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Abstract: Mesoporous silica can be a dye adsorbent to overcome related environmental problems. 

In this report, the extraction of mesoporous SBA-15 from corncob ash (CCA) and rick husk ash 

(RHA) at different mass ratios between cetyltrimethyl ammonium bromide (CTAB) and pluronic 

(P123) were investigated. The crystalline structure, chemical composition, morphology, and surface 

area of the silica were characterized by small-angle X-ray scattering (SAXS), Fourier-transform 

infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and Brunauer–Emmett–Teller 

(BET). Experimental results indicated that the mesoporous SBA-15 from both CCA and RHA could 

be obtained with P123/CTAB ratios of 3:1 and 1:1. The findings of this study showed that 

mesoporous silica produced from corn cobs with a surfactant mass ratio of 1:1 had the highest surface 

area and adsorption capacity. The resulting silica mesopore had a pore diameter of 6.24 nm and a 

surface area of 425.12 m2/g. As a result, the mesoporous silica effectively adsorbed methylene blue 

dye and partially adsorbed methylene orange dye with an adsorption capacity of 2.6 mg/g after 3 

hours of the adsorption process. The highest adsorption capacity for mesoporous silica made from 

rice husk was 2.26 mg/g. This study proves that the mesoporous silica formed has a certain degree 

of selectivity and adsorbs cationic dyes better than anionic ones, indicating its potential for liquid 

chromatography applications. 
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1. Introduction  

Indonesia has an alarming water contamination issue 

that concerns researchers today. 1) The textile industry is 

one of those industries that spills wastewater into the 

water system. Most of the textile industry uses synthetic 

dyes. These dyes are proven to be harmful to aquatic life 

and reported to be highly toxic and carcinogenic in 

nature.2) To fulfill the need for clean water, the 

government requires industries to have a wastewater 

treatment before disposing the water into the river.  

The wastewater plant ideally consists of five stages.3) 

Among those stages, the fourth stage, which is filtration, 

is the most crucial stage that can be performed through the 

adsorption method utilizing an adsorbent.4) For large-scale 

industrial applications, the adsorbent must have a high 

absorption capacity and a reasonably low cost. One of the 

suitable materials to be used as adsorbents is mesoporous 

silica.5) To date, tetraalkoxysilanes are the most widely 

used starting materials for mesoporous silica owing to 

their high purity of silica content. Various mesoporous 

silica structures such as SBA-15, SBA-16, and MCM-41 

can be produced by using this precursor containing 

tetraalkoxysilanes.6,7,8) Nonetheless, tetraalkoxysilanes is 

relatively expensive therefore it is not economically 
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favorable.9)  

Based on previous studies, agricultural wastes such as 

corn cob ash (CCA) and rice husk ash (RHA) have been 

successfully utilized as silica sources for mesoporous 

silica.10,11) However, producing well-ordered mesoporous 

silica from natural sources with performance on par with  

tetraalkoxysilanes derived mesoporous silica is still very 

challenging due to the differences in the purity of silica 

precursors where the silica from natural sources generally 

still contain some small impurities.12) One of strategies to 

improve the microstructure of mesoporous silica is by 

introducing surfactants and co-surfactants.13) While a 

well-structured mesoporous silica with unique particle 

shape can be obtained by controlling surfactant content,14) 

nonetheless to our knowledge there is no study on the 

effect of co-surfactant on the mesoporous silica 

synthesized from RHA and CCA. In this study, a co-

surfactant was added to engineer the shape and 

characteristics of the pores that would be formed. In 

addition, we will demonstrate the performance of 

mesoporous silica in adsorbing a mixture of methylene 

blue and methylene orange dyes which represent anionic 

and cationic dyes in textile waste.  

 

2. Experimental 

Corn cobs and rice husks were washed and dried under 

the sun for 6 hours, followed by separate combustion at 

700˚C for 6 hours. The resulted corn cob ash (CCA) and 

rice husk ash (RHA) were weighed for 5 g and dissolved 

in 100 ml of 10% w/v NaOH solution, then the mixture 

was incubated for 24 hours and refluxed at 80˚C for 1 hour. 

This refluxed solution was then filtered to obtain a 

solution of sodium silica as a silica precursor. The mixture 

of P123 and CTAB were used as surfactant with ratio of 

1:0, 3:1, 1:1, and 1:3 ratio which were referred to V1, V2, 

V3, and V4, respectively. Each variation was then 

dissolved in 380 mL of 1.6 M HCl. Then, every 380 mL 

of the surfactant solution was reacted with 200 mL of 

sodium silica precursor and was heated at 40˚C for 24 

hours to form gel. The formed gel was dried at 100˚C for 

24 hours. The formed precipitate was dried at 100˚C for 8 

hours. The dried substrate was then calcined at 500˚C for 

6 hours with a heating rate of 10˚C per minute and cooled 

to room temperature.  

