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Abstract

It is necessary to use adsorbents derived from natural materials, such as biosorbents

since they do not any damage to the environment, for pollutants elimination that

contaminate the aquatic environment. Since the deficiency in the literature was

determined in the study in which only the adsorbent obtained from tomato stem was

used before this study, a waste material with tomato stem was selected as a natural

adsorbent without chemical compounds. Phosphate and dye contaminants, which are

often present in industrial and municipal wastewater, were eliminated by adsorption

process. Fourier transform infrared (FTIR), x-ray fluorescence (XRF), Zeta potential,

and scanning electron microscope (SEM) with energy dispersive x-ray (EDX) spectros-

copy were used to analyze tomato stems. The tomato stems resulted in high pollut-

ants removal efficiencies recording 99.31% of phosphate (PO3�
4 ) removal efficiency

and 99.44% of Direct Orange 46 (DO 46) dye removal efficiency at optimal condi-

tions. The best conditions for phosphate adsorption were pH=6.0, 2.0 g/L of tomato

stems concentration, 50mg/L initial phosphate concentration and a contact time of

120min resulting in an adsorption capacity of 4.24mg/g. The best conditions for DO

46 adsorption were pH=12, 2.0 g/L of adsorbent concentration, initial dye of

200mg/L concentration and a contact time of 120min (q=13.76mg/g). For both

adsorption experiments, the adsorbent size was chosen to be less than 500μm. As a

result of the adsorption experiments on tomato stem ash, Freundlich isotherm (R2:

0.94) was suitable for DO 46 dye adsorption and Temkin isotherm (R2: 0.99) was suit-

able for PO3�
4 elimination. The phosphate (R2: 0.97) and dye (R2: 1) adsorption onto

tomato stem ash was explained using a pseudo-second-order kinetic model. It has

been determined that the adsorption of the DO 46 dye with the tomato stem ash is

an exothermic (ΔH: �3.174) process that occurs naturally due to its nature (ΔG:

�8.41). On the other hand, it was determined that the adsorption of PO3�
4 was spon-

taneous (ΔG: �5.21) and endothermic (ΔH: 5.7357). According to the adsorption

results obtained in this study, it is appropriate to use the tomato stem, which is gen-

erated as waste, as an adsorbent. It is thought that obtaining from bio-based waste in
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the removal of pollutants such as dye and phosphate in water will both reduce the

cost and create an advantage in terms of biodegradability.

K E YWORD S

bio-based adsorbent; Direct Orange 46 dye, phosphate; waste tomato stem

1 | INTRODUCTION

Economic growth, urbanization, and population increase have a negative

impact on environmental factors. Untreated wastewater, on the other

hand, contaminates existing water resources and jeopardizes the supply

of safe drinking water.1 Hazardous organic–inorganic chemicals, persis-

tent organic pollutants, and volatile pollutants, among other toxic compo-

nents in wastewater, are dangerous to both the ecosystem and human

health.2 Phosphate (PO3�
4 ) from organic contaminants is necessary for

plant growth, but when phosphate levels in surface water surpass

25μg/L, it can speed up the algal blooms growth and induce eutrophi-

cation. Eutrophication caused by algal overgrowth can deplete water

self-cleaning capacity, cause damage on water systems and lower

water quality.3,4 Dyes, which are among the most harmful pollutants,

are widely found in the wastewater of different industries, including

textile processing,5,6 paper, leather tanning, cosmetics, and pharma-

ceuticals. Dyes are classed as cationic, anionic, or non-ionic based on

the charge of their dissolved particles in an aqueous media. Further-

more, colors are difficult to biodegrade7–9 Pollutant removal from

drinking water and municipal wastewater treatment plants is depen-

dent on the contaminants physicochemical properties as well as the

treatment procedures.10 For this reason, many processes are used and

developed for the treatment of wastewater such as coagulation-

flocculation,11,12 membrane,13 photocatalytic,14,15 electrochemical

systems,16,17 and adsorption.18

Adsorption is a physicochemical mass transfer event that occurs

when a liquid is deposited or adsorbed on the surface of a solid

phase.19,20 Diffusion can move dissolved species to the pores of the

adsorbent and/or to the inner surface of the adsorbent. Adsorbates

are components that are surface-deposited, whereas adsorbents are

the solid phases that hold the adsorbate. The efficiency of the adsorp-

tion process is closely related to the adsorbent's capacity to remove

contaminants, which is influenced by factors including pH, tempera-

ture, the kind, and amount of material being adsorbed, the adsorbent's

physical characteristics, and the liquid it comes into contact with.21

Contaminants elimination by adsorption process has turned out to be

the most economically valuable separation technology due to its sim-

plicity, cheap cost compared to alternative treatment methods and

respective to the environment. Adsorbents used to remove contami-

nants from wastewater have two primary factors that define their

privilege in the industrial wastewater systems: low cost and high effi-

ciency. Adsorbing capacity, pore structure, and active surface area are

additional essential adsorbent features.22,23 Adsorbents may be cate-

gorized into three groups for the removal of pollutants in wastewater:

