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In the present study electrodeposited Cu-Y,03 composite coatings on copper substrate were
synthesized from acidic copper sulfate bath with different concentrations (10 and 30g/l) of
Y,0;3 ultrafine particles using direct and pulsed direct current mode for better surface-
mechanical and oxidation properties. The study was aimed for improvement of surface-
mechanical and oxidation behavior of the intended coatings compared to pure copper with
retention of considerable electrical conductivity for possible electrical applications.

Phase/ morphology and elemental analysis of the coatings were carried out by XRD, SEM
and EDS analysis. Surface-mechanical properties of deposited samples were studied
systematically by microhardness and ball-on-plate type wear test. Thermal oxidation of the
coating was also carried out. The coated samples’ electrical conductivity was analyzed by
four probe technique.

From the results, it was revealed that higher Y,03 content in electrolyte tends to increase
Y,03 content in the deposits, which results in better hardness and wear resistance. Higher
hardness and better wear resistance properties of co-deposited coatings were also attributed to
finer matrix resulted by pulsing mode with higher pulse frequency. Better oxidation
resistance was recorded in composite coatings due to better microstructure. Minor decrease in
electrical conductivity of composite coatings was observed due to presence of Y,03 and finer
matrix, but values were in acceptable range. The present method can be considered useful to

improve surface properties of electrically used copper components.
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Plating bath compositions and deposition parameters and process:

Copper Sulfate
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XRD analysis
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Texture analysis

Pure Cu
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With changing deposition condition
from DC to pulse frequency of 5 and 10
kHz, the initial intensity of [001], [110]
and [111] orientations decreases. But
the [111] orientation remained as
preferred orientation
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Changing deposition condition from
DC to 10 kHz pulse increases [111]
fibre orientation and decreases other
orientations ([001] and [110])



ODF profile:
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Existence of mainly [111] orientation at 10 kHz



Orientation Volume fraction:

Pure Cu Cu-30g/1Y,0,
21 L 15 i
14 |
21 | I [111]
- 111 Br
Sl — S 12 |
S 15| 3 ; —— [oo1]
= S o1 —e
%) %)
£ 12| E . [ ae /
Q P 10 -— = .
£l 5ol o
g | 3
6 8 |
i [001]
3 —a T
i N 1110] i
1 " 1 i 1 6 1 " 1 " 1
0 5 10 0 5 10
Pulse frequency (kHz) Pulse frequency (kHz)
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orientation may b due to impact on nucleation



Morphology study:

Cu-10g/1 Y,0,

Cu-30g/1 Y,0,

 DC deposition shows large granular structure with well-defined grain boundaries

* The coating deposited with highest pulse frequency (10kHz) exhibited well-
refined granular structure with more uniform and finer matrix.



Size distribution and average grain size
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Decrease in average grain size with increase in second phase particle dispersion
and pulse frequency
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Elemental mapping
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EDS spectra Cu-30g/l Y,0,(10 kHz)
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* Wt.% of Y,0, in the
coating increases
with pulse frequency
and Y,0; dispersion.

* Thickness decreases
with increasing pulse
frequency.




Surface Roughness

* R,0.14 to 0.8um
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Microhardness

Hardness increased with increasing Y,0,
content as well as pulse frequency.
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Wear study
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. . . Cu-0g/1 Y,0,
Electrical conductivity - 7277 Cu-10g11 Y,0,

Cu-30g/1Y,0,

* Decrease in conductivity with
increase in pulse frequency in
spite of (111) orientation
development; can be attributed
to dispersed Y,0; particle, finer
grain size.

Electrical conductivity (% of IACS)

After oxidation
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Cu-Y,0,- (1-7.7 %) \1,



Conclusions

Texture study confirms [111] as the main fibre orientation.

Higher hardness and better wear resistance properties of codeposited
coatings were attributed to finer matrix and more amount of embedded Y,0,
particles resulted by pulsing mode with higher pulse frequency conditions as
well as some texture effect.

Better oxidation resistance was found in composite coatings due to better
microstructure.

Minor decrease in electrical conductivity of composite coatings was observed

due to presence of Y,0; and finer matrix.
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