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ABSTRACT: The study of the use of seawater and the composition of blackening solutions on the quality of blackening 

results is essential in increasing the efficiency of raw materials and finding an adequate formulation in the blackening 

process. Blackening is a black oxide coating process that aims to increase metal resistance to corrosion and wear. This 

study uses seawater as a solvent with blackening solution raw materials consisting of NaOH and oxidizers with varying 

compositions. The parameters for testing the quality of blackening results include color testing using the visual matching 

method, image color picker application, and corrosion resistance testing using the weight loss method. The study results 

showed that seawater can be used as a solvent in making blackening solutions by providing a somewhat contrasting 

black color and slower corrosion rate compared to solutions without seawater. NaOH with a percentage of 50%, 70%, 

and 80% in the corrosion test showed an increase in corrosion resistance of 10%, 30%, and 40%, respectively, after 

immersion for 30 minutes at a temperature of 150°C. The resulting blackening process not only provides aesthetic value 

through black coating but also increases protection against material surface degradation. This research is expected to 

provide an alternative formulation of a blackening solution that is more environmentally friendly and economically 

efficient, mainly by utilizing seawater as a solvent. In addition, these results are expected to be the basis for further 

development in blackening applications on various materials for industrial needs. 
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1. INTRODUCTION 

Metal coating is a process that aims to obtain specific characteristics on the surface of a workpiece. This 

process is expected to improve the microstructure and resistance of the object and allow for the improvement 

of the physical properties of the metal. [1][2][3]. One of the coating methods widely used in industry is 

blackening coating. Blackening or black oxide is a coating that changes iron material to black for decorative 

purposes so that it is more attractive. In addition, the aim is to increase corrosion and wear resistance. [4][5][6]. 

The black color is produced from a chemical reaction containing sodium hydroxide, sodium nitrite, 

sodium nitrate, or a mixture of them, which is heated at a temperature of around 100-150 ̊C then reacts with 

iron to form magnetite (Fe3O4) or a thin black oxide layer that sticks firmly to the iron surface. [4][7]. In 

addition, the blackening coating reduces light reflection on the metal surface, making it suitable for use on 

components that require low visibility and better wear resistance. Components such as ST-37 steel plates or 

cylinders, shafts, chains, gears, screws, bolts, and nuts must have good resistance to corrosion and wear [8][9]. 

Seawater has the potential as an electrode to enhance redox reactions in various electrochemical 

processes. The composition of the main components of seawater in the form of anions Cl -, SO2
-4, HCO3, Br-, 

CO2
-3, B(OH)4, F- and cations Na+, Mg2+, Ca2+, K+, Sr2+ in the central ocean has been proven to be constant 
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[10][11]. Seawater's main components contribute to seawater's physical-chemical properties; because it is 

steady throughout the ocean, it is possible to treat seawater as an electrolyte solution (sea salt) [12]. The 

blackening process involves reactions between atomic layers and ions in a chemical solution: 

mM + nAz- → Mm + An + nze ..........................................................................................................  (1) 

Key: 

M = reacting metal 

A = ion in solution 

Generally, the reactions formed are oxidation reactions where the metal surface is immersed in a 

chemical solution containing sodium, nitrate, or potassium compounds, which will decompose with the metal 

to form black metal oxides in the case of steel and redox reactions where the oxidized metal causes the ions 

contained in the solution to decrease. In contrast, the metal will lose electrons due to oxidation. The following 

is a reaction with an alkali solution. 

Fe + ½ O2 + 2NaOH → Na2FeO2 + H2O …………………………………………………………  (2) 

In this reaction, the black oxide layer formed provides additional protection against corrosion and wear 

on the metal surface. Previous studies have shown that the composition of the chemical solution, temperature, 

and reaction time significantly affect the quality of the resulting layer. For example, a study by Srivastava et 

al.; Arab et al.; Ranjan et al., showed that adding sodium nitrite to the solution can increase the corrosion 

resistance of the coating [13][14]. Another study by Cuang et al. found that temperature and reaction time 

variations affect the thickness and homogeneity of the oxide layer [15]. However, although many studies have 

been on optimizing the composition of blackening solutions, studies on using seawater as a solvent are still 

minimal. The use of seawater has excellent potential to reduce production costs and increase the sustainability 

of the blackening process [16][17]. In addition, by utilizing local resources such as seawater, the industry can 

reduce dependence on freshwater, which is increasingly limited in some regions. 

This study aims to examine the effect of using seawater as a solvent in the blackening process and to 

evaluate variations in solution composition on the quality of the resulting layer. By optimizing the composition 

of the solution, it is hoped that a blackening layer can be produced that not only has high aesthetic value but 

also provides optimal protection for metal materials. This study's results are expected to contribute 

significantly to developing a more efficient, economical, and environmentally friendly blackening process. In 

addition, this study can also offer practical solutions for industry to reduce production costs while increasing 

the sustainability of its operations. Thus, this study is relevant in a technical context and has a positive impact 

on supporting wiser resource management. Through this innovation, it is hoped that the blackening process 

will become more affordable, practical, and sustainable, which can provide significant benefits for industry in 

Indonesia, especially in coastal areas. 

