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Microstructures and Properties of 
Laser-Glazed Plasma-Sprayed 

ZrO2-YO .JNi-22Cr-10AI-1Y Thermal Barrier Coatings 
H.L. Tsai and P.C. Tsai 

Thermal barrier coatings (TBCs) consisting of two layers with various yttria contents (ZrO2-YOLs/Ni- 
22Cr-10AI-1Y) were plasma sprayed, and parts Of the various specimens were glazed by using a pulsed 
CO2 laser. All the specimens were then subjected to furnace thermal cycling tests at 1100 ~ the effect of 
laser glazing on the durability and failure mechanism of the TBCs was then evaluated. From these results, 
two models were developed to show the failure mechanism of as-sprayed and laser-glazed TBCs: model 
A, which is thermal-stress dominant, and model V, which is oxidation-stress dominant. For top coats con- 
taining cubic phase, cubic and monoclinic phases, or tetragonal and a relatively larger amount of mono- 
clinic phases, whose degradation is thermal-stress dominant, laser glazing improved the durability of 
TBCs by a factor of about two to six. Segmented cracks that occurred during glazing proved beneficial 
for accommodating thermal stress and raising the tolerance to oxidation, which resulted in a higher du- 
rability. Thermal barrier coatings with top coats containing tetragonal phase had the highest durability. 
Degradation of such TBCs resulted mainly from oxidation of the bond coats. For top coats with a greater 
amount of monoclinic phase, thermal mismatch stress occurred during cooling and detrimentally af- 
fected durability. 
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1. Introduction 

PLASMA-SPRAYED, duplex, ZrO2-YO1.5/MCrAIY thermal 
barrier coatings (TBCs) have been used to insulate air-cooled 
components in gas turbine engines for many years (Ref 1, 2). 
Some of the research on TBCs has involved improvements in 
deposition techniques (Ref 3-5) and materials selection (Ref 6- 
8). Other efforts have focused on the degradation mechanisms 
of TBCs (Ref 9-14). Operationally induced stresses and oxida- 
tion of the bond coats were identified as the major influences on 
the degradation of TBCs by several researchers (Ref 6, 9-15). 
Work by Ruckle (Ref 16) and by Grot and Martyn (Ref 17) in- 
dicated that the life of as-sprayed TBCs is significantly im- 
proved by segmented cracks. Previous research (Ref 18-26) 
showed that the laser glazing process would produce seg- 
mented cracks within the ceramic layer. On the basis of the deg- 
radation mechanisms of TBCs and the beneficial effects of 
segmented cracks, laser glazing was considered a promising 
process for improving the performance of TBCs. 

Although several studies have been conducted on laser glaz- 
ing of TBCs, many disputes and questions still exist about the 
effects of laser glazing on TBC durability. It has been shown 
(Ref 21) that laser-glazed TBCs exhibited an approximate four- 
fold improvement in life in cyclic oxidation tests compared to 
as-sprayed TBCs. Results of previous research (Ref 22) also 
showed that laser glazing enhanced the thermal cyclic life of 
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plasma-sprayed TBCs by a factor of about two to six, depend- 
ing on the heating cycle length and the definition of cyclic life. 
Effects on life improvement were more pronounced for speci- 
mens with a short heating cycle length. Miller and Berndt (Ref 
27) also indicated that surface spalling of TBCs due to a high 
heat flux environment was prevented by laser glazing. 
Zaplatynsky (Ref 24) reported that laser glazing of TBCs pro- 
duced a fourfold improvement in life in cyclic hot corrosion 
tests with a 100 ppm Na fuel equivalent, whereas no apparent 
effect on their lifetime was observed in cyclic oxidation tests. 
These inconsistencies may be due to differences in the laser- 
processing parameters and the materials used. 

Previous studies by the authors (Ref 21, 22) were concerned 
with top coats containing 12 and 19.5 wt% yttria, respectively. 
Miller et al. (Ref 7) indicated that the most durable coatings 
were those where the level of yttria is in the range of approxi- 
mately 6 to 9 mol% YO1. 5. (Compositions expressed through- 
out in mol% yttria are taken as YO1.5.) A study by Suhr et al. 
(Ref 8) showed that the top coat that contained more tetragonal 
phase and less monoclinic phase exhibited longer cyclic life. In 
view of this, the cyclic life of TBCs seems to be significantly af- 
fected by the yttria content and the phase content. Therefore, it 
is necessary to identify the cyclic behavior of laser-glazed zir- 
conia-yttria TBCs with various yttria contents. 

