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Abstract 

This study focused on the remediation of methyl orange (MO) from wastewater by preparation of acid activated biochar from 

avocado pomace, which was obtained from Jimma Industrial Park, Ethiopia. This avocado pomace was considered as a solid 

waste and accumulated on waste disposal areas of the industrial park. The optimal temperature of 500 °C was selected for 

further biochar preparation. Physicochemical properties of the biochar have fixed carbon content (71.15 ± 0.84%), ash content 

(12.95 ± 0.35%), moisture content (10.40 ± 0.45%), volatile matter content (5.50 ± 0.62%) as well as PZC (7.4 ± 0.85). The 

acid activated biochar at optimum temperature of before and after adsorption was characterized via FTIR, XRD, and SEM. The 

main parameters of solution pH (5), initial concentration (60 mg/L), mass of adsorbent (0.5 g), and contact time (120 min) 

were optimized. Langmuir model was more fitted to experimental data and adsorption mechanism was chemisorption; leads to 

the formation monolayer on the homogenous active site with maximum adsorption capacity 22.988 mg/g. The adsorption 

phenomena were consistent with PSO kinetics model (R2=0.9997) and adsorption mechanism was chemisorption. Thus, this 

low cost environmental friendly industrial waste effectively removes MO dye and solves the problem of industrial wastewater 

through adsorption. More research finding is recommended to study how well this adsorbent works in real wastewater samples. 
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1. Introduction 

Environmental pollution is a major challenge in the entire 

world. It is the release of chemical, physical and biological 

contaminants to the environment. In recent years contamina-

tion of the environment (water, soil and air) by pollutants 

from different activities has become an increasingly serious 

problem [1]. It has increased exponentially in the past few 

years and reached alarming level in terms of its effects on 

living. Many industries, such as the textile, leather, paper and 

plastics industries, are highly dye users. Textile industry con-

sumes great amount of water and colored dyes, which gener-

ate high volume colorful wastewater [2]. 

In Ethiopia, textile production becomes the source of in-
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come that contributes to their gross domestic product. How-

ever, this has brought both consequences to such countries 

either in a positive way that is an improvement of economy 

or in a negative way which led to an increased anthropogenic 

impact on the biosphere [3]. In Addis Ababa, there are many 

industrial establishments among which most of them are 

discharging their effluents directly to the river without any 

prior treatment [4]. Bahir Dar textile factory possesses seri-

ous pollution to aquatic habitat of the head of Blue Nile Riv-

er in turn makes the water highly polluted [5]. 

Most synthetic dyes are highly toxic to humans and aquat-

ic beings, and have acute and chronic effects such as kidney 

and liver cancer in dye workers. MO is large class of synthet-

ic dyes. The presence of aromatic rings and –N=N– groups 

in Azo dyes make them highly toxic, carcinogenic and tera-

togenic. MO dye was selected as a target dye because of its 

wider application in textile, printing, pharmaceutical, food 

industries, and chemical laboratories, as well as its negative 

effects on the environment, animals, and human being. It is 

water soluble organic synthetic dye with very high coloring 

ability and presents a bright orange color when dissolved in 

water [6]. 

Different materials can be used to produce the adsorbent 

such as banana peel, potato peel, apple peel, lemon peel, 

grape waste and avocado peel fruit-vegetable wastes. Every 

year, approximately 1.3 billion tons of food is waste and 40-

50% of these are fruit-vegetable waste. Valorization of this 

waste can both prevent the pollution of the environment and 

help to purify the water [7]. The production and processing 

of avocado oil leads to an abundance of organic waste that is 

sent directly into landfill. For every 1000 kg of avocado, 

only 78 kg of oil is produced [8]. The remaining mass is ac-

counted for by-products in the form of seed (121 kg), skin 

(153 kg), pomace (150 kg), wastewater (448 kg) [9]. 

