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Introduction 

The unique properties of silica (SiO2), such as its 

insulating abilities, its ability to act as a filler 

composite, and its thixotropic nature, make it an 

important material in use in various technological 

applications1. Silica is of particular importance in 

industries like glass, cosmetics, pharmaceutics, 

cement, and purging2, 3. Moreover, silica is used to 

utilize different organic and inorganic materials that 

can be used in optical applications, catalysis, and 

electronic coatings4. Mesoporous silica is used in a 

variety of applications, for instance, as an adsorbent 

surface5, in filters and molecular sieves6, as a method 

of separation7, and participating as a catalyst in 

chemical reactions and the process of drug delivery8–

11. Technologies that use silica have been increasing 

in number significantly, and new families of such 

have recently been discovered. MCM-41 is one of 

the forms of mesoporous silica that have attracted 
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significant interest in different fields, such as host 

materials for inclusion compounds and separation 

media catalysis12. Mesoporous materials contain 

only silanes on their surfaces as functional groups, 

leading to certain limitations in the use of these 

compounds. To overcome these limitations, various 

studies have been conducted in the attempt to change 

the active site of mesoporous silicas. The quality of 

these materials can be enhanced by the addition of 

organic groups, nanoparticles, and coordination 

compounds, thereby enabling the use of these 

materials in different ways, such as in separation 

methods, sensors13–15, and catalytic processes16, 17.  

 Water can be contaminated by various types of 

pollutants, such as radioactive isotopes, natural 

pollutants and, particularly, inorganic fertilizers18. 

Heavy metal ions are another significant source of 

pollution with regard to their effect on human health, 

which include species of mercury, chromium, 

copper, cobalt, and lead, which are all frequently 

present in drinking water sources. Due to their strong 

biological toxicities and bioaccumulation, these ions 

represent a serious problem in terms of the 

environment. Urbanization and industrialization 

have also increased the amount of heavy metal ions 

found in water supplies. Therefore, it is essential to 

carefully manage heavy metal ions in drinking water 

resources to protect the natural environment19, 20. 

Their many distinctive characteristics make ordered 

mesoporous silica (OMS) important to water 

treatment processes, which include their chemical 

inertness, cost-effective production, expansive pore 

size, abundant collection of utilitarian surface 

functional groups that can be tailored for exceptional 

selectivity towards specific pollutants, high specific 

surface areas, and good thermal stability21. The 

process of adsorption with porous compounds can 

involve different mechanisms which include 

hydrophobic interactions, electrostatic interactions, 

ion-dipole interactions, coordination by surface 

metal cations, ion exchange, hydrogen bonding, and 

dispersion forces, amongst others22. 

In this work, mesoporous materials (MCM-

41@APTES and MCM-41@APTES-BSAL) derived 

from rice husk ash, as low-cost adsorbents, were 

prepared and applied in the adsorption of cobalt (II) 

and copper (II) metal ions from aqueous solution. 

Exposure time, concentration, pH, and dosage mass 

of adsorbent were studied as potential factors 

affecting the uptake of the ions. 

 

Materials and Methods 

Rice husks were collected from nearby rice 

production manufactures in AL-Najaf Governorate, 

Abbacy city. The materials used included 

cetyltrimethylammonium bromide (Merck, 95%), 

cobalt chloride hexahydrate (Merck, 98%), copper 

chloride dihydrate (Fluka), 99.8%), hydrochloric 

acid (Thomas Baker, Analar), toluene (Qrec, 99.5%), 

sodium hydroxide (Merck, 99%), ammonia (Qrec, 

69%), acetic acid (BDH, 99.5%), nitric acid (BDH, 

65%), absolute ethanol (Fluka>99%), acetone 

(Romal, 9.7%), (3-aminopropyl)triethoxysilane 

(Merck, 95%), and 5-bromosalicylaldehyde (Merck, 

95%). 

