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Abstract

In this study, the adsorbing properties of chamomile were investigated. Untreated chamomile (Ch) and its
activated carbon form (Ch-HsPO4) prepared using phosphoric acid (HsPO.) were used in Crystal Violet (CV)
dye adsorption processes. Scanning Electron Microscopy (SEM) analysis was done to observe the surface
structures of the materials. Chemical characterization of Ch and Ch-HsPO4 was carried out using Fourier
Transform Infrared Spectroscopy (FTIR). Adsorption efficiencies were studied for each material depending on
pH (1-7), time (0-300 min), initial concentration of dye (10-50 ppm), amount of adsorbent (0.5-2 g/L) and
temperature (25-45 °C) and compared with each other. The time for adsorption processes to reach equilibrium
was determined as 300 minutes. The highest removals were obtained at pH 7 in both processes. At all varying
concentrations, both materials reached high removal yields. In addition, it was observed that the changing
adsorbent dosage greatly affected the capacity values of both materials. The kinetic studies found that the
processes were explained by the pseudo-second-order kinetic model and the isotherm studies were compatible
with the Freundlich isotherm. In thermodynamic studies, enthalpy (AHC) values were determined as 20.69 and
-34.87 kJ mol for Ch and Ch-H3PQu, respectively. Negative and positive AH? values indicate exothermic and
endothermic nature, respectively. The entropy (AS?) values for Ch and Ch-H3PO4 were found to be 76.52 and -
95.55 J mol 'K, respectively. Negative Gibb’s free energy (AGP) values explained the spontaneity of the
processes. As a result, it was identified that untreated chamomile was effective in CV dye removal, and its
effectiveness increased with the preparation of activated carbon using HzPOa.
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Crystal Violet Boya Giderim Proseslerinde Papatyanin Etkinligi

Oz

Bu c¢aligmada papatyanin adsorplama o&zellikleri incelenmistir. Crystal Violet (CV) boya adsorpsiyon
proseslerinde, islenmemis papatya (Ch) ve fosforik asit (HsPO4) kullanilarak hazirlanan aktif karbon formu (Ch-
H3PO,) kullanilmistir. Malzemelerin yiizey yapilarini gézlemlemek i¢in Taramali Elektron Mikroskobu (SEM)
analizi yapilmigtir. Ch ve Ch-H3PO4'tin kimyasal karakterizasyonu Fourier Transform Infrared Spektroskopisi
(FTIR) ile gergeklestirilmistir. Adsorpsiyon etkinlikleri pH (1-7), zaman (0-300 dk), baslangic boya
konsantrasyonu (10-50 ppm), adsorban miktar1 (0,5-2 g/L) ve sicakliga (25-45 °C) bagli olarak her bir malzeme
icin incelenmis ve birbiriyle karsilagtirilmistir. Adsorpsiyon proseslerinin dengeye ulagma siiresi 300 dakika
olarak belirlenmistir. Her iki proseste de en yiiksek giderimler pH 7' de elde edilmistir. Tiim degisen
konsantrasyonlarda, her iki malzeme de yiiksek giderim verimlerine ulagmistir. Ayrica degisen adsorban
dozajinin, her iki malzemenin kapasite degerlerini biiyiik 6lgiide etkiledigi gozlenmistir. Kinetik ¢aligmalarda
proseslerin yalanci ikinci dereceden kinetik model ile agiklandigi ve izoterm ¢alismalarinin Freundlich izotermi
ile uyumlu oldugu gériilmiistiir. Termodinamik galigmalarda entalpi (AHP) degerleri Ch ve Ch-H3POys igin
sirastyla 20,69 ve -34,87 kJ mol™? olarak hesaplanmustir. Negatif ve pozitif AH? degerleri sirastyla ekzotermik
ve endotermik dogay1 gostermistir. Ch ve Ch-H3POy igin entropi (AS?) degerleri sirasiyla 76,52 ve -95,55 J mol-
K1 olarak bulunmustur. Negatif Gibb’s serbest enerji (AG® degerleri proseslerin kendiligindenligini
aciklamistir. Sonug olarak, islenmemis papatyanin CV boya gideriminde etkili oldugu, H3PO4 kullanilarak aktif
karbon hazirlanmasi ile etkinliginin arttig1 belirlenmistir.
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1.Introduction

