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ORIGINAL STUDY

Extraction of Mesoporous Silica From Local Soil 
Samples and Using as Sorbent in Dispersive Solid 
Phase Extraction Application

Zahraa A. Qasim, Atheer Al Khudhair, Ahmed F. Khudhair*

Department of Chemistry, College of Science, University of Kerbala, Karbala 56001, Iraq

Abstract

Mesoporous silica was successfully extracted from selected local soil samples (sandy, clay, and loamy) from Karbala 
city using sol-gel method. The extraction method was simple and environmentally friendly. Pure silica was charac
terized using different techniques such as EDX, SEM, BET, XRD, and FTIR. Amorphous silica was used as an adsorbent 
to extract Fe(III)-salicylicaldehyde oxime complex from aqueous solutions using solid phase extraction method. The 
optimum conditions of method were 0.10 gm of silica, 0.04 mol.L¡1 of salicylaldehyde oxime reagent, pH 7.0, tem
perature 35 ◦C, shaking time 15 min, which showed very good extraction percent of Fe(III) - salicyaldehyde oxime 
complex 99.5 %. This indicates the success and selectivity of this method and its application to pharmaceutical samples 
containing iron (III) ions. It was concluded from this method that it is an easy,fast, low cost and high sensitively 
method.
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1. Introduction

A morphous Silica nanoparticles exhibit 
different physicochemical features like high 

specific surface area, large porosity [1], low toxicity, 
simple surface modification [2], adjustable me
chanical, and physical characteristics [3]. Thus, SiO2 

nanoparticles were used in many applications 
related to water treatment systems (adsorbents), 
catalyst supports, drug delivery, agriculture, cos
metics [4], and sensors materials [5]. Various routes 
have been developed for obtaining silica such as 
sol-gel, aggregation,st€ober method [6], emulsion 
and precipitation [7]. Sol-gel route is one of the 
most alternative and simplest routes for developing 
nanoparticles since it produces highly pure nano
particles at mild temperatures [8]. It has various 
advantages over alternative synthesis routes 
including simple, less expensive, good control of 
texture, high quality, and high specific surface area 
of materials [9]. Sol-gel based silica materials may 

go back to 1640 when van Helmont first identified 
“water glass” through silicate dissolution under 
alkali conditions followed by acidified, silica gel 
precipitates [10]. Silica nanomaterial derived from 
natural resources like sand and rice husk has 
attracted extensive interest in different fields due to 
its affordable and environmentally friendly syn
thesis process [11,12], and used as efficient 
adsorbing material for separation of metals from 
solid-phase extraction (SPE) [13]. Silica is an ideal 
support for organic groups because it is a stable 
under acidic conditions and non-swelling inorganic 
material, and has high mass exchange characteris
tics and very high thermal resistance [14]. It was 
used to adsorbent Fe (III)- salicylaldehyde oxime 
complex from aqueous solutions [15]. While 
Dispersive solid-phase extraction is a variant of 
solid-phase extraction to extract efficiency of spe
cific compounds from complex mixtures [16,17]. 
Substance powder was added to a liquid sample 
and stirred, the amount of analyte deposited on the 
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surface of the sorbent particles dispersed in the 
maximum value of solution reaches [18]. The liquid 
sorption is then separated from the sorbent. That 
Dispersive solid-phase extraction (DSPE) has 
several advantages are used of solvents signifi
cantly reduced, not require constant supervision, 
and no need for any fixed [19].

The study aimed to extract mesoporous silica from 
different types of local soil samples from Karbala city 
and used as adsorbent material to extract the Iron (III) 
salicylaldehyde oxime complex from aqueous solu
tions by dispersive solid phase extraction method.

2. Sampling

Samples were collected from several soils in the 
west and northeast from Karbala city from Iraq. The 
first sample is sandy soil. It is located in the desert 
area west of Karbala, near Lake Razzaza. The sec
ond and third samples are clay soils located near 
the Al Husseiniya River and the loamy soil is from 
orchards located in the Al Husseiniya district, 
northeast from Karbala city from Iraq as shown in 
Fig. 1.