In addition to technical aspects, economic and environmental considerations are essential in developing 

metal coating processes. The industry faces a significant challenge in reducing production costs without 

sacrificing product quality. In the blackening process, using freshwater as the primary solvent is often a 

substantial cost component, especially in areas with limited access to freshwater resources. The use of seawater 

as an alternative solvent offers an opportunity to reduce these costs, especially for industries located in coastal 

areas [18]. With the availability of abundant seawater, the cost of procuring liquid raw materials can be 

minimized, thus providing a competitive advantage for the industry [19][20] From an environmental 

perspective, seawater is also in line with the principle of sustainability. The increasingly limited availability 

of fresh water in various regions of the world requires a more efficient solution in resource management. In 

this context, using seawater as a solvent in industrial processes can help reduce the pressure on freshwater 

resources. In addition, seawater contains natural ions that can support chemical reactions in the blackening 

process, thereby reducing the need for additional certain chemicals. This reduces production costs and the 

potential negative environmental impact due to excessive use of chemicals [21]. 
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In addition to cost savings and sustainability, this study also opens up opportunities to explore the effect 

of seawater ion composition on the blackening layer's quality. The content of ions such as chloride (Cl⁻) and 

sulfate (SO₄²⁻) in seawater is known to accelerate redox reactions, which have the potential to produce oxide 

layers with superior characteristics. However, this ion content can also affect the stability of the chemical 

solution during the coating process. Therefore, an in-depth study is needed to determine the optimal 

composition between seawater and additional chemicals to produce a layer with maximum corrosion and wear 

resistance [23][24][25]. This research is expected to provide technical solutions for the metal coating industry 

and contribute to developing more environmentally friendly technologies. By integrating local resources such 

as seawater into the production process, the industry can be more adaptive to global challenges related to 

sustainability and efficiency. In addition, the results of this study can be the basis for further development in 

metal coating applications, especially in coastal areas with great potential but often face limited access to 

advanced technology. 

2. RESEARCH METHODOLOGY  

The study was conducted in several stages : 

 

Figure 1. Research Process 

  

Preparation of ST 37 steel samples by cutting samples that resemble each other with dimensions of 4 cm 

x 3 cm x 2 cm (L x W x H), then cleaned with sandpaper, making blackening solutions using seawater with a 

concentration of 16 M NaOH solution, 2.5 M NaNO2, and 2 M NaNO3. Furthermore, the sample was subjected 

to a pickling process, namely a dipping process that removes scale on the sample's surface [9]; the sample was 

dipped in a 10% H2SO4 solution for 30 minutes. The blackening process uses variations in NaOH composition 

of 80%, 70%, and 50%; the composition of NaNO2 and NaNO3 is adjusted to the composition of NaOH, 

namely 10%, 15%, and 25%, respectively. The samples were immersed in each solution at 150°C for 30 

minutes. 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 2. Blackening process scheme 

Testing Method 

Color difference testing using visual matching and the Image Color Picker application [5], the blackening 

result image is entered into the application, and then the color code will be read according to the category; the 

reading results will show the color difference between samples without treatment, samples with the use of 
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seawater and samples without using seawater. Corrosion testing utilizing the weight loss method, with the 

following equation [25]: 

mpy =
534 W

D.A.T
 (3) 

Note: 

W = weight loss (gr) 

D = density (gr/cm) 

A = outside surface immersed (in2) 

T =  time (hours) 

3. RESULT AND DISCUSSION  

3.1 Preparation of ST 37 steel samples 

The ST 37 steel sample was cut and then sanded until the surface was clean and smooth ; the pickling 

process cleaned impurities such as oxide crust. Here is the initial sample display after the pickling process. 

. 

Figure 2. Sample after the pickling process 

The cut samples have a dimensional difference of around ± 0.01 mm; the difference will significantly 

affect the value in determining the corrosion rate. The average sample area is around 8.06 in 2. 

3.2 Preparation of blackening solution  

Making blackening solution by mixing NaOH 16 M, NaNO2 2.5 M, and NaNO3 2 M in 1 liter with the 

composition of NaOH 80%, NaNO2 10% and NaNO3 10%; NaOH 70%, NaNO2 15% and NaNO3 15%; NaOH 

50%, NaNO2 25% and NaNO3 25%. NaOH solution is chosen because the large alkali concentration 

accelerates the hydrolysis process, thus accelerating the formation of a magnetite layer on the iron surface, 

increasing the reaction rate, forming a thicker layer of magnetite oxide, which functions as a protection against 

corrosion and provides a distinctive black color. 

3.3 Color testing  

Color comparison of blackening results using and without seawater with a NaOH concentration of 80%. 

