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Abstract. There are many options for metal plating processes to improve the
quality of metal and non-metallic materials. Metal coating without the use of
electrical energy is known as conversion coating. One form of conversion coating
that is widely used in the industrial world is blackening or black oxide coating.
One of the determining factors in the blackening process is the cleanliness of the
workpiece to be processed, the immersion time, and the heating temperature. So
far, heating in the blackening process has only been carried out using an estimate
that the heated solution is ready when it boils. Just looking at the boiling solution
is not enough to ensure that the heating temperature is in accordance with the
provisions. So to get perfect quality results, it is necessary how much temperature
will be used for the blackening process. The parameters of this research are to
improve the quality of blackening results which are influenced by the length of
heating time, heating temperature, workpiece thickness, and workpiece surface
gloss. AISI 1015 steel is low-carbon steel. The purpose of this study was to exam-
ine the effect of heating time and temperature on the blackening process on the
thickness and gloss of the surface layer. The test material in this study was AISI
1015 steel in the form of plates and cylinders in time variations of 50 min, 75
min, and 100 min and with temperature variations of 100 ºC, 150 ºC, and 200 ºC.
The results showed that the highest value of the surface layer thickness occurred
in the coating with a time of 100 min and in the coating with a temperature of
200 ºC with a thickness of 20.27 µm on the plate workpiece and 20.03 µm on
the cylindrical workpiece. Meanwhile, the highest gloss value was obtained for
coating with a time of 50 min and a temperature of 200 ºC with a gloss rate of
68.14 GU for plate workpieces and 67.86 GU for cylindrical workpieces.
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1 Introduction

The coating is the process of depositing a substance or material onto the surface of
the material to be coated to protect the material from being in direct contact with the
environment, beautifying the surface and giving certain properties to a workpiece sur-
face, where it is hoped that the object will experience improvements both in terms of
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microstructure and microstructure. Durability, and does not rule out the possibility of
improvement in its physical properties. The coating is the final part of the production
process of a product. The process is carried out after the workpiece reaches the final
shape or after the machining process and smoothing of the workpiece surface is carried
out.

Thus, the coating process is included in the category of finishing work or often also
called the completion stage of aworkpiece production. Chemical conversion coatings are
also known as chromatin, chromate conversion, and allowing. Unlike anodizing, chem-
ical conversion coatings do not require electrical energy in the manufacturing process,
so they are more cost-effective to manufacture. Chemical conversion coatings can be
colored or colorless, depending on preference. Chemical conversion coating produces a
thin and thorough crystalline layer on the surface of the object that has not been treated
or prepared. If an object to be coated is properly prepared, this coating will produce an
excellent base coat for painting and adhesives. A simple mechanism for the formation
of a black oxide layer was proposed by Samartsew, who proposed that in the presence
of oxidants, cast iron would react with an alkaline solution to produce dissolved sodium
ferrite by the following chemical reaction [1].

One form of conversion coating is blackening or black oxide coating. Blackening or
black oxide coating is a chemical conversion process formed from the reaction between
iron in ferrous metal with oxidizing salts to form magnetite (Fe3O4) [2]. Based on the
research of [3] with the title "Influence of the Temperature of Film Formation on the
Electronic Structure of Oxide Films Formed on 304 Stainless Steel", showed that the
thickness of the oxide layer on AISI 304 steel increased from 8 µm at a temperature of
150 ºC to approx. 30 µm at 450 ºC.

A similar study by [4] entitled "Optimization of Black Oxide Coating Thickness
As An Adhesion Promoter for Copper Substrate In Plastic Integrated-Circuit Packages"
showed that the surface roughness increased from 180 nm to around 290 µm during the
60 s heating process, and the thickness of the oxide layer continued to increase from
the first 150 s and became stable after passing through 180s. The results of [1] research
entitled "A Study of Coating Process of Cast Iron Blackening" showed that the thickness
of the oxide layer on cast iron increased from 0.4 m to 1.2 m in a heating time of 30 min
and a temperature of 145 ºC.

2 Research Methods

This study uses AISI 1015 steel workpieces which have several advantages in the
machining process of machine component objects. The characteristics of the chemical
composition of the workpiece can be seen in Table 1..

Dimensions specimens plate has a length of 200 mm, width 20 mm, and 3 mm thick.
And cylinder with size 200 mm, diameter 15 mm.

In this study, a 3 x 3 x 1 factorial experimental design was used. The response
variables used are the surface thickness and surface gloss of the magnetite (Fe3O4)
workpiece. For the dependent variable the length of heating time (50 min, 75 min,
and 100 min) and heating temperature (100 ºC, 150 ºC, and 200 ºC). Thus obtained
18 observations to experiment. The procedure begins with the preparation of a research
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Table 1. Characteristics of the chemical composition of AISI 1015 steel

Number Element Amount (%)

1 Carbon 0.15

2 Manganese 0.082

3 Silicone 0.166

4 Phosphor 0.054

5 Sulfur 0.15

6 Iron 99.398

Total 100

Fig. 1. Specimen Shape Plat.

