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Abstract

Glycolic acid, is known as hydroxyl-acetate acid, is a vital chemical compound that have many applications, so, its recovery

process of glycolic acid is mandatory and essential from its source of production, many processes are used to remove glycolic

acid from its aqueous solution. In this article, adsorption process is applied via using grape leaf residues (GLR) as adsorbent.

Thermodynamic and kinetic studies were applied to prove the optimal conditions of adsorption process.

Keywords:.Glycolic acid, Grape leaf residues, Adsorption, Thermodynamic and kinetic studies.

1. Introduction

As a result of scientific and technological
progress, one of the hazards that the global suffers
from today is environmental pollution (water, soil,
and air) [1-3]. Organic pollutants are widespread in
the environment and directly led to adverse
harmfulness effects, such as birth defects,
dermatitis, emphysema, fertility problems, heart
disease, kidney diseases, endocrine disruption, or
even cancers [4]. Thus, many methods were used to
remove these pollutants such as adsorption,
oxidation, filtration, precipitation, electrochemical
treatment, photochemical and irradiation methods.
Each of these conventional techniques has some
problems that delay its use, these obstacles may be
represented by the need to provide high material

and human capabilities [5, 6].

Recovery process of glycolic acid is
mandatory and essential from its source of
production and there are many technologies that
used for recovery such as reactive extraction,
adsorption, reverse osmosis, electro-dialysis etc.[7-
9] Among these technologies, there is adsorption
technology that employed in waste water treatment
for recovery certain vital products such as glycolic
acid. [10] Also, adsorption of glycolic acid from
aqueous solutions has been studied using many
materials such as fly ash residues [11], adsorption
resins (HPD 950, HPD 450 [12], and AB-8), and
metallic surfaces [13].

There are three types of Adsorbents
a. Oxygen containing compounds (zeolite

and silica gel)
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b. Carbon based compounds (activated
carbon and graphite)
c. Polymer based compounds (porous
polymer matrix)

Besides, glycolic acid, is known as hydroxyl-acetate
acid (GA, a-hydroxy acid), is the most used acid in
treatment in chemical peels, facial treatment, as key
ingredients in skin care products; creams, cleansers,
toners, peels and exfoliates. Also, it reduces acne
scaring, wrinkles, and hyper-pigmentations.[14-16]
It can be prepared, example by reaction of carbon
monoxide with formaldehyde, preferably in the
presence of water.[17, 18]
Also, glycolic acid is as additives for ink and paint
in order to improve flow properties, is often
included into emulsion, solvents, polymers, and
impart gloss. Natural sources of glycolic acid
include sugar beets, sugar cane, cantaloupe, pine
apple, and unripe grapes.[19]
In the same manner, adsorption was one of the chief
common approaches used to remove pollutants, it is
characterized by being an easy, safe, and
economical method, and it does not require a high
capital or the availability of complex equipment.
[20, 21]

The aim of this article according to above
survey is removal of glycolic acid from its aqueous
solution by using grape leaf residues (GLR) as
adsorbent. In order to attain the highest percentage
of the adsorption, diverse conditions like the effect
of concentration of the adsorbate material (glycolic
acid), the effect of the weight of the adsorbent
(GLR), shaking time, the acidity function of the
reaction medium and, the effect of temperature were
studied, a batch way was used in this study.

2. Experimental
2.1. Chemicals

The chemicals used in this study are of high
purity, so no additional purification was performed
on them, and these chemicals were as follows:-

a. 0.1M glycolic acid was prepared.
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b. Sodium hydroxide solution (0.1, 0.01 and
0.001 M)
¢. NaOH was titrated with potassium hydrogen
phthalate in presence of PhPh. indicator to
get NaOH concentration before using to
determine  glycolic acid residues in
adsorption solution.
2.2. Instruments
1- Electric vibrator with water bath and
thermometer (company Nuve).
2- Electrical  conductivity — meter  type
(company Hana).
3-  pH-meter type (company Denver) .
2.3. Preparation of adsorbent

Grape leaves are characterized by their high
moisture content, it is dried in an electric oven at a
temperature of 313 K for 34 hours, then it was
ground using an electric grinding machine, the layer
comprising very small grains of grape leaves is
separated from the other layers using very fine
sieves designated for this purpose, and store in a
place free of moisture (by using desiccants).
2.4. Preparation of Solutions:

1- Glycolic acid (0.1 M, 1lit) was prepared
by dissolving a certain weight of the acid
in the distilled deionized water, to afford
various concentrations.