There are various ways to remove dyes from wastewater dis-

charges like coagulation, adsorption electrochemical process, 

membrane separation process, chemical oxidation, reverse os-

mosis and aerobic and anaerobic microbial degradation [10]. 

Considering their economic disadvantages and inefficiency, 

many of these processes are not popular. Adsorption is a surface 

process that leads to transfer of a molecule from a fluid bulk to 

solid surface which is the easiest, safest and most cost-effective 

separation methods for the removal of dye. This process in-

volves a mass transfer and leads to the accumulation of atoms, 

ions or molecules at the interface of two phases, (liquid-solid) 

adhere using a surface of the adsorbent [11]. Thus, the result of 

this study finds low cost active adsorbent from avocado pomace 

and its effective utilization in the removal of MO as a model dye 

from aqueous solution. 

2. Materials and Methods 

2.1. Chemicals and Reagents 

The chemicals and reagents which have been used in this 

study were; powder MO dye (C14H14N3NaO3S, 85% Aladdin 

Co., Ltd., China), phosphoric acid (H3PO4, 98%, Nice Labor-

atories, India), nitric acid (HNO3, 69%, Loba Chemie Pvt. 

Ltd., India), hydrochloric acid (HCl, 35.4%; Loba Chemie 

Pvt. Ltd. India), NaOH (90%, BDH, England) and sodium 

chloride (NaCl, 99.9%, Fisher Chemical, US). All chemicals 

used in this study were analytical reagent grade and were 

used without further purification. 

2.2. Apparatus and Instruments 

The apparatus and instruments which have been used in 

this study were; a double-beam UV–Vis spectrophotometer 

(Model: SPECORD 200/PLUS, AnalytiK Jena, Germany), a 

pH meter (Model: Bante902P, USA), a drying oven (Model 

GENLAB WIDNERS, England), a thermostatic water bath 

shaker (Model GrantGLS400, England), an electronic bal-

ance (Model: JA103P, China), a sieve (125 µm, ASTME11, 

UK), a FT-IR (Model: PerkinElmer, Spectrum Two, USA), a 

XRD (Model: Drawell XRD-7000) and a SEM (Model: 

JCM-6000plus). 

2.3. Preparations and Activation of Acid 

Activated Biochar 

The avocado pomace was obtained from avocado oil pro-

cessing of Jimma Industrial Park. It was separated from seed 

and washed as well as oven dried at 105 °C for 6 h. After 

that, it was crushed, sieved and stored in a desiccator [12]. 

Up on completion of that, 50 g of grounded-seized sample 

was soaked with 50% H3PO4 by ratio 1:1 and left for 24 h 

(Figure 1). After 24 h the sample was washed with distilled 

water to remove all the excess acid and oven dried at 105 °C 

for 3 h. About each 10 g of acid treated samples were placed 

in three ceramic crucibles and putted in the carbonization 

furnace. The carbonization process was carried out at three 

different temperatures 400 °C, 500 °C and 600 °C for 2 h and 

the contents were allowed to cool at room temperature. Each 

sample was thoroughly washed and rinsed using with dis-

tilled water until the pH of the filtrate was approximately 7. 

Then dried in an oven at a temperature of 105 °C for 3 h and 

kept in desiccator for further analysis [13]. 

2.4. Characterization of Acid Activated Biochar 

The proximate analysis of acid activated biochar such as 

moisture content, ash content, volatile matter content and 

fixed carbon content were determined according to the ther-

mal drying method [14]. The specific surface area of the ad-

sorbent was determined according to sear method [15]. The 

point of zero charge (PZC) of the adsorbent was studied ac-

cording to solid addition method [16]. The pH of acid acti-

vated biochar was determined via techniques applied in the 

literature [17]. The functional groups on the surface of the 

adsorbent (before and after adsorption) were studied using 
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FTIR (PerkinElmer, Spectrum Two, USA) in the wavelength 

range of 4000 - 500 cm-1 with a resolution of 4 cm-1. The 

crystalline structures of the as prepared samples were studied 

using XRD (Drywell XRD-7000) Cuka radiation (30 kV, 25 

mA, λ = 1.5406 Å) with a 2θ angle ranging from 10° to 80° 

and a scan rate of 0.02°min-1. The morphological of acid 

activated biochar was investigated using SEM (INSPECT 

F50). A UV–Vis Spectrophotometer (Model SPECORD 

200/PLUS, AnalytiK Jena, Germany) was utilized to meas-

ure the concentration of MO in model wastewater. 

