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Abstract

The purpose of this study was to determine the technical and economic feasibility of a project
to manufacture CoFe204 nanoparticles using the thermal decomposition synthesis method on
an industrial scale. The method used in economic evaluation is to compare several parameters
such as gross profile margin (GPM), payback period (PBP), breakeven points (BEP), internal
rate return (IRR), cumulative net present value (CNPV), return on investment (ROI), and
profitability index (PI). The results show that the production of CoFe204 nanoparticles is
profitable on an industrial scale with a relatively lower selling price than the market price and
a relatively small size. This project can run within nine years and the investment will be
profitable within 2 years according to PBP results.

Keywords: Cobalt Ferrite nanoparticles; Economic Evaluation; Thermal Decomposition
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1. Introduction

Spinel ferrite belongs to an important class of magnetic materials [1]. Cobalt ferrite is a
subset of spinel ferrite which has an inverted spinel structure. Under ideal conditions of
cobalt ferrite, all Co2* ions are at site B and Fe3* ions are evenly distributing at site A and B
[2]. Ferrite has many technological applications due to its combination of magnetic and
electrical properties [1]. Cobalt ferrite has several properties such as relatively high
coercivity, large enough magnetocrystalline anisotropy, and moderate saturation
magnetization [3]. Recently, cobalt ferrite has attracted much attention because it has many
applications in technological fields such as microwave devices, high density magnetic fields,
and ferrous fluids [4]. Cobalt ferrite can be applied in the medical field of crystals because it
has a high magneto-crystal anisotropy derived from spin-orbit coupling (Li-S) on the lattice
[5].

Several uses of cobalt ferrite in the medical field are in hyperthermia applications [6],
genomic DNA isolation and purification [7], great potential for use as MRI contrast agents
and drug carriers for diagnostic and therapeutic applications, therapeutic [8]. Various
methods have been developed to synthesize cobalt ferrite nanoparticles such as sol-gel auto
combustion [9-11], coprecipitation [12-14], reverse micelle [3,15,16], hydrothermal [17-19],
microwave-assisted decomposition [20-22], and thermal decomposition [23-25]. The most
appropriate method for economic evaluation analysis is the thermal decomposition method.
This synthesis method is environmentally friendly because it can use non-toxic materials,
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tools and materials are commercially available, and produce products with a narrow
diameter distribution [25].

The purpose of this study was to determine the technical and economic feasibility of a
project to manufacture CoFe204 nanoparticles using the thermal decomposition synthesis
method on an industrial scale. This study was carried out because there is no articles are
describing the economic evaluation of the synthesis of CoFe204nanoparticles in detail. In this
study we vary several factors to see the effect on the economic evaluation, such as taxes, raw

materials, sales, labor and utilities.

2. Method

2.1. Theoritical Synthesis of CoFe204+ Nanoparticles
Synthesis of CoFe204 nanoparticles using thermal decomposition method begins with

dissolving 5.464 g anhydrous FeCl325.2 mmol and 4.608 g CoClz 6H20 12.6 mmol in 240 ml
ethylene glycol at room temperature. After 4 gram of sodium acetate was added to the
mixture, the reddish black color solution was obtained. Then, the obtained solution stirred
for 30 min at 110 °C along with the addition of 93 ml of ethanol amine. Afterwards, the
temperature was increased to 160 °C and stayed at that temperature for 6 hours. The solution
was refluxed during this heating process using a condenser and fine black colloidal particles
appeared. Then it naturally cooled down. Ethanol was added to the mixture and magnet was
used to separate the CoFe204 colloidal from the supernatant solution. The obtained products
were then washed with ethanol for several times and were dried in rotary vacuum for 2 h at
50 °C. The heating process at a temperature of 160 °C carried out in this method can produce
cobalt ferrite nanoparticles with a relatively small size, which is 4-14 nm [25]. The overall

synthesis process of CoFe204shown in Figure 1.
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2.2. Economic Evaluation
The method used in this study derives from an analysis of the average price of

commercially available products on the online shopping web to guarantee the current prices
of materials and equipment. All data is calculated based on simple mathematical calculations
using Microsoft Excel. Based on the literature [26], several parameters are using in economic
evaluation, such as GPM, BEP, CNPV, PBP, IRR, and PI. The parameters in economic
evaluation are explained in the following:

a. Gross Profit Margin (GPM) is an analysis that determines the level of profitability in a
project. Deciding the GPM on a project can be calculated by subtracting the income from
product sales with the price of raw materials.

b. Break-Even Point (BEP) is the minimum number of products that must sell at a specific
price to cover production costs. BEP can be calculated by dividing the fixed cost (sales
cost-variable cost) times the complete unit.

c. Cumulative Net Present Value (CNPV) calculates the total NPV from the start of factory
construction to the end of factory operation. CNPV can be obtained as the sum of the
cumulative financial flows in each year.

d. The payback period (PBP) calculates how long it will take to return the initial contest
total. PBP can be calculated when CPNV reaches zero value for the first time.

e. The Internal Rate of Return (IRR) describes the average interest profit per year from all
expenses and income of the same amount. Suppose the IRR is less than the prevailing
genuine interest (current bank loan interest) the factory is considered a loss, the factory
will profit when the IRR is greater than the overall genuine interest.

f.  The profitability index (PI) is using to determine the relationship between project impact
and costs. PI can be calculated by dividing the CNPV by the total investment cost (TIC).
If the PI value is more than 1, then the project can be categorized as good, but if the PI
value is less than 1, then the project can be classified as an unprofitable project.
Several assumptions are used to analyze and predict the possibilities that will occur

during the project and this aims to confirm the economic analysis of this project. The
assumptions are:

a. Calculation of 1 USD =IDR 15.000,00.