Instrumental 

Infrared spectroscopy (8400s Shimadzu Japan, 

spectral range from 4000 to 400 cm-1), N2 adsorption-

desorption analysis(Belsorp adsorption/desorption 

data analysis software BEL Japan, Inc.), powder X-

ray diffraction ((Philips PW 1730/10) X-ray 

diffractometer using Cu Kα radiation), and scanning 

electron microscopy (SEM)-(FESEM MIRA III 

(TESCAN)/(Czech Republic)), transmission 

electron microscope (TEM)- EM 208S, PHILIPS, 

NEDERLAND, atomic force microscopy (AFM)- 

(NT-MDT/NTEGRA(Netherlands) and 

thermogravimetric analyses (TA instruments SDT-

Q600 simultaneous TGA / DSC (België), from 30 to 

900 oC at a heating rate of 20 oC min−1 under nitrogen 

flow. Also, the researchers used UV-Vis 

Spectroscopy (Shimadzu double beam 1800 UV) to 

determined (Co(II) and Cu(II) ions from its aqueous 

solutions. 

Preparation of Silica (RH-SiO2) and Mesoporous 

Silica (MCM-41) from Rice Husks 
Silica extracted from rice husks, referred to as RH-

SiO2, and sodium silicate solution were prepared 

using the procedures described in reference23. 

Surfactant solutions were prepared by mixing 2.0 g 

of CTAB (cetyltrimethylammonium bromide) with 

25 mL of deionized water. Sodium silicate was added 

dropwise under vigorous stirring at room 

temperature. Silica surfactant solution was prepared 

through adjusting the solution to pH 10 using acetic 

acid, after which the solutions were stirred at ambient 

temperature for six hours, followed by ageing at 

100°C for 24 hours. The final mixture was filtered 

and rinsed with deionized water before drying at 

50°C for 24 hours. The resultant materials were 

subjected to a calcination process at 550 ± 3°C for 
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five hours to eliminate the surfactant24 as illustrated 

in scheme. 1. 

Synthesis of (3-aminopropyl)triethoxysilane-

Functionalized Mesoporous Silica (MCM-

41@APTES) 

The desired amount of MCM-41 was dried at 110°C 

in an oven for three hours to remove physisorbed 

moisture. 1.0 mL of (3-aminopropyl)triethoxysilane 

was add to the dried MCM-41, followed by the 

addition of 30 mL toluene. The mixture was then 

refluxed for 24 hours with stirring, and was then 

filtered. Toluene and ethanol were used to wash the 

product, which was then dried at 70°C for 24 hours. 

Finally, 1.20 g of the resultant material was collected 

as powder and labelled as MCM-41@APTES as 

illustrated in scheme. 1. 

Synthesis of 5-bromosalicylaldehyde-

Functionalized Mesoporous Silica (MCM-

41@APTES-BSAL) 

A mixture of 2.0 g of 5-bromosalicylaldehyde and 

1.0 g of MCM-41@APTES was mixed with 30 mL 

of toluene to prepare MCM-41@APTES-BSAL. The 

mixture was refluxed at 110°C for 24 hours. The 

product was filtered, rinsed with toluene and then 

ethanol, and left to dry at 100°C for 24 hours. The 

final product was collected as a powder and labelled 

MCM-41@APTES-BSAL. A summary of this 

methodology is depicted in scheme 1. 

 
Scheme 1. The synthesis of MCM-41@APTES and MCM-41@APTES-BSAL. 

Results and discussion 

Characterization of the Samples Prepared  

FTIR Analysis 

FT-IR spectra of MCM-41@APTES and MCM-

41@APTES-BSAL are illustrated in Fig. 1. The FT-

IR spectra indicated the changes that occurred in 

MCM-41 due to functionalization with (3-

aminopropyl)triethoxysilane and with 5-

bromosalicylaldehyde. 

The FT-IR spectrum for MCM-41, as shown in Fig. 

1, exhibits several bands related to mesoporous 

silica. Vibrations of the hydroxyl (-O-H) group of 

silanol (Si-OH) give a characteristic band at 

approximately 3500 cm-1 (Si–OH)25. Trapped 

molecules of water give rise to a bending vibration at 

(1640 cm-1) 26. The asymmetric vibration of the 

siloxane group gives a broad peak at 1107 cm-1, 

while the silanol group has an asymmetric stretching 

mode at (965 cm-1) 27. Additionally, stretching and 

bending of the siloxane group give distinct peaks at 

806 and 515 cm-1, respectively. In all spectra, there 

are three distinct peaks at around ~1000, ~800, and 

~500 cm–1. These peaks can be attributed to the 

siloxane group28. 