inorganic, organic and industrial by-products. The main criteria

determining the performance of an adsorbent before being used in a

real wastewater system is its high efficiency at a reasonable cost.24

Biosorbents generated from natural materials have the potential to be

a viable alternative to inorganic ones. Agricultural waste, plant-based

adsorbents, fungus, and bacteria are all examples of biosorbents.

Plant-based cellulose biosorbents, in particular, have attracted atten-

tion because of their high absorption capacity, lack of toxic waste for-

mation, low cost, flexibility of use and renewability.25,26

This study was aimed to purify phosphate and anionic dye (DO 46)

in aquatic environment using a biosorbent obtained from tomato stem. A

waste material including tomato stem was chosen as a natural adsorbent

free of chemical compounds since the study that identified the gap in the

literature prior to this investigation, in which only the adsorbent derived

from tomato stem ash was employed. In adsorption experiments, the

effect of wastewater pH value, initial pollutant concentration, amount

and size of biosorbent on removal efficiency of dye and phosphate were

investigated with adsorption capacity. The best conditions obtained

within the parameters of the study were used to conduct adsorption iso-

therm, kinetic, and thermodynamic analyses. In addition, characterization

analyzes of the obtained biosorbent were also performed.

2 | MATERIALS AND METHODS

2.1 | Synthesis of tomato stem ash for use as an
adsorbent

In the agricultural region of Mersin, Turkey, throughout the summer, the

leftover plant stems are gathered after the tomatoes have been picked.

They were rinsed three times in a basin with distilled water to wash away

any organic waste, grit, and dust. The washed tomato stems are first dried

for 2 h in an oven at 70�C. Then, the dried long stems are shredded and

powdered using a domestic grinding machine to obtain fine particles. To

ensure a consistent heat process and powder particles of the same size

during calcination, tomato stem powder was sieved using various mesh

sizes before being put in a ceramic pot. After being calcined at 900�C for

2 h in a muffle furnace, the final obtained ash was used as biosorbent.

2.2 | Adsorption experiments using tomato
stem ash

To investigate the pollutants sorption on tomato stem ash, the con-

centrations of different initial pollutants, the pH of the solution, the

size and dosages of the adsorbents were the main topics of the

2 of 13 ESKIKAYA ET AL.



investigation. The pH was adjusted between a range of 2–12 using

0.1 M NaOH and 0.1 M HCl. To investigate how adsorbent size

affects the efficiency of pollutant removal, three different sieve

sizes—20, 30, and 35 mesh—were employed. The studied adsorbent

concentration was changed between 0.5 and 2.0 g/L for optimal

adsorbent size. Various amounts of PO3�
4 (from 10 to 75mg/L) and

dye (from 25 to 200mg/L) were dissolved in distilled water. The

adsorption tests were conducted in a shaker with a sample volume of

50mL and a mixing speed of 150 rpm at room temperature. The sam-

ples were centrifuged (5min and 6000 rpm) after the adsorption pro-

cess to calculate the percentage of pollutant removed. The pollutants

removal efficiencies were estimated using Equation (1) and adsorption

capacities were estimated using Equation (2):

Removal efficiency %ð Þ¼ Ci�Ce
Ci

� �
�100, ð1Þ

Adsorpsion capacity qð Þ¼ Ci�Ce
M

� �
�V, ð2Þ

where Ci and Ce (mg/L) refer to pollutants concentration before and

after the treatment process, respectively; V (L) is the solution volume,

and M (g) is the amount of adsorbent.

PO3�
4 content of the solutions using potassium dihydrogen phos-

phate (KH2PO
3�
4 ) and an anionic dye DO 46 “DO 46” (Sirius Orange

K-CFN) were obtained from Sigma Aldrich. Vanadomolybdophospho-

ric Acid Colorimetric Method was used for PO3�
4 analysis.27 Figure 1

shows the DO 46 dye's chemical structure.

