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Abstrak

Pembentukan lapisan tipis komposit elektrodeposisi berbasiskan matriks nikel ( Ni) pada bahan logam
ditujukan untuk meningkatkan sifat ketahanan aus dan korosi bahan tersebut. Partikel senyawa keras
nitrida umum ditambahkan pada matriks Ni guna meningkatkan sifat-sifat lapisan tipis komposit
tersebut. Senyawa nitrida memiliki sifat-sifat unggul khususnya pada ketahanan aus dan korosi yang
baik. Telah dilakukan kajian pembentukan lapisan tipis komposit elektrodeposisi Ni-TiAIN pada
batang tungsten karbida. Sejumlah 2 gr/liter masing-masing serbuk TiN dan AIN ditambahkan
kedalam larutan elektrolit yang terdiri dari 0.38 M Ni,SO,4.6H,0, 0.17 M NiCl,.6H,0 dan 0.49 M
H;BO;. Percobaan dilakukan pada arus elektrodeposisi sebesar 3.5 dan 40 mA selama masing-masing
10 menit. Hasil percobaan menunjukan bahwa lapisan komposit memiliki morfologi yang semakin
halus seiring dengan peningkatan arus elektrodeposisi.

Abstract

Electrodeposition of Ni-based composite films on metal is subjected to improve its wear and
corrosion resistances. Hard nitride compound particles commonly are added into Ni matrix to enhance
the composite film properties. The compound has excelent properties especally in mechanical and
corrosion resistances. Electrodeposited Ni-TiAIN composite film on tungsten carbide rod as substrate
has been investigated. Amount of 2 gr/liter of TiN and AIN powders were added into the electrolyte
solution that consists of 0.38 M Ni,SO,4.6H,0, 0.17 M NiCl,.6H,O and 0.49 M H;BOj;. The
experiment was performed at electrodeposition current of 3.5 and 40 mA for about 10 minutes. The
results show that the composite film morphology is refined as increasing of electrodeposition current.
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1. Introduction

The development of electrodeposited Nickel-
Nitride composite coatings or films have being
investigated to protect the materials from friction
and corrosion. Combination of Nickel (Ni) as metal
matrix in composite film and hard particles such as
TiN, TiC and SiC is subjected to improve the
hardness, wear and corrosion resistance of the films
[1-4].

Titanium  Nitride (TiN) and Titanium
Alumunium  Nitride (TiAIN) has excellent
mechanical and corrosion resistence especially in
high temperature operation [5-7] and one of the
promising material since its ability to form
superhard and ultrahard coating with retained
hardness at elevated temperature [8]. However, the
development of electrodeposited  Ni-TiAIN
composite film is still lack of reports.

In the present study, the development of Ni-
TiAIN composite film was conducted by using
electrodeposition. ~ The  analysis on film
composition and morphology are performed by
using Scanning Electron Microscopy (SEM) and
Energy Dispersive Spectroscopy (EDS) are
discussed.

2. Researh Method

Tungsten carbide drill rod with dia. 1 mm
was used as the substrate (cathode or working
electrode) with the exposure area of substrate was
aproximately 0.017 dm’. The experimental
equipment is set as Figure 1. Platinum (Pt) and
AgCl, electrodes were used as counter and
reference, respectively. Before electrodeposition
proses, the substrate was rinsed in aquades and
cleaned in alcohol 70% by using ultrasonic cleaner
for 10 minutes. The electrolyte solution consists
of 0.38 M NizSO4.6H20, 0.17 M N1C126H20 and
049 M H3;BO;. A certain concentration of 2
gr/liter of TiN and AIN powders were added into
the solution and were stirred using magnetic stirer
for about 24 hours in order to achieve good
dispersion. The experiment was performed at
current 3.5 and 40 mA for about 10 minutes. The
composition and morphology of the composite
film were analyzed by using SEM/EDAX analysis.

Green: Working
electrode (Carbide drill)

Figure 1. Experimental equipment setting

3. Results and Discussion

The surface morphology and composition of
tungsten carbide tool rod as the substrate are shown
in Figure 2 and Figure 3, respectively. It shows that
the substrate has a rough textured morphology.
EDS analysis show that the carbide substrate
composition consists of mainly tungsten (W)
element (78,76 Y%wt).

Figure 2. SEM image of carbide tool rod
morphology as substrate.
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Figure 3. EDS analysis of carbide tool rod
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The composite film morphology deposited at
3.5 mA and its composition are shown in Figure 4
and Figure 5. The composite film morphology
shows a rough grain and it is refined with
increasing current up to 40 mA (Figure 6).

Figure 4. Ni-TiAIN composite film electrodeposited
atl=3,5mA.
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Figure 5. EDS analysis of Ni-TiAIN composite film
on carbide tool rod electrodeposited at I = 3.5 mA.

Figure 6. Ni-TiAIN composite film electrodeposited
atl =40 mA.
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Figure 7. EDS analysis of Ni-TiAIN composit
deposited at [ = 40 mA

The refinement of film morphology at high current
is due to reduction process and crystal growth of
nickel [1]. At high current, the nitride particles
content decrease cause the nickel crystal growth is
pavorable. The formation of electrodeposited film
is a competition between nucleation and crystal
growth. The particles absorbed on the substrate
inhibit the crystal growth of nickel and activate the
nucleation [9].

The EDS analysis indicates the presence of a
few amount of Ni, Ti and Al in the film while there
is no N elements detected in the film (Figure 5 and
7). The amount of film composition is controlled
by the particles flux to the substrate (cathode)
surface and it is controlled by current density [10].

4. Conclusion

Ni-TiAIN composite film has been investigated
by using electrodeposition process. The film
morphology is governed by current density and it is
refined as increasing current density.
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