
American Journal of Applied Chemistry 

2024, Vol. 12, No. 2, pp. 29-46 

https://doi.org/10.11648/j.ajac.20241202.11  

 

 

*Corresponding author:   

Received: 4 April 2024; Accepted: 23 April 2024; Published: 24 May 2024 

 

Copyright: © The Author(s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

 

Research Article 

Novel Biomaterial-Derived Activated Carbon from Lippia 

Adoensis (Var. Koseret) Leaf for Efficient Organic Pollutant 

Dye Removal from Water Solution 

Mesele Mengesha
1
, Yohannes Shuka

2, * 
, Tesfahun Eyoel

1 
, Tekalign Tesfaye

3
 

1
Department of Chemistry, Wolaita Soddo University, Wolaita Soddo, Ethiopia 

2
Department of Chemistry, Madda Walabu University, Bale Robe, Ethiopia 

3
Department of Chemistry, Mettu University, Illbabur, Ethiopia 

 

Abstract 

Today, various pollutants, such as dyes from industries, are being released into the environment worldwide, posing significant 

challenges that require sustainable attention and advanced solutions. This research focuses on the synthesis and characterization 

of a novel biomaterial-based activated carbon (AC) derived from Lippia Adoensis (Koseret) leaves and investigates its 

effectiveness in removing MB from aqueous solutions. The biomaterial adsorbent derived from LA was subjected to proximate 

analysis, pH-point zero charge (pHpzc), FT-IR, and SEM characterization. The pHpzc results indicated a slightly acidic surface 

functional group for AC. The impact of temperature and chemical impregnation (H3PO4, NaCl and NaOH) was examined, with 

the optimal temperature of AC preparation found to be 600°C. The use of H3PO4 for the chemical activation of biomaterials 

resulted in a high AC surface area. Batch adsorption experiments involved varying pH (2–10), dosage (0.1–0.35 g/50ml), initial 

concentration (10–35 ppm) and contact time (15–105 min). The optimal parameters were determined as pH = 8, dose = 0.25g, 

concentration = 10 ppm, and contact time = 75 min. The maximum adsorption capacity and removal efficiency were calculated as 

3.99 and 92.2%, respectively. Thermodynamic analysis confirmed the spontaneous and endothermic nature of the system. 

Adsorption isotherm and kinetic studies revealed a good fit with the Langmuir isotherm (R
2
= 0.999), indicating monolayer 

adsorption and the pseudo-second order model, respectively. These findings suggest that the use of LA-AC could offer a 

cost-effective solution for the removal of methylene blue from water, contributing to the solution of water pollution challenges 

and promoting the adoption of eco-friendly wastewater treatment technologies. 
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1. Introduction 

The discharge of huge amounts of pollutants into the envi-

ronment due to the rapid increase in industrial and 

non-industrialized activities is one of the key challenges glob-

ally [1]. Dyes are a type of pollutant that must be removed from 

wastewater before being released into the natural environment 

due to toxicity and harmful effects on photosynthetic activity 
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[2]. Dyes are aromatic compounds with a complex chemical 

arrangement that are stable under sunlight or heat and in the 

presence of oxidizing agents [3]. Universally, more than 10,000 

different types of natural and synthetic dyes are produced 

yearly, balancing in the range of 7 × 10
5
–1 × 10

6
 tons [4]. 

Numerous industries, including textile, leather, paper, pe-

troleum, printing, cosmetics, paint, rubber, plastic, food, and 

pharmaceuticals, produce significant amounts of toxic 

wastewater laden with synthetic dyes, leading to pollution due 

to inadequate treatment [5]. The critical characteristics of the 

aquatic environment are altered when textile-related toxic 

substances are released into the waterways. These factors 

include changes in pH, BOD, COD, TSS, TDS, and total 

suspended solids. Additionally, the water's ability to absorb 

light is hindered, aquatic plant photosynthesis is hampered, 

microbial growth is slowed, fish and other organisms are 

exposed to microtoxicity, and more. Above all, the carcino-

genic and mutagenic nature of pollutants is detrimental to 

human beings [6, 7]. Additionally, the effluents of these 

wastes may contain various dyes, including cationic dyes, 

anionic dyes, and azo dyes [8]. 

Methylene blue (MB) is an aromatic synthetic cationic base 

dye commonly used in the textile industry, as an indicator and 

medicine [1, 9]. The dye is not considered acutely toxic, but it 

can have various harmful effects. Skin irritation, mouth, 

throat, and stomach irritation are some of the side effects of 

this dye's side effects; in addition, esophagus irritation, nausea, 

gastrointestinal pain, headache, diarrhea, vomiting, fever, 

dizziness, and high blood pressure are all common side effects, 

and they are more poisonous than anionic dyes [1, 10-12]. As 

a result, more studies should focus on its removal from 

wastewater to avoid the harmful effect on the health of living 

creatures. 

Various treatment methods have been adopted to remove 

dyes from wastewater, which can be classified into physical, 

chemical, and biological methods [13]. 

Physicochemical methods have been used for the removal 

of various contaminants, namely solvent extraction, mem-

brane filtration, chemical precipitation [14], photolysis [15], 

reduction, electrochemical treatment [16], coagulation [17], 

and chemical oxidation from wastewaters [18]. However, 

these methods have drawbacks such as high costs, high energy 

consumption, and many toxic by-products. 

Among physicochemical methods, mainly the adsorption 

process assisted with carbon activation based on biomaterials 

is one of the most effective and economically feasible meth-

ods due to its simple operation process, low costs, easy design, 

high efficiency, and fast dye removal [19]. Biomaterial-based 

activated carbons enhance the adsorption process due to the 

high availability of binding sites. During this process, dye 

molecules are attached to the surface of a solid material (ad-

sorbent) through physical interaction (hydrogen bonding, 

weak Van der Waals forces) or chemical bonding [20]. 

At the present time, activated carbon (AC) is the most 

commonly used adsorbent for dye removal because of its 

micropore structures, high adsorption capacity, extended 

surface area, and high degree of surface reactivity. Activated 

carbon (AC) is favored for its high efficiency in deodorization 

and taste removal, straightforward design, molecular-level 

selectivity, low energy requirements, recyclability, strong 

adsorption capacity, and durability in harsh conditions. 

Nonetheless, its widespread use is hindered by the high pro-

duction costs. Economically and safely sourced organic ma-

terials, like plant leaves, are viable alternatives for creating 

cost-effective, biomass-based AC [21]. This is due to the fact 

that plant leaves are easily available and loaded with various 

functional groups such as alcohols, carboxylic acids, ethers, 

phenols, etc., which are useful in the adsorption of dye mol-

ecules [22]. Some plant-based adsorbents that have been used 

to remove MB from solutions include waste grape leaves [21], 

Neem leaves (Azadirachta indica) [23], Typha leaves [24], 

Rubus idaeus leaves [25]. However, there is no scientific 

report on the removal of MB from solution using lippia 

adoensis (LA) plant leaves adsorbent. 