 
Figure 1. Schematic representation for the preparation of H3PO4 activated biochar from avocado pomace. 

2.5. Batch Adsorption Experiments 

For batch adsorption studies, the adsorption experiments 

were performed at room temperature. The adsorbent and the 

adsorbate were separated by filtration and the filtrate was 

analyzed for residual MO concentration using UV-Vis spec-

trophotometer at λmax 465 nm. The percentage removal of 

MO dye from solutions was calculated by Eq 1. 

R (%) =
 𝐶𝑜−𝐶𝑒

𝐶𝑜
𝑥100                            (1) 

where, 𝐶𝑜 Initial dye concentration (mg/L) and 𝐶𝑒 equilibri-

um dye concentration (mg/L). 

The adsorption amounts at a time (qt) and at equilibrium 

(qe) are determined via Eqs (2) and (3) 

𝑞𝑡 =
(𝐶𝑜−𝐶𝑡)𝑉

𝑚
                                    (2) 

𝑞𝑒 =
(𝐶𝑜−𝐶𝑒)𝑉

𝑚
                                    (3) 

where, V is volume of dye solution (L), m is mass of adsor-

bent (g), qe is the equilibrium adsorption capacity (mg/g) and 

qt is the adsorption capacity over time (mg/g) [18]. The ef-

fects of pH, initial MO concentration, contact time, and ad-

sorbent dose on the adsorption of MO onto acid activated 

biochar were studied and optimized. 

2.6. Data Analysis 

2.6.1. Isotherm Studies 

In this study, Langmuir [19] and Freundlich [20] isother-

mal adsorption models were applied to describe the distribu-

tion of adsorbate between the liquid and solid phase. Lang-

muir model is an ideal model for monolayer adsorption, sup-

posing that the adsorption sites distributed on adsorbent sur-

face uniformly [21]. The Freundlich isothermal model is 

used to describe the multilayer adsorption, assuming that the 

distribution of active adsorption sites on the adsorbent sur-

face is heterogeneous. The liner equation of the Langmuir 

and Freundlich models are expressed via Eqs 4 and 5. 

l𝑛
𝐶𝑒

𝑞𝑒
 =

1

𝑞𝑚𝐾𝑒
 + 

𝐶𝑒

𝑞𝑚
                                (4) 

log 𝑞𝑒 = log 𝐾𝐹 + 1 𝑛⁄ log 𝐶𝑒                    (5) 

where, 𝑞𝑚 (mg/g) denote the maximum adsorption capacity, 

qe is the amount of sorbate sorbed at equilibrium (mg/g), 𝐶𝑒 

equilibrium dye concentration (mg/L), KF is the adsorption 

coefficient (L/mg); n is the coefficient of the Freundlich 

model. Generally, when 0 < 1/n < 1, the adsorption process is 

spontaneous; when 1/n=1, Freundlich isotherm model is lin-
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ear, indicating the adsorption process is irreversible; when 

1/n > 1, the adsorption process is relatively hard to proceed 

[22]. 

