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Orange peel, often discarded as waste, is a common byproduct of agricultural and food 

processing industries. Converting this waste into valuable materials reduces 

environmental pollution and promotes circular economy practices. The increasing 

recognition of orange peels may be attributed to their ease of obtaining from agricultural 

products. Here, we synthesize activated carbon from orange peels by carbonizing orange 

peel powder with N2 gas and activating it with CO2 gas. Characterization of synthesis 

activated carbon from orange peel OP-AC done by using FTIR, TEM, EDS, Raman 

spectroscopy, SEM, and BET. The specific surface area (SBET) of the activated carbon 

(AC) and orange peel (OP) are 7.9168 m2/g and 3.879 m2/g, respectively. Also, the total 

pore volume for AC and OP are 0.027785 cm3/g and 0.01789 cm3/g, respectively. Orange 

peel-activated carbon (OP-AC) exhibits a turbostratic structure and lamellar morphology, 

with the presence of inorganic impurities, and is primarily composed of micropores. In 

summary, the synthesis of nanostructured activated carbon from orange peel waste is a 

promising innovation with potential applications in environmental remediation, energy 

storage, wastewater and water treatment and industrial processes. It contributes to 

sustainability by turning agricultural waste into a high-value material, supporting both 

environmental and economic benefits. 
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1. INTRODUCTION

Citrus is the second largest growing fruit in the world, The 

citrus production is estimated at 80 million tonnes per year 

making it an important source for useful to human health 

components [1]. Orange peel, often discarded as waste, is a 

common byproduct of agricultural and food processing 

industries. Converting this waste into valuable materials (such 

as activated carbon) helps reduce environmental pollution and 

promotes circular economy practices. With its affordable and 

superior qualities, activated carbon is a powder material that 

may be used in wide range of adsorption applications. 

Numerous documented sources of AC have been mentioned, 

such as petroleum pitch, rose husk, fly ash, coal, lignite, and 

coconut shell. The increasing recognition of orange peels as a 

resource is due to their widespread availability as a byproduct 

of agriculture and food processing [2]. The fruit's peel is the 

main waste during the manufacturing of orange juice, while 

the remaining 50% (w/w) comprises peel, pulp, seeds, and 

membranes [3]. Therefore, turning orange peels, a relatively 

inexpensive agricultural waste, into usable materials like 

adsorbents might increase the residue's value and help with the 

biomass disposal issue [4]. Samples of orange peel content 

from Iraq percentages of carbohydrates, fat, protein, ash, and 

moisture, respectively, are 19.24, 0.21, 5.50, 4.25, and 70.50 

[5]. Activated carbon is one well-known material employed in 

a variety of environmental applications, particularly for the 

purification of wastewater and water. Aqueous systems may 

effectively remove both organic and inorganic pollutants from 

water systems because of activated carbon materials' large 

surface area, microporous arrangement, and a high degree of 

surface reactivity [6]. Activated carbon from tea and coffee 

waste from the pyrolysis process continued to be burnt in the 

furnace to expand the surface area of the adsorbent and 

improve adsorption capacity and efficiency [7]. A collection 

of amorphous carbonaceous powder possessing a well-

developed internal pore structure and a highly crystalline form 

is collectively referred to as activated carbon. After 

undergoing carbonization and activation of its natural source’s 

constituents, almost any organic substance can be employed as 

the precursor or starting material for activated carbon [8]. 

The process described in this study involves two steps: the 

first is chemical activation using N2, and the second is physical 

or thermal activation using CO2. These two steps are then 

implemented. physical activation is chosen due to being less 

expensive [9]. In this study, activated carbon is synthesized 

from orange peels through carbonization under N2 gas and 

activation with CO2 gas. Characterization of synthesized 

activated carbon from orange peel (OP-AC) is conducted 

using FTIR, excessive-resolution TEM (HRTEM), strength 

dispersive spectroscopy (EDS), Raman spectroscopy, 

scanning electronic microscopy (SEM). The specific surface 
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area (SBET) of AC and OP are calculated using the BET 

method, with values of 7.9168 m2/g and 3.879 m2/g, 

respectively. Also, the total pore volume for AC and OP is 

0.027785 cm3/g and 0.01789 cm3/g, respectively, determined 

at P/P0 = 0.99 from N2 single point adsorption and the useful 

organizations to locate FTIR were used to explain OP-AC. 