Wastewater is poor-quality water due to dissolved or undissolved contaminants such as
industrial (dyes, drugs, heavy metals) or household waste. Due to the decrease in water
resources and the increasing need for water, the issue of wastewater treatment has gained
importance worldwide. In this context, countries are working on issues such as controlling
industrial activities with legal regulations, raising awareness of the public about the correct use
of water, preventing excessive water use, and making wastewater reusable. In addition,
scientists have focused on water treatment to provide quality water in the most effective and
environmentally friendly way. In recent years, many different methods such as
electrodeposition [1], ion-exchange [2], adsorption [3], chemical precipitation [4], and
membrane [5] have been used for wastewater treatment. In the adsorption method, which is the
most preferred technique, the solid surface (adsorbent) retains the pollutant in the aqueous
environment. The method has superior features such as ease of operation and control, cost-
effectiveness, and reusability of adsorbents with high efficiency [6,7]. The properties of the
adsorbent greatly affect the performance of adsorption processes [8]. Among the most used
adsorbents such as activated carbons, zeolites, and clays, activated carbon provides high
efficiency in adsorption processes [9,10].

Chamomile is a member of the Asteraceae family and is a plant that grows spontaneously or is
cultivated in most climates [11]. The most common species known are German chamomile and
Roman chamomile [12]. German chamomile (Matricaria recutita/chamomilla) is an annual
herb with finely divided leaves, while Roman chamomile (Chamaemelum nobile) is perennial
with threadlike segmented leaves [12,13]. It is known that its use in history dates back to very
old civilizations [14]. It is widely used in medicine, to obtain oil, fragrance, and color, and for
decorative purposes [15,16].

In this study, the usability of chamomile plants in adsorption processes was investigated.
Untreated chamomile and its activated carbon form using phosphoric acid (HzPOa4) were
prepared for use in adsorption. The characteristic surface morphology of untreated chamomile
and the appearance of surface structure of the its activated carbon form was demonstrated by
Scanning Electron Microscopy (SEM) images. Definition of functional groups of the materials
was carried out using Fourier Transform Infrared Spectroscopy (FTIR) analysis. The prepared
materials were used in Crystal Violet (CV) dye removal processes and their effectiveness was
presented in comparison with each other. CV is a cationic, triaryl methane dye that has many
uses in many fields and is known to be quite harmful [17]. The initial pH and concentration,
contact time, amount of adsorbent and temperature parameters affecting the adsorption
processes were investigated for the processes using each material. The processes were
explained by adsorption kinetic and isotherm models. Additionally, thermodynamic analyses
were performed based on temperature studies. Since chamomile grow spontaneously, it is easy
and cheap to obtain. Thus, it was thought that it could be a cheap and natural adsorbent
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alternative. Additionally, according to my best research, the use of the untreated and activated
carbon form of chamomile in CV dye adsorption processes has not been found in previous
studies.

2. Materials and Methods
2.1. Materials

The chamomile plant (Matricaria chamomilla) was supplied by a market in Bilecik. The
chemical activation agent, orthophosphoric acid (HsPOa, 85%), was provided from Carlo Erba
(Cornaredo, Milano, Italy). Sodium hydroxide (NaOH) pellets were also supplied by Carlo Erba
(Cornaredo, Milano, Italy). CV dye was purchased from Fluka (Charlotte, North Carolina,
United States).

2.2. Preparation and characterization of untreated chamomile and its activated carbon
form

Untreated natural chamomile (Ch) and activated carbon obtained by treating chamomile with
H3PO4 (Ch-H3sPQO4) were prepared to use in dye adsorption processes. The reason why HzPO4
is preferred in the preparation of activated carbon is its features such as being non-polluting,
cheap and effective [18,19]. Ch was prepared by grinding and sieving natural chamomile. No
heat or chemical treatment was applied. To prepare the Ch-HzPOa, the widely known activated
carbon preparation method, which includes chemical and thermal activation, was used. For this
method, a procedure was planned that could use the least amount of energy (chemical activation
at room temperature) and chemical (H3POas:chamomile = 2:1 ratio by mass) under known
average activation conditions (600 °C, 1h, 10 °C/min, 100 mL/min) similar to previous studies
[20-27]. In the preparation of Ch-H3zPOys, the chamomile was impregnated with HsPOg at a ratio
of 2:1 by mass and left at room temperature for 1 day. Then, the mixture was dried. The dried
mixture was put into a tubular oven and treated at 600 °C for 1 h at a heating rate of 10 °C/min
and a flow rate of 100 mL/min of nitrogen gas. The sample was washed several times with 0.1
M NaOH solution. Then, washing was done with distilled water. The sample was dried at 105
°C overnight.

