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Abstract

This study focused on studying the kinetics, thermodynamics, and the adsorption equilibrium of Acid fuchsin, C.1
acid violet 19 (AV19) dye from aqueous media by using different adsorbent such as Caw Animal Bone (CAB) and
Hen Eggshell (HES) as a new cheap, low-cost, widely available, eco-friendly, high-efficiency adsorbents. Scanning
electron microscopy (SEM) and Fourier transform infrared spectrometer (FTIR) techniques were used to
characterize the adsorbent before and after adsorption process. The influence of different conditions had been
examined such as pH solution, initial dye concentrations, adsorbent dose, adsorbent sizes, contact time and different
temperatures. The equilibrium data was analyzed by Langmuir and Freundlich's isotherm models and showed a
good fit with the Langmuir model more than Freundlich's isotherm model (R?= 0.997), and a pseudo-second order
kinetic is the best model suggested to explain the kinetics model with a good agreement with the intra-particle
diffusion model. The parameters of thermodynamic including enthalpy AH®, entropy AS® and free energy AG®
demonstrated that the adsorption process was feasible, spontaneous, and endothermic in nature of the adsorption
of AV19 on CAB and exothermic nature of adsorption of AV19 on HES. The results clarified that a large percentage
removal and the optimized conditions were (4+0.2 and 2+0.2) solution pH, 3.82mg/L initial dye concentration,
adsorbent dose 0.75 gm/40 ml of particle size (2.36 and 0.355), for CAB and HES respectively and 60 min
adsorption time 81.2% and 91.4% of dye was removed by CAB and HES respectively at experimental optimum
conditions. The experimental results show that CAB and HES have a good potential as adsorbent to remove the
colour from textile effluent and as an alternate low-cost adsorbent.

Keywords: Cow Animal Bone, Hen Egg Shell, Low-Cost Adsorption, Acid violet 19, Adsorption Isotherm,
Kinetics.

1. Introduction under anaerobic conditions, which will be harmful to

Water is an important reason that keeps life and
energy on the earth, while millions of people in all the
world are facing problems of the lack of fresh and
clean drinking water. Industrial progress was the
greatest reason of many environmental problems.
Large amount of pollutants are rejected into water
such as phenol with its derivatives and metal ions.
Water pollution and its negative effect on
environmental health become the greatest
challenges for scientists. The existence of the
organic matter in pharmaceuticals, cosmetics,
plastics, food, and some other industries produce a
large bulk of wastewater yearly [1]. Some of the
organic dyes that present in wastewater may decay
forming aromatic amines which are cancer-causing

animals and human. [2].

Nowadays there are over nine million tons of
dyes are developed yearly. So, it is of a big
challenge to produce a modern technique to
manage the problem of wastewater with dyes.
Many efforts have been created to produce
adsorbents that could destroy dyes from drinking
water [3]. treatment of wastewater is very
important nowadays because of the required rules
for the reduction of different pollutants in water
[4].

Artificial dyes are used in many fields of the
modern technology, e.g., in a lot of textile industry
branches, the tanning of leather industry, in the paper
tanning industry, in food processing technology, in
the research of agricultural fields, in light-harvesting
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arrays, in electro photochemical cells, and hair dying
tools. In addition, synthetic dyes were applied to
advance the control on wastewater and sewage
treatment efficiency also determining the specific
surface area of activated mud for the tracing of
groundwater, etc. [5].

The dye degradation became so urgent to protect
the ecosystem and human health. The using of these
aromatic artificial dyes increases daily in different
industries mainly in the fabric industries, nowadays
the water pollution is the reason of dangerous
problems to human and animals [6]. It is of a great
interest to concentrate on the dye’s adsorption
behaviour from water because the low
biodegradability, toxicological profile and stability
of them. Performance of water decolourization
processes can vary significantly along with the
adsorbent, dye chemical structure, and operating
conditions. sure, the Physio-chemical dye properties
have a considerable role in the molecular interactions
that observed in the aqueous phase adsorption [7].
Several methods like membrane filtration, advanced
chemical  oxidation  methods,  biosorption,
adsorption, coagulation/ flocculation, photocatalysis
and Ozon treatment method, are applied to eliminate
these pollutants. Biosorption method is a suitable
technique because of its economic and clean. [7,8].

