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a b s t r a c t
New adsorbents of DSAC@ZIF-8 (0.05:0.6) and DSAC@ZIF-8 (0.05:0.6) were prepared using 
date seed activated carbon (DSAC) loaded at zeolitic imidazolate framework-8 (ZIF-8). The 
obtained adsorbents DSAC@ZIF-8 (0.05:0.6) and DSAC@ZIF-8 (0.1:0.6) were characterized by 
Fourier-transform infrared spectroscopy, scanning electron microscopy, powder X-ray diffrac-
tion, nitrogen adsorption/desorption tests at 77 K revealed the surface area to be 460.23 m2/g for 
DSAC@ZIF-8 (0.1:0.6). This material showed a high affinity for Gentian violet (GV) uptake from 
aqueous solutions: the maximum sorption capacity reached 638.99 mg/g at pH 9.0 and ambient 
temperature. Uptake kinetics and sorption isotherms were obtained and modelled using con-
ventional and simple equations: the best results were respectively obtained with the pseudo- 
second-order rate equation and the Langmuir equation. The activation energy of absorption also 
was measured to be 15.87 kJ/mol, showing that the process of chemisorption is included. The 
distribution coefficient was obtained at different temperatures and the thermodynamic param-
eters have been calculated: the sorption is endothermic, spontaneous (especially at high relative 
temperature), and contributes to increasing the entropy (randomness) of the system. HCl (1.0 M) 
was used for GV desorption from DSAC@ZIF-8, and the sorbent could be efficiently recycled for 
a minimum of three sorption/desorption cycles. Therefore, sorbent could serve as a promising 
adsorbent for GV removal from industrial wastewater.

Keywords:  DSAC@ZIF-8; Adsorption isotherm; Thermodynamics, Gentian violet; Statistical physics 
modeling



G.A.A. Al-Hazmi et al. / Desalination and Water Treatment 258 (2022) 85–10386

1. Introduction

One of its world’s most difficult environmental prob-
lems involves effluents, and it requires immediate attention. 
Human and industrial wastes are best disposed of in the 
marine environment. The latter has resulted in increased 
pollution, posing a hazard to the environment as well as 
human health. Water impurities come in a variety of forms, 
containing gases, inorganic dissolved substances, organic 
solutes, suspending components, and microbes being 
among the most common. Even though most of them can 
be removed using standard procedures, the concentration 
of harmful compounds left in the water after treatment 
can sometimes exceed the permissible level. The majority 
of them are organic substances, including dyes, that are 
emitted with the textile business produces massive vol-
umes besides cause toxicity, odor, disagreeable taste, and 
watercolor, resulting in water quality degradation and 
the extinction of aquatic life. As a result, treating colored 
effluents before they are discharged into the environment 
is critical. The production and usage of dyeing textiles 
with synthetic colors is now a lucrative industry; Every 
year, nearly 700,000 tons of colors were manufactured 
around the world. About 20% of this amount is indus-
trial trash that has not been treated before being loaded. 
Environmentalists, on the other hand, are concerned about 
their use. Because synthetic dyes contain sulfur, colors, lead, 
and mercury including copper, arsenic, and lead, as well as 
nitrates, acetic acid, surfactants, enzymes, and chromium 
complexes, they are very poisonous to all kinds of life [1–3].

Cadmium, mercury, nickel, cobalt, and a few other 
chemicals are used in this process are some of the metals 
used [4,5]. Nylon is used printing inks and also a derma-
tological stain a veterinary medicine agent. Gentian violet 
(GV) is toxic and can cause death cause irritation when 
skin absorption, as well as inhalation and ingestion [5,6]. 
It might lead to renal failure and inflammation of the eyes 
which can result in irreversible blindness in severe cases. As 
a result, removing GV from the effluent is quite important 
[7,8]. Some of these approaches are effective, but they have 
drawbacks, such as excessive chemical use, the formation 
of concentrated sludge, which poses major disposal issues, 
and the absence of effective color reduction.

Among the above-mentioned methods, batch adsorp-
tion is considered a promising method because of its 
simple operation and low cost. Besides, advanced oxi-
dation based on peroxymonosulfate (PMS) activation 
has shown potential in the removal of organic pollutants 
in recent years. Developing adsorbent or catalyst materi-
als with low cost, high efficiency and environmental per-
formances are crucial for both processes [9]. Although a 
large number of materials has been developed for adsorp-
tion or catalytic degradation, activated carbon (AC) is 
still, one of the most common materials owing to its large 
surface area, low cost, and easy availability. However, the  
as-prepared AC often has a low capacity and selectivity 
for adsorption and weak catalytic activity for advanced 
oxidation. Thus, different surface modification methods 
were used to improve the performance of AC, such as 
treatment by acid, base or oxidation, and metal oxides 
impregnation. Among those strategies, the impregnation 

of AC with metals is gaining wide interest in virtue of 
the significantly enhanced performances. However, the 
impregnation of metal often leads to an occlusion of its 
pores, which significantly reduces the surface area and 
pore volume and consequently affects the improvement 
of its performance [10,11].

Metal–organic frameworks (MOFs) are porosity 
crystallographic frameworks made up of ionic species  
(or groups) and organic linkers. MOFs have sparked 
global attention and have been employed in a variety of 
sectors, including separating of gases/recycling, power 
storage, adsorbent materials, and catalysts because of their 
exceptional. MOFs are being used for adsorption and dis-
posal of hazardous waste as for water-based solutions is 
becoming more common these days, there seem to be goals 
for both various inorganic contaminants. Hydrophobic 
interactions, electrostatic enhancements, and interrela-
tions are all involved in the adsorption of pollutants on 
MOFs. Because of their high porosity, MOFs have pre-
viously been reported to be promising in the capture of 
certain dyes at water systems because of considerable sur-
face heterogeneity and significant electrostatic forces [12].

However, for water treatment, the nano-sized MOF-
derived carbons often suffer from drawbacks like being 
difficult to be separated from water and high cost. The 
zeolitic imidazolate framework-8 (ZIF-8) modified with 
date seed activated carbon (DSAC) was characterized 
using Fourier-transform infrared spectroscopy (FTIR), 
X-ray diffraction (XRD), scanning electron microscopy 
(SEM), energy-dispersive X-ray spectroscopy (EDX) and N2 
adsorption–desorption and used as adsorbent for removal 
of GV from water. The results show that ZIF-8 modified 
with DSAC (DSAC@ZIF-8) exhibits high adsorption capac-
ity as adsorbent long-term stability and easy recovery in 
removing GV from water. The adsorption isotherms also 
were examined. Modeling accomplished using models that 
are well known to test the efficiency of DSAC@ZIF-8 on 
dye adsorptions, equilibrium, kinetic, and thermodynamic 
studies were employed.