3. Materials and method

Local soil, Hydrochloric acid (HCl 36 % Verdean 
House, New Delhi ∖India), Sodium hydroxide 
(NaOH 98 % SDFCL, Mumbai), Iron (III) chloride 
(FeCl3 99 % Ningbo Road, China), Salicyaldehyde 
oxime (C7H7NO2 98 % Ltd Poole, England) and 
Distilled water. Whole chemicals were used as 
accepted without any purification.

3.1. Extraction silica from different types of soil samples 
method

Silica was extracted from local soil sample by 
using sol-gel method [20]. They were washed seven 
times with distilled water to remove adhering ma
terials. They were then dried in an oven at 100 ◦C 
for 24 h and sieved using a 100-mesh sieve. 6.0 (gm) 

of samples were dissolved in 12 mL of 3 M HCl, and 
the solution were transferred into a reflux system 
with continuous stirring at 90 ◦C over night to 
separate other elements from the samples. After
ward, it was filtered, washed with distilled water to 
remove any remaining HCl and other salts, and 
then dried in an oven at 100 ◦C for 24 h. The sodium 
silicate was prepared from sodium hydroxide to 
purify silica in titration 1:7 weight ratio from pure 
silicate residue with sodium hydroxide in a and 
heated in a muffle furnace at 600 ◦C for 2 h using 
the alkali fusion method. After heating, the ob
tained dry sodium silicate (Na2SiO3) was diluted 
with distilled water and stirred on a hot plate at 
250 rpm at 106 ◦C. followed by titration of the so
lution with 2 M HCl until the pH reached around 
1—2 as tested with litmus paper and formation of a 
clean white gel of (Si(OH)4). The silica gel was 
filtered using filter paper and washed multiple 
times with distilled water to remove NaCl from the 
solution. The resulting product was then dried in an 
oven at 80 ◦C for 24 h to obtain 3.4 gm of silica 
particles and stored in acoveered plastic container 
for later use to characterize by different techniques 
and using for diffrent applications.The samples are 
labeled S1,S2 and S3 where S1 is sandy soil, S2 is clay 
soil and S3 is loamy soil (see Scheme 1).

3.2. Iron (III) ion with salicylaldehyde oxime extract by 
solid phase (silica) method

Iron (III)- salicylaldehyde oxime complex was 
extracted by solid phase extraction method, it was 
dissolved (0.0343 gm) of iron (III) chloride in 100 mL 
of distilled water to prepare (1000) (mg. L− 1) of iron 
(III) solution. It was taking 2 mL of iron (III) solution 
was added to 2 mL of (0.01 mol. L− 1) of salicy
laldehyde oxime to yield a dark violet of iron (III)- 
salicylaldehyde oxime complex with maximum ab
sorption wavelength 520 nm as shown in Fig. 2. 
However, it was adjusted pH (2—11) with 0.1 mol. 
L− 1of HCl and NaOH. the salicylaldehyde oxime 

Fig. 1. Different type of soil samples.
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was taken in different concentration (0.01—0.05 mol. 
L− 1) under temperature (25—50 ◦C) as experimental 
condition. After that the iron (III) complex solution 
was added to prepare sorbent (silica) with different 
amounts (0.025—0125 gm). And Shaking the mixture 
with different time at 5—30 min, to allow the com
plex to adhere to the adsorbent (silica) as reaction 
equation in Fig. 2. After extraction residue solution 
was analyzed by using technique (Visible spectro
photometry) to confirm the extracted of the iron 
(III)- salicylaldehyde oxime complex by silica [21] 
(see Fig. 3).

4. Spectrophotometric determination of Fe 
(III) — Salicylaldehyde oxime complex

The calibration curve of Fe (III) - Salicyaldehyde 
oxime complex was constructed under optimum 

conditions at pH 7.0 and temperature 40oC. The 
absorbance was measured at 520 nm against Fe (III) 
- Salicyaldehyde oxime complex prepared in 
similar conditions. Fe (III) complex was indicated 
increasing the absorbance with increased concen
tration of Fe (III) complex in different ranges of 
concentration from 6 to 70 mg.L− 1 at the linerty line 
as shown in Fig. 4, the calibration curve plotted 
between concentration of Fe (III) complex and 
absorbance [22].