Lippia adoensis is one of the five indigenous species of 

Lippia in Ethiopia, where it occurs as an erect woody shrub up 

to 1-3 m tall and is a member of the family of Verbanaceae 

[26]. The plant in question is endemic to Ethiopia, thriving in 

altitudes between 1600-2200 meters. It exists as two varieties: 

the indigenous var. adoensis and the domesticated var. koseret 

sebsebe, commonly termed 'koseret' [27]. The latter is exten-

sively cultivated in Ethiopia's central and southern highlands 

[28]. Traditionally, dried leaves are used as one of the ingre-

dients in the preparation of spiced butter and also as a food 

flavoring agent and preservative. In traditional Ethiopian 

medicine, Lippia Adoensis leaves are used to treat various 

skin diseases such as eczema and superficial fungal infections 

[29]. However, despite its excellent medicinal properties, its 

environmental actions have not been fully explored. Our 

research aims to address this gap by synthesizing a new bio-

sorbent derived AC from Lippia Adoensis plant leaves for the 

efficient removal of MB from aqueous solutions, which is a 

highly toxic organic pollutant dye for the ecosystem [1]. In 

particular, the fixed carbon yield from leaves is lower than 

that obtained from the stem. The study also incorporates 

Fourier transform infrared spectroscopy (FT-IR) and scanning 

electron microscopy (SEM) analyses to assess the properties 

of the adsorbent. Furthermore, various parameters such as 

contact time, initial concentration, pH, isotherm, kinetics, and 

thermodynamics were investigated. This biosorbent demon-

strates promise in addressing water pollution challenges and 

in promoting the advancement of environmentally friendly 

technologies in wastewater treatment applications. 

2. Materials and Methods 

2.1. Chemicals and Reagents 

Sodium thiosulfate (0.1 N), 85% H3PO4 (Merck), NaOH 

(99%, Shraddha Associates (GUJ) Pvt. Ltd., India), (KI), 0.1 
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M HCl, NaCl (AR grade) and Methylene blue (NICE) 

chemicals were used as received. The chemicals applicable 

for the removal of cationic dyes (Methylene blue) from waste 

water are of analytical grade, and distilled water was used to 

prepare all required solutions. 

2.2. Apparatus and Equipment 

The LA leaf biomaterial sample was weighed using a dig-

ital analytical balance. UV-vis measurements, conducted with 

a UV-VIS spectrophotometer equipped with a deuterium 

background corrector, were utilized to determine the ab-

sorbance of methylene blue (MB) in water samples. An elec-

tric grinder (National) was used to grind the LA leaf. The 

drying of the samples placed on porcelain crucibles was car-

ried out using a drying oven (Digit heat, J. P. Selecta, Spain). 

pH measurement was performed using a portable pH meter 

(Model HI9024, HANNA Instrument). The functional groups 

on the activated carbon were identified using Fourier trans-

form infrared spectrometry with a Perkin Elmer Spectrum 65 

FTIR spectrometer. Surface morphology analysis of the ac-

tivated carbon was conducted using a scanning electron mi-

croscope. An incubator shaker was used to agitate the conical 

flasks containing the samples. 

2.3. Preparation of Activated Carbon 

The leaves of Lippia adoensis were collected from the local 

area in Hawassa, Ethiopia. The collected leaves were initially 

washed with tap water to remove dust and subsequently rinsed 

with distilled water multiple times. Subsequently, the sample 

was air dried at room temperature (25°C) for a duration of 7 

days. The dried sample was then crushed into granules and 

sieved to achieve a particle size range of (100-250) microm-

eters. 

The raw material was impregnated with various chemicals, 

including H3PO4, NaCl and NaOH, for 24 hours with different 

impregnation setups. After impregnation, the carbonized 

samples were cooled in an inert atmosphere to room temper-

ature, successively washed with water and 0.1 M hydrochloric 

acid (HCl) to eliminate residual chemical agents until 

achieving neutral pH in the rinsing water. The activated 

samples were subsequently dried at 105°C for 12 hours. 

Finally, activated carbon (AC) derived from Lippia 

adoensis leaf powder was subjected to carbonization at dif-

ferent temperatures ranging from 400°C to 700°C in a muffle 

furnace for a duration of 2 hours. Upon completion of the 

carbonization process, the material was cooled in a desiccator, 

crushed, and sieved to a mesh size of 200 μm to ensure con-

sistency in the study by standardizing the particle size. The 

activated Lippia adoensis leaf samples treated with phos-

phoric acid, sodium chloride, and sodium hydroxide were 

labeled, respectively, as LALPA, LALSC, and LALSH for 

distinction throughout the study. 

Sample storage was carried out in enclosed containers within 

a desiccator to maintain integrity for subsequent investigations. 

The schematic representation of the experimental procedure, 

illustrating the preparation and activation steps of activated 

carbon, was detailed in Figure 1 for reference. 

 
Figure 1. The Block Diagram for the Preparation of LA-AC. 
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2.3.1. Effect of Impregnation Chemical 

In the investigation, the impact of impregnating Lippia 

adoensis biomaterial with different chemical agents - phos-

phoric acid (H3PO4), sodium chloride (NaCl) and sodium 

hydroxide (NaOH) - on its porous characteristics was exam-

ined. Initially, 1 gram of biomaterial was impregnated in 2 

ml of each respective chemical agent (H3PO4, NaCl, NaOH). 

After thorough impregnation, the activated biomaterial was 

washed to eliminate excess chemicals, neutralize, and sub-

sequent drying in a drying oven set at 105°C. Subsequently, 

the dried activated biomaterial was subjected to carboniza-

tion at varying temperatures of 400°C, 500°C, 600°C and 

700°C to produce the activated carbon material according to 

the experimental setup [30]. 

2.3.2. Carbonization Temperature 

The impact of carbonization temperature as a crucial factor in 

the creation of porosity during the activation process was ex-

plored. The study explored the effect of carbonization tempera-

ture on the porous characteristics of the developed activated 

carbon (AC) within the temperature range of 400°C to 700°C 

(specifically 400°C, 500°C, 600°C and 700°C) for each chemi-

cal impregnation. The optimal carbonization temperature was 

determined based on the specific chemical utilized for impreg-

nation, focusing on the selection of the most suitable tempera-

ture to improve the porous structure and overall performance of 

the activated carbon material [31]. 

