424 Egypt. J. Chem. Vol. 64, No. 8. pp. 4569 - 4581 (2021)

% < S euEmicn.

® Egyptian Journal of Chemistry of

http://ejchem.journals.ekb.eg/

o,
)
=

9

Y
‘v\u;. _Q\;,:‘i

A practical and theoretical study of the mechanical kinetics of ascorbic
acid adsorption on a new clay surface
Rana Tahseen Ali!, Khaleel Ibrahim Al-Niemi?, Noor Hazim Mohammed Thalji?*

1Chemistry Department, College of Education for girls, University of Mosul, Mosul, Iraq
2Chemistry Department, College of Education for pure sciences, University of Mosul, Mosul, Irag

CrossMark

Abstract

Ascorbic acid is considered one of the weak phenolic acids, as practical experiments have shown that it can adhere to
the adsorbent clay particles by forming electrostatic forces, hydrogen bonds, and the loss of positive protons if the adsorbent
material contains electron density on the surface because it contains more than one hydroxyl alcohol and phenolic group.
Phenolic hydroxyl groups act as weak acids that can lose a proton and convert to the phenoxide ion since ascorbic acid contains
two contiguous phenolic hydroxyl groups. We note that the loss of hydrogen protonation gives a more stable product, which is
1,2 di-ketones. Therefore, the dissociation of ascorbic acid increases as the base medium increases. In this research we have
studied the effect of adding sand (a natural substance) on the presence (activity) of ascorbic acid in the aqueous medium,
adsorption technology was used in this study through which the most important factors affecting the adsorption process of
ascorbic acid molecules were identified. The kinetic models were applied such as pseudo-first and second-order on the
adsorption process, which is considered as a complex process that passes through several steps. In this study, the adsorption of
ascorbic acid is in agreement with the pseudo-first and second-order models by obtaining a linear relationship with a high
correlation coefficient as well as the experimental and theoretical capacity values of the adsorption process are equal. The
Langmuir and Freundlich isotherms were used to describe the relationship between the adsorbent and adsorbate substance
through the capacity of adsorption, the energy bonding, and favorite of adsorption, the results of adsorption are in agreement
with Langmuir isotherm. The thermodynamic parameters (AG, AH, AS) for the adsorption process were calculated. To obtain
more information about the adsorption process, this study confirms some conclusions, the modified Arrhenius equation was
applied to the results of the adsorption process, by studying the potential sticking of ions on the surface of the clay. This study
comprehensively highlights the nature of the adsorption of ascorbic acid ions on the surface of the clay .The theoretical side of
the ascorbic acid adsorption process for the oxides present on the adsorbent surfaces was studied using the (DFT) theory, and it
was found that the theoretical results corresponded with the practical results. Ascorbic acid is transformed by negative charges
and double bonds to a more stable di-ketone compound. The adsorption mechanism has been proposed, which corresponds to
the practical results reached, Finally, to prove the adsorption mechanism, the resulting compound was diagnosed using an
infrared spectrum.

Keywords: Adsorption, Adsorption kinetic, Ascorbic acid, probability of sticking, The isotherms.

1. Introduction carboxylic group in its composition that contributes to

The human body needs vitamin (C) (ascorbic
acid) to create blood vessels, cartilage, and muscles,
this compound presents naturally in fruits and
vegetables. It is widely used as a medicine to fight
infections as well as for other medicinal purposes. It is
an organic compound used as a drug for scurvy
disease. There are many analytical methods present in
the literature that are used to estimate the percentage
of ascorbic acid present in juices and fruits, because of
the lack of studies that revolve around the adsorption
of ascorbic acid from its aqueous solutions using sand
as adsorbent, this research has been done. Ascorbic
acid contains multiple hydroxyl groups as well as the