2. Experimental Procedure 

The substrates, 100 by 25 by 2 mm Hastelloy-X superalloy 
coupons, were grit blasted with alumina powder and sprayed 
first with a Ni-22Cr-10Al-lY bond coat and then with a yttria- 
stabilized zirconia (YSZ) top coat using an air-plasma spray 
system. The designed compositions of the top coats and the 
spraying parameters applied in this study are listed in Table 1. 
The top coat powder contained 1.6 to 2.1 wt% HfO 2. All mate- 
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(a) (b) 

Fig. l Typical optical microstructure of the cross section of 19.5YSZ TBCs. (a) As-sprayed. (b) As-glazed 

Table 1 Plasma spraying parameters 

Particle Arc Argon flow Hydrogen flow Powder feed Spray Incident Incident 
Coating size, lxm current, A rate, L/min rate, L/rain rate, ghnin distance, mm angle, degrees velocity, m/s 

Ni-22Cr-10Al-IY ... 630 58 11 36 140 90 290 
ZrO2-6. I wt%YO t _5 .-. 630 42 11 40 120 90 290 
ZaOg-7.3wt%YO]. 5 20-75 630 44 13 40 120 90 290 
ZrO2-12wt%YOLs 20-75 630 44 13 40 120 90 290 
ZrO 2-19.5wt%YO 1.5 15 - 90 600 35 10 40 120 90 290 

Table 2 Lazer glazing parameters 

Power, W 450 
Travel speed, mm/min 2000 
Pulse, Hz 800 
Duty, % 20 
Melting width, nun 12 
Overlap, mm 1 
Energy density, J/nun 2 0.225 
Melting depth, I.tm 36 

rials were obtained from a single vendor. The thicknesses of the 
top coat and the bond coat were about 220 I.tm, respectively. 
Some as-sprayed specimens were glazed by using a pulsed CO 2 
laser with a cylindrical focal lens. The focus was set on the sam- 
ple surface. The laser glazing parameters are given in Table 2. 

Both as-sprayed and glazed specimens were then sub- 
jected to a furnace thermal cycl ing test. Each cycle of the 
test was 1 h at 1100+5 ~ fol lowed by 10 rain of  forced-air  
cooling to ambient  temperature outside the furnace. The 
weights of  all specimens were measured every cycle or 
every other cycle  with an analyt ical- type balance with an ac- 
curacy of_+0.1 mg. The microstructures of  both as-processed 
and cycled TBCs were invest igated with optical  microscopy 
and scanning electron microscopy (SEM). An electron probe 
microanalyzer  (EPMA) was used for analyzing elemental 
distribution. X-ray diffractometry (XRD) was used to ana- 
lyze the phases of  the oxide and the top coat. The mole ratios 
of  the phases of  the top coat were calculated using expres- 
sions from Mil ler  et al. (Ref 28). 

3. Results and Discussion 

3.1 General Microstructures  

In order to eliminate any effect on durability caused by coat- 
ing thickness, the thickness of  the top coat with varying yttria 
content was controlled in the range of 200 to 240 lam. The po- 
rosity of the top coat was approximately 8 to 15%, and there 
were no noticeable differences among the specimens. Typical 
optical microstructures of  the asJsprayed and as-glazed coat- 
ings are shown in Fig. l (a)  and (b), respectively. The glazed 
layer had segmented cracks perpendicular to the surface, The 
melting depth measured in the central portion of  the glazed 
tracks was approximately 36 ~tm. 

3.2 Thermal Cycling Tests 

For ease of understanding and description, the TBCs with 
top coats of 6.1, 7.3, 12, and 19.5 wt% yttria are referred to as 
6.1YSZ, 7.3YSZ, 12YSZ, and 19.5YSZ, respectively. Figure 2 
shows the cyclic life of  different specimens. As shown in Fig. 
2(a), the laser-glazed 7.3YSZ, 12YSZ, and 19.5YSZ TBC 
specimens exhibited a threefold to fourfold improvement in du- 
rability on the basis of  initial spallation as compared to as- 
sprayed TBC specimens. Figure 2(b) shows the results of  
durability on the basis of  50% spallation: The lifetimes of  laser- 
glazed 7.3YSZ, 12YSZ, and 19.5YSZ TBCs varied according 
to yttria content and were at least twice as durable than their as- 
sprayed counterparts. For 6.1YSZ TBCs, no improvement in 
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Fig. 2 Cyclic life of TBCs with various yttria content. (a) On 
the basis of initial spallation. (b) On the basis of 50% spallation 
generated on one side 

durability occurred after laser glazing, regardless of the initial 
spallation lifetime or of the 50% spallation lifetime. 