2.6.2. Kinetic Studies 

It is important to investigate the adsorption rate and the 

required time for adsorption to reach equilibrium. In order to 

understand and research the adsorption mechanism, many 

empirical models can be used to simulate the kinetics of the 

solid-liquid interface adsorption. In the context, pseudo first 

order (PFO) and pseudo second order (PSO) kinetic model 

were applied to simulate the adsorption kinetics of MO on to 

acid activated biochar from avocado pomace. PFO kinetic 

model assumes that the occupying rate of adsorbates onto 

adsorption sites is proportional to the quantity of the unoccu-

pied sites. The linear form of the kinetic rate expression for 

PFO and PSO model are given by Eqs 6 and 7. 

 log( qe − qt) = log qe −
k1

2.303
t                  (6) 

t

qt
=

1

𝑘2qe
2 +

t

qe
                                 (7) 

where qe is the amount of dye adsorbed at equilibrium 

(mg/g), qt is the number of dyes adsorbed at time t (mg/g), k1 

is the PFO rate constant (min-1), t is time (min) and k2 repre-

sents the rate constant of PSO (g/mg/min).. The straight-line 

plot of log (qe-qt) against time t, should give a linear relation-

ship from which the PFO rate constant (k1) and equilibrium 

sorption capacity (qe), can be calculated from the slope and 

intercept respectively. 

3. Results and Discussion 

3.1. Optimization of Adsorbent 

Temperature optimization experiments were performed to 

select adsorbent with better sorption capacity. Approximately 

10 g of 50% H3PO4 soaked samples were placed in a ceramic 

crucible and in the carbonization furnace for 2 h. The reac-

tion took place at 400, 500 and 600 °C final temperature. The 

highest removal efficiency of MO dye occurred for sample 

prepared at 500 °C (93.34%); due to its porosity and high 

surface area (Figure 2). The lowest MO dye removal effi-

ciency (62.50%) was observed at 400°C. Therefore, 500°C 

was the optimal temperature for further adsorbent prepara-

tion and termed as acid activated biochar. 

3.2. Characterization of Acid Activated Biochar 

3.2.1. Physicochemical Characteristics 

The physicochemical properties of acid activated biochar 

were determined by standard method and presented in Table 

1. The results showed that prepared acid activated biochar 

have very high fixed carbon content, low moisture content, 

low ash content and very low volatile matter. This is due to 

during carbonization and activation processes, organic sub-

stances become unstable as a result of the heat causing the 

molecules to break their bonds and linkages. Volatile matter 

is also released as a gas and a liquid which evaporates off 

leaving material with high carbon content [14]. The high 

composition of the fixed carbon refers to high quality of the 

adsorbent which improves the surface area and adsorption 

performance. From the result the low ash content in the bio-

char indicates inorganic matter in the sample is insignificant. 

According to different scholar findings high fixed carbon, 

low moisture, low volatile matter and low ash content adsor-

bents are recommendable for adsorption activities [23, 24]. 

 
Figure 2. Removal efficiency of acid activated biochar prepared at 

different temperature. 

Table 1. Result for proximate analysis of the acid activated biochar. 

Parameters Mass in percent (%) 

Moisture content 10.40 ± 0.45 

Ash content 12.95 ± 0.35 

Volatile matter 5.50 ± 0.62 

Fixed carbon 71.15 ± 0.84 

The pH of prepared biochar was 4.7 ± 0.85. The surface 

area of the prepared acid treated biochar analysis was deter-

mined by Sear method. Based on this result the prepared 

adsorbent has very high surface area (391 m2/g), it was 

raised from H3PO4 activation. Upon high concentration 

H3PO4 activation, leads to reorganization of the chemical 

constituents and subsequent deposition of carbon rich mole-

cules to the voids of biomass by the influence of temperature 

and pressure [25, 26]. 

The PZC is defined as the condition in which the density 

of electric charge on the adsorbent surface is zero. In this 

study, the solid addition method was followed. Accordingly, 
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0.1 M of NaCl solution poured into 12 flasks each containing 

0.1 g of adsorbent. The pH of the solutions was measured 

from 2 to 12 by using a pH meter and kept for 24 h. The re-

sults were then plotted between “∆pH final versus pH ini-

tial”. The point of intersection of the curves of “∆pH final 

versus pH initial” is the PZC of adsorbent. The plot of ∆pH 

final versus pH initial for adsorbents is presented in Figure 3. 