OP-AC exhibits a turbostratic structure and lamellar 

morphology, with the presence of inorganic impurities, and is 

primarily composed of micropores. In summary, synthesis of 

nanostructured carbon from orange peel waste is a promising 

innovation with potential applications in environmental 

remediation, energy storage, wastewater and water treatment, 

and industrial processes. It contributes to sustainability by 

turning agricultural waste into a high-value material, 

supporting both environmental and economic benefits. This 

can reduce waste management costs while providing economic 

benefits in various industries. Nano-activated carbon (OP-AC) 

derived from organic waste like orange peel is an 

environmentally friendly and sustainable alternative to 

traditional carbon sources, reducing the reliance on fossil fuels 

and non-renewable resources. 

 
 

2. MATERIALS AND METHODS 
 

2.1 Synthesis and production of activated carbon 
 

Orange peels (OP) from Iraq were used as raw materials. 

Orange peel is an inexpensive, readily and abundantly 

available agricultural byproduct of the orange juicing 

business. OP’s chemical makeup consists of limonene, 

chlorophyll pigments, lignin, pectin, hemicellulose and 

cellulose [10]. Through the carbonization-activation process, 

the activated carbon AC-OP was created. Orange peel was 

washed with tab water, allowed to dry in the sun for a few days 

or until they are entirely dry, and then ground into a powder 

using a machine grinder to prepare orange peel powder (OP) 

and the particle size of the powdered orange peel was 

controlled by sieve analysis after grinder. Afterwards, the 

powdered carbon that is activated was obtained by passing N2 

gas at a flowing rate of 0.5 L/min for duration of 1 hour in a 

furnace with a temperature of 200℃, followed by a passage of 

CO2 gas at a flowing rate of 0.5 L/min for duration of 1 hour 

in a furnace with a temperature of 250℃ both of them with 

heating rate optimized at (35℃/min) which is the controlled 

loop of rising temperature of the furnace to reach the adjusted 

on the rate. Switch off the CO2 flow to obtain activated carbon 

(AC-OP) and then store it in sealed glass containers. The 

samples were carbonized and activated using a furnace 

(Model: 62700, 1488 Watts, 220-240 Volts, 6.2 Amps), 

manufactured in Japan. The reason for choosing a 200℃ and 

250℃ burning degree in a furnace done by repeated burning 

runs with different degree and chosen the best one that give a 

black gray activated carbon. Figure 1 shows the general 

synthesis procedure for the preparation material. 
 

 
(a) Dry orange peel 

 
(b) Powder (Crushed) of orange peel 

 
(c) Carbonization with N2 gas and Activation with CO2 gas 

 
(d) Activated carbon sourced from orange peel 

 

Figure 1. An overall process for producing activated carbon 

from orange peel  

 

 

3. CHARACTERIZATION OF ACTIVATED CARBON  

 

In general, material characterization needs to be appropriate 

for its intended use, meaning that the method selected for 

characterization ought to consider the type of data needed for 

the specific application of the material being examined. 

As was previously indicated, the ultimate product and the 

source of the activated carbon should both be taken into 

consideration when characterizing material obtained from 

lignocellulosic sources. Analyzing the raw material to 

ascertain its purity, primary chemical structure, particle shape, 

and size. Important details regarding the characteristics of the 

finished product can be found in the proximate analysis carried 

out before the carbonization phase and the ultimate analysis 

carried out afterward [11-14]. 

The sample's morphology was examined using a 

transmission electron microscope (TEM) equipped with a 

Philips model CM120 and a scanning electron microscope 

(SEM) equipped with a Jasco 4200 Japan instrument for FTIR 

testing. Measurements using energy dispersive spectroscopy 

(EDS) were done at Oxford Instruments, UK. Using a Raman 

thermos nickel Raman spectrometer from the USA, Raman 

spectroscopy was performed. Powders were subjected to 

analysis in an X-ray diffraction apparatus with a Siemens 

model D500 detector. Test (BET) for Braunare and Eimattauer 

conducted by Quanta Chrome NOVA 2200E in Germany. 

