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Abstract

The present study deals with the adsorption of

glycolic acid (GA) from aqueous solutions by using a mixture of

adsorbents of clay and charcoal. Recovery process depends on contaminated water obtained from scientific research
laboratories and drug manufacturing plants, with adsorption technology via using activated carbon adsorbent with a new
natural adsorbent that collected from dust storms. Thermodynamic parameters (-AG, -AH and -AS) and the isotherms were
correlated with a model based on the principle of phase equilibrium.
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1. Introduction

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.[1-3] It can be prepared, example by
reaction of carbon monoxide with formaldehyde,
preferably in the presence of water.[4, 5]

GA is good intermediate in organic reactions such
as esterification, oxidation-reductions, in dental
field, is used as a monomer in the preparation of
poly-glycolic acid, and long chain
polymerization.[6-8]GA is used in the textile
industry as a dyeing and tanning agent, in food
processing as a flavoring agent and as a
preservative.[9, 10] GA 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 GA include sugar
beets, sugar cane, cantaloupe, pine apple, and
unripe grapes.[11]
Recovery process of GA 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.[10, 12, 13] Among these technologies,
there is adsorption technology that employed in
waste water treatment for recovery certain vital
products such as GA. [14] Also, adsorption of
glycolic acid from aqueous solutions has been
studied using many materials such as fly ash
residues [15], adsorption resins (HPD 950, HPD
450 [16], and AB-8), and metallic surfaces [17].
There are three types of Adsorbents

a. Oxygen containing compounds (zeolite

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

Although synthetic polymeric and silica based
adsorbents are used for waste water adsorption but
since they are costly, cheap adsorbents such as
activated charcoal, bagasse fly ash (BFA), tea
waste etc. are gaining attractiveness in advanced
wastewater treatment.
Glycolic acid has acidic and alcoholic properties,
the hydroxyl group has strong electronegativity
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©

which leads to electronic interference from the
hydrogen of the carboxyl group, GA is polar that
forms hydrogen bonding with other molecules. The
losing of hydrogen ion by ionization leads to
stability for acidic molecules by anion resonance,
the alcoholic (OH) as electron-donating group
decrease acidity of carboxylic group, the carboxylic
acid can donate hydrogen ion more easily than
hydrogen in alcohol (Figure 1).[18, 19]

0]

The stability of anion by resonance is more than the stability of acid by resonance

Figure 1: Resonance stability of GA

The aim of our work is to study glycolic acid
adsorption from contaminated water obtained from
scientific  research  laboratories and  drug
manufacturing plants, with adsorption technology
via using activated carbon adsorbent with a new
natural adsorbent that collected from dust storms,
and study influencing factors and identifying
adsorption type on the sand surface.

2. Experimental
2.1. Materials And Method
2.1.1. Chemicals,
All chemicals were obtained from international
companies (Fluka and BDH).and they were
used without further purification (Glycolic acid,
Sodium  hydroxide, Potassium  hydrogen
phthalate, Ph.Ph. indicator, Activated carbon).
2.1.2. Instruments
Electrical  conductivity —meter (Company
HANA), pH-meter (Company DENVER),
Electrical shaker, water path (Company niive)
and thermometer.
2.1.3. Solutions Preparations
a. 0.1M glycolic acid was prepared.
b. Sodium hydroxide solution (0.1, 0.01 and
0.001 M)
c. NaOH was titrated with potassium hydrogen
phthalate in presence of PhPh. indicator to
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get NaOH concentration before using to
determine glycolic acid residues in
adsorption solution.
2.1.4. The adsorbent material
a. Adsorbent material is a new clay that was
collected from the sand storm that arrived
in Mosul city using plastic utensils with
60 cm.

b. The new clay contains several metal
oxides considered the active side because
being have negative charges facilitated
the adsorption of positive ions on it.

C. The metal oxides are present in different
percentages in the clay as shown in the
table (1).

d. The surface area of clay was calculated
which arrive in 3434cm?/g by using
instruments (Plaine) in a technical institute
of Mosul.

€. A sieving process was performed for clay
using a sieve 75 um and the components
of clay was calculated by using X-ray
appearance type (PAN analytical 7602
EA, Almelo) in the Padush cement
factory.

f. Activated carbon was used as the
adsorbent material in this study.
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TABLE 1.The Components of a New Clay with Oxides %.

The oxide
SO;
FeOs
MgO
Al,O3
SiO;
CaOo

3. Results and iscussion

We used an adsorbent mixture of clay and activated

carbon (clay contains some metal oxides as active

sites), the liquid phase is water which contains acid

ions of positive and negative charges in the

adsorption system.