Adsorption is an active technique in a lot of
industrial and natural systems such as separation and
purification processes, recovery of chemical
compounds, waste treatment processes and
biological studies. It can replace with other
separation processes and contribute to the removal of
contaminants from an aqueous solution [9]. The
technique of adsorption is a physicochemical
wastewater degradation process that the molecules
which dissolved are linked to the adsorbent surface
by physicochemical bonds, leading to the
development of an adsorbate molecule from the bulk
solution to the adsorption place. In last years, it was
observed the using of cheap adsorbents for dye
decaying, in this study, we focused on generating
techniques to clean the wastewater from the organic
artificial dyes by an effective and cheap adsorbent
[10]. The bones of animals are as an efficient cheap
and available adsorbent. There is a considerable
capacity of the adsorption of the surface functional
groups of the bone regarding the polarizable
molecules after suitable modification. great attention
paid for the adsorbents that have been modified for
the elimination of different organic pollutants like
immobilization of proteins or enzymes and organic
dyes. These modern applications are because of the
functional groups of the adsorbent's surface, which
can be modified appropriately [11]. Eggs are one of
the most important Food incomes in the framework
of world-wide feeding, they are important as a source
of vital nutrients to human food such as Proteins, fat-
soluble vitamins (A, D, E and K) and trace-minerals
like iron and zinc [12]. The shell of the hen egg
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formed from ceramic molecules that have three-
layered structure, called cuticle on the outer shell
surface, a spongy or (calcareous) layer and an inner
mammillary layer [13].

The mammillary and calcareous layers generate
a protein matrix linked to calcite (calcium carbonate)
crystal. Also, these layers are well arranged in such
a way that contains large number of holes. This
arrangement permits the gas exchange through the
shell. The outer surface is covered with Mucin
protein that considered as a soluble plug for the holes
in the shell, also the cuticle is permeable. The
percentage (by weight) of the by-product eggshell’s
chemical components was MgCOs (1%), Caz(POa),
(1%), Organic Material (4%) and CaCQ3 (94%) [13].
The eggshell by-product is about 11% of the egg’s
whole weight (60g) [16]. It was also stated that about
28% of all eggs produced were directed to
commercial breaking operations for the egg products
formation. [14].

The aim of this research is to use CAB and HES
waste by-product as adsorbents adsorbent to removal
of AV19 pollutant dye from aqueous media. The
effect of variables such as dose of adsorbent, initial
dye concentrations, solution pH, contact time, and
temperature on dye removal efficiency from aqueous
solution was investigated. The adsorption and
removal mechanism of CAB and HES on the AV19
were discussed by fitting the isothermal adsorption
equation and Kkinetic equation, the pseudo-first order
and pseudo-second-order models were used to
investigate the adsorption Kinetics. Langmuir and
Freundlich isotherm models were used to analyses
the  equilibrium  data. The  adsorption's
thermodynamic characteristics were also studied,
which may provide a new idea for wastewater
treatment from toxic azo dye by CAB and HES as
adsorbents.

The application of the adsorption method to the
process of removing polluting organic ions from
wastewater, rather than the most common separation
process in current research, by CAB and HES as low-
cost, widely available, eco-friendly is novel in this
study, and the removal process is characterized by
ease of implementation, like the adsorption process.

2. Materials and Methods
2.1. Preparation of adsorbents

In this study, Animal Bone (AB) and Egg Shell
(ES) were used as adsorbents for the removal of
anionic acid violet 19 dye (AV19). AB were
collected from Cow Animal Bone (CAB) and ES
collected from Hen Eggshells (HES). HES were
collected, then undergo washing process with
distilled water and we let them to dry in the oven.
After drying, we grounded it and sieved to 150-1000
um particle size. It was then dried at 105 °C for 24
hours to remove moisture and stored in a closed
bottle for later use in adsorption studies [14,15].
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CAB were bought from butcher shops and
cleaned from any involved meat and fat. Then the
undergo washing process for sometimes by water
and stayed under air for several days to remove
smells, then we had put them in an oven that were
adjusted at temperature 80°C to complete the drying
process. Then we applied crushing and milling
processes on them to produce particles of size range
of (3.2, 2.36, and 0.85 mm) then we calcined them
for 2 hours at temperature 800°C. The deposit was
cleaned using water then dried all night at 100°C in
an oven, then calcined at a rate of heating 2°C/min
to 400°C and reserved at this temperature for 4h
until obtaining a continuing weight. The product
was mentioned as the calcined bones (CB) as shown
in Photo (1,2) [16].

Photo. 2: CAB after preparation

2.2. Preparation of dye solution (adsorbate)

Acid fuchsin dye (Acid violet 19) (AV19)
was obtained from EI- Gomhoria Company, Egypt
and was used without further purification. AV19
was utilized in Andrade's indicator and in various
complex stains to demonstrate collagen fibers and
in smooth muscle in contrast to collagen. Its
molecular formula is CyHi17N3Na09Ss (mol. wt.
585.5g/L) is chosen as adsorbate Figure (1). The de
ionized water was used for preparation of dye stock
solution. Dye solution stock of a concentration
1000mg/1 was prepared by adding 1 gram of (AV19)
in 1 litre distilled water. The experimental solution
was prepared by diluting definite volume of the stock
solution to get the desired concentration. For
absorbance measurements a UV-VIS
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Spectrophotometer, JAPAN APEL (PD-303S) was
employed using quartz cells of path length 1 cm. The
maximum wavelength was measured at 543nm.