Figure 3 shows the maximum weight gain of the specimens. 
Laser-glazed TBCs endured more weight gain than their as- 
sprayed counterparts for 7.3YSZ, 12YSZ, and 19.5YSZ just 
before spallation was initiated. The 6.1YSZ specimen showed 
no evident difference between the as-sprayed and laser-glazed 
samples. Regardless of condition, the weight gain of 6.1YSZ 
specimens was higher than any of the other three specimens. 

3.3 Phase Analysis of the Top Coat 

Phase analysis of the ceramic top coat was performed using 
XRD. The results are summarized in Table 3. The mole percent- 
age of YO1.5, which was calculated by c/a ratio or lattice pa- 
rameter a, was 1 to 3 mol% higher than indicated in data 
supplied by the vendor. In this study, the powder contained 1.6 
to 2.1 wt% HfO 2. Research undertaken by Miller and his col- 
leagues (Ref 7) found no significant difference between the dif- 
fraction patterns of as-sprayed HfO2-containing grade and 

Fig. 3 Maximum weight gain just before spallation was initiated 

those of high-purity ZrO2/9 mol% YO1. 5. The reason for this is 
that HfO 2 and ZrO 2 form solid solutions; therefore, the lattice 
parameter a, the cla ratio, and the YO1. 5 content obtained from 
XRD are reliable. 

The phase distribution of the top coat is also shown in Table 
3. For the raw powder and sprayed coatings, the mole fractions 
of the monoclinic phase for 6,1YSZ, 7.3YSZ, and 12YSZ were, 
respectively, 1, 4, and 12 mol%. The mierostructures revealed 
in the 19.5YSZ sample consisted exclusively of the cubic 
phase. In addition, XRD analysis of all as-sprayed samples 
showed no perceptible change after the cyclic tests. 

For glazed samples, the XRD analyses showed that the 
monoclinic phase occurred in none of the specimens. With the 
exception of 12YSZ, there were no significant differences be- 
tween as-glazed and glazed specimens after cycling tests. The 
glazed 12YSZ coatings after 44 cycles at 1100 ~ consisted of 
both cubic and tetragonal phases, while the as-glazed 12YSZ 
coatings revealed an exclusively cubic phase. 

3.4 Failure Analysis 

Previous studies (Ref 9-15) showed that the major factors 
causing degradation of TBCs were oxidation of the bond coat 
and thermal stress, and that (Ref 22) thermal stress and oxida- 
tion of the bond coat had a major influence on the degradation 
of 19.5YSZ TBCs. It has also been shown that in tests with a 
short heating length for. each cycle, degradation was due 
mainly to thermal stress. The research undertaken in the current 
paper shows that the failure morphology of 7.3YSZ and 12YSZ 
coincides with that of 19.5YSZ TBCs. The mechanism for this 
kind of degradation (hereafter referred to as model A) and its 
failure morphologies were described in detail in a previous 
study (Ref 22), where cracks initiated in the ceramic top coat 
near the top coat/bond coat interface just above the higher as- 
perity and propagated within the top coat. The cracks crossed 
over the asperity of the bond coat. There was a thin residual ce- 
ramic layer attached to the bond coat after the top coat had 
spalled. 

Figure 4 shows optical cross-sectional views of 6.1YSZ 
TBC after 394 cycles. Cracks initiated for the most part either 
within the top coat near the valleys of the bond coat (labeled C) 
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(a) 

Fig. 4 

Table 3 

(b) 

Cross-sectional optical micrographs of 6. I YSZ TBCs after 394 cycles. (a) As polished. (b) Etched 

Phase analysis of top coat 

YO1.5(a), 
wt% (mol%) 

Phase distribution(b)~ mol % YOI_~ in T', 
Sample M F I" mol% 

c/a 
forT ~ 

6.1 (6.7) 

7.3 (8) 

