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Abstract 

Various ammonia-ethanol mole ratios were successfully used for the synthesis of silica 

nanoparticles for rhodamine B adsorption. This study aims to determine the characteristics 

of the adsorbent at different ammonia-ethanol mole ratios, maximum adsorption at pH, and 

contact time. Several steps, including extraction of Na2SiO3 from rice husk ash, synthesis 

of adsorbents with ammonia-ethanol mole ratios (14:1, 21:1, 28:1, and 42:1), and their 

characterization. The parameters studied in the adsorbent include the functional groups, 

particle size, maximum pH, and rate constant adsorption. The FTIR results showed that all 

adsorbents had functional groups, indicating the presence of silica. The results suggest that 

the optimum mole ratio of NS 14:1 particles has a size of 39.82 nm. The optimum adsorption 

of rhodamine B by NS 14:1 occurred at a pH 3 of 0.00419 mmol.g-1 and a contact time of 

40 min. The rate constant of adsorption by NS 14:1 was 102.42 g.mmol-1.min-1 followed a 

pseudo-second order kinetic model. 
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Introduction 

Rhodamine B is commonly used in the 

textile, paper, and batik industries 

(Kurniasih et al., 2014; Ulya et al., 2022). 

The use of synthetic dyes, such as 

rhodamine B, is more desirable than 

natural dyes because they are cheap, easy 

to obtain, have strong coloring power, and 

are easy to use. Rhodamine B contains a 

primary amino group with a stable 

benzene core, making it difficult to 

degrade because it is complex and robust 

against light (Sahara et al., 2018). 

According to the Ministry of Environment 

Decree in Indonesia No. 51 of 1995, the 

threshold for the concentration of dyes in 

wastewater is 5 mg/L. The presence of 1 

mg/L dye waste causes the water to appear 

colored, while the color content of textile 

waste typically ranges from 20 to 200 

mg/L. Excessive entry of rhodamine B 

into the environment is highly toxic to 

water and disrupts sea microorganisms. In 

the human body, it can cause serious 

effects such as poisoning, digestive tract 

irritation, respiratory tract irritation, skin 

irritation, and liver cancer (Shofiyani et 

al., 2020). Therefore, a method to treat 

waste contaminated with these dyes is 

required. 

Several methods for reducing dyes 

include adsorption, electrolysis, 

precipitation, ion exchange, chemical 

oxidation, and other biological techniques 

(Kurniasih et al., 2014; Raditya et al., 

2016). The adsorption method is widely 

used because it is more effective and 

economical, its operation is flexible, 

simple, and can be recycled. Madina et al. 

(2017) reported that silica from Bengkulu 

Long Beach sand occurred maximum 

adsorption of rhodamine B at an optimum 

pH of 2 and an optimum contact time of 

20 minutes. Zhai (2020) reported that 

mesoporous nano silica exhibited the 

maximum adsorption of rhodamine B at 
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an optimum pH of 5, with contact time of 

20 minutes and an 1.30 mg/g adsorption 

capacity. Adsorption parameters affect 

the adsorbent capacity for adsorbate 

adsorption (Asnawati et al., 2017). 

The sol-gel process has several 

advantages, such as the fact that the 

process takes place at low temperatures, it 

is relatively easy, the result is highly pure, 

and the reaction kinetics can be managed 

by changing the composition of the 

reaction mixture (Bhatt et al., 2021). The 

concentrations of the precursors, 

catalysts, solvents, and gel maturation are 

critical for synthesizing silica particles on 

the nano scale. Sodium silicate as a 

precursor has the advantage that the 

particle size is finer and more uniform 

than that of commercial precursors, such 

as tetraethyl orthosilicate and tetramethyl 

orthosilicate, which are equally 

expensive, toxic, and cause environmental 

problems (Al-Abboodi et al., 2020). 