facilitating its adsorption on the surface of the clay as
a polarizing adsorbent because it contains a group of
metallic oxides, especially in its dilute aqueous
solutions [1-2]. The adsorption process in solution
means the transition of adsorbate substance
(molecules and ions) from a liquid phase to a solid
surface (clay) which consists of several metal oxides
[3-4]. In this study, it was used a new clay collected
from the sand storm which reached Mosul city
containing metal oxides. There are some isotherms
valuable in literature where these isotherms represent
the relation between the adsorbate and adsorbent
substance at equilibrium, each isotherm describes the
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nature of this relation by applying the experimental
results of the adsorption process on both models
Langmuir and Freundlich isotherms [5-9]. This
relation gives constants to describe the nature of the
adsorption system. Calculating the capacity of
adsorption at different times is useful to study the
kinetics of the adsorption process by using the pseudo-
first and second-order models[10-11]. Several factors
are affecting on adsorption process such as contact
time, temperature, solvent, acidity function, etc., all
these factors were studied also. Several theoretical
studies have given an accurate description of the
dissociation of amino acids in the acidic medium, and
their results were very accurate compared with the
practical results [12] also the mechanism of reactions
has been proposed based on the oxidation kinetics of
some organic compounds [13-14]. Adsorption
reactions often depend on the pigment present, which
the clays remove [15]. The kinetic study of adsorption
is carried out under optimal conditions in terms of the
concentration of the adsorbent and adsorbent material
with certain temperature degrees similar to conditions
for kinetic reactions of oxidation [16-17].

2. Materials and Methods

2.1. —Chemicals All chemicals supplied from Fluka
and BDH companies.

1- Ascorbic acid (M.Wt =176.1 gm / mole).

2- Sodium hydroxide.

3- Potassium hydrogen phthalate.

4- ph. ph as an indicator.

2.2. Preparation of solutions

Preparation of a stock solution of ascorbic acid
(0.1) M and from this solution different concentrations
were prepared.

Sodium hydroxide solutions prepared with (0.1),
(0.01), (0.001) M and titrated with potassium
hydrogen phthalate using ph. ph. as an indicator to
determine the exact concentration of sodium
hydroxide solution before using it to determine the
residual concentration of ascorbic acid after the
adsorption process.
3-The adsorbent substance (clay) was collected from
the sand storm which reached Mosul city, the
components of clay listed as following:-

TABLE 1. Percentage of metal oxides in the
adsorbent material (clay).
Metal Oxide Percentage
SiO, 19.71 %
FeOs 1.89 %
MgO 347 %
CaO 37.36 %
Al,O3 5.91 %
SOs 0.48 %
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A sieving process was performed for clay using a sieve
(75) micrometer and the components of clay were
calculated by using X-ray appearance type (PAN
analytical 7602 EA, Almelo) in the Padush cement
factory.

The surface area of clay was calculated by (3434)
cm2/gm by using instruments (plaine) in a technical
institute of Mosul.
2.3.Instruments
1-Electrical  conductivity —meter type
Instrument.

2 - pH-meter type DENVER Instrument.

3- A water path with an Electric vibrator was used type
NUVE and using a thermometer to approximate
temperature until arriving at equilibrium.

Study the Factors Affecting on Adsorption Process
1-Effect of Concentration of Adsorbate Substance:-

The ascorbic acid was prepared with different
concentrations (0.005, 0.009, 0.01 , 0.013 , 0.015,
0.02, 0.05, 0.09) M by using distilled water as solvent.
Then, a constant amount of clay(0.1) g was added to
all samples by using one batch method at 30C° for 30
min., the efficiency of adsorption was calculated as
follows .

HANA

Ci
% Adsorption = — * 100
C,

Ci= is the concentration of adsorbate substance at
equilibrium(mg.L).
C, = the initial concentration (mg. L1).
2-Effect of the Weight of Adsorbent Substance

At an optimal concentration for adsorbate
substance, different weights of clay (0.02, 0.03, 0.05,
0.08, 0.1, 0.5) gm were used as adsorbent substance at
30C° and natural acidity function of ascorbic acid.
3-Effect of Contact Time

To study the effect of contact time on the
adsorption process the same samples of ascorbic acid
solutions with volume (50) ml were used and leave a
limit time between them. The models studied at
different times (2, 5, 8, 12, 15, 20, 25, 30, 45, 60, 75,
90) minute were filtrated. After that, the remain
concentration of ascorbic acid was calculated for all
samples by titrating with sodium hydroxide solution.
This process produced at a favorite weight of an
adsorbent substance and concentration for adsorbate
substance at (30C°) using natural acidity function.
4- Effect of Acidity Function

The adsorption process was completed at
different acidity functions (natural and pH =4, 7, 11)



A PRACTICAL AND THEORETICAL STUDY OF THE MECHANICAL ...... 4571

to study the effect of (pH) on the efficiency of
adsorption.
5- Effect of Temperature

The effect of temperature was studied at
optimum condition for the adsorption process to obtain
results which were employed to determine the
thermodynamic parameters (AG, AH, AS) and range of
temperatures between (15-40) C'.