Powder 0 100 [F(c) + T'] 7.6 
Assprayed 0 100 [F(c) + T'] 8.6 
Sprayed + 394 cycles 0 100 [P(c) + T'] 7.6 
As glazed 0 100 [F(c) + T'] 8.3 
Glazed + 398 cycles 0 100 IF(c) + T'] 7.4 
Powder 12 88 IF(c) + T'] 10 
As sprayed 12 88 [F(c) + T'] 11.0 
Sprayed + 46 cycles 12 88 IF(c) + T'] 10.1 
As glazed 0 100 [F(c) + T'] 10.1 
Glazed + 104 cycles 0 100 [F(c) + T'] 9 

YOLs in F 

1.0124 
1.0112 
1.0124 
1.0114 
1.0126 
1.0092 
1.0079 
1.0091 
1.0091 
1.0105 
aforF 

12(13) 

19.5 (21) 

Powder 3 97 0 15.3 
As sprayed 4 96 0 14.1 
Sprayed + 11 cycles 4 96 0 15.9 
As glazed 0 100 0 13.5 
Glazed + 44 cycles 0 100 IF + T'(c)] 14.1 
Powder 0 100 0 21.8 
As sprayed 0 100 0 22.3 
Sprayed + 26 cycles 0 100 0 23.6 
As glazed 0 100 0 20.6 
Glazed + 44 cycles 0 100 0 21.2 

(a) Data from vendor. (b) M, monoclinic; F, cubic; T', tetragonal. (c) If present, only a minor amount (less than 5%) 

5.1352 
5.1328 
5.1364 
5.1316 
5.1328 
5.1484 
5.1496 
5.1556 
5.1460 
5.1472 

or at the top coat/bond coat interface (labeled I); after propa- 
gating in the top coat near the bond coat, the top coat became 
spalled. The mechanism for such spalling failure shall be re- 
ferred to as model V. In Fig. 4(b), the label A shows the 
cracks traversing the oxide scale at the asperity; the spalled 
oxide scale is attached to the underside of the top coat. An 
enlargement of this area is given in Fig. 5, which shows the 
secondary-emission electron image (SEI) microstructure and 
x-ray mapping. 

Figure 6 shows fractographs of the bottom of the spalled top 
coat for 6.1YSZ. The dark area in Fig. 6(a) indicates the at- 
tached oxide, an enlargement of which is shown in Fig. 6(b). 

The bottoms of spalled 6.1YSZ and 19.5YSZ top coats were 
analyzed by XRD. Oxide peaks were found for 6.1YSZ, but not 
for 19.5YSZ. This implies that a considerable amount of oxide 

was attached underneath the spalled 6.1YSZ top coat. The main 
oxide was NiCr20 4, and there was a small amount of NiO, but 
no Cr20 3 was detectable. This clearly indicates the mechanism 
for degradation of the 6.1YSZ TBCs, in which cracks propa- 
gate along the oxide scale or within the top coat. 

Research by Chang et al. (Ref 29, 30) shows that, owing to a 
difference in thermal expansion, thermal stress occurs within 
the top coat near the asperity of the bond coat, which is tensile 
stress running perpendicular to the top coat. When oxidation 
occurs near the valleys of the bond coat, tensile stress running 
perpendicular to the top coat also occurs. This verifies the cru- 
cial role that thermal stress plays in the degradation of 7.3YSZ, 
12YSZ, and 19.5YSZ TBCs; moreover, it reinforces the deduc- 
tion that the degradation of 6.1YSZ TBC is due to oxidation 
stress rather than to thermal stress. 
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(a) (b) (e) 

(d) (e) if) 
Fig. 5 Secondary-emission electron image (a) and x-ray mapping of zirconium (b), nickel (c), chromium (d), aluminum (e), and iron (f) 
for 6.1YSZ TBCs after 394 cycles 

3.5 Mechanisms by Which Laser Glazing Improves 
Durability 

As stated in section 3.2, 6.1YSZ TBC had the highest dura- 
bility, but this was completely unaffected by laser glazing. The 
other three TBCs (7.3YSZ, 12YSZ, and 19.5YSZ), however, 
all showed a marked improvement after the laser glazing proc- 
ess; even so, their highest cycles were not comparable to those 
for 6.1YSZ. 

Figure 7 is a comparison of oxidation rates for the as- 
sprayed TBCs. It can be seen that the lowest rate is for 19.5YSZ 
TBC, and its durability is also lower than 6.1YSZ and 7.3YSZ 
TBCs. Although the oxidation rates for the other specimens 
(6.1 YSZ, 7.3YSZ, and 12YSZ) were very similar, their levels 
of durability were noticeably different. It is thus apparent that 
the durability of TBCs is not influenced by variations in the oxi- 
dation rate. 