2. Materials and methods

2.1. Chemicals

Chemicals were utilized in their natural state, with 
no further processing. They consist of zinc nitrate hexahy-
drate, 2-methylimidazole (Hmim), ammonium hydroxide 
solution (Sinopharm Chemical Reagent Co., Ltd., China). 
Date seeds were collected from a marketplace, and GV was 
bought from Merck KGaA, Darmstadt, Germany, 64271.

2.2. Preparation of adsorbent

The adsorbent will be synthesized at several steps as the 
following:

2.2.1. Synthesis of activated carbon from date seeds

As a preliminary, date seeds were gathered. The seeds 
were washed several rinsed with deionized water before 
even being dried at 110°F for 24 h. The dried seeds were 
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crushed and processed in an electric grinder before being 
sieved in via a 300 m screen. The finely ground date seed 
grains were mixed with KOH in a 1:1 weight ratio and then 
carbonized for 3 h at 700°C in a furnace with a nitrogen 
flow of 120 mL/min. After cooling to ambient temperature 
collect it in a clean tube [13].

2.2.2. Preparation of zeolitic imidazolate framework-8

ZIF-8 has been synthesized according to previously 
published reports [14]. At standard synthesis, 2.97 g of 
zinc nitrate hexahydrate was dissolved in 3 g of deion-
ized water. The zinc nitrate and Hmim solutions were 
mixed after 1.64 g of Hmim was introduced to 20.75 mL 
of ammonium hydroxide solution. Instantly, the solution 
developed a milk-like suspension, and it was agitated for 
10 min at room temperature to conclude crystallization. 
The sample was collected by centrifuge and rinsed three 
times with deionized water until the pH of the final product 
was around 7, after which it was dried overnight at 60°C.

2.2.3. Preparation of DSAC@ZIF-8

Solution A: trial 0.05:0.6 (Hexahydrate zinc nitrate, 
2 mmol, 0.6 g) and 0.05 g DSAC and trial 0.1:0.6 
(Hexahydrate zinc nitrate, 2 mmol, 0.6 g) and 0.1 g DSAC 
were dissolved as in 7.5 mL of methanol. Solution B: 
(2-methylimidazole, 8 mmol, 0.65 g) was also dissolved in 
7.5 mL of methanol. Add (solution A) dropwise over (solu-
tion B) with ultrasonic treatment for several 2 h at 60°C; 
the powder obtained was collected by centrifugation and 
dried at oven overnight. The brown crystals of DSAC@
ZIF-8 (0.05:0.6) and DSAC@ZIF-8 (0.1:0.6) crystals have 
been obtained here [15].

2.3. Adsorbate preparation

Gentian violet (GV) solution (1 × 10–3 mol/L) was pre-
pared by dissolving a suitable amount as required con-
centration. The levels obtained from standard stock solu-
tion were in the range of (8 × 10–5 to 1 × 10–3 mol/L) [16]. 
The GV solution, including the others of the experiment, 
were made with deionized water. During the initial pH 
adjustments, HCl (0.1 M) and NaOH (0.1 M) were used to 
modify the pH of the solution (Table 1).

2.4. Characterization of DSAC@ZIF-8

FTIR spectra (KBr discs, 4,000–400 cm–1) by Jasco-
4100 spectrophotometer. The structural differences of 
the as-prepared DSAC@ZIF-8 were investigated using 
the X-ray diffraction (XRD) method. The powder XRD 
patterns were captured using a Siemens D500 X-ray dif-
fractometer equipped with a Cu Ka source of radiation. 
UV-visible spectra from a Perkin Elmer AAnalyst 800 
spectrophotometer Model AAS with a 1.0 cm model sys-
tem. The pH meter utilized was a WTW 720 model dig-
ital pH meter. The adsorption/desorption isotherm of 
N2 on adsorbent at P/P0 = 6.58 × 10−5 torr and 77 K was 
performed with a Quantachrome TouchWin Instruments 
version 1.11. HANNA instrument pH meter (model 211) 
was used for pH modification. Scanning electron micros-
copy (JEOL, JSM7600F, Japan) was used to examine 
the microstructure of DSAC@ZIF-8. The specimen was 
then deposited onto a copper substrate after being sput-
ter-coated with a homogenous gold layer. EDX was used 
to analyze the elemental distribution of DSAC@ZIF-8 on 
a Leo1430VP microscope with a 5 kV operating voltage.

2.5. Batch adsorption experiments: experimental design

Batch adsorption studies were carried out by shaking 
50 mL conical flasks containing 0.02 g of (DSAC@ZIF-8) 
and 25 mL of GV solutions of desired concentration range 
from 2.76 × 10−4 to 2.2 × 10−3 mol/L with adjusted pH on 
an orbital shaker machine at 200 rpm at 25°C. The solu-
tion pH was adjusted with 0.1 M HCl and 0.1 M NaOH 
solutions. At the end of the adsorption period, the super-
natant solution was separated by a centrifuge. Then the 
concentration of the residual dye was determined UV–Vis 
spectrophotometer spectrophotometrically by monitor-
ing the absorbance at 407.99 nm for GV and the adsorp-
tion capacity qe (mg/g) and the dye removal rate (%) were 
calculated using the formulas:

%R
C C
C

t=
−( )

×0

0

100  (1)

q
C C V
Me

e=
−( )0  (2)

Table 1
Properties of the adsorbate GV

Dye Molecular formula Ball and stick model of dye Molar mass (g/mol) λmax Electrical property

GV C25H30N3Cl

 

407.99 590 Cationic
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where C0 (mg/L) and Ce (mg/L) are the dye solution’s ini-
tial concentration and equilibrium concentration, respec-
tively. V (mL) is the starting volume; m (g) is the mass 
of the adsorption equilibrium the amount of adsorbent 
to use the characteristics of the experiment that were 
associated to the influencing factors:

3. Results and discussion

3.1. Characterization of DSAC@ZIF-8

3.1.1. X-ray diffraction patterns

The XRD patterns of the DSAC, ZIF-8, as-prepared 
DSAC@ZIF-8 (0.05:0.6) and DSAC@ZIF-8 (0.1:0.6) are 
shown in Fig. 1. One broad peak for activated carbon 
from date seeds may be found on the XRD graph between 
angles (2θ) of 25° and 27° where the broad peaks in the 
XRD pattern indicate that the activated carbon is amor-
phous, whereas sharp peaks indicate that it is crystalline 
at synthesized ZIF-8 (JCPDS 00-062-1030) [17,18]. The 
broad peak increases as the calcination temperature rise. 
After mixing ZIF-8 with DSAC with the different ratios 
as mentioned above several new peaks appear, indicat-
ing that ZIF-8 was loaded onto DSAC successfully. The 
sharp diffraction of ZIF-8 is decreased in composites of 
DSAC@ZIF-8 (0.1:0.6) especially at angles (2θ) 58° and 65°. 
This is an excellent adsorption characteristic of adsorbents.