Adsorption process occurs in two steps,

a. The adsorption begins by transferring

positive ions or water to clay surface to be
a positive surface

Percentage
0.48 %
1.89 %
347 %
5.91 %
19.71 %
37.36 %

MOH + H* — M-OH;" ...... (2)

b. Acid anions had been adsorbed on clay

surface
Carboxylic acid anions (RL") reacts with metallic
oxides on the surface of the clay by chemical or
physical adsorption.[20, 21]
M-OH,* + RL™ — =M-OH;* ---- RL ... (3)
The solvent water interacts and interferes

with acid anions by forming hydrogen bonds,
especially in concentrated solutions. The ions in the
solution move towards the adsorbent surface with

MO~ + H,O — M-OH ...... (1) MO ~ (Metal arrangement (Figure 2).[22-24]
oxide surface)
- i e
tve and+ velons + Solid phase (caly)
. . - " H,0 - [Metal oxide]
unionized molecules for acid Acidic anions -t + -
+ - |t Hyions -
H,0 (solved (solution) - e
Liquid phase

N -

Mobile layer

(Sationary layer) non-mobile layer

Figure 2: The stages of occurrence of absorption within the solution

On the other hand, the adsorption of acid molecules
and ions of activated carbon is through the
presence of pores in it which are non-polar, which
makes the adsorption process to a large extent
dependent on the nature of the pore structures in
it.[25]

The titration method is used in our study
calculate GA residual concentration the adsorption
process. The favour concentration range is 0.01-
0.05 M (i.e. we didn’t use spectrophotometric
methods to get residual concentration because to
higher absorbance value and it is outside the scale
of absorbance in this technique).
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Also, dilute GA leads to unacceptable
adsorption  efficiency (very low adsorption
percentage). So, we use standard sodium hydroxide
solution to determine the concentration of GA
solution after adsorption by titration method.

3.1. Factors Affecting on Adsorption Process

a) Adsorbent Weight

The relation between adsorbent weights
and adsorption process is proportional due to
increasing inactive sites on the surface, two
adsorbents had been used (clay and activated
carbon).The use of similar and different weights of
them gives a high percentage of adsorption (Table
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2). Using clay alone leads to 96%adsorption
efficiency due to presence of metal oxides while
using activated carbon alone gives 68% adsorption

efficiency. So, clay is better adsorbent than
themixture of clay and activated carbon with the
best weight of 0.4g (Table 2).

TABLE 2. The Relation Between The Weight of Adsorbent Substance and Percentage Adsorption at (0.01) M
of Glycolic Acid, Contact Time (30) min. , at a Natural Acidity Function and 25 C’.

Weight of Adsorbent Substance (g) | Adsorption efficiency (%)
0.4 g clay 96
0.4 g activated carbon 68
(0.2 g clay+ 0.2 g activated carbon) 76

(0.4 g clay+ 0.4 g activated carbon) 76 (Favour weight %)

(0.5 g clay+ 0.5 g activated carbon) 84
(0.8 g clay+ 0.8 g activated carbon) 76
(0.5 g clay+ 1 g activated carbon) 80
(1 g clay+ 0.5 g activated carbon) 84

b) Glycolic Acid initial Concentration
Initial concentration of glycolic acid
increased at a favourite adsorbent weight and a
natural acidity cause increasing the efficiency
adsorption because of increasing GA ions which
have the ability to adsorption on the surface of a
mixture adsorbent which contains enough active
sites (Table 3).
TABLE 3. Effect of Initial Concentration on

Percentage of Adsorption of Glycolic Acid, Use

(0.4g Clay +0.4q activated Carbon), Contact time

(30) min as a Natural Acidity Function, at 25 C".

C(:/r;)c " Kags. Adsorp.%
0.01 5.25 76
0.02 9.00 90
0.03 971 91
0.04 101 91
0.05 104 91

C) Contact Time Effect

The contact time means the presence of
glycolic acid ions in solution contacting with
adsorbent substance to get equilibrium state and
facilitate the kinetic study of the adsorption
process.

At 15 min as initial time, we got a high adsorption
rate (84%) (Table 4). After that, the rate of
adsorption begins to slow down at a contact time
(30-90) min as the adsorption efficiency increase
by only compared to the initial contact time (1-15)
min.

Due to presence of availability of active sites on the
surface, the ions transition easily from solution and
adsorb quickly on the surface with increasing time.
These active sites decreased with time and
competition between ions to adsorb on the surface
will start.

At75 min we get 100 % of adsorption which
means complete adoption glycolic acid ions. The
capacity of adsorption (g:;) increases with time
(Figure 3) at equilibrium state.

TABLE 4. Effect of Contact Time on Adsorption Efficiency at 0.01M Glycolic Acid, (0.4+0.4) gm Charcoal
and Clay, at a Natural Acidity Function and 25 C°.