The surface morphologies of Ch and Ch-H3PO4 were studied by SEM (Zeiss Supra 40VP,
Oberkochen, Germany) analysis to observe the surface morphology of the untreated chamomile
and the changing surface structures in its activated carbon form. Characteristic functional
groups of Ch and the status of these groups in Ch-HsPO4 were determined by FTIR (Perkin
Elmer LR64912C, Waltham, Massachusetts, United States) technique, together with newly
formed and disappeared groups.

689



The Efficiency of Chamomile in Crystal Violet Dye Removal Processes

2.3. Batch adsorption experiments using Ch and Ch-HsPO4

Ch and Ch-H3PO4 were used in CV dye removal from aqueous medium. The parameters
affecting the adsorption processes were determined as pH (1-7), time (0-300 min), initial dye
concentration (10-50 ppm), adsorbent dosage (0.5-2 g/L), and temperature (25-45 °C). For the
experiments, 50 mL dye solutions were prepared using distilled water. Dye removal
experiments were carried out in a Termal H11960 (Basaksehir, Istanbul, Tiirkiye) shaker at 200
rpm.

The progress of the dye removal processes was followed over time. For this, the concentrations
of the samples collected at the specified times were determined. Perkin Elmer, EImer Analyst
800 (Waltham, Massachusetts, United States) Ultraviolet/Visible region (UV-Vis)
spectrophotometer was used to define absorbance of the samples at 590 nm.

It has been observed that Ch gives a yellow color in aqueous environment. For this reason, Ch
experiments were carried out with blind samples. For each time and experimental parameter,
both blind and standard adsorption processes were performed, absorbance values were
determined for both, and the difference between them was taken and recorded as the
experimental result.

2.4.Theory

To determine the removal yields of the adsorption processes Equation (1) was used and given
below [28]:

Removal (%) = (C(’_Ccﬂ 1)
0

Co and Ce symbolize the concentration values at initial and equilibrium (mg L), respectively
[28].

Equations (2) and (3) were used to calculate adsorption capacities [29]:

(Co—Cp)xV

G =" @
(C _Ce) 14

e = : m = (3)

gt and ge symbolize the adsorption capacity at time t and equilibrium (mg g?), Ct symbolizes
the concentration at time t (mg L), V symbolizes the solution volume (L), m symbolizes the
adsorbent weight (g) [29].

The most commonly known models, pseudo-first-order and pseudo-second-order Kinetic
models were performed for kinetic studies. The equations of the pseudo-first-order and pseudo-
second-order kinetic models are given as Equations (4) and (5), respectively [30]:
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k
log (Qe— dt)=logq, — (F;)t (4)

t 1 t

Lt (5)

ac k202 qe

t symbolizes time (min), and ki and ko symbolize the rate constants of the pseudo-first-order
kinetic model (min!) and pseudo-second-order kinetic model (g mg~! min1), respectively [30].

Langmuir and Freundlich isotherm models were used to clarify the mechanisms of the
processes. Langmuir and Freundlich isotherm model equations are given in Equations (6) and
(7), respectively [31]:

Ce _ Ce 1
q_e B dm  (@mKL) (6)
logq, = logKg +% log C, (7)

gm Symbolizes the maximum adsorption capacity (mg g?), KL symbolizes the Langmuir
isotherm constant (L mg™), Ke symbolizes the Freundlich isotherm constant (mg g) (L mg"
HUn), and n symbolizes the parameter for Freundlich isotherm [31].

Thermodynamic studies were also performed for the adsorption processes. Equations (8), (9),
(10) and (11) were used to calculate the thermodynamic parameters of the processes [32]:

Infe =2 -2 8)
Ke =4 )
AG® = —RTInK, (10)
AG® = AH? — TAS® (11)

AS® symbolizes the entropy (J mol*K™), AH® symbolizes the enthalpy (kJ mol™), R
symbolizes the gas constant (8.314 J mol™t K™), T symbolizes the temperature (K), Ke
symbolizes the adsorption equilibrium constant, AG® symbolizes Gibb's free energy (kJ mol™)
[32].