The FT-IR spectrum of MCM-41@APTES showed 

a number of absorption bands for silanol groups (Si-

OH) at ~960 cm-1, which was greatly reduced 

compared with MCM-41; this indicates successful 

anchoring of (3-aminopropyl)triethoxysilane. The 

wide peak at 3000-3200 cm-1 can be attributed to free 

NH2. The bending vibration of N-H (primary amine) 

appears at 1520 cm-1, while the strong peak at ~1390 

cm-1 can be attributed to the combination of the 

stretching of the C-N group in primary amides. These 

bands show that there are propyl and amino groups 

on the silica. Distinct bands at 445, 935, and 1090 
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cm−1 can be attributed to the symmetric and 

antisymmetric stretching modes of Si– O–Si28. 

The FTIR spectrum of MCM-41@APTES-BSAL is 

illustrated in Fig. 1. The hydroxyl vibration band can 

be seen to have shifted to around 3400 cm-1. The 

stretching vibration of C-H aliphatic and aromatic 

groups is responsible for clusters of low intensity 

bands at (~3000 and 2500 cm-1) 26. Schiff base ligand 

formation could be inferred due to the presence of the 

C=N group, which appeared at (1640 cm-1) 29. This 

provides substantial evidence that the reaction 

between MCM-41@APTES and 5-

bromosalicylaldehyde produced C–O, whose 

vibrational band appears at around (1000–1300 cm-

1) 30. 

 
Figure 1. FTIR spectra of MCM-41@APTES and 

MCM-41@APTES-BSAL. 

XRD Analysis  

XRD analyses for data recorded at low and high 

angles for MCM-41@APTES and MCM-

41@APTES-BSAL are presented in Figs. 2 and 3, 

respectively. The peak at around 2.17 (100) appeared 

due to the hexagonal structure of mesoporous 

material present in both MCM-41@APTES and 

MCM-41@APTES-BSAL. This was confirmed by 

the TEM images in Fig. 8. Filling of the honeycomb 

structure of the mesoporous material may lead to a 

lower peak intensity of MCM-41@APTES and 

MCM-41@APTES-BSAL compared to the MCM-

41 peak 30. The high angle XRD pattern Fig. 3 

showed a broad peak at 22° due to the amorphous 

structures of the MCM-41@APTES and MCM-

41@APTES-BSAL31. The crystalline size of all 

compounds was calculated according to the Scherrer 

equation32 as shown in Table 1. 

 
Figure 2. XRD spectra (low angle) for MCM-41, 

MCM-41@APTES, and MCM-41@APTES-

BSAL. 

 
Figure 3. XRD spectra (high angle) for MCM-41, 

MCM-41@APTES, and MCM-41@APTES-

BSAL. 

Table 1. Crystallite size and Average crystallite size of MCM-41 , MCM-41@APTES and MCM-

41@APTES-BSAL. 

Sample 

2θ = peak 

position 

(°) 

β = FWHM 

λ= 

wave length = 

0.154 nm 

k= 

Scherrer 

constant= 

0.9 

D = 

crystal size 

Average 

= kλ/βcos θ 

MCM-41 23.10969 5.857985 0.15406 0.9 1.38 

MCM-41@APTES 23.55466 1.023052 0.15406 0.9 7.93 

MCM-41@APTES-BSAL 24.73328 1.26775 0.15406 0.9 6.42 

N2 Adsorption-Desorption Analysis  

Specific surface area and the pore size distribution 

can be demonstrated via N2 adsorption–desorption 

analysis. From the results presented in Figs. 4 and 5, 

the average pore diameters for MCM-41@APTES 

and MCM-41@APTES-BSAL are 7.530 nm and 
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12.654 nm, the specific surface areas are 155.19 

m2g−1 and 17.491 m2g−1, and total pore volumes are 

0.292 cm3 g−1 and 0.055 cm3g−1, respectively, 

according to the BET plots. The samples’ porosities 

changed but they still had a narrow pore width 

distribution, which is typical for MCM-41--

derivative materials33. 