Time Cads Qe
(min)  (mgll)  (mggd ~UsorP
15 0.0252 0.001575 84
30 0.0272 0.001700 90
45 0.0276 0.001725 92
75 0.030 0.001875 100
90 0.030 0.001875 100
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FIGURE 3. Effect The Contact Time on The Adsorption Capacity of Glycolic Acid on The Adsorbent
Substance.

d) Temperature Effect

There is a proportional between
temperature and adsorption process due to
increasing ions collisions in solution to facilitate its
movement with removal of interactions and
association and electrical attraction between ions
and solvent as well as an increase of dissociation of
GA.[22, 23, 26]

A high percentage of adsorption obtained
at 298K" this indicate that the adsorption process is
spontaneous and the efficiency of adsorption
increase with increasing of temperature which
arrived in (86%) at 318K" Studying the adsorption
process at different temperatures helps to determine
the thermodynamic parameters which describe the
nature of the adsorption system, the results listed in
Table (5).

TABLE 5. Effect of Temperature on Adsorption
Percentage, at (0.01)M of Glycolic Acid, Use
(0.4+0.4) gm Clay and Activated Carbon, Contact
Time (30) min. and at a Natural Acidity Function.

Temp.(K") Adsorb. %
298 76
303 78
308 81
313 84
318 86

e) Acidity Function Effect

Acidity function changes nature of surface
charges of the clay and the solution [23, 27] and it
affects the adsorption efficiency. At different
acidity functions, changing of charges affecting the
adsorption process of ions and molecules from
solution to surface by a mean decrease or increase
in the efficiency of adsorption.
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Adsorption process conducted at different
acidity functions, pH = 2.5, 3.006, 7, and 11. At pH
= 2.5 that has a large number of (H*) ions in
solution with getting adsorption efficiency of 73%
(Table 6).

At natural acidity function (pH=3.006) the
efficiency increased to (82%) because the acidity
function increased (ApH=0.5), this means the (H*)
ions in solution decreased continuously, when
arrived to (pHi1) the efficiency equal (89%),
because at (pHzs) there is a further (H*) ions in
solution leads to decreasing the dissociation of
glycolic acid and for these reasons the glycolic acid
anions decreased in the solution because it
converted to glycolic acid molecules by presence of
(H*) ions in solution leads to decreasing the
number of anions to adsorb on the surface of clay
and for this reason decreasing the efficiency of
adsorption with increasing of positive ions (H*) in
solution , at the basic medium these is ions
decrease in solution by conversion to water
molecules, and the number of anions increase in
solution. The presence of different metal oxides in
clay which carry negative charges contribute to
adsorption of (H*) ions and water molecules,
converting the surface of the clay to carrying
positive charges [23-24], helps to adsorption of
anions of glycolic acid which carries negative
charges, as well as the presence of pores in
activated carbon which can be occupied by positive
and negative ions which adsorbed but by a small
percentage compared with clay (Table 2). From all
results obtained we can conclude that using a
natural acidity function is more favourite in the
adsorption process than others. The results listed in
Table (6), which showed that the acidity function
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after adsorption increased because the (H*) ions
contribute to the adsorption process at all acidity

functions, all these results are in good agreement
with the literature[28, 29]

TABLE 6. Values of Percentage Adsorption of Different Acidity Functions, at (0.01)M of Glycolic Acid, Use
(0.4+0.4) gm Clay and Activated Carbon, Contact Time (30) min., and at 25 C".

PH (vefore adsorption) PH (after adsorption) Adsorp.%
2.500 4.10 73
3.006 ( natural acidity function) 6.33 76
7.000 9.02 87
11.000 12.51 89

3.2. Thermodynamic Study
The thermodynamic parameters (AG, AH, AS) were
calculated.

e AG has low negative values with an
increase of temperature, which confirms
that the adsorption process is spontaneous.

e AH has low positive value refers to
endothermic process happened, (AH)
value refers to that a physical adsorption
predominant in this adsorption system

which depends on formation weak
physical bonds between the adsorbate
substance and adsorbent.

e The (AS) has a low positive value indicate
that the ions in solution are more
systematic than ions on the surface
because of using a mixture from the
adsorbent substance (clay+ activated
carbon) which have different reactivity
toward the adsorbate acid (Table 7).[30]

TABLE 7. Thermodynamic Functions for Adsorption Process, at (0.01) M of Glycolic Acid, Use (0.4+0.4) ¢
Clay and Activated Carbon, Contact Time (30) min., and at a Natural Acidity Function.