2- To calculate the residual concentration
from glycolic acid a standard solution of
sodium hydroxide (0.1 M) was prepared,
this secondary standard solution was
calibrated with a primary standard
potassium hydrogen phthalate (KHP)
solution using phenolphthalein indicator.

3- The acidity of the solution was controlled
by using hydrochloric acid and sodium
hydroxide solutions.

3. Results and Discussion
3.1. Adsorption Optimal conditions
To have the net adsorption optimal conditions,

concentration weight of the adsorbent were studied
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together with acidity function of reaction medium
and impact of temperature.

A. GA ideal concentration had been obtained
with higher adsorption ratio via preparation of
several concentrations of GA

(0.001,0.003,0.005,0.007,0.009,0.015) M with

stabilization of other practical conditions.

The highest percentage of adsorption process

was at 0.009M of GA, from table 1, at

0.015M, that adsorption percentage begins to
be stable (64 %) the reason for this is due to

a decrease in the free adsorption sites located

on the surface of GLR, as the glycolic acid

molecules occupied all the adsorption sites on

the surface [22, 23].

Figure 3B, higher the concentration of

glycolic acid leads to adsorption capacity as

increase in concentration which means an
increase in GA ratio that will move towards

the adsorbing surface [23].
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Fig.3. The relationship between the initial
concentration of glycolic acid and (A) percentage of
the adsorption process, (B) adsorption capacity,
other experiment conditions remained without any
change [weight of adsorbent (1.5) g GLR, the
shaking time is equal to 75 minute, pH=2.5 (natural)

and temperature 293K].

Table 1: Changing the percentage of the adsorption glycolic acid, adsorption capacity, equilibrium constant,

conductivity, and acidity function with changing the concentration of glycolic acid, other experiment conditions

remained without any change.

Cond. (pohm™) pH
Conc. Qe
Adsorp (%) Kads. Before
(M) (mg/g) After adsorp. | Before adsorp. | After adsorp.
adsorp.
0.001 20 0.0005 | 0.25 0.09 0.2 3.515 4.870
0.003 23 0.00017 | 0.30 0.16 0.2 3.322 4.296
0.005 28 0.00035 | 0.38 0.22 0.3 3.240 4.074
0.007 42 0.00075 | 0.75 0.26 0.3 3.173 3.896
0.009 64 0.0017 | 1.30 0.27 0.3 3.122 3.714
0.015 64 0.0028 | 3.00 0.30 0.4 2.996 3.491

qe refers to the adsorption capacity (mg/g) which is calculated from the equation (1).

Qe =(Ci—-Ce)*V/I W ..

(1)

The symbol (Ci) represents the initial

concentration of glycolic acid (mol/ L), and (Ce)
indicates the concentration of the solution after a

certain time has passed, (V) is the volume of the

Egypt. J. Chem. 65, No. 6 (2022)

glycolic acid solution,(W) refers to the weight of
the adsorbent material [25,26].
B. The electrical conductivity gradually increase
with  increasing concentration, due to
increment of GA concentration and number of

ionized molecules which cause occurrence of
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electrical conduction due to their movement
towards the adsorbing surface and their
stability on it, which mean the electrostatic
interferences decreases due to the increase in
the distance between the ions in the solution
(un adsorbed).
The results in table (1) show that the higher
the concentration, due to dissociation of GA
to minimize pH values for the solution, to be
acidic medium. An increase in the pH values
of the solution is observed after adsorption,
due to the adsorption of some hydrogen ions
on the surface of GLR [24].
Table 2: Changing the percentage of the adsorption
glycolic acid with changing the weight of adsorbent,
other experiment conditions remained without any
change [0.009 M glycolic acid, shaking time is
equal to 75 minute, pH= 25 (natural), and

temperature 293K].
Weight of adsorbent Adsorption
substance (g) (%)
0.5GLR 45
0.8 GLR 55
1.0GLR 64
0.2 GLR + 0.8 charcoal 95
0.3 GLR + 0.7 charcoal 91
0.4 GLR + 0.6 charcoal 86
0.5 GLR + 0.5 charcoal 83
0.6 GLR + 0.4 charcoal 82
0.7 GLR + 0.3 charcoal 73
0.8 GLR + 0.2 charcoal 56

