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Abstract 

The present study assessed the use of serpentine clay as adsorbent to remove the anionic dye agent of 
Reactive Blue 19 (RB19) from aqueous solutions. Firstly, serpentine clay minerals were characterized 
using different instrumental techniques like XRD, FTIR, SEM, TGA, XRF and BET analysis. As a 
result of characterization, the clay sample was determined to be serpentine group and it contained 
antigorite as dominant mineral type. Later, adsorption studies were performed and the effects of initial 
pH, adsorbent dosage, initial dye concentration and temperature on RB19 removal were investigated. 
The experimental results determined the highest adsorption capacity was obtained as 44.8 mg/g with 
initial RB19 concentration of 200 mg/L, temperature 25°C, adsorbent concentration 2 g/L and pH 7. 
According to isotherm results, the Langmuir isotherm model was more suitable to explain adsorption of 
RB19 on serpentine compared to the Freundlich isotherm model. Additionally, adsorption data indicate 
the pseudo-second-order kinetic model is a better fit rather than the pseudo-first-order kinetic model. 
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Introduction 

 
To meet the increasing demand for clean water 

on a global scale, it has become common to treat 

wastewater to make it reusable. Currently, more than 

7000 dyes and pigments with different chemical 

structures are commonly used in many industries 

like cosmetic, textile, paper, pharmaceutical, food 

and leather industries (Nidheesh et al., 2018). 

Among these sectors, the textile industry comprises 

the largest portion with mean water use of 40 m3/ 

ton. Traditional treatment facilities can only treat 

 

 
20-30% of the synthetic dyes sourced in the textile 

industry and dye concentrations may reach 200 

mg/L in textile industry discharge water (Melo 

et al., 2018; Nga et al., 2020). As color names 

of colorants based on chemical structures are 

complicated, common names are frequently used, 

with synthetic dyes generally classified as acid, 

basic, direct, dispersed and reactive dyes (Tkaczyk 

et al., 2020). Reactive dyes are generally classified 

as azo and anthraquinonoid dyes linked to the 
 

 
 

The journal is hosted and mantained by ABIS-AlmaDL. Works are licensed under CC BY 4.0 

published by 

EQA - International Journal of Environmental Quality 
ISSN 2281-4485 - Vol. 47 (2022): 40 - 55 

Journal homepage: https://eqa.unibo.it/ 

mailto:gdegermenci@kastamonu.edu.tr
https://sba.unibo.it/it/almadl
https://creativecommons.org/license/by/4.0/
https://eqa.unibo.it/


G.D. Değermenci, N. Değermenci, N. Emin, E. Aşıkuzun EQA 47 (2022): 31-39 

DOI: 10.6092/issn.2281-4485/14033 

41 

 

 

 

complex aromatic molecular structures (Arshad 

et al., 2020). Reactive dyes enter reactions with 

functional groups on fibers forming covalent 

bonds and are anthraquinone dyes chosen due to 

high dye fastness. Anthraquinone dyes are more 

toxic, resistant organo-pollutants for human cells 

in addition to bacteria compared to azo dyes and so 

are more difficult to treat with traditional methods 

(Chaudhari et al., 2017). In the literature, many 

methods have been applied for removal of Reactive 

Blue 19 including the Fenton oxidation process 

(Değermenci and Akyol, 2020), electrochemical 

oxidation (Vasconcelos et al., 2016), photocatalytic 

(Bilal et al., 2018), sono/photo/sonophotocatalytic 

(Khan et al., 2015), electrocoagulation/ coagulation 

(Taheri et al., 2013), sonoelectrocoagulation (He 

et al., 2016), and adsorption (Değermenci et al., 

2019; Kocaman, 2020). Among these methods, 

the adsorption process is chosen due to convenient 

application and low cost. For the adsorption 

process, a variety of adsorbents like waste raw 

materials, active carbons and clay minerals are used. 

Clay is a raw material with a variety of properties 

and fields of use related to its mineral structure 

and components. Clay minerals are basically 

aluminum hydrosilicates with aluminum fully or 

partly replaced by Fe or Mg in some minerals. 

Serpentinite is an ultramafic rock containing high 

rates of Mg and Fe and mafic minerals like olivine. 

