Jurnal Pijar MIPA
https://jurnalfkip.unram.ac.id/index.php/JPM

ISSN 1907-1744 (Print)
ISSN 2460-1500 (Online)

Optimum Condition of Ni2* Cation Desorption from Adsorbent Sulfonate-modified
Silica gel-GPTMS

Desrike Kauri, Budhi Oktavia®, Trisna Kumala Sari, Miftahul Khair

Departement of Chemistry, Universitas Negeri Padang, Padang, Indonesia
*E-mail: budhioktavia@fmipa.unp.ac.id

Received: July 31, 2024. Accepted: September 28, 2024. Published: September 30, 2024

Abstract: Silica gel is a compound that has two active sides, namely silanol (S-OH) and siloxane (Si-O-Si), which are still
less effective as adsorbents, so modification is carried out. Silica is modified by adding sulfonate compounds with the help
of GPTMS bridging compounds. This modification aims to improve the absorption capacity of Nickel (Ni?*) metal ions in
the modified adsorbent, namely sulfonate-modified silica gel-GPTMS. The characterizations used are SSA (Atomic
Absorption Spectrophotometry) to see the success of the adsorption and desorption process. This research is quantitative
experimental research where the adsorption and desorption processes are carried out using the column method, where the
adsorption process itself is carried out on the Ni?* cation using silica gel-GPTMS Sulfonate adsorbent at an optimal
concentration of 20 ppm and pH 3. Then, we continued with the desorption process, which aims to determine the optimum
conditions of the desorption process, including determining the type of desorption agent (NaCl and CaCl;) and
concentration for the Ni?* cation desorption process. Based on the results of the research conducted, the optimum condition
of the type of desorption agent is CaCl, where the desorbed weight is 0.1527 mg, and the per cent desorption is 90.10%, the
optimum concentration of CaCl2 is 0.025M with a desorbed weight of 0.1442 mg and a per cent desorption of 90.18%.
Based on the experimental results, the sulfonate-modified silica gel-GPTMS adsorbent can still be used repeatedly for

adsorption and desorption of Ni?* cations at optimum conditions.
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Introduction

Silica gel is one of the largest minerals in Indonesia,
It is an inorganic solid compound that can be used in the
adsorption process as an adsorbent because it has silanol (-
Si-OH) and siloxane (-Si-O-Si-) groups, which are active
sides on its surface [1]. However, the binding capacity of
silanol groups to metal ions tends to be limited, making its
use less effective as an adsorbent for alkali and alkaline
earth metals. Therefore, to increase its effectiveness, silica
gel needs to be modified [2]. Silica gel was modified with
monosodium salt of 4-amino-5-hydroxy-2,7-naphthalene
sulfonic  acid  with  the help of GPTMS
(glycidoxypropyltrimethoxylane)  bonding  compound,
which has epoxy groups to increase the adsorption capacity

[3].

Nickel metal ions (Ni?*) and their compounds have
carcinogenic characteristics, which are one of the
dangerous pollutants that can cause death in humans, lung
cancer, nasal cavity cancer, and the potential for vocal cord
cancer and environmental damage. Therefore, it is
important to minimize or even remove the existence of
these metals, and one of the methods that can be used is the
adsorption method [4]. Adsorption using sulfonate-
modified silica gel-GPTMS is an adsorbent to adsorb Ni*
metal ions. The bonds that occur can be chemical and
physical bonds between the adsorbent and the substance.
The adsorption process depends on the effectiveness and
characteristics of the adsorbent compound [5].

How to Cite:

Adsorbents contacted with Ni?* metal ions through
the adsorption process with the column method are then
followed by the desorption process. Desorption is a process
where substances or molecules that have been absorbed
(attached) to the surface of an adsorbent are released or
removed from the absorbent [6]. Desorption aims to release
the metals bound to the adsorbent using a desorption agent.
This desorption agent is an eluent (mobile phase) on a
chromatography column, which can be an acid, base and
salt for recovery and regeneration of adsorbents that have
been used [7].