(KJ/mole)

AH AS
(KJ/mole)

Temp. AG
(K" (KJ/mole)
298 -2.854
303 -3.284
308 -3.766
313 -4.314
318 -4.383

+0.081
+0.081
+0.082
+0.082
+0.081

+ 21.498

3.3. Kinetic Study

Kinetic adsorption is a complex process
different than kinetic ordinary chemical reactions
[31]because the adsorption process passes through
several steps with different activation energies.
Several kinetic models are used to study the
adsorption process such as pseudo-first and second-
order as well as the Elovich kinetic model, which
depends on the capacity of adsorption at
equilibrium state and at times (t) the equation for a
pseudo-first-order model written as follows [32].
Ln(ge—0q0) —Inge=Ki t
The equation for the pseudo-second-order model is.
t/t=1/Kxe? +1/ 0t
Where Ky, K rate constant, t = time.
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When applying the results of adsorption on each
model gives a linear relationship with a high
correlation coefficient, this indicates that these
results are in good agreement with this model. The
applying pseudo-first-order model with the results
gave a theoretical adsorption capacity value lower
than on the experimental adsorption capacity value
(ge) with a high correlation coefficient (R>= 0.971),
Fig. (3) explains the application of pseudo-first-
order model on experimental results, while the
pseudo-second-order model gave a theoretical
adsorption capacity value (ge) close to the
experimental adsorption capacity value (ge) with a
high correlation coefficient, see Fig.(4), the results
listed in Table (8).
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TABLE 8. The Values of Rate Constant, Experimental and Theoretical (ge) for Purdue First and Second-Order
Models,at (0.01) M of Glycolic Acid, Use (0.4+0.4) gm Clay and Activated Carbon, Contact Time (30) min., at
a Natural Acidity Function and 25 C’.

Experimental
(Ge)
mg. g*

Order

(ge)
mg. g*

Theoretical

K R?

Pseudo
first
order

0.00187

0.00106

0.0058

(min) 0.971

pseudo
second
order

0.00187

0.00197

107.6

(L. molt. min1) 0.9988

-6.9
-7
7.1

-7.2

In (Qe-qt)

-7.3

7.4

FIGURE 3. The Pseudo First Order Kinetic Model for The Adsorption of Glycolic Acid on The Adsorbent

Substance at The Optimum Conditions.
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10000 -+

t/qt

50000 )y = 506.99x + 2394.5
R? = 0.9988

20
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t

FIGURE 4. The Pseudo-Second Order Kinetic Model for The Adsorption of Glycolic Acid on Adsorbent
Substance,at Optimum Conditions.

1.1. Elovich Kinetic Model
The adsorption kinetics equation for the
Elovich is suitable for heterogeneous systems [29]
and that the adsorption process is limited in rate in
the adsorption step [33], the value of the initial rate
of adsorption (), and the adsorption constant (f3)
are calculated from the following equation.
G=1/B *In(ap)+1/p *In(t)
That both (o) and (B) changes as a
function of the initial concentrations of the
absorbing substance, this equation is called (mass

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

transfer equation) in addition to the change (o) and
(B) as a function of the temperature of the solution,
Fig. (5) show the relationship between (qg:)versus In
(1), (t) represents the time.

1.2. Intra Particle Diffusion Model

The  adsorption process in a
(liquid/solid) ~ system includes intraparticle
diffusion and mass action of physical adsorption.
Therefore diffusion adsorption models are mainly
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developed to describe the intraparticle diffusion
process.

The initial rate of intraparticle diffusion can be
calculated according to the following equation:-

qt = Ki t1/2 + C

where K; = rate constant of intraparticle diffusion
(mg /g. min*?), C = intercept.

The rate of adsorption is controlled by
several factors [34-36]. This model is used to
analyze the practical results, the high values of (Kj)
explain that there is an enhancement in the rate of
adsorption and that the adsorption process is a
controlled diffusion process and that the specified
step for the adsorption is intraparticle mass transfer
resistance. Applying this model to the practical
data for glycolic acid adsorption was obtained. The
results listed in Table (9) show that the value of the
initial adsorption rate is good and fast indicating
the availability of many empty adsorption sites
capable of adsorbing the adsorbed ions from the
solution to the surface wuntil reaching the
equilibrium state, then the competition process
begins between the ions for adsorption on the
surface which leads to an increase in the departure
of the ions adsorbed on the surface and this is
evident from the high value of (B). The total rate of
adsorption is determined by the slowest step and
then the intraparticle diffusion is the only step
affecting the rate of the adsorption. The
relationship of (q) versus (t*2) gives a straight line
close to the point of origin with a small value of the
intercept (0.0014) and with a high correlation
coefficient as shown in Fig.(6) and obtaining a
single straight line which indicates that the only
influencing mechanism in the adsorption process is
the intraparticle diffusion mechanism, and that the
value of the intercept (C) is an indication of the
thickness of the outer layer of the solution
boundary, and that the small value of (C) indicates
a lower effect of this layer, finally, all the results
obtained are in agreement with the literature [37-
39].

