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Abstract – The purpose of this research was to analyze the production method of a membrane of 
silica nanoparticles from an economic perspective. Silica nanoparticles are synthesized using a 

coprecipitation method. Briefly, the process consists of immersion, heating, precipitation, washing 

and drying, and packaging. The parameters used for economic analysis are gross profit margin 

(GPM), internal rate return (IRR), payback period (PBP), cumulative net present value (CNPV), 

break-even point (BEP), and profitability index (PI). The production of this ultrafiltration nano-

silica membrane can be done by varying the amount of initial sand from 6 to 14 kg. The 

production of ultrafiltration nano-silica membranes can be produced in both domestic and micro-

scale industries. To get a very good profit, economic analysis shows the minimum amount of sand 

used should be more than six kg. This study is very important because the production of 

ultrafiltration nano-silica membranes have a high potential in the field of economics and will 
encourage further investigation for the possibility of industrial production of these ultrafiltration 

nano silica membranes. 
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I. Introduction 

Indonesia is rich in mineral materials that can be used 
as high-technology applications such as ZnO, SiO2, 

MgO, Al2O3, TiO2, etc. In order to utilize the material to 

the fullest, it is required the support of new technologies 

namely nanotechnology. Silica (SiO2) has been utilized 

in many applications[1-5], and the most familiar usage of 

silica is for the main ingredient in the glass industry. 

In this study, the purpose of this research was to 

analyze the production method of a membrane of silica 

nanoparticles from an economic perspective. Sand was 

used as a main material for ultrafiltration nano-silica 

membrane. Silica membrane is used to select and reduce 

the content of Fe, Mn, and Mg elements in water. 

Currently, clean water treatment with membrane 

technology is a very promising processing process with 

excellent quality and is also suitable for drinking water 

treatment in developing countries because the membrane 

has many advantages [6]. Ultrafiltration is a separation 

process with membranes based on pressure differences, 

in which the separate components in the liquid are a 

function of the size and structure of the dissolved 

components. Ultrafiltration membranes are principally 

used to hold colloids and macromolecules but pass on  

salt and water particle [7]. 

 

 

 

In the literature, sand-based silica synthesis using 

coprecipitation methods can be made with the highest 

percentage of Si content averaging 95.73% [8]. As for the 

results of the synthesized silica XRD test from 

PasirMerapi showed that the percentage of the third silica 

crystal phase of the samples was 56.27% (pH 7), 31.66% 

(pH 4), and 38.34% (pH 1), and the particle size of each 

sample is 89.55 ± 5.23 nm (pH 7), 63.55 ± 30.68 nm (pH 

4), and 132.26 ± 19.26 nm (pH 1) [9]. The 

characterization of membrane physical properties showed 

that the greater the silica addition will create the better 

membrane filtration quality because the resulting silica 

grains are so tight to make smaller pores, as shown from 

the data obtained with the addition of silica of 5 grams to 

have 0.058 (cm3/min) of smaller flow rate and to get 

silica membrane density (SiO2) of greater than 1.67 

(g/cm3) with membrane porosity of 6.67% [10]. 

Silica nanoparticles are synthesized using a 

coprecipitation method. This method is based on the 

precipitation of one or more substances together as it 

passes through its saturation point. Coprecipitation is a 

promising method because the process uses a fairly low 

temperature so that the time is relatively short, which is 

about 12 hours. Common precipitating agents used in 
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coprecipitation are hydroxides, carbonates, sulfates, and 

oxalates. In addition, the coprecipitation process uses 

easily accessible tools and materials; Thus, the synthesis 

process can be carried out flexibly [9]. 

In this research, the economic feasibility analyses of 

the industry with parameters used are gross profit margin 

(GPM), internal rate return (IRR), payback period (PBP), 

cumulative net present value (CNPV), break-even point 

(BEP) and profitability index (PI) and so on, with 

production time of 20 years. The production of 

ultrafiltration nano-silica membrane is done by variation 

of the quantity of material in order to know the 

comparison of the results to be obtained. This study 

performed from 6 to 14 kg of sand. Economic analysis 
showed the interesting results that to get a very good 

profit, the minimum sand used production should be 

more than six kg. This suggested that the production of 

ultrafiltration nano-silica membranes from sand can be 

produced in home industry and micro-scale production. 