The utilization of various agricultural 

wastes has been carried out extensively, 

one of which is rice husk ash, which is 

abundant and easy to obtain and can be 

used as an adsorbent because of its 

relatively high silica content. Previous 

research conducted by Zulfiqar et al. 

(2016) synthesis using technical sodium 

silicate by varying the volume ratio of 

ammonia and ethanol. The novelty of this 

research is that the synthesis was carried 

out using sodium silicate precursors from 

rice husk ash by varying the ammonia-

ethanol mole ratio. The purpose of this 

study was to determine the characteristics 

of the adsorbent, optimum pH, and 

adsorption rate constant. This research is 

expected to be used as a scientific 

contribution to efforts to treat waste to 

reduce environmental pollution due to 

hazardous waste. 

 

Research Methods 

Materials 

Rice husk from Lamongan district was 

used as the research material, 

hydrochloric acid (Merck), Na2EDTA, 

sodium hydroxide (Merck), ammonium 

hydroxide, ethanol 96%, rhodamine B 

(Merck), and demineralized water were 

obtained from Bratachem. 

 

Instrumentation 

The research instruments used were an 

FT-IR spectrophotometer (Thermo 

Scientific Nicolet iS10), a colorimeter 

silicate (Merck), a Zetasizer nano ZS 

(Malvern), and a UV-Vis 

spectrophotometer (Shimadzu 1800). 

 

Procedure 

1) Preparation of ash 

The rice husks were washed with 

hot water to eliminate contaminants. It 

was then dried in the sun for 48 hours. 

The dried rice husks were crushed 

using a milling machine. Rice husks 

were ashed in a furnace for 4 hours at 

700ºC. The ash was sieved through a 

200-mesh sieve (Amaria, 2012). 

 

2) Extraction of Na2SiO3 

Five grams of ash were placed in a 

beaker, and each was added to 50 mL 

of demineralized water, acidified with 

6 M hydrochloric acid up to pH=1, 

and stirred for 2 h. After acidification, 

the mixture was rinsed to a neutral pH. 

The obtained residue was mixed with 

20 mL of Na2EDTA 0,1M. The 

mixture was stirred again for 1 h using 

a magnetic stirrer before being filtered 

and washed with demineralized water. 

The ash was added to 30 mL of 3.5 M 

sodium hydroxide and heated with 

reflux for 1 h. The extracted Na2SiO3 

solution was filtered using Whatman 

42. The volume was then measured 

and stored in a clean bottle (Amaria, 

2012). 

3) Synthesis of silica nanoparticles 

The adsorbents were prepared 

following the procedure of Zulfiqar et 

al. (2016) with modifications. First, in 

a polyethylene glass, 5 mL of Na2SiO3 

was added to 10 mL of demineralized 

water then stirred for 15 minutes. 



Y. P. Lestari and A. Amaria  Jurnal Kimia Riset, Volume 8 No. 1, June 2023  92 – 104  

94 Online ISSN: 2528-0422 

 

Second, 10 mL ethanol was added to 

the dilute sodium silicate solution and 

stirred for 30 min. Third, 30 mL of 

ammonium hydroxide was added and 

stirred for 30 min, with a mole ratio of 

ammonia to ethanol of 14:1. The 

adsorbents were synthesized using the 

ammonia-ethanol mole ratio, 

abbreviated as NS (14:1, 21:1, 28:1, 

and 42:1). After the aging process, the 

gel was washed with demineralized 

water up to a neutral pH. The 

adsorbents were dried at 80ºC in an 

oven until it reached a constant 

weight. The obtained silica 

nanoparticles were sieved using a 100 

mesh. Each experiment was 

characterized using an FTIR 

spectrophotometer. An analogy of this 

work by varying the mole ratio of 

ammonia to ethanol is presented in 

Table 1. 

