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Abstract. This study examines the effect of the blackening method on the
corrosion rate of Widia Tools in seawater and rainwater immersion media.
Blackening is a black oxide coating process that aims to protect metal from
corrosion and increase wear resistance. The blackening coating procedure goes
through the stages of making NaOH, NaNO-, and NaNOs solutions, as well as
the pickling process for surface cleaning. Microstructural analysis shows the
formation of a thin layer of magnetite (FesO4) on the coated metal surface, which
functions as a corrosion barrier. Corrosion testing uses the weight lost method
with specimen testing times on the 7th, 21st, and 49th days. The results showed
a decrease in the corrosion rate of around 33% between immersion of Widia tools
in seawater and rainwater. Seawater provides a decrease in the corrosion rate
based on consecutive test days of 0.03 mpy, 0.01 and 0.003 mpy, while rainwater
provides a decrease in the corrosion rate based on consecutive test days of 0.005
mpy, 0.003 and 0.002 mpy. Seawater has a high salt content so it has a more
corrosive environment compared to rainwater. Its shows that blackening is
effective in increasing corrosion resistance so that the service life of Widia tools
is longer, especially in industrial applications with corrosive environments. The
application of blackening technology to Widia tools offers a solution to improve
the performance and durability of cutting tools in the manufacturing industry.
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1 Introduction

The rapid development of material innovation is expected to help solve problems in the
engineering field. Metal materials in the form of steel, stainless steel and metal alloys
are engineered to help in designing and making products that suit your needs, the use
of materials with iron and steel as the main ingredients. [1], [2]. Carbon steel is one of
the most widely used types of metal in industry both construction and manufacturing.
[3]. Various types of alloy steel are widely available in the market. The use of steel has
a major problem that is often faced in the form of corrosion when used for a long time.
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used for a long time. Corrosion is a natural event that can affect the life and
usefulness of metals resulting in considerable losses. [4].

There are various ways to protect steel from corrosion, one of which can be used is
the coating method. The metal coating method is one of the techniques used to protect
metal surfaces from corrosion by improving appearance, and increasing material
durability. [5], [6], [7]. One of the popular metal coating techniques is blackening.
Blackening, also known as black oxide coating, is a chemical process that aims to
form a black oxide layer on the surface of metals, such as steel, copper, or iron. [8],
[9], [10].

Widia bits (carbide-tipped cutting tools) are one of the critical components in the
manufacturing industry, especially in the machining of hard materials such as steel,
alloys and composite materials. These tools are known for their hardness and
resistance to high temperatures, making them highly effective in high-speed cutting
applications. However, despite these advantages, Widia tools are also susceptible to
corrosion and wear due to high friction and exposure to harsh environments during
the machining process. [11].

To improve the performance and longevity of Widia's cutting tools, a surface
treatment is required that protects the metal from oxidation and corrosion, and
minimizes friction during the cutting process. One of the methods used to improve the
durability of the tool blade surface is blackening, or black oxide coating. [12].
Blackening the Widia tool blade aims to form a thin protective layer that prevents
corrosion and increases wear resistance. The blackening process produces a black
oxide layer that serves as a barrier against damaging environmental factors, such as
moisture, air exposure, and chemicals. In addition, the black layer produced by this
process can also reduce friction during cutting operations, which in turn can improve
efficiency and precision in machining. [12], [13].

The blackening process is often used because it produces a thin protective layer that is
effective in preventing corrosion without changing the dimensions or mechanical
characteristics of the material. This method involves a series of steps, such as cleaning,
applying chemical solutions, and finishing by providing additional protection and
improving resistance to moisture and oxidation. Blackening is also known as iron
oxide plating which is a chemical conversion process that produces magnetite (Fe304)
as a result of the reaction between iron in ferrous metals. The advantages of
blackening include its ability to produce an aesthetically pleasing surface with a shiny
black or matte appearance, durability, and does not change the physical dimensions of
the coated component. [14], [15].

