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Abstract

Synthesis of silica coated on iron sand magnetic materials modified with
mercapto was carried out through a sol-gel method. This study aims to
obtain adsorbent material that has magnetic properties. The purpose of
this research are gift magnetic proprties of adsorbent. It was easy access
to the separation of the adsorbent after the adsorption process in agueous
system. Modified silica surface with mercapto group provides spesific
and selective for soft metals according to hard soft acid base (HSAB)
principle. Solution of Na;SiO3 as a silica precursor were coated on the
surface of iron sand magnetic materials (MM) that has been activated by
acid. Silica which have been coated on MM then modified with
compound 2- mercaptobenzimidazole as a functional group of mercapto (-
SH). The compound 2- mercaptobenzimidazole does not have a
functional group of silanol (=Si-OH) and siloxane (Si- O-Si) to bind to
the functional group on silica surface. Therefore,
chloropropyltrimethoxysilane (CPTMS) was added as a link between
silica and 2-mercaptobenzimidazole. Chloropropyltrimethoxysilane
(CPTMS) was reacted with 2-mercaptobenzimidazole as mixture | then
mixed into silica which has coated MM as mixture Il by sol-gel process.
Material characterization was carried out by Fourier Transform Infrared
(FTIR) spectrophotometer, X- ray diffractometer (XRD) and Vibrating
Sample Magnetometer (VSM), and the stability of coated magnetite
against acid. The characterization results showed that synthesized
adsorbent of MM/SiO2/SH was successful. Coating of iron sand magnetic
material with silica modified mercapto increases the stability of the acid
and decreases the magnetic properties.
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1. Introduction

Silica gel is a supporting solid that is widely used in the adsorption process because it is stable in acidic, non-
swelling conditions has specific porosity and surface area and has a high resistance to heat. It has been widely used as
an adsorbent for the adsorption of heavy metal ions. However, silica gel has a weakness if applied as an adsorbent for
soft metal ions such as Hg (I1), Pd (11), Au (I11). This was due to the interaction of oxygen atoms on the surface of the
silica gel containing the functional groups silanol (=Si-OH) and siloxane (=Si-O-Si=) which have a low ability to
donate electrons to soft metal ions [1]. Atom O in Silanol and Siloxsan group on silica surfaces are hard acids so the ability to be
a donor atom against soft metals becomes ineffective. This is in accordance with the principle of hard soft acid base which states
that hard atoms interact strongly with hard atoms and soft atoms interact with soft atoms [2,3]. The presence of silanol (=Si- OH)
and siloxane (=Si-O-Si=) functional groups make it possible to modified silica surface with various functions such
as amino (-NH2), cyano (-CN), carboxyl (-COO) and mercapto (—SH) to produce silica hybrids. In this researce was
used mercapto group (-SH) from 2- mercaptobenzimidazole aims to adsorb soft metal ions more specific and selective
[1,4]. Modified silica function groups have higher adsorption capability than without modification. Modified silica is
very specific and selective to certain heavy metals. The investigation indicate that silica 2-aminothiazole (S2A) is
characterizied by a relatively higher sorption capacity than that of SG. It is found that S2A can be used for separating
Hg(Il) and Co(ll) ions from the Ni(ll), Pb(lI), Cu(ll), Cd(Il) ions an acidic medium [3]. Modifiers of mercapto group
wasn’t silane reagents, link agent was needed to conected mercapto group on the material magnetic coated silica.
Chloropropyltrimethoxysilan (CPTMS) compounds were have silane groups to be used as link agent. Methoxy groups
of CPTMS are hydrolyzed to produce silanol, which then condenses to form the silica network. However, the
adsorption method has a weakness in the separation process. Adsorbent separation from the adsorbate was carried out
conventionally by screening techniques, decantation or can also use the instrument through centrifugation. It was
difficult if applied in the environment. The problem becomes interesting to develop adsorbent has magnetic properties
begins were facilitate the separation process with the help of external magnets. The silanol (=Si-OH) and siloxane
(=Si-0-Si=) functional group on the silica surface makes it easy to coated silica with magnetite (Fe304) through the
formation of Fe-O-Si bonds. Generally, the magnetic source used is the synthesis of FeCl2- 6H20 and FeCI3- 4H20 to
produce magnetite (Fe304) [5-7]. In the present study, utilizing natural iron sand as a giver of magnetic properties in
silica modified mercapto adsorbents. Weaknesses of magnetic material are very unstable and easily oxidized by
oxygen, can agglomerate and dissolved in acidic medium. The magnetite/silica composite particles present a unique
system that enables studying the interactions between magnetic nanoparticles in confined dimensions since the rigid
silica layer prevents direct contact between the magnetite particles quite effectively [8]. Coating of 2-
mercaptobenzimidazole on silica surface coated magnetic material become a layer to protect magnetic material against
oxidation, agglomeration and dissolution in acidic medium. Coating process can reaches up size of silica composite.
The agglomerate size of the magnetite (M) is 205.7 nm reaches up to 1029.5 nm the sodium metasilicate magnetite
(MS-M); this result is due to the increase in the particle size that this sample suffered during its coating process [9]. In
this work, modified of mercapto on silica coated material magnetic was carried out through sol-gel method. This
technique is simple and faster because the binding reaction takes place simultaneously with the solid formation
process. In addition, the immobilization technique through the sol-gel was easier to do in the laboratory because
reactions can be carried out at room temperature so that simpler tools can be used. In the future, this adsorbent could
be applied to adsorption soft metal ions such as gold and other precious metals. It was be predicted based on Pearson’s
Hard-Soft Acid-Based (HSAB) concepts, soft bases strongly interact with soft acids and vice-versa. Mercapto group
(-SH) clasified as soft base and gold clasified as soft acid.
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2. Experimental

