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ABSTRACT 

The ash of brickyards or rice husk ash is a big problem for the environment, and it is 

necessary to have good solutions to manage and utilize as a raw material for other industries. 

In addition, the organic wastes with high solubility in water have been also causing many bad 

consequences to human health, animals, and plants. Therefore, this study used the ash of 

brickyard to synthesize SBA-15 materials known as adsorbents in removal of organic wastes 

like as phenol red out of aqueous solutions. The experimental results showed that the 

SBA-15-based nanomaterials had well-ordered hexagonal meso-structure and its pore 

diameter was approximately 7.8 nm. The nano-adsorbents of SBA-15 had also high adsorption 

of the phenol red. The experimental data on phenol red adsorption were evaluated based on 

the Langmuir isotherm model and the pseudo-second-order model well with high regression 

coefficients at R2 = 0.9995 and 0.9900, respectively. The phenol red adsorption efficiency of 

SBA-15-based nanomaterials was really high at 98.8 % and its maximum adsorption capacity 

reached to 19.77 mg.g-1. 

Keywords: SBA-15, ash, phenol red, adsorption, and adsorbent. 

1.  INTRODUCTION 

The Mekong Delta is the largest local on rice production in Vietnam with a total output 

around 40 million tons per year, accounting for 90% rice of the country [1]. In addition to the 

main product of rice, the rice harvest and processing have also generated a number of other 

by-products such as rice husk and straw in very large quantities. This poses a challenge for the 

local people to manage and re-use these by-products. In fact, there have been many solutions 

such as using them to compost or burn to get fertilizer with low efficiency. The rice husk has 

been used as a solid fuel in several agricultural drying kilns with high construction and 

installation costs. More specifically in the Mekong delta, there are also many factories 

producing burnt-clay bricks using fuelwood or coal for combustion. However, the prices of 

these fuels are really high and continuously increasing. Therefore, these local facilities have 

been used rice husk and straw to replace for traditional fuels during the burning process. The 

burning processes has produced a lot of solid wastes, which are the non-combustible inorganic 

components in rice husk or straw known as the ash of brickyard. Many production facilities 
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have dumped the solid wastes on their farmland without any solution to reuse it. There have 

been many studies shown that the ash of brickyard contains high silica of SiO2. Normally, after 

burning, the ash has over 80% is silicon oxide with amorphous reactive silica [2]. Thus, this 

is a potential resource, which has many different applications in fields of materials science. 

The silica from rice husk ash has been used in rubber [3], adsorbents [4], filter materials [5], 

etc. This study utilized the ash of brickyard as a raw material to synthesize nano-adsorbents 

which aim to improve the environmental pollution and wastewater treatment. It is noted that 

there is no study on nano-adsorbents based on silica from the ash of brickyard.  

Phenol red or phenolsulfonphthalein exists as a red crystal with the aqueous solubility at 

0.77 g.L-1. The phenol red solution was often used as a pH indicator in cell culture [6] and as 

a dye. The eyes, respiratory system, and skin may be irritated after exposed to phenol red [7]. 

In addition, the phenol red is also able to cause inhibition of the growth of renal epithelial cells 

[7]. It is toxic to muscle fibres and have mutagenic effects [8, 9]. Therefore, the impacts of 

phenol red on the environment should be investigated and must have a good solution for its 

treatment. There have been many investigations on using various materials to adsorb phenol 

red such as the bottom ash and deoiled soya adsorbents [10]; and clinoptilolite [11]. In 

addition, many reports also used the various models to evaluate adsorption capacity and 

adsorption efficiency in wastewater treatment with the synthesized materials such as silica 

material [12], modified bentonite [13], and others [14, 15]. 

The SBA-15 adsorbents have been researched with outstanding specifications such as 

high surface area around 900 m2.g-1; high thermal and mechanical stability; inert and 

environmentally friendly properties [16]. The SBA-15 materials are normally synthesized 

from tetraethoxysilane (TEOS) as the silica source with high cost and complex TEOS 

processes [17- 18]. This is motivation to enhance the development of alternative silica sources 

known as the rice husk ash or the ash of brickyard. Thus, this study focused on two main 

investigations included utilization of the brickyard ash as a raw material for synthesizing SBA-

15 nano-adsorbent and its experiments on the phenol red adsorption in aqueous solutions. It is 

noted that the microstructural characteristics of SBA-15 nanomaterials were analysed using 

Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), transmission 

electron microscopy (TEM), Brunauer–Emmett–Teller (BET). The absorption capacity and 

absorption of SBA-15 nano-adsorbents were recorded during the removal of phenol red dye. 