 

Table 1. The mole ratio of ammonia to ethanol in the synthesis of silica nanoparticles 

Sample Mole ratio A:E Si (mmol) Ammonia (mmol) Ethanol (mmol) 

NS 14:1 14:1 0.355 3.3 46.4 

NS 21:1 21:1 0.355 2.2 46.4 

NS 28:1 28:1 0.355 1.65 46.4 

NS 42:1 42:1 0.355 1.1 46.4 

4) Characterization of the adsorbent 

functional groups 

The functional groups of the silica 

nanoparticles were characterized 

using an infrared spectrophotometer 

(FTIR). According to Indrasti et al. 

(2020), as much as 0.02 grams of 

silica nanoparticle powder was 

dispersed in demineralized water and 

stirred for 15 min. The dispersion was 

sonicated for 30 minutes, using PSA 

the samples were examined for 2-5 

min. 

 

5) Stability test of silica nanoparticles 

The adsorbent (100 mg) was added 

to a 10 mL solution of pH 4, 5, 6, 7, 8, 

9, and 10 and shaken at 400 rpm for 1 

h. The mixture was kept for 24 h and 

then centrifuged at 2000 rpm for 10 

min. The remaining silica 

nanoparticles were separated using 

filter paper, filtered, and dried at 80 °C 

until a constant weight was obtained, 

after which the weight was analyzed 

(Indrawati and Cahyaningrum, 2013). 

 

6) The pH effect on Rhodamine B 

adsorption 

The NS 14:1 and NS 42:1 

adsorbents (50 mg) were mixed with 

10 mL of 25 mg/L rhodamine B 

solution. The pH was adjusted to 2, 3, 

4, 5, 6, and 7. The samples were 

shaken at 250 rpm for 120 min and 

centrifuged at 2000 rpm for 10 min. 

The absorbance of the filtrate was 

measured at a maximum wavelength 

of 553.5 nm. 

 

7) The contact time effect on Rhodamine 

B adsorption 

The NS 14:1 and NS 42:1 

adsorbents (50 mg) were mixed with 

10 mL of 25 mg/L rhodamine B 

solution at the optimum pH. The 

contact time was varied at 20, 40, 60, 

90, 120, 150, 180, and 210 min. The 

samples were shaken at 250 rpm for 

different contact times. The 

absorbance of the filtrate was 

measured at a maximum wavelength 

of 553.5 nm. 

 

Results and Discussion 

Preparation of ash 

The process of producing ash begins 

by washing the rice husks in hot water to 

remove any remaining contaminants such 

as sand or soil. After washing, the rice 

husks were dried in the sun for 48 hours. 

The dry rice husks were mashed before 
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being placed into the furnace to increase 

their surface area and equalize their size. 

The refined husks spend time four hours 

in a furnace at 700ºC. According to 

Yusmaniar et al. (2017), the 

decomposition reaction that occurs in the 

ashing process can be represented by Eq. 

(1).

 

𝐸𝑙𝑒𝑚𝑒𝑛𝑡 𝐶, 𝐻 𝑎𝑛𝑑 𝑆𝑖 + 𝑂2  →  𝑆𝑖𝑂2(𝑠) + 𝐶𝑂2(𝑔) + 𝐻2𝑂(𝑔) (1) 

 

The temperature and time of rice husk 

ashing can be used to determine the silica 

crystal structure. Rice husk ashing was 

carried out at 700 °C for 4 h because this 

is the optimum temperature for producing 

ash with an amorphous silica structure 

(Nopianingsih et al., 2015). If the 

temperature is below 700ºC, there is still 

carbon that has not been completely 

oxidized; therefore, the silica content in 

the ash is still relatively low. If the 

temperature is 800ºC and 900ºC, it will 

produce silica with a crystalline structure 

is produced. The ashing process of rice 

husk producing gray-white ash is 

presented in Figure 1. The ash obtained 

from several ashing processes was then 

calculated to determine the rendemen 

percentage. The results for the rendemen 

percentage of ash are listed in Table 2.