Serpentinite contains serpentine mineral groups 

like antigorite, chrysotile and lizardite, three 

polymorphs with the same chemical composition 

and different crystal   structures   (Lacinska   et 

al., 2016). Serpentine is an octahedral layered 

silicate mineral with regular porous structure 

and strong surface activity with 1:1 layering and 

basic crystal   structure   [Mg
3
Si

2
O

5
(OH)

4
]   (Cao 

et al., 2017). Serpentine’s acid-base properties in 

water are connected to the acidic silicate layers 

and basic brucite-like layers. As a result, it displays 

buffering features in acidic and alkaline solutions 

(Momčilović et al., 2016). Compared to other clay 

minerals, it is preferred due to the good adsorption 

of most chemical substances, the abundant amount 

of OH- groups on the surface, carbon dioxide 

capture and storage, potential source of nickel 

and as a raw material (metallic magnesium and/or 

pure magnesium compounds) properties (Shaban 

et al., 2018). Momčilović et al. (2016) studied 

significant potential to adsorb lead and dyes 

from synthetic waters (Momčilović et al., 2016). 

Shaban et al. (2018) conducted studies using it 

as an adsorbent material for methylene blue dye, 

congo red dye, and Cr(VI) ions and found that the 

effect of thermal and acid treatments has increased 

the adsorption capacity (Shaban et al., 2018). 

In their study, Cao et al. (2017, 2019) increased 

the adsorption capacity by thermal activity 

modifications for the adsorption of Pb2+ and Cd2+ 

using serpentine (Cao et al., 2019, 2017). Huang 

et al. (2017) investigated activated serpentine with 

secondary treatment for both copper recovery and 

treatment and lowered discharge limits (Huang et 

al., 2017). In this study, firstly clay obtained from 

the Çankırı-Korgun region was characterized. With 

the aim of determining the physical and chemical 

characterization of serpentine as adsorbent, XRF, 

XRD, TGA, FTIR, SEM and BET analyses 

were completed. The clay with serpentine crystal 

structure was investigated for efficacy for use as 

adsorbent for probable pollutants. In line with this 

aim, the serpentine clay was used as adsorbent to 

remove pollution caused by a reactive dye matter in 

industrial wastewater with the adsorption method. 

The effects of dye concentration, adsorbent dosage, 

temperature and pH parameters on adsorption were 

investigated. Experimental data obtained from the 

adsorption of dye on serpentine was analyzed with 

different adsorption isotherms and kinetic models. 

Materials and Methods 

 
Materials 

The clay sample used in the experimental study was 

obtained from Korgun county in Çankırı province 

located in the Central Anatolian region of Turkey. 

The clay had no preliminary procedures applied. 

After clay for use in experiments was ground with 

the aid of appropriate crushers and grinders, it was 

sieved to 125-250 micrometer grain size with the 

https://doi.org/10.6092/issn.2281-4485/14033
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aid of molecular sieves to obtain clay minerals. 

Reactive Blue 19 (RB19) dye was obtained from 

a textile factory located in Bursa, Turkey. The 

properties and molecular structure (Taheri et al., 

2013) of RB19 are shown in Table 1 and Figure 1, 

respectively (Isah et al., 2015). To set the necessary 

pH for dye solutions, 0.1 M H
2
SO

4 
and NaOH 

were used. 

Table 1. General properties and chemical structure of RB19.  

Generic name Reactive Blue 19 

Commercial name Remazol Brilliant Blue R 

Abbreviation RB19 

Functional group/Chemical base Anthraquinone 

CAS number  2580-78-1 

C.I. number 61,200 

λ
max 

(nm) 593 

Molecular mass (g/mol) 626.54 

Solubility 30 g/L in water @ 80°C 

pH of stock solution 6.20 @ 28°C 

Molecular formula C
22

H
16

N
2
Na

2
O

11
S

3
 

 

 

 
Adsorption experiments 

Figure 1. Molecular structure of RB19. 