Theoretical Study

The theoretical study of ascorbic acid was
carried out using (DFT-BsLYP/6.31G (d) using the
(Chem. Office 2015 Gaussian program). Calculation
of the Mulliken charge (which represent the difference
between the negative electron density in orbits and the
amount of positive protons in the nucleus) were
calculated for ascorbic acid, the results are given in
table (2) and the mechanical proposed by theoretical
study.
It was found that ascorbic acid before dissociation has
three states, the first before dissociation and the second
intermediate in which the complex formed contains

positive and negative charges. Whereas, if the
intermediate state is left in place, it will lead to no
adsorption and return to the first state and in the third
case, ascorbic acid will lose ions and convert to the di-
ketone product. But theoretical studies, which are in
agreement with the practical results, have proven that
ascorbic acid, after losing the negative charges and
double bonds, turns into a more stable diketone
compound, according to what was concluded from the
theoretical study, as in the following table(2).

Table (2 ): The values of Mulliken charge of atoms of ascorbic acid calculated by DFT method

Nug;gﬁ:: of Reactant égtrlr:/&teeg Product

1 O -0.582192 O -0.774619 O -0.32489
2 C 0.275068 C 0.169716 C 0.290908
3 C 0.040843 C 0.010963 C 0.012928
4 C 0.140161 C 0.147265 C 0.177230
5 O -0.646827 O -0.667227 O -0.639616
6 C -0.036905 C -0.024595 C -0.035774
7 O -0.656049 O -0.670383 O -0.662234
8 O -0.483688 O -0.532179 O -0.483525
9 C 0.459373 C 0.309666 C 0.490902
10 O -0.458539 O -0.564006 O -0.335373
11 C 0.253488 C 0.164718 C 0.286453
12 O -0.584171 O -0.836925 O -0.265363
13 H 0.400340 H 0.115545 H 0.229651
14 H 0.217115 H 0.110448 H 0.157388
15 H 0.155979 H 0.380912 H 0.397996
16 H 0.396172 H 0.142464 H 0.143281
17 H 0.162461 H 0.123236 H 0.165196
18 H 0.153485 H 0.395001 H 0.394851
19 H 0.403419

20 H 0.390469

Egypt. J. Chem. 64, No.8. (2021)
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3. Results and Discussion
A good adsorption rate was obtained through

practical study, and this percentage increased in the
basic medium or by increasing the pH value in the
medium. Basic as increasing the OH value in solution
increases the dissociation of ascorbic acid according to
the Le-Chatelier 's base.

As a result of the importance of ascorbic acid
in our life and its wide uses in drugs such as vitamins
to resist infections [1], simple methods in laboratories
were utilized to study the removal of this vitamin from
solution by adsorption on the surface of the clay. The
titration method with sodium hydroxide solution was
considered as a simple one to determine the
concentration of ascorbic acid which gives good
results in a short time.

To study the removal of ascorbic acid from
their solutions with a selection of the better conditions
of removal it. Some factors were studied that affected
on adsorption process as following:-

3.1. Effect of Initial Concentration.

One of the important factors affecting the
adsorption process is the initial concentration of
ascorbic acid, as the increasing concentration impacts
the movement of ions in solution and prevents the
transition of these ions toward the adsorbent material
(clay surface). The increasing concentration leads to
an increase in the interferences between ions by
physical forces which causes a decrease in the
percentage of adsorption. The initial concentration
also affects the value of the equilibrium constant.
Furthermore, the increase of concentration causes
decreasing in the number of ions transition to the
surface of clay leading to a decrease in adsorption
percentage. Hence, the competition between ions
starts to adsorb on the active sites on the surface of the
clay, which leads to the coming back of some ions
from the surface to the solution, the results were listed
in the table (3).

TABLE 3. Effect of the initial concentration on percentage adsorption of ascorbic acid, use 0.1 gm clay, contact
time is 30 min. , at a natural acidity function and 30 C’.

Conc. (M) K ads. Adsorp.%
0.005 24 96
0.009 215 95
0.010 15.6 94
0.013 7.1 87
0.015 3.1 76
0.02 2.1 68
0.04 0.9 49
0.05 0.6 384
0.09 0.6 38.2

3.2. Effect of Adsorbent Substance.

Using different weights of clay in the
adsorption process was employed to obtain an ideal
weight of clay which gives a high percentage of
adsorption at optimum conditions.