5. Characterization

The obtained SiO2 powder samples were char
acterized using different techniques. All powder 
samples were detected through X-ray diffraction 
(XRD) patterns and scanned from 10◦ to 80◦ of 2θ

with Cu Kα radiation,manufacturer (Shimadizu X- 

Scheme 1. Synthesized mesoporous silica from soil sample.
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Fig. 2. Spectra of absorbtion for Fe (III) — Salicylaldehyde oxime solution and Fe (III) ion, Salicylaldehyde oxime reagent and Fe (III) — Salicy
laldehyde oxime solution solution.

 

Fig. 3. Proposed reaction equation of Fe(III) — Salicylaldehyde oxime complex extraction by silica.
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ray diffractometer) place of measurement (Beam 
Gostar Taban Lab∖ Iran) , Fourier transform 
Infrared (FTIR) measurement in the frequency 
range of 4000—400 cm− 1 manufacturer (Shimadizu 
8400s ∖ Japan), Scanning electron microscope 
(FESEM MIRA III (TESCAN): Beam Gostar Taban 
Lab∖ Iran) was used to analyze the surface 
morphology of samples. The surface area of sam
ples was calculated by the BET equation using the 
N2 adsorption—desorption curves, measured in 
(BEL BELSORP MINI II: Beam Gostar Taban Lab∖

Iran). Scanning electron microscopy with an en
ergy-dispersive X-ray (SEM ∖ EDX, AXIA CHEMI 
SEM Thermo scientific company: Hollande) was 
used to analyze the morphology and elemental 
compositions of the samples. The Atomic Forces 
microscopy (AFM) (CSPM-AA3000: Beam Gostar 
Taban Lab∖ Iran) used to determine particle size 
distribution, Ultraviolet—visible (UV—Vis) absorp
tion spectra (MODEL UV — 1800 240 V: Japan), were 
recorded to using a UV—Vis diode array spec
trometer for wavelength of iron complex. Visible 
spectrophotometer (model 721: Japan) at 520 nm 
was using to measure absorption of iron complex.

6. Result and discussion

In this study, the Energy Dispersive X-ray (EDX) 
technique was used to determine the percentage of 

elements in the three samples before and after 
extraction. As shown in Table (1), the weight values 
of the elements before and after extraction. As to 
silica percent, the results showed that sandy soil 
(S1) contains the highest percentage of silica, and 
these results are consistent with the results of 
[23,24].

Scanning electron microscopy (SEM) has been 
used to make out the surface morphology, size and 
crystalline nature of silica sample produces by sol 
gel process. The morphology of silica particles was 
shown in Fig. 5(A,D), (B,E) and (C,F) images belong 
to S1,S2 and S3 respectively. SEM images revealed 
that silica particles are highly agglomerated and 
spherical shaped and appear porous in nature. 
Where all images of different samples are similar.

The X-ray diffraction pattern (XRD) of SiO2 

samples are set out in (Fig. 6). The samples (S1) and 
S3 have exhibited high intensity peaks at around 20◦

[25] clay soil (S2 (has shown low intensity [26]. 
Different sharp peaks appeared in S2 sample at 32◦, 
48◦, 58◦ ,78◦ belong to (Al2O3), MgO, CaO and Fe2O3 

respectively [27—29]. Loamy soil (S3) displayed 
small sharp peak at 48◦ of Fe2O3 [30].

2Fourier transform infrared spectroscopy (FTIR) 
analysis was used to determine functional groups 
of the samples on view in (Fig. 7). The vibrational 
strain of the Si-OH bond (silanol) in the amor
phous SiO2 structure is indicated by the peak 
occurrence at wave 802.41 cm− 1. Furthermore, the 
O-Si-O (siloxy) bending vibrations are referenced 
by the peak at wave number 470.65 cm− 1 and peak 
at 443.64 cm− 1to the bending vibrations of 
Si—O—Si groups [31], while the wave number at 
960.58 cm− 1 assigned to Si-O groups of the 
stretching vibration [32]. Moreover the bands at 
spectral regions between 3500 and 3300 cm− 1 are 
characteristic for hydroxyl groups (O-H; stretching 
vibration) [33]. Finely the adsorption wave number 
at 1620 cm− 1 to the O-H bending vibration [34]. 
These result are highly agree with EDX and XRD 
results.
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Fig. 4. Calibration curve of iron (III)- Salicyaldehyde oxime complex.