2.4. Preparation of the Dye Solution 

A stock solution of 1000 ppm methylene blue (MB) was 

prepared by dissolving 1 g of MB in 1 L of distilled water. 

To determine the dye concentration, known amounts of MB 

were added to distilled water to create solutions of varying 

concentrations. A UV/VIS spectrometer (CE1021) was used 

to measure the absorbance of each solution at the maximum 

wavelength of absorption for MB. A linear calibration curve 

was constructed by plotting the absorbance values against the 

corresponding MB concentrations. The calibration curve can 

be used to determine the concentration of MB in unknown 

samples by measuring their absorbance at the maximum 

wavelength and using the equation of the calibration curve to 

calculate the corresponding concentration. 

2.5. Experimental Set-up and Removal  

Efficiency 

For the batch experiment, 100 ml of the dye sample was 

placed in a 250 ml conical flask. A predetermined quantity of 

adsorbent was then introduced into the flask, which was agi-

tated using a magnetic stirrer set to 200 rpm on a digital hot 

plate. The solution’s initial pH was regulated using 1 M HCl 

or 1 M NaOH prior to the addition of the adsorbent. Batch 

adsorption experiments were performed for a wide range of 

temperature (25, 35, 45 and 55°C), contact time (15, 30, 45, 

60, 75, 90, and 105 min), solution pH (2, 4, 6, 8 and 10) and 

adsorbent dosage (0.1, 0.15, 0.2, 0.25, 0.3 and 0.35 gram). At 

the end of each experiment, a small amount of the solutions 

was withdrawn at a predetermined time and filtered. The 

removal efficiency (%) and the adsorption capacity of the 

initial and finial concentrations of the dye at time were cal-

culated by equations (1) and (2), respectively. 

Removal efficiency (%) = 
(𝐶𝑜−𝐶𝑒)

𝐶0
100          (1) 

Adsorption capacity (𝑞𝑒) = 
(𝑐0−𝑐𝑒)

𝑚
𝑉          (2) 

Where;    - is initial solution concentration,  𝑒 - is equi-

librium concentration, V is the volume of the solution, m is 

the mass of the adsorbent 

2.5.1. Effect of Adsorbent Doses 

The impact of adsorbent dosage on methylene blue (MB) 

adsorption was investigated through a series of experiments. 

Initially, 50 ml of a 10 ppm MB solution was agitated with 

varying amounts of adsorbent (0.1, 0.15, 0.20, 0.25, 0.30, 

and 0.35 grams) for an optimized shaking duration, while 

keeping other parameters constant. Following agitation, the 

adsorbents were separated from the solution by centrifuga-

tion, and the remaining concentration of MB was quantified 

using a UV-Vis spectrophotometer (CE1021). 

2.5.2. Effect of Contact Time 

0.25 g of activated carbon (AC) derived from Lippia 

adoensis was added to conical flasks with 50 mL of 10 ppm 

MB solution. The flasks were placed on a laboratory shaker 

for various contact times (15, 30, 45, 60, 75, 90, and 105 

min). The flask contents were filtered and the residual MB 

concentration was measured using a UV-Vis spectrophotom-

eter (CE1021). 

2.5.3. Effect of PH 

The impact of pH on MB adsorption on AC of Lippia 

adoensis was assessed over a pH range of 2.0 to 10.0 using a 

portable pH meter (Model H1924, HANNA Instrument). 

Initially, 50 ml of 10 ppm MB solution was placed in 100 ml 

Erlenmeyer flasks and the pH was adjusted to the desired 

range (2.0-10.0) using 1 M HCl or 1 M NaOH. Subsequently, 

0.25 g of AC was added and the flask contents were shaken 

at room temperature for the optimized duration. After filtra-

tion, the residual MB concentration was determined by 

UV-vis spectrophotometry (CE1021). 

2.6. Isotherm Study 

The equilibrium isotherms were investigated by preparing 50 
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ml of MB solutions at concentrations of 10 ppm, 15 ppm, 20 

ppm, 25 ppm, 30 ppm and 35 ppm in 100 ml Erlenmeyer flasks. 

Subsequently, 0.25 g of Louisiana leaf powder activated carbon 

(AC) was added to each solution, followed by agitation in a 

laboratory shaker. The contents of the flasks were then filtered, 

and the concentration of MB in the solution was quantified us-

ing a UV-vis spectrophotometer (CE1021). To determine the 

adsorption capacity of the adsorbent, the experimental data ob-

tained were analyzed by fitting them against the Langmuir and 

Freundlich isotherm equations [32]. 

2.7. Kinetic Study 

The kinetic study was initiated by preparing 50 ml of a Meth-

ylene Blue (MB) solution with an initial concentration of 10 

ppm in 100 ml Erlenmeyer flasks. Subsequently, 0.25 g of Lou-

isiana leaf powder activated carbon (AC) (LA) was introduced 

into the solution. Sampling was carried out at specific time in-

tervals (15, 30, 45, 60, 75, 90, and 105 min), and the concentra-

tion of the filtrate was determined using a UV-Vis spectropho-

tometer (CE1021). The obtained experimental data were then 

subjected to analysis against kinetic models to elucidate the 

underlying mechanisms of the adsorption processes. The kinetic 

adsorption behavior on AC of LA was evaluated by fitting the 

data to both pseudo first-order and pseudo second-order kinetic 

models as outlined in reference [33]. 

2.8. Thermodynamic Study 

Determination of the basic thermodynamic parameters; 

enthalpy of adsorption (ΔH
o
), Gibb’s free energy of adsorp-

tion (ΔG
o
) and entropy of adsorption (ΔS

o
), is to analyze the 

process from a thermodynamic point of view. These are used 

to assess the spontaneity and nature (exothermic or endo-

thermic) of the process [34]. 

A thermodynamic study was conducted to investigate the 

adsorption behavior of Methylene Blue (MB) in powder ac-

tivated carbon (AC) from Louisiana leaf powder. Initially, 50 

ml of MB solutions with an initial concentration of 10 ppm 

were prepared in 100 ml Erlenmeyer flasks. Subsequently, 

0.25 g of LA AC was added to each solution. The solutions 

were then subjected to agitation at various temperatures 

(25°C, 35°C, 45°C and 55°C). After agitation, the contents 

of the flasks were filtered and the concentration of MB in the 

filtrate was determined using a UV-Vis spectrophotometer 

(CE1021). This experimental procedure was carried out to 

investigate the thermodynamic aspects of the adsorption 

process between MB and LA AC. 