It was found to be 7.4. When the pH of the solution is below 

the PZC, the surface of the adsorbent will become positively 

charged and when the solution pH is greater than PZC, the 

surface of the adsorbent will become negatively charged. It 

implied that the prepared adsorbent was most probably ad-

sorbing dye in acidic regions [27]. 

 
Figure 3. Determination of pHPZC for acid activated biochar. 

3.2.2. FTIR Analysis 

Fourier Transform Infrared Spectroscopy (FTIR) is the 

machine, which uses infrared, light to vibrate or rotate bond 

molecule to detect the functional group presence in the sam-

ple. FTIR spectrum was associated with the functional 

groups that were existed on the surface of acid activated bio-

char in the range 4000 – 500 cm-1 shown in Figure 4. 

 
Figure 4. FTIR spectra of acid activated bichar before and after 

adsorption for MO dye. 

FTIR spectrum of before (red) and after adsorption (black) 

showed a strong peak shift of OH stretch from wavenumber 

3477 to 3441 cm-1 [28]. Peak position 2918 cm-1 was as-

signed to C-H stretching of single bond, which peak shifted 

to 2375 cm-1 after the loading of MO dye. Peaks at 1640 cm-1 

after MO dye adsorption was C=C for aliphatic unsaturated 

ion. Peak corresponds at 1166 cm-1 was characteristics of C-

O stretching vibration of alcohols and phenols. FTIR spec-

trum of before adsorption showed additional peak at 1442 

cm-1 and 1371 cm-1 for aromatic ring and C-N stretching, 

respectively. The shift of peaks and band width difference 

before and after adsorption tends to show the participation of 

functional groups of adsorbent surfaces on adsorption of MO 

and a suitable site for dye binding. The results confirm that 

there was deformation (bending and stretching) of bond mol-

ecule during interaction of MO dye ions with organic com-

pound in the sample. 

3.2.3. XRD Analysis 

X-ray diffraction (XRD) studies are used for determining 

crystal and amorphous structures. The broad band or broad 

spectrum at 2θ 10-30◦ was due to the amorphous structure of 

the adsorbent [29]. The presence of an amorphous phase with-

in the acid activated biochar results an irregular base line with 

noise and pulsed shape. The analyzed structure and phase of 

acid activated biochar was performed and presented in Figure 

5. 

 
Figure 5. XRD pattern of acid activated biochar (Black) before and 

(Red) after adsorption of MO dye. 

3.2.4. SEM Analysis 

Characterization of scanning electron microscopy (SEM) 

is widely used to study and provides information on size and 

morphology. As seen from the SEM images of before adsorp-

tion (Figure 6A), more porous and irregular shapes were 

observed. The structures signify the presence of macrospores 

and which was responsible for high surface area for acid 

activated biochar. On the other hand, porosity was decreased 

after adsorption (Figure 6B) toward smooth a surface as the 

MO dye molecules were mounted over the pores cavity of 
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adsorbent [30]. Therefore the surface area and pore volume 

have significant effect on enhancing adsorption efficiency of 

pollutants [31]. 

 
Figure 6. SEM image of acid activated biochar before (A) and after (B) loading of MO dye molecules. 

3.3. Effects of Solution pH 

The effect of pH on the MO removal was studied in the 

pH range from 1 to 10. The removal efficiency of MO dye 

was increase from 80% to 99% as pH increased from pH 2 to 

5 Figure 7. As such, the optimum solution pH for this finding 

was 5. This was occurred due to MO adsorption onto acid 

activated biochar via complex interplay of electrostatic and 

dispersion interactions with possible mechanisms namely, (i) 

π-π dispersion interaction between phenolic groups on the 

adsorbent with the aromatic rings in MO molecules. (ii) 

Electron donor–acceptor complex formation at the carbon 

surface. Although in adsorption process, electrostatic attrac-

tion exists between sulphonate and adsorbent surface plays a 

very significant role, the oxygen of the surface carbonyl 

group acts as the electron donor and the MO aromatic ring as 

the acceptor. This can lead to strong binding between the dye 

molecules and the adsorbent surface. Further increase in pH 

results in deprotonation of positively charged functional 

groups causing it to become negatively charged. At this 

point, electrostatic repulsion between the negatively charged 

surface and the negatively charged MO molecules could re-

duce adsorption efficiency [32-34]. 