The efficiency of adsorption in ascorbic acid
increases with the increase of the amount of adsorbent
substance, due to the presence of more active sites on
clay which give a high percentage of adsorption.

TABLE 4. The relation between the weight of clay and percentage of adsorption, use (0.005) M ascorbic acid,
contact time is 30 min. , at a natural acidity function and 30 C"*

Weight of Clay (gm) Adsorp.%
0.02 28
0.03 56
0.05 76
0.06 80
0.08 84
0.10 96
0.50 98

Egypt. J. Chem. 64, No.8. (2021)



A PRACTICAL AND THEORETICAL STUDY OF THE MECHANICAL ...... 4573

3.3. Effect of Contact Time.

The contact time means the time of contact
between the adsorbate and adsorbent substance. It is
important to study the nature of the adsorption system
such as the ability of adsorbate substance to be
adsorbed on adsorbent substance until reaching the
equilibrium. The contact time for ascorbic acid with
clay at a natural acidity function listed in table (5)
described the concentration of ascorbic acid adsorbed
on clay. Ascorbic acid concentration increases with
increasing contact time, and the adsorption capacity
leads to an increase in the efficiency of adsorption. At
initial minutes of adsorption, the efficiency of
adsorption was very high because a large number of
ascorbic acid ions transferred from solution to the
surface of clay until reach equilibrium, instead of stay
of the ascorbic acid with clay for a long time. The
reason for obtaining a high percentage of adsorption at
an initial time because of the availability of active sites
on the surface of the clay, and with increasing the

contact time between ascorbic acid solution and clay
the competition between ions increases to adsorb on
the surface until arriving at equilibrium. Fig.(1) Shows
the relation between the capacity of adsorption (qe)
and time. The (ge) increased with time until reach a
constant value between (60-75) min.

0.0038

0.0036
0.0034
0.0032

0.003

qt

0.0028
0.0026
0.0024
0.0022

0.002

o 10 20 30 40 50 60 70 80

t

Fig. 1. Effect of contact time on the capacity of
adsorption for ascorbic acid on clay, use (0.005) M
ascorbic acid, 0.06 gm clay, at a natural acidity
function and 30 C".

TABLE 5. The effect of contact time on the efficiency of the adsorption process, use (0.005) M ascorbic acid,

0.06 gm clay, at a natural acidity function and 30 C".

Time (min) Cads (MQ/L) mgqtg_l Adsorp.%
2 0.0025 0.0021 52
5 0.0027 0.0023 56
8 0.0030 0.0025 60
12 0.0031 0.0026 64
15 0.0037 0.0030 74
20 0.0037 0.0031 76
30 0.0040 0.0033 81
45 0.0041 0.0034 83
60 0.0043 0.0036 86
75 0.0043 0.0036 86

3.4. Effect of Acidity Function.

The acidity affects the nature of the charges
that present in the solution and on the clay surface for
this it will affect the efficiency of the adsorption
process. Changing the value of acidity (from 2.5 to 4)
will increase the efficiency of the adsorption process
(from 68 % to 76 %) due to the addition of (positive
or negative) ions.

Hydrogen ions and water molecules (resulting from
the use of water as a solvent) impact the nature of the
charges on the clay surface from the negative (due to
the presence of metal oxides) to the positive ones. The
dissociation of ascorbic acid will be resulting in the
negative ions that can be easily transferred from the
solution to the clay surface. The addition of (OH") to
the acidic solution of ascorbic acid shifts the value of

Egypt. J. Chem. 64, No.8. (2021)

pH to be more alkaline. Consequently, the positive
ions will decrease in the solution (H*) leading to the
dissociation of ascorbic acid. This dissociation will
increase the positive charges. Thus, moving these
charges to the clay surface leads to an increase in the
efficiency of the adsorption process, this is what has
been proven at (pH (7) and pH (11), as shown in table
(6).