(R) were obtained using Eq. [1], [2] and [3], 

Batch adsorption experiments were completed on a 

temperature-controlled stirrer (IKA KS 3000i) with 

fixed mixing rate (300 rpm) in 50 mL Erlenmeyer 

flasks. A stock solution (1000 mg/L) was prepared 

by dissolving the RB19 dye in distilled water. The 

adsorption of RB19 dye on unprocessed natural 

clay was investigated with optimum conditions 

determined based on the effects of initial solution 

pH from 3-9, different initial concentrations of 

100-300 mg/L, adsorbent amounts 0.005-0.3 

g/50 mL and temperature 25-55°C. During the 

study, Langmuir and Freundlich isotherms were 

calculated. RB19 concentration was measured with 

a UV spectrophotometer (Hach Lange DR6000) at 

the maximum wavelength for RB19 (λ=593 nm). 

Equilibrium adsorption capacity (q
e
), adsorption 

capacity at time t (q
t
) and dye removal efficiency 

respectively: 
 

where C0 is the initial concentration of RB19 dye 
(mg/L), C

e 
is the equilibrium concentration of 

RB19 dye (mg/L), C
t 
is the concentration of RB19 

dye (mg/L) at t time, V is the volume of RB19 dye 
solution (L), and m is the weight of serpentine (g). 

 
Adsorbent characterization techniques 

The dimension and morphology of the serpentine 

before adsorption was observed with a scanning 

electron microscopy (FEI model Quanta FEG250), 

operated at 15 kV. Clay samples were coated 

https://doi.org/10.6092/issn.2281-4485/14033
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with gold in a vacuum environment before SEM 

observation. The changes in vibrational frequencies 

of surface functional groups in the serpentine 

were analyzed using a Fourier Transform Infrared 

(ATR-FTIR, Alpha II, Bruker) spectrometer in the 

spectral range of 400-4000 cm-1 (resolution 4 cm-1, 

scans 24). The specific surface area of the samples 

was estimated by Brunauer-Emmet and Teller 

model (BET) with the pore volume and size were 

measured using the Barrett-Joyner-Halenda (BJH) 

formula. 

The chemical composition of serpentine was 

analyzed by using X-Ray Fluorescence Spectroscopy 

(Spectro brand Xepos II model). The detector on 

the instrument is a silicon drift detector, and the 

resolution remains stable, regardless of the count 

rate. Also, it has internal collimators that greatly 

improve the signal/noise ratio. 

X-ray Diffraction measurements were carried out by 

Bruker D8 Advance X-ray powder diffractometer 

device using Cu K
α 

radiation source (λ=0,154 nm). 

Scanning rate used 2θ angle ranging from 3° to 90° 
incremented and scan speed 2°/min. 

Thermal gravimetric analysis of serpentine was done 

by employing Thermo Gravimetry/Differential 

Thermal Analyzer (HITACHI STA7300 Model). 

Serpentine weighing 5.584 mg was placed into an 

alumina sample pan and heated from 25 to 1000°C 

at a heating rate of 20°C/min under a nitrogen 

atmosphere with flow rate of 20 mL/min. 

Results and Discussion 

 
Characterizations 

Analyses were performed with the aim of 

determining the chemical composition and crystal 

structure of the clay sample. Attempts were made 

to identify the element composition with XRF 

and the molecular structure with FTIR. Thermal 

characteristics were determined using TG-DTA 

analyses, while attempts were made to explain 

crystal structure with XRD. Surface morphology 

was illustrated by investigation with SEM. Finally, 

the total surface area and mean pore size were 

determined for the material. 

Elemental Composition. The chemical 

composition of the clay sample was characterized 

by XRF and results are given in Table 2. The 

majority of the clay sample comprised MgO and 

SiO2. Other elements like Fe, Al, Na, Ca, Ni and 

Cr were observed in various compositions. In fact, 

the high silica and magnesium percentage in the 

sample proves the presence of serpentine. The 

serpentine group contains minerals relatively poor 

in terms of silica (<45% SiO2) (Horen et al., 2014). 

Serpentine is rich in magnesium and was reported 

to have Mg/Si ratio of nearly 1.5 (Yalçin and 

Bozkaya, 2006). The studied clay sample had Mg/ 

Si ratio of nearly 1.6. The general structure of the 

clay may be written as MgO:SiO
2
:Fe

2
O

3 
and the 

mass composition of these compounds has ratio of 

8:5:1 with molar composition of 18:9:1. 
 

  Table 2. Composition of clay sample based on XRF (weight %).  
 