2.3 | Adsorption kinetic and isotherm studies

Adsorption isotherms, which are extremely important, may be used to

predict how the adsorbent and adsorbate will interact. An adsorption iso-

therm, which defines an equilibrium relationship between the liquid con-

centration at constant temperature and the quantity of material

adsorbed, is used to determine the extent of adsorption. Adsorption iso-

therms offer details about the adsorption mechanism and the interac-

tions between adsorbent and adsorbate.28 An adsorption kinetic consists

of three phases. The adsorbate is first externally mass transferred from

the bulk solution to the adsorbent's external surface (pseudo-first

kinetic), then internally diffused to the sorption sites (pseudo-second

kinetic), and lastly sorption (intraparticle diffusion). As a result, fitting to

the models allows for the clarification of the adsorption mechanism.29

Table 1 shows the isotherms and kinetics formulas for the tomato stem

ash adsorption used in this study.

2.4 | Thermodynamics of adsorption

The phrase adsorption thermodynamics refers to both the adsorption

process itself and a method of detecting whether or not the adsorp-

tion process is practicable. Equation (10) can be used to compute vari-

ations in the adsorption free energy.

ΔG¼�RT lnKeq: ð10Þ

The change in Gibbs free energy is denoted by ΔG, while the

equilibrium constant is denoted by Keq. The natural logarithm of the

pollution concentration in the solution at equilibrium (CSe, mg/L)

divided by the pollution concentration on the adsorbent at equilibrium

(CAe, mg/L) and the inverse of the temperature gives the change in

enthalpy and entropy (T and K), as given in Equation (11):

ln
CSe

CAe
¼�ΔH

RT
þΔS

R
: ð11Þ

The change in enthalpy of biosorption (ΔH�) and the change in

standard entropy (ΔS�) are a function of the change in free energy

(ΔG�), as shown in Equation (12):

ΔGo ¼ΔHo�TΔSo: ð12Þ

F IGURE 1 Molecular structure of DO 46 dye.

TABLE 1 The isotherms and kinetics formulas of the tomato stem
ash for adsorption.

Kinetic Formulas Equations

Pseudo-first kinetic log(qe � qt) = logqe � k1.t (3)

Pseudo-second

kinetic

1
qt¼ 1

k2 :q2e
þ 1

qe
:tÞ (4)

Intraparticle diffusion qt = kit
0.5 + C (5)

where qe and qt are the adsorption capacities at equilibrium

and time t (mg/g), respectively. k1 is Lagergren constant (L/min), k2 is

the second-order constant (mg/g min), ki is the intraparticle diffusion

rate constant (mg g min1/2), C is the

boundary layer thickness constant.

Isotherm Formulas Equations

Langmuir CA
qA
¼ 1

bA :qm
þ CA

qm
(6)

Freundlich log qAð Þ¼ log KFð Þþ 1
n log CAð Þ (7)

Dubinin–
Radushkevich (D–R)

lnqA ¼ lnqs�Kad RT ln 1þ 1
CA

� �h i2 (8)

Temkin qA ¼ RT
bT
lnAtþ RT

bt
lnCA (9)

where CA is the concentration of adsorbate A at the

equilibrium (mg/L), bA is the Langmuir constant for the

adsorbate A (L/mg). qm is the adsorbent's maximum capacity at

saturation (mg/L). KF is the Freundlich adsorption capacity

parameter (mg/g) (L/mg). 1/n is the intensity parameter. R is the

universal gas constant. T is the absolute temperature (K). bT is

Temkin isotherm constant. AT is the binding constant (L/g). qs,

is the theoretical saturation capacity (mg/g). Kad is the isotherm

constant (mol2/kJ2).
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2.5 | Characterization of tomato stem ash for use
as an adsorbent

The surface morphology of the biosorbent was determined by scan-

ning electron microscopy (SEM; 20 kV, 2.18e�4 Pa). Energy dispersive

x-ray (EDX) and Fourier transform infrared (FTIR) spectroscopy were

used to evaluate the chemical components of the studied adsorbent

before and after adsorption. For the principal components and min-

erals in the samples, x-ray fluorescence (XRF) was employed. In order

to determine the surface charge of the biosorbent, zeta potential anal-

ysis (Malvern Zeta Sizer Nano ZS) was performed.