C. Impact of weight of the adsorbent material.
Increase of grape leaf residues (GLR) as an
adsorbent material is accompanied by an
increase of adsorption percentage. At 0.5g
GLR, adsorption process is 46 %, at 0.8g
GLR adsorption was 55 % and adsorption
was at 64 % as equilibrium state, when 1g of
adsorbent is used (Table 2).

In another way, a mixture of GLR and
charcoal with different weight ratios was
used to increase adsorption efficiency. At

0.2 g GLR with 0.8 g charcoal; adsorption
percentage was 95 %. This is because of
presence of charcoal. So, the optimal weight
isat 1g (0.3 GLR + 0.7 charcoal) (Table 2).

D. Impact of shaking time.

The shaking time greatly affect the
adsorption process so, at different times (2, 5,
10, 15, 30, 45, 60, 75 and 90 minute), the
percentage of GA adsorption towards the
surface of GLR is very high (26 % at a time
of 2 minute), due to presence of free active
sites on the surface of GLR until arriving at
the equilibrium stage (the percentage of
adsorption process equal 63 % and 64 % at
time 75 and 90 minute) where the percentage
of the adsorption process remains constant no
matter how long the shaking time is because
all the free sites located on the surface of
GLR are associate with the glycolic acid

molecules (Table 3).

Table 3: Changing the percentage of the adsorption
glycolic acid, adsorption capacity with changing the
shaking time, other experiment conditions
remained without any change [ 0.009 M glycolic
acid, weight of adsorbent (1)g GLR, pH =25
(natural) and temperature 293K].

shaking Time | Adsorption (o]}

(minute) (%) (mg.g?)
2 26 0.000120

5 34 0.000155

10 36 0.000165

15 42 0.000190

30 44 0.000200

45 51 0.000230

60 55 0.000250

75 63 0.000285

90 64 0.00030

Egypt. J. Chem. 65 No. 6 (2022)
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Fig.4. Changing the percentage of the adsorption
glycolic acid (A), adsorption capacity (B) with
changing the shaking time.

E. Acidity of the reaction medium.

The type of medium is effective factor on
adsorption process. So, at various acid
concentrations [2.5, 4. 5, 7, 10], by using 0.2
N HCl and 0.2 N NaOH.

Adsorption percentage is small at lower pH,
and increase with increase of pH, this is
because of acidic medium which leads to
adding hydrogen ions to the reaction medium
to bind to the active sites on the surface of
GLR as competitor to glycolic acid molecule.
The percentage of adsorption is high (80 % at
pH=4.5) with lower of un-adsorbed GA
residual (20 %), therefore it is not possible to

apply the mathematical equations for

Egypt. J. Chem. 65, No. 6 (2022)

research because the application of these
equations requires the presence of the value
of the residual concentration, for this reason,
this study has been completed at the natural
acidity function since the percentage of the
adsorption process is equals (65 %) and the
percentage of the remaining glycolic acid in
the solution is (35 %) thus it becomes
possible to apply mathematical equations and
complete the calculations for the research.
Table 4. Changing the percentage of the adsorption
glycolic acid with changing the acidity function for
the reaction medium, other experiment conditions
remained without any change [ 0.009 M glycolic
acid, weight of adsorbent (1) g GLR, shaking time

is equal to 90 minute, and temperature 293K].

pH Adsorption (% )
2.5 ( natural) 65

4.5 80

7.0 89

10 96

F. Impact of temperature.

Optimum temperature is important factor
in adsorption. So, thermodynamic functions
(AH,AS,AG) were measured with different
temperature (288, 293, 303, 308, 313, 318,
and 323K) with stabilization of other factors.