3.1.2. Fourier-transform infrared analysis

Functional groups present at materials of ZIF-8, DSAC@
ZIF-8 (0.05:0.6), and DSAC@ZIF-8 (0.1:0.6), FTIR measure-
ments between 4,000 and 400 cm–1. Bands of absorption 
at 3,444 cm–1 for the O–H strain were considerably varied 
implying that a hydrogen bond will be formed during GV 
adsorption. The –C=O There are two bands at 1,015 and 
921 cm–1 that correlate to (–C–H) alkyl halide and aromatic, 
respectively, and also bands at 1,636 cm–1 (carboxyl) and 
1,396 cm–1 (carbonyl) (Fig. 2) [19–22].

3.1.3. Brunauer–Emmett–Teller surface area

The adsorption isotherm is classified as type III, 
DSAC@ZIF-8 (0.1:0.6), which is a type III isotherm. 
A hysteresis loop is observed at a larger relative pressure 
(P/P0 > 0.9) due to the presence of pores that are gener-
ally microporous, with the surface staying almost entirely 
within the microspores, leaving little or no exterior surface 
for additional adsorption once loaded by adsorbate. The 
Brunauer–Emmett–Teller (BET) surface area for DSAC@
ZIF-8 (0.1:0.6) was 460.23 m2/g using a value of 16.2 for 
the N2 molecule’s cross-sectional area. The entire pore vol-
ume at operating pressure, on the other hand, the aver-
age pore diameter is 47.23 nm, and the capacity of the 
liquid is 5.48 cm3/g. DSAC@ZIF-8 (0.1:0.6) was classed as 
mesporous by IUPAC because its pore size was 47.23 nm 
(between 2 to 50 nm) [23–26]. Also limitation absorption 
at high initial P/P0 owing to the presence of a hysteresis 
loop H3, capillary condensation in a mesoporous media, 
and the presence of a hysteresis loop H3. Mono-multilayer 
adsorption is represented by the first loop, whereas 
desorption is represented by the second loop (Fig. 3).

3.1.4. SEM analysis

SEM has been considered a primary tool for charac-
terizing the surface, fundamental physical properties, 
and morphology of the adsorbent surface. It is useful for 
defining the porosity, particle shape, and appropriate size 
spreading of the adsorbent. DSAC, ZIF-8 and DSAC@
ZIF-8 (0.1:0.6) study were used to carry it out (Fig. 4). 
Because the mean diameter of DSAC@ZIF-8 (0.1:0.6) was 
between 165 and 348 nm, SEM examination confirmed 
that it was nanoparticles. DSAC@ZIF-8 (0.1:0.6) has a 
large number of pores where dyes have a strong chance of 
being adsorbed and trapped [16,27].

3.1.5. Energy-dispersive X-ray spectroscopy

The element composition in ZIF-8, DSAC, and DSAC@
ZIF-8 (0.1:0.6) was evaluated using an EDX instrument 
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(Fig. 5), and the results are presented in Table 2 as a 
percentage.

3.1.6. Determination of point of zero charge (pHPZC)

pH was one of the most important parameters 
for (GV) sorption, as it determined which ionic species 
were present in the adsorbate solution and the surface 
charge of the sorbent. The surface charge of the DSAC@
ZIF-8 (0.1:0.6) was determined by the PZC, which is 
defined as the pH (pHPZC) at which the positive charges 
on the surface equal the negative charges. The pHPZC of 
DSAC@ZIF-8 (0.1:0.6) was found to be 7.4 (Fig. 6). This 
shows that below this pH, the DSAC@ZIF-8 (0.1:0.6) 
acquires a positive charge due to the protonation of func-
tional groups and above this pH, a negative charge exists 
on the surface of DSAC@ZIF-8 (0.1:0.6). The adsorption of 
cationic dyes is favored at pH > pHPZC where the surface 
becomes negatively charged [16].
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Fig. 4. SEM image (a) ZIF-8, (b) DSAC and (c) DSAC@ZIF-8 (0.1:0.6).
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Fig. 5. EDX spectrum of (a) ZIF-8, (b) DSAC and (c) DSAC@ZIF-8 (0.1:0.6).
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3.2. Batch experiments

3.2.1. Effect of pH

In the acidic situation, the measurement that can be 
applied for GV dye has achieved its maximum, as shown 
in Fig. 7. When the pH level reaches 9, the adsorption 
capability decreases when the pH changes from 3 to 8. The 
effect of pH on adsorption performance may be connected 
to parameters like the ionic group and charge distribution 
in the adsorbent’s molecular structure. When the pH level 
exceeds 7.4, as the pH of the solution rises, the positive 
charge on the DSAC@ZIF-8 (0.1:0.6) or solution interface 
reduces, and the adsorbent surface becomes negatively 
charged. Enhanced OH− ions concentrations and ionic 
interaction between positively charged dye molecules and 
the positively charged surface, on the other hand, could 
explain higher adsorption at higher pH values. There are 
more exchangeable anions on the adsorbent’s outer surface 
at higher pH values, resulting in improved adsorption. At 
a pH greater than pHPZC, where the surface is positively 
charged, cationic dye adsorption is more favourable [28].

3.2.2. Effect of dose

To determine the effect of adsorbent dosage, one of the 
most important parameters affecting adsorption, experiments 
were completed with solutions with an initial dye concentra-
tion. 1.9 × 10−3 mol/L and adsorbent dosage in the interval 
0.01 to 0.25 g/25 mL. The experimental results are given in 
Fig. 8. The adsorption capacity of GV decreased as the dos-
age of the adsorbent increased due to unsaturated adsorption 
caused by insufficient adsorbate and excessive adsorbent. The 
more adsorbent adsorbed adsorbate resulted in decreased 
adsorption per unit mass of the adsorbent as the adsorbent 
dose increased, resulting in more unsaturated adsorption. 
Consequently, the adsorption potential decline [29–31].