TABLE 9. The Values According to The Elovich
Kinetic Model and The Intra Particle Diffusion
Model at Optimum Condition.

Values of the Elovich Kinetic Model
R GMMEE g pmel) /B

L min?)
0.968 0.048 5000 0.0002
Values of the Intra Particle Diffusion Model

R? Ki (mg.g° C (mg /9)
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L min"?) 0.0014
0.9674 0.3335
0.0019
0.00185 y = 0,0002x + 0.0011
0.0018 -
~ 0.00175
0.0017 A
0.00165 A
0.0016 -
0.00155 ‘ ‘ ‘
26 3.1 3.6 4.1 4.6
In t
FIGURE 5. The Relationship Between g ves. In (t)
According to The Adsorption Kinetics Model for
The Elovich.
0.002
0.0019 1y = 0.3335x + 0.0014
. 0.0018 R’=0.9674
o 0.0017 -
0.0016 -
0.0015 ‘ ‘ ;
3 5 7 9 11
tn1/2

FIGURE 6.The Relationship Between g; ves. t *
1/2 According to The Intra Particle Diffusion
Model.

1.3. Study of Isotherms

Tow types of isotherms were applied on
results of adsorption, the first is Langmuir isotherm
which gives constants describe the shape of
isotherm (b constant) and application success of
this isotherm on the results of adsorption process
shown through separation factor (R.) which refer to
acceptance of this isotherm, this values favorite
when (0 < R.< 1), the value (1) indicates the
present a linearity relationship of adsorption
process and refer to the agreement of isotherm, the
zero value refer to a none reversible equilibrium,
the value of (R.) un favorite at a value more than
once, the results listed in Table (10)(11) [40-43].
Ce/ ge =1/ b* Qmax + Ce / Qmax (Langmuir
equation).
b represent Langmuir constant (L/mg), gmax = @
maximum capacity of adsorption process (mg.g™).
RL=1/(1+B*Cy).

TABLE 10. Values of Langmuir Constants at
Different Temperature and Constant Concentration,
at (0.01) M of Glycolic Acid, Use (0.4+0.4) gm
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Clay and Activated Carbon, Contact Time (30)
min. and at a Natural Acidity Function.

b(L/ KuL/

© -1 2
Temp.(K")  dmax(mg.g™) ma) mg) R
298 0.00085 156 0.1326  0.9413
303 0.00118 128 0.1411  0.9834
308 0.00141 100 0.1510  0.9890
313 0.00177 142 0.2513  0.9898
318 0.0020 96 0.1920  0.9000

The Langmuir constant (b) decreases with
increasing temperature, which has a relation with
adsorption energy this refers to a weak bonding for
ions with the surface. The max capacity of
adsorption increase with temperature, the (K.)
value which produced from (gmax * b) increase with
temperatures, the separation factor (R\) at different
temperatures and constant concentration increase
with temperature, but this value decrease with the
increasing of concentration at a constant
temperature, the results listed in Table (11) which
gives a good (R? value at all temperature this
refers to the agreement of the results with
Langmuir isotherm.

313K
30
Q
U 20 4
~ y = 563.33x + 7.9603
O 10 A 2
©) R? = 0.9898
0 T T T
0.002 0.012 0.022 0.032 0.042
Ce
318K
20
O
o 15
= y = 493.47x + 5.1635
O 5 R?=0.9
0 T T T T T
0.002 0.007 0.012 0.017 0.022 0.027
Ce

FIGURE 7. Langmuir Isotherms Linear Adsorption for

Glycolic Acid at Different Temperatures and The
Optimum Conditions.
TABLE 11. The Values of (Ry) at Different
Concentrations and Temperatures, Use (0.4+0.4)
gm Clay and Activated Carbon, Contact Time (30)
min. , and at a Natural Acidity Function.

298 K
60
O
T 40
= y = 1170.5x + 7.5221
20 2
O . R?=0.9413
0.005 0.015 0.025 0.035 0.045
Ce
308 K
40
0]
o 30
~ 0 y = 708.2x + 7.099
O 10 R?=0.989
0 T T T T T T

0.003 0.008 0.013 0.018 0.023 0.028 0.033 0.038

Ce

RL
Temp.(K")
298 303 308 313 318
0.01 0.390 0.438 0.500 0.413 0.510
0.02 0.242 0.280 0.333 0.260 0.342
0.03 0.176 0.206 0.250 0.190 0.257
0.04 0.138 0.163 0.200 0.149 0.206
0.05 0.113 0.135 0.166 0.123 0.172

Conc.(M)
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All (RL) values are less than one which is
favored in the adsorption process. The second
important isotherm is the Freundlich isotherm, this
model is different from than Langmuir isotherm,
which has two constant, (Kg) which represent the
relation with a capacity of adsorption and (n)
constant represent the intensity of adsorption, this
value favorite between (1-10) and not favorite at a
value less than one.