GA adsorption is 64% as increases as
temperature at 288K then it gradually
decreases with increasing temperature until
arriving 23% at 323K, due to breakdown of
bonds between GA and GLR as adsorbent
(Table 5).[25]
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Table 5. Changing the percentage of the adsorption glycolic acid, conductivity, and acidity function with

changing the temperature for the reaction, other experiment conditions remained without any change [0.009 M

glycolic acid, weight of adsorbent (1) g GLR, shaking time is equal to 90 minute ,and at a natural acidity
function (pH=2.5)].

Cond. (pohm™) pH
Adsorp.
Temp. (K) Before Before
(%) After adsorp. After adsorp.

adsorp. adsorp.
288 64 0.1 0.7 3.330 4.962
293 63 0.2 0.7 3.320 4.866
298 51 0.2 0.8 3.203 4.819
303 44 0.2 0.8 3.186 4.800
308 38 0.2 0.8 3.180 4.797
313 35 0.2 0.9 3.172 4.673
318 27 0.3 0.9 3.132 4.639
323 23 0.3 0.9 3.096 4.581

Also, electrical conductivity gradually increase with
raising the temperature, due to breaking of bonds
that leads to free ions in the solution, which leads to
an increase in the electrical conductivity values.

G. Acidity function of the solution supports
electrical conductivity, at higher temperature
with lower pH due to increase GA
dissociation that causes increase of hydrogen
ions and increase in pH is observed after
occurrence of adsorption due to the
adsorption of the free hydrogen ions present
inside the solution on the surface of GLR
[25]

Adsorption (%)

Temperature (K®)

285 290 295 300 305 310 315 320 325

Fig.5. Effect of temperature on adsorption
3.2. Thermodynamic study
The thermodynamic study gives complete
information about the nature of the reaction. Via the
following equations
In ke= - AH / RT + In k.....Q2) (Vant’t Hoff
equation).

Egypt. J. Chem. 65 No. 6 (2022)

AG=-RT In ke ....(3)

AG=AH-TAS ....(4)

keg (mg.gm™) represent the equilibrium constant
which calculates from the equation (5).

Keg = Cags / Ce .... (5)

Cass . Ce (mg / L) are the concentrations at the
equilibrium state for glycolic acid on the GLR and
in the solution.

AH (kJ.mol?) indicates the change in enthalpy
value for the reaction, AS (kJ.mol?) refers to the
change in the value of enthalpy, AG (kJ.mol?)
represents the change in the value of Gibbs energy
for the reaction, T (K) is the reaction temperature, R
(8.314 J.mol*K?) expresses the gas constant, k.
refers to a constant value.

The value of AH is obtained by drawing a linear
Van’t Hoff equation since the slope of this

relationship represents the value of AH, as shown in
Fig. (6).

1/T
y = 4691.9x - 15.659
R? = 0.9928

Ink

Fig.6. Application of the Van’t Hoff equation to
study the adsorption of glycolic acid by GLR.
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AH is negative that means GA adsorption is an
exothermic process, due to formation of bonds
between GLR and GA which leads increase of
temperature (table 6).

Table 6. The values of thermodynamic parameters
AG, AH, and AS for the adsorption of glycolic acid

on the surface of GLR.

Temp. AG AH AS
(K) (kJ/mole) | (kJ/mole) | (kJ/mole)
288 -1.4239 -39.2 -0.130
293 -0.9877 -0.130
298 -0.1100 -0.131
303 +0.5621 -0.131
308 +1.1576 -0.131
313 +1.5477 -0.131
318 +2.5263 -0.131
323 +3.1949 -0.133

AG in the range (288-298)K are negative values,
which indicates that the process of adsorption of
glycolic acid on GLR is spontaneity process, these
values change to positive in the range (303-323)K
which refers to that the adsorption process is not
spontaneity at this range of temperatures. This is
attributed to the difference in the type of the bonds
formed between the GA material and the adsorbent
surface, the formed bonds in the range (288-298) K
are physical, and since the physical bonds do not
require high energy, so these bonds can form
automatically, the adsorption, in this case, is called
physical adsorption. After that and as a result of the
high temperature for the reaction medium (303-323)
K some of the physical bonds will be changed to the
chemical bonds, as the process of forming chemical
bonds is an endothermic process, meaning that the
reaction medium must be provided with additional
energy in order to form these bonds. For this reason,
AG will be changed to positive, and the adsorption

is known in this case as chemical adsorption [24].
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The movement of glycolic acid from the
solution and its attachment to the surface of GLR
led to a decrease in the randomness of the system,
therefore AS has a negative sign [26].