Other research (Ref 31) has shown that the tetragonal phase 
contains many domain structures. The fracture toughness of 
tetragonal phase material is two to three times that of cubic 
phase materials. In the present work, it has been found that the 
durability of TBCs consisting largely of tetragonal phase (i.e., 
6.1YSZ and 7.3YSZ) is higher than that of TBCs with cubic 
phase (i.e., 12YSZ and 19.5YSZ). 

Figure 2 shows that the cyclic life of 12YSZ, containing cu- 
bic and monoclinic phases, is lower than that of 19.5YSZ, 
which contained only a cubic phase. Although 6.1YSZ and 
7.3YSZ both consisted of tetragonal and monoclinic phases, 
the amount of the monoclinic phase of 7.3YSZ was greater than 
that of 6.1YSZ (12 and 1 mol%, respectively). It is thus no sur- 
prise that the durability of 7.3YSZ is lower than that of 6.1YSZ, 
which confirms that the monoclinic phase has an adverse effect 
on the durability of TBCs. 

Work done by Miller et al. (Ref 7) and Suhr et al. (Ref 8) 
showed that TBCs having top coats with high amounts of 
tetragonal phase and low amounts of monoclinic phase had the 
greatest durability. Miller et al. surmised that a small amount of 
monoclinic phase in top coats could prolong durability. They 
also thought that the martensitic transformation of the high- 
temperature cubic phase on cooling may produce a favorable 
microcrack network in a top coat. This network could then dis- 
sipate energy associated with the extension of large cracks and 
thus have a positive effect on the durability of TBCs. The top 
coats studied by Miller and coworkers consisted mostly of 
tetragonal phase with some monoclinic phase, which ranged 
from 8 to 40 mol%; the cyclic life was from 400 to 620 cycles. 
It is thus obvious that under these conditions, the monoclinic 
phase has no real effect on durability. 
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(a) (b) 

Fig. 6 SEM fractographs of the bottom of the 6.1YSZ top coat after 394 cycles. (a) Backscattered-electron image. (b) Higher 
magnification of  the dark area in (a), SEI 

Table 4 Thickness of  oxide scale on failed specimens and 
failure model 

Maximum weipt Thickness of Failure 
Sample gain, mg/cm oxide scale, ttm model 

6.1YSZ 3.00(a) 7.8 V 
7.3YSZ 2.03 3.7 A 
12YSZ 1.76 2.3 A 
19.5YSZ 1.43 3.2 A 

(a) Calculated for 10(3 cycles 

Fig. 7 Relationship between specific weight gain and accumu- 
lating cycles for as-sprayed TBCs with various yttria contents 

In the study by Suhr et al., the amount of  monoclinic phase 
ranged from 8 to 22 mol%, and durability increased as the 
amount of  monoclinic phase decreased. As shown in Fig. 2, the 
durability of  as-sprayed 6.1YSZ TBCs was 400 cycles, while 
that of  the 7.3YSZ TBCs was a mere 10 cycles. As 6.1YSZ con- 
tained 1 mol%, and 7.3YSZ, 12 mol%, it is apparent that a top 
coat containing monoclinic phase has a detrimental effect on 
durability; likewise, a beneficial effect is achieved when a top 
coat contains a higher amount of  tetragonal phase. 

For 7.3YSZ and 12YSZ TBCs, the glazed layer contained 
no monoclinic phase; however, an as-sprayed layer existed be- 
tween the bond coat and the glazed layer. This lack of a mono- 
clinic phase in the glazed layer clearly, then, is not a factor in 
increasing durability. Moreover, the as-sprayed 19.5YSZ TBC 
contained no monoclinic phase, but rather consisted exclu- 
sively of  cubic phase. Laser glazing improved the durability of 
19.5YSZ TBC. As discussed, the degradation of 7.3YSZ, 
12YSZ, and 19.5YSZ TBC specimens results mainly from the 

effects of thermal and oxidation stress. Likewise, it has been 
shown that the laser glazing process has a positive effect on the 
durability of such specimens. Of even greater significance is 
that this proves that the greatest factor affecting the durability 
of laser-glazed TBCs is the segmented cracks that traverse the 
surface. These cracks are obviously conducive to relieving 
stress and raising the strain tolerance of  the top coat. 