2.9. Performance Analysis 

2.9.1. Iodine Number 

The iodine number is a metric that quantifies the milli-

grams of iodine that can be absorbed by 1 gram of activated 

carbon. It serves as a reliable estimate of the surface area and 

microporosity of the carbon material. To determine the io-

dine number, we adhere to the American Society of Testing 

and Materials (ASTM) protocol, employing the sodium thi-

osulfate (Na2S2O3) volumetric technique. This involves 

blending activated carbon with a 0.02 N iodine solution, in-

termittently shaking the mixture, followed by titration 

against Na2S2O3. The outcome provides the adsorption ca-

pacity of the carbon, denoted in mg/g. [35]. In practice, 0.25 

grams of activated carbon is treated with a standard iodine 

solution under controlled conditions. The carbon is then 

processed with 10.0 ml of 5% HCl, boiled for 30 seconds, 

and allowed to cool. Subsequently, 100 ml of 0.1 N iodine 

solution is introduced and stirred for 30 seconds. After filtra-

tion, 50 ml of the filtrate is titrated with 0.1 N sodium thio-

sulfate using starch as an indicator. The adsorption data, 

represented as the ratio of adsorbed iodine to carbon weight 

(X/M), is plotted against the iodine concentration in the fil-

trate on logarithmic scales. Should the residual iodine con-

centration fall outside the 0.008 to 0.04 N range, the experi-

ment is repeated with varying amounts of carbon for each 

data point. The iodine number is then defined as the amount 

of iodine adsorbed at a residual concentration of 0.02 N, ex-

pressed in mg/g. The X/M and C values are calculated by 

equations (3) and (4), respectively. 

X

M
(
mg

g
) = *

(N1∗126.93∗V1) − 
[V1+VHCl]

VF
∗(NNa2S2O3∗126.93)VNa2S2O3

MC

} (3) 

C = N𝑁𝑎2𝑆2𝑂3 ∗
VNa2S2O3

VF
           (4) 

Where; N1 - is the normality of the iodine solution 

V1 is the added volume of the iodine solution. 

HCl is the added volume of 5% HCl. 

VF is the filtrate volume used in a titration, N is the sodi-

um thiosulfate solution, normality is the volume consumed 

of sodium thiosulfate solution, and M is the mass of activat-

ed carbon. 

2.9.2. Methylene Blue Number 

The Methylene Blue Number (MBN) serves as an indica-

tor of the mesoporosity within activated carbon (AC), spe-

cifically the pores ranging from 2 to 5 nm. It is quantified as 

the maximal volume of dye that can be adsorbed by 1.0 gram 

of the adsorbent material. During the testing process, 10.0 

milligrams of AC are combined with 10.0 milliliters of 

methylene blue at varying concentrations (10, 25, 50, 100, 

250, 500, and 1000 mg/L) and left to interact for 24 hours at 

a standard room temperature of about 25°C. Post-interaction, 

the residual concentration of methylene blue is determined 

with the aid of a UV/Vis spectrophotometer [36]. The quan-

tity of dye each sample of AC adsorbs is then computed us-

ing Equation (5); 

MBN(
mg

g
) =

(Co−Ce)

M
V            (5) 
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Where; C0 - (mg L
-1

) is the concentration of the methylene 

blue solution at starting time (t = 0), Ce - (mg L
-1

) is the 

concentration of the methylene blue solution at equilibrium 

time, V (L) is the volume of the treated solution and M (g) is 

the mass of the adsorbent. 

2.9.3. Moisture Content 

The moisture content was determined by the loss on drying 

method. 2500 mg of equally grinded LA leaf powder (carbon-

ized and uncarbonized) was accurately weighted and placed in a 

clean crucible of a known weight. Then the crucibles were 

placed in an oven at 105°C to a constant weight. After 7 h, the 

weight of the LA leaf powder (carbonized and non-carbonized) 

and the crucible was weighted and finally, the moisture content 

was calculated using equation (6) as expressed by [37]; 

MC (%) =
𝑊𝐵−𝑊𝐴 

𝑊𝐵
 × 100%       (6) 

Where; MC is the moisture content of the LA leaf powder 

(carbonized and uncarbonized) in percentage, WB is the 

weight of the sample before drying and WA is the weight of 

the sample after drying. 

2.9.4. Ash Content 

The ash content of the LA leaf powder (carbonized and 

uncarbonized) was determined by weighting 2500 mg of LA 

leaf powder (carbonized and uncarbonized) and placed in a 

dried crucible. The crucibles containing the sample were put 

in a muffle furnace at a temperature of 500°C for 2.00 hours. 

Finally, the crucibles removed from the furnace and the LA 

leaf powder sample (carbonized and uncarbonized) were 

weighed and the percent of the ash content calculated using 

the following equation (7); 

AC (%) =
𝑊𝐵−𝑊𝐴

𝑊𝐵
× 100         (7) 

Where; AC is the ash content in percent, WB is the weight 

of the LA leaf powder sample (carbonized and uncarbonized) 

before heating, and WA is the weight of the LA leaf powder 

carbonized and uncarbonized sample after heating. 

2.9.5. Volatile Matter 

With little modification to the method described by [38]; 

2.5 g of LA leaf powder (carbonized and uncarbonized) was 

taken and placed in a dried crucible and heated in a muffle 

furnace adjusted at 700°C for 8 min. Then the crucibles were 

cooled and weighed. Finally, the volatile matter of the LA 

leaf powder (carbonized and uncarbonized) was calculated 

using the following equation (8); 

VM=
 WB−WA

WB
×  100                (8) 

Where: VM (volatile matter of the LA leaf powder (car-

bonized and uncarbonized) in percentage), WB is (weight of 

the LA leaf powder (carbonized and uncarbonized) sample 

before heating), and WA is (weight of the sample after heat-

ing). 

2.9.6. Fixed Carbon Content 

Fixed carbon is a calculated value that results from the 

summation of the percentages of moisture, ash, and volatile 

matter subtracted from 100, as shown in Equation (9); 

Fixed carbon, % = 100 – (moisture, % + ash, % + volatile 

matter, %) 

% FC = 100 – (MC +VM +AC)     (9) 

The yield of activated carbon (AC) was calculated on a 

chemical-free basis and can be regarded as an indicator of 

the process efficiency for the chemical activation process. 

The AC yield is calculated as the percentage weight of the 

resultant activated carbon divided by the weight of dried 

Lippia Adoensis as shown in Equation (10); 

YAC =
WAC

WLA
×  100%          (10) 

Where: WAC, = weight of activated carbon, WLA = uncar-

bonized sample of Lippia Adoensis leaf powder uncarbon-

ized sample respectively 

2.9.7. Determination of the Point of Zero Charge 

The pH at the point of zero charge (PZC) is defined as the pH 

value at which a material’s surface bears no net electrical charge 

under specific conditions of temperature, pressure, and compo-

sition of the aqueous solution. It’s important to note that at the 

pH of PZC, the surface is not devoid of charge; rather, it pos-

sesses equal quantities of negative and positive charges. Three 

distinct types of zero-charge points are recognized: the point of 

zero charge, the point of zero net proton charge, and the point of 

zero net charge. The point of zero charge is also known as the 

isoelectric point, where particles remain stationary in an electric 

field. 