3 | RESULT AND DISCUSSION

3.1 | Characterization of tomato stem ash for use
as an adsorbent

It is well knowledge that a biosorbent's photocatalytic activity is sig-

nificantly influenced by the surface form of the material. Figure 2a, b

show SEM images of the surface morphology of tomato stem ash. It is

composed of hemispherical clusters of tomato stems that are roughly

the same size and are scattered evenly. Figure 2c shows that the DO

46 dye has covered the surface of the tomato stem ash and the dye

components have closed most of the pores on the external surface of

the tomato stem. The image of the phosphate after the adsorption

process is given in Figure 2d. It has been determined that it has denser

layer structures than before phosphate adsorption.

Figure 3a shows the FTIR spectra of the biosorbent material

before the adsorption procedure, which were recorded on a spectro-

photometer. The presence of a biosorbent bond was revealed by a

peak between 500 and 370 cm�1.30 S S stretching was blamed for

regions below 600 cm�1. 1100–1000 cm�1 are a result of the strong

bands of C O group. Ionic carboxylic groups have a peak symmetric

stretching vibration at 1409 cm�1. It is due to acidic •OH groups

stretching the 3700–2600 cm�1 vibration band. The top of the

tomato stem ash exhibiting C H stretch bonds (2987 cm�1) was dis-

covered.31,32 The peaks in the FTIR spectrum of the biosorbent fol-

lowing dye adsorption (Figure 3b) reveal the presence of sulfur

compound, with stretching at 602 cm�1 and 567 cm�1 indicating the

presence of halogenated chemical. S O at 1251 cm�1 represents the

stretching of the sulfur compound. The reason why sulfur peaks are

F IGURE 2 SEM images of biosorbent; (a, b) Tomato stem ash images before adsorption process, (c) Tomato stem ash image after adsorption
of DO 46 dye, and (d) Tomato stem ash image after PO3�

4 adsorption.
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seen after dye adsorption is the presence of sulfur in DO 46 dye. The

benzene ring with two adjacent H atoms is shown by the peaks at

872 cm�1 and 710 cm�1. It is interpreted as alkane C H deformation

at 1406 cm�1. The azo character of amides was proved by N H

stretching at 2077 cm�1. The bands around 2933–2960 cm�1 are

most likely due to the presence of C H stretching.33,34

In Figure 3c, the FTIR peaks of the adsorbent after phosphate

adsorption are given. Frequencies in the range of 3650–3150 cm�1

are known as stretching vibrations originating from water molecules.

The absence of two strong vibrations at 1626 cm�1 and 1613 cm�1 in

the pre-adsorption sample indicates that these two newly formed

bands are symmetrical and asymmetrical vibrations found in the P O

bonds. In addition, the two weak vibrations occurring at 566 cm�1

and 599 cm�1 indicate O P O bonds, which are typical characteristic

vibrations of P O bonds.35,36 Figure 4 shows the EDX outcomes of

the biosorbent both before and after the adsorption process. Accord-

ing to the EDX spectra of tomato stem ash before adsorption process

(Figure 4a), the weight-by-mass ratios of C, O, Mg, Si, and Ca ele-

ments were determined as 8.88%, 45.27%, 1.63%, 1.21%, and

43.02%, respectively.

Figure 4b shows the EDX results obtained after removal of the

DO 46 dye. The weight ratios of C, O, Mg, Si, and Ca components

were determined to be 7.58%, 48.83%, 2.79%, 0.6%, and 40.19%,

respectively. The minerals present in the soil where the tomato stem

ash grows are assumed to be the cause of the Mg and Si elements'

presence in the bisorbent concentration.37 Figure 4c illustrates EDX

results of the bisorbent after the adsorption process of phosphate

occurred. When the EDX results were examined, the weight percent-

ages of O, Mg, Si, and Ca ions were obtained as 30.06%, 2.89%,

1.07%, and 31.5%, respectively. The values of Na and Cl elements in

the EDX results were determined as 2.11% and 25.48%, respectively.

After phosphate adsorption experiments on the surface of the biosor-

bent, a significant phosphorus (P, 6.74% w/w) peak was observed. In

addition, the K ion was thought to come from the chemical KH2PO
3�
4

used from the synthetically prepared phosphate solution. These find-

ings show that the biosorbent adsorbs the phosphate contained in the

water phase.

The compositions of the two materials were analyzed by XRF in

both their unprocessed and sintering states to identify the constitu-

ents. The XRF results are shown in Table 2. The ratios of SiO2 and

Fe2O3 molecules did not change much, according to the XFR data.