 

3.1 XRD test 

 

The X-ray diffraction of OP and AC was used to evaluate 

the crystalline form. A crystalline is composed of regularly 

arranged in a 3D zone. In contrast, amorphous materials have 

an unregular arrangement and atoms are randomly distributed 
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in the 3D zone [15]. The best calcination temperature is 250℃; 

it was checked with crystal phase, weight loss and surface area 

[16]. running with CuKα radiation at 45 kV and 25 mA. At a 

scan speed of 0.42° s-1, within the 2ϑ range, which extends 

from 10° to 90°, XRD patterns were obtained. The 

diffractograms displayed in Figure 2 lack a sharp peak and 

have broad peaks instead. The powdered orange peel's 

amorphous nature can be indicated by the lack of a distinct 

peak. In contrast, a large peak in Figure 3 (between 2ϑ= from 

(28.4822 to 29.0547) indicated the beginnings of a crystalline 

carbonaceous structure, which improved layer alignment [17].  

 

 
 

Figure 2. XRD test of raw powder orange peel 

 

 
 

Figure 3. XRD test of activated carbon of orange peel 

 

The crystal structure of the produced activated carbon was 

analyzed using an X-ray diffractometer. The diffraction 

patterns of carbon derived from orange peel are indicated by 

the following planes: (002) at 13.4°, (101) at 19.5°, (111) at 

29.4°, (020) at 34.1°, and (022) at 39.4°, as illustrated in Figure 

3 [18]. Additionally, there are extra peaks present, which may 

be attributed to the presence of pure biomass and the graphitic 

structure of carbon [12 ,13, 19, 20].  

XRD measurements described the structures of the 

synthesized OP and OP-AC samples, the results of which are 

displayed in Figure 2 and Figure 3. The OP samples show a 

wide Peake, which refers to poor crystallization, as confirmed 

by the XRD findings. The two large peaks at 24.24° and 43.01° 

are attributed to the reflection from the carbon's (002) and 

(101) planes. The massive peaks at 24.24 result from the 

amorphous nature of the carbon molecules and diffusion 

scattering of the degree of graphitization [21]. 

It was observed that in OP-AC, the (002) peak's intensity is 

noticeably lower, but its widening is higher. It indicates that 

the samples have a high density of pores. Furthermore, the 

interlayer spacing is calculated using Bragg's equation, which 

states that 2d sinϑ = nλ. For the FG sample, the crystallite size 

is 25.84 nm, as calculated below. The observed d spacing of 

the AC-OP is larger than the OP graphite results [22]. 

 

3.1.1 Crystallite size 

The crystallite size and average crystallite size were 

calculated from XRD data. The crystallite size, D, was 

calculated using Scherrer’s equation, and the results are 

presented in Table 1. 

 

𝐷 =
𝛫𝜆

𝛽ℎ𝑘𝑙 cos 𝜗ℎ𝑘𝑙
 (1) 

 

where,  

D = size in (nm) 

Κ = 0.95-0.98 (shape factor) 

Λ = 0.154 nm (X-ray wavelength) 

𝛽ℎ𝑘𝑙  = half-width of the diffraction band (FWHM) (radians) 

𝜗ℎ𝑘𝑙  = Bragg diffraction angle (peak position in radians 

 

Table 1. Value of the above equation obtained by using 

origin lab soft 

 
Peake Position (2ϴ) FWHM (β) Size (D) (nm) 