3.3. Kinetic study

This study was conducted by using first-order
pseudo and second-order pseudo sample which can
be represented by the equations (6) and (7) [27].
Log(ge-qi) = Log ge — (k1/2.303) % .... (6) (pseudo-
first-order equation)
ge and q: (mg/g) represent the adsorption capacity
of glycolic acid on the GLR at equilibrium state and
at a certain time(min), ki is the rate constant(min™?).
The value of the theoretical adsorption capacity was
calculated for the adsorption process, as it is equal
to (0.000183) mg.g? and the experimental value is
(0.00029) mg.g* as the difference between them is
about (0.000107) units, the value of the rate
constant was also calculated (k = 0.0297087) min-..
when notice Fig. (7,A) it appears that it has a high
correlation coefficient value (R? = 0.9077) (Figure
7.

Another model was used in conducting this study
is the pseudo-second-order model which can be
represented by the equation (7) [27].
t/q=1Ukaqg? + (/) *t ...(7)

The adsorption capacity at the equilibrium
state can be represented by the symbol (q.) (mg/g),
while it can represent the adsorption capacity at a
certain time by using the symbol (q:), the symbol
(k2) (g/mg.min) indicates the value of the rate
constant for the reaction from pseudo-second-order.

The above equation was used in calculating the
values of (ge) and (kz), drawing (t /q:) versus (t)
will give a linear relationship, the value of (qge) is
calculating from the slope while the intercept for
this relationship is equal to the value of the rate
constant (kz), note Fig. (7, B).
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Fig.7. The kinetic model from pseudo-first-order
(A) and pseudo-second-order (B) for the adsorption
of glycolic acid on the GLR, the experimental
conditions are (0.009)M glycolic acid, weight of
adsorbent (1) g GLR, shaking time is equal to 90
min., pH = 2.5 (natural acidity function), and
temperature 288K.

The theoretical adsorption capacity according to this
model is (0.00030) mg.g*, while the experimental
adsorption capacity value is (0.00029) mg.g?, the
difference between them is very small (0.00001).
The rate constant for the adsorption process is also
calculated (k= 370 min™), it is clear from Fig.(7,B)
that it has a high correlation coefficient (R?

0.9755).

From all these results, it can be arrive at an

important fact, which is that the pseudo-second-

order model is the most compatible model with this
study, and there are many scientific studies that
agree with these results [28, 29].
3.4. Adsorption Isotherms

Two isotherm models, Langmuir and
Freundlich were fitted to the experimental data of
adsorption .The thermodynamic Function (AH, AG,
AS)are estimated. The results of the thermodynamic
study showed that the forces controlling the
adsorption process of the systems under considerate
are physical in nature. The adsorption process are
exothermic, occur spontaneously in the direction of
connecting the dye to the clay surface, and forming
less random system.[30, 31]
Cel/Qe=1/b.qmax + Ce/ Qmax .... (8)
(gmax) represents the highest value of adsorption
capacity (mg/g), the amount of material adsorbed on
the adsorbent surface can be expressed using the
symbol (qey (Mg/g), (Ce) is the concentration at the
equilibrium state (mg/L), (b) = Langmuir constant
(L/mg) [34].
The Freundlich equation can be expressed as
follows[33,41,42].
Logge=logke+1/nlogC. ....

(k)
(mg/g)(adsorption capacity),

(€))

represent a constant value

the surface which
containing active sites unequal in the energy is
represented by the symbol (1/n), and (n) is a
constant value (adsorption intensity) represents the
the surface

number of adsorbed

[33,41,42].

layers on

Table 7. Change the values of the Langmuir constants with temperature, the experimental conditions is (0.009

M) glycolic acid, weight of adsorbent (1) g GLR, shaking time is equal to 90 minute, and pH = 2.5 (natural

acidity function).

Temp. Omax b ke R?
(K) (mg.g")  (L/mg)  (L/mg)
288 0.000814 42 0.0341  0.9622
293 0.000364 55 0.0200  0.9407
298 0.000352 57 0.0200  0.9191
303 0.000279 63 0.0175  0.9773
308 0.000277 112 00310 0.9725

Egypt. J. Chem. 65 No. 6 (2022)
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Fig.8. Drawing the Langmuir equation for the adsorption of glycolic acid by GLR.