3.2.3. Comparison between the different adsorbents

The effect of DSAC quantity on GV adsorption stud-
ies was studied. There was a comparison of DSAC, ZIF-8, 

DSAC@ZIF-8 (0.05:0.6), and DSAC@ZIF-8 (0.1:0.6). The 
adsorbent dosage was 0.02 g; the dye solution volume 
was 25 mL, the concentration was 1.9 × 10−3 mol/L, the 
pH 9, and the shaking speed was 200 rpm. For DSAC@
ZIF-8 (0.1:0.6), DSAC@ZIF-8 (0.05:0.6), ZIF-8, and DSAC, 
respectively, the efficiency of GV adsorption lowered from 
1.56 > 1.52 > 1.49 > 1.47 mmol/g (Fig. 9). Greater activated 
carbon produced from date seeds chemically activated 
with potassium hydroxide with increased microporos-
ity for GV on DSAC@ZIF-8 (0.1:0.6) the best sample of 
adsorption as the amorphous increases, which is bene-
ficial to dye adsorption operations, was linked to rising 
accessibility of receptors to magnified surface area for 
bulk adsorption of the dye [19,32]. Hence the adsorbent 
DSAC@ZIF-8 (0.1:0.6) was used in the experiments.

3.2.4. Effect of initial concentration

The effect of the initial concentration of tested dye 
GV on DSAC@ZIF-8 (0.1:0.6) was investigated at dye 
concentrations ranging from 2.76 × 10−4 to 2.2 × 10−3 mol/L 

Table 2
The percent component in the structure ZIF-8, DSAC and DSAC@ZIF-8 (0.1:0.6)

Element ZIF-8 weight % DSAC weight % DSAC@ZIF-8 (0.1:0.6) weight %

C 38.11 3.86 39.92
N 32.11 – 30.02
O 14.60 65.73 20.22
Zn 15.17 – 4.62
Mg – 5.2 1.91
Al – 0.2 0.12
Si – 0.3 0.21
P – 5.82 1.87
K – 1.29 0.54
Ca – 1.98 0.56
Na – 1.16 –
Cl – 2 –

2 4 6 8 10 12
-3

-2

-1

0

1

2

3

� 
pH

pH

pH (ZPC)= 7.5

Fig. 6. The starting pH and the ΔpH of DSAC@ZIF-8 (0.1:0.6) 
are related.
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for GV at pH 9 and 0.02 g adsorbent. The percentage elim-
ination declined as the initial dye concentration of GV 
increased. The percentage reduction in adsorption was due 
to binding the active binding sites of DSAC@ZIF-8 (0.1:0.6) 

at higher concentrations with GV [33,34]. The greater 
DSAC@ZIF-8 (0.1:0.6) adsorption ability with increasing 
GV starting concentration could explain the increased 
interaction between the adsorbent and the dye (Fig. 10).

3.2.5. Adsorption isotherm

Langmuir [35,36], Freundlich [37], Temkin [38], Dubinin–
Radushkevich [39] were used [Eqs. (3)–(6)]. The absorp-
tion of GV on DSAC@ZIF-8 (0.1:0.6) was considered using 
equilibrium isotherm models. The correlation coefficient 
(R2) value’s near to one was used to choose the best fit. 
The results of the isotherm modeling are summed up in 
this document (Table 3).

The Langmuir isotherm model seems to be the most 
accurate (Fig. 11). This indicates the presence of a mono-
layer adsorption process 1.579 mmol/g was the mono-
layer adsorption potential (qm), 15.87 kJ/mol is the average 
sorption energy. In terms of the proposed chemisorp-
tion process, this is valid. The separation limit energy of 
8 kJ/mol is universally acknowledged. Chemical sorption 
(up to 8 kJ/mol) and physical sorption (below 8 kJ/mol) are 
two different types of sorption [16].

C
q q K

C
q

e

e m L

e

m

= +
1

 (Langmuir) (3)

ln ln lnq K
n

Ce F e= +
1  (Freundlich) (4)

q K Ce T T T e= +β βln ln  (Temkin) (5)

ln lnq Q Ke = −DR DRε2  (Dubinin–Radushkevich) (6)

3.2.6. Adsorption kinetics and mechanism studies

The pseudo-first-order in this inquiry [41], pseudo- 
second-order [42], intraparticle was studied kinetically 
according to these models. The correlation coefficient (R2) 
result getting as close to one as achievable was used to 
identify the best fit. An intraparticle mass transfer dif-
fusion model was used because the pseudo-first- order 
and pseudo-second-order models failed to properly 
identify the governing diffusion process. Table 4 con-
tains the findings of the kinetics modeling. Table 4 lists 
the pseudo- first-order constants (K1) [Eq. (7)], pseudo-
second- order constants (K2) [Eq. (8)], and intraparticle 
diffusion rate constants [Eq. (9)]. Excellent properties, 
the pseudo-second-order is the best fit for the adsorption 
mechanism. The determination coefficient of R2 = 0.999) 
is higher than the rest (R2). This shows that absorption 
kinetics are influenced by the availability of active sites 
and the amount of dye in the solution. The slope of the 
appropriate second linear area in the intraparticle diffu-
sion kinetic model (R2 = 0.195) for GV was determined 
(Fig. 12). The external barrier to mass transfer around the 
particles is only essential in the early stages of adsorption 
(initial sharp increase). The continuous adsorption with the  
intraparticle diffusion control approach is the second linear 
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section. If the graphs do not cross through the origin, it 
means that pore diffusion isn’t the only rate-limiting 
stage; alternative kinetic models, both of which can 
function simultaneously, can govern the adsorption rate.
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The Elovich equation [Eq. (10)] predicts a wide range of 
chemisorption activation energies due to the heterogeneity 
of the adsorbent’s active sites. The constant (related to the 
rate of chemisorption) increased as the dye concentration 
was increased, whereas the constant (related to the surface 
coverage) decreased (Table 4), this is due to a decrease in 
the adsorbate’s usable adsorption surface. In conclusion, 
increasing the concentration within the studied range 
may speed up the chemisorption process. As an outcome, 
the adsorption kinetics may be satisfactorily approxi-
mated using the pseudo-second-order kinetic model. It 
is founded on the notion that rate-limiting chemisorption 
employs electrostatic forces, which involve the sharing 
or exchange of electrons between the adsorbent and the 
adsorbate [43,44].
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Fig. 9. Effect of different adsorbents DSAC, ZIF-8, DSAC@ZIF-8 
(0.05:0.6), and DSAC@ZIF-8 (0.1:0.6) at adsorption of GV.