To ascertain the pH_PZC, the salt addition method is em-

ployed. This involves mixing 0.25 grams of the adsorbent with 

30 milliliters of a 0.01 mol/L NaCl solution at various pH levels. 

The pH is adjusted between 2 and 10 using either 0.1 mol/L HCl 

or 0.1 mol/L NaOH, and this initial pH is recorded. After a pe-

riod of 24 hours, the final pH is measured with a pH meter. The 

change in pH (∆pH) is plotted on the y-axis against the initial 

pH (pHi) on the x-axis. The pH_PZC is identified at the point 

where the curve intersects the x-axis [3]. 

2.10. Characterization 

FT-IR analysis was used to characterize the functional 

groups on the surface of the prepared activated carbon before 

and after adsorption. The FTIR study identified organic and 
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inorganic groups involved in the adsorption process by ob-

serving changes in frequency. The activated carbon samples 

were scanned for functional groups using FTIR in the range 

of 400-4000 cm
-1

. In addition, scanning electron microscopy 

(SEM) was utilized to visualize the porous structure of the 

activated carbon sample treated with H3PO4. 

3. Results and Discussions 

3.1. Optimization of Carbonization 

Temperature and Impregnation Chemicals 

The impact of carbonization on the adsorption capacity of 

activated carbon (AC) is illustrated in Figure 3. As the tem-

perature increased from 400 to 600°C, the adsorption capacity 

(% removal efficiency) of AC derived from LA increased, 

peaking at 600°C before irregularly declining with further 

temperature increases. The decline in adsorption capacity at 

higher temperatures may be attributed to reduced pore volume 

and surface area, or the degradation of AC at elevated tem-

peratures. The analysis of Figure 2a and Table S1 indicates 

that the optimal carbonization temperature for the activated 

carbon derived from LA was 600°C. Furthermore, the influ-

ence of impregnation chemicals on the performance of mi-

croporous ACs is depicted in Figure 2b. AC produced from 

LA by impregnation with H3PO4 exhibited the highest ad-

sorption capacity. 

 
Figure 2. The Effect of Carbonization Temperature (a) and Active Reagents (b) on the Preparation of AC from LA. 

3.2. Characterization of the Prepared Activated 

Carbon 

3.2.1. Iodine Number and Methylene Blue Number 

The iodine number is an essential metric for assessing 

activated carbon’s efficacy. It gauges the micropore content 

within the carbon, determined through the carbon’s capacity 

to adsorb iodine from a solution. The mesopores, which form 

during the carbon’s activation, account for its expansive 

surface area and are the primary sites for adsorption. The 

higher the iodine number, the greater the sorption capacity 

[39]. 

In Figure 3, we observed that the activated carbon iodine 

number of LA shows a direct proportionality with the mi-

croporosity of the sample, thus a higher iodine number sig-

nifies a higher microporosity of the sample. It was observed 

that the iodine number of AC of LA was the highest value 

and its value was calculated using the equation. (3) to be 605 

mg/g. 

 
Figure 3. Adsorption of Iodine number and Methylene blue number. 

The methylene blue value was utilized to assess the surface 

area and pore size distribution of the activated carbon derived 

from Louisiana leaf powder. This value signifies the adsorp-
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tion capacity of activated carbon for molecules similar in size 

to methylene blue, as well as the surface area resulting from 

the presence of pores larger than 1.5 nm. The calculated value 

of methylene blue using Equation (5) was determined to be 

424 mg/g. In Figure 3, it is observed that for Louisiana acti-

vated carbon, the adsorption capacity based on the iodine 

number was maximized compared to the value of methylene 

blue. 

 

3.2.2. Proximate Analysis of LA and LA Activated 

Carbon 

The exact analysis results of the LA sample before the ac-

tivation process is carried out in order to know the moisture 

content, the ash content, the volatile matter and the carbon 

content using the muffle furnace in the physical chemistry 

laboratory of Hawassa University physical chemistry lab 

according to the American Society for Testing Materials and 

the result is shown in Table 1 below. 

Table 1. Proximate analysis of uncarbonized LA leaf powder and uncarbonized LA leaf powder by phosphoric acid. 

Proximate analysis (%) 

Sample Moisture Content Volatile Matter Fixed carbon Content Ash Content 

*UC-LA 3.6 54 26.3 16.1 

*C-LA 2.7 20.2 54.9 22.2 

*UC-LA = Uncarbonized LA Sample, C-LA = Carbonized LA 

As shown in table above, a small amount of moisture and ash 

content is better for chemical treatment because the sample 

with a higher moisture content needs more heat to evaporate the 

moisture. A high ash content also affects the chemical treat-

ment, which would reduce the overall activity of the adsorbent. 

This implies that the lower the ash content, the better material 

for chemical treatment [40]. As the moisture content is lower, 

the effectiveness of the adsorbent increases; this is because 

water molecules would have the potential effect of filling the 

adsorbent binding site before it contacts the solution (adsorb-

ate); this reduces the efficiency of the activated carbon. 

Therefore, the prepared activated carbon produced was stored 

in an air tight bag; otherwise, it could adsorb the moisture 

content from the environment [37]. Proximate analysis of LA 

treated raw and phosphoric acid treated LA activated carbon; 

Difference estimated after the activation process, the volatile 

matter content decreased significantly, whereas the fixed car-

bon content increased in the activated sample. This is because 

most of the organic substances have been degraded and dis-

charged both as gas and liquid tars, leaving a material with high 

carbon purity. Generally, the lower the ash value, the better 

activated carbon for use as an adsorbent [37]. 

3.2.3. pH Point of Zero Charge (pHpzc) 

The pHpzc values for the activated carbon LA were 6. The 

pHpzc value at 6 indicates that the LA surface has the pres-

ence of acid functional groups. Furthermore, pH <6, implies 

the values of pH < 6, implies that the dominancy of acidic 

functional groups compared to the basic ones. The positive 

charge on the surface of the LA could be obtained at a pH 

below the pHpzc value, and the negative charge on the surface 

of the LA could be obtained at pH levels above the pHpzc 

value. A positive charge of LA is favorable to the uptake of 

negative-charge (anionic) species; on the other hand, a nega-

tive charge of LA is favorable to the uptake of positive-charge 

(cationic) species. During the study of the adsorption test, 

investigation of the pHpzc value would help to select the pH 

value of the medium. Hence, the percent adsorbent removal 

capacity increased below and above the pHpzc value for an-

ionic and cationic species [41]. Figure 4 and Table S3 show 

that the point of zero charge (pHpzc) of the activated carbon 

derived from the LA leaf was 6 and at this point the surface of 

LA is neutral but below and above this point the surface of LA 

is positively and negatively charged, respectively, which 

attracts the positively charged methylene blue ion and this 

results in an increase in adsorption. 