Factors that affect the adsorption and desorption
process include contact time and solvent (eluent)
concentration, where the higher the eluent concentration,
the more substances will be released during the desorption
process. Other factors are the concentration of solutes in the
sediment, speciation of solutes where the higher the number
of cations desorbed in the eluent, the more cations are
released, as well as organic or inorganic content in the
sediment, temperature, sediment grain size, acid
concentration (pH), and salinity [8].

The desorption process follows a similar principle to
ion exchange. lon exchange is a mechanism in which ions
from an electrolyte solution adhere to the surface of a solid
material. In contrast, ions from the solid material are
released into the solution. This process can only occur
between ions of the same type and takes place over a short
period as the solution interacts with the ion exchanger [9].

Eluents (mobile phase) used in the ion exchange of
adsorbents containing Ni2+ metal ions have mostly been
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done. Several acids, bases, and salts are used, such as HCI
[10], HNO3 [11], NaOH [12], NaCl [13], and CaCl; [14]. In
chromatography, resins are a group of strong or weak ion
exchangers and can be acidic or basic. Resin is divided into
two types, namely cation exchange resin and anion
exchange resin. Resins are used in column chromatography
as a stationary phase to remove cations or anions. A
particular advantage of ion exchange resins is the
reversibility of the reactions, which allows regeneration
once the resin is saturated [15].

In this research, the column method carried out the
desorption of Ni2+ cations from sulfonate-modified silica
gel-GPTMS that had previously adsorbed Ni2+ cations.
The eluents used previously were NaCl and CaCl; salts.
This research aims to see the optimum conditions, including
the optimum type of desorption agent and the optimum
concentration in the desorption process of Ni?* cations on
sulfonate-modified silica gel-GPTMS. In addition, the
stationary phase in column chromatography has a
reasonably high price, so from this research, sulfonate-
modified silica gel-GPTMS adsorbent can be used as a
stationary phase in column chromatography. The advantage
of this adsorbent is that it can be used repeatedly by
utilizing the desorption process under appropriate
conditions.

Research Methods

The equipment used includes an Atomic Absorption
Spectrophotometer (AAS), magnetic Stirrer, hot plate,
oven, analytical balance, reagent bottles, measuring flasks,
beaker glass, stirring rods, measuring pipettes, measuring
cups, spray bottles, thermometer, and desiccator.

Materials used in this study include silica gel,
GPTMS,  4-amino-5-hydroxy-2,7-naphthalenedusulfonic
acid monosodium salt, distilled water, CaCl, NaCl, sodium
thiosulfate (NazS20s), sodium bicarbonate, methanol,
toluene (C¢HsCHs), diethyl ether, acetone, and NiCl,.6H,0.

In the sulfonate-modified silica gel-GPTMS process,
25 grams of silica gel were weighed, 25 mL of GPTMS and
87.5 mL of toluene were added and stirred at 90°C for 24
hours. Then washed using 12.5 mL methanol [14].
Weighing 23 grams of silica gel-GPTMS was reacted with
11.5 grams of 4-Amino-5-hydroxy-2,7-
naphthalenedisulfonic acid in 3 M sodium bicarbonate
solution as much as 23 mL and stirred for 20 hours. Then, it
was filtered to separate the solid precipitate from the
filtrate. The precipitate was washed using distilled water,
acetone, and diethyl ether and stored in a desiccator for
drying [2].

During adsorption, 0.1 gram of silica gel-GPTMS
was modified with sulfonate and then put into the column
as a stationary phase. Then, 20 mL of Ni?* solution with a
concentration of 20 ppm at pH 3, filter the solution, and
AAS analyzed the filtrate

Then, in the desorption process, determine the type
of desorption agent. A total of 10 ml of 0.05M NaCl
solution flowed into the column containing silica gel-
GPTMS, which already contained Ni2+ cations, to function
as a Ni?* cation desorption agent. A total of 0.1 gram of
silica gel-GPTMS as stationary phase. Then, AAS analyzed
the filtrate. A total of 10 ml of 0.05M CaCl, solution
flowed into the column containing silica gel-GPTMS,
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which already contained Ni2+ cations, to function as a Ni?*
cation desorption reagent. A total of 0.1 gram of silica gel-
GPTMS as stationary phase. Then, the filtrate was analyzed
by AAS [21].