3. Results and Discussion
3.1. Surface morphology of Ch and Ch-HsPOu4

The surface structures of Ch and Ch-H3sPO4 were examined by SEM analysis. Figure 1 (a) and
(b) belong to images of SEM analysis of Ch and Ch-HsPOg, respectively. As seen in Figure 1
(a), Ch has a characteristic surface morphology consisting of different structures. SEM image
of the activated carbon form of Ch (Figure 1 (b)) exhibited a different surface morphology than
that of Ch (Figure 1 (a)). The surface of untreated Ch with a rough structure (Figure 1(a))
became porous after activation (Figure 1(b)). As shown in Figure 1 (b), a large porous and
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homogeneous surface structure was obtained in activated carbon prepared using HzPOa. It has
been emphasized in previous studies that HsPO4 treatment in activated carbon synthesis causes
large pores on the surface [33]. In addition, it is also mentioned in the literature that with the
preparation of activated carbon from the raw material, its morphology changes and pores and
holes are formed on the surface [34-36].

1.50KX 10pm 15.00kV 300KX 2pm 15.00kV

Fig 1. Images of SEM analysis of (a) Ch and (b) Ch-H3PO4
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3.2.Chemical characterization of Ch and Ch-H3POu4

Chemical characterization was studied using FTIR analysis to detect the functional groups of
Ch and Ch-H3POa. Figures 2 (a) and (b) show the FTIR spectra of Ch and Ch-H3POs,

respectively.
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Fig 2. FTIR spectra of (a) Ch and (b) Ch-H3PO4
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The 3283 cm! peak seen in the spectra of untreated Ch in Figure 2 (a) indicates the presence of
O-H groups [37,38]. The peaks at 2918 and 2849 cm* show to C-H groups [39]. It was reported
by Fernandes et al. that plants belonging to the Asteraceae family, including chamomile, contain
S [40], and therefore the 2534 cm™ peak may belong to the thiol group [41,42]. Peaks caused
by —CO groups are seen at 2159 and 2032 cm™ [43-45]. The 1977 cm™* peak may belong to the
vibrations of C-H groups [46]. The 1732 cm™ peak indicates C=0 groups [47]. COO— groups
have a peak at 1602 cm™ [48]. The peaks at 1423 and 1365 cm™ belong to C-H groups [49,50].
The 1319 cm™ peak may indicate the =C-H group [51]. The peaks in the range of 1237-1015
cm™ belong to C-O vibrations [52-54]. The 831 cm™ peak indicates the =C-H group [55]. For
the chamomile plant, which contains aromatic compounds [56], the 760 cm™ peak may belong
to the benzene ring [57].

In the FTIR spectra of Ch-H3PO4 (Figure 2 (b)), which was obtained by chemically activating
untreated Ch with H3sPO4 and turning it into activated carbon, some peaks belonging to Ch
shifted due to activation, while new peaks were formed or existing peaks disappeared. In the
study conducted by Mohtashami et al. [58], activated carbon obtained using HzPO4 showed the
formation of many peaks in the region above 3300 cm™ compared to its untreated form. Similar
to Mohtashami et al., the 3840-3564 cm™ peaks seen in Figure 2 (b) may belong to the O-H
groups of phenolic and carboxylics and adsorbed water with HsPO4 treatment [58]. While the
peaks at 1732 and 1602 cm™ seen in Figure 2 (a) were not observed for Ch-HsPQu4, a peak was
observed at 1574 cm™, which may belong to C=C [59]. It is also seen that the strong peaks seen
for Ch in the range of approximately 1500-1200 cm™ have lost their effect. The peaks at 1163
and 1039 cm™ may indicate P=0 and P-O-C groups caused by HsPO4 treatment [60-62].

3.3. Effect of the contact time and pH of CV dye solution

The contact time study of CV dye adsorption processes using Ch and Ch-HzPO4 was carried
out depending on each pH value. The CV dye solutions pH was adjusted to 1, 3, 5, and 7, and
the percentages of removal over time were followed in the process performed with each
material. Experimental parameters were determined as 20 ppm initial CV dye concentration, 1
g/L adsorbent dosage, and room temperature. Figures 3 (a) and (b) show the change in removal
yields of CV dye over time for Ch and Ch-H3zPOas, respectively.
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Fig 3. Percentages of removal over time for (a) Ch and (b) Ch-H3POs, and (c) pH-%
removal graph for Ch and Ch-HzPOg4

According to Figures 3 (a) and (b), all processes exhibited regular removal behavior at each pH
value. In addition, adsorption was rapid in the early times of each process. Again, as seen in
Figures 3 (a) and (b), for the adsorption behavior of the processes over time, there started to be
slight changes in the removal yields of CV dye adsorption processes using Ch and Ch-HzPO4
towards the end of the monitored time. The flattening of the last parts of the curves in Figures
3 (a) and (b) shows this situation. When the removal yields in both processes were followed up

to 300 minutes, no significant change was observed in the results for the last time. Thus, the
equilibrium times of the processes were determined as 300 minutes.