3.4. Effect of Initial MO Concentration 

The effect of the initial concentration of MO dye was in-

vestigated by varying the concentration of dye ion from 20 to 

100 mg/L. As shown in Figure 8, maximum removal effi-

ciencies (98.8%) was obtained at a lower initial concentra-

tion (20 mg/L) due to the vacant active sites on the adsorbing 

surface. When the initial concentration of dye increases, the 

active sites necessary for the adsorption of dye molecules get 

occupied at 60 mg/L, where saturation of the active sites is 

achieved [35]. The optimal initial MO dye concentration was 

60 mg/L. The decreasing removal efficiencies at high con-

centration was due to the limited number of active sites on 

the surface of adsorbent to accommodate higher concentra-

tion ions [36]. Generally, there were unoccupied binding 

sites on the adsorbent surface at a low concentration, and 

insufficient sites at higher concentration, thus decreasing the 

dye removal efficiency. On the contrary the adsorption ca-

pacity was increased with an increase of initial concentration 

of dye molecules due to the availability of a higher number 

of dye ions per unit mass of the adsorbents and also increase 

in the initial concentration of the dye enhances the interac-

tion between the dye molecules and the surface of the adsor-

bent [37]. 

 
Figure 7. Effect of solution pH on MO adsorption by acid activated 

biochar, mass of adsorbent 0.1 g, initial concentration 20 mg/L and 

contact time 2 h. 
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Figure 8. Effect of initial concentration for removal of MO at solu-

tion pH 5, mass of adsorbent 0.1 g and contact time 2 h. 

An Adsorption isotherms are mathematical models used to 

clearly describe the distribution of adsorbate species among 

liquid and adsorbent [38]. Using the assumptions mainly 

related to the heterogeneity or homogeneity of adsorbents, 

there are types of coverage and possibility of interaction be-

tween adsorbate species. In this study, the correlation coeffi-

cients (R2) of Langmuir model (R2=0.9941) (Figure 9A) was 

higher than the R2 values of Freundlich model (R2=0.9384) 

(Figure 9B) [39]. This result indicated that the Langmuir 

model more fitted to experimental data (Table 2) and hence 

adsorption was mainly chemisorption; lead to the formation 

monolayer on the homogenous active site on the adsorbent 

surface [40]. 

Moreover, the Langmuir isotherm model which is de-

scribed in terms of the dimensionless constant called separa-

tion factor or equilibrium parameter (RL), is used to predict 

the nature of the adsorption process which obtained using the 

relation in Eq 8. The adsorption process is irreversible if RL 

= 0, favorable if 0 < RL < 1, linear if RL = 1, and unfavorable 

if RL > 1. 

RL =
1

1+KLCo
                     (8) 

where Co is the initial MO concentration (mg/L) and KL is 

the Langmuir constant (L/mg) [41]. 

In this study, average values of RL was 0.010182 indicate 

verifying favorability of adsorption [39]. 

 
Figure 9. Langmuir (A) and Freundlich (B) linear isotherm model of adsorption of MO dye. 

Table 2. Adsorption isotherm parameters and constants for Langmuir and Freundlich models. 

