stirring speed on COD removal efficiency and the adsorption capacity of COD at 

adsorbent dose =0.5 g, pH = 6, contact time=45 min and at 30 0C. 

 

3.3. Optimal Conditions for Batch 

Adsorption 

Based on the comprehensive evaluation of 

various operational parameters, the optimal 

conditions for maximizing the adsorption of 

organic contaminants from juice industry 

wastewater using Orange Peel-derived 

activated carbon (OPAC) were determined . 

The highest adsorption capacity (464 mg/g) and 

COD reduction (92.8%) were observed at a pH 

of 6, indicating that a slightly acidic medium 

enhances the electrostatic attraction and 

interaction between the adsorbent and the 

contaminants. Regarding temperature, the 

optimum was 30°C, where the adsorption 

capacity remained at its maximum (464 mg/g), 

and COD removal reached 92.8%. Increasing 

temperature beyond this point resulted in a 

gradual decline in performance, suggesting that 

the adsorption process is exothermic under 

these conditions . 

With respect to adsorbent dose, the best 

removal efficiency (96.6%) was achieved at 3 

g/L, balancing between maximum contaminant 

removal and material economy. Although 

increasing the dose improved COD reduction, it 

caused a decrease in adsorption capacity per 

gram due to the fixed initial contaminant load . 

For contact time, equilibrium was reached at 45 

minutes, where the adsorption capacity peaked 

at 484 mg/g and COD reduction was 96.8%. 

Extending the contact time beyond this point 

did not significantly enhance removal, 

indicating the establishment of adsorption 

equilibrium . 

Lastly, stirring speed had a notable effect, with 

the optimal performance obtained at 200 rpm, 

corresponding to an adsorption capacity of 484 

mg/g and 96.8% COD reduction. Excessive 

agitation (≥500 rpm) caused a drop in 

performance, likely due to reduced contact 

efficiency and desorption effects caused by 

turbulent flow . 

In conclusion, the optimal batch adsorption 

conditions for Orange peel-derived activated 

carbon (OPAC) were determined to be a pH of 

6, a temperature of 30°C, an adsorbent dose of 

3 g/L, a contact time of 45 minutes, and a 

stirring speed of 200 rpm. These parameters 

collectively ensure high adsorption efficiency 

and provide a solid foundation for scaling up the 

process for practical wastewater treatment 

applications. 
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3.4. Comparison with Commercial 

Activated Carbon 

To evaluate the performance of Orange Peel-

derived activated carbon (OPAC), its 

adsorption capacity and COD reduction 

efficiency were compared with those of a 

commercially available activated carbon (CAC) 

under identical operating conditions. The 

experiments were conducted using juice 

industry wastewater with a COD concentration 

of approximately 250 mg/L . 

The results demonstrated that OPAC exhibited 

superior adsorption performance, achieving a 

maximum adsorption capacity of 484 mg/g and 

COD reduction of 96.8% under optimal 

conditions. In contrast, the commercial 

activated carbon showed a lower adsorption 

capacity of 370 mg/g and a COD reduction 

efficiency of 85% under the same parameters . 

This difference in performance can be attributed 

to the higher surface area, better porosity, and 

the presence of functional groups in OPAC, as 

confirmed by characterization techniques such 

as BET, SEM, and FTIR. Additionally, the 

OPAC offered the advantage of being cost-

effective and derived from agricultural waste, 

aligning with sustainable waste management 

and environmental protection practices. 

In summary, the comparison clearly indicates 

that OPAC not only competes favorably with 

commercial activated carbon but may also offer 

enhanced performance for COD removal in 

industrial wastewater treatment, particularly in 

applications targeting low to moderate organic 

pollutant loads such as juice processing 

effluents . 

4. Conclusions 

The following conclusions can be drawn from 

the findings and discussions of the previous 

experiments: 

• FTIR spectroscopy confirmed the 

presence of functional groups such as –

OH, –COOH, C=O, and C=C, which 

enhance adsorption by promoting 

interactions with pollutant molecules. 

• These functional groups indicate 

successful surface modification during 

carbonization and activation at 800 °C. 

• XRD analysis revealed a broad peak at 2θ 

≈ 25°, indicating partial graphitization and 

the presence of layered carbon structures. 

• Overall, the combined results from FTIR, 

XRD, and SEM analyses demonstrate that 

Orange Peel-derived activated carbon 

possesses the necessary surface chemistry, 

porosity, and structure to serve as an 

effective, low-cost, and sustainable 

adsorbent for environmental applications. 

• Orange Peel-derived activated carbon 

(OPAC) was effectively used as a 

sustainable and efficient adsorbent for 

removing organic pollutants, especially 

chemical oxygen demand (COD), from 

juice industry wastewater . 

• The optimal parameters were identified as 

pH 6, temperature 30°C, adsorbent dose 3 

g/L, contact time 45 minutes, and stirring 

speed 200 rpm. Under these conditions, 

OPAC achieved a maximum adsorption 

capacity of 484 mg/g and COD removal 

efficiency of 96.8%, indicating high 

affinity for organic contaminants. 

• OPAC outperformed commercial 

activated carbon (CAC) in both adsorption 

capacity and COD removal . 

• The superior performance of OPAC was 

due to its enhanced surface area, high 

porosity, and rich surface functional 

groups, as confirmed by characterization 

studies. 

• OPAC is a low-cost, renewable material 

derived from agricultural waste, 

promoting environmental sustainability 

and resource valorization. 
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