Where pH (7) gives freedom of movement for ascorbic
acid to decompose in the largest possible amount and
reach the level of equilibrium, while the highest
percentage of adsorption obtained is at pH(11), so
increasing the hydroxide ion concentration increases
the amount of adsorption, since pHi1 will dissociate
the largest amount of ascorbic acid by withdrawing the
positive hydrogen ion.
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TABLE 6. Values of adsorption percentage at
different acidity functions use (0.005) M ascorbic acid,
0.06 gm clay, contact time equal 90 min. , and at 30
C.

pH Adsorp.%
Natural (2.5) 68

4.0 76

7.0 82

11.0 96

3.5. Effect of Temperature.

The effect of temperature was studied at
optimum conditions of adsorption. The increasing of
temperature leads to remove the physical interactions
and associations between ions and water molecules. It
is supposed to increase the ionization of ascorbic acid
also give more freedom for ions to transfer from
solution to the clay surface. Table (7) illustrates the
percentage of adsorption that decreased with
increasing temperature. This means the further energy
to the adsorption system leads to the desorption
process by means the adsorbate ions leave the surface
to inside in solution by breaking of the physical bonds
between ions and surface. This conclusion gives that
the adsorption of ions on the surface has physical.
TABLE 7. Effect of temperature on adsorption
percentage, use (0.005) M ascorbic acid, 0.06 gm clay,
contact time equal 90 min. and at pH =4 .

Temp. (C") Adsorp.%
15 80
20 72
25 68
30 56
35 40
40 20

Studying the adsorption process at different
temperatures is useful to calculate the thermodynamic
parameters which describe the state of the adsorption
system thermodynamically, the results were tabulated
in table (8).

TABLE 8. Thermodynamic parameters for adsorption
process.

Temp. AG AH AS
(K®) (KJ/mole) (KJ/mole) (KJ/mole)
288 -3.318 -0.2783
293 -2.231 -0.2772
298 -1.835 -0.2739
303 -0.458 -83.472 -0.2769
308 +1.305 -0.2759
313 +4.187 -0.2800

From the results in a table (8), the AG values
were converted from negative to positive values. This

Egypt. J. Chem. 64, No.8. (2021)

means the adsorption process is converted from a
spontaneous process to a non-spontaneous one.
Studying the effect of temperature on the efficiency of
adsorption was shown in the inverse of adsorption
percentage with the temperature reaching up to (20%).
The easily breaking of weak bonds will lead to an
increase in the temperature consequently, ascorbic
acid (anions) will be adsorbed on the surface of the
clay. This is called (physical adsorption). The positive
values of AG at (308, 313) K’ refer to the further
energy to adsorption system can convert the physical
adsorption for some ions to chemical adsorption but
generally, most of the ions leave the surface of the clay
and come back to the solution. These conclusions will
confirm the future study in this paper.

It is clear that the enthalpy of the adsorption
process has a high negative value; this refers to that the
adsorption process is exothermic naturally. This leads
to a decrease (ads. %) with increasing temperature.

All the AS values have the same negative
values at all temperatures, this means that the
adsorbate ions on the surface were systematic more
than the ions in the solution.

4. Kinetic Study
4.1.Pseudo First Order Model: -

This model of kinetic which known
Lagergren equation use to describe the average
adsorption process [18]. It is a complex process that
has done through more than one step and depends on
the adsorption capacity as shown in the equation
below.

Ln(Qe-qr) =InQge- Kyt

ge = capacity of adsorption at equilibrium (mg.g™?).
q: = capacity of adsorption at time (t) (mg.g™?).

K= rate constant (min)

The value of experimental capacity of
adsorption is (0.0161) mg.g-1, this value does not
equal the theoretical value (0.0027) mg.g*, the rate
constant is (K = 0.0112) minL. This result represents

one step of the adsorption process but it does not
represent all the steps of adsorption kinetic.
4.2.Psedue Second-Order Model:-

This model of kinetic depends on the
capacity of the adsorbent substance and the behavior
of the adsorbate substance along the time of the
adsorption process as shown in the equation below:-
t/ogr =1/Kage? +(1/0e) *t
K2 = rate is constant of adsorption (L. molt. min').

de = capacity of adsorption at equilibrium (mg. g3).
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t = time (min.).

qc = capacity of adsorption at time (t) (mg. g™2).

From the above equation, it can be obtained the initial
rate constant of the adsorption process through the
relation:-

h=K(g)?

In(ge-qt)

y = 0.0112x - 5.9006
R? = 0.9479

Fig. 2. The Lagergren first-order kinetic model for the
adsorption of ascorbic acid on clay, use (0.005) M
ascorbic acid, 0.06 gm clay, at a natural acidity
function and 30 C".