Log ge = log K + 1/n log C
equation).
Kr represent the adsorption capacity (L/mg), (1/n)
= the adsorption intensity.
Table (12) explains Kgand (n)values at different
temperatures, which (Kg) have different values at

(Freundlich
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each temperature, the (n) values of adsorption
process at different temperatures give value more
than one and obtains high (R?) values at all
temperatures.

298 k
r-21 -1.9 -2.4 )
E21D) (o
r-23 _ . o
| 5.y =0.8105x - 1.535 S
(25 R?=0.9418
log Ce
303 K
-114 -1.6 -1.8 -2 -2.2 -2.4 26 o
M2 y = 0.7576x - 1.6467 o
2 _ (@]
| € R?=0.9751 3
log Ce
313 K
-L 3 25 o
O
8.2y =0.5794x - 2.0048 D
[ 3.4 R? = 0.9686 -
log Ce
318 K
2,5 1.7 2.2 -2.7 32
3 y = 0.4666x - 2.096 =
a9 R*=0.9702 o
log Ce

FIGURE 8. Freundlich Isotherms Linear
Adsorption for Glycolic Acid at Different
Temperature and The Optimum Conditions.
TABLE 12. Values of Freundlich Constant at
Different Temperatures, Use (0.01) M of Glycolic
Acid, (0.4+0.4) gm Clay and Activated Carbon,
Contact Time (30) min. , and at a Natural Acidity

Function.
Freundlich Isotherm Constant
Temp.
. Ke n R?
(K)

298 34 123 0.9418
303 44 131 0.9751
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308 53 141 0.9756
313 101 1.72 0.9686
318 124 214 0.9702

1.4. Study Potential of Probability of
Sticking on The Surface (S*)

Another support confirms that the physical
adsorption is predominant for adsorption of
glycolic acid, from the experimental data of
adsorption the value of (S*) and apparent activation
energy (AAE) was estimated. This study is
depending on the coverage of ions or molecules
(©) on the surface of adsorbent substances at
different temperatures and constant concentrations
using a modified Arrhenius equation[44].

In(1-6) =InS*-Ea/RT
Ea = apparent activation energy (AAE)

The probability of stickness (S¥) indicates
the measurement of the potential of an adsorbate
substance to stay on the surface of an adsorbent
substance for indefinite.

The value of (S) is estimated from
plotting the values of In (1-©) views (1/T)which
gives a linear relationship with, intercept (In S%),
the slope of a linear plot (Ea /R) gives a value of
AAE. The value of (S%) for glycolic acid on the
surface of a mixture adsorbent substance is(0.135),
the results indicate that the probability of sticking
for glycolic acid ions to the adsorbent substance
surface is very high because the (S%) value is
(S"<<1), this value indicates the occurrence of
physical adsorption. While the value of AAE is
equal to(-22.752) j/mole, the negative value of
AAE indicates that the adsorption of glycolic acid
ions favors a lower solution temperature to removal
by a mixture adsorbent. The low value of AAE
suggests that the adsorption of glycolic acid ions is
a diffusion-controlled process, Fig. (9) Explain the
relationship between Ln (1-©) views. /T, All
results of this study are in good agreement with the
literature [12][13][21].

TABLE 13. The Values of Ln (1-0) ves. 1/T at
Different Temperatures, Use (0.01) M of Glycolic
Acid, (0.4+0.4) gm Clay and Activated Carbon
Contact Time (30) min. , and at a Natural Acidity
Function.

T 1/T  In(1-©)
298 0.00335  -1.426
303 0.00330  -1.544
308 0.00324 -1.678




STUDY OF ISOTHERMAL, KINETIC, AND THERMODYNAMIC....

499

313 0.00319 -1.832
318 0.00314 -2.009
-1.2 T T T T
_1940 313 0.00318 0.00323 0.00328 0.00333 0.00338
Q -1.6
a
~ .18
£
2 R? = 0.9898
-2.2
1/7T

FIGURE 9. The Relation Between In (1-6) ves. 1/T

at Different Temperatures and Optimum Conditions.