Parameters 

Isotherm models 

Langmuir Freundlich 

qm (mg/g) 22.988 - 

b (L/mg) 2.069 - 

RL 0.010182 - 

KF ((mg1−1/n L1/n)/g) - 0.001 

N - 0.3075 

R2 0.9941 0.9384 
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3.5. Effect of Contact Time 

The effect of contact time was determined by varying the 

time from 5 to 210 min. As shown in Figure 10, the rapid 

rate of MO dye ion uptake and reach 98.7% during the first 

45 min. The amount of adsorbed dyes was rapidly increased, 

and then gradually increase until equilibrium was reached at 

optimal time near to 120 min. This was perhaps due to the 

most readily availability of sufficient number of active sites 

which gets saturated with time [42]. Thus 120 min was satu-

ration time (Figure 10) a t which the adsorbent attained max-

imum percentage removal of MO dye [43]. Beyond 120 min, 

equilibrium was established. This might be due to the con-

centration of adsorbate in the pores and concentration of ad-

sorbate in the bulk was dynamic state of equilibrium. There-

fore, the contact time of 120 min was selected for further 

studies for MO dye adsorption. 

The study of adsorption kinetics is very important to de-

termine how quickly or slowly the reaction is proceeding 

[44]. The fast adsorption at the initial stage can be associated 

with the presence of vacant active sites initially, which are 

responsible for the rapid adsorption of MO dye on the adsor-

bent’s surfaces. When equilibrium is achieved, the amount of 

MO dye migrates from the solution to the adsorbent and 

amount of MO dye desorbed from the surface of the adsor-

bent to the solution were in the state of dynamic equilibrium. 

The time required to attain this equilibrium process is termed 

as equilibrium time and the amount of MO dye adsorbed on 

the adsorbent at this time implies equilibrium adsorption 

capacity. 

The linear forms of the PFO and PSO were applied to the 

experimental data to assess the adsorption kinetics as seen 

Figure 11. Since the correlation coefficient value of PFO 

kinetics was low (R2=0.9280) (Figure 11A) compared to 

PSO kinetic (R2=0.9997) (Figure 11B). The highest R2 val-

ues indicating that most satisfactory for describing the ad-

sorption kinetics [44]. Therefore, based on the R2 value it can 

be concluded that, PSO kinetic model predicted as well suit-

ed for the whole adsorption process and the reaction was 

appears to be controlled by the chemical reaction adsorbate 

and adsorbent species [2]. Moreover, the experimental num-

ber of adsorbed MO dyes per unit mass of adsorbent at equi-

librium and theoretical value of adsorbed MO dyes per unit 

mass of adsorbent at equilibrium were calculated based on 

PSO model have showed good agreement as compare to PFO 

Table 3. 

 
Figure 10. Effect of contact time for the removal of MO at mass of 

adsorbent 0.1 g, pH 5, and initial concentration 20 mg/L. 

 
Figure 11. Linear plot for adsorption of PFO (A) and PSO (B) kinetics. 
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Table 3. Parameters of the PFO and PSO kinetic models for MO 

dye removal. 

Parameters 

Kinetic models 

PFO PSO 

Co (mg/L) 20 40 

qe,exp (mg/g) 10.06 10.06 

qe,cal (mg/g) 5.2 10.47 

k1 (min-1) 0.0115 - 

k2 (g/(mg.min)) - 0.0955 

R2 0.9280 0.9997 

3.6. Effect of Adsorbent Dose 

The effect of adsorbent mass on the MO dye removal effi-

ciency was determined with 0.1 to 0.8 g of adsorbent. As 

shown in Figure 12, the MO dye removal efficiency increased 

linearly from 86% to 97% as adsorbent mass increases from 

0.1 to 0.5 g. This behavior could be explained considering that 

with adsorbent mass increase, more active sites were available 

to bind MO dye from aqueous phase [45]. The result after 0.5 

g (Figure 12), the amount of adsorbed MO dye was slowly 

increases up to 0.7 g. Then beyond 0.7, the removal efficiency 

was observed to be constant, (i.e. no more adsorption takes 

place). This was due to the aggregation and overlapping of 

particles of adsorbent in the solution [46-48]. As a result, 0.5 g 

was selected as, the optimum dose for the subsequent experi-

ments. 