 

 
 

(a) (b) 

Figure 1. Rice husk, (a) before being in the furnace and (b) after being in the furnace 

 

Table 2. The percentage of ash rendemen  

Weight of rice husk (g) Weight of rice husk ash (g) Rendemen 

50 8.5 17 % 

50 8.1 16.2 % 

50 8.6 17.2 % 

50 8.5 17 % 

50 8.2 16.4 % 

50 8.5 17 % 

50 8.8 17.6 % 

The average rendemen (%) 16.9 % 

 

First, the rice husk ash was reacted 

with 1 mL of 6 M HCl solution to pH 1 to 

eliminate contaminants from metal 

oxides, such as CaO and K2O (Yusuf et 

al., 2014). The mixture was stirred for 2 h 

and washed with demineralized water 

until neutral pH was achieved. Second, 

the ash interacted with 20 mL of 0.1 M 

Na2EDTA solution to remove impurities 

still left behind because Na2EDTA is a 

metal ion chelating agent (Aini and 

Amaria, 2022). The ash was rinsed with 

demineralized water to neutral pH. 
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Extraction of Na2SiO3 

The ash was extracted using NaOH 

solution under reflux (Wulandari and 

Amaria, 2015). The results of the sodium 

silicate extraction are presented in Table 

3. The resulting sodium silicate was a 

colorless and viscous solution. The 

Na2SiO3 extraction reaction presented in 

Eq. (2). 

Na2SiO3 was measured to determine 

the Si content using a color comparator at 

a concentration of 0.01-0.25 mg/L. The 

results of the analysis of Si concentration 

using the colorimetric method are 

presented in Figure 2. The Si 

concentration of the extracted sodium 

silicate was 0.071 mmol/mL. 

 

𝑆𝑖𝑂2  +  2 NaOH →  𝑁𝑎2𝑆𝑖𝑂3 + 𝐻2O (2) 

 

 
Figure 2. The color comparator of Si concentration using the colorimeter 

 

Table 3. Extraction results of sodium silicate 

Mass of Rice Husk 

Ash (g) 

Volume of 

NaOH (mL) 

Volume of Na2SiO3 

(mL) 

Si Concentration 

(mmol/mL) 

5.0009 30 25 0.071 

5.0013 30 25 0.071 

5.0008 30 25 0.071 

 

Synthesis of silica nanoparticles 

The adsorbent was synthesized 

through several stages: hydrolysis, 

condensation, aging, and drying. In the 

hydrolysis process, sodium silicate is 

dissolved in an ethanol solution and 

hydrolyzed with water under basic 

conditions to produce a colloidal sol. The 

sol-gel reaction process in the base state is 

shown in Figure 3. Referring to Figure 3, 

the reaction mechanism for the formation 

of silica nanoparticles is presented in Eq. 

(3), (4) and (5), respectively. 

 

 

 
Figure 3. The sol-gel reaction in base conditions (Schubert and Husing, 2000) 
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Hydrolysis 

≡ Si − OR +  𝐻2O + 𝑁𝐻3 
𝐻+

→  ≡ Si − OH + ROH + N𝐻4
+ (3) 

 

Alcohol condensation 

≡ Si − OH +   𝑅𝑂 − 𝑆𝑖 ≡ → ≡ Si − O − Si ≡ + R − OH (4) 

 

Water condensation 

≡ Si − OH +   𝐻𝑂 − 𝑆𝑖 ≡ → ≡ Si − O − Si ≡ + 𝐻2O (5) 

 

Description: R = -CH2CH3 

 

The ethoxy group (-OR) was replaced 

with (-OH) during hydrolysis. 

Beganskiene et al. (2004) reported that the 

concentrations of the precursor and NH3 

quickly affect hydrolysis. Upon 

increasing the concentration of the 

ammonia solution, the H2O molecules 

dissociated, resulting in OH- quickly 

attacking Si atoms. 

The condensation process begins with 

the hydroxyl group from the hydrolysis 

reaction process (≡Si-OH) that reacts with 

≡Si-OR from another intermediate or with 

≡Si-OH from another intermediate to 

form siloxane (Beganskiene et al., 2004). 