2.  MATERIALS AND METHODS 

2.1. The ash of brickyard  

The raw material was from the local burnt-clay brick production facilities in Mekong 

delta, Vietnam. The brickyard ash was prepared via the processes of drying, sieving to remove 

the soil, sand, rock, and other contaminants, and grinding as reported in Nguyen (2019) [2]. 

2.2. Chemical reagents  

This study used the chemical reagents of NaOH, HCl, Phenol red and Pluronic P123 

(Amphiphilic triblock copolymer poly(ethylene oxide)-poly-(propylene oxide)-poly(ethylene 

oxide, MW=5800) from Merck Vietnam Ltd. 

2.3. Preparation of SBA-15 mesoporous materials  

Figure 1 is a diagram of the experimental steps from the preparation of raw materials for 

the synthesis of SBA-15 nanomaterials to the analyses of the microstructural characteristics 

and the phenol red absorption efficiency in aqueous solution of the product. 
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Figure 1. Preparation of SBA-15 nano-adsorbent with microstructural characteristics  

and its phenol red absorption efficiency. 

For each experiment, the ash with 10 g was soaked in 150ml of 3M NaOH solution and 

stirred at temperature of 110 oC for 3 hours. Then, the sample was filtered using activated 

carbon to obtain a colourless solution (solution A). In other work, the Pluronic P123 surfactant 

was dissolved in an aqueous solution of 1M HCl at room temperature (solution B). The next 

step, solution A was added on a drop-by-drop into solution B to form a precipitate. The whole 

mixture was put into a glass jar and incubated at temperature of 105 oC for 24 hours to obtain 

gel. And then, the white precipitate was filtered and washed with water to neutral and dried at 

105 oC for 24 hours. The sample was removed surfactant by calcining at 550 oC with heating 

rate at 10 oC/min in the atmostphere condition [19]. 

Finally, the nanomaterial of SBA-15 was characterized for microstructure and 

morphologies using methods of FTIR, XRD, TEM, BET with nitrogen adsorption-desorption. 

Both samples of P-SBA-15 without calcination and SBA-15 with calcination were 

analysed to detect the functional groups of chemical bondings using FTIR (8400S Shimadzu 

with KBr pellets). 

The SBA-15 sample was characterized for the phase compositions using method of X ray 

diffraction (XRD) with the diffraction angle of 2-Theta from 0.5 to 80o and a step size of 0.02. 

The experiments were conducted at German-Vietnamese Technology Academy, Ho Chi Minh 

City University of Food Industry (GVTA-HUFI) using Bruker D2 diffractometer and Research 

& Experiment Center, Vietnam Petroleum Institute (REC-VPI) using Bruker D8 Advance 

diffractometer with CuKα radiation (λ=1.54 Å). 

The specific surface area and total pore volume of the SBA-15 nano-adsorbent sample 

were analysed by nitrogen adsorption-desorption isotherms at 77 °K using Quantachrome 

Nova 2000e meter. 

2.4. Preparations for phenol red adsorption  

A beaker was prepared with 200 mL aqueous solution of phenol red. And then, 2 g nano-

adsorbent of SBA-15 was added in the beaker. The different adsorbent concentrations were 

adjusted at 20 ppm, 30 ppm, 50 ppm, and 70 ppm. The sample was stirred for 180 minutes and 

then the concentrations of phenol solution were determined using UV-Vis spectrophotometry. 
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2.5. Interpretation of adsorption isotherm model  

The Langmuir isotherm model was used to analysed the sorption equilibrium data for the 

phenol red on SBA-15 nano-adsorbent [20, 21]. The relative coefficients of the model were 

calculated using linear least-squares fitting. 