 
Figure 12. Effect of amount of adsorbent for at contact time 2 h, pH 

5 and initial concentration 20 mg/ L. 

3.7. Adsorption Mechanism 

The adsorption of MO dye from aqueous solution by acid 

activated biochar derived from avocado pomace was strongly 

dependent on the various functional groups on the surface of 

adsorbent such as hydroxyl, phenols, aromatics and etc. 

those were supported by FTIR spectral described results. The 

probable adsorption mechanisms between the surface func-

tional groups of adsorbent and MO dye can be assigned to 

the various interactions such as electrostatic attractions, hy-

drogen bonding interaction and π–π interactions between the 

adsorbent and adsorbate [49, 50]. The MO dye adsorption 

onto acid activated biochar aligns more closely with the 

Langmuir isotherm model than with the Freundlich model, 

indicating monolayer chemosorption on its surface. Similar-

ly, the PSO model was more suitable than the PFO model, 

indicating the chemisorption of MO dye onto the adsorbents. 

Thus, the adsorption of MO dye onto acid activated biochar 

occurs through chemisorption mechanism. 

3.8. Reliability and Validity of the Work 

In order to determine the accuracy of the data collected, all 

batch tests were carried out by triplicated and only mean 

values were reported. Blank tests were carried out at the 

same time. All polyethylene plastic and laboratory items 

were washed with detergent, followed by repeated rinse with 

distilled water and soaked overnight in 10% HNO3, then 

rinsed three times with distilled water and dried. Experi-

mental analyses were carried out using MO containing a 

working solution. Regressions of experimental data were 

performed using Origin 19.0 software. The correlation coef-

ficient R2 of parameters were determined to characterize the 

accuracy of the optimal analysis of the data fit. 

4. Conclusion 

In this study, acid activated biochar was prepared from 

pomace of avocado oiling industry at optimal temperature of 

500 °C with 93.34% removal efficiency. The adsorbent was 

tested and evaluated for removal of MO dye from model 

wastewater through batch adsorption experiment. In this re-

gard, the optimum values for removal of MO dye have been 

obtained as the pH of solution, adsorbent dose, contact time 

and initial MO concentration value pH 5, 0.5 g, 120 min and 

60 mg/L respectively. The surface area of adsorbent was 391 

m2/g. The results of physicochemical properties of adsorbent 

were showed that the prepared adsorbent has very high fixed 

carbon content 71.15 ± 0.84%, low moisture content 10.4 ± 

0.45%, low ash content 12.95 ± 0.35% and very low 5.5 ± 

0.62% volatile matter content. The high composition of the 

fixed carbon refers to high quality of the adsorbent which 

improves the surface area and adsorption performance. 

The peaks position was shifted and changed in intensity 

after adsorption of MO dye in the FTIR spectra analysis. 

This indicates that most of the functional groups were partic-

ipated on adsorption process and demonstrate the availability 

of suitable adsorption sites. The adsorption isotherm data 

were well fitted to Langmuir model (R2=0.9941) than Freun-

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
86

88

90

92

94

96

98

%
 R

Mass of adsorbent (g)

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


American Journal of Applied and Industrial Chemistry http://www.sciencepg.com/journal/ajaic 

 

10 

dlich model (R2=0.9384). This result addressed the process 

leads to monolayer formation with maximum adsorption 

capacity 22.988 mg/g. The experimental and theoretical ki-

netics data showed good agreement for the PSO kinetic 

model (R2=0.9997) than PFO models (R2=0.9280), which 

indicates chemisorption mechanisms. Thus, the avocado 

pomace based acid activated biochar is an effective, low cost, 

and locally available alternative for remediation of MO dye 

from aqueous solutions. 

Abbreviations 

FTIR Fourier Transform Infrared Spectroscopy 

MO Methyl Orange 

PFO Pseudo First Order 
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SEM Scanning Electron Microscope 
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XRD X-Ray Diffraction 
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