The rate of condensation in water is faster 

than that of alcohol condensation 

(Ibrahim et al., 2010). 

After hydrolysis and condensation, the 

next processes are gelation and aging into 

a network of gels that are more rigid, 

strong, and shrink in solution. The aging 

time required for this study was seven 

days. The gel formed was rinsed with 

demineralized water until it was free of 

ethanol and ammonia. The formed gel 

was evaporated in an oven at 80 °C and 

the results are shown in Figure 4.

 

 
Figure 4. The synthesis of silica nanoparticles at moles ratio ammonia-ethanol (14:1, 21:1, 

28:1, and 42:1) 

 

Characterization of the adsorbent 

functional groups 

The functional groups of the 

synthesized NS adsorbents (14:1, 21:1, 

28:1, and 42:1) were identified using an 

infrared spectrophotometer in the 

wavenumber range of 400–4000 cm-1 and 

the results are presented in Figure 5.
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Figure 5. The NS adsorbent spectra results (a) 14:1, (b) 21:1, (c) 28:1, (d) 42:1 

 

Figure 5(a) shows that silica 

nanoparticles have a wavenumber of 3379 

cm-1, indicating the presence of OH 

stretching (Wibowo et al., 2018). The 

existence of the OH group is also 

strengthened by the wavenumber at 1630 

cm-1 show OH bending vibrations (Hayati 

et al., 2017). The wavenumber proved the 

Si-O asymmetric stretching at 1062 cm-1 

(Meliyana et al., 2019), and the peak at 

796 cm-1 showed Si-O stretching 

vibration symmetry (Syukri et al., 2017). 

Si-O bending vibration was observed at 

448 cm-1 (Al-Abboodi et al., 2020). The 

FTIR data indicated silica networks and 

their matched spectra with those of earlier 

research conducted by Zulfiqar et al. 

(2016). This research confirmed 

successful synthesis. A comparison of the 

silica nanoparticles wavenumbers with 

those of Kiesel gel 60 from  Azmiyawati 

et al. (2019) is presented in Table 4.

 

Table 4. Comparison of the silica nanoparticle wavenumbers with Kiesel gel 60 

Vibration type 

Wavenumber (cm-1) 

NS 14:1 NS 21:1 NS 28:1 NS 42:1 
Kiesel 

gel 60 

Zulfiqar et al., 

(2016) 

OH stretching of Si-OH 3379 3377 3397 3378 3415.7 3426 

OH bending of Si-OH 1630 1630 1631 1630 1629.7 1637 

Si-O asymmetric 

stretching of Si-O-Si 
1062 1062 1062 1062 1097.4 1094 

Si-O symmetric 

stretching of Si-O-Si 
796 796 796 796 800.4 - 

Si-O bending of Si-O-Si 448 452 448 448 451.3 466 

 

Size characterization of silica 

nanoparticles 

A Zetasizer nano ZS (Malvern) 

instrument was employed to evaluate the 

size of the synthesized silica 

nanoparticles. The particle size and PdI 

values for the four variations in silica 

nanoparticles are listed in Table 5. The 

particle size of the NS adsorbent is shown 

in Figure 6. 
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(a) (b) 

  
(c) (d) 

Figure 6. The particle measurement results of NS adsorbent (a) 14:1, (b) 21:1, (c) 28:1, and 

(d) 42:1 

 

Table 5. The particle size and PdI values of silica nanoparticles 

Sample Particle size (nm) Polydispersity index (PdI) 

NS 14:1 39.82 0.362 

NS 21:1 46.50 0.489 

NS 28:1 79.19 0.427 

NS 42:1 89.32 0.490 

Based on Figure 6, the optimal result 

for silica nanoparticles was obtained at 

NS 14:1, with a particle size of 39.82 nm 

and a polydispersity index of 0.362. 