2.1. Material

Iron sand as magnetic material (MM) from Bugel beach, Yogyakarta, aquades. Solution of Na2SiO3 as a source of
silica is used for coating magnetic materials, 2- mercaptobenzimidazole (MBI) as functional group of mercapto (-SH),
3- chloropropyltrimethoxysilane or CPTMS, triethylamine, 1 M HCI prepared from 37% HCI, dimethylformide or
DMF, pH meters. All chemicals were of analytical reagent grade (Merck).

2.2. Synthesis of mercapto silica hybrid coated magnetic material

The AMOUNT of 0.5 g Iron sand magnetic materials was acidified with 1 mL of 1 M HCI then separated by the
help of an external magnet. Solution of NaSiOz 1 mL mixed on magnetic material while stirring (Mixture ).
Subsequently dissolved 1.44 g of 2- mercaptobenzimidazole in 2.5 ml of dimethylformide and reacted with 1.8 mL 3-
chloropropyltrimethoxysilane while continuing to stir and drip triethylamine 1 mL (mixture Il). Reacted mixture Il
into the mixture | while stirring and continuously adding 1 M HCI until it forms a gel. The gel was measured pH (pH
meters) and dried overnight by the oven (Memmert), at 80 °C. Solids of the adsorbent were then neutralized by
washing distilled water and then dried at 80 °C and characterized using FTIR (Shimadzu FTIR - PRESTIGE 21), XRD
(Rigaku Multiflex) and VSM (VSM Oxford 1.2 T) and acid stability test (pH meter).

2.3. Acid stability test

The amount of 10 mg of the adsorbent was placed in a plastic bottle and put into buffer pH 1-6 in each container and
then shaken using a 200 VRN shaker (130 rpm) for 90 minutes. The solution was then separated from the adsorbent
using an external magnet (Neodymium, N35 grade, size 40 mm x 30 mm x 10 mm) and then the solution was
analyzed by atomic absorption spectrophotometer using FAAS, Analytic Jena contrAA 300.