The pore volumes and surface areas of MCM-

41@APTES and MCM-41@APTES-BSAL 

decreased significantly compared to MCM-41, 

which has a pore volume of 126.12 cm3 g−1 and a 

surface area of 548.92 m2 g−1. This suggests that the 

hexagonal pores at the surface are being blocked by 

large ligand molecules30. 

Hysteresis loops were detected in both MCM-

41@APTES and MCM-41@APTES-BSALwithin 

the range 0.4 < P/Po < 1, associated with capillary 

condensation as per the IUPAC classification. For 

mesoporous solids28, type IV is the dominant 

isotherm with an H3 hysteresis loop. All samples 

exhibited type IV isotherms with H3 hysteresis loops, 

which is characteristic of mesoporous solids. Fig. 5 

illustrates the pore size distributions of MCM-

41@APTES and MCM-41@APTES-BSAL. The 

pore ranges were observed to lie between 2 and 10 

nm, which again is in the mesoporous range.  

 
Figure 4. N2 adsorption–desorption isotherms of MCM-41@APTES and MCM-41@APTES-BSAL 

materials. 

 
Figure 5. Pore size distributions of MCM-41@APTES and MCM-41@APTES-BSAL. 

SEM and EDX Analysis   

SEM images of MCM-41@APTES and MCM-

41@APTES-BSAL are shown in Fig. 6. From these 

images, it can be seen that the particles are smooth 

with spherical agglomerations. The average 

diameters of between 20-100 nm correspond to the 

average diameters of mesoporous(2-5)nm and 

macroporous(>50nm) materials34. According to the 

EDX analysis, the presence of silicon and oxygen, in 

addition to nitrogen, in the solid ligand (MCM-

41@APTES) was demonstrated, as can be seen in 

Fig. 7, from which it can be further concluded that 

the MCM-41 was incorporated on the (3-

aminopropyl)triethoxysilane.  

The EDX imaging of MCM-41@APTES-BSAL 

shown in Fig. 7 indicates that the compounds 

contained carbon, nitrogen, and bromine, in addition 

to oxygen and silicon elements in the complex as in 

Table 2. From this, it can be further concluded that 

the 5-bromosalicylaldehyde was incorporated onto 

the MCM-41@APTES.  

https://doi.org/10.21123/bsj.2024.10361
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Figure 6. SEM analyses of MCM-41@APTES and MCM-41@APTES-BSAL at scales of 1000 nm and 

500 nm 

 
Figure 7.  EDX analysis for MCM-41@APTES and MCM-41@APTES-BSAL. 

  

Table 2. The average values obtained from EDX analysis for MCM-41@APTES and MCM-41@APTES-

BSAL. 

Matrials 

Si 

Avarage mass 

(%) 

O 

Avarage mass 

(%) 

C 

Avarage 

mass (%) 

N 

Avarage mass 

(%) 

Br 

Avarage 

mass (%) 

MCM-41@APTES 42.09 39.27 10.63 8.00 ------ 

MCM-41@APTES-BSAL 50.43 21.88 16.72 7.32 3.65 

 

TEM Microscopy 

TEM analysis was conducted to acquire further 

information regarding the structural characteristics 

of MCM-41@APTES and MCM-41@APTES-

BSAL. The associated TEM images demonstrated 

these species’ hexagonal honeycomb structures, as 

shown in Fig. 8 30, 35. This honeycomb structure was 

clearly not preserved after functionalization of 

MCM-41 with (3-aminopropyl)triethoxysilane or 

with 5-bromosaliyaldehyde, because immobilization 

MCM-41 
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of large organic compounds on the MCM-41 caused 

the surface to become inundated with the ligand 

network, blocking the pores. All species exhibited 

ordered porous structures consistent with previous 

work on MCM-4136. 

 
Figure 8. TEM images for MCM-41@APTES and MCM-41@APTES-BSAL at different scales. 

