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Abstract - The problem faced is that the white chromium
coating has a low selling value or aesthetic value than the black
chromium layer which is more in demand, especially by the
younger generation who prioritizes aesthetics. The purpose of the
corrosion test was to determine the corrosion resistance ability of
the black chromium coating resulting from the electroplating
process on the relationship between the solution temperature and
the immersion time of copper in a corrosive solution. Corrosion
test methods include literature studies, field observations,
weighing specimens, immersing specimens in corrosive solutions,
weighing specimens, calculating corrosion rates, and data
analyzing. Corrosion test results show that the higher the
temperature of the solution and the longer the immersion time,
the smaller the corrosion rate for the lowest conditions at 30°C
and a duration of 5 minutes with a corrosion rate of 0.2004
mm/year and the highest conditions at a temperature of 50°C and
a duration of 9 minutes at a rate of corrosion of 0.0108 mm/year.

Keywords: electroplating, immersion  time,
corrosion rate, copper.
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I. Introduction

The resistance of the black chromium layer resulting
from electroplating on copper was measured by
corrosive treatment on the resulting coating in the form
of a corrosion rate.

Previous studies have examined the effect of the
associated parameters on the coating on the
electroplating of various coating materials on various
specimen materials under various conditions.

Black coatings on metal have been widely used for
decorative coatings, solar panels, or optical instruments
[1]. Immersion of copper specimens in NaCl solution at
a concentration of 36.05 g/l for 336 hours from the
results of electroplating at 10, 20, 30, 40, and 50 minutes
respectively, obtained a corrosion rate of 0.029, 0.013,
0.017, 0.022, and 0.012 mm/year, whereas uncoated
copper has a corrosion rate of 0.308 mm/year which
means that copper metal coated with nickel-chromium is
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most effective at resisting corrosion with electroplating
time at 50 minutes [2]. Black chromium plating on
copper with various trivalent electrolyte solutions and
hexavalent electrolytes are good results at 10 °C
electrolyte temperature, current density 55 A/dm? [3].
The corrosion resistance of copper-tin alloys depends on
the thickness of the Chromium plating and the duration
of the test in the corrosion chamber [4]. Electrochemical
impedance spectroscopy (EIS) shows that chromium
coated A588 steel has better corrosion resistance (Econ= -
1.742 V; leor= - 0.334 mA) than Cu, Ni, Zn layers [5].
Chromium electroplating at a duration of 35, 45, and 65
minutes resulted in an average corrosion rate of 0.0236,
0.0607, and 0.0135 mpy (mil/year) respectively, which
means that the average corrosion rate tends to decrease
with the length of coating time [6]. Chromium
electroplating at 6, 9, 12 V respectively, has a corrosion
rate of 0.5781, 0.2683, 0.0173 mm/year, and for the
uncoated specimens, the corrosion rate reached 3.5052
mm/year [7]. Electroplating of ST 37 with Nickel and
Chromium at the lowest duration of 10 minutes obtained
a precipitate of 0.1095 g and the highest duration was 50
minutes, a precipitate of 0.5475 g was obtained, the
lowest electric current was 0.24 A, the precipitate was
0.1748 g and the highest electric current was 1.20 A, a
precipitate of 0.8592 g is obtained, which means that the
longer the duration and the higher the current, the
heavier the precipitate is obtained [8]. Electroplating of
ST 40 with Nickel and Chromium at a solution
temperature of 40, 45, 50, 55 and 60°C indicates that the
increase of the liquid temperature, the thickness and
hardness increase, but at 60 °C the thickness and
hardness decrease due to the Chromium ions attached on
the surface of the specimen has saturation properties, so
it can damage the bond layer of the specimen which
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reduces the surface hardness [9].The thickness of the Cu
layer resulting from electroplating on low carbon steel is
influenced by the duration of the process and the current
with a value in the current range of 0.1 + 0.5 A/cm? and
the duration of the process at 5 minutes, the thickness of
Cu 0.119 + 0.521 pum, 10 minutes, the thickness of Cu
0.247 +0.931 um, 15 minutes, the thickness of Cu 0.250
+ 1.751 um, and 20 minutes, the thickness of Cu 1.001 +
2.355 um [10].

I1. Research Methodology

The independent variables were solution temperature
and duration of the electroplating process of black
chromium, and the dependent variable was the corrosion
rate, while the controlled variables were pH of the
solution, the area of contact of the specimen in
immersion, and electric voltage.

The flow diagram of the electroplating process of
black chromium is shown in Figure 1.
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Figure 1. Flow diagram of the electroplating process of black
chromium
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Copper specimens with dimensions of 50 x 20 x 3
mm are made of 3 mm hanger holes that surface is
flattened and polished using a sponge grinder [10] is
shown in Figure 2.

