Effect of Spray Angle on the Microstructure and Mechanical Properties of Suspension Plasma
sprayed Dense Vertically Cracked Yttria-Stabilized Zirconia Thermal Barrier Coatings
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of incidence between the plasma spray and substrate surface. The hardness and microstructural properties of coatings
were characterized through Vickers hardness testing and SEM imaging and analysis. The results demonstrated a dense
vertically cracked microstructure in coatings sprayed at 90, 75, and 60 degrees, with a slight increase in porosity and
decrease in hardness at 60 degrees. Coatings sprayed at 45 degrees demonstrate a combination of dense vertically
cracked and columnar microstructure that resulted in a ~5-7% increase in porosity and ~230-310 MPa decrease in
hardness.
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The average porosity measured from the cross-sectional SEM images
IS similar between samples sprayed at 90 and 75 degrees. The average
porosity increases for the 60-degree spray angle samples by roughly 1.2 to
1.5%. The average porosity increases more for the 45-degree spray angle
samples, by almost 5%, due to the development of a combination of
columnar and DVC microstructures. Increases in porosity are concerning
for mechanical properties such as hardness and coating adhesion strength.
The porosity standard deviation for the 45-degree spray angle samples is
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and uncoated (three blades on right) gas turbine microstructures of coatings were
engine blades. evaluated through optical and SEM
Imaging. The mechanical
properties of coatings were
evaluated through Vickers
hardness testing. This investigation
can help inform TBC

manufacturers of the boundaries of = Subsfrat'e = also much larger than the others, suggesting more variation in porosity and
spray angle within which a quality o | o ' microstructure within the 45-degree spray angle samples.
DVC coatings can be achieved by Tonoh
T SPS, so they can more 1400 -
ubstrate successfully coat complex parts. Tab Rotation
100 ym Direction — 20 = +186 _,
) @ 1200 - 20 = +186
Fig. 2 Optical image of dense vertically cracked < / % 20 = +143
SPS YSZ coating sprayed at 90 degrees. ~ | —
o 1000 7 20 = +237
©
0 .
- Plasma Torch < Rl - -
Experimental Methods ;
p C 600 -
Fig. 7 Diagram of a sample sprayed at 45-degrees and the SEM images of taken of a 45- O 1026
. degree sample mounted on a cross-section (a) perpendicular to and (b) parallel to the plasma © 084 1
Sample Preparation: Test . 7YSZ (particle size torch travel direction. L 400 940
specimens were made by Praxair . i shano | | 0 i 710
with a suspension plasma spray . Howeyer, while thg microstructure obsewgd for the 90, 75, and_ 60-degrees Q
process. Particles of 7YSZ with Seeton was consistently DVC in all samples and locations, the observed mlcrostrugture § 200
diameters less than 5 microns in the .45-degree spray angle samples was dependent on the cro§s-sect|onal
were suspended in a colloidal plane |r_naged. Samples mounted and imaged on a cross-sectional plane ‘ = 50 n= 50 n= 50 n= 50
suspension of ethanol. The R pgrpendlcular to the axis of plasma torch travel demonstrate a DVC 0 . . I ,
solution is fed through a tube into m|crostructurle, shown in Fig. .7(a). Samples. mounted and _|maged on a .plane 90 degrees 75 degrees 60 degrees 45 degrees
a plasma stream of a specified Bi\/rgllel tg thlls axis refveal a hlgk;]ly porgusFrnlc;czg’;rulcturre]_ Wlth. a comblnatlol? or1]’ Spray Angle
velocity and power. The plasma Ei _ . and columnar features, shown in Fig. . In this microstructure bot
g. 3 Diagram of SPS process used to coat one-inch . . . .
stream vaporizes the ethanol, samples at different spray angles. cracks and dense areas separated by porous regions are present. The cracks Fig. 10 Plot of average hardness (Vickers) versus spray angle with error bars

and porous regions are slanted towards the spray direction. representing two standard deviations

The combination of a DVC and columnar microstructure suggests the
samples sprayed at 45 degrees experienced different spray deposition behavior
than the other spray angles. Possibly, at a 45-degree tilt, fewer melted droplets
impacted the substrate surface with enough momentum to exit the plasma
plume and adhere directly to the surface. Instead, plasma drag forces cause
these droplets to travel parallel to the surface, where they impacted and grew at
surface asperities. This deposition behavior could result in columns of dense
and porous regions, slanted in the spray direction, within a dense vertically
cracked coating.

melts the powder into droplets and carries them to the substrate. Vertical
passes were sprayed at a consistent stand-off distance onto 1°x1” tabs of a
nickel superalloy at angles of 90, 75, 60, and 45 degrees, as seen in Fig. 3, to
create the coatings. Eight coupons for each angle were sprayed
simultaneously while rotating as shown in Fig. 7. Five coupons from each angle
were mounted on their cross-section in epoxy and polished on a LECO
GPX200 up to a 0.05 colloidal silica, as shown in Fig. 4. Three samples from
each angle were left unmounted for surface imaging.

Fig. 10 demonstrates a slight decrease in average Vickers hardness from
1026 to 984 to 940 MPa exhibited by coatings sprayed at 90, 75, and 60-degree
spray angles, respectively, in keeping with the porosities presented in Fig. 9.
However, the 45-degree samples exhibited an average hardness of 710 MPa.
This decrease in hardness is resultant of the large porosity increase in the
DVC-columnar microstructure formed when the incident angle was decreased
to 45 degrees. The 45-degree sample data set also demonstrated a wider

Optical and SEM Imaging: Sample range in hardness, as shown by the larger standard deviation.
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incidence becomes shallow enough to introduce a high amount of porosity,

as seen in the 45-degree samples, the porous regions prevent the growth of Future investigations should be done on the range between 60 and 45-
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the sample. A total of 5 samples were tested for each spray angle. properties.
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