1.5. Study The Mechanism of Adsorption by
Changing Acidity Function and Electrical
Parameters.

The adsorption system in this study
consists of a solution of glycolic acid, which is
ionized to give (H") ions and glycolic acid anion as
well as a mixture of clay and activated carbon as an
adsorbent substance. The presence of (H*) ions in
the solution gives a value of the acidity function at
a certain concentration and increases the electrical
conductivity in a solution. The positive and
negative ions of glycolic acid give value for the
potential difference in solution, the presence of an
adsorbent substance in this solution which has
polarization sites carrying an electrical charge (clay
surface) violating the charges of ions in the
solution, these ions help to move from the solution
to these sites at the surface of clay by adsorption
process in several steps, whether positive or
negative ions there will be clear changes in the
value of the acidity function and electrical
conductivity as well as voltage difference of this
solution after the transition of the ions to surface
and adsorb on it. These changes can be useful in
describing the adsorption mechanism, for example

when reviewing the results in Table (14) we note
that the value of the acidity function after
adsorption has increased at all concentrations used.
This increase in the value of acidity function
indicates that several hydrogen ions have been
adsorbed on the clay surface mainly. It is the first
step in the adsorption process causing an increase
in the acidity function, at the same time there was
an increase in the electrical conductivity because of
the variability of (H*) ions in solution and this
indicates that the number of negative ions in the
solution was reduced due to its adsorption on the
surface of the clay after converting it at the first
step of adsorption from a negatively polarized
surface to a positively polarized surface that helped
adsorb the glycolic acid anions as a second step in
the adsorption process. This is causing dilution of
glycolic acid anions in solution and led to greater
freedom of movement of ions in solution due to the
removal of the ionic interaction in the solution after
adsorption and the occurrence of the dilution
process on other hand, this led to an increase in the
ionization of the glycolic acid molecules and all
this led to an increase in the number (H*) ions
present in solution and more freedom of
movement, which led to an increase in conductivity
and confirms for negative ions adsorption. The
potential difference is affected by the number of
charges in solution, the adsorption process is
including of transition of positive and negative ions
from solution as a liquid phase to clay surface as a
solid phase in this case the number of charges in
solution decrease after adsorption this cause
different of several charges between solution and
surface this results in a voltage difference. This
mechanism of adsorption on how the ions are
arranged from the solution to the solid surface is
described in the introduction to this paper, the
results listed in Table (14).

TABLE 14. The Physical Properties of Glycolic Acid Solution (at Different Values Concentrations) Before and
After Adsorption, Use (0.4+0.4) gm Clay and Activated Carbon, Contact Time (30) min. , at a Natural Acidity
Function, and at 25°C.

Conc. . « Cond” Cond.™ . « Adsorp.
o PP ey ohmy MV MV %
0.01 3.00 6.20 0.3 0.6 222 33 76.0
0.02 278 6.01 0.4 11 234 45 90.0
0.03 270 5.63 05 14 242 69 90.6
0.04 261 525 0.7 1.7 245 89 91.0
0.05 259 461 0.7 1.9 248 128 91.0

The symbol (*) means before adsorption, (**) means after adsorption.
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3.4. Study Effect of Temperature on Acidity
Function, Electrical Conductivity and
Potential Difference Before and After
Adsorption

This study was conducted at a constant
concentration (0.01)M and an ideal weight of the
mixture of adsorbent substances and different
temperatures. In general, the temperature increase
has positive aspects of the adsorption process,
especially in removing ionic and molecular
interactions, which facilitate the movement of ions
and increase the ionization of the acid. The results
in Table (15) show that there is a small decrease in
the values of the acidity function before adsorption
with increasing temperature. This indicates a slight
increase in the number of hydrogen ions in the
solution. After the adsorption process, the values of
the acidity function at all temperatures have
increased, and this confirms a decrease in the
number of hydrogen ions in the solution as a result
of their participation with the solvent molecules in
the adsorption process. The difference in the values
of acidity function before and after adsorption
decreases (ApH) with an increase in temperature,
this indicates that the number of hydrogen ions
remains in the solution after the adsorption process
leading to an increase in the specific electrical

conductivity of the acidic solution, and this is clear
from the electrical conductivity values in Table
(15) compared with this values before adsorption
and this also happened because the adsorption
process leads to a dilution of negative ions of the
acid in solution and turn led to the removal of ionic
molecular associations, which facilitates the
movement of ions and conversion of bound ions to
free, noting that the adsorption of water molecules
as solvent leads to an increase the concentration of
the remaining hydrogen ions with an increase in the
dissociation of the remaining acid molecules.
Regarding the voltage difference values, these
values have decreased after adsorption, and this
confirms the adsorption of ions with their charges
to the surface or in pores of activated carbon. These
values generally increase before adsorption by
small values with an increase in the temperature
accordingly. The adsorption efficiency increases
slightly with an increase in temperature. It seems
clear from this study that the effect of temperature
in the glycolic acid adsorption system is little
compared to the effect of increasing the
concentration of acidic solution whose effect is
clear on all the studied values and the temperature
effect is limited because the adsorption process is
spontaneous.