Table 8. Separation factor (R.) with temperatures and concentrations, weight of adsorbent (1) g GLR, shaking time

is equal to 90 minute , and pH = 2.5 (natural acidity function).

RL
Temp.(K)
Conc.
288 293 298 303 308

0.001 0.959 0.947 0.946 0.940 0.899
0.003 0.888 0.858 0.853 0.841 0.748
0.005 0.826 0.784 0.778 0.760 0.641
0.007 0.772 0.722 0.714 0.693 0.560
0.009 0.725 0.668 0.660 0.638 0.498
0.015 0.613 0.547 0.539 0.514 0.373
0.025 0.487 0.421 0.412 0.388 0.263

Egypt. J. Chem. 65, No. 6 (2022)
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(Kv) represent a constant value called the Langmuir
constant (L/mg),which can be calculated from the
equation(10) [27].

KL= Omax * b .... (10)

It is clear from table (7) that the values of
(gmax) gradually decrease with the increase in
temperature and that this is a natural result agree with
the fact that the reaction is exothermic (AH= - value)
as increasing the temperature means an increase in
the kinetic energy present in the adsorbed material,
which leads to the breaking of the bond that binds the
glycolic acid with GLR[31].
The Langmuir model may be suitable for application
in certain cases, and in other cases, it may not be
suitable for the application. The thing which
determines this is the separation factor (R.), which
can be calculated from the equation (11).
RL=1/1+bCi .....(11)
The symbol (Ci) represents the concentration of the
adsorbate material at the beginning of the reaction,
(b) represent Lamgmuir constant.[32].

There are several ranges for the value of the
separation factor (R.) each one from these ranges has
a specific interpretation, it can be said that the
Langmuir models fit the current study when the value
of the separation factor is equal (1), and in the case
that the value of the separation factor is very large
(R.>> 1) which indicates that it is not possible to
apply the Langmuir model to this study, and there are
some cases in which the value of the separation factor
may be low (R < 1), in this case, the Langmuir model
can be used to apply to this study [32].

It is clear from the values of the separation factor
in table (8) that despite the different temperatures and

the difference in concentrations, all the values of (R.)

are characterized by being less than (1), this indicates
that there is a fit between the Langmuir model and
the practical results in this study [33].

Table 9: Freundlich constants with temperature, the
experimental conditions is (0.009) M glycolic acid,
weight of adsorbent (1) g GLR, shaking time is equal
to 90 minute, and pH = 2.5 (natural acidity function).

Freundlich isotherm constants

Temp.
(K)

Kr 1/n n R?

288 0.0022 | 0.7053 | 1.417 | 0.9987

293 0.0038 | 0.7483 | 1.336 | 0.0075

298 0.0040 | 0.7562 | 1.322 | 0.9971

303 0.0078 | 0.8960 | 1.116 | 0.9655

308 0.0093 | 0.9144 | 1.093 | 0.9300

Egypt. J. Chem. 65 No. 6 (2022)

When notice the values of (n) in the above table, it
turns out that they are greater than (1) indicating that
the bonds formed between the glycolic acid and
GLR are bonds of a physical nature [32]. The values
of (1/n) are higher than (0.1) and less than (1),
which indicates the adsorption of glycolic acid on
the surface of GLR is preferred [33-35].

One of the most important conclusions which reached
from the above information is the possibility of using
both the Langmuir and Freundlich isotherms in
studying the adsorption of glycolic acid on the
surface of GLR. This is in agreement with previous
studies[36,37].