Table 3
For the adsorption of GV onto DSAC@ZIF-8 (0.1:0.6) nanoparti-
cles, isotherms and their linear forms [40]

Isotherm Value of parameters

Langmuir

qm,exp (mmol/g) 1.5798
qm (mmol/g) 1.577
KL (L/mmol) 60,865.385
R2 0.9999

Freundlich
n –1.2013
KF (mmol/g)(L/mmol)1/n 8.885
R2 0.77376

Dubinin–
Radushkevich

QDR 1.178
KDR (J2/mol2) –1.985E-09
Ea (kJ/mol) 15.87
R2 0.8737

Temkin
bT (L/mol) 11,605.1
AT (kJ/mol) 14.96
R2 0.92487

Table 4
Kinetic parameters and their correlation coefficients for the 
adsorption of GV onto DSAC@ZIF-8 (0.1:0.6) nanoparticles [40]

Model Value of parameters

Pseudo-first-order kinetic
K1 (min−1) 0.0144
qe (mmol/g) 0.128
R2 0.898

Pseudo-second-order 
kinetic

K2 (g/mg min) 0.48087
qe (mmol/g) 1.575
R2 0.9998

Intraparticle diffusion
Ki (mg/g min1/2) –0.068
X (mg/g) 0.55
R2 0.195

Elovich
β (g/mg) –4.0816
α (mg/g min) 2.7
R2 0.35

Experimental data qe,exp (mmol/g) 1.565
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2.2 × 10−3 mol/L).
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On other hand, the adsorption of GV involves intra-
particle diffusion and follows the pseudo-second-order 
kinetic model. DSAC@ZIF-8 (0.1:0.6) has high efficiency 
to remove GV, This may be due to the influence of the 
initial pH of the sorption solution on the surface prop-
erties of the sorbent and ionization–dissociation proper-
ties of the adsorbate molecule. Electrostatic interaction 
between the charged DSAC@ZIF-8 (0.1:0.6) surface and 
charged GV molecule may be considered as the princi-
pal adsorption mechanism. The adsorption isotherms 
of GV onto DSAC@ZIF-8 (0.1:0.6) were described by the 
Langmuir isotherm.

3.2.7. Studies on thermodynamic modeling

Investigate several aspects of DSAC@ZIF-8 (0.1:0.6) 
adsorptive elimination of GV, thermodynamics model-
ing was used to calculate (ΔG°), (ΔH°), and (ΔS°). Table 5 
summarizes results at different temperatures of thermo-
dynamic modeling Because of this, (ΔG°). If the value is 

negative, the method is both possible and random [45,46]. 
At higher temperatures, the (ΔG°) values decreased 
from –9.7 to –18.2 kJ/mol, showing that GV elimination 
using DSAC@ZIF-8 (0.1:0.6) is becoming more beneficial. 
Gibbs’ free energy transition ΔG° was found to be linear 
when plotted against temperature T (Fig. 13). (ΔH°) and 
(ΔS°) calculated 89.58 and 0.339 kJ/mol, respectively. An 
endothermic adsorption process is indicated by the pres-
ence of a positive (ΔH°) value. The existence of structural 
reforms on the adsorbent DSAC@ZIF-8 (0.1:0.6) during 
dye absorption is indicated by a positive value of (ΔS°), 
as the entropy increases the adsorption increase. The 
positive value of ΔS° also shows that the DSAC@ZIF-8 
(0.1:0.6) adsorbent has a high affinity for GV [47,48].

The (ΔH°) and (ΔS°) of the adsorbed cycle were calcu-
lated using the slope and intercept of the lnKc vs. 1/T plot, 
and Ea was calculated using the Arrhenius plot intercept (Fig. 
14). In adsorption studies, the quantity of (ΔH°) is positive, 
indicating that the reaction is endothermic, while the value 
of (ΔG°) is negative, indicating that the reaction is sponta-
neous (Table 5 and Fig. 14). The fact that (ΔG°) became more 
negative as the temperature rose shows that “favorability” 
rises in tandem with the temperature [40,48]. In this situa-
tion, GV of the zero standard free energy temperature (T0) is 
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Fig. 11. (a) Langmuir, (b) Freundlich, (c) Dubin–Radushkevich, and (d) Temkin linearized isothermal sorption plots for 
GV (T: 25°C; C0: 2.76 × 10–4 to 2.2 × 10−3 mol/L).
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predicted to be 264.3 K. The adsorbents tested are viable and 
can extract both colorants at very low temperatures, as seen 
by the low T0 values.

3.3. Comparison with other adsorbents

Table 6 illustrates a comparison of maximal GV adsorp-
tion capacities employing DSAC@ZIF-8 (0.1:0.6) with other 
before-reported adsorbents. It indicates that the DSAC@
ZIF-8 (0.1:0.6) is as expected has a high GV adsorption 
capability [49]. The maximum adsorption capacity was 

1.569 mmol/g this mean when it converts to mg/g through 
multiplying with the molecular weight of GV it will be 
638.99 mg/g.

3.4. Statistical and physical simulation

3.4.1. Models of adsorption

The use of a large canonical ensemble in statistical 
physics-based adsorption simulations allows for physi-
cal explanations derived from experimental conditions. 
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Fig. 12. Linearized kinetics study plots for GV: (a) pseudo-first-order, (b) pseudo-second-order, (c) intraparticle diffusion and 
(d) Elovich (T: 25°C; C0: 1.9 × 10−3 mol/L).

Table 5
For GV adsorption on DSAC@ZIF-8 (0.1:0.6), use (ΔG°), (ΔH°), and (ΔS°)

Dye T (K) ΔH° (kJ/mol) ΔS° (J/mol K) T0 (K) –ΔG° (kJ/mol)

GV

298

89.58 338.97  264

9.7
303 11.4
308 13.11
313 14.81
318 18.19
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To accomplish this, some assumptions were made. First, 
the structure of an experimental isotherm, as determined 
by a statistical physics technique, influences the choice of 
the most effective ways to manage the isotherm model. 
The type of adsorption isotherm was determined using the 
IUPAC classification system. As a result, the first step is 
to choose the most suited model from the available possi-
bilities. The model of monolayer adsorption coupled with 
ideal gas (MMIG) and the model of monolayer adsorp-
tion coupled with real gas (MMARG) was utilized in the 
current work for monolayer adsorption analysis (MMRG) 
[69]. The MMRG model considers the likelihood of adja-
cent contacts involving adsorbate molecules on the sur-
face of an adsorbent; the MMIG model does not [70]. This 
hypothesis is especially relevant when it comes to how 
lateral interactions play a role in the adsorption process, 
specifically their impact just on the adsorption isotherm. 
The two models also think that, given a certain amount 
of energy, the adsorbate molecule can be multi-anchored 
or multi-molecularly adsorbed on the solid surface. To 
put it another way, both models allow for the determina-
tion of important steric and energetic variables that are 
important in the adsorption mechanism [70,71].

