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Development on Coatings for Gas Turbine
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Fig. 1. Schematic setup for the thermal fatigue
test.
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Fig. 2. Temperature gradients across thermal
barrier coated and uncoated J-75 blades under
various Mach 0.3 burner rig conditions.
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Table 1. Cyclic furnace evaluation of various zirconia thermal barrier coatings on Ni-16Cr-6A1-0.6Y bond
coating to 975°C.

Cycles™ to failure*2

Alloy Zr03-12Y,03 Zr03-3.4MgO Zr02-5.4Ca0-P*3 Zr03-5.4CaQ-T *4
DS MAR-M-200-+Hf 673:2 460 255 78
MAR-M-200+Hf 650 % 450 255 : 87
MAR-M-509 558*5 450 196 76
B-1900+ Hf 628%5 438 226

* Cycle=1h at temperature and 1h to cool to 280°C
and CaCOj3 spray powders {cubic and monoclinic phases)
No failure observed

Table 2. Characteristics of various thermal bar-
rier coatings.

TBC Number of cycles to Material removal
start off spalling after spinning (g)
Zr0y5Ca0 80 0.46-0.54 nearly
completely spalled
Zr0224MgO 2000 0.14-0.19
Zr0220Y,03 60 Not established because of
poor thermal resistance
Zr0y7Y,03 . 4700 0.0-0.02
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*2 First visible crack, spall, eic.
*4 T =Totally stabilized zirconia derived from stabilized spray powder (cubic phase)

*3 p= Partially stabilized zircor;ia derived from ZrO,
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Table 3. Phase composition and thermal diffusivity.

Phase composition(%)

Therma] diffusiyity
(10_g m?-s71)

Grain Measured
Chemical Heat 3 m boundary .
composition treatment Cubic precipitate precipitate m phase Calculated 3J 6J
14%MgO-CSZ 100 0.49 0.48
14%MgOQ-CSZ 8h/1100°C 100 1.29 1.28
10%MgO-PSZ As-fired 60 30 <5 <5 0.83 0.81
2h/1420°C 65 25 10 <2 0.775 0.67 0.61
0.70(G) 0.67(G)
8h/1 420°C 70 <5 24 <2 0.675 0.76 0.66
0.74(G)* 0.65(G)
24h/1100°C 55 27 18 0.77 - 0.77 .75
66h/1 100°C 35 25 40 0.93 0.93 0.91
96h/1 100°C 20 25 55 1.07 1.05 1.02

* G is for ground specimen; All other specimens were polished
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Fig. 5. Normal spectral emissivity of 4.5 mol%
Y;03-Zr0, coating at 795 K and 944 K.
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Table 4. Powders using for spraying and the pro-
cess parameters.

Spraying
. Powder parameters
Sample -
d(pm) Manufacturer P(kW) Df(cm)
CSzZ1 5-15  Hermann C. Starck, 26 90
CSzZ2 5-15 Berlin, FRG 22 70
CSZ 3 35-125 42 120
YSZ1 15-25  Magnesium Electron Ltd., 32 70
¥SZ 2 15-25 Manchester, England 15 70
SZ 3, _
YSZ 3/1 15-25 28 150

* Constant gas flow rate : Ar; 75dm®min~! Hy; 15 dm® min~!

(latm pressure)
Symbols : d; Particle size P; Power Dj; Spraying distance
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Table 5. Results of porosity, density, and crystal-
lographic measurements on plasma sprayed zirconia N =z
samples. L o0k e
After thermal g b \ /
As-sprayed diffusivity = /'/
measurements S /,/'
Sample — g 14l 70
V(%) plgem 3)  xp(mol%) V(%)  xa(mol%) = 10 u/_//
csz 1 = — 23% — a7t - Y-PSZ (10-25um)
CSZ 2 9 5.23 14 * — 26* J
CSZ 3 — 5.12 6-7 — 8 O
YSZ 1 8-9 5.56 égig 6 22:2 0 . . LT
YSZ 2 10 .43 L
YSZ 3 14 5.19 <5*2 12 <5*2 10 20 30 40

* Balance cubic phase *2 Balance tetragonal phase
Symbols : V,; Total porosity p; Density xy; Fraction of monocli-
nic phase
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Fig. 11. Schematic diagram of the ducted combustor rig used for hot corrosion evalua-
tion. Important features include enclosure of specimens within the flame duct and the
capability of using sulfur fuel additives or of adding SO, to the combustion air.
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