Figure 3 (c) shows the CV dye removal yields using Ch and Ch-HsPO4 at different pH values
at the end of 300 minutes and compares them with each other. Removal yields of 48.35, 67.35,
68.34, and 70.38% were obtained for Ch at pH 1, 3, 5, and 7, respectively. Ch-H3PO4 provided
86.49, 66.95, 91.08, and 93.11% removal yields at pH 1, 3, 5, and 7, respectively. The highest
adsorption yields were determined at pH 7 for adsorption processes using Ch and Ch-HsPOa.
Providing high efficiency without harsh pH conditions was seen as the advantage of the process.
As shown in Figure 3 (c), the highest percentage values were obtained for Ch-HsPO; at all pH
values studied. According to this; it was determined that HsPO4 treatment of natural chamomile
improved the adsorption properties of the material. It is also worth noting the effective
adsorption behavior of untreated natural chamomile (Ch).
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3.4. Effect of the initial CV dye concentration

For the CV dye removal processes using Ch and Ch-HsPOs, experiments were carried out for
10, 20, 30, 40, and 50 ppm CV dye concentrations to exhibit the effect of varying CV
concentration in aqueous solution on removal yields. Experiments were performed at pH 7
where the highest removal yields were determined for the materials. Studies were followed for

300 minutes, which was determined as the equilibrium time for the processes, at 1 g/L adsorbent
dosage and room temperature. The results are presented in Figure 4.
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Fig 4. Removal yields of Ch and Ch-H3PO; at (a) 10, (b) 20, (c) 30, (d) 40, and (e) 50 ppm,

and (f) concentration (C)-% removal graph for Ch and Ch-H3zPO4
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Figure 4 (a), (b), (c), (d), and (e) show the removal efficiencies of adsorption processes using
Ch and Ch-H3PO4 overtime at 10, 20, 30, 40 and 50 ppm CV dye concentrations, respectively.
According to Figure 4 (a-e), Ch showed similar removal yields at all concentrations. It provided
high removal yields of 72.53, 70.38, 72.17, 72.52, and 76.61% at 10, 20, 30, 40, and 50 ppm,
respectively. Accordingly, it can be said that Ch can offer sufficient capacity for all
concentration values. On the other hand, Ch-H3PO, reached high removal values. Ch-HzPO4
provided 90.27, 93.11, 72.39, 72.01, and 79.25% CV removal yields at 10, 20, 30, 40, and 50
ppm, respectively. For Ch-H3POs, this is because active sites that are sufficient for low
concentrations become saturated at high concentrations [63,64]. These results indicate that the
highest efficiency was obtained with Ch-H3sPQOg, similar to the results of the pH-time study. In
addition, Figure 4 (f) refers to the percentage of removal of Ch and Ch-H3PO4 at varying CV
dye concentrations. Figure 4 (f) indicates that Ch-HsPO, provides the highest removals at 10
and 20 ppm, while Ch and Ch-HsPOg achieve similar removal efficiency at 30, 40, and 50 ppm.

3.5. Effect of the Ch and Ch-H3PO4 dosage

The changes in removal yield values and adsorption capacities for CV dye removal processes
using Ch and Ch-HsPO4 at varying adsorbent dosages were investigated. The experiments were
performed at 0.5, 1, and 2 g/L adsorbent dosages for 20 ppm dye concentration, 300 minutes,
room temperature, and pH 7. Figure 5 shows the removal yields and adsorption capacities
together at varying adsorbent dosages for dye adsorption processes using Ch and Ch-HsPOa.
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Fig 5. Removal yields and adsorption capacities for adsorption processes using Ch and
Ch-HsPO4 depending on the adsorbent dosage