Adsorption isotherms, including Langmuir, describe 
adsorption on the surface of the adsorbent. The presence of 
monolayer adsorption over a wholly homogeneous surface 
with a fixed number of equal sites and minimal interaction 
between adsorbed molecules is related to the presence of 
monolayer adsorption over a completely homogeneous 
surface with a definite number of equal sites and minimal 
interaction between adsorbed molecules The Freundlich 
model is an empirical equation based on adsorption of 

heterogeneous surface or surface supporting sites of var-
ied affinities. It is assumed that the stronger binding sites 
are occupied first and that the binding strength decreases 
with the increasing degree of site occupation. The Dubinin–
Radushkevich by determining the value of E, where E is the 
maximum energy which can be used to distinguish between 
physical (below 8 kJ/mol) and chemical (above 8 kJ/mol), 
and Temkin supposed that whenever the layer is covered, 

Table 6
The GV dye adsorption capacity (qm) of various adsorbents

Adsorbent qm (mg/g) Reference

Fly ash 74.6 [50]
Bottom ash 12.1 [51]
Sulfuric acid 85.8 [52]
Activated carbon 19.8 [53]
ZFA zeolites from coal fly ash 19.6 [54]
Poly(acrylic acid-acrylamide-methacrylate) 35 [55]
Raw kaolin 26 [56]
Bagasse fly ash 79 [57]
Activated carbon 65 [58]
Activated carbon 175 [59]
Sewage sludge 263 [60]
Modified bentonite 457 [61]
Chitosan-g-(4-hydroxybenzoic acid) 18 [62]
Poly(vinyl benzyl chloride) beads 160 [63]
Ball clay 169 [64]
Magnetic κ-carrageenan beads 85 [65]
κ-carrageenan-poly(acrylic acid)/multi-walled carbon nanotube 118 [66]
Water hyacinth 32.28 [67]
Activated carbon 40°C 90.9 [68]
DSAC@ZIF-8 (0.1:0.6) 638.99 This work
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Fig. 13. The graph shows the change in Gibbs free energy (ΔG°) as 
a function of temperature (T) (T: 290–325 K; C0: 7.8 × 10−4 mol/L).
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the heat of adsorption of all molecules drops linearly. 
The heat of adsorption of all molecules lowers linearly when 
the layer is covered.

It should also be mentioned that in the enhanced sin-
gle layer model, the GV ions are deposited in a single 
adsorbed layer at the same energy level (–E). In the instance 
of double-layer ionic adsorption, we used a model that 
defines a double layer model. The alternate adsorption of 

complimentary charge components in this circumstance 
results in the formation of two adsorbed layers. For this 
process to work, charge neutralization between GV cat-
ions and DSAC@ZIF-8 (0.1:0.6) anions is essential Table 7. 
The solid surface serves as a template at first, and then it 
is defunctionalized and employed as a fresh template for 
anionic ion adsorption after cationic ion adsorption [72,73].

To obtain the required model expressions, you must fol-
low the steps:

Write the grand canonical partition feature [Eq. (11)] as 
follows:

Z e i i

i

N

N
gc = − − −( )∑ β ε µ  (11)

Determine the number of Nm receptors occupying 
similar locations [Eq. (12)]:

N
Z

Nm

0
1

=
( )

β

σ

σµ

ln gc  (12)

Calculate the adsorbed quantity, n [Eq. (13)]:

Q n X Nm o=  (13)

where μ is the chemical potential of the adsorbed phase, 
(–εi) and Ni represents the adsorption energy and the occu-
pation number of a receptor site i, respectively. β = 1/kβT, 
where T is the absolute experimental temperature and 
kβ represents the Boltzmann’s constant. Finally, n is the 
number or the fraction of the adsorbed molecule(s) per site.

For the designing and practical management of an 
adsorption system, the correlation of equilibrium data to 
theoretical equations is an essential procedure. The GV 
practical adsorption data on DSAC@ZIF-8 adsorbents 
is explained. Two models were utilized, both based on a 
statistical physics approach another method of putting 

Table 7
The four isothermal models are represented analytically

Isotherm model Adsorbed amount expression Equation Reference

MMIG
Q

nN
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c
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1 (14) [70]
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Fig. 14. (a) The adsorption of GV onto the DSAC@ZIF-8 
(0.1:0.6) adsorbent is plotted by van’t Hoff (T: 290:325 K; 
C0: 7.8 × 10−4 mol/L) and (b) For GV adsorption onto the 
DSAC@ZIF-8 (0.1:0.6), Arrhenius plots were used.
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it, model of the models of monolayer adsorption cou-
pled with ideal gas (MMIG) and monolayer adsorp-
tion coupled with real gas (MMRG) are two monolayer 
adsorption models (MMRG). The measured adsorption 
isotherms were modeled using the MMIG and MMRG 
models (Fig. 15). It must be noted that when the tempera-
ture increases, so do the GV adsorption potential of all of 
the adsorbents studied [75–77]. In respect of the models 
utilized, it could be demonstrated that they both closely 
match the experimental data. The fitting operation is non-
linear, per the generalized reduced gradient algorithm, 
which was employed with the Microsoft Excel Solver 
Add-In. As a result, the model’s evaluation. To establish 
the best fit, the extent of the correlation coefficient R2 was 
utilized, as was universally acknowledged. Fitting exper-
imental data with the model MMRG yielded the highest 
R2 values (Table 8) [78]. In any event, the fitting precision 
differences supplied by the tested models are quite tiny, 
indicating poor departures from ideal gas behavior for the 
analyzed systems [79]. MMRG was therefore chosen as the 
most accurate model, supported by physical significance 

and basic hypotheses. Indeed, In any case, the fitting pre-
cision differences provided by the tested models are fairly 
small, showing poor deviations to ideal gas performance 
for the subsystems under consideration. Adsorbate–adsor-
bate interactions must not be disregarded, as adsorbate 
molecules can attract or repelled adjacent molecules [71].