23.092 0.64361 13.29298617 

24.3704 0.53993 15.88275597 

25.35246 0.39312 21.8553921 

26.5217 0.40144 21.45278105 

28.10368 0.38615 22.37715967 

29.44079 0.37061 23.3853407 

34.04951 0.48543 18.05932201 

36.06166 0.42095 20.94141958 

37.91918 0.49134 18.03887396 

39.50223 0.4292 20.75101903 

43.23828 0.70708 12.75197097 

47.43494 0.6401 14.30348323 

48.55939 0.55053 16.70344007 

49.17176 0.08972 102.7429506 

53.92806 1.13465 8.288679438 

69.42139 0.25325 40.26481756 

21.17387 1.20322 7.087261235 

13.61344 0.73116 11.54586428 

12.00968 0.75566 11.15398441 

10.43028 0.45385 18.54625168 

17.15634 0.43113 19.66275748 

15.09797 0.95146 8.887035222 

30.59667 0.06138 141.5821609 

30.59667 0.57338 15.15628909 

44.8243 0.42572 21.29866269 
Average size= 25.84 nm. 

 

3.2 SEM test characterization 
 

Observed the morphology powder of orange peel and 

activated carbon from orange peel by using scanning electron 

microscope (SEM). The SEM images at Figure 4(a, b and c) 

for orange peel show at scale of (a) 2µ and (b) 5µm and (c) 

500nm an irregular surface morphology. The surface of 

activated carbon materials in Figure 5(a, b, and c), shown at 

scales of 2 µm, 10 µm, and 500 nm, is characterized by a well-

developed structure, as evidenced by the presence of holes 

with various diameters and shapes, including irregularly 

shaped holes. The existence of a porous structure facilitates the 

diffusion process indispensable in heterogeneous catalysis for 

the transport of both reactants and products [23]. This coarse 
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texture comprises varying-sized pores, making it useful for 

adsorption purposes [24]. 

 

 
(a) 2 µm 

 
(b) 5 µm 

 
(c) 500 nm 

 

Figure 4. SEM test of powder orange peel (a) at a scale of 

2µ, (b) at a scale of 5µ, and (c) at a 500nm scale 

 

The porous channel in the OP structures was visible in the 

scanning electron microscope (SEM) micrographs shown in 

Figure 5, resulting from the pyrolysis and chemical activation 

of carbon produced from the orange peel precursor. The pre-

carbonized precursor was pyrolyzed without a chemical 

activation agent to create a structure with asymmetric 

morphologies, as shown in Figure 5(b). Studies [25, 26] show 

carbon develops in a porous condition when a channel 

assembly is visible. This gives electrolyte ions access a greater 

surface area and a transfer pathway along the charge storage 

progression. 

SEM imaging reveals the surface morphology and pore 

distribution of a material. A high surface area, often associated 

with a porous structure, is critical for enhancing adsorption 

capacity. Greater surface area provides more active sites for 

adsorption, enabling the material to capture larger amounts of 

adsorbates. 

 

 
(a) 2 µm 

 
(b) 5 µm 

 
(c) 500 nm 

 

Figure 5. SEM test of activated carbon a) at the scale of 2µ, 

(b) at the scale of 5µ, and (c) at a 500nm scale  
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3.3 Energy dispersive spectroscopy (EDS) test 

characteristic  
 

 
(a) 10 µm electron image of the orange peel particle 

 
(b) A diagram of the particle content of orange peel of 

oxygenated groups on its surface 
 

Figure 6. EDS test of orange peel 
 

Using energy dispersive spectroscopy (EDS)  to find the 

orange peel sample's and activated carbon's chemical 

composition. The test reports are displayed in Figure 6(a), 

10µm electron schema of the orange peel particle. A diagram 

of the particle content of orange peel is shown in Figure 6(b) 

and Table 2. These diagrams and table show that the OP is 

constituted of some elements, such as, carbon (C), Oxygen 

(O), potassium (K) and calcium (Ca). 

While for activated carbon, Figure 7 shows the following 

results: (a) a 10 µm electron image of the activated carbon, (b) 

a schema of the particle content of activated carbon are carbon 

(C), Oxygen (O), potassium (K), calcium (Ca), Magnesium 

(Mg), phosphorus (P), surfer (S), and chlorine (Cl). The 

majority of these components are said to be a feature of the 

makeup of orange peels by studies [27, 28]. Table 3 shows that 

the concentrations of K (8.65%) and Ca (6.87%) are 

significantly greater than those of the other elements, yet they 

are nevertheless regarded as typical for Iraqi oranges. 