Component (%) MgO SiO
2
 Fe

2
O

3
 Al

2
O

3
 Na

2
O CaO NiO Cr

2
O

3
 

Concent (%) 53.35 41.76 5.94 0.52 0.49 0.33 0.22 0.16 

 

Crystal Structure Analysis. According to the XRD 

model for the natural clay samples (Figure 2), the 

sample contains main clay mineral serpentine 

(Mg
3
Si

2
O

5
(OH)

4
) with submineral types of 

antigorite, lizardite and chrysotile (Emrullahoglu 

Abi et al., 2015; Teir et al., 2007). 

Antigorite, lizardite and chrysotile display similar 

XRD patterns and have characteristic diffraction 

peaks in close locations. The characteristic sharp 

peaks for serpentine are at 2θ=12.18°, 24.26° 

and 34.41°. When XRD data of all samples are 

analyzed, the SiO
2
, Fe

2
O

3 
and Mg peaks are found 

predominantly. SiO2 reflection peaks are oriented 

along the (311) and (533) planes, at approximately 

2θ=12.18° and 24.26° degrees, respectively. 

https://doi.org/10.6092/issn.2281-4485/14033


G.D. Değermenci, N. Değermenci, N. Emin, E. Aşıkuzun EQA 47 (2022): 31-39 

DOI: 10.6092/issn.2281-4485/14033 

44 

 

 

 
 
 

 
 

Figure 2. XRD patterns of raw serpentine clay. 

And also, Mg reflection peaks are observed at 

2θ=34.41° and 36.59° degrees represent the (002) 

and (101) planes, respectively and Fe2O3 peaks 

which are reflected from (130) and (144) planes 

are found at 2θ=35.86° and 60.27° degrees. 

Grain size value was calculated via the X-Ray 

diffraction patterns, and it has great importance 

due to characteristics for engineering, industrial 

and technological applications of materials. 

Warren-Scherrer method is used for grain size value 

calculation (Patterson, 1939). For details see below 

(Eq. [4] and [5]): 
 

 
where, D denotes the grain size, λ presents the 

wavelength of the X-ray used and B depicts the full 

width half of the maximum peak intensity in the 

radian unit. Also, B
m 

is a constant value when θ is 

an angle belonging to this peak. The result of the 

average grain size calculations is 17.12 nm. 

 
Thermal analysis. The phase changes and mass 

variations occurring in the sample linked to 

temperature increase were determined with TG- 

DTA analysis. According to the DTA curve, an 

endothermic peak was observed at 654°C with an 

exothermic peak observed at 834°C (Fig. 3). 

Figure 3 . TG and DTA curves of serpentine sample. 

 

Serpentine contains the three related minerals 

of antigorite, lizardite and chrysotile. Studies of 

serpentine minerals found a broad endothermic 

peak between 500 and 800°C and an exothermic 

peak showing formation of a new mineral between 

800 and 850°C (Dlugogorski and Balucan, 2014; 

Gürtekin and Albayrak, 2006; Viti, 2010). The 

endothermic peak represents release of structural 

water from the mineral, while the exothermic peak 

represents formation of forsterite and enstatite as 

a result of destruction of the crystal structure of 

serpentine (Cheng et al., 2002). As a result, the 

endothermic peak at 654°C shows the release of 

structural water from the serpentine mineral and 

the exothermic peak at 834°C is an indicator of 

the formation of forsterite and enstatite. Mass loss 

was observed in three regions for the serpentine 

sample; at temperatures 200°C, from 350-450°C 

and >550°C. The mass loss observed from the 

serpentine sample from 500 to 800°C was 11.3%. 

TGA analysis of serpentine complies with results 

reported in the literature (Maroto-Valer et al., 

2005; Viti, 2010; Viti et al., 2011). 

Surface Area and Porosity. The specific surface area 

and average pore size of serpentine was determined 

by the Brunauer-Emmett-Teller technique that is 

an important analysis. Results obtained from the 

nitrogen adsorption-desorption isotherms of the 

clay sample are given in Table 3. Isotherms can be 

classified as type IV(a) according to the IUPAC 

https://doi.org/10.6092/issn.2281-4485/14033
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with an H3 type hysteresis loop (Thommes et 

al., 2015). The clay sample used in the study had 

31.87 m2/g surface area. The high surface area of 

the natural clay sample is an indicator that it can be 

used as adsorbent. Type IV(a) isotherms are given 

by mesoporous adsorbents. The average pore radius 

of natural clay was found to be 2.18 nm. 