All item prices are based on online market prices.
The project lasts for 300 days/year
Synthesis of CoFe204nanoparticles carried out two cycles/day.

Shipping costs are borne by the buyer.

CoFe204nanoparticles are priced at 150 USD/Kg.

Total wages/labor is assumed to be fixed at 125 USD/day for 25 workers.

e

The duration of the project operation is nine years.

o

Result and discussion

3.1. Technical perspective
The making process is nanoparticles CoFez0O4 shown in Figure 2 with symbol information

listed in Table 1. Based on the engineer perspective, the total cost for purchasing raw
materials for one year is 1,960,860.00 USD. Sales in one year are 3,150,000.00 USD. The
profit earned is 883,900.04 USD. The price of the equipment cost is 20,969.00 USD. From the
total calculation analysis, a project requires substantial investment. The project went on for
nine years. CNPV/TIC value in the 9th year reached 27.1915 and PBP achieved in year 3.

Urecol Journal. Part E: Engineering, Vol.1 No.2 (2021) 113



Dewi, 8. 8., et. al.,

- FeClz

- CoClz.6H20

- CaHs02

- C2HzNaO;

(room temperature)

Ethanolamine

n

A
n

m

dissinn ik
== -

CoFez04

Figure 2. Process flow
- chart for CoFe204

Table 1. Process Flow Chart CoFe204Nanoparticles

No Symbol Information
1 R-1 Reactor-1
2 RF-1 Reflux-1
3 E-1 Electromagnetic-1
4 T-1 Tank-1
5 T-2 Tank-2
6 W-1 Washer-1
7 D-1 Drayer

3.2. Economic Evaluation

3.2.1. Ideal conditions
Figure 3 shows a graph of the relationship between CNPV/TIC on the y-axis and lifetime

(year) on the x-axis. The curve shows a decrease in income from the 1st year to the 2nd year,
and this is due to the initial capital cost for the production of CoFe204nanoparticles. In year
3, the curve shows an increase in initial income or return on capital. This condition is called
the payback period (PBP) [26]. The increase in revenue from the 3th year to the 9t year can
cover the initial capital or capital reversal.

Based on Table 2 the lowest CNPV/TIC value is in the 2rd year with a value of -0.8452,
and then the curve shows an increase for the first time in the 3thyear to the 9tk year with the
highest CNPV/TIC value in the 9th year amounted to 27.1915. Thus, the production of
CoFe204 nanoparticles can be considered profitable with a short time to recover investment

costs.

3.2.2. The effects of external conditions
The economic condition of a country is an external factor that can affect a project. This

factor can be in the form of tax provisions provided by a country. Taxes need to be considered

in a project because they can affect profits. In this study, CNVP calculations were carried out
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with several variations of taxes for 9 years as can be seen in Figure 4. The x-axis shows the
year the project was run (lifetime) and the y-axis shows the CNPV/TIC value. In this study,
several variations of taxes were used, namely 10, 25, 50, 75, and 90%.
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5 Figure 3. Graph of

LIFE TIME (YEAR) CNPV/TIC against lifetime
(year) in ideal conditions.

Table 2. CNPV/TIC values under ideal conditions.

PI chart

CNPV/TIC Year

0

-0,4093
-0,8452
5,0147
10,1103
14,5412
18,3942
21,7447
24,6581
27,1915

o
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Income is not obtained in the first and second years for all tax variations according to
the PBP analysis, it is assumed because the project is still in development. Profits are
obtained after the second year for tax variations of 10, 25, 50, and 75%. For the 90% tax
variation, the profit is earned after the third year. These results indicate that the increase in
taxes will affect the length of time the profits will be obtained. Variations in taxes also affect
the amount of profit obtained. The bigger the tax increase, the lower the profit.

In the year when the curve decreases, the project capital cannot be covered and there is
no income. The rising curve shows an increase in the project's profit on each tax variation
but with a different amount of profit. The CNVP/TIC values in the third year for variations
of 10, 25, 50, 75, and 90% respectively were 5.01; 4.04; 2.42; 0.8; and -0.16. Thus, in order to
benefit from all tax variations in the third year, the maximum tax imposed should not be
more than 75%. If above that, then the project does not get income in the 3rd year.

