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Yttria stabilized Zirconia (YSZ) coatings are used as thermal barrier
coatings in airspace and gas turbine industries. In this study, the
application of zirconia coatings stabilized with 8% weight of ytteria
was investigated using the electrophoretic deposition (EPD) method
in a solution containing acetone and ethanol with a volume fraction of
3 to 1 on the substrate of Inconel 738 low carbon alloy. The present
research studied the effect of process parameters of sintering
temperature, surface roughness, and adhesion. In addition, the
coating structure was studied using X-ray diffraction analysis (XRD)
and scanning electron microscopy (SEM). The results showed that the
coated samples' hardness, adhesion, and surface roughness were
determined after sintering at 900, 1050, and 1200 °C for 2 and 4
hours. As the temperature increases, the hardness and stickiness of
the sample increase, and the surface roughness decreases. This
increase in the hardness and adhesion of the coating surface at the
sintering temperature of 1200 °C and in 4 hours is greater than thatin
2 hours.
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EXTENDED ABSTRACT

Introduction
Thermal barrier coatings (TBCs) represent one of the most important applications of
zirconia-based ceramics. Yttria-stabilized zirconia (YSZ) ceramic deposits are often applied
as thermal barrier coatings (TBCs) for thermal insulation in the hot areas of gas turbine
components. YSZs are also used for thermal barrier coatings and optical applications.
Various techniques, namely sol-gel method, spray pyrolysis, electrochemical vapor
deposition, plasma spraying, and slurry coating have been reported for making
homogeneous and impervious YSZ films with desired properties. YSZ methods ordinarily
require sophisticated and expensive equipment, making them either undesirable or
impracticable for implementation in manufacturing processes. The EPD technique has
attracted attention as a convenient method of producing relatively uniform deposition films
of particles within a short time interval and at a low cost.
Electrophoretic deposition consists of two separate processes:
1- Electrophoresis
2- Electrophoresis deposition in which colloidal particles suspended in a liquid
medium migrate under the influence of an electric field and coagulated particles
deposit on the surface of a dense material (Figure 1). The bond between the
particles of the coating after deposition is weak and the coating is easily washed
away and destroyed. For this reason, sintering is usually used to compress and
improve the adhesion between the substrate and the coating.

Figure 1. Schematic drawing of electrophoretic deposition cell.

Methodology

In this study, Inconel 738LC was used as a base metal. Table 1 shows the chemical
composition of the base metal. 2 gr, 8YSZ powders in suspension were added to a 250 ml
beaker with 75 ml acetone and 25 ml ethanol. The mixture was ultrasonicated for 10 min to
form a stable suspension. The pH value of the 8YSZ suspension was monitored using a pH
meter (Metrohm 827 pH Lab). In the EPD process, a DC voltage of 25-300 V was applied for
1-10 min with a regulated DC power supply (Mastech DC Power Supply Hy 30001E). The
surface areas of the deposition substrate and the IN738LC electrodes were 0.1 cm3 and the
anode electrode Ni (purity, 99/9) was 0.8 cm3. The electrodes were set parallel to each other
with a separation distance of 10 mm and immersed into the 8YSZ suspension, and optical
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images were recorded and scanned into a computer. The morphology of the film obtained
via EPD was examined by a scanning electron microscope.

Table 1. Chemical composition of Inconel 738 LC.
Ni B Zr Fe Ta Nb W Mo C Ti Al Cr Co

Rem 001 01 05 175 09 26 175 011 34 34 16 85

Results and discussion

Figure 2 shows an SEM image of the 8YSZ surface for operation modes without sintering
and with sintering operation at temperatures of 900 and 1050, 1200 ° C for 2 hours. As
shown, in the example where the fusion of Taft operations was not performed, the coating
surface was porous (Figure A). In the next sample at 900 ° C, sintering of the coating was not
significant and since it was smooth, a uniform surface was created (Figure B). In the sample
where the sintering temperature increased to 1050 ° C, the coverage quality improved and
the porosity in the coating was reduced (Figure C). In the sample where the sintering
temperature reached 1200 ° C, the surface quality was good and had the minimum porous
surface (Figure D). Taft sample fusion at temperatures over 1200 ° C was not suitable
because of the high temperatures and the resulting plastic form.

Figure 2. SEM image of the surface, (a) - without Sintering(b) -Sintering operation at 900 ° (C) -Sintering
operation at 1050 ° C (D)-Sintering operationat 1200 ° Cfor 2 h.

Figure3 shows the changes in micro-hardness of coatings with sintering at 900, 1050,
and 1200 °C temperatures for 2 and 4 hours. Micro-hardness measurement was performed
with a 100gr load for 10 seconds to cross-cover. It can be observed that the sample hardness
was 60 Vickers without the sintering operations. However, by sintering operations, the
hardness increased. Therefore, if the sintering increases from a temperature of 900
to1200 °C, its hardness increases from 345 to 540 Vickers. However, increasing the
sintering (from 2 to 4 hours) to bind the particles together and create a smooth, uniform
surface, hardness will increase.
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Figure 3. Changes in micro-hardness of coatings with sintering at 900, 1050, and 1200 °C temperatures for
2 and 4 hours.

Table 2 demonstrates the surface roughness parameters (average surface roughness
(Ra) and the difference between the highest peak and the lowest valley (Rz)) provided for
the sintering temperature (5 tests were performed for each sample, and the results mean
is provided). It can be observed that this gradually provides a smoother surface and
becomes less porous with increasing temperature. As a result, the surface roughness of
the coated samples increased at 900 ° C but coating surface roughnessat 1200 °C sintering
was reduced.

Table 2. Surface roughness parameters.
Rz(um) Ra(um) T(°0)

9/1 1/87 900
8/7 1/64 1050
6/31 1/2 1200

Conclusion

—  The best sintering temperature is at 1200 degrees Celsius for 4 hours. At this
temperature, the coating has the lowest amount of porosity, and increasing the
temperature to over 1200 degrees Celsius causes the sample to become pasty and
melt locally.

— The hardness of the coating surface increases from 345 to 540 Vickers by
increasing the firing temperature from 900 to 1200 degrees Celsius. The hardness
of the coating surface increases more during the sintering time of 4 hours
compared to 2 hours.

—  The surface roughness of the samples sintered at 1200 degrees Celsius is reduced
compared to the samples sintered at 900 degrees Celsius due to having a smoother
surface as well as less porosity.

— The highest resistance to thermal shock is for the samples covered in
suspensions with pH=4 and 3 and the lowest thermal cycle belongs to the
samples tested in suspensions with pH=10; thus, against thermal shock, it resists
and has more adhesion.
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