Fig. 1: Chemical Structure of AV19.

2.3. Batch Experimental Setup

Firstly, five various concentrations
solutions of AV19 were prepared as Figure (3).
Each one of them was then analyzed during a UV-
9200 UV- Spectrophotometer. A plot of absorbance
versus for every concentration was obtained and
Amax 0f 543nm AV19 was experimentally obtained
as show in Figure (2). By applying Beer-Lambert
law [14]. ¢ is that the molar extinction coefficient
(O.D. mole cm™) was found to be 0.618 x 10* mole-
L em? for AV19 and R? is 0.9993. The study of the
effect of several parameters on (AV19) removal by
CAB and HES were studied. 40 ml of a certain pH
and initial concentration of the dye solutions were
taken in 100 ml conical flask, then an appropriate
amount of the adsorbent of CAB and HES was added
to 40 them, the dye solutions adsorption was carried
out at 25+1°C for a whole day in batch system then a
constant speed of shaking (200 rpm) for 30 min was
applied, then we applied a separation technique
(centrifugation at a rotation speed of 6000 r/min for 5
min) to separate the suspension from the adsorbent,
the solution was analyzed after separation for AV19
concentration. The amount of dye adsorbed per unit
mass of the adsorbent was analyzed by UV visible
spectrophotometer and calculated by Removal % =

(Coc_ce ) x 100 [16]. Where C, is the initial
0

concentration (mg/ L) and C. is the dye concentration
(mg/L) at any time, pH effect on the rate of adsorption
was examined and pH values were adjusted with 0.5N
HCI and 0.5N NaOH solutions.
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Fig. 2: Absorbance Spectrum of C.I. AV19 dye in
visible wavelength
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3. Results and Discussion
3.1. Surface Characterization
3.1.1. FT-IR spectrum analysis

FT-IR spectrum of CAB as show in Figure
4(a) shows the characteristic bands of hydroxyl
apatite (547.84, 625.73 and 988.80) cm™ (shoulder),
1176.15 (shoulder) cm™ due to phosphate vibrations
and collagen (C,0) stretching vibration at 1650 cm -
1, N-H in plane bending at 1459 cm™, C-H and N-H
stretching modes in (2962.35-3459) c¢cm™? region)
[17,18]. Additionally, the standard bands of
carbonate substituting for phosphate site (type B)
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within the apatite lattice also are observed: band at
746.28 cm and double bands at 1287.20 /1459 cm
1 [19]. The diffractor-gram of CAB presents the
hydroxyl apatite pattern. These results prove that
the amorphous component was released after
calcinations as found within the literature [20].
After AV19 adsorption Figure 4(b), there'sa
noticeable shift in positions and new peaks appear
and a few peaks disappeared. The analysis of the
FT-IR spectrum of HES Figure 4(c) discovered the
carbonate group presence and proved by the
characteristic-peak at 1523 also at 659.39, and
1795.96 cm™. Furthermore, the observed peaks
happen within the area between 3400-3500 and
2516 cm, which may be associated with amino-
groups. The bands between 2875 and 2982 cm™
characterize carbon bonded hydrogen vibration,
signifying the presence of organic layers, formed
from amino acids that are involved within
the HES, an equivalent opinion was stated by
[21]. It had been obvious that after the biosorption
of dye Figure 4(d) all the previous mentioned peaks
indistinguishably change their positions and
therefore the greatest change noticed at the peaks of
the carbonate group.
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Fig.4: FT-IR Spectrum of (a, c) for CAB and HES before adsorption and (b,d) CAB and HES after AV19 adsorbed.
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3.1.2 Scanning Electron (SEM) Analysis

The technique of scanning microscope
(SEM) may be a primary device for studying the
changes of surface morphology, distribution, and
fundamental physical properties of the adsorbents
after adsorption. The SEM 2@¥sis presented in Figure
5(a) shows that the CAB has an accumulation of
fine particles of irregular form and size with a quite
small ravines [22]. Figure 5(b) Images after AV19
adsorption on CAB shows that more particles are
present on the animal surface which becomes rough
contains protuberances and thin cylindrical shapes.
These particles of AV19. The charged dye
molecules are going to be electrostatically
interested in the adsorbent’s CAB and HES. [23].
Figure 5(c) indicates an irregular pore canal for
HES adsorbent particles, columns, and crescent
shaped mammillary layers. We noticed that the
surface after adsorption Figure 5(d) shows clear pro
tubes because of a decent chance for dyes to be
trapped and adsorbed into these pores [24].

