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Abstract The effects of the coating thickness on the thermal durability and thermal stability of thermal
barrier coatings (TBCs) with a gradient coating thickness were investigated using a flame thermal fatigue
(FTF) test and thermal shock (TS) test. The bond and topcoats were deposited on the Ni-based
super-alloy (GTD-111) using an air plasma spray (APS) method with Ni-Cr based MCrAlY feedstock
powder and yttria-stabilized zirconia (YSZ), respectively. After the FTF test at 1100 T for 1429 cycles,
the bond coat was oxidized partially and the thermally grown oxide (TGO) layer was observed at the
interface between the topcoat and bond coat. On the other hand, the interface microstructure of each
part in the TBC specimen showed a good condition without cracking or delamination. As a result of the
TS test at 1100 T, the TBC with gradient coating thickness was initially delaminated at a thin part of
the coating layer after 37 cycles, and the TBC was delaminated by more than 50% after 98 cycles. The
TBCs of the thin part showed more oxidation of the bond coat with the delamination of topcoat than
the thick part. The thick part of the TBC thickness showed good thermal stability and oxidation

resistance of the bond coat due to the increased thermal barrier effect.

Keywords : Thermal Barrier Coatings, Gas turbine, Thermal Fatigue Test, Thermal Shock Test, Thermal
Durability, Thermal Stability
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Table 1. Composition of starting materials and particle size of feedstock powders

Substrate (GTD-111)

Ni Cr Co Mo Al

Ti \ Ta @ B

60.39 14.0 9.5 1.5 3.0

49 3.8 2.8 0.1 0.01

Bond coat (AMDRY 962)

Particle size

Ni cr Al Y distribution (um)
Bal. 21.0 - 23.0 9.0 - 11.0 08 - 12 -106 + 53
Top coat (METCO 204 C-NS)
7rOz Y203 SiO2 TiO2 AlLOs Fe205 Other Oxide Monoclinic Particle size
(max) (max) (max) (max) (max) Phase (max) distribution (um)
Bal. 7.0 - 80 0.3 0.2 0.2 0.2 1.0 ~ 10 -147 + 45
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Table 2. Process parameters for Top and Bond coat

Starting powder | Current (A) Voltage (V) Feeég}r:é;)ate Worki.r(liliistance Gl(m o ':)ed Step(ii;c)ance Note
204 C-NS 45 10 mm Top coat
— 500 £ 5 75 £ 5 110 mm 500 mm/s
AMDRY 962 60 5 mm Bond coat

« Thermal fatigue test condition:
- Surface/bottom : 1100/350°C
- Holding time : 5 min
- Cooling : room temperature(25min)

- Test sample : Bond (962), Top (204 C-NS)
Substrate (GTD-111)

= i

Mes xeldzt SHAE 1100 °C

EOH = AOH+20 XS, + LR + ST, + SLC] < F (1)
AOH : Actual operation hour

JY'Si ¢ Calibration coefficient

Fig. 1. Test equipment for cyclic flame thermal JLR; © Load removal

fatigue (FTF) test 2T, : Trial run
YLC; : Sudden load change
2.2 GOE 2 G=A A\E F : Fuel coefficient (gas : 1.0)
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Heating Heating
1100 =C f [ 1100 °C
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| Heating
@ ©
Quenching  Quenching 1100=C

RT.

Heating

L R R R
- Sample temperature - 1100 °C -

-Holding time : 60 min
- Cooling : water quenching (R.T.)

- Dy : time (60 min). temp. (80 °C)

Fig. 2. Method for thermal shock test : (A) Schematic diagram of rapid heating procedure, (B) Photographs
of holding temperature procedure, and (C) Photographs of quenching procedure

250



et FAE 2t @A 289 €4 WY 87t

2.3 S5} 3. Z3 Y &

Az P A5 AP W/F AP T o)At
A 88 Wb Ho WG ABE cpory T 3T T I AT SR 28§
resin®.& ke eslo] diamond paste® 1 m7H4] ot = YeFJATE. Fig. 3004 OE]—‘}I\" 9)\‘;:\0] Q) 99
sfglom, AUHS 9 vATRL FARIAEE) bond 255 * 18 m, top 276 + 30 m= B4

(SEM: Model JSM-5610, JEOL, Japan)©& B4aigicy. =3 (B) 79191 B bond = 60 + 8 m top &

+ 41 pm
650 + § pm

Fig. 3. Schematic diagram of structural design and SEM images of as-prepared TBCs with gradient thickness
: (A) Thin part, (B) Middle thickness part, and (C) Thick part

Fig. 4. High magnification SEM images of as-prepared TBCs with gradient thickness : (A) Thin part, (B) Middle
thickness part, and (C) Thick part
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Fig. 5. Surface images and cross-sectional SEM images of TBC specimen with gradient coating after FTF test
: (A) Thin part, (B) Middle thickness part, and (C) Thick part

Thickness

direction

37 cycles 59 cycles

69 cycles 95 cycles 98 cycles

Fig. 6. Surface images of TBC species with gradient coating after TS test
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Fig. 7. Cross-specimen sectional SEM images of TBC with gradient coating after 98 cycles TS test
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