After sintering, the quantity of MgO increased significantly. This

increase suggests that magnesium oxide is being produced in the

material given that MgO sinters around 900�C. This is due to the

material's conversion of Mg(OH)2 to MgO as temperature increases.38

The results showed that when the temperature was kept at a high

level, the amount of SO3 in the raw tomato stem composition

increased. This situation could result from the raw material structure's

sulfur-containing molecules, such SO2, converting to SO3 at high

temperatures.39

The zeta potential and zeta potential of the biosorbent's surface

charge were studied in relation to pH. The zeta potential results for

evaluating potential charge interactions between DO 46, phosphate

pollutants and biosorbent are shown in Figure 5. The zero charge

point (PZC) or the isoelectric point are used to describe the electrical

condition of an adsorbent surface in solution (IEP). PZC is defined as

having a surface charge density of zero. The electrokinetic (ζ) potential

in the shear plane is equal to zero, resulting in IEP.40 The PZC changes

in reaction to the net total (external and internal) surface charge of

the adsorbent, whereas the IEP values clearly represent just the outer

surface charge of the particles in solution.41

It was determined that the surface charge of the biosorbent was

positive under acidic conditions. In a while, it was found that when

F IGURE 3 FTIR results of biosorbent (a) Tomato stem ash spectra
before adsorption process, (b) Tomato stem ash spectra after
adsorption of DO 46 dye, and (c) Tomato stem ash spectra after PO3�

4

adsorption.
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the pH level increased, the biosorbent's surface charge changed from

positive to negative. The biosorbent has a positive charge between

pH 2 and pH 6, while the surface charge was negative up to pH 12.

3.2 | Results of adsorption experiments

3.2.1 | Effect of solution pH value on removal of
PO3�

4 and DO 46 by adsorption process using
tomato stem

The pH level controls protonation and deprotonation on the sur-

face of the adsorbent. In this study, we focused at how the

adsorbent affects pollutant removal using pH values of 2, 4, 6, 8,

10, and 12 (Figure 6). In order to examine the pH effect of phos-

phate in adsorption experiments, 1 g/L of adsorbent was added to

the solution. Initial PO3�
4 concentration of 10mg/L at room tempera-

ture for 1 h at a shaking speed of 150 rpm. The PO3�
4 adsorption

F IGURE 4 EDX results of biosorbent (a) Tomato stem ash spectra before adsorption process, (b) Tomato stem ash spectra after DO 46 dye
adsorption, and (c) Tomato stem ash spectra after PO3�

4 adsorption.

TABLE 2 XRF results of tomato stem.

Materials Raw tomato stem Tomato stem ash (after 900�C)
Element Dimension (%) Dimension (%)

Na2O 0.11 0.60

MgO 1.55 7.65

SiO2 0.35 0.39

SO3 0.85 2.66

Fe2O3 0.39 0.20

CaO 26.94 67.93

F IGURE 5 Zeta potential values of the biosorbent.
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capacity increased as the pH of the solution raised, as shown in

Figure 6a. However, after pH6, the adsorbing capacity of the biosor-

bent gradually decreased. At pH2, the removal effectiveness was

87.7%; however, at pH6, the removal efficiency improved to 99.9%.

The removal efficiency at pH10 and pH12 was determined to be

79.8% and 73.8%, respectively. This behavior can be interpreted

according to the zeta potential results made within the scope of the

study. At pH6, the biosorbent's positive surface charge attracted the

negatively charged chemical PO3�
4 , causing it to cling to the biosor-

bent's surface. The surface charge of the biosorbent, however, chan-

ged from positive to negative when the pH level shifted to a basic

environment. This resulted in the repulsion of PO3�
4 with the same

charge, which strengthened its adsorption. The adsorptive ability

improved as the pH value increased in dye removal tests (Figure 6b).

Using 1 g/L of adsorbent and an initial dye concentration of 25mg/L,

the solution was stirred at 150 rpm for 1 h at room temperature. At

pH2, the dye removal efficiency was 42%. When the pH increased to

4, the removal efficiency increased to 92.5%. The dye removal effi-

ciency at pH6, 8, 10, and 12 was determined as 92.8%, 97.1%, 97.3%,

and 97.6%, respectively. When the dye removal efficiencies are com-

pared, the pH6 has been determined as the optimum condition for

dye removal, considering that there is no significant difference

between them and the consumption of chemicals to be used in pH

adjustment.

3.2.2 | Effect of adsorbent dosage on removal of
PO3�

4 and DO 46 by adsorption process using tomato
stem ash

The effect of tomato stem ash dose on pollution removal efficiency was

examined in this study. The adsorbent amounts for both types of pollut-

ants were determined as 0.5, 0.75, 1, 1.5 and 2 g/L. The results of PO3�
4

removal efficiency with varying adsorbent dose are given in Figure 7a.