3.4.2. Description of statistical physics

A qualitative approach for identifying surface occur-
rences in adsorption is theoretical modeling of adsorp-
tion isotherms in the gas or liquid phase using a statisti-
cal physics method. The recovered model parameters are 
given a physical significance to have a better understand-
ing of the reported adsorption events. As a result, Table 8 
contains all of the MMIG and MMRG model’s recoverable 
fitting parameters. In this sentence, the adsorption mech-
anisms are researched and then examined to describe and 
understand them. Table 9 shows that the pre-position 
number of adsorbed molecules, n, is less than the unit for 
DSAC@ZIF-8 at all temperatures examined. In terms of 

0.0000 0.0002 0.0004 0.0006 0.0008 0.0010
0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

30 oC
45 oC

q e
(m

m
ol

/g
)

C (mmol/g)

(a)

 50 oC

0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009
1.50

1.55

1.60

1.65

1.70

1.75

1.80

1.85

1.90

1.95

 30oC MMIG (R2=0.998)

 60oC MMIG (R2=0.872)

q e
 (m

m
ol

/g
)

C( mmol/g)

 45oC MMIG (R2=0.956)

(b)

Fig. 15. Modeling of the Methylene blue practical adsorption isotherm with two variants of the adsorption isotherm in 
DSAC@ZIF-8 (0.1:0.6) (MMIG and MMRG).
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the DSAC@ZIF-8 surface, this demonstrates that GV can 
indeed be adsorbed in DSAC@ZIF-8. Because of the elec-
trostatic interactions between dye cations and nitrogen 
anions (N), we may extrapolate that GV could conceiv-
ably be adsorbed at numerous active sites on the DSAC@
ZIF-8 surface via van der Waals forces or hydrogen bond-
ing. In actuality, there was an agglomeration phenomenon 
when the energy of the surface increased (mainly due to 
the overlapping of potential fields of micropores walls), 
especially when it came to the temperature of adsorption 
increase. Furthermore, GV molecules form an aggregation 
in the solution either before or during adsorption. The 
density of receptor sites, Nm, is modified by temperature, 
as shown in Table 5. When comparing results at 30°C and 
60°C adsorption temperatures, a larger number of receptor 
sites show. This is most likely due to adsorbate desolvation 
mechanisms and lower water adsorption, which is quickly 
replaced by GV molecules [78]. The specific concentration 
(w) reveals that DSAC@ZIF-8 has the maximum adsorp-
tion energy (lowest value of w), resulting in GV complete 
adsorption power (Table 9). The molecule’s molecular pres-
sure cohesion, a, and volume, b, As a result, these features 
are considered to have a small impact on the adsorption 
potential of the systems investigated. However, there is a 
slightly bigger volume value for GV adsorption at DSAC@
ZIF-8 at 60°C, in this circumstance with the full potential 
of adsorption GV. Particularly in these settings, the attrac-
tive forces between adsorbed molecules are comparatively 
small (but not absent, as explained), as well as their mutual 
rivalry [71,75].

Parameters and their physical meaning

• n: Number of adsorbed molecules per site: This depicts 
the DSAC@ZIF-8 (0.1:0.6) surface position, as well as 
the adsorbed molecules during the adsorption process; 
adsorption can take place in either a vertical or horizontal 
multimolecular mechanism (n > 1), or (n = 1), through a 
parallel-oriented multi-anchored technique.

• The density of receptor sites (mg/g): Specifies the 
number of receptor sites that are successfully filled.

• w: The use of the equation above, estimate the adsorp-
tion intensity (–Ea) of GV on DSAC@ZIF-8 (0.1:0.6) from 
the dissolved state: –Ea = RTln(w/Cs), where Cs (mg/L) 
is the soluble level and R (J/K mol) is the ideal gas  
constant.

• a (J L/mg): Molecular pressure cohesion: Due to the 
limited contact between adsorbed molecules and the 
strong adsorbent–adsorbate contacts, the development 
of this parameter is illustrated in a theoretical study; its 
drop is followed by a rise in the quantity of adsorbed 
materials.

• b (L/mg): Molecule volume: this factor has been proven 
to evolve in a theoretical investigation; the highest b 
value is followed by an increase in the adsorbed num-
ber. The attraction energy between adsorbed molecules 
becomes weak when the volume value is high [71].

3.4.3. Actual isotherms are adjusted using theoretical models

To determine the optimal statistical physics modeling 
that has a strong relationship with the empirical adsorp-
tion isotherms, we use computational software to correlate 
the experimental isotherms with the MMIG and MMRG 
models. The standard mathematical method for adapting 
experimental results with a given model is the Levenberg–
Marquardt algorithm of iteration with a multivariate 
non-linear regression program.

Three error coefficients are used to compare the best-fit-
ting model: The R2 which evaluates the fit’s suitability; the 
RMSE residual root mean square error; and the Akaike infor-
mation criterion are the first three (AIC). Parameter values 
should be within ±2 RMSE of their genuine values. Because 
the error coefficients obey the entry requirements, the 
MMIG and MMRG models were selected as measurement 
models for the adsorption of GV on DSAC@ZIF-8 (0.1:0.6) 
(the highest R2 and the smallest RMSE and AIC). As just a 
result, we conclude that electrostatic interactions between 
the positively charged dye ion and the negatively charged 
DSAC@ZIF-8 (0.1:0.6) surface mediate GV adsorption. 
Cationic dyes are abbreviated as GV. In an aqueous solution, 

  
Fig. 16. Electron density molecular electrostatic potential (MEP) was used to map the whole electron density surface for GV.
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the dye dissociates into chloride anion (Cl−) and nitrogen 
ion (N+) [74].

3.5. Mechanism of interaction

The highest adsorption of GV was found to occur at pH 
greater than 7.5 (pHzpc of DSAC@ZIF-8 (0.1:0.6)). The devel-
opment of surface hydrogen bonds between the hydroxyl 
groups on the DSAC@ZIF-8 surface and the nitrogen atoms 
of GV could explain this. On the DSAC@ZIF-8 surface, there 
are three potential orientations for GV adsorption:

• Only one of the amino groups is primarily engaged in 
surface bonding, resulting in charge localization.

• The GV’s aromatic rings will be aligned perpendicular to 
the surface.

• The aromatic rings of the GV will be oriented horizon-
tally to the surface in this orientation. The formation of 
a hydrogen bond or electrostatic contact generated by 
the resonance structure of GV are preferred methods 
of GV orientation in the horizontal plane.