3.2. Effect of pH Solution

The pH values of the solution are a vital
parameter during the adsorption processes. The
AV19 adsorption on CAB 45.8 and increase to 81.5
at pH4 while HES surface was 91.5% at pH2 and at
60 min this result show in Figure 7(a and b). The
zero-charge point (pHpzc) is a crucial parameter for
bio-sorbent to characterize the sensitivity to pH and
their surface charges [25]. The pHp. of the
adsorbent was estimated by the solid addition
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method. The batch equilibrium  technique
was applied to calculate variables like zero charge
point, the effect of pH, and surface chemistry. The
activation of acidic or basic functional groups of
adsorbents approaches zero at the zero- charge
point [26]. The pHpzc was found to be 8, 8.1 for
(HES and CAB) samples, respectively meaning that
the surface was charged Figure 6(a and b). This
result demonstrates that at a pH below 8, the surface
of the adsorbents shows positive charges, while at a
pH above 8, the surface of the CAB and HES have a
negative charge. Surface pH of adsorbent is closer to
neutral pH. As a result, CAB and HES can be used to
adsorb both cationic and anionic moieties. The effects
of different initial solution pH values on the
adsorption of AV19 onto CAB and HES are shown in
Figure 7 (a,b) and show that the adsorption of AV19
on HES increases as the solution's pH decreases while
the adsorption of AV19 on CAB increase with
increase solution's pH and then decrease. The charge
on the adsorbent surface may be affected by the initial
pH, altering its adsorption capacity. At low pH (<
pHpzc, i.e. < 8) the adsorbent surface became highly
protonated and was suitable for adsorption of anionic
dye causing increased removal percentage of dye this
agreement with literature [25]. Also, at high pH (>
pHpzc, i.e. > 8) the surface of adsorbent more
negative charge so suitable for adsorption of cationic
dye. The optimum pH solution for AV19 dye is (4 and
2) for CAB and HES respectively.
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3.3. Effect of initial dye concentration

The initial adsorbate concentration in
solution and therefore the time of equilibrium is an
important parameter for the dye up taking from
solution by adsorption. Time consumed to approach
equilibrium is a very important factor to expect the
effectiveness and viability of an adsorbent when it's
used to control the pollution [27]. The observed results
demonstrate the adsorption capacity is concentration-
dependent and reduce with increasing the
concentration of the dye. The dye concentration
affected the dye diffusion from the solution to the
adsorbent’s surface. the rise in the dye concentration
resulted in a rise in the driving force to the gradient
concentration, which helps earlier the diffusion of the
dye from the solution into the adsorbent [28]. By
increasing dye concentration from (3.81 to 26.74
mg/L) for AV19 The removal percent of AV19 by
(CAB and HES) decreased from 83% to 69 you take
care of (CAB) and from 86.2 % to 74.5% for (HES),
as show in Figure 7(c, d). This phenomenon is
attributed to the fact that the available sites for
adsorption are higher at lower adsorbate
concentrations. However, when the concentration is
increased, the available sites become fewer this result
agreement with [27].

3.4. Effect of adsorbent dose

A proper quantity of adsorbent is very
important for the degradation of concentration of dye
from solution and it determined the capacity of
adsorbent for the given concentration of adsorbate. It
is clear from these results that the rise in the dose
amount of the adsorbents led to an increase in the
removal degree of AV19 because of the increasing
of the number of the available sites for the
adsorption of dye [29]. The surface area and
therefore the number of empty adsorption sites
increase by increasing the adsorbents dose, and this
results in increasing the amount of adsorbed dye.
After equilibrium, a decrease in the amount of
adsorbed particles was noticed. This may attribute to
the aggregation or overlapping of the adsorption
sites resulting in a decreasing in available adsorbent
surface area for dyes and increasing in the length of
the path of diffusion [30]. The experiment carried by
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taking different doses (0.25-1.25g) to seek out the
effect of various doses of CAB and HES on the
removal of AV19 as show in Figure 7(e, f). The
efficiency of removal of AV19 by (CAB and HES)
increased from 65.13% to 85.5% and from 64.2% to
85.7%, respectively, when the dose increases from
(0.25-0.75¢) then decrease to 84% after dose 1.25g
for CAB and HES respectively. It had been found
that the area increased by increasing the dose of the
adsorbent which led to a high dye removal, [31].