 

Table 1. Perbandingan Warna 

%  seawater Display Color Code [5] 

Before blackening 

 

CMYK  0, 2, 18, 61 

RGB  100, 98, 82 

100 

 

 

CMYK  5, 10, 0, 92 

RGB  19, 18, 20 
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0 

 

CMYK  0, 0, 7, 84 

RGB  42, 42, 39 

Soaking using a blackening solution with 80% NaOH, 10% NaNO2, and 10% NaNO3. Based on the 

color comparison table, the sample at 100% seawater and 0% seawater gives a color display with different 

intensities; seawater gives a darker black color than without seawater. Seawater contains electrolyte ions such 

as Na + and Cl-; when they react, they form mineral salts that add alkalinity to the NaOH solution. 

3.4. Corrosion resistance testing  

 

Figure 3. Corrosion rate comparison diagram using seawater and non seawater 

 

Seawater used in the blackening process demonstrated a slower corrosion rate in comparison to the blackening 

process without seawater, as illustrated in Figure 2. The corrosion rate with seawater was 42.87% lower than that without 

seawater, indicating that the inclusion of seawater could be considered for more efficient and applicable blackening 

processes. 

 

Figure 4. Graph of weight lost over 25 days 

0

0,001

0,002

0,003

0,004

0,005

0,006

0,007

0,008

M
p
y

Seawater

Non seawater

0

0,02

0,04

0,06

0,08

0,1

0,12

0,14

0,16

0,18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

W
ei

gh
t 

lo
ss

 (
gr

)

Day

Non Blackening 50% 70% 80%



Journal of Chemical Process Engineering (JCPE)  Vol. 9 No. 3 (Special Issue 2024) 

 

 
 

252  https://jurnal.fti.umi.ac.id/index.php/JCPE  

  

 

Figure 5. Corrosion rate comparison diagram 

Corrosion resistance testing using the weight loss method requires a value of weight lost during the appropriate 

test period; the weight lost will continue to increase along with the corrosivity formed, according to Figure 4. The results 

of the corrosion resistance test based on Figure 5, the sample Non Blackening showed the highest corrosion rate at 0.01 

mph, indicating that without treatment, the material is more susceptible to corrosion. The treatment of the NaOH 

composition comparison reduces the corrosion rate. Sample NaOH 50% 0.009 mpy shows a reduction in corrosion rate 

of 10%, Sample with NaOH 70% 0.007 mpy shows a decrease in corrosion rate of 30%, sample with NaOH 80% 0.006 

mpy shows a reduction in corrosion rate of 40%. The increase in the composition of NaOH in the blackening solution 

shows that the composition of NaOH affects reducing the corrosion rate. Adding NaOH can inhibit the corrosion rate of 

certain metal alloys; some metal alloys show better corrosion resistance [26]. Using NaOH in blackening solutions shows 

advantages in having a lower corrosion rate than HCl solutions [26]. This information is essential to consider the 

effectiveness of NaOH in reducing corrosion in blackening applications.  

NaOH, NaNO₂, and NaNO3 work synergistically in blackening solution; NaOH functions as the essential 

component of the solution, creating strong alkaline conditions required for the iron oxidation process on the steel surface. 

NaOH helps in the formation of hydroxide ions (OH⁻), which then interact with iron to form ferric hydroxide 

(Fe(OH)₂)[6]. The reaction that occurs is as follows: 

Fesurf + 2OHaq− → Fe(OH)2+2e− ....................................................................................................   (4) 

6Fe(OH)2+NO3
−+4H+ →3Fe3O4+NH4

++3H2O ...............................................................................  (5) 

NaNO₂ and NaNO3 act as oxidizing agents in the blackening solution, assisting in the further oxidation 

of Fe(OH)₂ to magnetite (Fe₃O₄), the black protective layer on the steel surface.  
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4. CONCLUSION 

The study results indicate that seawater can be used as an alternative solvent in manufacturing 

blackening solutions. The composition of the solution utilizing seawater, especially with a higher NaOH 

content, has proven effective in increasing the corrosion resistance of metals. The higher the concentration of 

NaOH, the lower the resulting corrosion rate. In addition, seawater provides a darker black color intensity 

compared to solutions without seawater, showing great potential for aesthetic applications and metal 

protection. This study also confirms that the combination of NaOH, NaNO₂, and NaNO₃ in  the blackening 

solution plays a vital role in forming a magnetite oxide layer (Fe₃O₄), which provides optimal protection against 

corrosion and wear. Using seawater makes the blackening process more economical and environmentally 

friendly because it reduces dependence on increasingly limited fresh water. This study provides a practical 

solution for industry, especially in coastal areas, by integrating abundant local resources. In addition, this study 

contributes to developing more sustainable and efficient metal coating technology. Further research can focus 

on several aspects to expand the application and benefits of seawater in the blackening process. First, more in-

depth studies are needed to evaluate the effect of ion variations in seawater on the quality of the resulting oxide 

layer. Second, the research can be expanded to explore other types of metals or alloys that can be processed 

using seawater-based solutions. Third, industrial-scale trials need to be conducted to measure the efficiency 

and consistency of this process under mass production conditions. Finally, research on the environmental 

impact of using seawater in the blackening process is also essential to ensure the long-term sustainability of 

this technology. 
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