Oxygen's presence indicates that the activated carbon has a 

high content of oxygen-containing functional groups. 
 

 
(a) 10 µm electron image of the activated carbon 

 
(b) A diagram of the particle content of activated carbon  

 

Figure 7. EDS test of activated carbon  

 

Table 2. EDS test of the particle content of orange peel 

 
Element Line Type Apparent Concentration k Ratio Wt% Wt% Sigma Atomic % 

C K series 9.24 0.09238 53.61 0.39 60.98 

O K series 9.49 0.03193 45.21 0.39 38.61 

K K series 0.33 0.00279 0.77 0.04 0.27 

Ca K series 0.17 0.00149 0.40 0.04 0.14 

Total    100  100 

 

Table 3. EDS test of the particle content of the particle content of activated carbon from orange peel 

 

Element Line Type Apparent Concentration k Ratio Wt% Wt% Sigma Atomic % 

C K series 12.71 0.12706 60.87 0.37 73.73 

O K series 3.61 0.01214 21.34 0.35 19.41 

Mg K series 0.38 0.00253 0.82 0.04 0.49 

P K series 0.45 0.00249 0.55 0.04 0.26 

S K series 0.37 0.00322 0.71 0.04 0.32 

Cl K series 0.10 0.00086 0.19 0.03 0.08 

K K series 4.90 0.04150 8.65 0.10 3.22 

Ca K series 3.61 0.03223 6.87 0.09 2.49 

Total    100  100 
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3.4 FTIR test 

 
There is a clear structural similarity when comparing the 

wavelength of the orange peel (OP) from the graph in Figure 

8 with the data in Table 4. The bands of the hydroxyl groups 

of proteins and carbohydrates are visible at 3422.06 cm-1, 

while the C-H stretching vibrations of aliphatic groups are 

observed at 2919.7 cm−1. At 2346.94 cm-1, certain weak bands 

are linked to C=C conjugated and C=C bonds, depending on 

the vegetable origin of the samples. The bands at 1750 cm-1 

correspond to the C=O group, and a strong peak appears at 

1637.27 cm−1, corresponding to the C=O amide I group. At 

1457.92 cm−1, stretching -C=O, inorganic carbonate is found 

at the peak. the protein structures' amide III band at (1327.75 

cm-1), as well as the C–X of fluoride at (1057.76 cm-1) and 

chloride at (669.178 cm-1). 

 

 
 

Figure 8. Test of powder orange peel 

 

 
 

Figure 9. FTIR test of activated carbon from orange peel 
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Figure 9 depicts the AC absorption spectrum. The stretching 

of the O-H group is connected to the peaks at (3427.78 cm-1). 

On the other hand, the (2917.94 cm-1) peak is caused by the C-

H stretching [29]. The additional peaks at (2345.94 cm-1) and 

(1627.22 cm-1) are connected to C=C functional groups 

(1457.28 cm-1) are connected to C=O functional groups. The 

peak at (1057.16 cm-1) is attributed to the C-O deformation of 

the aromatic group of graphitic units. These peaks demonstrate 

the presence of hydrophilic functional groups on the activated 

carbon's surface [30]. 

The presence or absence of functional groups in the OP and 

AC-OP samples was determined using FTIR spectroscopy; the 

results are displayed in Figures 8 and 9. The majority of the 

functional groups are present in the FTIR spectra of OP and 

AC-OP. In contrast to OP, AC-OP exhibits lower-intensity 

absorbance peaks following the activation process. As a result, 

the various functional groups present in OP and AC-OP may 

give rise to pores. 