The results were obtained from this relation
in Fig.(3) which gave a good relationship with the
correlation coefficient (R? = 0.9992). It was found that
the theoretical capacity is the same as the experimental
capacity up to (0.0160 mg. g*). These results were
confirmed that the adsorption process of ascorbic acid
is consent with this model. As can be seen that the
adsorption process varies in the ordinary kinetics of
chemical reactions due to the complexity of the
process. The process passes through more than one
step with several activation energies. Because of these
reasons, the results of adsorption agree to the pseudo-
first and second-order model which is similar to other
studies [19,20].

y =0.2577x + 1.33
R? = 0.9992

t/qgt

Fig. 3. The pseudo-second-order kinetic model for the
adsorption of ascorbic acid ions on the surface of the
clay uses (0.005) M ascorbic acid, 0.06 gm clay, at a
natural acidity function and 30 C”.
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5. Application of Isotherms Models

5.1. Langmuir Isotherm Model.

In this isotherm the adsorption of molecules or ions
occur on a certain number on active sites of the surface
that possess certain energy, these molecules or ions
lead to form one layer on the surface and there is no
interaction between these molecules or ions, the
Langmuir equation was written as follows.

Ce/qe: 1/quax +Ce/qmax

b = Langmuir constant (L/mg) and have a relation
with adsorption energy.

Omax represents a maximum capacity of adsorption
(mg. gh).

The results of the application Langmuir isotherm
equation listed in the table (9).

TABLE 9. Values of Langmuir isotherm at different
temperatures, use (0.005) M ascorbic acid, 0.06 gm
clay, and contact time equal 90 min.

Temp. (max b KL R
K° (mg.gh) (L/mg)  (L.mg?h) 2
293 0.0187 60.6 1.133 0.9206
298 0.0169 746.2 12.610  0.9909
303 0.0114 136.9 1.560 0.9869
308 0.0088 531 4.672 0.9987
313 0.0066 228 1.504 0.8688

Ki=gmax * b

Langmuir constant (b) can be used to obtain
some parameters which give information about the
shape of the isotherm and the success of this isotherm
on experimental results of adsorption through the
separation factor (Ryo).

RL=1/(1+b*C)

The (RL) value refers to the range of the
acceptable model and this value is preferred at range
(1 > R> 0) since the adsorption process is linearity at
value (1). This value refers to the range of acceptance
isotherm. It is ideal at a value less than one and non-
preferable at a value of more than one, therefore the
zero value indicates a non-reversible equilibrium.
When the RL value is equal to one and this refers to a
linear relationship of the adsorption process, the
results were listed in table (10).

The results in a table (9) show that the
increased temperature leads to a decrease in the
maximum capacity of adsorption to form one layer of
ions on the surface. Langmuir value constant has a
relation with adsorption energy, which decreases with
increasing temperature because of broken physical
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bonds between ions and the surface of the clay. This
is in agreement with the experimental results which

have related to the effect of temperature on the
adsorption process.

TABLE 10. Values of (Ry) at different concentrations and temperatures, use 0.06 gm clay, and at contact time

equal 90 min.
R
Conc. Temp. (K)
293 298 303 308 313
0.009 0.647 0.129 0.448 0.173 0.327
0.010 0.622 0.118 0.422 0.158 0.304
0.013 0.559 0.093 0.359 0.126 0.252
0.015 0.523 0.082 0.327 0.111 0.226
0.020 0.452 0.062 0.267 0.086 0.179
293 K
1.6 308 K
g ]
c N 124
D o g ]
© o y = 53.3x + 0.8832 >
R? = 0.9206 o > y =112.81x + 0.214
0.004 0.005 0.006 0.007 0.008 0.009 0.01 0.011 0.012 0.2 4 R2 = 09987
Ce 000025 0.0035 0.0045 0.0055 0.0065 0.0075 0.0085 0.0095 0.0105 0.0115
Ce
298 K 313 K
1y = 58,912x + 0.0793 . .
o R*=0.9909 L . e °
B osls ; i
3 © p y = 151.4x + 0.663
o4 ° R? = 0.8688
0o o 0005 o1 o015 002 0005 003 005 0.0019 0.0029 0.0039 0.0049 DCOO;Q 0.0069 0.0079 0.0089 0.0099
Ce
Fig. 4. Langmuir isotherms linear adsorption for
ascorbic acid at different temperatures, use (0.005) M
ascorbic acid, 0.06 gm clay, and contact time equal 90
303 K min.

25

24

15

14

Celqge

y = 87.53x + 0.6413
R? = 0.9869
g 004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Ce

0.5 4
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5.2. Freundlich Isotherm Model .