For Ch, at 0.5, 1, and 2 g/L adsorbent dosage, the removal rates were 70.15, 70.38, and 63.56%
while the adsorption capacities were 27.08, 14.61, and 5.97 mg/g, respectively. While the
dosage of Ch-HzPO4 was 0.5, 1, and 2 g/L, the removal yields were 71.43, 93.11, and 92.23 and
the adsorption capacities were determined as 26.73, 19.3, and 8.61 mg/g, respectively.
Accordingly, Ch-H3PO4 exhibited higher removal and adsorption capacity than Ch at each
adsorbent dosage. In addition, it was determined that the capacities decreased as the adsorbent
dosage increased for both Ch and Ch-H3zPOa..
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Although the capacity decreases when the adsorbent dosage is varied from 0.5 g/L to 1 g/L for
both adsorbents, it has been interpreted that the increased amount of adsorbent per L solution
volume encourages the removal yields. When the adsorbent dosage for Ch and Ch-H3PO4 varied
from 1 g/L to 2 g/L, the capacities again decreased, but the removal yield for Ch was noticeably
lowered, while a slight decrease was observed for Ch-HsPOs. In this case, it can be said that the
significant decrease in the capacity of the Ch and Ch-HsPOs is slightly effective on the removal

yields.

3.6. Adsorption kinetics

Kinetic studies for the CV dye removal processes using Ch and Ch-HzPO4 were carried out by
pseudo-first-order kinetic model and pseudo-second-order kinetic model. Figure 6 presents the
graphs of the kinetic models.

a (b)
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T g
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100 0 c
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#Ch mCh-H3PO4 #Ch mCh-H3PO4

Fig 6. Graphs of (a) pseudo-first-order and (b) pseudo-second-order kinetic models

The compatibility of the adsorption processes with the kinetic models was evaluated by the
regression coefficient (R2). Since the highest R? values belonged to the most compatible model,
it was determined that the pseudo-second-order kinetic model best explained the CV dye
adsorption processes using Ch and Ch-HzPOs. Chemical adsorption occurs in processes that fit
the pseudo-second-order kinetic model [65]. In chemical adsorption processes, chemical bond
formation occurs between the adsorbent surface and the component in the aqueous medium
[66]. Table 1 represents the kinetic parameters of the pseudo-first-order and pseudo-second-
order models. According to Table 1, the experimental ge values of both processes were found
to be close to the ge values calculated for the pseudo-second order model. The closest values
support the fit of the processes to the model. The values of ge for the pseudo-second-order
kinetic model appear to be greater for Ch-HzPO4 than for Ch for the adsorption processes.
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Table 1. Parameters of the kinetic models

Pseudo-First Order Kinetic

Pseudo-Second Order Kinetic

Model Model
Ce, exp k1 (X103) Qe, cal R? k2 (X103) Je ,cal R?
(mg g*) (min) (mgg™) (gmg* min?t)  (mgg?)
Ch 14.61 7.37 4.33 0.6882 8.63 14.53 0.9974
Ch-HsPO4 19.3 15.89 12.56 0.969 1.99 20.79 0.9994

3.7. Adsorption isotherms

Adsorption equilibrium studies were evaluated using Langmuir and Freundlich isotherm
models. The models were applied to explain the mechanisms of CV dye removal processes
using Ch and Ch-HsPOsa. Figure 7 (a) and (b) are graphs of Langmuir and Freundlich isotherm

models, respectively.
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Fig 7. Graphs of (a) Langmuir and (b) Freundlich isotherm models

According to the highest R? values given in Figure 7, the processes were found to be compatible
with the Freundlich isotherm model. Freundlich isotherm model explains that because of the
active sites with different energies, uniform adsorption cannot occur, so multilayer adsorption
occurs [67]. In addition, the parameters of the isotherm models are presented in Table 2.
Isotherm parameters were obtained using the slope and intercept of the lines in the graphs given
in Figure 7. In Figure 7 (a), where the Langmuir isotherm of the process using Ch is shown, it
can be seen that the line is downwards. This means that the slope of the line is negative and
therefore explains that the values of K. and gm are found to be negative. Since Ce/ge values
that are not proportional to Ce values were obtained based on experimental studies, the Ce/ge -
Ce line for the process using Ch in Figure 7 (a) is downwards. Table 2 shows that the Kr values
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for Ch and Ch-H3PO4 are 2.51 and 9.41, respectively. The Kr value is a parameter in a relation
with the capacity, and accordingly, the adsorption capacity for the Ch-HsPOj4 process is greater

than that of the Ch process [68]. For another parameter, n; if 1/n is less than 1, favorable
adsorption occurs [69].