 
Figure 4. The pH on point zero charge of AC of LA. 
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3.2.4. FT-IR Analysis 

Various absorption bands within the 4000–400 cm
−1

 range 

were recorded in the FT-IR spectra of activated carbon pre-

pared from LA leaf as shown in Figure 5. The FT-IR spectrum 

of LA leaf AC shows that some distinct changes are observed 

between the spectra before and after adsorption. The increase in 

intensity and shift in peak positions in LA after MB biosorption 

demonstrate the involvement of different functional groups 

during the adsorption. Before adsorption of the MB ion, there 

was a peak formation at a wave number 2930, 2860, 1654, 

1464, 1376 and 726 cm
–1

. After MB adsorption, the peaks 

shifted to 2926, 2856, 1648, 1464, 1378, and 726 cm
–1

 but also 

there is a remarkable change of the intensities of infrared bands 

with no change positions. These changes in wave number show 

that the hydroxyl, alkane, and aromatic groups are involved in 

the adsorption of MB ions. Therefore, the functional groups of 

the C=C, C-C, and –CH groups in the LA leaf would participate 

to interact with the MB ion, involving the mechanism of sur-

face complex, hydrogen bonding, and electrostatic attraction. 

These may result from an interaction between the positive 

centers of the MB dye and the negative centers of the LA ad-

sorbent, which involves significant attractive forces. The 

presence of adsorbed water molecules is supported by the ab-

sorption band located at 1654 cm
-1

 commonly assigned to 

bending vibration of the adsorbed water molecule [42]. 

Bands indicates at 2930 cm
-1

 is C-H stretching of alkane 

and bands arising in the stretching vibration mode at 1464 

cm
-1

 is C=C- bond in aromatic compounds [43, 44]. We can 

conclude that the two spectra are similar in their features, 

which indicate their very close chemical composition and 

nature, but may be different in concentration. 

 
Figure 5. FTIR spectrum of LA-AC before & after adsorption. 

3.2.5. SEM Analysis 

SEM images of the LA sample before and after adsorption 

of the MB dye are shown in Figures 6a and 6b, respectively. 

The prepared AC was examined by Scanning Electron Mi-

croscope to analyze the surface of the adsorbents. The SEM of 

chemically activated carbons by H3PO4 after adsorption is 

presented in Figure 6b. The activated carbon of LA prior to 

adsorption was well-developed, and a porous surface was 

observed at higher magnification than the activated carbon of 

LA. The pores observed from SEM images have diameters in 

the micrometer (µm) range. 

  
a) Before adsorption           b) after adsorption 

Figure 6. SEM images of LA-AC before and after adsorption. 

From Figure 6a, the forms and shapes of the particles are 

irregular and their surface is rough and porous. The distribu-

tion of particle sizes is not uniform. It was observed that the 

pore size reduces after adsorption. This indicates that LA is 

effective in adsorbing methylene blue. 

3.3. Batch Adsorption Study 

3.3.1. Calibration Curve Plotted for Methylene Blue 

Adsorption 

The calibration curve plotted for methylene blue at a 

wavelength of 665 nm was obtained from standard solutions 

of methylene blue with different concentrations and the cor-

responding absorbance (Figure 7). It is important to determine 

the unknown concentration of MB. 

 
Figure 7. Calibration curve for methylene blue solution. 
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3.3.2. Effect of Adsorbent Dose 

In the dosage study conducted within the realm of adsorp-

tion studies, the objective of the experiment was to determine 

the adsorbent capacity concerning a specific initial concen-

tration of dye present in a solution. Using typical dye solu-

tions of 10 ppm derived from the stock solution, varying 

amounts of adsorbent ranging from 0.1 g to 0.35 g were in-

troduced to each solution. The impact of the dose of the ad-

sorbent on the efficiency of the removal of Methylene Blue 

(MB) using activated carbon (AC) from LA is depicted in 

Figure 8. In particular, the removal efficiency of MB by AC of 

LA increased from 66.1% to 92.2% as AC doses increased 

from 0.1 g to 0.25 g per 50 ml of solution, maintaining a fixed 

MB concentration of 10 ppm. 

However, it was observed that the adsorption capacity 

demonstrated a decrease, as it is inversely proportional to the 

mass of the adsorbent. This phenomenon can be attributed to 

the increase in the adsorbent surface area and the availability 

of additional adsorption sites resulting from the heightened 

adsorbent dosage. At elevated dosages of the adsorbent, 

equilibrium in adsorption was quickly achieved due to os-

motic pressure, despite the presence of unused active sites, in 

contrast to lower dosages of the adsorbent, leading to more 

efficient utilization of adsorption sites [45]. 

On the contrary, at lower doses of the adsorbent, particu-

larly when employed in higher-concentration MB solutions, 

the adsorbent exhibited a tendency to saturate rapidly, re-

sulting in a diminished adsorption removal capacity. Subse-

quent to extensive experimentation, a median dose of 0.25 g 

was identified as the optimal point for subsequent adsorption 

experiments due to its favorable performance characteristics. 

 
Figure 8. Effect of the adsorbent dose on the preparation of AC of 

LA. 

3.3.3. Effect of Initial Dye Concentration 

In this study, 0.25 g of LA powder was added to 50 ml 

solutions with varying concentrations (ranging from 10-35 

ppm) of typical dye solutions at pH 8, which were prepared by 

dilution for use as functional solutions. The impact of initial 

concentration on the efficiency of MB removal was investi-

gated using AC of LA, and the results are presented in Figure 

9 and Table S5. The MB removal efficiency of LA AC was 

observed to decrease from 94.5% to 55%. This decrease can 

be attributed to a reduction in the surface area of the adsorbent 

and the availability of fewer adsorption sites due to the con-

stant dosage of the adsorbent [46]. In addition, a higher ad-

sorption capacity was found at higher initial dye concentra-

tions [47]. Therefore, the optimal point for the initial con-

centration of MB removal was determined to be 94.5%. 

 
Figure 9. Effect of Initial Concentration on the Preparation of AC of 

LA. 