 

Table 4. List of band assignments for FTIR 

 
Wavenumber cm-1 Functional Group 

3350-3450 O-H 

2850-3000 C-H 

2100-2500 

1690-1760 

C=C conjugated and C=C 

Stretching C=O 

1600-1680 C=C 

1400-1460 Stretching C=O inorganic carbonate 

1050-1250 C-O-C stretch 

1000-1450 C-O 

600-900 C-H out of the plane 

 

3.5 TEM studies 

 

 
(a) 60 nm 

 
(b) 200 nm 

 

Figure 10. TEM test of orange peel (a) at scale of 200 nm 

and (b) at scale of 60 nm 

 

TEM measurements were used to analyze the synthetic 

materials' structural morphologies. Figure 10 displays the OP 

powder's TEM image pattern results. Figure 11 depicts the 

porous and densely linked frameworks with the crystallinity of 

AC-OP. This kind of AC-OP texture morphology suggests that 

the pores that are created during the carbonization and 

activation process help with ion diffusion within the carbon 

texture [31]. 

 

 
(a) 60 nm 

 
(b) 200 nm 

 

Figure 11. TEM test of activated carbon orange peel (a) at a 

scale of 200 nm and (b) at a scale of 60 nm 

 

3.6 Raman spectrum 

 

High-quality graphene can be quickly identified by Raman 

spectroscopy. Figure 12 and Figure 13 show the Raman 

spectroscopy graph of orange peel (OP) and activated carbon 

sourced from orange peel (OP-AC) respectively, these 

diagrams show a multi narrow peaks the high centered at 

(415.21 and 317.39) cm-1 for OP and (1533.23 and 1580.7) cm-

1 for OP-AC. These peaks are ascribed to the intensity of the 

2D band relative to the G band (I_2D/I_G) 

=2908.29/1589.74=1.829 greater than > 0.5 which means a 

purity measure. Additionally, Theis peaks at ~2914.98 cm-1 

and ~3045.24 cm−1, respectively, emphasize the turbostratic 

nature of FG. 

 

3.7 BET analysis 

 

The physicochemical properties of the AC and OP surfaces, 

including total pore volume, mean pore diameter, and specific 

surface area, were determined using BET surface area 

analysis. The pore structure properties are presented in Table 

5. The BET test refers to the Brunauer–Emmett–Teller (BET) 

analysis, which is a widely used method for determining the 

specific surface area of a material. This test is based on the 

adsorption of gas molecules (commonly nitrogen, N₂) onto the 

surface of a material at a constant temperature (typically 77 K, 

the boiling point of liquid nitrogen). The specific surface areas 

(SBET) of AC and OP were calculated using the BET method 

[30], yielding values of 7.9168 m²/g and 3.879 m²/g, 

respectively. The BJH method [23] was applied to analyze the 

pore size and volume. 

The total pore volumes of AC and OP were determined to 

be 0.027785 cm³/g and 0.01789 cm³/g, respectively, at P/P₀ = 
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0.99 from N2 single-point adsorption. The mean pore widths 

of AC and OP were 14.039 nm and 18.448 nm, respectively. 

These values indicate the mesoporous nature of the materials, 

as porous materials are classified as microporous (less than 2 

nm), mesoporous (between 2 and 50 nm), or microporous 

(greater than 50 nm) [32, 33]. The surface area and pore 

volume of macropores, mesopores, and micropores can be 

determined using BJH, the t-plot approach, and BET [34]. 

 

 

 
 

Figure 12. Raman spectroscopy test of powder orange peel 

 

 

 
 

Figure 13. Raman spectroscopy test of activated Carbone from orange peel 

 

In adsorption applications, the BET surface area and pore 

size distribution are fundamental parameters that determine 

the efficiency and capacity of the adsorbent. A higher BET 

surface area provides more adsorption sites, while an 

appropriate pore size distribution ensures that adsorbates can 

efficiently access these sites. This leads to better performance 

in various applications such as gas storage, water treatment, 

and catalysis. Understanding and optimizing both properties is 

essential for designing advanced materials tailored to specific 

adsorption processes. 