The Langmuir sorption isotherm equation is known as follows: 

𝑞𝑒 = 𝑄𝑚𝐾𝐿𝐶𝑒 (1 + 𝑘𝐿𝐶𝑒)⁄                                              (1)  

and it is linearized to become: 

𝐶𝑒

𝑞𝑒
=

𝐶𝑒

𝑄𝑚
+

1

𝑄𝑚𝑘𝐿
                                                              (2) 

where, 𝒒𝒆 (mg g-1) and 𝑪𝒆 (mg L-1) are the equilibrium concentrations of phenol red in the 

nano-adsorbent of SBA-15 and liquid phases, respectively; 𝑸𝒎and 𝒌𝑳 are the Langmuir 

constants which are related to sorption capacity and energy of sorption, respectively, and they 

are calculated from the intercept and slope of the linear plot of 𝑪𝒆 𝒒𝒆⁄  and 𝑪𝒆. 

2.6. Kinetic models  

The pseudo-second-order were used to analyse the sorption kinetic data for cobalt on the 

various adsorbents [22]. The pseudo-second-order equation was written into: 

𝑑𝑞𝑡

𝑑𝑡
= 𝑘2(𝑞𝑒 − 𝑞𝑡)

2                                                       (3) 

where, 𝒌𝟐 (g.mg-1.min-1) is the rate constant; 𝒒𝒕and 𝒒𝒆 (mg g-1) are the amount of sorption at 

time t (min) and at equilibrium, respectively. 

The equation (3) is integrated and applied for the above conditions to become: 

1

𝑞𝑒−𝑞𝑡
=

1

𝑞𝑒
+ 𝑘2𝑡                                                          (4) 

After rearranged, the equation (4) changes into a linear form: 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
𝑡                                                            (5) 

in which, 𝒌𝟐 and 𝒒𝒆 are obtained from the intercept and slope of the plot 𝒕 𝒒𝒕⁄ and t, 

respectively. 

3. RESULTS AND DISCUSSION 

3.1. Characteristics of the adsorbent based on SBA-15 synthesized from the ash of 

brickyard  

The FTIR spectra of samples are shown in Figure 2. The bands observed at wavenumbers 

of 1080 cm-1, 804 cm-1 and 484 cm-1 corresponding to bend stretching vibrations of Si–O–Si 

with symmetric and asymmetric, respectively. At the wavenumber of 960 cm-1, it was resulted 

from Si–OH stretching band. The broad band of wavenumbers from 3000 to 3700 cm-1 is 

vibrations of hydroxyl groups. The sharp peak at 3745 cm-1 is related to the vibrations of the 

Si–OH. Figure 2a for the P-SBA-15 sample without calcination had the wavenumber at 2800 

cm-1 detected to vibrations of C-H bonding. It is noted that Figure 2b for the SBA-15 sample 

with calcination had no peak at wavenumber of 2800 cm-1. The results showed that the framed 

organic fraction with Fluronic P123 was successfully removed by calcination at temperature 

of 550 °C for 5 hours. 
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Figure 2. Vibrations of the chemical functional groups in P-SBA-15 (a) and SBA-15 (b) using FTIR. 

The XRD patterns of SBA-15 nano-adsorbent are shown in Figure 3. In Figure 3a, the 

peaks of SBA-15 sample were detected at 2-Theta of 1.0o, 1.7o, and 1.9o characterized for 

crystal planes (100), (110), and (200), respectively. The results are suitable to the previous 

studies on SBA-15 based materials using TEOS as raw material in the synthesized processes 

[16-18]. The peak with narrow and high intensity of crystal planes (100) of in SBA-15 sample 

indicated a good mesopore ordering and the typical hexagonal channels of SBA-15 based 

materials [17]. In Figure 3b, the wide angle XRD pattern of SBA-15 indicates that the 

nanomaterial has high silica with major amorphous structure due to noisy and broad 

background of the XRD pattern. There is a peak at 2-Theta of 22.5o which is diffraction of 

silica crystals. This is a characteristic hexagonal structure of SBA-15 based materials as shown 

in Figure 1.  

 

Figure 3. XRD patterns of SBA-15 based nano-adsorbent at small-angle X-ray scattering (a)  

and wide-angle region X-ray scattering (b). 