3.5. Effect of adsorbent size

The contact surface between the sorbent and
therefore the liquid phase could be a great factor that
affects the adsorption processes. The particle size
effect of CAB and HES on AV19 removal was
studied using three particle sizes (3.2 mm, 2.36 mm
and 0.85mm) for CAB and (0.85mm, 0.355mm and
0.180 mm) for HES. From Figure 7(g, h) results
show that the removal efficiency of AV19 on (CAB
and HES) increased from 82% to 88.3% and from
81.2 % to 91.4% when the adsorbent particle size
was decrease from (3.2 mm to 0.85mm) for CAB and
from (0.850 mm to 0.180mm) for HES after 60 min,
respectively. This attributed to by decrease particle
size the surface area and active site of both adsorbents
increase which suitable for removal of high dye from
solution, and this results agreement with literature
[22].

3.6. Effect of temperature

A parameter with great significance within
the process of sorption is the temperature. A study of
the dependence of the temperature on adsorption
reactions gives valuable knowledge about the enthalpy
and entropy changes during adsorption [32]. From
results it has been indicated that the AV19 adsorption
on CAB increases with increasing the temperature,
but adsorption of AV19 on HES decrease with
increasing the temperature. Figure 7(i, j) illustrated
that the removal efficiency of AV19 using CAB
increase from 82.3% to 88.7% while for HES
decrease from 82.6 % to 56.2%. The adsorption
capacity of HES decreases by increasing the
temperature of the range studied, revealing that the
adsorption of AV19 on the HES is exothermic in
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nature, and the low temperature promotes adsorption.
This effect could be caused by dye molecules being
released from the bio sorbent into the aqueous solution
as the temperature rises. This result agreement with
[29].

3.7. Effect of Contact Time

The kinetic behaviours of the process of
adsorption are studied for AV19 under different pH
values, concentrations, dose sizes and temperatures.
The adsorption process was rapid within the initial 60
min indicating a high affinity between dyes molecules
and adsorbents (CAB and HES) surface because of the
intra particle diffusion of dye molecules [33,34].
Following this phase, the adsorption process slows
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suggesting a gradual equilibrium, possibly finally, the
saturation is reached, showing the ultimate
equilibrium at approximately (60-120 min) for dye,
beyond which no further adsorption takes place as
show in Figure (7) for CAB and HES. Rapid
adsorption of dye in the first 20 min, the adsorption
rate slowly increases to reach equilibrium in about 60
min for AV19 on both adsorbents. This can be
explained by the fact that the adsorption sites were
vacant and easily accessible at the beginning so dye
molecules could easily interact with these sites, but
after 60 min, the removal of dye got constancy due to
equilibrium establishment A similar result has also
been reported [33].
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Fig. (7): Effect of different parameters of (a,b) pH solution, (c,d) initial dye concentration, (e,f) adsorbents dose
(9,h) particle size (i,j) temperature on adsorption capacity of CAB and HES respectively.

3.8. Adsorption isotherms

The equilibrium adsorption models are
necessary for describing the interaction behaviour
between solutes and adsorbents and is vital within
the scheme of an adsorption system. Equilibrium
data, also known as adsorption isotherms, are essential
for the design of adsorption systems. These data
provide information on the adsorbent's capacity, or the
amount needed to remove a unit mass of pollutant
under system conditions. Langmuir, and Freundlich’s
equations were employed to study the adsorption
isotherms of the dye.

3.8.1. Langmuir assumption isotherm

Langmuir assumption isotherm considers
that the monolayer-adsorption take place at the
binding’s sites with homogenous levels of energy,
without interactions among the adsorbed particles
and there is no migration of adsorbed particles on the
surface of adsorption. The expression of the
isotherm model of Langmuir is stated by [32]. The
linear plot of C./ge versus C. as Figure (8) at different
initial dye concentration and at different adsorbent
dose, it shows that adsorption obeys the Langmuir
model and the constants gm and K. can be evaluated
from the intercept and the slope respectively. Where
Co (mg L™ 1) is the initial concentration of dye, C. (mg.
L) is the organic dye concentration at equilibrium, ge
and gm (Mg. g*) are the dye amount that adsorbed at
equilibrium and the maximum monolayer adsorption
capacity, K. (L.mg?) is the constant of Langmuir
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related to the heat of adsorption. The essential
characteristic of the Langmuir isotherm could be
described by a dimensionless constant R, referred to
as equilibrium parameter calculated by using the data.
The Re value shows the adsorption nature which is
Favorable adsorption if 0 < R_ < 1, Unfavorable
adsorption if R, > 1, Linear adsorption if R. = 1 and
there will be an Irreversible adsorption if R_ = 0 [29].