The crystalline structure of the samples was 

characterized by small-angle X-ray scattering (SAXS) 

using Shimadzu XD-610. The surface morphology of the 

mesoporous silica was investigated by scanning electron 

microscopy (SEM) using FEI Inspect F50 machine. The 

chemical composition and functional group of the 

mesoporous silica were characterized by Fourier-

transform infrared spectroscopy (FTIR) using Perkin 

Elmer UATR two machines. The surface area of the 

mesoporous silica was studied by Brunauer–Emmett–

Teller (BET) using Quantachrome Instrument NOVA 

Station A. The dye solution for the adsorption test was 

prepared by dissolving 8 mg of Methylene Blue (MB) and 

Methylene Orange (MO) powders in 800 mL of distilled 

water. 50 mg of mesoporous silica was added to a 50 ml 

dye solution. The solution was placed in a magnetic stirrer 

for 3 hours at a speed of 200 rpm. Every 1 hour, 7 mL of 

the solution was taken and characterized by UV-VIS using 

Perkin Elmer UV-Vis Spectrophotometer Lambda 25. The 

dye removal efficiency (%R) and adsorbate uptake (q) 

were calculated using the equation (1) and (2) taken from 

the previous research:15) 

q = 
(𝐶0−𝐶) 𝑥 𝑉

𝑚
       (1) 

%R = 
𝐶0−𝐶

𝐶0
 x 100%    (2) 

 
3. Results and Discussion 

Fig. 1 shows the SAXS graphs for RHA and CCA 

synthesized at various P123/CTAB ratios. For both CCA 

and RHA, only sample V2 and V3 exhibit mesoporous 

structure associated by the presence of three peaks which 

are belong to 2D hexagonal (p6mm) symmetry of SBA-15. 
16,17) The CCA and RHA samples have the same trend for 

the order of samples with the highest to lowest peak 

intensities, that is, V2 > V3 > V4 >V1.  

 

 

 

Fig. 1. SAXS graph of CCA and RHA samples. 
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This result proves that the added CTAB increased the 

pores' regularity in the samples. The CTAB, as a cationic 

surfactant, formed micelles with positively charged 

headgroups. Consequently, the shape of the micelles is 

more regular as the charges separate them at a certain 

distance uniformly. 18) However, there is a maximum dose 

of CTAB that can be added as a co-surfactant to P123 in 

order to maximize the regularity of the micelles.19) 

Insufficient P123, as a non-cationic surfactant, also causes 

poor pores regularity and low structure stability. 

Fig. 2 shows the FTIR spectra of CCA and RHA 

samples obtained at four P123 and CTAB surfactant ratios. 

It is visible that there is a transmission peak at wave 

numbers between 440 – 470 cm-1, 801 – 795 cm-1, and at 

1059 – 1073 cm-1, which suggests the presence of Si-O-Si 

type of bonds.20) Mesopore silica from CCA and RHA 

samples also has a weak peak at wave numbers 3402-

3418cm-1 and 3392-3403cm-1. These wave numbers 

indicate that both mesopore silicas have symmetrical and 

asymmetrical O-H stretching vibration groups. The 

existence of this group comes from the presence of 

absorbed water molecules and the presence of the Si-OH 

group.21) Other functional groups related to the structure 

of water were also found in the wave number range of 

1640-1643cm-1, which indicated the presence of H-O-H 

groups on both mesopore silicas from CCA and RHA.22)  

Fig. 3 shows the SEM micrograph of the prepared 

samples. As can be seen, spherical particles grow as 

CTAB increases, but aggregated particles considerably 

decrease. 

 

 
 

 
Fig. 2 Comparison of FTIR spectra of (A) CCA and (B) 

RHA mesoporous silica samples. 

In CCA V3 and RHA V3, almost all particles are well 

dispersed. This dispersion is due to the morphology of the 

micelles being significantly affected by the packing 

parameters of the surfactant, namely the ah/ac ratio, where 

ah is the effective headgroup area and ac is the length of 

the hydrophobic chain. The greater the value of ah/ac, the 

more micelles tend to have a spherical morphology.23) 

Therefore, the CTAB will react with the PPO tail and 

increase the ah/ac ratio. The addition of CTAB also 

reduces the tendency of particle aggregation due to 

electrostatic repulsive forces.24,25) However, further 

addition of CTAB, represented by CCA V4 and RHA V4, 

caused the spherical particles to form an agglomerate. 

This agglomeration occurs because, when the 

concentration of CTAB is too high, the hydrophobic bonds 

will be present in the solution 26). 

 

 
Fig. 3 SEM micrograph of the prepared mesoporous silica as 

the concentration ratio of P123 and CTAB increased: (a) RHA 

V1; (b) RHA V2; (c) RHA V3; (d) RHA V4; (e) CCA V1; (f) 

CCA V2; (g) CCA V3; and (h) CCA V4. 