Measurement results for all adsorbents 

below 100 nm. The synthesized silica 

nanoparticles were nano scale because 

they were in the size range of 1-100 nm 

(Khan et al., 2017). The particle size 

decreased as the mole ratio of ammonia in 

the solution increased. The aggregation of 

primary particles was reduced at higher 

pH levels with increased ammonia due to 

greater electrostatic repulsion, resulting in 

small-sized silica particles. But on the 

other side, at a lesser pH, with an increase 

in ethanol, the electrostatic repulsion 

decreases, and the primary particles 

gather quickly to form large particles 

(Zulfiqar et al., 2016).  

The PdI is close to 0, suggesting a 

homogeneous particle size; if it is less 

than 0.3, it implies monodispersity, and if 

it is greater than 0.5, it indicates that the 

particle is highly heterogeneous. The 

polydispersity index value in Table 5 does 

not exceed 0.5, which means that the 

synthesized silica nanoparticles have a 

homogeneous particle size distribution so 

that they tend to be physically stable, 

which prevents the particles from 

aggregating with each other. The 

nanoparticles can be employed as support 

materials in various applications within 

the tolerance range at a PdI value of 0.7 

(Indrasti et al., 2020). 
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Chemical stability test of silica 

nanoparticles 

The chemical stability of the silica 

nanoparticles under acidic to alkaline 

conditions was evaluated in a solution of 

pH 4-10. The stability test of the silica 

nanoparticles adsorbent against acids and 

bases for 24 h showed that the higher the 

pH, the lower was the stability of the 

adsorbent. Silica nanoparticles are 

resistant to acids, so they are not readily 

soluble in acidic solutions, which prevents 

the adsorbent from being easily damaged. 

At alkaline pH, the stability of the 

silica nanoparticles begins to decrease. 

The stability of the four adsorbents at pH 

8-10 decreased, as indicated by the large 

percentage of dissolved silica 

nanoparticles. A decrease in the weight of 

the adsorbent suggested a reduction in its 

stability. Research conducted by Amaria 

(2012) reported that the stability of silica 

gel at pH 10 begins to decrease because 

silica gel dissolves under alkaline 

conditions. The stability of the adsorbent 

against pH is shown in Figure 7.

 

 
Figure 7. The stability adsorbents against pH 

 

The pH effect on Rhodamine B 

adsorption 

The optimum pH was determined to 

obtain the best adsorption at various pH 

values. Rhodamine B is a cationic 

compound that can form a system under 

different pH conditions. At pH values 

below 4, the rhodamine B ions exist as 

cationic molecules and monomers. 

Rhodamine B species change from the 

cationic form to the ionic zwitter form at 

pH greater than 4 by deprotonation of the 

carboxyl group (Gan et al., 2013). The 

structure and species of rhodamine B are 

shown in Figure 8. 

 

 
Figure 8. The cationic and zwitterionic structures of rhodamine B 
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The ionic zwitterform of rhodamine B 

in water can increase rhodamine B 

aggregation through the electrostatic 

reaction between xanthene dye and the 

carboxyl group (Gan et al., 2013). The 

adsorbent used at various pH values and 

contact times was NS 14:1 because it was 

based on the results of the optimum 

particle size characteristics and NS 42:1 

as a comparison with larger particle sizes. 

The effect of pH on  the adsorption of NS 

14:1 and NS 42:1 is shown in Figure 9. 

 

 
Figure 9. Effect of pH on NS 14:1 and NS 42:1 adsorption 

 

The maximum adsorption by NS 14:1 

occurred at a pH 3 of 0.00419 mmol.g-1 

(44.25%), and NS 42:1 occurred at a pH 3 

of 0.00418 mmol.g-1 (44.03%). The 

adsorbent NS 14:1 has a higher adsorption 

capacity than the adsorbent NS 42:1 

because the adsorbent NS 14:1 has 

smaller particles than the adsorbent NS 

42:1, and the smaller particles have larger 

surface areas, thus increasing the 

interaction between the adsorbent and 

adsorbate (rhodamine B). 