3.8.2. Freundlich isotherm

The isotherm model of Freundlich is a
mathematical expression depended on the multilayer
adsorption process on a heterogeneous surface with
interaction among the adsorbed molecules. The model
is expressed in [29,32]. Kr is an adsorption capacity
constant, and n is an empirical parameter indicates
the favourability of adsorption process. The n value
should be higher than unity for favourable
adsorption conditions. The Freundlich constants Kg
and n were determined from the linear plot of In qe
vs In Ce as displayed in Figure (9) at different initial
dye concentration and at different adsorbent dose. The
linear correlation coefficients (R?) i.e., regression
factor for Freundlich and Langmuir models are
represented in Tables (1, 2). These coefficients are
having values always greater than 0.931 except
for Langmuir model which includes a value of
0.983. The Langmuir isotherm model has
a coefficient of correlation of 0.983 that go with the
experimental data than the Freundlich isotherm.

0.0018 —

= CAB
- HES
0.0016 |
= 0.0014
=
-
=
<5 0.0012
0.0010 -|
0.0008 T T v v v
0.0002 0.0004 0.0006 0.0008 0.0010 0.0012

Ce(mgiL)

Fig. 8: Langmuir adsorption isotherm plot for the removal of AV19 (a) at different initial AV19 concentration
and (b) at (CAB and HES) dose values of particle size (2.36 mm and 0.355 mm), pH (4 and 2), respectively at 30
°C and 60 min.
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Fig. (9): Freundlich adsorption isotherm plot for the removal of AV19 (a) at different initial AV19 concentration
and (b) at (CAB and HES) dose values of particle size (2.36 mm and 0.355 mm), pH (4 and 2), respectively at 30

°C and 60 min.
Table (1): Comparison of isotherm parameters obtained for the removal of AV 19 on CAB.
Langmuir Parameters Freundlich Parameters
Parameters Omax KL x10 K
R R2 n R2
(mg/g) |  (L/img) . (L/mg)

pH 2.058 0.465 0.360 0.996 2.908 2.460 0.953
Initial conc. 3.82 (mg/L) | 3.263 0.003 0.988 0.997 3.405 3.067 0.947
Size (mm) 0.992 0.001 0.996 0.986 9.160 3.951 0.991
Dose (9) 2.289 2.152 0.109 0.988 2.893 1.189 0.931
Temperature, °C 5.456 3.889 0.063 0.983 1.184 6.885 0.999

Table (2): Comparison of isotherm parameters obtained for the removal of AV19 on HES.

Langmuir Parameters Freundlich Parameters
Parameters (max Kix10
(mg/g) (L/img) Ru R2 Kr (L/g) n R2
pH 0.952 0.266 0.496 | 0.994 1.988 2.424 0.936
Initial conc. 3.82 (mg/L) 0.002 0.556 0.320 | 0.997 1.562 2.266 0.948
Size (mm) 2.769 0.001 0.998 | 0.983 9.490 2.993 0.994
Dose (g) 0.896 0.410 0.399 | 0.993 3.017 1.148 0.992
Temperature, °C 1.867 2.707 0.088 | 0.988 1.703 1.103 0.985

3.9. Adsorption Kinetics Studies

The kinetic factors that needed to explain
the rate of the process of adsorption, give us valuable
information about its modelling and designing.
Several kinetic models are applied for the studying
of the adsorption process kinetics as pseudo of the
first, second order kinetic and intra-particle model of
diffusion were applied for the experimental data
with  different pH, different initial dye
concentrations, different doses, various particle
sizes and different temperatures for AV19.The
adsorption kinetic models as Pseudo-first-order
kinetic model, Pseudo-second-order kinetic model
and Intra-particle diffusion model were studied. ge
(mg.gh) is equilibrium dose of AV19 that adsorbed; gt
(mg.gt) is the AV19 dose that adsorbed at time t; k;
(min'Y), k2 (g.(mg. min)™) and Kin: (Mg.(g.min®%)1) are
the rate constants of the pseudo first-order, pseudo-
second-order and intra-particle diffusion models,
respectively; t (min) is the contact time, The kinetic

Egypt. J. Chem. 65, No. SI:13 (2022)

curves of AV19 adsorption onto CAB and HES are
presented in Figure (10) and the parameters are shown
in Table (3 and 4) for CAB and HES respectively. The
correlation coefficients R? are also confirmed that the
process of adsorption was better fitted by the pseudo-
second order of the kinetic model, indicating that
intra-particle diffusion was not the only rate-limiting
step [34], as consistent with the results of the fits to
the pseudo-second-order kinetic and intra-particle
diffusion models. suggesting that the adsorption
process is indicative of a chemisorption mechanism
[35-37]. Error analysis was carried out by estimating
normalized standard deviations (NSD) and
calculated by equation reported in [29]. As reported
in previous theories, the pseudo of the second order
model is dependent upon the theory that the rate of
the determining step could also bea chemical
sorption including valence forces through the
spreading the electrons among the adsorbate and
adsorbent. [38-40].
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Fig. (10): (a,b) Pseudo-First-order Kinetic, (c-f) Pseudo-Second-order Kinetic and (g-j) Intraparticle
Diffusion Kinetic model for the removal of AV19 at different pH solution and adsorbents dose of CAB and
HES at particle (2.36 and 0.355 mm) with initial AV19 concentration 3.82 mg/L, 30 °C and 60 min.