Table 2. Parameters of the isotherm models

Langmuir Isotherm Freundlich Isotherm
Ki(x10%) (Lmg?) agm(mgg®)  R? | Ke(mgg?) (Lmgh)™)  n R?
Ch -1.51 -156.25 0.3117 251 0.98 0.9935
Ch-HsPO4 39.07 37.037 0.8047 9.41 2.08 0.9869

3.8. Effect of the temperature and adsorption thermodynamics

The temperature effect on CV dye adsorption processes from aqueous solutions using Ch and
Ch-HsPO4 were investigated and thermodynamic analyses were carried out accordingly.
Experiments were carried out at pH 7, at 1 g/L adsorbent dosage, at 20 ppm CV dye

concentration, at 25, 35, and 45 °C for 300 min. The graph of In(qe/Ce)-1/T for the processes
is given in Figure 8.

L

R*=0.9925

0
0.0031 0.0032 0.0033 0.0034

1/T
*Ch Ch-H3PO4

In(qe/Ce)
.O = _t-.)
h — h (3] h

Fig 8. In(ge/Ce)-1/T graph

According to Figure 8, high R? values were obtained for the processes. Table 3 lists the values
of the thermodynamic parameters of each process. As seen in Table 3, the AH® values are 20.69
and -34.87 kJ mol™ for adsorption processes using Ch and Ch-HsPOQs, respectively. Negative
AH? values describe the process as exothermic, while positive values indicate the endothermic
process [70,71]. The ASP values for the processes using Ch and Ch-HsPO4 were found to be
76.52 and -95.55 J mol 1K™, respectively. A positive AS® explains the increasing randomness
at the interface [72]. The negative AS° value explains the increased regularity on the adsorbent
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surface [73]. The negative AG® explains the spontaneity of the processes [74]. The decrease in
the absolute AG® value with increasing temperature indicates that the removal efficiency
decreases at higher temperatures for the process [75]. For the adsorption process using Ch, the
absolute AG? increased with temperature, while it decreased for the process using Ch-HzPOa.
The efficiency of the adsorption process using Ch increases with increasing temperature but
decreases for the process using Ch-HzPOa.

Table 3. Thermodynamic parameters

T K AG®. kJ mol-. AHC, kJ mol™* AS°, J mol* K™
298 -2.11
Ch 308 -2.88 20.69 76.52
318 -3.64
298 -6.39
Ch-HsPOs 308 -5.44 -34.87 -95.55
318 -4.48

3.9. Comparison with similar studies

The experimental ge, pseudo-second-order kinetic model constant, ko and thermodynamic
parameters of the processes in which CV dye adsorption studies were previously conducted
with natural materials in untreated or activated carbon form, which were compatible with the
pseudo-second-order kinetic model, were compared with the parameters of this study. The
mentioned parameters in this study and previous studies are given in Table 4.
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Table 4. Comparison of geexp, k2, AG%, AH? and AS° values of this study with previous studies

Ce.exp ko T AG® AH® AS°®
Activated carbon Ref.
mg/g gmgimint K kimol™ kJmol™ Jmol™K™
192.3
298 -31.8
(25°0)
192.3
) o 308 -31.3
Valeriana officinalis (35°0)
- —46.3 —48.6 [69]
roots 192.3
318 -30.8
(45°C)
188.7
328 -30.4
(55°C)
298 -4.485
Eucalyptus leaves 21.48 0.0046 308 -5.443 20.037 82.434 [76]
318 -6.128
298 —7.678
Date seed powder - 7.61 308 -8.739 5.0249 46.23 [77]
318 -10.068
Rhizophora mucronata
407.2990 0.0033 - - - - [78]
stem-barks
3.562 0.184
Carpobrotus (20 mg/L) (20 mg/L) 791
edulis plant 17.703 0.045
(100 mg/L) (100 mg/L)
97.58
0.16
(1.5g/L)
98.17
0.81
(2glL)
99.86
3.42
(2.59g/L)
Azadirachta 98.82
o 3.15 - - - - [17]
indica (neem) sawdust (100 mg/L)
98.66
1.10
(150 mg/L)
96.95
0.14
(200 mg/L)
97.49
0.31
(25°0)
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97.78
0.56
(35°C)
98.12
0.78
(45°C)
4,900
301 -77.815
(10 ppm)
) 9.495
Phosphoric and 306 -79.109
. (20 ppm)
activated male flowers - 71.490 258.76
14.460
coconut tree 311 -80.403
(30 ppm)
18.500 316 -81.697
(40 ppm) 317  -82.990
[80]
11.538
301 -32.403
(10 ppm)
16.134
Sulphuric acid 306 -32.942
. (20 ppm)
activated male flowers - 73.382 107.896
21.456
coconut tree 311 -33.482
(30 ppm)
24.450 316 -34.022
(40 ppm) 317 -34.561
189.447 14.714x10*
298 —2.044
Activated carbon (250 mg/L) (250 mg/L)
prepared from 345.220 8.3051x10*
) 303 —2.364 17.028 0.064 [10]
Moroccan Moringa (500 mg/L (500 mg/L)
oleifera wastes 415.781 6.1932x10* 313 -3.004
(750 mg/L) (750 mg/L) 323 -3.644
98.662 2.204 x10°
298 -1.837
_ (25°0) (25°0)
Activated carbon
) o 99.032 2.425 x10°
derived from chitin 308 -3.205 38.949 136.797 [81]
(35°C) (35°0)
99.400 1.583 x10°
318 -4.573
(45°C) (45°C)
Activated Citrus limetta
- 0.0006 - - - - [82]
peel
Activated carbon from
) 1.4725 0.1156 - - - - [83]
poultry litter
Hydrochloric acid-
activated coconut 4.7521 6.1702 - - - - [84]