Table 1. EDX analysis result of elements percentage in samples.

S1 S2 S3

Element 
Wt. (%)

Before Extraction After Extraction Before Extraction After Extraction Before Extraction After Extraction

Si 34.4 31.8 13.0 13.4 15.2 12.5
O 53.9 50.8 48.3 49.4 50.2 50.1
C 7.00 8.50 11.1 27.4 12.1 10.6
Mg 1.00 0.00 3.50 0.50 3.20 0.00
Al 1.80 1.70 3.70 2.30 4.90 0.20
Ca 1.00 0.00 12.8 0.00 8.00 0.00
Fe 0.90 0.80 5.00 1.30 4.30 0.20
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The specific surface areas, pores volume and 
pores size distribution data derived from nitrogen 
adsorption are shown in (Table 2). The sample S1 

showed higher specific surface area and pore vol
ume than S2 and S3. [35]. Moreover, the pore 
dimeter was ranged from (11—13 nm), indicating 
that silica extracted are mainly mesoporous [36,37].

The adsorption desorption isotherms of nitrogen 
for the samples are recognized in (Fig. 8). The silica 
samples are indicating a type IV isotherm. That 
capillary condensation occurs and the pore exceeds 
a critical width. The pore size distribution is pre
sented. That extracted silica indicates only meso
porous material [38].

7. Optimization of experimental condition of 
iron (III) extraction

Silica extracted from sandy soil was used as an 
adsorbent to extract iron (III) complex by solid 
phase extraction method under optimum condi
tions including: pH, concentration of reagent (sali
cylaldehyde oxime), amount of sorbent (silica), 
temperature equilibrium and shacking time. 
Which it used Fe3+ concentration:1000 mg.L− 1, 

Fig. 5. SEM images of samples with different extracted silica: (A, D) S1, (B, E) S2, (C, F) S3.
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Fig. 6. XRD patterns of SiO2 samples S1, S2 and S3.
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Table 2. Textural and structural properties of the extracted silica.

Samples SBET (m
2/g) Vp (cm3/g) Dp (nm)

S1 252.71 0.781500 11.207
S2 12.767 0.047463 13.611
S3 19.778 0.070416 13.023

108 AL-BAHIR (JOURNAL FOR ENGINEERING AND PURE SCIENCES) 2025;7:103—112 



Concentration of salicylaldehyde oxime: (0.01—0.05) 
mol. L− 1, amount of sorbent (0.025—0.125) gm at 
different temperature (298—323) K and shacking 
time (5—30) min.

8. Influence of pH

It was most important influencing at the adsorp
tion between iron complex and silica, the pH effect 
factor was studied in the range (2—11) that used 
0.1 mol. L− 1 from HCl and NaOH with using pH 
glass electrode to a justify pH. The results were 
shown in Fig. 9 and tabulated in Table S6 (https:// 
bjeps.alkafeel.edu.iq/cgi/editor.cgi?article=1109& 
window=additional_files&context=journal) that 
obtained increasing adsorption of extracted com
plex with increase hydrogen ion function. Where 
best extraction percent at neutral medium pH 7, 
While basic medium was decreased for extraction 
percent of iron ligand complex due to the 

formation of complexes between iron and hydrox
ide ions [22].

9. Influence of salicylaldehyde oxime 
concentration

Under pH 7, the impact of the concentration 
(Conc.) of salicylaldehyde oxime reagent was using 
range concentration from 0.01 mol. L− 1 to 0.05 mol. 
L− 1. It was increased the absorbance of iron com
plex with increasing concentration of reagent, and 
the best extraction the iron complex at 0.04 mol. L− 1 

as shown in Table S7 (https://bjeps.alkafeel.edu.iq/ 
cgi/editor.cgi?article=1109&window=additional_ 
files&context=journal) and Fig. 10 the effect con
centration of salicylaldehyde oxime reagent to Fe 
(III) before and after adsorption.