Egypt. J. Chem. 65, No. SI:13 (2022)



987

Table (3): Kinetic parameters for the adsorption of AV19 on CAB:

Pseudo first order Pseudo second order model !ntrq particle
model diffusion model
Parameters et K_l - , ez K2 , Kin ,
mgig) | N | F [ (morg | (G0 | RSP amg R
pH2 1.889 | 0.063 | 0.930 | 1.837 0.18+ |0.990 | 0.615 0.190 0.858
pH3 2.288 | 0.057 | 0.945 | 2.198 0.379 | 0.990 | 0.580 0.234 0.916
pH4 2.972 | 0.047 | 0.963 | 3.261 0.223 | 0.990 | 0.470 0.370 0.959
pH5 1.510 | 0.055 | 0.963 | 1.568 0.327 | 0.990 | 0.760 0.175 0.928
pH6 1.911 | 0.058 | 0.943 | 1.960 0.319 |0.990 | 0.829 0.214 0.907
pH7 1.483 | 0.119 | 0.966 | 1.825 0.519 | 0.980 | 0.680 0.203 0.943
pHS8 1.907 | 0.056 | 0.947 | 1.817 0.379 | 0.990 | 0.601 0.202 0.931
pHO 1.950 | 0.065 | 0.951 | 1.951 0.224 | 0.990 | 0.832 0.214 0.891
Initial coNC. | 5 939 | 5041 | 0.941 | 6137 | 0022 |0990| 1531 0.378 0.873
mg/L 3.82
7.64 4253 | 0.038 | 0.946 | 6.036 0.015 |0.980 | 1.045 0.491 0.915
11.46 3.782 | 0.036 | 0.961 | 5.469 0.016 |0.980 | 1.543 0.492 0.947
15.28 4.458 | 0.040 | 0.955 | 6.217 0.015 |0.980 | 1.032 0.495 0.911
26.74 3.743 | 0.029 | 0.948 | 5.302 0.008 |0.980 | 1.250 0.500 0.947
Dose,g 025 | 0.852 | 0.034 | 0.955 | 1.213 | 0062 |0.990 | 0.989 0.094 0.931
0.50 0.404 | 0.040 | 0.938 | 0.705 0.271 | 0.990 | 0.435 0.050 0.743
0.75 0.485 | 0.044 | 0.912 | 0.673 0.179 | 0.990 | 0.644 0.050 0.843
1.00 0.322 | 0.044 | 0.943 | 0.434 0.269 | 0.990 | 0.764 0.034 0.875
1.25 0.198 | 0.046 | 0.930 | 0.321 0.677 | 0.990 | 0.766 0.024 0.756
Size, mm 3.20 | 1.304 | 0.651 | 0.909 | 1.740 0.099 | 0.994 | 0843 0.088 0.917
2.36 1.750 | 0.064 | 0.914 | 2.240 0.104 | 0.997 | 0551 0.102 0.885
0.850 1.743 | 0.066 | 0.931 | 1.610 0.104 | 0.996 | 0.643 0.101 0.891
Temfi?r;g”re' 2028 | 0041 | 0.939 | 2.280 | 0050 |0990| 0542 | 0.118 0.929
50 1.542 | 0.045 | 0.933 | 3.181 0.063 |0.990 | 0.464 0.154 0.915
70 2.011 | 0.041 | 0.955 | 3.240 0.050 |0.990 | 0.421 0.161 0.938

3.10. Adsorption Thermodynamic

Knowing the parameters of thermodynamic
offer a great information of the inherent energetic
that related to adsorption. Gibbs free energy changes
(AG°), entropy (AS°), and enthalpy (AH") were
calculated using data from Figure (11), where Kq =
qe/Ce is the distribution coefficient. AH® and AS°®
values were calculated by drawing a plot of In Kqvs
1/T, where T is the temperature in (K), and taking the
slope and intercept from Figure (11). for CAB and
HES then the value of AG° was calculated using the
equation presented in [37]. The results are shown in
Table (5) show a spontaneous and favourable
adsorption process over the entire temperature range
(AG’< 0) in adsorption of AV19 on CAB, the
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positive value of AH" obtained indicated that the dye
adsorption process is an endothermic [41]. The
positive value of AS° proposes an increase within
the randomness at the solid/solution interface take
place at the inner structure of the adsorption of dyes
onto adsorbents [40- 43]. The value of AG’
found during this work suggested that the AV19
adsorption on CAB was a chemisorption process. on
other hand AG® > 0 for AV19 adsorption on HES
suggested that the adsorption was physisorption, the
negative value of AH" obtained showed that the dye
adsorption process in an exothermic. The negative
AS° value suggests the formation of order activated
complex and associated mechanism for the
adsorption this results agreement with [42-45].
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Table (4): Kinetic parameters for the adsorption of AV19 on HES:

Pseudo first order Pseudo second order model !ntrq particle
model diffusion model
Parameters Gt K1 ez K> Kin
¢ (min" | R? © (g /mg R? NSD (9/mg R?
(ma/g) | "y (Ma/D) | i) min)
pH2 2,615 | 0.036 | 0952 | 2750 | 0.015 | 0.998 | 0.501 0.282 0.964
pH3 1.803 | 0.041 | 0930 | 1.660 | 0056 |0.999 | 0.763 0.166 0.951
pH4 1.370 | 0.037 | 0956 | 1.283 | 0.099 |0.998 | 0.902 0.141 0.961
pH5 0.591 | 0.042 | 0.962 | 0556 | 0.123 | 0.099 | 0.965 0.063 0.970
pH6 0.867 | 0.033 | 0918 | 1.018 | 0.022 |0.997 | 0.643 0.086 0.953
pH7 1.015 | 0.038 | 0920 | 0974 | 0063 |0.999 | 0.704 0.107 0.967
pH8 1.973 | 0.033 | 0955 | 2377 | 0011 |0.998 | 0.562 0.210 0.968
pH9 0.991 | 0.031 | 0984 | 1.083 | 0.042 |0.999 | 0.601 0.108 0.975
Initial ConC. | ) 335 | (039 | 0.951 | 1210 | 0062 | 0996 | 0521 0.027 | 0918
mg/L 3.82
7.64 0.530 | 0.036 | 0950 | 0.705 | 0.271 |0.996| 0.535 0.039 0.892
11.46 0.389 | 0.041 | 0.946 | 0.673 | 0.179 |0.983 | 0.611 0.041 0.899
15.28 0.332 | 0052 [ 0.0930| 0434 | 0269 |0.998| 0.734 0.045 0.909
26.74 0.473 | 0.062 | 0977 | 0321 | 0.677 |0.996| 0.852 0.058 0.898
Dose,g 0.25 | 0.169 | 0.034 | 0.955 | 1.148 | 0.082 |0.999 | 0.753 0.073 0.951
0.50 0.544 | 0.040 | 0.938 | 0.705 | 0.109 | 0.998 | 0.423 0.047 0.941
0.75 0.524 | 0.043 | 00912 | 0.655 | 0.134 | 0.986 | 0.553 0.045 0.936
1.00 0.312 | 0.044 | 0943 | 0392 | 0398 |0.993| 0.589 0.027 0.913
1.25 0.355 | 0.045 | 0932 | 0372 | 0.341 |0.989| 0.601 0.025 0.803
S'Seég(‘)m 3274 | 0045 | 0954 | 3557 | 0012 |o0.996| 0.403 0.234 0.906
0.355 3.300 | 0.046 | 0.954 | 4337 | 0.029 |0.999| 0.400 0.250 0.932
0.180 3.058 | 0.063 | 0.879 | 3.389 | 0.024 |0.993| 0.451 0.187 0.914
Temopcergaot“re’ 3250 | 0.044 | 0922 | 3747 | 0019 |[0999| 0.542 0.272 0.921
50 2.824 | 0.039 | 0.966 | 3.463 | 0.022 |0.995| 0.632 0.268 0.945
70 2212 | 0028 [ 0992 | 2.868 | 0013 | 0999 | 0.821 0.251 0.918
6.4~
7.0+
62-
Y -
8.0
€84
58+ [ ]

g "
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Fig. 11(a): The Thermodynamic parameters for the removal of AV19 at different range of temperature with
initial AV19 concentration 3.82 mg/L by adsorbent dose 0.75 g for (a) CAB and (b) HES of particle size (2.36
and 0.355 mm) pH (4 and 2) and 60 min.
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Table (5): Thermodynamic Parameters of AV19
adsorbed on CAB and HES.

Thermodynamic Parameters
Tempf(r:atu re, AG AT AS®
(KJ/mol) | (KJ/mol) | (KJ/mol)
30 -1.938
CAB 50 -2.149 1.274 0.011
70 -2.362
30 26.466
HES 50 28.446 -3.531 0.099
70 30.426

4.Conclusions

The ability of CAB and HES as a bio-waste
adsorbent to remove AV19 from solutions was
examined. Some parameters as pH values, initial dye
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