Different amounts of adsorbent were added to the solution of

optimum pH value (pH6) and initial concentration of PO3�
4 (10mg/L)

for 1 h. Increasing the biosorbent dosage resulted in a continuous

increase in the PO3�
4 removal efficiency. In the experiments with 0.5,

1, and 2 g/L of adsorbent doses, PO3�
4 removal efficiency was deter-

mined as 77%, 86%, and 99%, respectively. The dye concentration

was maintained at a constant at 25mg/L while the adsorbent doses in

the solution were increased (pH12) (Figure 7b). The dye removal effi-

ciency was 89.5% when using 0.5 g/L and 95% when using 1 g/L. The

maximum removal effectiveness of DO 46 dye was reached by using

2 g/L of adsorbent dosage in this study, which was 98.7%. However,

the calculated adsorbent capacity is expected to decrease as the

adsorbent dosage increases. The reason behind is that as the amount

of adsorbent increases, the amount of pollutant per adsorbent

decreases. Therefore, the removal efficiency is supported by the

adsorption capacity data.

3.2.3 | Effect of particle size on removal of PO3�
4

and DO 46 by adsorption process using tomato stem

The impact of biosorbent particle size on pollution removal was

examined. In this study, three different adsorbent sizes (20 mesh,

30 mesh, and 35 mesh) were tested, as shown in Figure 8. The

results of PO3�
4 adsorption experiments using different particle sizes

are given in Figure 8a. PO3�
4 removal efficiencies were determined as

92.7%, 98.3%, and 99.2% for 20 mesh, 30 mesh, and 35 mesh, respec-

tively. Adsorption capacity data suggest that as particle size

decreased, adsorption capacity steadily increased. According to

Figure 8b, where dye removal efficiencies are given, 98.5% of removal

efficiency was obtained using 20 mesh particle size and 98.7% using

30 mesh particle size. However, the highest paint removal efficiency

was obtained in 35 meshes as much as 90.5%. The dye adsorption

capacity of tomato stem ash increased with decreasing particle size.

As the particle size decreases, the surface area increases and effec-

tively affects the adsorption of the pollutants.42

F IGURE 6 The effect of solution pH value on the adsorption process using tomato stem.
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3.2.4 | Effect of initial pollutant concentrations on
removal of PO3�

4 and DO 46 by adsorption process
using tomato stem

Figure 9 shows the findings of the initial pollutant concentration influence

on the removal capability of pollutants using tomato stem. Initial concen-

trations of 10, 25, 50, and 75 mg/L for PO3�
4 were obtained from the

stock solution (Figure 9a). According to the removal efficiency results

of PO3�
4 , the removal efficiency increased with the increasing PO3�

4

concentration. The removal efficiencies of 10mg/L, 25mg/L and

50mg/L initial concentration after 2 h of contact time were deter-

mined as 96.7%, 98.9%, and 99.3%, respectively. The capacity of

tomato stems to absorb pollutants, on the other hand, increased as

the pollutant concentration did. The rate of adsorbent dosage per unit

and the quantity of pollutant grew gradually as the beginning concen-

tration increased by keeping a constant amount of adsorbent in the

environment. However, a slight decrease in removal efficiency was

observed when the initial concentration was increased to 75mg/L.

This situation can be explained by the lack of sufficient amount of

adsorbent to remove the quantity of pollutant in the environment.43

The initial dye concentration of DO 46 was varied for the follow-

ing values: 25, 50, 100, and 200 mg/L and the obtained results are

given in Figure 9b. The dye removal efficiency test findings revealed

that the dye's removal effectiveness improved with increasing dye

concentration. Initial dye concentrations of 25 mg/L and 50 mg/L had

clearance efficiencies that were up to 99%, which was relatively com-

parable. The starting dye concentration was raised to 100 mg/L, but

the clearance efficiency dropped to 98.3%. The removal efficiency

was even decreased when the initial dye concentration was increased

to 200 mg/L resulting in only 97% of removal efficiency. In the results

obtained, an increase in direct proportion to the increase in the con-

centration of pollutants occurred with the use of tomato stem ash as

an adsorbent.

3.2.5 | Kinetic studies

The adsorption kinetics of dye and phosphate were computed using

the data given in this study. The coefficient of determination R2 and

kinetic parameters values of the different kinetics are given in Table 3.

F IGURE 7 The effect of adsorbent dosage on the adsorption process.