 Table 3. Surface properties of serpentine.  
 

Parameters Values 

Multipoint BET surface area (m2/g) 31.87 

BJH Adsorption cumulative volume of pores (cm3/g) 0.0066 

BJH adsorption pore radius (nm) 2.18 
 

Morphological Analysis. The micromorphology 

of the unprocessed natural serpentine clay was 

investigated by a scanning electron microscope. 

The serpentine group contains three polymorphs of 

chrysotile, lizardite and antigorite. A study stated 

that chrysotile is fibrous, lizardite is very fine- 

grained and flat, while antigorite forms grooved 

plates or fibers (Karunaratne, P. C. T., Fernando, 

2015). Another study stated that antigorite and 

lizardite are dense or fine-grained, while chrysotile 

is a fibrous variety (Ballotin et al., 2020; Hršak 

et al., 2008). Serpentine group minerals were 

observed as parallel and layered aggregates with 

fibrous arrays of long rods on micrographs. These 

rods may be attributed to the presence of chrysotile 

and mean size was measured as 60 nm wide and 

1 µm long. Before treatment of clay samples with 

dye, it appears there were free small extensions and 

fibrous structures expanding the surface area of the 

structure (Figure 4: A, C). 

After treatment with RB19, there appeared to be a 

reduction in free structures on the surface (Figure 4: 
 

 
Figure 4. SEM images of the antigorite-like-clay sample before (A, C) and 

after (B, D) adsorption of RB19. 

B, D). The rod structures changed from a scattered 

structure to regular forms and moved closer to 

each other with gaps between them identified to 

reduce (Figure 4: D). This situation shows that the 

antigorite-like clay sample adsorbed RB19 dye. 

FT-IR Analysis. Figure 5 shows the infrared spectra 
for the serpentine clay, dye and serpentine clay 

after adsorption of dye. When the FTIR analysis of 

just the clay sample is investigated in general, the IR 

spectrum of the serpentine clay may be characterized 

in two groups. The first group was recorded in the 

interval from 3800-3500 cm-1 with two IR bands 

observed at 3683 cm-1 and 3642 cm-1. 

https://doi.org/10.6092/issn.2281-4485/14033
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Figure 5. FT-IR spectra of natural serpentine clay sample before and after 

adsorption of RB19. 

 

The IR band at 3683 cm-1 can be assigned to the 

surface Mg-OH stretching vibration, whereas the 

second IR band at 3642 cm-1 can be assigned to the 

inner Mg-OH stretching vibration (Kusiorowski 

et al., 2012; Lesci et al., 2014). The second group 

determined in the interval 1150-500 cm-1 has 

IR bands at 1073, 1011, 940, 604 and 545 cm-
 

1. The band at 1073 cm-1 can be assigned to the 

out-of-plane symmetric stretching vibration of 

the silica sheet, whereas the two IR bands at 1011 

and 940 cm-1 can be assigned to the in-plane Si-O 

stretching vibration (Bai et al., 2016; Crespo et al., 

2019; Lacinska et al., 2016; Ristić et al., 2011). 

The peak point at 544 cm-1 is due to Si-O bending 

vibration, while the peak point at 606 cm-1 is due 

to Mg-OH bending vibration (Lu et al., 2019; 

Mellini et al., 2002). The FTIR spectrum of RB19 

dye was observed to have N-H stretching vibration 

observed at 3417 cm-1, –CH
2 

groups seen at 2852 

and 2926 cm-1, and peaks for C-NH
2 
stretching 

vibration at 1039 and 1182 cm-1 (Yan et al., 2012; 
Zhang et al., 2015). The peaks for the vinyl sulfonyl 
group (-SO

2
CH

2
CH

2
OSO

3
Na) show a reduction 

in intensity after adsorption on serpentine. 

 
Adsorption behaviors for RB19 

Effect of pH. The solution pH has a significant 

effect on adsorption and ion exchange processes 

(Çoruh, 2008). The solution pH value is known 

to be one of the most important variables that can 

affect protonation of functional groups on the 

surface of the adsorbent (Ozdes et al., 2009). To 

determine the effect of the solution pH value on 

adsorption of RB19 by serpentine clay, initial RB19 

concentration was set to 200 mg/L, temperature 

25°C and adsorbent concentration 2 g/L while 

solution pH was changed from 3 to 9. The results 

obtained are given in Figure 6. 