10. Amount Sorbent effect

The effect of Amount Sorbent was used to 
adsorption iron (III) ligand complex under opti
mum condition at pH 7 and concentration salicy
laldehyde oxime reagent 0.04 mol. L− 1. Which 
complex absorbance at 0.882. However, it was used 
different amounts sorbent of solid phase (silica) at 
(0.025—0.125) gm as shown in (Fig. 11) to extraction 
iron (III) ligand complex, And favorite amount 
sorbent to extraction iron (III) ligand complex at 
0.1 gm.

11. Temperature effect

The influence of temperature on adsorption 
iron by silica was result investigated are shown in 
Table S8 (https://bjeps.alkafeel.edu.iq/cgi/editor. 
cgi?article=1109&window=additional_files&context 
=journal) and Fig. 12. The temperature was 
performed under optimum condition experimental 
at pH 7, concentration salicylaldehyde oxime 
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reagent 0.04 mol.L− 1 and amount sorbent 0.1 gm. 
The temperature effect are changing from 298 K to 
323 K, while the temperature are most favorable at 
308 K to removal iron, which the thermodynamic 
function (ΔHex,ΔGex,ΔSex) for collected result of 
these variables at (74.5, − 41163, 133.9). The 
extraction process iron by using solid phase is an 
endothermic process with a positive value of an 
entropy indicates the formation electrostatic 
bonding of extracted ionic complex with silica [32]. 
The reaction is chemical Adsorption because the 
accompanying temperatures are high and esti
mated in a quantity greater than ((40 kj/mol), and 
this type of adsorption is specific and is not 
reversed and limited by its layer Oxygen adsorp
tion on coal surface [39].

12. Time effect

The effect of time was referring to extraction iron 
complex by solid phase. It was studied shacking 
time by shaker from 5 min to 30 min was shown in 
(Fig. 13) under optimum at pH 7, concentration 

salicylaldehyde oxime reagent 0.04 mol. L− 1 and 
amount sorbent 0.1 gm and temperature 308 K. The 
best time to separation iron (III) ligand complex 
from solid phase (silica) at 15 min.

13. Ferric ion extraction application

A series of drugs containing iron were used at 
the forms of ampoules or tablets [40] such as 
(Hemafer, Ferblex, Ferimax, Akourose and Sorbi
fer Duroles) as the applications of Ferric Ion 
Extraction on solid phase (silica). Which it was 
used concentration of the drugs at 25 mg. L− 1 by 
using conditions experimental (at temperature of 
35 ◦C, pH 7, amount of solid phase 0.1 gm and 
adsorption time 15 min. However, before and after 
adsorption of the drugs as shown in Table 3. The 
silica was most surface to extraction iron from 
different types of drugs. Silica have chemical 
properties to adsorb iron compounds in drugs. It 
was the polarity of the silica surface to improving 
extraction percentage. The interaction between 
silica and the iron compounds allows for better 
separation in the drugs [41,42].
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14. Conclusion

Mesoporous silica was successfully synthesized 
from soil from Karbala city in Iraq using the sol-gel 
method. Characterization results from various 
analytical techniques confirm the composition and 
quality of the mesoporous structure: EDS analysis 
confirmed the high purity of the silica, with silicon 
and oxygen percentages by weight ranging from 
31.8 to 50.8. XRD analysis indicated an amorphous 
silica structure. Scanning electron microscope 
(SEM) images revealed the mesoporous 
morphology and particle distribution. FTIR spectra 
showed characteristic absorption of Si-O-Si 
stretching and vibrations. BET texture analysis 
revealed a high specific surface area of 252.71 and a 
pore diameter of 11.20, indicating the mesoporous 
range. Mesoporous silica proved to be an effective 
that highly purity and permeability for adsorbent, 
with medium concentrations, temperatures, and 
high extraction percent of iron (III) complexes from 
aqueous solutions by dispersive solid phase 
extraction method demonstrating the effectiveness 
and precision of this method and its successful 
application to pharmaceutical samples.
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