F IGURE 8 Effect of particle size on (a) PO3�
4 and (b) DO 46 dye removal efficiency and adsorption capacity.
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Adsorption kinetics of pollutants will be determined according to the

highest regression coefficient value (R2). The closer R2 value is to

1.00, the closer it is to the model and kinetics (in bold). 44,45

The values of qe and qt from Table 3 represent the amount of DO

46 and PO3�
4 adsorbed on tomato stem ash adsorbent at equilibrium

and at time t (min), respectively.46,47 The pseudo-first-order kinetic,

pseudo-second-order kinetic and intraparticle diffusion R2 for DO

46 dye were found to be with good correlation coefficient: 0.97, 1.00,

and 0.96, respectively. According to the obtained results, DO 46 dye

adsorption on tomato stems adsorbent is more suitable for pseudo-

second-order kinetic with the highest R2 value. According to the

adsorption kinetic studies of PO3�
4 , the R2 of the pseudo-first-order

kinetic model was 0.66, the R2 of the pseudo-second-order kinetic

model was 0.97, and the R2 of the intraparticle diffusion was calcu-

lated as 0.58. Therefore, PO3�
4 adsorption has also followed

the pseudo-second-order kinetic model. The application of the

pseudo-second-order kinetic model suggests that DO 46 dye and PO3�
4

adsorption on tomato stem ash was based on a chemical adsorption

involving electron exchange between adsorbent and adsorbate.48

Furthermore, these findings demonstrate the functioning of the adsorp-

tion process as well as the quick transfer of DO 46 dye and PO3�
4 to

the surface as a result of the availability of uncoated surface area.49

3.2.6 | Adsorption isotherm

One of the most significant adsorption approaches for predicting

adsorbent–adsorbate interactions, analyzing the biosorption mechanism,

and measuring adsorbent adsorption capacity is isotherm analysis.50 The

results of the adsorption isotherm calculations are given in Table 4.

The R2 values for the Langmuir isotherm were 0.9319, 0.9496 for

Freundlich isotherm, 0.4394 for Temkin isotherm, and 0.9479 for

F IGURE 9 Effect of pollutant initial concentration on the removal efficiency and adsorption capacity of (a) PO3�
4 and (b) DO 46 dye.
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D–R isotherm, which were determined as a result of the absorption of

DO 46 dye on tomato stem ash adsorbent. Therefore, according to the

obtained R2 values, it was determined that the highest coefficient corre-

sponds to Freundlich isotherm meaning it was the appropriate isotherm

describing the adsorbing of DO 46 dye on tomato stem. The R2 value of

the Freundlich isotherm of PO3�
4 was 0.7432, while the R2 value of the

D-R isotherm was calculated as 0.9302. However, the Temkin iso-

therm of PO3�
4 has a greater correlation coefficient (0.9906) than the

Langmuir isotherm (0.9335). Thus, the adsorption of PO3�
4 onto the

tomato stem ash was described by the Temkin isotherm. All adsorp-

tion sites must be energetically equal and similarly homogenous,

according to the Langmuir model. Due to the multilayer adsorption

mechanism, the adsorption process heterogeneity is connected to the

Freundlich isotherm model. For the adsorption of contaminants on the

adsorbent, the Temkin model includes the interaction between adsor-

bent and adsorbate. The D–R isotherm is widely used to describe the

physical or chemical nature of the sorption process and the pore-filling

mechanism.51–53 The fact that DO 46 dye was attached to the Freun-

dlich isotherm indicates that it is adsorbed on the tomato stem ash in a

multilayer heterogeneous adsorption type.54,55 The electrostatic attrac-

tion of opposite charged molecules is explained by the fact that PO3�
4

was connected to the D–R isotherm in this study.