Fig. 4 shows the adsorption-desorption isotherms of all 

the CCA and RHA samples. It can be seen that the four 

samples have a type IV physisorption isotherm, which 

means that the four samples have a mesoporous shape.27) 

According to IUPAC, the CCA V1 and RHA V1 have the 

shape of an H3 loop hysteresis curve, while the CCA V2 

and V3 formed hysteresis loops H2 (b) and H2 (a) shape, 

and CCA V4 had an H4 loop hysteresis curve.28) 
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Comparations of the pore diameters and the surface area 

of the samples are shown in Fig. 5. The CCA and RHA 

formed a similar trend, where V2 has the largest diameter, 

6.25 nm and 6.18 nm, followed by V3, V4, and V1. 

According to the literature, adding co-surfactant CTAB to 

P123 reduces the pore size.29) However, in V1, there is a 

discrepancy with the literature. This phenomenon is due 

to the unstable temperature during the ageing process. The 

difference in pore shape and diameter significantly 

influences the surface area formed. It can be seen that the 

samples with the largest surface area are CCA and RHA 

V3, with values of 425.12 m2/g and 389.26 m2/g then, 

followed by V2, then V1, and V4. 

 

 

 
Fig. 4 Adsorption-desorption isotherms of mesoporous silica 

of (A) CCA and (B) RHA samples. 

In Fig. 6, the colour of the synthetic dye solution 

changes with increasing absorption time by the 

mesoporous silica material. The UV-VIS spectrum of the 

blank solution can be seen in Fig. 7(A). A peak at a 

wavelength of around 675 cm-1 indicates the MB, 30) and 

at 463 cm-1, indicating MO's presence.31) Fig. 7(B) shows 

a UV-Visible graph of CCA after the adsorption process 

for 3 hours. The CCA and RHA samples of other variables 

showed the same trend. The graph does not show any 

peaks on the longer wavelength side that correlate to the 

presence of MB after the adsorption process occurs. This 

proves that all samples can absorb MB dye directly. This 

absorption is because mesoporous silica is negatively 

charged at neutral pH and adsorbs cationic MB through an 

electrostatic interaction mechanism.32,33) A peak at a 

wavelength between 463 – 464 cm-1 means mesoporous 

silica has lower effectiveness in the absorption of MO 

dyes. Since MO is an anionic dye, there will be a repulsive 

interaction between MO and the silica so that silica can 

only interact through weak Van Der Waals forces or 

hydrogen bonds.29) 

 

 

 
Fig. 5 Comparison of CCA and RHA (A) pore diameter and 

(B) surface area. 

 

Fig. 8 compares the dye's absorbance capacity for each 

variable. The graph shows that CCA V3 and RHA V3 have 

the highest adsorption capacities of MO dyes after 3 hours 

of absorption compared to other samples, which is 2.6 

mg/g and 2.26 mg/g, respectively. The adsorption capacity 

of CCA is higher than RHA due to the higher CCA surface 

area. The adsorption capacity is linearly related to the 

surface area since a higher surface area means more sites 

where MO substances can interact with silica. The graph 

also proves that both CCA and RHA samples are 

somewhat selective. The sample is only selective to a 

certain degree and can absorb MO anionic dyes in small 

amounts. 
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Fig. 6 Adsorption of the mixture of methylene blue and 

methylene orange by mesoporous silica (CCA-V3) during (a) 0 

hours, (b) 1 hour, (c) 2 hours, and (d) 3 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7 UV-VIS spectra of (A) blank solution and (B) solution 

after 3 hours of adsorption process by CCA samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8 Adsorption capacity of (A) CCA and (B) RHA silica 

mesoporous materials. 

 

4. Conclusion 

The concentration of CTAB added as a co-surfactant 

affects the characteristics of the pores. Increasing the 

CTAB/P123 surfactant ratio is found to form mesoporous 

silica with a higher surface area. Based on the UV-VIS 

results, mesoporous silica's ability to adsorb cationic dyes 

(MB: Methylene Blue) is more effective than its ability to 

absorb anionic dye (MO: Methyl Orange). The UV-VIS 

results also found that increased CTAB/P123 surfactant 

ratios would cause more MO dye to be adsorbed. The 

adsorption ability of methylene dye on mesoporous silica 

is directly proportional to its surface area. Therefore, CCA 

and RHA samples selectively absorb cationic dyes and can 

also absorb anionic dyes to a certain degree indicating its 

potential for liquid chromatography. 
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Nomenclature 

q uptake capacity at time t (mg. g-1) 

C0 initial concentration (mg. L-1) 

C concentration at time t (mg. L-1) 

m mass of adsorbent (g) 

V volume (L) 

%R removal (%)  

 

Abbreviation table 

SBA-15/16 Santa Barbara Amorphous-15/16 

CTAB Cetyl trimethylammonium bromide  

P123 Pluronic 123 

SAXS small-angle X-ray scattering 

FTIR Fourier-transform infrared spectroscopy 

SEM scanning electron microscopy  

CCA corncobs ash 

RHA rick husk ash 

MCM-41 Mobil Composition of Matter-41 

MB Methylene Blue 
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MO Methylene Orange 

UV-VIS Ultraviolet–visible 
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