 

 

Figure 6. Effect of the solution pH on the removal of RB19. 

https://doi.org/10.6092/issn.2281-4485/14033
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The adsorption capacity was observed to rise from 

35.3 mg/g to the highest value of 44.8 mg/g by 

increasing the solution pH value from 3 to 7. 

Increasing the solution pH from 7 to 9 reduced the 

adsorption capacity. Serpentine clay is reported to 

have positive surface load in a broad pH interval (up 

to 9.5) (Feng et al., 2013). The RB19 dye molecules 

have negative load due to anionic sulfonate- groups. 

As Mg2+ is the main cation on the octahedral layer 

in the serpentine clay, electrostatic attraction may 

form between the negative load sulfonate groups 

on the RB19 dye molecules. Additionally, the 

serpentine surface contains several amphoteric 

hydroxyl groups, so inner and outer sphere surface 

complexation may occur at the amphoteric edges 

during RB19 removal (Shaban et al., 2018). The 

reduction in RB19 removal in basic conditions may 

be linked to the intensity of negative loads in the 

adsorption system causing repulsion between the 

serpentine surface and RB19. With the presence 

of RB19 in solution, the increase in hydroxyl 

concentration reduces electrostatic attraction and 

lowers adsorption capacity. The decrease in the 

amount of adsorption in acidic condition can be 

due to the ionization of the amine groups of the 

dye with H+, which leads to positive charge on 

the molecules of the dye (Roushani et al., 2016). 

The repulsive electrostatic forces between the 

positive load on the surface of the adsorbent and 

the positive-load dye molecules increase and as a 

result adsorption reduces. As a result, pH 7 was 

determined to be the best solution pH. 

Effect of adsorbent dosage. One of the 

parameters affecting adsorption is adsorbent 

dosage, determining the number of active sites 

on the adsorbent surface and as a result, this is 

important for general adsorption performance 

and commercial applications. With the aim of 

determining the effect of adsorbent dosage, initial 

RB19 concentration was set to 200 mg/L, pH to 7 

and temperature to 25°C and adsorbent dosage was 

varied from 0.1-6 g/L. The experimental results are 

given in Figure 7. 
 

 
Figure 7. Effect of adsorbent dosage on the removal of RB19. 

The results found that adsorption capacity of 

serpentine reduced from 228.6 mg/g to 30.1 

mg/g linked to increased adsorbent dosage. This 

reduction in adsorption capacity may be explained 

by unsaturated contaminant sorption fields during 

the sorption process (Fil et al., 2014). Additionally, 

the RB19 removal efficiency increased from 11.4% 

to 90.4% with the increase in adsorbent amount. 

This increase in RB19 removal may be explained by 

the increase in surface area and pore volume. 

Effect of initial concentration. With the aim 

of investigating initial RB19 concentration, 

experiments were performed with different initial 

RB19 concentrations from 10-200 mg/L and 

results are shown in Figure 8. Experiments were 

performed with initial pH 7, adsorbent dosage 

2 g/L and temperature 25°C. With the increase 

in initial RB19 concentration, the dye removal 

efficiency reduced while the adsorption capacity 

increased. The RB19 removal efficiency decreased 

https://doi.org/10.6092/issn.2281-4485/14033
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from 95.5% to 44.8% with the increase in initial 

RB19 concentration. Due to the presence of empty 

binding sites on serpentine, RB19 removal efficiency 

is higher at low initial RB19 concentration. At 

high dye concentration, nearly all binding sites 

are filled, so removal efficiency reduced with 

initial RB19 concentration. The amount of RB19 

adsorbed increased in stages with the increase in 

initial dye concentrations and the increase rate was 

found to reduce at concentrations above 100 mg/L. 

Linked to initial RB19 concentration, adsorption 

capacities increased from 4.94 mg/g to 44.8 mg/g. 

The reason for this is the increase in concentration 

gradient at the solid/liquid contact interface due 

to the increase in external ion concentrations 

increasing driving forces with diffusion of RB19 on 

the serpentine surface (Tian et al., 2017). 