This research is very important and useful because the 

production of ultrafiltration nano-silica membranes have 

a high potential in the economic field. 

II. Method 

The data used in this research analysis was adopted 

from textbooks and scientific articles. The average price 

of raw materials and some equipments (with 

specifications) for the production of nanoparticle 

membranes is taken from the online shopping web to 

determine the current price of the material. The data 

obtained was calculated using some economic evaluation 

parameters. The analysis used the assumptions that the 

exchange rate value of one USD is equivalent to 13,547 
IDR. To perform the calculation of economic evaluation 

parameters, including GPM, IRR, CNPV, BEP, and PI, 

we used lang data from reference [11]. 

III. Results and Discussion 

 
Figure 1.Schematic illustration image of the production process of 

ultrafiltration membrane of silica nanoparticles from sand 

 

Figure 1 illustrates the production of the filtration 

membrane contained silica nanoparticles. Based on the 

figure, there are 16 processing steps in the production of 

the filtration membrane. The raw materials used in this 

production process are coastal sand, HCl solution, NaOH 

solution, aquadest, Poly Vinyl Alcohol (PVA), Ethylene 

Glycol Poly (PEG). In this study, beach sand used from 

the coast. 

The first step is immersion (step 1). Sand immersion is 

done using HCl solution. HCl solution is used because 

HCl is very polar. Thus, it can  dissolve polar minerals is 

also high, including silica. The event is in accordance 

that only solvent type can dissolve a molecule. It means 

the solvent and the solute molecule interact each other 

intermolecular by forming a certain bond, 

thermodynamically. Indeed, the solute will be dissolved 

into the solvent [7]. Immersion is done for 12 hours to 

maximize the dissolution process. The result of the 

process is washed with pure water (step 2) and dried 

(step 3). Weighing 4 grams of sand (step 4) was done for 

further reaction using NaOH solution (step 5), and the 

solution was then filtered (step 6). The equation of the 

reaction is as follows [13]: 

𝑆𝑖𝑂2 𝑠 + 2𝑁𝑎𝑂𝐻 𝑎𝑞 → 𝑁𝑎2𝑆𝑖𝑂3 𝑎𝑞 + 𝐻2𝑂(𝑙) 
 

The filtering solution plus water (step 7) is then 

titrated bit by bit with HCl by controlling the pH to 

approximately 7-8. Next, silica gel is discontinued 

titration for pH 7-8 conditions or continue the titration 

until the final pH 4-5 and 1-2 (step 8) [14]. 

𝑁𝑎2𝑆𝑖𝑂3 𝑎𝑞 + 𝐻2𝑂 𝑙 → 𝐻2𝑆𝑖𝑂3 𝑎𝑞 + 2𝑁𝑎𝐶𝑙(𝑎𝑞) 
 

The titration gel was washed using 300-mL pure water 

(step 9) to remove NaCl up to five times[15]. 

𝐻2𝑆𝑖𝑂3 𝑎𝑞 + 𝐻2𝑂 𝑙 → 𝑆𝑖(𝑂𝐻)4 𝑎𝑞  
 

Silica gel is filtered (step 10) and then dried at a 

temperature of 80° C (step 11). After the water content is 

removed, it is crushed with mortar (step 12) to obtain 

silica powder [8]. 

The next step is mixing the silica powder that has been 

obtained with Poly Vinyl Alcohol (PVA) solution. Poly 

Vinyl Alcohol (PVA) solution serves as a silica powder 

adhesive agent to become a solid membrane. 

Furthermore, Ethylene Glycol (PEG) solution was added 

and stirring was made using a stirrer until the mixture 

became homogeneous (step 13). The homogeneous 

mixture is then molded in a water (step 14) and set at 

room temperature for 30 hours. This is done to eliminate 

the water content. After 30 hours, the semi-finished solid 

membrane (still slightly wet) is removed from the mold 

of the hose, and put it in the oven for 1 hour at 70°C (step 

15). Use of the 70°C temperature is expected only to 

remove the moisture present in the solid membrane after 

drying at room temperature. In addition, to strengthen the 

solid membranes that have been formed, the oven 

temperature at higher than 70°C was used. PVA and PEG 

in the membrane will melt before forming a strong bond 

between the silica compound in the silica solid 

membrane, resulting in the membrane becoming soft. 