Surface area is crucial in determining the active sites 

available for contaminant adsorption. Increasing the surface 

area of a material enhances its ability to adsorb a larger 

quantity of pollutants [35]. The N2 adsorption-desorption 

Date 11.03.2023 Acq. time (s) 8 Accumulations 4 Laser 785 nm Edge

Spectro (cm⁻¹) 300 Hole (µm) 300 Slit (µm) 100 Grating 1200 (750nm)

Filter 25% Objective x100_VIS ICS correction Off Range (cm⁻¹) 0 – 3500

Date 11.03.2023 Acq. time (s) 4 Accumulations 2 Laser 785 nm Edge

Spectro (cm⁻¹) 300 Hole (µm) 300 Slit (µm) 100 Grating 1200 (750nm)

Filter 10% Objective x100_VIS ICS correction Off Range (cm⁻¹) 0 – 3500
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isotherms were used to measure the specific surface area and 

porous structure of the prepared activated carbon. Techniques 

such as BET and BJH were employed to calculate the surface 

area of the prepared activated carbon  [36]. The surface area 

(BET) and porosity are key indicators of optimal preparation 

conditions. As shown in Figure 9, the volume adsorbed 

increases with increasing relative pressure. The SBET and 

total pore volume (VT) of the prepared activated carbon are 

influenced by the type of agricultural waste used. The 

carbonization and activation processes improved the 

adsorption capacity and efficiency by increasing the surface 

area of the adsorbent. For comparison, the physical properties 

of tea waste before and after activation show that the surface 

area increased from 0.735 m²/g (before activation) to 72.857 

m²/g (after activation), similar increased in the surface area as 

the results obtained in study [37].

 

Table 5. Textural characteristics of AC and OP 

 
Samples SBE m2/g dP nm (2t) VT cm3/g Average Pore Diameter (nm) VBJH cm3/g V, meso cm3/g aP m2/g 

OP 3.879 24.616 0.01789 18.448 0.020221 0.8912 8.7738 

AC 7.9168 3.0995 0.027785 14.039 0.027705 1.8189 7.3368 

 

 

4. CONCLUSION  

 

In conclusion, easily available discarded orange peel has 

been utilized as a predecessor to make AC-OP porous 

frameworks. The TEM data indicates that the three-

dimensional porous structures with pores are apparent in the 

AC-OP. FTIR and Raman investigations verify that the AC-

OP has defects and different functional groups. 

To sum up, orange peels, a biomass precursor, were 

successfully converted into activated carbons using both 

chemical and physical activation. The prepared materials' 

amorphous structure was confirmed by XRD analysis, and the 

carbonaceous materials that were obtained exhibited a well-

developed surface. SEM spectroscopy of the examined 

samples showed a high degree of purity and an uneven surface 

shape, with the carbon materials' surface showing signs of 

inorganic matter content. 

The recommended method of generating activated carbons 

from waste biomass and the way in which these carbons are 

employed for the development of activated carbon is an 

effective way to transform natural resources into materials and 

compounds with a wide variety of applications and because of 

it has a high surface area, which makes it highly effective in 

adsorbing pollutants, heavy metals, and toxins from water and 

air. It can be applied in water treatment, air purification, gas 

adsorption and waste management to remove contaminants. 

Nano activated carbon's smaller particle size enhances its 

reactivity and adsorption efficiency, making it a more efficient 

material for environmental cleanup processes compared to 

conventional activated carbon. These raw materials are 

abundant, inexpensive, and renewable. It just takes two gasses 

to produce the activated carbons in this easy-to-follow method. 

As a result, this process is inexpensive and produces little 

chemical waste. 
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NOMENCLATURE 

 

OP Orange Peel 

AC Activated Carbon 

gm Gram 

nm Nano Material 

N2 Nitrogen Gas 

CO2 Carbon Dioxide Gas 

V Volume 

℃ Celsius Degree 

D Size 

K Shape Factor 

FTIR Fourier Transform Infrared Spectroscopy 

TEM Transmission Electron Microscopy 

SEM Scanning Electron Microscopy 

BET  Brunauer–Emmett–Teller (used for surface area 

analysis) 

EDS Energy Dispersive Spectroscopy 

P/P₀ Relative Pressure (used in BET analysis) 

dP Pore Diameter 

VT Total Pore Volume 

 

Greek symbols 

 

λ 0.154nm (X-ray wavelength) 

hkl Half-width of the diffraction band 

(FWHM)(radians) 

𝜗ℎ𝑘𝑙  Bragg diffraction angle (peak position in radians) 

µm Micrometer 
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