The use of blackening on Widia cutting edges not only has an impact on increasing
tool life, but also has aesthetic benefits, providing a more professional and attractive
appearance. With the development of the manufacturing industry and the demand for
more durable and efficient cutting tools, the application of the blackening method on
Widia cutting tools is one of the promising solutions to improve the quality and
performance of these tools. [12], [13]. In this study, blackening was applied to Widia
tool holders given the significant benefits that this coating technology can bring to
durability and performance in industrial cutting processes.
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2 Research Procedure

The method used in this research is an experimental method by testing the effect of
corrosion rate on the widia tool holder that has been treated with a blackening coating.
The stages in the blackening process carried out begin with the preparation of NaOH
solution, Nano> solution, and Nanos solution.
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Fig. 1. Flow Diagram

Preparation of NaOH (Sodium Hydroxide) Solution. Weigh 639.9 grams of NaOH
according to the calculation. Next, add distilled water to the measuring cup to 80% of
the final volume, then slowly add NaOH while stirring. Make sure the NaOH
dissolves completely and the solution reaches the final volume.

Preparation of Nano> Solution (Sodium Nitrite). Weigh 172.48 grams of Nano:
according to the calculation and dissolve using 250 ml of distilled water, after
dissolving it is poured into a 250 ml volumetric flask, then filled to the limit mark
using distilled water and homogenized.

Preparation of Nano3 (Sodium Nitrate) Solution. Weigh 165.5 grams of Nano3
according to the calculation and dissolve it using 250 ml of distilled water, after
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dissolving it into a 250 ml volumetric flask, then fill it up to the limit mark using
distilled water and homogenize it.

Pickling Process. The sample preparation in this study uses a widia tool holder, which
will go through a pickling process to remove surface impurities and oxides. The
pickling process is carried out by immersing the sample in 10% H2s04 solution within
30 minutes as appropriate to ensure the steel surface is clean and rinse the sample
with distilled water until clean.

Blackening process. In the Blackening process, a heating time of 30 minutes and a
heating temperature of 150°C will be used, mix the solution with a composition of
30% Sodium Hydroxide (NaOH), 10% Sodium Nitrate (NaNO3), 10% Sodium Nitrite
(NaNO2), and 50% Aquades (H20). Furthermore, the specimen is hooked with a wire
for easy removal while in the plating bath.

Color comparison. Prepare a comparison of the samples before and after the
blackening process for comparison, carefully observe the color difference between the
two samples and the color consistency of each sample, evaluate the effectiveness of
the blackening process based on visual comparison.

Coating Thickness. Prepare samples that have and have not undergone the blackening
process, and carefully measure the length, width and height of each sample before and
after the blackening process. After that, calculate the volume of each sample to assess
the differences that may occur due to the blackening process. Be sure to record the
composition of the blackening solution used, as this will affect the results of the
comparison.

Specimen Weight Measurement. Before weighing is done using an analytical balance,
the specimens are ready to be numbered. This is done to prevent weight differences
between specimens, which will ultimately have an impact on corrosion rate
calculations. Next, the numbered specimens were weighed and the results calculated.
This weight measurement result will be used as the basis for calculating the corrosion
rate.

Corrosion Testing. In this study, the weight of the samples was measured for 1 week,
3 weeks and 5 weeks with variations in seawater and rainwater immersion. The steps
taken included preparation of the samples by thoroughly cleaning them before the
blackening process, followed by initial weighing to record the weight and dimensions
of the samples, and application of the blackening process by recording the conditions
applied. After the blackening process was completed, weighing was carried out again
to monitor weight changes, followed by immersion in seawater and rainwater media
for 1, 3 and 5 weeks. During the immersion period, the condition of the samples was
monitored periodically to ensure experimental consistency. Analysis was conducted
by comparing the weight changes and evaluating the relative corrosion rates among
the sample variations based on the results.

The weight loss method is one technique for calculating the weight loss that occurs in
metals after some immersion time. This technique is often used to evaluate the
corrosion rate of a material. This method gives a quantitative idea of how fast the
material degrades under certain conditions [16].