AFM Analysis  
The surface topographies of MCM-41@APTES and 

MCM-41@APTES-BSAL have been determined 

through the AFM analyses shown in Fig. 9. It was 

found that two-dimensional images of MCM-

41@APTES’s and MCM-41@APTES-BSAL’s 

topographies were unclear, while the three-

dimensional image showed the high and low 

topography responsible for the surface roughness of 

the silica surface27. The parameters obtained from 

AFM for the surface of the prepared compounds, 

MCM-41@APTES and MCM-41@APTES-BSAL, 

are illustrated in Table 3, which indicate that the 

roughness factor is high for MCM-41@APTES but 

decreased upon functionalization from 1.161 nm to 

429.4 pm. This may be attributed to the successful 

modification of the surface of the ligand from MCM-

41@APTES to MCM-41@APTES-BSAL, while the 

roughness factor for MCM-41@APTES-BSAL was 

low, indicating the relatively smooth topography that 

was demonstrated in SEM, TEM, and AFM analyses. 

 

Table 3. AFM parameters for MCM-41@APTES 

and MCM-41@APTES-BSAL. 

Sample 

Average 

roughness 

(Ra) 

Root square 

roughness 

(Rrms) 

Average 

height 

(SZ) 

MCM-

41@APTES 

MCM-

41@APTES-

BSAL 

1.161 nm 

429.4 pm 

1.585 nm 

760.8 pm 

12.09 

nm 

9.201 

nm 

 
Figure 9. AFM: two-dimensional (left) and three-dimensional (right) micrographs of MC41@APTES 

and MCM-41@APTES-BSAL. 
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Thermal Analysis 

The thermal stabilities of MCM-41@APTES and 

MCM-41@APTES-BSAL were investigated 

through TGA analysis, as illustrated in Fig. 10. The 

TGA results exhibited a three-stage mass production 

at approximately 15-900°C. The initial step involved 

elimination of physically/chemically adsorbed water 

on the silica surface, whilst the second mass loss 

could be assigned to the decomposition of the 

organic moiety in MCM-41@APTES-BSAL and 

MCM-41@APTES. The third step involved the 

breakdown of Si-OH groups in the silica structure 

and their transformation into Si-O-Si siloxane 

groups37, 38. The TGA spectrum showed that the 

compound has good thermal stability due to the fact 

that the percentage of loss by weight of the material 

is low at high temperatures39. 

 
Figure 10. TGA-DTA plots of MCM-41@APTES (left) and MCM-41@APTES-BSAL (right) 

Adsorption Studies 

Metal Uptake Experiments 

An amount of each prepared ligand, MCM-

41@APTES and MCM-41@APTES-BSAL, was 

individually shaken with 50 mL of each metal ion, 

Co(II) and Cu(II). The amount of metal ion 

remaining was determined through enabling the 

insoluble complex to settle and removing a specific 

amount of the supernatant using a micropipette. 

Calibration curves for each of these ions were then 

constructed. The impact of different variables on the 

metal ions, such as time of exposure, pH, 

concentration of metal ions, and effect of mass of the 

MCM-41@APTES and MCM-41@APTES-BSAL 

were investigated.   

Effect of Exposure Time  

The uptake capacities of 0.05 M Co(II) and 0.05 M 

Cu(II) ions were determined by shaking the MCM-

41@APTES or MCM-41@APTES-BSALwith 

appropriate aqueous metal solutions at various times, 

as illustrated in Fig. 11. It was demonstrated that 

there is a nonlinear increase in the uptake of metal 

ions as a function of the exposure time due to the 

diffusion factors. This increase can be initially 

characterized as fast ion uptake followed by a period 

of constant uptake as a result of blocking the pores, 

thus inhibiting further contact between metal ion and 

unreacted amine group. This hypothesis is in line 

with the observations of other research groups40. 

 
Figure 11. The uptake of Co(II) and Cu(II) ions by MCM-41@APTES and MCM-41@APTES-BSAL 

ligand systems versus time. 
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Effect of pH 

Solutions of Co(II) (0.05 M) and Cu(II) (0.05 M) 

ions at various acidic pHs, adjusted via the use of 

NH4OH (0.1 M)/HCL (0.1 M), were mixed with 

MCM-41@APTES and MCM-41@APTES-BSAL. 