3. Results and discussion
3.1. Functional group of MM/SiO,/MBI
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Figure 1: Spectra FTIR of: (a) MM, (b) MM/SiO,, (c) MM/SiO,/CPTMS, (d) MM/SiO,/CPTMS/MBI
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Based on Fig. 1(a). shows the spectra at the area of 570 cm™ which indicates the presence of vibrations of Fe-O
bonds from Fe304 found in natural iron sand magnetic material (MM). The absorption peak in the area of 3417 cm™ is
the stretching vibration of the -OH group of SiOH and FeOH [4]. In Fig. 1(b). Silica coated magnetic material with the
appearance of additional peaks with strong and sharp absorption at the area of 1087 cm™L whichisa stretching vibration
of Si-O asymmetry from siloxane (Si-O-Si) groups [1]. The absorption peak produced is increasingly sharp because
addition of Si-O groups through the formation of siloxane groups (Si-O-Si). This indicated reinforced by the vibration
stretching Si-O-Si shown at wave number 941 cm™L. The bands appeared at 786 em s belong to symmetrical
stretching vibration of Si-O-Si [10]. Spectra were process of added a link CPTMS shows the characteristic absorption
peak at region 2954 cm? and 2800 cm™ which is C-H stretching vibration of chain alkyl of CPTMS [11]. Fig. 1(c).
shows the process of adding CPTMS, there is a shift in the wavelength in the area of 1087 cm™ to 1126 cm™ and the
area of 786 cm™® to 702 cm™. This shift was caused by an environmental change. The siloxane (Si-O-Si) group
resulting from the condensation between silicate anions and silanol groups on surface silica with silane groups in
CPTMS through a sol-gel process. The formation of siloxane groups is evidenced by the emergence of an
increasingly sharp absorption peak at the area of 1126 cm™ [4]. Fig. 1(d). shows spectra with the presence of MBI
containing mercapto group (-SH). The mercapto groups in spectra are expected to appear in regions 2600-2450 cm™*
but the absorption peaks in the area are not observed. The active group —SH produces a weak absorption in the
infrared spectra. Generally, this band was absent spectra, or had a very low intensity S-H stretches were found at 2509.93 cmr?, which
are typically very weak and convoluted by contamination of the CO2 stretching bands from the background [12]. The vibrations that
are active in Raman can be inactive in infrared, and vice versa. Raman spectra recorded of the mercapto groups. It could be
observed that all spectra contained lines attributed to C-S and S-S stretching vibrations at 640 and 2575 cm! [13]. However, to
determine the presence of MBI in organosilica material, the aromatic group and the amine group were observed in
MBI. The NH group vibration is observed in the area of 3155 cm™ and overlaps with the OH group at 3448 cm™ [1].
The emergence of a new absorption peak at the area of 1512 cm is a bending vibration of the N=H of imidazole ring
[4]. Stretching vibration C = C aromatic is seen in 1658 cm™ and 1404 cm™ of imidazole ring [14]. The results of the
analysis by FTIR indicated that the magnetic material was successfully coated with mercapto silica hybrids. Prediction
of possible interactions between the surface of magnetite and silica as a coating material through the formation of Fe-
O-Si and the addition of a mercapto functional group on the silica surface with the sol-gel method shown in Fig. 2.
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Figure 2: Predicted reaction of synthesized MM/SiO2/MBI by sol-gel process (a). Acidified of material magnetic
(MM) and mix with Na,SiO; formatioan Si-O-Si and Fe-O-Si. (b). Reaction of CPTMS dan MBI; (c). Reaction of
mix.l and mix.Il in acidic solution

3.2. The crystallinity of MM/SiO2/MBI
The presence of magnetite in iron sand magnetic material (MM) and MM/SiO2/MBI can be identified based on

characteristic diffraction angles according to the crystal lattice. The results of X-ray diffraction comparing the
diffractogram of MM and MM/SiO,/MBl are present in Figure 3.
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Figure 3: Diffraction of X-rays (a) MM and (b) MM/SiO2/MBI

Based on Figure 3. shows the peaks that appear in area 26 = 30.06° [220]; 35.399° [311]; 43.04° [400]; 53.401° [422];
56.92° [511] and 62.46° [440]. The data corresponds to the magnetite database in the Powder Diffraction File (PDF
No0.19-0629) which has characteristic peaks with field indices [220], [311], [400], [422] and [511]. The main peaks of
35.50° [311] which are characteristic of magnetite (FesO.) [15-17]. XRD data in accordance with the results of iron
oxide research of the magnetic material Lansilowo iron sand in the form of magnetite iron oxide. To ensure that
based on the difraktogram it looks the peaks characteristic of the iron sand magnetic material Lansilowo appeared on
2 0 = 18.74°% 30.87° 36.13°% 43.78° 53.89° 57.89° and 63.55°. These peaks correspond to the difraktogram of a
commercial magnetite with a characteristic crest on 2 6 = 18.29°; 30.13°% 35.48°; 43.13° 53.52°; 57.02° and 62.62°
[15]. The MM/SiO2/MBI peak material characteristic of magnetic (Fe.Os) not changes after magnetic materials are
coated with silica due to silica is a template. Diffractogram of MM with sharp intensity shows that MM has a crystal
structure not amorphous showed at Fig. 3(a). Material magnetic (MM) peak intensity is higher than MM/SiO2/MBI. The
decreased in magnetite phase intensity due to the magnetite surface was covered by several coating materials. In thie
work, the coating of materials such as silica with an amorphous structure undergoing oligomerization and then coated
with CPTMS and MBI with considerable molecular weight. the peak widening in the area of 26 = 21.8° - 24° is
characteristic of the amorphous silica structure [5,6,15,18] showed at Fig. 3(b).

Table 1: Crystal size, christal lattice and and dr(A)

Material Dxrd(nm) a(A) dhkl(A)
MM 28.04 8.4199 24733
MM/SiO2/MBI  30.14 8.4069 2.4685

Besed on Table 2. These results indicate that the presence of coating material does not alter the crystal structure of
MM. The presence of coating does not affect the structure of magnetite crystals evidenced by obtaining the same value
for distances between crystal fields and magnetite crystal lattice parameters in MM and MM/SiO2/MBI. The MM size
increased from 28.04 nm to 30.14 nm after coating. This is possible due to the occurrence of oligomeration of silica

Mor. J. Chem. 8 51 (2020) 044-052

49



before it is coated on the PB surface and the addition of CPTMS and MBI prevents further oligomeration and this is
suspected to affect the occurrence of increased particle size.