 
 

 
Figure 8. Effect of initial RB19 concentration on the removal of RB19. 

 

Effect of temperature. Temperature is an important 

factor affecting the adsorption process. The variation 

in temperature directly affects the solubility of 

pollutant material in water and indirectly affects 

the degree of pollutant degradation (Wang et al., 

2020). With the aim of determining the effect of 

temperature on RB19 removal with serpentine, 

initial dye concentration was set to 50 mg/L, initial 

pH value to 7 and adsorbent dosage to 2 g/L, and 

temperature was investigated at 25, 35, 45 and 

55°C. Figure 9 shows the results of experiments 

completed at different temperatures. 
 
 

 
Figure 9. Effect of temperature on adsorption of RB19 onto serpentine. 

https://doi.org/10.6092/issn.2281-4485/14033
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Increasing the solution temperature from 20°C to 

50°C was observed to have very little effect on the 

adsorption capacity at equilibrium and on removal 

of dye. However, stepped increase in temperature 

shortened the duration to reach adsorption 

equilibrium. Without reaching equilibrium, at t= 

20 min, dye removal efficiency rose from 59.0% to 

82.6% linked to the increase in temperature. There 

is a study with similar results in the literature (Ma 

et al., 2017). 

Adsorption isotherm. The adsorption isotherm 

is used to identify the relationship between the 

adsorbate concentration within the adsorbent and 

solution when adsorption equilibrium is reached 

under certain experimental conditions (Zhang et 

al., 2018). In this study, the well-known Langmuir 

and Freundlich isotherms were used to assess 

equilibrium values obtained for RB19 adsorption. 

The Langmuir adsorption isotherm is an isotherm 

assuming active sites are homogeneously distributed 

on the adsorbent, the adsorption process is reversible 

and occurs in a single layer (Langmuir, 1918). The 

non-linear form of the Langmuir isotherm model 

is expressed in Eq. [6]: 
 

where q
m 

is the maximum adsorption capacity, C
e 

is equilibrium concentration of RB19, q
e 
is the 

equilibrium adsorption capacity of serpentine, 

and K
L 

is Langmuir constant. If experimental data 

are not sufficiently identified with the Langmuir 

model, it is important to calculate the separation 
factor (R

L
). The separation factor is defined in Eq. 

[7]: 

 

where R
L 

is a constant separation factor 

(dimensionless) of the solid-liquid adsorption 
system, K

L 
is the Langmuir equilibrium constant, 

and C0 (mg/L) is the initial RB19 concentration. 
If the R

L 
value is between 0 and 1, it shows the 

adsorption process is favorable with the adsorbent 
used (Yasmin et al., 2019). 

The Freundlich adsorption isotherm is used for 

equilibrium data with heterogeneous surface and 

adsorption features (Freundlich, 1907). The non- 

linear form of the Freundlich equation can be 

expressed as shown in Eq. [8]: 
 

where K
F    

is the Freundlich constant, and n 

(dimensionless) is the Freundlich intensity 

parameter, which indicates the magnitude of 

the adsorption driving force or the surface 

heterogeneity. According to the Freundlich theory, 

the adsorption isotherm becomes linear when n=1, 

favorable when n<1, and unfavorable when n>1. 

Isotherm constants were analyzed using the 

nonlinear trial and error method with the solver 

add-in to Microsoft Office Excel. The correlation 

coefficient (R2) and root mean square error (RMSE) 

were calculated to assess the fit of the models. Table 

4 gives the constants, R2 and RMSE calculated for 

the isotherm models. 

  Table 4. Isotherm constants for adsorption of RB19 onto serpentine.  

  Isotherm model Parameters Values  

q
m 

(mg/g) 47.01 

Langmuir 
K

L 
(L/mg) 0.1703 

R2 0.9822 

  RMSE 1.8069  

K
F 
[(mg/g)/(mg/L)n] 13.49 

Freundlich 
n 0.2768 

R2 0.9288 

  RMSE 3.6130  
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According to isotherm results, the Langmuir model 

has higher R2 and lower RMSE values compared to 

the Freundlich model, and appears more suitable to 

explain the adsorption of RB19 on serpentine. As 

a result, it can be said that adsorption occurs on a 

homogeneous surface rather than a heterogeneous 

surface and the immobilized RB19 ions form a 

monolayer on the positively-charged binding sites 

of the serpentine (Zayed et al., 2018). The R
L 

values 

calculated with the aid of Equation [7] vary from 

0.37-0.03. This shows that adsorption of RB19 on 

serpentine is favorable. The maximum adsorption 

capacity (q
m
) calculated for adsorption of RB19 

on serpentine with the Langmuir isotherm model 

was found to be 47.01 mg/g. Additionally, the 

comparison with adsorption capacity for removal 

of different pollutants using serpentine clay is given 

in Table 5. 