3.2.7 | Adsorption thermodynamic

In this study, thermodynamic experiments were carried out to deter-

mine the effect of temperature on the removal of pollutants on the

tomato stem ash (Table 5). The thermodynamic quantities were calcu-

lated for the adsorption of DO 46 and PO3�
4 on tomato stem ash and

the results were summarized in Table 5. Parameters called enthalpy

and entropy express important situations that should be considered in

the adsorption process depending on thermodynamics.56

From Table 5, the calculated Gibbs free energy of DO 46 dye was

negative; which indicates that the adsorption of dye onto the adsor-

bent is possible and spontaneous in nature.57,58 In addition, negative

ΔH indicates that the adsorption of DO 46 dye is exothermic.59

According to the thermodynamic results of PO3�
4 , it is understood that

the adsorption is spontaneous with the negative ΔG� values, and the

adsorption is endothermic with a positive ΔH�.60 Positive values of

entropy change ΔS� indicate the stability of the solution interface dur-

ing the adsorption for both studied adsorption systems.61,62

4 | COMPARE WITH OTHER STUDIES

In this study, DO 46 dye and phosphate removal were studied using

tomato biosorbent. In these adsorption processes, adsorption capaci-

ties of 13.76 and 4.24 mg/g, respectively. Removal efficiencies of

99.44% and 99.31% were achieved (Table 6). In addition, it was found

that the dye DO 46 followed the cautious isotherm, had pseudo-sec-

ond-order kinetics, and the adsorption process was exothermic. It was

concluded that in the phosphate adsorption process, it follows the

D-R isotherm, belongs to the pseudo-second-order kinetics, and the

process is endothermic. In addition, Table 6 shows that our study

looks in more detail at DO 46 uptake when compared to the previous

studies.

TABLE 4 Isotherm parameters for adsorption of PO3�
4 and DO 46

on tomato stem.

Isotherm Parameters DO 46 PO3�
4

Langmuir KL 68.22 0.2

Qmax (mg/g) 16.28 16.69

R2 0.9319 0.9335

Freundlich Kf (mg/g) 664.04 36.08

1/n (g/L) 1.009 0.45

R2 0.9496 0.7432

Temkin RT/b (g/L) 47.40 552.38

KT 3074.89 3.24

R2 0.4394 0.9906

D-R KDR (mol2 kJ�2) 0.0046 0.0008

QDR (mg g�1) 55.19 3.29

R2 0.9479 0.9302

TABLE 3 Adsorption kinetics results of DO 46 and PO3�
4 removal

using tomato stem.

Kinetics Parameters DO 46 PO3�
4

Pseudo-first-order K1 (min�1) 0.039 0.068

qe (mg/g) 0.601 1.76

R2 0.9746 0.664

Pseudo-second-order K2 (g/mg.min) 0.019 0.096

qe (mg/g) 26.74 4.28

R2 1 0.9763

Intraparticle diffusion Kp 0.056 0.1522

C 26.18 3.058

R2 0.9601 0.5836

TABLE 5 Adsorption thermodynamic
results of tomato stem ash used as
adsorbent.

Direct Orange PO3�
4

Temperature (�K) ΔG (KJ.mol�1) ΔH ΔS ΔG (KJ.mol�1) ΔH ΔS

303 �8.41133 �3.174 0.0173 �5.21309 5.7357 0.0361

313 �8.60354 �5.56293

323 �8.75658 �5.93604
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5 | CONCLUSION

Adsorbents obtained from natural materials have gained importance

in the last decade. In this study, it was synthesized an adsorbent with-

out adding any chemical material to the tomato stem. The obtained

biosorbent was used for dye and phosphate removal in the adsorption

process. For DO 46 dye with an initial concentration of 200 mg/L and

at optimum conditions (pH: 12, adsorbent dosage: 2 g/L, particle size:

600 μm, contact time: 120 min.) 99.44% of removal efficiency and

equivalent of 13.76 mg/g adsorption capacity were determined. In

the adsorption experiments of phosphate, 2 g/L adsorbent (600 μm)

was added to the solution with an initial concentration of 50 mg/L

and a pH value of 6, and 120 min of agitation time to obtain a removal

efficiency of 99.31% (4.24 mg/g of adsorption capacity). As a result of

the characterization analyzes (SEM, FTIR, and EDX) performed on the

biosorbent before and after adsorption, it was proven that the impuri-

ties were adsorbed effectively on the adsorbent surface. As a result of

XRF performed before adsorption, the content of tomato stem ash

was determined. According to the zeta potential, the bisorbent has a

positive surface charge up to a pH of 6, but when the pH rises, the

surface charge becomes negative. Besides, the Freundlich isotherm

(R2: 0.94) was the most suitable to explain the relationship between

DO 46 dye and adsorbent. The most suitable isotherm for the adsorp-

tion of PO3�
4 by tomato stem ash was the Temkin isotherm (R2: 0.99).

The pseudo-second-order kinetic model was discovered to be the

most accurate one for both pollutants. It was discovered that the

spontaneous exothermic process of DO 46 dye adsorption occurs in

contrast to the spontaneous endothermic process of PO3�
4 adsorption.

According to the obtained results within the scope of this study, it has

been determined that tomato stem ash adsorbent is suitable to be

used for dye and phosphate removal in the adsorption process. How-

ever, with promoting technology and improved steps, promising

results can be obtained for the removal of wider pollutants using the

processed biosorbent.
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