3.3. Magnetic properties of MM and MM/SiO2/MBI
The magnetic properties of the material can be seen in the hysteresis curve in Figure 4.
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Figure 4: Hysteresis curve (a) MM and (b) MM/SiO2/MBI

Figure 4 shows narrow curve area, low coercivity, and high saturation. Generally, soft magnets are materials based on
Fe as the main material in MM also MM/SiO2/MBI utilizes magnetite (Fe304) from iron sand magnetic materials.
The hysteresis curve has an almost symmetrical reverse sequence when MM and MM/SiO2/MBI are subjected to a
magnetic field or when the magnetic field is removed. The magnetic properties of MM and MM/SiO2/MBI show the
narrow hysteresis curve area and are classified as soft magnets in Fig. 4 [4-6]. The greater the increase of SiO,
concentration and the hysterical looped more upright and softmagnetic [19]. Coercivity is used to distinguish hard
magnets and soft magnets. The greater coercivity force, the harder of magnetic properties and the magnetic properties
are not easily removed. Hysteresis curve area are soft magnets so they require small energy for magnetization and
demagnetization according to the small value of Hc (Table 1).

Table 2: Magnetic parameters

Sample Ms (emu.g'l) Hc (Tesla) My (emu.g'l)
MM 44.9 0.0169 10.9
MM/SiO2/MBI 155 0.0161 3.32

Table 2 provides information that MM has greater magnetic properties than MM/SiO./MBI which is seen from the
MS value that in MM is greater than MM/SiO2/MBI. The reduction of magnetic material crystallinity may attributed
by coating with amorphous silica which affects magnetite (Ms) saturation magnetization. Silica coating influence on
the properties of magnetics is the coercivity of FezO4 will be proportional to the size of the magnetic nanoparticles
are larger. While the value of remanence (Mr) and saturation (Ms) is getting smaller, so when the size of
nanoparticles is increasingly predicted to have multi-domain and Barier energy (Anistropinya energy) is also
increasingly greater [20]. This means that more coating material, the more magnetic properties will decrease. The
value of Mr is the magnetization remaining after the influence of the outer field of material is removed. Therefore, if
the value reaches saturation (Ms) is large then when the external field is reduced then it is possible that remanence or

delay (Mr) will also be large.
Mor. J. Chem. 8 S1 (2020) 044-052
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3.4. Stability of iron sand magnetic materials

Material MM/SiO2/MBI material which has magnetic properties can be applied in the adsorption process. The
adsorption process can be carried out by adding acidic solutions and unstable magnetite in the acid medium. Pure
Fes04 nanoparticles also suffer from its weak chemical stability at low pH.

FesOs (s) + 4HCl(aq) — 2FeCls (aq) + FeClz (aq) + 4H20(1)

If the magnetic material has direct contact with acid, it is very possible that dissolved Fe will increase. Therefore, the
coating of MM will reduce the amount of dissolved Fe [21]. Magnetic properties of the adsorbent MM/SiO2/MBI can
still be used to process the adsorbate separation from the adsorbent. The stability of the coated magnetic material to the

effect of acid addition is presented in Figure 5.
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Figure 5: Influence pH of amount dissolved Fe

Figure 5 shows that the amount of dissolved Fe in variations of pH 1-6 is not significant. The stability increased at each
step of the support modification thanks to silica- or/and silane- protecting layers and also to the increased
hydrophobicity of the silane-containing materials. High stability of the materials at low pH is important for different
applications and it is undesirable that the material dissolves while used in the liquid medium with low pH [20]. At
extreme pH, the amount of dissolved Fe does not differ greatly from the material at a pH. That it can be said the
adsorbent MM/SiO2/MBI stable against acid. High stability shown by the bound organofunctional group may be
caused by an alkyl group - (CH2)3- from the CPTMS that binds MBI as connected to the silica surface. The longer the
hydrocarbon bridge is more than two methyl groups, the breakdown of the SiC bond does not occur in the acid
medium. The coating process causes increased thickness of material MM/SiO2/MBI due to the presence of
oligomerization in silica. Interacts with CPTMS as silane precursors that have carbon chains so that they can prevent
acid solutions from being in direct contact with magnetite [7]. In addition, magnetite is not only protected by silica
and CPTMS but also on the surface of this material there is MBI. So that the magnetite on the surface of the MM is
highly protected from the nature of its instability to acidic solutions.

4. Conclusion
The magnetic material was successfully coated with mercapto silica hybrids with the sol-gel method and adsorbent
MM/SiO./MBI stable against acid.
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