Table 5. Comparison of adsorption capacity in the removal of different pollutants. 

 

 

 

 

 

 

 

 

 
Adsorption kinetics. The adsorption rate for RB19 

dye on serpentine clay used the pseudo-first-order 

(PFO) kinetic model (Eq. [9]) (Lagergren, 1898) 

and pseudo-second-order (PSO) kinetic model 

(Eq. [10]) (Blanchard et al., 1984) to identify the 

adsorption capacity under equilibrium and non- 

equilibrium conditions: 
 

where, k1 is the rate constant for the PFO kinetic 

model (1/min); k2 is the rate constant for the PSO 

kinetic model (g/mg/min); q
t 
and q

e 
represent the 

RB19 adsorption capacity at time t and equilibrium 

(mg/g), respectively. 

 
 
 
 
 
 
 
 

 
It was stated that using the linear forms of these 

kinetic models causes erroneous results and as 

a result, mistaken decisions. Additionally, the 

literature states that better results are obtained for 

fit to experimental data when non-linear forms are 

used compared to linear forms (Lima et al., 2015; 

Lin and Wang, 2009; Simonin, 2016). As a result, 

the maximum adsorption capacity (at equilibrium) 

and rate constant values were obtained using the 

non-linear method. Table 6 shows the kinetic 

parameters and determination coefficients 

obtained for the PFO and PSO model at different 

temperatures. When the determination coefficients 

are investigated, the PSO model explains the 

adsorption process of RB19 on serpentine better. 

Additionally, the adsorption capacity values 

calculated with the PSO model are observed to 

be closer and more consistent with the measured 

adsorption capacity compared to the PFO model. 

Adsorbed Adsorbent 
q

max 

(mg/g) 

q
max, exp 

(mg/g) 
pH References 

Cadmium Thermal activated serpentine 17.68 15.21 8.12 (Cao et al. 2017) 

Congo red Thermal and acidic treatment 93.45 15.36 3.0 (Shaban et al. 2018) 

Methylene blue Thermal and acidic treatment 58.48 38.46 8.0 (Shaban et al. 2018) 

Cr(VI) Thermal and acidic treatment 76.33 37.87 3.0 (Shaban et al. 2018) 

Pb(II) Thermal activation modification 131.4 67.19 8.44 (Cao et al. 2019) 

RB19 Natural serpentine 44.8 47.01 7.0 Present study 
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Table 6. Kinetics parameters obtained from pseudo-first-order model and pseudo-second-order model for the removal 

of RB19 by serpentine at different temperatures. 

 
 

Temperature 
q

e, exp 
Pseudo-first-order Pseudo-second-order 

 
 
 
 
 
 
 
 
 
 

Within the scope of this study, unprocessed clay 

(serpentine) was used to remove anionic dye. The 

serpentine group clay sample was characterized 

in detail with a variety of analytic techniques like 

XRD, FTIR, SEM, TGA, XRF and BET. Structural 

research using XRD techniques revealed the 

presence of antigorite and chrysotile clay minerals 

as crystal phases within the serpentine composition. 

The results obtained from adsorption experiments 

found the adsorption of RB19 dye on serpentine 

was explained better by the Langmuir isotherm 

model compared to the Freundlich isotherm model. 

Serpentine was observed to have maximum RB19 

adsorption capacity of 44.8 mg/g. Two different 

kinetic models were applied to experimental data. 

The kinetic results showed that the adsorption of 

the RB19 by the serpentine conforms to the PSO 

kinetic model. Additionally, temperature did not 

have much effect on the equilibrium adsorption 

capacity; however, it increased removal rates. 

The use of serpentine clay to remove RB19 from 

wastewater was concluded to be a low cost and 

effective adsorbent choice. 
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