3.3.4. Effect of pH 

An investigation into the impact of pH on adsorption can be 

conducted by preparing a solution of adsorbent and adsorbate 

with a constant adsorbent amount and dye concentration, but 

varying the pH by adding 1 M NaOH or 1 M HCl solutions, 

followed by agitation until equilibrium is reached. Typically, 

at lower pH levels, there is a reduction in the removal effi-

ciency for cationic dyes, whereas anionic dyes exhibit in-

creased removal rates. Conversely, at higher pH levels, the 

removal efficiency for cationic dyes improves, while it di-

minishes for anionic dyes. This is because, at elevated pH, the 

solution interface's positive charge diminishes, rendering the 

adsorbent surface negatively charged, which in turn boosts 

cationic dye adsorption and reduces anionic dye adsorption. 

On the other hand, at lower pH levels, the solution interface's 

positive charge intensifies, causing the adsorbent surface to 

become positively charged, which enhances anionic dye ad-

sorption and lowers cationic dye adsorption [48]. In this study, 

the effect of pH on the adsorption of MB on AC was exam-

ined in the pH range of 2-10. Figure 10 and Table S6 represent 

the effect of on the adsorption of MB. The AC of LA showed 

an optimal value at pH 8 (92.93%) and decreases with in-

creasing and decreasing value. These values indicate that 

activated carbon of LA is applicable for the removal of MB 

from aqueous solution under basic media [49]. 
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Figure 10. Effect of pH on the Preparation of AC of LA. 

3.3.5. Effect of Contact Time and Temperature 

To find the time for equilibrium adsorption, the contact 

time of MB in LA was varied from 15 min to 105 min at a 

fixed MB concentration of 10 ppm, a dosage of 0.25 g per 50 

ml solution, at 25 
0
C. The presence of a large number of va-

cancies on the adsorbent surface that reached saturation at 

equilibrium is believed to be responsible for the sharp in-

crease in the adsorption capacity at the initial contact time. 

Due to the lack of active sites for dye biosorption once equi-

librium was established, it remains nearly constant [50]. Ad-

sorption reaches maximum, 92.4% for LA activated at 75 min 

Figure 11a and Table S7. Hence, the optimum contact time for 

activated carbon of LA was selected as 75 min for further 

experiments. Figure 11b and Table S8 show that the increase 

in temperature leads to the increase in both adsorption effi-

ciency and capacity. The adsorption is an endothermic pro-

cess; as the temperature increases, the adsorption equilibrium 

shifts directly or the concentration of the adsorbent in the 

solution is increased, leading to an increase in the adsorption 

efficiency and capacity. This may be due to the fact that at 

higher temperatures the solute molecules show an inclination 

to escape from the solid phase and reenter the liquid phase due 

to increased mobility [51]. 

  
                                       (a)                                  (b) 

Figure 11. Effect of contact time (a) and temperature (b) on the removal of MB for AC of LA. 

3.4. Adsorption Thermodynamic Study 

Standard changes in Gibbs free energy (∆G
0
), entropy (∆S

0
), 

and enthalpy (∆H
0
) are key thermodynamic parameters that 

help to understand the adsorption behavior of Methylene blue 

in adsorbents [52]. The uptake of MB on LA is also analyzed 

with reference to the changes that occurred in the thermody-

namic parameters according to Eq. (1) and the values are 

presented in Table S7. From Eq. (1) ∆H
0
 and ∆S

0
 were ob-

tained from the slope of the lnKc plot compared to 1/T Figure 

12 and Table S9-10. The negative values of ∆G
0
 at 298, 308, 

318 and 328 K revealed that MB uptake in LA was sponta-

neous. Similarly, the positive value of H0 revealed that uptake 

was endothermic. This could be assigned to hydrogen bond 

formation between MB and LA. The positive ∆S
0
 value for 

the chosen system is due to the improved randomness at the 

MB-LA solution interface [53]. 

 
Figure 12. Vant Hoff plot for determination of the thermodynamic 

parameter for the adsorption of MB. 

http://www.sciencepg.com/journal/ajac


American Journal of Applied Chemistry http://www.sciencepg.com/journal/ajac 

 

40 

3.5. Adsorption Equilibrium Study 

In this study, adsorption equilibrium is reached when the 

amount of adsorbed solute equals the amount desorbed. 

Equilibrium adsorption isotherms depicting solid phase con-

centration (qe) against liquid phase concentration (Ce) of the 

solute were utilized. These isotherms provide information on 

the adsorption capacity of the adsorbent, solute-solution in-

teractions, and adsorbate accumulation on the adsorbent sur-

face [54]. The adsorption of Methylene blue on the prepared 

activated carbon was investigated using Langmuir and 

Freundlich isotherm models, as detailed in Table S10. 

3.5.1. Langmuir Isotherms 

The Langmuir model assumes that adsorption occurs on a 

homogenous surface by monolayer adsorption and that there 

is no interaction between the adsorbed molecules. The linear 

form of the model is expressed in Eq. (11); 

𝑐𝑒

𝑞𝑒
=

1

𝑞𝑚𝑎𝑥
. 𝑐𝑒  +  

1

𝑞𝑚𝑎𝑥 .𝐾𝑙
             (11) 

Where Ce is the equilibrium concentration (mg•L
−1

), qe the 

amount adsorbed at equilibrium (mg•g
-1

), qmax is the maxi-

mum monolayer adsorption capacity of the adsorbent, and KL 

is the Langmuir constant related to the adsorption capacity 

and the energy of adsorption. The linear plot of ce/qe versus ce 

gives a straight line and qmax and KL are determined from the 

slope and intercept of the plot, respectively (Figure 13a). To 

determine the favorability of the adsorption using this model, 

a dimensionless separation factor was calculated, given as Eq. 

(5). Based on the correlation coefficients (R
2
), it is clear that 

the adsorption of MB on activated carbon is best fitted to the 

Langmuir adsorption isotherm for the entire range of con-

centrations. From Table 2 the value of R
2
 more approaches to 

1 indicates the fact that the Langmuir isotherm fits the ex-

perimental data very well and may be due to the homogenous 

distribution of active sites on the carbon surface, since the 

Langmuir equation assumes that the surface is homogeneous. 

3.5.2. Freundlich Isotherms 

For the Freundlich model, the adsorption takes place on a 

heterogeneous surface by multilayer adsorption. The model is 

expressed linearly in Eq. (12); 

𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐿 +
1

𝑛
𝑙𝑜𝑔𝑐𝑒         (12) 

where KF (mg/g) (mg/L) and n are the Freundlich constants 

related to the adsorption capacity and the adsorption intensity, 

respectively. The KF and n values were calculated from the 

intercept and slope of the logqe versus log ce plots Figure 13b. 

If the value of n is greater than one, this indicates a good 

adsorption of MB onto the adsorbent. 