It was observed that there was an initial increase in 

the uptake of metals with increasing pH. The greatest 

uptake of Co(II) and Cu(II) ion occurred at pH 6, as 

shown in Figs. 12 and 13, respectively. The pH 

influenced the adsorption onto the surface. The 

hydroxide and hydrogen ions compete to adsorb on 

the surface. A change in the acidity of the solution 

can affect the adsorption process negatively or 

positively41. When the pH is lower, more hydrogen 

will be gained that accumulates on the surfaces of 

MCM-41@APTES and MCM-41@APTES-BSAL, 

leading to strong competition between the released 

proton and metal ions for the active site on the 

surface, resulting in more free metal ions remaining 

in solution42. With regard to the peak value, there is 

no subsequent change in the amount of uptake due to 

the production of  metal oxide43. The uptake of the 

divalent metal ions increases in the order Cu(II) < 

Co(II). The order of metal uptake capacities agreed 

with the stability constant established by Irving 

William and the acid base concept developed by 

Pearson44. 

 

 
Figure 12. The uptake of Co(II) ion by MCM-41@APTES and MCM-41@APTES-BSAL at various 

pHs. 

 
Figure 13. The uptake of Cu(II) ions by MCM-41@APTES and MCM-41@APTES-BSAL at various 

pHs. 

 

Effect of Concentration of Co(II) and Cu(II) Ions 
Different concentrations of cobalt and copper ions, 

ranging from 0.02– 0.10 M, were used to investigate 

the uptake capacity at optimum pH. The results given 

in Figs. 14 and 15 demonstrate that uptake increases 

with increasing concentration of Co(II) and Cu(II) 

ions at various times. This can be explained on the 

basis that each of the ions forms a 1:1 complex with 

the ligand at high concentration, while at low 

concentration there is minimal amount of uptake due 

to the formation of 1:2 complexes45; accordingly, 

better uptake efficiency is obtained due to the high 

concentration of metal ions which occupy a larger 

number of binding sites46. 
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Figure 14. The uptake of Co(II) ions by MCM-41@APTES and MCM-41@APTES-BSAL at various 

initial concentrations. 

 
Figure 15. The uptake of Cu(II) ions by MCM-41@APTES and MCM-41@APTES-BSAL at various 

initial concentrations. 

 

Effect of Mass of the MCM-41@APTES and 

MCM-41@APTES-BSAL 
The effect of the mass of MCM-41@APTES and 

MCM-41@APTES-BSAL was determined by taking 

different amounts of absorbent (0.10, 0.15, and 0.20 

g per 50 mL) in the test solutions at optimized pH for 

both cobalt (0.05 M) and copper (0.05 M) ions. Figs. 

16 and 17 show that the uptake of Co(II) and Cu(II) 

ions varied as adsorbent doses were increased from 

0.10 to 0.20 g. The maximum uptake of Co(II) and 

Cu(II) ions was found for 0.2 g MCM-41@APTES; 

similarly, the maximum uptake of Co(II) and Cu(II) 

was also found for 0.2 g MCM-41@APTES-BSAL. 

These findings demonstrate that there is a 

progressive increase in the uptake of metal ions as 

the adsorbent quantity was increased. However, a 

subsequent increase in adsorbent will not affect the 

uptake of Co(II) ions from the solution. This may be 

due to the blocking of donor sites of the solid ligand 

by the same ligand. The results also indicated that 

MCM-41@APTES-BSAL showed more efficient 

uptake of Co(II) and Cu(II) ions in solution than 

MCM-41@APTES. 

 
Figure 16. The uptake of Co(II) ions by MCM-41@APTES and MCM-41@APTES-BSAL with various 

masses. 
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Figure 17. The uptake of the Cu(II) ion by MCM-41@APTES and MCM-41@APTES-BSAL with 

various masses. 