3.5. Nature of the adsorption by calculating the
propability of sticking and apparent
activation energy.

The sticking probability refers to the extent to
which the adsorbate is bound to the adsorbent surface

so that a layer of adsorbate material is formed that
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Fig.9. Drawing the Freundlich equation for the
adsorption of glycolic acid by GLR.
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surrounds the surface of the adsorbent material [32].
This study is one of the important studies in
adsorption because it provides important information
about the nature of the adsorption process, such as
identifying the thermodynamic behavior  of
adsorption, whether it is an endothermic or an
exothermic, and knowing the type of bond which
formed between the adsorbate and the adsorbent [26].
There is a special equation for this study known as
the developed Arrhenius equation which is written as

shown below.[38]

In (1-0)=1InS" - Ea/RT ....(12)

The symbol (©) expresses the amount of the
adsorbate that will cover a percentage of the surface
for the adsorbent material (GLR), the sticking
probability can be indicated by using the symbol (S"),
while (Ea) represents the apparent activation energy
(kJ.mol ), (R) is the gas constant (8.314 J.mol*K™?,
and (T) is the absolute temperature for the adsorption
(K).

plotting the x-axis (1/T) versus y-axis [In(1-O)]
for the above equation will give a linear relationship,
the intercept for this relationship can be used to
calculate the value of sticking probability (S*), while

the value of the (Ea) is calculated from the slope [38].

There are several probabilities for the value of (S9).
The first is when (S™>1) that is mean the adsorbate
does not stick to the adsorbent surface. The second
probability is (S'=1) which refers to that the
adsorption process takes place and depending on the

presence of chemical and physical bonds. While the
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third probability is (S=0) which is a sign of the
presence of the chemical bonds linking the adsorbate
material with the adsorbent surface, and the chemical
bonds are strong comparing with the physical, and
that makes the adsorption process continues for a
long period of time. The last possibility is (0< S"<1)
indicates that the probability of sticking the adsorbate
material to the adsorbent surface is high and that the
bonds connecting them are of a physical nature [39-
40].

The temperature greatly affects the value of (S
[40-41], and in order to know how temperature
affects the sticking probability of glycolic acid to the
surface of GLR, the sticking probability has been
studied at a range of temperature (288-323 K), the
obtained results showed that the sticking probability
value is (S"= 0.0562) which indicates that the sticking
probability of glycolic acid to the surface of GLR is
big [42]. The apparent activation energy was
calculated for this study (Ea = - 6.409 kJ.mol%), this
value will lead to arrive at two conclusions, the first
is that the sign of the apparent activation energy is
negative which means that the adsorption of glycolic
acid on the surface of GLR is an exothermic process,
the proof for the correctness of this value is that it
matches with the negative enthalpy change sign (AH
= - value) which was calculated from the

thermodynamic study.

The second conclusion is that although the process of
adsorption of glycolic acid on the surface of GLR is
done through the formation of physical and chemical
bonds (the chemical bonds form in some cases and at
high temperatures), the percentage of the physical
bonds is higher than the chemical bonds, and
evidence of this is the value of apparent activation
energy is (Ea < 40 kJ.mol?) [41,43].

Egypt. J. Chem. 65 No. 6 (2022)

TABLE 10. The values of the x-axis (1/T) and y-axis
[Ln(1-©)] of the developed Arrhenius equation

which was calculated at various temperatures.

Temp.( K) 1/T Ln (1-6)
288 0.00347 -0.209
293 0.00341 -0.244
298 0.00335 -0.303
303 0.00330 -0.327
308 0.00324 -0.367
313 0.00319 -0.412
318 0.00314 -0.470
323 0.00309 -0.497
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Fig.10. Drawing the x-axis (1/T) versus y-axis [In(1-

O)] for the developed Arrhenius equation.

Conclusion

From pervious results in this article, it can be
concluded that grape leaf residues can be used in
removing glycolic acid from aqueous solutions.
Optimum conditions are use of (0.009M) glycolic
acid, weight of the adsorbent material is (0.2 g GLR
+ 0.8 g charcoal), and shaking time is 90 minute, the
percentage of the adsorption process increases at a
high acidity function and using 288 K. Also, The

thermodynamic study showed that the adsorption
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process is exothermic (AH = -39.2 kJ.mol?),
spontaneous at the range of temperature (288-298 K)
and the adsorption of glycolic acid causes a decrease
in the randomness of the adsorption system.

Also, kinetic study of pseudo-second-order model is
more in agreement with the experimental results and
isotherms indicates the possibility of using both
Langmuir and Freundlich models to express the
adsorption system.

Sticking probability of glycolic acid to the surface of
GLR is big (0.0562) and the general character of the
bonds formed in the adsorption process is that they

are physical.
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