  
                                (a)                                            (b) 

Figure 13. Langmuir adsorption (a) and Freundlich adsorption (b) isotherm studies for AC of LA. 

Otherwise, desorption becomes predominant. If n = 1, the adsorption is linear. For n <1, the adsorption is chemisorption and 

for n >1 the adsorption is favorable physical adsorption (Tadesse, 2019). As we can observe from Figure 9b, Figure 9c, and Table 

2, the adsorption of MB on LA is best fitted with the Langmuir isotherm. 

Table 2. Langmuir and Freundlich Adsorption Isotherm Constants for the Adsorption of MB on AC of LA. 

Isothermal line model Parameters Results 

Langmuir KL (L/mg) 1.511 
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Isothermal line model Parameters Results 

 qmax (mg/g) 3.99 

 R2 0.999 

 RL 0.062 to 0.0186 

Freundlich 𝐾𝐹(mg/g).(mg/L) 
1

n 2.36 

 N 4.921 

 R2 0.87785 

 

3.6. Adsorption Kinetic Study 

Kinetic models have been utilized to analyze experimental 

data to understand the adsorption mechanism and identify 

potential rate control steps such as mass transfer and chemical 

reaction. The adsorption kinetics, which represent the solute 

removal rate governing the residence time of the sorbent at the 

solid-solution interface, are summarized in Table S11. These 

models encompass pseudo-first-order and pseu-

do-second-order models [55]. 

Pseudo First & Second Order Adsorption Kinetics 

The Lagergen pseudo-first-order equation [56], is generally 

expressed as follows: 

log
𝑞𝑒

𝑞𝑒−𝑞𝑡
 =

𝑘1

2.3 3
𝑡           (13) 

Where, qe and qt refer to the amount of dye adsorbed (mg 

g
-1

) at equilibrium and at any time, t (min), respectively, and 

k1 is the equilibrium rate constant of the pseudo-first-order 

sorption (min
-1

). After integration and applying boundary 

conditions, t = 0 and t=t and qt=0 to qt=qt. the integrated form 

of Eq. (13) becomes: 

log(𝑞𝑒 − 𝑞𝑡)=log𝑞𝑒- 
𝑘1

2.3 3
𝑡         (14) 

The values of k1 and qe were calculated from the slopes and 

intercepts of log (qe-qt) against the plots t. The pseudo 

first-order plot of MB adsorption on LA shown in Figure 4a. 

The equation corresponding to the pseudo-second-order ki-

netic model is the following: 

1

𝑞𝑒−𝑞𝑡
=
1

𝑞𝑒
+k2t               (15) 

The linearized integral form of this model is (the Lagergen 

pseudo- second order kinetic model) given as: 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2+

1

𝑞𝑒
t             (16) 

where k2 is the rate constant of second-order adsorption 

(g/mg/min). Slope and intercept of plot of t/qt against t, give 

values of qe and K2, respectively, Figure 14b. As can be 

viewed in Table 3 for AC made from LA, the result showed a 

very good compliance with the pseudo-second order equation 

with high regression coefficients (R
2
) compared with pseu-

do-first order. 

  

                               (a)                                             (b) 

Figure 14. Pseudo First–order kinetics (a) and Pseudo Second–order kinetics (b) for adsorption for adsorption of MB on AC of LA. 
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Table 3. Pseudo-first and pseudo-second order kinetic model con-

stants for the adsorption of MB on AC of LA. 

Kinetics model Parameters Results 

Pseudo First–order 𝑞𝑒(cal.) 0.806 

 𝑞𝑒(exp.) 1.89 

 k1 0.033 

 R2 0.856 

Pseudo Second–order 𝑞𝑒(cal.) 2.0 

 𝑞𝑒(exp.) 1.89 

 k2 0.054 

 R2 0.998 

3.7. Comparison of Previously Reported  

Adsorption Capacity with Different  

Adsorbents for MB Removal 

The adsorption capacity of the adsorbent for the adsorption 

of MB has been comparable with those of others reported in 

the literature and the values of adsorption capacity as pre-

sented in Table 4. The experimental data of the present in-

vestigation were compared with the values reported. The 

result of our investigation revealed that LA-Ac has the highest 

percent adsorption and adsorption capacity. 

Table 4. Previously reported adsorption capacities of various a 

sorbents for methylene blue. 

Adsorbent 𝒒𝒎𝒂𝒙 (mg/g) Reference 

Kaolin 1.63 [57] 

Biochar-palm bark 2.66 [58] 

Biochar eucalyptus 2.06 [58] 

Black Tea Wastes 3.367 [18] 

Grape leaves 0.2 [21] 

Arundinaria Alpina 2.49 [34] 

Koseret leaves 3.99 (This study) 

4. Conclusions 

The aim of this study is to synthesize and characterize new 

biomaterial-derived activated carbon (AC) from Lippia 

Adoensis leaf (Koseret) (LA) by chemical activation with 

H3PO4 and evaluate its performance for the application of 

MB removal. The AC of the LA leaf was characterized by 

FTIR, SEM, iodine number, and MB number. The result of 

the characterization showed that LA has a well-developed 

surface area for adsorption. From the iodine number, the 

prepared AC of LA shows the highest macroporous surface 

area. The surface functional group was investigated by 

FT-IR spectroscopy techniques. pHpzc showed that activated 

carbon has a slightly acidic surface functional group. The 

data from batch experiments indicated that the adsorption of 

MB by LA leaf AC depends on various parameters such as 

pH, dosage, contact time, and initial concentration of MB. 

Optimal dose values = 0.25 g, pH = 8, initial concentration 

of MB = 10 ppm and contact time = 75 min were observed. 

The data obtained from the thermodynamic parameters, with 

the results indicating a negative value of ΔG°, suggested that 

the adsorption was spontaneous in nature. The positive val-

ues of ΔH
0
 and ΔS

0
 indicated endothermic adsorption pro-

cesses and increased randomness at the surface-solution in-

terface, respectively. The Langmuir model showed the best 

fit to the adsorption data (R
2
 = 0.999), and the kinetic data 

followed a pseudo-second order model, which was con-

firmed. Finally, the results show that the AC of LA could be 

economically achievable for the removal of MB from an 

aqueous solution. Even if tested for MB only, one can care-

fully assume that AC of LA will present similar adsorption 

performances for the elimination of multiple organic dyes 

from aqueous solutions. 

Abbreviations 

AC Activated Carbon 

LA Lippia Adoensis 

LA-AC Lippia Adoensis- Activated Carbon 

MB Methylene Blue 

SEM Scanning Electron Microscope 

FT-IR Fourier Transform Infrared Spectroscopy 

∆G
0
 Gibbs Free Energy 

∆S
0
 Entropy 

∆H
0
 Enthalpy 
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