This model of isotherm is different from
those have related to Langmuir isotherm by the
formation of several layers of adsorbate ions on the
surface of the clay. The Freundlich isotherm has two
constants , (Kf) which has a relation with adsorption
capacity and the (n) constant which has a relation with
the intensity of adsorption, these values prefer a range
between (1-10). The results were listed in table (11).
the Langmuir equation was written as follows.

logge = log Ke + 1/nlog C
where Kr = adsorption capacity ( L/mg) and
(1/n) is adsorption intensity.
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TABLE 11. Values of Freundlich constant for
ascorbic acid on the surface of clay at different
temperatures, use (0.005) M ascorbic acid, 0.06 gm
clay and at contact time equal 90 min.

Freundlich Isotherm Constant

Temp. (K") Ke n R?
293 5.7 1.438 0.9821
298 25.8 4.290 0.9108
303 12.1 1.790 0.9321
308 375 3.640 0.9694
313 32.8 2.430 0.9075

293 K
21 (]
5.2 o
sy =0.695x - 1.7564 =
o R®=0.9821
In Ce
298 K
P 0Ty 00308x - 3.2507
4 N\’\Rzios ()
-4.5 o
< c
5 (J -
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Fig.5. Freundlich isotherms linear adsorption for
ascorbic acid at different temperatures, use (0.005) M
ascorbic acid, 0.06 gm clay, and contact time equal 90
min.

Study the Probability of Sticking on the
Surface of Clay [21-22]. This study depends on the
coverage of ions or molecules on the surface of clay at
different temperatures, the development Arrhenius
equation was written as follows.

Ln(1-6) =InS"-Ea/RT

This relation gives a linear relationship with
intercept (In S*) and slope (-Ea/R) from Fig.(6). The
(S7) value is (0.29287) that refers to the presence of a
mixture of physical and chemical adsorptions. This
system is close to chemical adsorption more than
physical adsorption. This point confirms the results of
thermodynamic parameters (AG, AH). The (Ea) value
represents the apparent activation energy (AAE)
which is equal (+28.5051) K.J that confirms the
conversion of adsorption system from spontaneous
adsorption and exothermic to non-spontaneous and
endothermic by converting the natural of bonded for
some ions on the surface from the physical bond of
adsorption to the chemical bonded of adsorption.
Because of the presence of metal oxide on the surface
of the clay, that will facilitate the occurrence of
physical adsorption such as the adsorbed ions that are
attracted to the oxygen atom. The obtaining metal
oxide leads to occur physical adsorption which later
turns to chemical adsorption.

TABLE 12. The values of Ln (1-©) and 1/T
at different temperatures.

T /T Ln (1-0)
288 0.00347 -0.2231
293 0.00341 -0.3285
298 0.00335 -0.5798
303 0.0033 -0.7339
308 0.00324 -0.9162
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Fig.6. The relation between Ln (1-6) and 1/T at
different temperatures from a development Arrhenius
equation.

Using the Changing of Electrical Properties
to Describe the Mechanism of Adsorption.

As can be seen, the increase of the
concentration of acidic solution causes increasing in
electrical conductivity because of present free ions
such as (H*) ions and anions. The increasing of
ascorbic acid concentration leads to increasing the
dissociation of acid which decrease the acidity
function for this solution leads to an increase in
electrical conductivity of an acidic solution, all the
physical properties of the solution will changes after
the adsorption process, because the transition of (H*)
ions from solution to surface by adsorption cause
increasing of acidity function (pH) of the solution, this
represents the first step of adsorption [8-10]. The water
molecules adsorbed on the surface of clay in this step
of adsorption, because the surface of clay carries
negative charges on oxygen atoms which belonged to
the presence of metal oxide in it, this step is useful to
activation the metal oxides surface to help the acidic
anions which carry negative charge to be adsorbed on
the surface of clay after that this step represents the
second step of adsorption. The transition of anions and
numbers of (H") ions leads to an increase in
dissociation of ascorbic acid molecules and that will
cause increasing of free ions because the interaction
and interference between ions and water molecules
decrease by adsorption of (H*) ions and anions on the
surface of clay for these reasons the conductivity
increases after adsorption by free adsorbate ions which
stay in solution, see table (13) which are showing the
changing of (pH) and electrical conductivity after
adsorption at different concentrations [23-24].