The morphologies and microstructural characteristics of adsorbent based on SBA-15 was 

observed by transmission electron microscopy (TEM) using a JEM JEOL – 1400 microscope 

instrument (Japan) with an acceleration voltage of 100 kV. The TEM images showed that the 

particles of SBA-15 have the sizes about 8 nm with the really uniform distribution as shown 

in Figure 4. In addition, the TEM nano-graphs showed that the sample of SBA-15 had a long 

order and uniform channel structures along to pores axes and hexagonal cross sections. This 

is a really convincing scientific evident on the nanostructures of SBA-15 synthesized from the 

brickyard ash. These results are consistent with that of the XRD patterns in Figure 3 and the 

previous investigations on SBA-15 synthesized from TEOS raw material [16-18]. 
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Figure 4. Nanostructures of SBA-15 sample using TEM with normal to pore axis (a)  

and along to pore axis (b). 

The pore size distribution of SBA-15 is shown in Figure 5 with the analysis of desorption 

branch of the isotherm by the BJH method. In which, the pore sizes have high distribution in 

range of 50 Å to 100 Å equivalent to 5-10 nm. The surface area was determined at 772.224 

m2.g-1, pore volume of 0.838 cm3.g-1, and pore diameter at 7.8 nm. These results are similar to 

nanostructures detected by TEM in Figure 4. 

 

Figure 5. The pore size distribution of the SBA-15 nanomaterial using BET with BJH method. 

3.2. The phenol red adsorption in aqueous solutions of SBA-15 nanomaterial  

3.2.1. The effect of time  

In general, the adsorption capacity and adsorption efficiency of the adsorbent based SBA-15 

significantly rose with increasing stirring time. As shown in Figure 6, the phenol red 

adsorption of SBA-15 adsorbent rapidly increased in the first 20 minutes, and then it slightly 

rose until 150 minutes. Finally, the phenol red adsorption capacity of the SBA-15 

insignificantly slowly increased and the equilibrium was achieved at 180 minutes when the 

adsorption sites were filled out. 
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Figure 6. Effects of time on the phenol red adsorption of SBA-15 adsorbent  

with the adsorption quantity (a) and removal efficiency (b). 

The experimental data showed that the longer stirring time had, the more phenol red 

adsorption increased. However, this is only suitable for stirring time less than 180 minutes. 

The phenol red adsorption capacity and adsorption efficiency are not influenced or less 

effected by the stirring time when it is over 180 minutes. The highest adsorption capacity 

reached at was 19.77 mg.g-1 for the adsorption time of 180 minutes corresponding to the 

adsorption efficiency over 98.84 % as shown Figures 6b and 7. 

 

Figure 7. Effects of the phenol red concentrations on the adsorption capacity  

and removal efficiency of SBA-15 adsorbent. 

3.2.2. Effect of initial phenol red concentration to removal efficiency  

The phenol red adsorption of SBA-15 adsorbent was carried out in the different 

concentrations of 20 ppm, 30 ppm, 50 ppm, and 70 ppm with the stirring time at 180 minutes 

as shown in Figure 7. The phenol red absorption has the highest values at 19.77 mg.g-1 

corresponding to the removal efficiency of 98.84% with the concentration of 20 ppm. When 

increasing the concentration of phenol red, the phenol red removal efficiency of SBA-15 

adsorbent decreased sharply. Moreover, in this case, the adsorbed phenol red quantity changed 

insignificantly. The results indicated that the phenol red adsorption process on SBA-15 nano-

absorbent is the physical adsorption. 

3.2.3. Langmuir isotherm model for phenol red adsorption 

 The phenol red sorption isotherm of SBA-15 adsorbent at room temperature is shown in 

Figure 8a. The sorption data were determined in term of Langmuir isotherm model. The results 

and graphical isotherm showed the fit with the Langmuir model with R2 at 0.9995. The fitted 

constants for the Langmuir model are qmax at 18.315 mg.g-1 and KL at 8.4 L.mg-1 as well as the 

regression coefficient of R2 at 0.9995. 

98,84

61,41

35,64
26,25

19.77 18.43 17.82 18,38

20 30 50 70

The initial concentration of phenol red, ppm

Removal efficiency, %
Quantity adsorbed, q mg.g-1
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In Table 1 below, we summarize the results of previously published studies relevant to 

this topic. These results shown that, the phenol red adsorption capacity of SBA-15 materials 

is higher other materials. 