 

The contact time effect on Rhodamine B 

adsorption 

The optimum contact time was used to 

determine the maximum interaction time 

between the adsorbent and rhodamine B. 

The study of the effect of adsorption 

contact time will be used to study 

adsorption kinetics (Triawan et al., 2017). 

For the NS 14:1 adsorbent, the optimum 

adsorption with increasing contact time 

up to 40 min then tends to be constant 

after 60 min. Meanwhile, the optimum 

contact time required by NS 42:1 to 

adsorption rhodamine B was within 60 

min. The contact time tended to be 

constant after 90 min because the 

adsorbent surface or the active group 

reached its saturation point and reached 

equilibrium. The NS 14:1 adsorbent was 

able to adsorption an adsorbate was 

0.00356 mmol.g-1 and the NS 42:1 

adsorbent was 0.00279 mmol.g-1. The 

effect of contact time on the adsorption of 

NS 14:1 and NS 42:1 is shown in Figure 

10. 
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Figure 10. Effect of contact time on NS 14:1 and NS 42:1 adsorption 

 

The adsorption ability of NS 14:1 was 

higher than that of NS 42:1. Based on the 

results of the previous characterization, 

NS 14:1 has an optimum particle size and 

more uniform particle size distribution 

than NS 42:1, so that the adsorption 

ability will be increased by the adsorbent 

NS 14:1. 

The contact time data can be applied to 

the first-order adsorption kinetics model, 

which reaches equilibrium and pseudo-

second-order to calculate the rate constant 

for adsorption by each adsorbent. The 

parameters from some reaction kinetic 

models for the adsorption of rhodamine B 

by NS 14:1 and NS 42:1 are presented in 

Table 6. 

 

Table 6. The reaction kinetics model for adsorption of rhodamine B by NS 14:1 and NS 

42:1 

Adsorption kinetics model 

Adsorbent 
Pseudo-first order Pseudo-second order 

k (min-1) R2 k (g.mmol-1.min-1) R2 

NS 14:1 0.0759 0.9720 102.42 0.9969 

NS 42:1 0.0650 0.8813 162.53 0.9972 

 

Table 6 shows the rate constants for 

adsorption and coefficients of 

determination obtained from several 

kinetic models. The calculation indicates 

that the pseudo-second-order kinetics 

adsorption model is suitable because the 

value of the linear coefficient (R2) is 

higher than that of the pseudo-first-order 

model. Kinetic models show the 

coefficient of determination (R2) of 

pseudo-second order for the NS 14:1 

adsorbent of 0.9969 and the NS 42:1 

adsorbent of 0.9972. Pseudo-second-

order kinetics clearly shows the 

interrelations between the adsorbent and 

adsorbate. The rate constants for the 

adsorption of adsorbents NS 14:1 and NS 

42:1 were 102.42 g.mmol-1.min-1 and 

162.53 g.mmol-1.min-1. The NS 14:1 rate 

constant decreased 1.5 times from the rate 

constant for the adsorption of NS 42:1. 

The rate of adsorption of rhodamine B by 

NS 42:1 was slightly faster than that of NS 

14:1. 

 

Conclusions 

Silica nanoparticles were successfully 

synthesized at various ammonia-to-

ethanol mole ratios. The FTIR results 

showed that all adsorbents had functional 
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groups, indicating the presence of silica. 

The optimum mole ratio of ammonia to 

ethanol was 14:1 with a particle size of 

39.82 nm. The maximum adsorption of 

rhodamine B using adsorbent NS 14:1 

occurred at a pH 3 of 0.00419 mmol.g-1, 

contact time of 40 min, and rate constant  

adsorption of 102.42 g.mmol-1.min-1 

followed a pseudo-second-order kinetic 

model. In perfecting the research that has 

been done, further analysis is needed 

regarding the use of different mole ratios 

of ethanol to determine the formation of 

synthesized particles and further 

characterization to support data from 

previous characterization results. 
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