After that, the optimum concentration of Ni2+ cation
desorption is determined. Sulfonate-modified silica gel-
GPTMS was added to the column containing Ni?* cations.
Then, 10 mL of salt solution with varying concentrations of
CaCl2 (0.01M, 0.025M, 0.05M, 0.075M, and 0.1M) flowed
into the desorption type. Then, the evaluation from the
desorption process is calculated. Then, the filtrate was
analyzed by AAS [21].

Results and Discussion

Silica gel is modified to improve its performance in
the analytical field. In this research, the modification was
carried out using the monosodium salt of 4-amino-5-
hydroxy-2,7-naphthalene sulfonic acid and
glycidoxypropyltrimethoxylane (GPTMS) as a linker,
which aims to make the binding of organic compounds of
sulfonate salts more efficient [2]. In this research, silica gel
was added with the linking compound GPTMS and toluene,
then heated at 90°C for 24 hours. This heating aims to
optimize the binding process of silane groups on silica gel.
After that, the silica gel was washed with methanol to
remove contaminants in the form of toluene and the
resulting silica gel-GPTMS

Then, Silica gel-GPTMS was processed by adding
sulfonate salt into sodium bicarbonate solution and stirring
the mixture for 20 hours to ensure maximum sulfonate salt
bonding. During this process, the epoxy ring on the silica
gel-GPTMS opened up, resulting in a positive C atom and a
negative O atom. The O atom of the epoxy group attacks
the proton on the amine group of the sulfonate salt, making
the N atom on the amine group negatively charged and
binds to the positive C on silica gel-GPTMS, resulting in
silica gel-GPTMS Sulfonate. The sulfonate group in this
modified silica gel will be used as an ion exchange site in
adsorption and desorption.

Adsorption

Previous research from Dwi Ramadhani in 2023
examined the determination of optimum conditions for the
adsorption of Ni?* cations and obtained an optimum pH at
three and an optimum concentration of 20 ppm. Based on
these conditions, the present study used the column method
for the adsorption of silica gel-GPTMS Sulfonate. The
solution containing Ni?* cations flowed through the column,
causing Ni?* cations to bind to the adsorbent surface due to
chemical and physical reactions [16]. The reaction for the
adsorption of Ni?* can be seen as follows.
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Figure 1. Adsorption reaction of Ni?* on Silica gel-GPTMS
Sulfonate
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Table 1. Adsorption Data at Optimum Conditions

co CL ignt weignt %
(mg/L) (mg/L) (ma) (ma) adsorption
18.945 1.428 0.1894 0.0139 92.61
18.512 1.512 0.1851 0.0148 91.96
18.512 1.600 0.1851  0.0155 91.61

The table shows that the adsorption of Ni?* cations
on silica gel-GPTMS Sulfonate using the column method
resulted in the highest adsorption capacity of 1.7545 mg/g,
with an absorption rate of 92.61% and an adsorbed weight
of 0.1754 mg. The optimum absorption capacity is reached
at pH three because the number of protons and OH in the
solution is balanced so that Ni?* ions can bond more
effectively with sulfonate groups (SO3-) [2].

Factors that can affect the adsorption process are the
adsorbent and adsorbate used, the concentration of each
substance, the surface area of the adsorbent, pressure,
solubility of the adsorbent, pH, temperature, and stirring
speed [19]. The degree of acidity is a factor that affects the
solubility of metal ions and active groups present in the
adsorbent. This is because H* ions in the solution compete
with cations to bind to the active groups on the adsorbent
surface. In the effect of concentration, the higher the
concentration used, the absorption of sulfonate-modified
silica gel to cadmium solution increases until the active side
of sulfonate-modified silica gel is saturated and cannot
absorb [20].

Using the optimum conditions in the research
conducted by Dwi Ramadhani in 2023, the percentage of
adsorption is relatively constant and follows the results
obtained.