Table 1. The phenol red adsorption capacities of various adsorbents 

No. Adsorbents 
The phenol red adsorption capacity, 

qmax [mg.g-1] 
References 

1 SBA-15 18.315 This study 

2 Activated carbon 6.756 [11] 

3 Bottom ash 9.214 [10] 

3.2.4. The kinetic for the phenol red adsorption of SBA-15 adsorbent 

The experimental adsorption kinetic data were fitted to pseudo-second-order rates as 

mentioned in Equation (5). The linear observation of lines in Figure 8b indicated that the 

adsorption kinetic data are well represented by the pseudo-second-order model for phenol red 

with the regression coefficient of R2 over 0.994. This was applied for all concentrations 

conducted experiments in this study. 

 

Figure 8. The phenol red adsorption of SBA-15 adsorbent responding to Langmuir sorption 

isotherm model (a) and pseudo-second-order sorption kinetic model (b). 

4. CONCLUSIONS 

The adsorbent of SBA-15 was successfully synthesized from the ash of brickyard with 

the microstructural characteristics responding to nanomaterial requirements. The results of 

nitrogen adsorption/desorption and TEM nano-graphs illustrated the formation of cylindrical 

pores and a well-ordered hexagonal array of SBA-15 adsorbent. In which, the nanomaterial 

has the high specific surface area of 772.224 m2g-1, pore volume of 0.838 cm3.g-1 and average 

pore size at 7.8 nm. The SBA-15 adsorbent has high ability to remove the phenol red in 

aqueous solutions with the removal efficiency up to 98.84%. And the maximum adsorbed 

phenol red quantity of SBA-15 nanomaterial is at 19.77 mg.g-1. The phenol red adsorption 

process of SBA-15 adsorbent was the physical adsorption. The experimental data of phenol 

red adsorption were satisfied well to the Langmuir isotherm model with high regression 

coefficient of R2 at 0.9995. Moreover, the pseudo-second-order model also met to apply the 

exchange kinetic data of the phenol red adsorption process with regression coefficient of R2 

over 0.99. Future research will be carried out for improvements of SBA-15 adsorbent to 

achieve the better output parameters in wastewater treatment. In addition, the adsorbent of 
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SBA-15 based on the brickyard ash should be also conducted experiments related to the 

adsorption of heavy metals in aqueous solutions to clean the polluted environment. 
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ĐƯỢC TỔNG HỢP TỪ TRO LÒ GẠCH 
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Trương Tiến Dũng3, Lê Minh Hòa3, Nguyễn Phan Duyên Nữ2,  

Giang Ngọc Hà1, Nguyễn Học Thắng1 
1 Trường Đại học Công nghiệp Thực phẩm TP.HCM 

2 Phòng Kiểm tra chất lượng quặng, Công ty SGS Việt Nam 
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Tro thải lò gạch hay tro trấu là một vấn đề lớn của môi trường, do đó cần phải có một 

giải pháp tối ưu để quản lý và sử dụng nó làm nguyên liệu cho nhiều ngành sản xuất khác. 

Hơn nữa, các chất thải hữu cơ tan trong nước nói chung và phenol đỏ nói riêng đã và đang gây 

ra nhiều hệ quả xấu đối với sức khỏe con người, động vật và cây cối. Trong nghiên cứu này, 

tro lò gạch đã được sử dụng để tổng hợp vật liệu SBA-15 và sử dụng làm chất hất phụ để loại 

bỏ phenol đỏ ra khỏi dung dịch nước. Kết quả thực nghiệm cho thấy, vật liệu SBA-15 đã tổng 

hợp thành công với đường kính lỗ khoảng 7,8 nm. Quá trình hấp phụ phenol đỏ của chất hấp 

phụ SBA-15 tuân theo phương trình đẳng nhiệt hấp phụ Langmuir và phương trình động học 

hấp phụ bậc 2 với R2 tương ứng 0,9995 và 0,9900. Dung lượng và hiệu suất hấp phụ tối đa của 

phenol đỏ là 19,77 mg.g-1 và 98,84%. 

Từ khóa: SBA-15, tro, phenol đỏ, sự hấp phụ, chất hấp phụ. 
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