TABLE 15. The Physical Properties of Glycolic Acid Solution (at Different Temperatures) Before and After
Adsorption, Use (0.01) M of Glycolic Acid, (0.4+0.4) gm Clay and Activated Carbon, Contact time (30) min. ,
at a Natural Acidity Function, and at 25°C.

Cond.” Cond.™

Temp.(K") (ohm?)  (ohm) pH* pH™ ApH MV" MV™ Adsorp.%
298 0.3 0.6 3.006 6.335 3.329 210 33 76
303 0.3 0.8 2.831 5910 3.079 214 112 78
308 0.5 0.8 2.752 5381 2629 216 115 81
313 0.5 0.9 2.660 4.709 2.049 219 121 84
318 0.5 1.0 2592 4252 1.660 220 126 86

The symbol (*) means before adsorption, (**) means after adsorption.

3.5. Theoretical study

We adopt the density function theory
(DFT) method of becks three parameters exchange
and gradient corrected correlation function of Lee
Yang and Par (BsLYP) for optimization of the
reactants, transition state (TS). All computational
studies were carried out using the density
functional theory (DFT) methods implemented in
the Gaussian 09 suit of the program[45-48]. The
molecular properties of the compound have been
computed by DFT using a standard 6-311G basis
set.

The chemical reaction  descriptor
calculated using DFT is Homo, Lumo energy,
chemical hardness (I]), electronic chemical
potential (W), and electrophilicity (W).

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

The chemical hardness measures the resistance to
change in the electron distribution or charge
transfer and it is associated with the stability and
reactivity of a chemical system.

Based on the frontier molecular orbitals, chemical
hardness corresponds to the gap between the
HOMO and LUMO, chemical hardness is
approximated using equation (1).

Il = (ELUMO — EHOMO) /2 . (1)

where the LUMO and HOMO energies electronic
chemical potential to potential is defined as the
negative of electronegativity of a molecule and
calculated using equation (2)

n= (ELUMO + EHOMO) /2 . (2)



STUDY OF ISOTHERMAL, KINETIC, AND THERMODYNAMIC.... 501

Global electrophilicity index (w) is calculated A theoretical study was conducted for glycolic acid
using the electronic chemical potential is shown in and extracted the values of Homo, Lumo, hardness,
equation (3) chemical electronic potential, global
W=p2 /20 3) electrophilicity index as the table (16).
table (16): extracted the values of Homo, Lumo, hardness, chemical electronic potential, global electrophilicity index.
Comp.

omp Homo Lumo 1 M W

no.

| 19 11637 0.5009 | 9.808 | 19.0662 | 18.966

1 1900811 0.07836 | 9.541 | 18.929 | 18.777

3.6. Infrared spectrum Fig (11): IR spectra for glycolic acid after
When identifying the complex produced adsorption

after adsorption using infrared spectroscopy and
comparing it with glycolic acid (the adsorbent
substance), we notice the disappearance of the

carboxylic acid OH stretch band, which was 2 c‘m
appearing in the region (2558 cm™) compared to HO\)-k . HO——si oH
the product collected after adsorption, which did N oH
not show this band. On the loss of the acid proton gyeonesd on
and the formation of the terminal complex (111) as l oM
shown in Figurell. CO L Sl on
HO\)J\}"\% 2 i
f o OH
)
1 OH
o0 @0 l
50 H,O Si OH
HO '
hE L © OH
50 EI D “
] [ o
10 % Q
§ . (&
who s o wwhe | wn a0 e o o 1o am s el | ah \@ HO Si OH
Al3- Vem HO\A
Fig (10): IR spectra for glycolic acid before adsorption L © OH
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4. CONCLUSION

it was noted from the result that the values
of the energy functions of glycolic acid found that
the value of HOMO energy was calculated by the
DFT method is equal to (-19.11637) and the value
of LOMO is equal to (0.05009), then the HOMO
and LOMO energy value of glycolic acid begins to
change to become (-19.00811) (0.07836)
respectively, this change in energy was
accompanied by a decreased capacity of the
compounds in electronic payment capacity of the
compounds in the resonant state ( loss of proton )
and have charged with the negative shipment.
(the increase in the value of the HOMO and the
decrease in the value of the LUMO) it means the
difference in energy between the two partial levels
decreases, and thus decreases in the energy
required for electronic transmission ( excitation
energy ), and this, in turn, increases the ability of
the compound to give electrons.
As the basic oxides work to pull the proton and be
more stable for the intermediate compound. The
three variables, chemical hardness (I]), chemical
electronic potential, global, and electrophilicity
index (w) are decreased schemes ( I, II, Il )
consecutive. This confirms that glycolic acid in the
resonant state is a nucleophilic factor.
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