The effects of strain tolerance on the stress of TBCs can be 
seen more clearly by an analysis of  the stress-strain curve of  ce- 
ramic coatings. Measurements by Shi et al. (Ref 32) of  the me- 
chanical properties of sprayed ceramic coatings showed that 
the typical stress-strain curve for this type of coating was non- 
linear and could be expressed by: 

e = e e + E ne (Eq 1) 

where ee represents 

13 
e e = --  (Eq 2) 

E 

which is the nominal strain and is estimated on the basis of lin- 
ear elastic behavior, and where E ne represents the inelastic 
strain resulting from laminar and microcrack structures. This 
study also showed that the fracture strain of  the ceramic coat- 
ings increased with a decrease in coating thickness. In general, 
there is no evident difference in nominal strain among the same 
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materials. Therefore, increases in fracture strain could be ex- 
pected from increases in inelastic strain. 

After the laser glazing of  TBCs, between the glazed layer 
and the bond coat is a nonsegmented as-sprayed layer that is 
thinner than the top coat. Therefore, the laser glazing process 
should increase the strain tolerance of the top coat. Likewise, 
the total strain (e) of the top coat also increases with the pres- 
ence of  inelastic strain (e he) and results in a reduction of  the 
Young's modulus. For this reason, the thermal mismatch stress 
is reduced. These same results were achieved by Chang et al. 
(Ref 30) using the finite-element method. A reduction in ther- 
mal stress facilitates an improvement in the durability of  TBCs. 
For the 6.1YSZ TBCs studied in this paper, degradation re- 
sulted mainly from oxidation stress; thus, laser glazing had no 
effect on improving their durability. 

In order to better understand the effect of the thickness of  an 
oxide scale on the degradation of  TBCs, measurements of  the 
oxide scale on as-sprayed TBCs of  various compositions were 
made after cyclic testing. Using optic photographs, the thick- 
ness of  the oxide scale was measured near the valleys of  the 
bond coat. These measurements, along with a failure model, are 
listed in Table 4. The oxide thickness for 7.3YSZ, 12YSZ, and 
19.5YSZ is 3.7, 2.3, and 3.2 ~tm, respectively; the failure model 
for these specimens is model A. 

The results of  two other studies were utilized to further ex- 
plain why 7.3YSZ, 12YSZ, and 19.5YSZ TBCs failed. In the 
first study, by Chang and Phucharoen (Ref 29), it was shown 
that an oxide with a thickness of  3 lam produced about 12 MPa 
oxidation stress. In the second study, by Shankar et al. (Ref 33), 
it was found that the strength of  as-sprayed ZRO2-8 wt% Y203 
coatings was 30.5 to 39.8 MPa. As 12 MPa stress is obviously 
much lower than 30.5 MPa, this level of  stress could not resul t  
in failure of  TBCs. The only other plausible explanation for the 
failure of the 7.3YSZ, 12YSZ, and 19.5YSZ TBCs is thermal 
stress. The oxide scale of  6.1YSZ TBCs was 7.8 Ixm thick. As- 
suming that the oxidation stress is in proportion to the thickness 
of  the oxide scale, then, on the basis of  the Chang study just 
mentioned, the oxidation stress should be 31 MPa; thus, the 
stress of such a coating would fall within the range of  30.5 to 
39.8 MPa reported by Shankar et al. Other research (Ref 34) 
has verified that both heat treatment and oxidation of  the bond 
coat affected the reduction in strength of  TBCs. Therefore, an 
oxidation stress of  31 MPa easily results in failure. These facts 
thus prove that the degradation of 6.1YSZ TBCs was due to 
oxidation of the bond coat. 

4. Conclusions 

For top coats containing cubic phase, cubic and monoclinic 
phases, or tetragonal phase and a relatively larger amount of  
monoclinic phase (that is, coating with a ytWia content in the 
range of 7.3 to 20 wt%), laser glazing improved the durability 
of  TBCs by a factor of  about two to six, depending on yttria 
content and the definition of  cyclic life. 

Thermal barrier coatings whose top coats contain tetragonal 
phase and minor amounts of  monoclinic phase (approximately 
1 mol%) have the highest durability. The degradation of such 
TBCs results mainly from oxidation of the bond coat, and the 
laser glazing process does not significantly improve durability. 

Two models can show the mechanism for degradation of the 
as-sprayed and laser-glazed TBCs: model A, which is thermal- 
stress dominant, and model V, which is oxidation-stress domi- 
nant. Thermal barrier coatings whose degradation is 
thermal-stress dominant show an improvement with laser glaz- 
ing. 
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