Desorption

Desorption is the process by which substances or
molecules that have been adsorbed (attached) to the surface
of an adsorbent are released or removed from the adsorbent
[6]. Adsorbed substances can be removed through several
methods, such as heating, use of vacuum, washing with
sorbents, pressing with additional sorbents, modification of
environmental conditions, application of physical or
chemical treatments, or extraction using solvents [17]

Adsorbed substances can be effectively removed
using various methods, each suited to different scenarios
based on the nature of the absorbent and the adsorbate. One
common approach is heating, which involves raising the
temperature to desorb the substances by breaking the bonds
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between the adsorbate and the adsorbent. Using a vacuum
is another effective method; reducing the pressure around
the adsorbent allows volatile compounds to be drawn off
more easily. Washing with sorbents involves introducing
materials that interact with the adsorbed substances to
displace them from the surface, often employing specific
solvents or reagents for selective removal.

The desorption agent type affects desorption
effectiveness, as the solution determines how well the
desorbed substance can be re-released. This allows the
column to be reused or regenerated. In the Ni** cation
desorption process, NaCl and CaCl2 salts were used to
determine and compare which desorption agent is more
effective in exchanging Ni%* cations.

100 -
90 -
80 -
70
60 -
50 4
40 - H % desorption

% Desorption (%)

30 -
20 -
10 -
0

NaCl CaClI2
Type of Desorption Agent 0.025M

Figure 2. Type of Desorption Agent

The graph shows that the best desorption agent for
Ni?* cation is CaCl,. This follows the theory that in cation
exchange resins, the positive ions with the greatest to least
affinity for exchange are calcium (Ca®"), magnesium
(Mg?*), ammonium (NH4*), potassium (K*), sodium (Na*),
and hydrogen (H*) [18]. The charge of the exchanged ions
influences the desorption process. Since Ca?* has the same
+2 charge as Ni?*, it is more suitable to displace it than Na*
which only has a +1 charge. Therefore, the percent
desorption with CaCl; is higher than NaCl, so CaCl; is
more effectively used to desorption Ni?* cations on silica
gel-GPTMS Sulfonate. The ion exchange reaction between
Ni?* and Ca?* in the desorption process is as follows.
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Figure 3. Desorption Reaction of Ni?* on Silica gel-
GPTMS Sulfonate

Concentration is a crucial factor in the desorption
process as it affects the amount of Ni?* cations released
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from the active side of the adsorbent. Concentration
variation was conducted to observe the equilibrium
conditions in the desorption process of metal ions on the
adsorbent surface. In this study, the concentration variations
tested were 0.01, 0.025, 0.05, 0.075, and 0.1 ppm. The
effect of concentration variation on Ni?* cation desorption
on sulfonate-modified silica gel-GPTMS can be seen in the
following graph.
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Figure 4. Concentration Variation of Desorption Agent

Based on the data obtained, the optimum
concentration of CaCl; to desorb Ni?* cations was 0.025 M,
where the efficiency reached 90.10%. At higher
concentrations, i.e., between 0.05 M and 0.1 M, the
desorption percentage had no significant increase. This may
be due to the inability of Ni?* cations to desorb at these
concentrations. Eluent concentration is one of the important
parameters in the desorption process [10]. If the eluent
concentration is too high, it may damage the adsorbent
structure, inhibiting ion exchange between Ni?* and Ca?
cations bound to the adsorbent, resulting in a decreased
desorption percentage

In addition, at CaCl, concentrations of 0.05 M to 0.1
M, there has been an equilibrium between Ni?* cations and
the adsorbent, so high CaCl, concentrations can no longer
effectively release Ni?* cations from the adsorbent.

Conclusion

The optimum condition obtained in determining the
type and variation of desorption agent concentration is to
use CaCl, with a percent desorption of 90.1% when
compared to NaCl with a desorption percent of 46.53%.
And eluent at a concentration of 0.025M with percent
desorption of 90.18%. It can be applied directly to the
chromatography column after obtaining the optimum
conditions for Ni2+ desorption on silica gel-GPTMS
Sulfonate adsorbent.
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