Figure 2. Copper specimen

All specimens were subjected to a treatment process
to be cleaned the surface with a metal cleaner and then
immersed in an activation solution containing HCI and
aquadest with a ratio of 1:1 for 3 minutes at a
temperature of 50°C is shown in Figure 3.

(®)

Figure3. Pretreatment in a solution of (a) metal cleaner, and
(b) activation

The electroplating process is divided into 2, namely
Nickel plating as the base for gloss color at 40°C for 20
minutes and black chromium plating at 50°C for 9
minutes is shown in Figure 4.
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(b)

Figure 4. Electroplating (a) Nickel, and (b) Black Chromium

The best results of electroplating on copper with
black chromium are at a temperature of 50°C and an
immersion time of 9 minutes is shown in Figure 5.

Figure 5. Specimen from the electroplating process of black
chromium at 50°C for 9 minutes

Corrosion testing of specimens coated with Black
Chromium was carried out by immersing them in a NaCl
solution with a concentration close to the NaCl
concentration in seawater at 36.05 g/l by immersion for
336 hours (2 weeks) which the condition of the solution
is the same as that of Dewi and Ahmadi [2] is shown in
Figure 6.

Figure 6. Specimens under corrosion test
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The data from the corrosion rate test in the form of
the difference in specimen weight before and after
corroding which is used by Digital Analytical Scales
with an accuracy of one ten thousand grams is shown in
Figure 7.

Figure 7.Digital Analytical Scales

One of the methods for determining the corrosion rate
is by calculating the weight per unit time or the depth
per unit penetration time. The rate of reaction can be
expressed in inches per year (ipy), mils per year (mpy),
millimetres per year (mmpy), or micrometers per year
(km/y) [7].

The difference in specimen weight is determined by
equation (1).

AW =AV X p (1)
Where:
AW: Difference in specimen weight (g)
AV: Difference in specimen volume (mm?®)
p: Density of specimen (g/cm?)
The depth of penetration on the metal surface is
determined by equation (2).

t=AV/A 2
where:
t: penetration depth (mm)
AV: difference in specimen volume (mm?®)
A: Surface area (mm?)
The corrosion rate that occurs is determined by
equation (3).

r=t/T (3)
where:
r: Corrosion rate (mm / year)
t: Depth of penetration (mm)
T: Time (years)
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111. Result and Discussion

The results of calculating the corrosion rate for
various solution temperatures and the duration of
immersion of the black chromium electroplating
specimens in the solution are shown in Table 1 and
Figure 8 [11].

Table 1. The corrosion rate of black chromium coating on copper

Duration of immersion process (Minute)

Temperature (°C
P O 6 7 8 9
30 0.1811 0.1354 0.1318 0.1259 0.1059
35 0.1420 0.1184 0.1048 0.0926 0.0812
40 0.1240 0.0858 0.0676 0.0532 0.0485
45 0.0881 0.0622 0.0485 0.0403 0.0384
50 0.0653 0.0404 0.0337 0.0159 0.0100
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Figure 8. Corrosion rate for various solution temperatures and
the duration of immersion of the black chromium
electroplating specimens in the NaCl solution [11]

Figure 8 shows that the higher the temperature of the
solution, the lower the corrosion rate of the specimens
resulting from black chromium electroplating immersed
in NaCl solution. Likewise, the longer the specimen
immersion in NaCl solution shows a lower corrosion rate,
which indicates that the black chromium layer which is
longer electroplated has better corrosion resistance.

Dewi and Ahmadi [2] obtained a corrosion rate of
0.029 mm/year for the duration of the electroplating
process for 10 minutes, whereas in this study the results
of the corrosion rate were 0.1059 to 0.01 mm/year for
the duration of the process for 9 minutes for a
temperature range from 30 to 50°C. From the
comparison of the two results, the corrosion rate shows
that the value is included in the value range of this study
because the results of Dewi and Ahmadi's research do
not state the electroplating temperature.
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IVV. Conclusion

The conclusions from the discussion are:

1. The higher the solution temperature in black
chromium electroplating, the slower the corrosion
rate will be because the higher the temperature
produces an even and smoother layer on the surface,

2. The longer the duration of the black chromium
electroplating, the slower the corrosion rate will be,
because the longer the immersion time, the thicker
the black chromium layer is, so the corrosion rate
will be slower.

3. Infuture work, it is better if the research parameters
are added in addition to the temperature and time of
the solution to determine the corrosion rate,
especially those that have significant interaction.
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