3.2.3. Change in sales

Figure 5 shows a graph of the relationship between CNPV and various sales variations,
the y-axis is CNPV/TIC and lifetime (year) on the x-axis. The analysis is done by increasing
and decreasing sales. Sales in ideal condition is 100%, and if reduced by 20 and 30%, sales
will be 80 and 70% of ideal condition. The sales increase varied by 10 and 20% so that the
sales became 110 and 120% from the ideal condition.
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In Figure 5, it can be seen that the curve shows a decrease from year 1 to year 2 because
there have been no sales but expenses for initial costs. The value of CNPV/TIC in year 3 for
each variation of 120, 110, 100, 80, and 70% is 8.9144; 6.9645; 5.0147; 1.1150; and -0.8347%.
With an increase in sales of 110 and 120%, it causes an increase marked by a curve that
continues to increase and has a positive value. The cumulative Net Present Value/Total
Investment Cost in the ninth year for each variation of 120, 110, 100, 80, and 70% is 45.8494;
36.5205; 27.1915; 8.5335; and -0.7953%. There is a constant decrease for the 70% sales
variation, so a 30% decrease in sales will cause project losses. So, the minimum sales to get
the BEP (the point at which the project's profit or loss) is 80%. Sales of CoFe204 nanoparticles
will be more profitable if sales above 80% are indicated by a positive decent curve, so this
project is worth doing [26].
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Figure 5. Graph of

—o—120% —@—110% 100% —@—80% —@—70% CNPV/TIC with sales
variation against year.

3.2.4. Variable Cost Changes (Raw materials, Utilities, and Labor)
The conditions of raw materials, utility, and labor are among the factors that influence

the success of a project. Figure 6 shows the CNVP/TIC graph with variations in raw materials
price. Analysis of the variety of raw materials involves lowering and increasing the price of
raw materials by 10 and 25% of the ideal conditions. The ideal raw material price is 100%.
Variations of raw materials used in this analysis are 75, 90, 100, 110, and 125%.

The CPVN/TIC value is constant at the first 2 years of the project because the project is
still running at the development stage. The decrease in the cost of raw materials leads to

increased profits, and vice versa. The CPVN/TIC in the 9th year for variations in raw
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materials 75, 90, 100, 110, and 125% are 11.58; 20.95; 27.19; 33.43; and 42.80. The shortest
time of payback period (3 years) with the biggest profit can obtained from the variation of
raw materials 75% with the CPNV/TIC value of 8.28.
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LIFE TIME (YEAR) Figure 6. Graph of

CPNV/TIC with variations

——125% —8—110% Normal —@=—90% —@—75% in raw material prices
against year

Analysis of the CNVP/TIC value against the year with various utility variations is shown
in Figure 7. Variations are obtained by lowering and increasing the project utility price from
ideal conditions. The utility variations used in this study are 130, 120, 100, 90, and 80%.
Variation of 100% is the normal utility price. While variations above 100% indicate an
increase in utility prices and variations below 100% indicate a decrease in utility prices.

Based on the PBP analysis, all variations indicate that income is obtained after the
second year. In years 0 to 2 there is no income because the project is still in the development
stage. Figure 7 shows that the curves of all utility variations look like they are stacked. This
is because there is no significant effect of changes in utility prices on the CNVP/TIC value.
The CNVP/TIC values in the third year for variations of 130, 120, 100, 90, and 80% were
5.0058; 5.0088; 5.0147; 5.0177; and 5.0206, respectively. The greatest profit will be obtained
by the project at 80% utility variation or a 20% reduction in utility prices.
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Figure 7. Graph of

—o—130% —e—120% 100% —@—90% —@—80% CNPV/TIC with utility
variations against year

Figure 8 shows the CNPV/TIC graphics analyzed with various salary labor. The analysis
is done by lowering and raising the salary labor by 10, 25, 40, and 80% from the ideal
conditions. The variety of salary labor used in this analysis is 80, 100, 110, 125, and 140%,
with the 100% as the ideal condition. The CPVN/TIC value constant at the beginning of the

project (0-2 years) because the project is at the development stage. The increase in salary
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labor affects the decrease in project’s profit. The biggest profit come from lower salary labor.
The CPVN/TIC value in the 9th year for the variety of salary labor of 80, 100, 110, 125, and
140% each one is 26.40; 26.70; 27.00; 27.20; and 27.60. Based on the PBP analysis, the
biggest profit obtained from the variation of salary labor 80% with CPNV/TIC value of 5.10.
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LIFE TIME (YEAR) Figure 8. Graph of
CPNV/TIC with salary

—o—140% —@—125% 110% —@—Normal —@—80% labor variations against
year

4. Conclusion

Based on the perspective of engineering and economic analysis, the production of cobalt
ferrite nanoparticles by the thermal decomposition synthesis method can be carried out on a
large scale. This project has promising advantages with a selling price that is relatively lower
than the market price for cobalt ferrite nanoparticles and a relatively small size compared
with the market size. This project can run within nine years and the investment will be
profitable within 2 years according to PBP results. Changes in utility prices and salary labor
have little effect on income. Other factors such as changes in taxes, sales, and raw materials

have an effect on revenue but the project remain profitable within 2 - 3 years.
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