After put it in the oven for 1 hours, the resulting solid 

membrane was then put in the furnace at 800°C for 5 
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hours (step 16). It aims to remove the organic 

compounds derived from PVA and PEG and to 

strengthen the bonds between silica in the membrane. 

The silica membrane is obtained with pores that are 

regular and not fragile [16]. 

To calculate the mass balance of the production 

process, the following assumptions are used: 

1. Based on reference [12], to produce membrane  

filtration of silica nanoparticles. The required 

materials are beach sand, HCl solution, NaOH 

solution, aquadest, Poly Vinyl Alcohol (PVA), Poly 

Ethylene Glycol (PEG). 

2. The temperature used in this procedure is 70 and 

800°C. 

3. The sand used contains 95.33% silica [8]. 

Based on the above assumptions (see Table 1), the 

data shows that the quantity of sand and the quantity of 

the product affect GPM every year. The highest GPM 

value is obtained if the quantity of sand reaches 14 kg. 

The lowest GPM ratio in six kg sand quantity. 

Meanwhile, to calculate other advantages, it takes other 

parameters that will be explained in the next discussion.  

 

Quantities 

of Sand 

(kg) 

Quantities 

of Product 

(pack)  

GPM (USD) 

6 150 52,395 

8 200 69,890 

10 250 87,325 

12 300 104,790 

14 350 122,255 

Table 1. Gross profit margin for various quantities of sands 

 

To evaluate the economic analysis we used the 

following assumptions: 

1. The wage of labor is 15,501.58 USD per year. The 

wage is applied to five workers. 

2. The duration of operation of this production is 20 

years with total TIC of 13,720.84 USD per year. 

3. The discount rate for this project is 15% per year. 

4. Income tax is 10%. 

5. The project does not develop with loans from banks. 

6. Sale of silica membrane is 7.38 USD/pack. 

 

 
Figure 2. CNPV/TIC curve in accordance to project time with 

various raw sand productions 

From the Figure 2, it can be seen the relation between 

CNPV/TIC with the duration of membrane filtration 

production of silica nanoparticles for 20 years. With the 

price of 7.3817 USD/pack, for once production, it 

produced 25 packs then the project will be profitable 

when the main raw material used is more than six kg. To 

achieve the payback period, production must be done at 

least five years. Likewise, at 6 kg, production using 8, 

10, 12, and 14 kg also gave profit. 
 

Table 2. Analysis of IRR, BEP, and last CNPV on the project 

 

Type of 

project 

(kg) 

PI to 

Invesment 

(%) 

IRR 

(%) 

BEP 

(pack) 

Last 

CNPV/TIC 

(%) 

6 -0.46 170 -0.5410 -15.08 

8 0.61 180 0.1892 2.93 

10 1.69 200 0.0805 20.95 

12 2.78 210 0.0511 38.97 

14 3.86 210 0.0375 56.99 

 

From the above analysis, it can be concluded that the 

higher the quantity of basic materials creates the higher 

CNPV to go. In the quantity of six kg of production, the 

value of PI to investment is negative. It identifies that 

with the amount of that production, the production is a 

loss. 

Production was conducted in this study in accordance 

with the literature. This is because the production of 

ultrafiltration membranes can achieve remarkable 

advantages if it is developed on an industrial scale. 
However, if this research is done by a conventional 

method, the project will suffer losses. This is because the 

value of the sale cannot cover the value of expenditure, 

especially on the tools used for production. 

IV. Conclusion 

The production of membrane with silica nanoparticles 

has been evaluated from an economic evaluation study. 
Economic evaluation presents the profitability of this 

project. To increase the quantity of profit, the number of 

raw materials was to achieve the standard profits per year 

that it is required more than six kg of raw materials. We 

found that profits will be obtained when using the 

amount of eight kg of raw materials. Further 

development of this research should be undertaken. Thus, 

profits continue to persist or even increase. Additional 

innovation is also required for this product after several 

years of production. 
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