flower sheath
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Phosphoric acid
activated coconut 4.8131 3.6796

flower sheath

298 -2.11
Ch 27.08 8.63 x10°® 308 -2.88 20.69 76.52
318 -3.64 Present
298 -6.39 study
Ch-H3PO4 26.73 1.99 x10°® 308 -5.44 -34.87 -95.55
318 -4.48

According to the geexp Values in Table 4, although previous studies included low capacity values
[79] for untreated materials, high values [78] were also encountered, and the other relevant
studies exhibited capacities in this range. According to these values, it was determined that Ch
had an average capacity value. As for the adsorption capacities of activated carbon forms, the
capacity values were distributed in a wide range, similar to the untreated materials, and it was
observed that Ch-H3PO4 again exhibited an average capacity. Additionally, rate constants
similar to k2 values for the processes using Ch and Ch-HsPOg are also included in Table 4. The
processes using Ch and Ch-H3POs exhibited different behaviors in thermodynamic studies.
According to the results of thermodynamic studies, the CV dye removal process with Ch is
endothermic, its efficiency increases with increasing temperature and disorder at the interface
increases, while the process carried out with Ch-H3POj4 is exothermic, its efficiency decreases
with increasing temperature and it exhibits decreasing disorder at the interface. Adsorptions
occurring in accordance with the both processes are seen in Table 4.

4. Conclusion

The study aimed to research the adsorption properties of chamomile. Untreated natural
chamomile (Ch) and its activated carbon form (Ch-H3POs4) were used in CV dye adsorption.
The surface structures of Ch and Ch-HzPO4 were investigated by SEM analysis. SEM images
showed the characteristic morphology of Ch and the porous structure of Ch-HzPOa. The peaks
belonging to the functional groups of Ch and the changes in the peaks with activation were
revealed by FTIR analysis. The effective parameters (pH of CV dye solution, contact time,
initial CV dye concentration, dosage of Ch and Ch-H3sPO4 and temperature) of the processes
were also examined. The processes reached equilibrium in 300 minutes. In both processes, the
highest removals were detected at pH 7. The highest adsorption yields in the processes using
Ch and Ch-HsPO4 were determined as 70.38 and 93.11%, respectively. Ch and Ch-HzPO4
achieved high removal yields at all concentrations studied. It was observed that the Ch and Ch-
H3PO4 dosage was quite effective on the adsorption capacity. Kinetic studies revealed that the
processes fit the pseudo-second-order kinetic model. Isotherm studies were examined with
Langmuir and Freundlich models. The R? value of the Freundlich isotherm model was found to
be higher than the Langmuir model for both processes. While the AH® value of 20.69 kJ mol™
for Ch indicates an endothermic process, the value of -34.87 kJ mol™?, which explains the
exothermic nature of Ch-HsPO4, was calculated. A positive AS® value for Ch (76.52 J mol 'K ™)
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indicated the increasing randomness at the interface. For Ch-HsPO4 negative AS® (-95.55 J
molK™) clarified the increased regularity on the adsorbent surface. According to the results,
the activated carbon of chamomile using HsPOg provided high removal yields, in addition, a
remarkable CV dye adsorption was achieved by untreated natural chamomile.
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