The corrosion rate can be expressed in various units, depending on the parameter
being measured.

Calculation The corrosion rate is calculated based on the difference in mass before
and after exposure. The formula used is:
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534w
mpy == - (1

Where:
W = Weight Loss (gr)
D = density (gr/cm)?
A = Soaked Surface Area (cm)?

3 Results and Discussion

In this study, the weight measurement of the samples was carried out on the 7th, 21st
and 49th days of immersion, to monitor the development of corrosion gradually.
Calculation analysis was carried out by comparing weight changes and evaluating the
level of corrosion between specimens soaked in seawater and rainwater. The
corrosion results measurement table is presented in Table 1.

Table 1. Corrosion rate between seawater and rainwater

Initial Final
Time Length Width Hight Specimen Specimen  Corrosion

No.  Treatment (days) (cm) (cm)  (cm) Weight Weight  Rate (mpy)

(grams) (grams)
1 7 220,75 220,60 0,005
2 Rainwater 21 9 1.5 1.5 204,75 204,45 0,004
3 49 207,12 206,70 0,002
4 7 225,940 225,035 0,030
5 Seawater 21 9 1.5 1.5 224,455 223,505 0,011
6 49 185,985 185,450 0,003

Based on Table 1, the study results illustrate the measurement of corrosion rates for
metal specimens immersed in two different solutions: Rainwater and Seawater. The
Widia tool specimens have uniform dimensions, specifically 9 cm in length, 1.5 cm in
width, and 1.5 cm in height, and were immersed under two different conditions for
three time intervals: 7 days, 21 days, and 49 days. The objective of this study was to
assess and compare the extent of corrosion occurring in the specimens. The recorded
data includes the initial and final weights of each specimen after the immersion
periods, the weight difference of each specimen, dimensions, and immersion time,
which were input into equation (1) to calculate the corrosion rate, expressed in mils
per year (mpy). The measurement of corrosion rate in mils per year is a standardized
method that provides an indication of the rate at which a material degrades due to
corrosion over a specified period, typically one year. Various industries, including
manufacturing, construction, and petroleum, require assessments of material corrosion
resistance on an annual basis to plan maintenance, replacement, or protection
strategies for materials.
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Fig. 2. Effect of Corrosion Rate on Time

Fig. 3. Metallographic observations (micro)

From the results of metallographic observations (micro) it can be seen that a thin layer
is formed on the widia tool holder material which is treated with blackening coating.
It can be seen that the blackening coating is characterized by black spots or streaks in
the image. NaOH (Sodium Hydroxide) and NaNO: (Sodium Nitrite) work
synergistically in the blackening solution. [1].

NaOH serves as the basic component of the solution, creating the strong alkaline
conditions necessary for the iron oxidation process on the steel surface. NaOH assists
in the formation of hydroxide ions (OH-) which then interact with iron to form ferric
hydroxide (Fe(OH).).

NaNO: acts as an oxidizing agent in the blackening solution, assisting in the further
oxidation of Fe(OH): to magnetite (FesO4), which is the black protective layer on the
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steel surface. NaNOs (sodium nitrate) acts as a weaker oxidizing agent than NaNO,,
but is crucial in stabilizing the reaction and increasing the efficiency of magnetite
layer formation in the metal blackening process. By providing the additional oxygen
needed, NaNOs contributes to the oxidation process.

4 Conclusion

Blackening coating is effective to reduce the corrosion rate of the widia tool holder,
where the widia tool holder with seawater immersion media coated with Blackening
and immersed in seawater experienced a significant corrosion rate. The average
corrosion rate ranged from 0.003 mpy to 0.030 mpy. This shows that despite the
Blackening coating, the corrosive seawater environment still affects the material with
varying corrosion intensity while the holders with rainwater immersion media coated
with Blackening showed lower corrosion rates, with average values between 0.002
mpy to 0.005 mpy.
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