Fig. 2. Specimen Shape cylinder.

workpiece in size 200mmx20mmx3mm for a plate and cylinderwith a size of 200mm,
and a diameter of 15 mm. 18 workpieces were coated with no electricity using variations
in the dependent variable, namely temperature of 100 ºC, 150 ºC and 200 ºC with a
variation of 50 min, 75 min and 100 min. After the specimen is completed the coating
process, then proceed with the entire specimen coating thickness measurement using an
ultrasonic thickness gauge. Followed by entire specimen surface gloss measurements
using a gloss meter (Figs. 1 and 2).

3 Result and Discussion

The coating thickness measurement test specimen prior to the coating process is 0 µm,
and the average glosness is 163.73 GU. After blackening coating process, the thickness
and gloss coating results are as follows the Table 2. and Table 3.. Coating Time and
Temperature to Thickness variations in the length of time and temperature of the coating
greatly affect the metal plating process. This is influenced by the surface area of the
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Table 2. After the coating layer thickness

No
Specimen
Shape Plat

Temperatur
(oC)

Time
(min)

Average
Thickness
(µm)

No
Specimen
Cylinder

Temperatur
(oC)

Time
(min)

Average
Thickness
(µm)

1 100 50 14,46 1 100 50 14,13

2 75 15,34 2 75 15,20

3 100 16,29 3 100 16,18

4 150 50 16,48 4 150 50 16,34

5 75 17,36 5 75 17,22

6 100 18,09 6 100 18,02

7 200 50 18,12 7 200 50 18,06

8 75 19,10 8 75 19,02

9 100 20,27 9 100 20,03

Table 3. After a gloss layer coating

No
Specimen
Shape Plat

Temperatur
(oC)

Time
(min)

Average
Thickness
(µm)

No
Specimen
Cylinder

Temperatur
(oC)

Time
(min)

Average
Thickness
(µm)

1 100 50 68,14 1 100 50 67,86

2 75 66,42 2 75 66,08

3 100 65,18 3 100 65,04

4 150 50 65,06 4 150 50 64,76

5 75 64,34 5 75 63,68

6 100 63,18 6 100 62,44

7 200 50 62,66 7 200 50 62,26

8 75 61,24 8 75 61,02

9 100 60,56 9 100 60,28

workpiece and the shape of the surface area of the workpiece carried out by the metal
plating process. The surface area of the plate-shaped workpiece will make the coating
process even faster and the thickness of the magnetite (Fe3O4) surface layer on the AISI
1015 steel substrate compared to the cylindrical workpiece. Below is a diagram of the
average layer thickness of plate and cylindrical specimens against variations in coating
time and temperature.
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Fig. 3. Diagram of the average thickness of the plate-shaped specimen layer

Fig. 4. Diagram of the Average Layer Thickness of Cylindrical Specimen

Fig. 5. Diagram of the Average Glosiness of Plate Shape Specimen Layers

Based on the diagrams in Figs. 3 and 4, it shows that the thickness of the magnetite
(Fe3O4) layer formed will be thicker, which goes with the length of time and the higher
the coating temperature [6–8].Thehighest thickness valuewasobtainedon theworkpiece
with a coating time of 100 min and a coating temperature of 200 ºC with a value of 20.27
µm for plate-shaped specimens and 20.03 µm for cylindrical workpieces.
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Fig. 6. Diagram of the Average Glosiness of Cylindrical Specimen Layers

Coating Time and Temperature to Gloss The length of time and temperature of the
coating will affect the number of gloss layers formed on the AISI 1015 steel substrate,
both on plate-shaped workpieces and on cylindrical workpieces [9, 10]. The following is
a diagram of the average gloss number of plate and cylindrical workpiece layers against
variations in coating time and temperature.

Based on the diagrams in Figs. 5 and 6, it is shown that the gloss number of the
magnetite (Fe3O4) layer decreases with the length of time and the higher the coating
temperature. The highest gloss value was obtained on the workpiece with a coating time
of 50 min and a coating temperature of 100 ºC with a value of 68.14 GU for plate-shaped
workpieces and 67.86 GU for cylindrical workpieces [5].

4 Conclusion

In this study resulted in several conclusions are the longer the time of coating and the
higher the temperature the more thick layer of magnetite (Fe3O4) which is formed on
a metal substrate, but decreases the level of gloss coating and the shape of the test
specimens affect the thickness and gloss surface layer.
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