Conclusion 

In this research, two types of mesoporous silica 

(MCM-41@APTES and MCM-41@APTES-BSAL) 

were prepared, using silica extracted from rice husk, 

via functionalization of MCM-41. These species 

were characterized via FT-IR, XRD, and N2 

adsorption-desorption, FESEM, EDX, TEM, and 

TGA/DTA analyses. 

The findings indicated that MCM-41@APTES and 

MCM-41@APTES-BSAL were synthesized with 

highly ordered hexagonal arrangements. BET 

analysis was performed to determine specific surface 

areas, average pore diameters, and total pore 

volumes. XRD diffraction analysis revealed that 

MCM-41@APTES and MCM-41@APTES-BSAL 

were amorphous in nature. Thermogravimetric 

analysis suggested that MCM-41@APTES and 

MCM-41@APTES-BSAL have the potential to 

remain stable, but will decompose within the 

temperature range of 15-900°C. The solid materials 

demonstrated a high efficacy in terms of uptake and 

extraction of copper and cobalt ions from aqueous 

solution. MCM-41@APTES and MCM-

41@APTES-BSAL can be used in different 

applications, such as adsorbents for heavy metals. It 

was found that the uptake of ions by MCM-

41@APTES-BSAL was greater than that of MCM-

41@APTES. 
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 المحضر من بقايا النباتات MCM-41تحضير مواد مازه جديده بواسطة توظيف 

 علاء فراك حسين، محسنحيدر حميد  ،رغد سعد حاتم 

 قسم الكيمياء، كلية العلوم، جامعة كربلاء، كربلاء، العراق.

 

 ةالخلاص

 (APTES)امينوبروبيل تراي ايثوكسي سيلان -0لتفاعل مع اب المساميه( تم توظيفها  )مركبات السليكا MCM-41في هذه الدراسه 

-MCMبروموسالسلديهايد تفاعل مع -1الذي يحتوي على مجموعة امين اوليه .في الخطوه اللاحقه  MCM-41@APTESلانتاج  

41@APTES بوجود التلوين للحصول على قاعدة شيف الموظفه من مركبات السليكا المساميهMCM-41@APTES-BSAL 

-FT-IR, FESEMتشخيصها بااستخدام  الجديده تم  MCM-41@APTES-BSALو  MCM-41@APTES.المركبات 

EDX, TEM, N2-adsorption –desorption, XRD TGA/DTA   تحليل.XRD وTEM المركبات  ت اناظهر

adsorption-2N–هي سداسيه الترتيب.النتاىج لتقنية  BSAL-41@APTES-41@APTES and MCM-MCMالمحضره

desorption 7.530الفجوه ومساحه السطح المخصصه هي  اشارت الى ان معدل قطر الفجوه و مجموع حجم nm1و−g 30.292 cm 

. التحاليل الحرايه BETعلى التوالي بالاعتماد على نتائج  g 217.491 m−1  و  g30.055 cm−1و nm 12.654و  g 2155.19 m−1و

الماء ه الاولى فقدان ووالخط لاث خطوات في فقدان الوزناظهرث MCM-41@APTES-BSAL و MCM-41@APTESل 

 MCM-41@APTES and ـوالخطوه الثانيه تتضمن تحليل الماده العضويه ل الممتزعبر عملية فيزيائيه اوكيميائيه على سطح السليكا

MCM-41@APTES-BSAL  الخطوه الثالثه تتضمن كسر مجموعة.Si-OH  في تركيب السليكا وتحولها الى مجموعة سايلوكسان

(Si-O-Si) . 

MCM-41@APTESوMCM-41@APTES-BSAL  استخدم لامتزاز بعض الايونات الثقيله مثل الكوبلت والنحاس من محاليلها

لتعرض االمائيه. تم دراسة العوامل المؤثره على الامتزازمثل تركيز ايون الكوبلت والنحاس الثنائيه وتاثير الداله الحامضيه وزمن 

 MCM-41@APTES and MCM-41@APTES-BSALوالوزن المؤثر ل

 سعة الامتزاز. ،مساحة السطح ،MCM-41 ،مواد مسامية ،محاليل مائية الكلمات المفتاحية:
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