The adsorption of GV, on the other hand, is based on 
intraparticle diffusion and follows a pseudo-second-order 
kinetic model. The effect of the initial pH of the sorption 
solution on the surface properties of the sorbent and the 
ionization–dissociation properties of the adsorbate mol-
ecule may explain why steam-processed activated car-
bons are so effective at removing GV. The main adsorp-
tion process could be electrostatic interaction between the 
charged DSAC surface and the charged GV molecule. The 
Langmuir isotherm was used to explain the adsorption 
isotherms of GV onto DSAC@ZIF-8.

Because the dye was cationic, when it was dissolved, 
it released colorful dye cations. When the pH was reduced 
from 9 to 2, the proportion of color removed dropped. 
It can be considered for two different dye adsorption mech-
anisms on the adsorbent: (i) an electrostatic contact between 
the dye molecule and the adsorbent; (ii) a chemical reaction 
between the dye and the adsorbent. The OH− ion concentra-
tion increased at pH 9, and the adsorbent surface gained a 
negative charge by collecting OH− ions. Because the charge 
at the adsorbent surface becomes negatively at high pH, 
there may be a strong electrostatic attraction between the 
negatively charged adsorbent surface and the cationic 
dye molecule, resulting in maximal dye adsorption.

The pHPZC of DSAC@ZIF-8 was determined experimen-
tally, and this composite has a pHZPC of 7.5. The number of 
negatively charged sites grows as the pH of the system rises, 
while the number of positively charged sites decreases. Due 

to electrostatic attraction, negatively charged surface loca-
tions on the adsorbent surface favored adsorption. The pres-
ence of excess OH− ions also causes greater adsorption of the 
selected cationic dye at alkaline pH.

3.6. Active sites

The approach of investigating the reactive sites in the 
tested adsorbate/adsorbents system and understanding 
the region of electrophilic/nucleophilic attack and the elec-
trostatic potential zero regions is known as molecular elec-
trostatic potential (MEP). In this study, the whole electron 
density surface of GV was mapped using MEP (Fig. 16). The 
varied values of the MEP were represented in these maps 
using different colors (red, yellow, green, light blue, and 
blue). Indeed, the negative values of the MEP were repre-
sented by red and yellow colors, which are associated with 
electrophilic assault; the positive values were represented by 
blue colors, which are associated with nucleophilic attack; 
and the MEP zero area was represented by green. The MEP 
of GV adsorbate indicates that the adsorbate is mostly prone 
to nucleophilic attack, as seen on the MEP map (Fig. 16). 
Furthermore, the MEP map reveals that the MEP approves 
that the GV adsorbate is mostly sensitive to nucleophilic 
assaults [71,80].

Table 8
The evaluation coefficients of the MMIG and MMRG models are compared

Adsorbent T (°C) R2 RMSE AIC

MMIG MMRG MMIG MMRG MMIG MMRG

DSAC@ZIF-8
30 0.998 0.9998 1.47 1.467 11.77 11.84
45 0.872 0.99923 1.62 1.485 11.82 11.86
60 0.956 0.99937 1.64 1.499 11.86 11.88

Table 9
The variables of the MMRG model are fit at different tempera-
tures for DSAC@ZIF-8 (0.1:0.6)

Parameter T (°C) DSAC@ZIF-8

n 30 5.9456
45 6.011
60 6.059

Nm 30 0.000726
45 0.00057
60 0.000614

w 30 1.717
45 1.68
60 1.66

a (J L/mg) 30 9.129 × 10−20

45 10.057 × 10−20

60 10.29 × 10−20

b (L/mg) 30 0.416
45 0.394
60 0.38
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3.7. Desorption studies

The ability to regenerate and the stability of an adsor-
bent are two important aspects that affect its practical 
application. In three independent adsorption–desorption 
cycles, the adsorption potential of DSAC@ZIF-8 (0.1:0.6) 
has been investigated. The sorbent DSAC@ZIF-8 (0.1:0.6) 
was rinsed with distilled water after being cleaned with 
ethanol many times until colorless. The colorless DSAC@
ZIF-8 (0.1:0.6) product was dried for 24 h at 60°C to get a 
consistent weight. The adsorbent is now ready for the sec-
ond phase of absorption after regeneration. The regenera-
tion efficiency of MG was determined to be 97.6%, 92.5%, 
and 90.6% for each adsorption/desorption cycle. After 
three cycles of testing, we employed XRD to examine the 
DSAC@ZIF-8 (0.1:0.6) material and determined that the 
crystallinity and structure were unchanged. The reusability 
of DSAC@ZIF-8 (0.1:0.6) nanoparticles is demonstrated in 
this study [19]. The following Eq. (18) was used to compute 
the regeneration efficiency:

Regeneration efficiency

Total adsorption capacity
in the seco

%( ) =
nnd run

Total adsorpion capacity
in the first run

× 100

 
 (18)

4. Conclusions

The functionalization of ZIF-8 with DSAC allows man-
ufacturing a very efficient adsorbents of DSAC@ZIF-8 
(0.05:0.6) and DSAC@ZIF-8 (0.1:0.6). The prepared adsor-
bents were characterized via FTIR, SEM, XRD and high 
surface area as BET surface area of 460.23 m2/g sorption 
capacities are 638.99 mg/g at pH 9 and 25°C of DSAC@ZIF-8 
(0.1:0.6). The nature of the interaction between the dye cat-
ions and the adsorbent was found to be dependent upon 
the pH of the medium. The adsorption process carries out 
by a cation exchange mechanism; however, the adsorbent 
maintained a significant adsorption capacity at higher pH. 
The adsorption isotherms are well fitted by the Langmuir 
equation. Uptake kinetics is correctly fitted by the pseudo- 
second-order rate equation. The thermodynamic param-
eters have been determined: the reaction is endothermic, 
spontaneous. The randomness of the system increases with 
GV adsorption. A monolayer model coupled with the real 
gas law (MMRG) and a monolayer model linked with the 
ideal gas law (MMIG) were both investigated even under 
drastic conditions of high ionic strength, the sorbent main-
tained its high sorption capacity. The adsorption energy 
(Ea) of GV is 15 kJ/mol on average. It is advised that the 
chemisorption technique. The adsorbents can be used suc-
cessfully up to 3 times without significant loss of its orig-
inal efficiency regenerated by 1.0 M HCl. This means that 
the studied sorbent is a promising sorbent for the efficient 
removal of GV dye from wastewater of the textile industry.
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