The increasing temperature will ease the
dissociation of ascorbic acid by increasing of (H*) ions
in the solution. This leads to a decrease in acidity
function and an increase in the electrical conductivity
of the acidic solution. The increased temperature will
cause a weakness in the physical bonds between
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adsorbed ions and the surface. This weakness leads to
the breakdown of those bonds and the possibility to
return these ions from the surface to the solution again.
Also, the interference and interactions in the solution
will decrease. In this case, the mechanism of
adsorption will be changed because the conversion of
the adsorption process to desorption process
continuously with increasing of the temperature.

The results reveal that the effect of temperature is
evident on values of (pH), conductivity, and the
percentage of adsorption which decreases by
increasing temperature, as shown in table (14) [25-27].

TABLE 13. Values of (pH) and electrical conductivity
for an ascorbic acid solution before and after
adsorption using different concentrations, use 0.06 gm
clay, contact time equal 90 min. and at 30 C’.

. « Cond.*  Cond™
Conc. pH™ pH (wohm™)  (ohm?) Adsorp.%
0.005 324 595 0.14 0.2 96
0.009 3.12 5.68 0.16 0.3 95
0.010 3.10 5.48 0.17 0.3 94
0.013 3.08 5.06 0.23 0.5 87
0.015 3.05 454 0.23 0.5 76
0.02 298 4.43 0.25 0.5 68

* before adsorption.

** after adsorption.

TABLE 14. The effect of temperature on changing of
physical properties, use (0.005) M ascorbic acid, 0.06
gm clay, and contact time equal 90 min.

Temp. pH" pH™ Cond.” Cond.™ Adsorp.%
15 3.83 7.57 0.16 0.8 80
20 3.70 7.62 0.34 0.9 72
25 3.64 7.64 0.38 1.0 68
30 3.54 7.73 0.44 1.0 56
35 3.44 7.90 0.49 13 40
40 3.33 7.92 0.57 14 20

* before adsorption.
** after adsorption.

6. Infrared spectrum

The IR spectrum of the ascorbic acid
compound was measured before and after adsorption,
relative to measuring the compound before adsorption,
it was noted that ascorbic acid gives a band at 3336 re-
stretching of an alcoholic OH group and a band at 2985
CH alph. Stretchable returns and a wide band 2564-
2644 cm* of the two OH groups on the double bond
(in keto-enol form), The double bond appears at
1670cm-1 and finally the frequencies of C-O ester at
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1735cm?® and C-O-C at 1156,1216 cm™ as in
Figure(7).
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Fig (1): IR spectra for ascorbic acid

As for the compound produced after
adsorption, it gave a band of 3235 back to the alcohol
stretch OH and a band at 2977, 2932 of CH alph.
stretchable returns, The C=0 ester band appear in
1741, and C-O-C give band at 1150, 1249 and two
similar bund at 1667 and 1718 refer to the C=0 formed
at the alpha beta sites as in Figure(8), Note the
disappearance of the ¢ = c¢ stretch, This prove the
mechanism which has been proposed as a product of
the adsorption process.
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Fig (I1): IR spectra for product Adsorption diketon

7. Conclusion
Through the theoretical study of ascorbic

acid, we noticed that its loss of the positive hydrogen
ion gives it a form of 1,2 diketone, which is more
stable: scheme (1)

Olinn

jun
Olinn
an
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OH

Since the clays or adsorbent matter are composed of
metallic semi-oxides with high electrical negativity,
they work on attracting the positive hydrogen ion from
the acid, where the oxides are transformed into basic
compounds in the presence of water as an adsorption
medium. Thus, the surface has a high electron density
and is the reason for the adsorption of positive ion

scheme 2

HO OH

Al,O4 Al~_ gy j—
$i0, + HO ——— = HO Si OH
HO OH
Aascorbic asid
Al(OHy)'"s
Si(OH,)",
scheme -11-

Through practical and theoretical results,
what happens on the surface of the adsorbent material
can follow the following suggested mechanism
scheme 3

HO OH
30 \ | 4H,0
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HO HO, ou OH
—
o
O Y OH
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HO\ o
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In the third case, ascorbic acid will lose ions and

convert to di-ketone product.

Dissolving clays

containing semi-metallic oxides in water gives a
surface rich in high electron density hydroxyl groups,
and since ascorbic acid contains hydrogen ions, the
surface of the clay serves to attract and adsorb these

ions.

Adding the base increases the dissociation of

ascorbic acid and thus increases the adsorption
process. We also conclude that the positive hydrogen
ions returning to the ascorbic acid are the ones that
stimulate the clay and increase its adsorption capacity.
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