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Abstract

The temperature dependence of the hot gas corrosion behaviour of various ceramic materials (Al,O3, ZrO, (Y-TZP), mullite, ZrSiO4 and YAG)
was investigated. The tests were performed in a high temperature burner rig at temperatures between 1200 °C and 1500 °C, a total pressure of 1 atm
with a water vapour partial pressure of 0.24 atm, a gas flow velocity of 100 m/s and test times of about 130-300 h.
ZrO, (Y-TZP) showed absolutely no corrosion, however, a very high susceptibility to thermal shock and phase transformation was observed.
The other materials suffered degradation above 1300 °C. This was the consequence of the formation and evaporation of volatile hydroxides (e.g.
Si(OH), and Al(OH);3). YAG showed a low corrosion rate and the formation of a protective surface layer. The corrosion susceptibility of these

materials was found to be higher with increasing temperature.

Thermochemical calculations of the partial pressure of volatile species formed in reaction with water vapour, affirm the observed differences in

corrosion behaviour.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The main strategic goal for future generations of gas turbine
engines is the increase of the thermal efficiency of the turbine.
This can be obtained by an increase of the hot gas temperature in
the turbine. However, simultaneously a decrease of the emissions
is required. For that reason lean combustion concepts with a
lower amount of cooling air are needed. This means that the
rise in thermal loading of the turbine components cannot be
compensated by additional cooling. The components in the hot
gas path have to withstand higher material temperatures.

Oxide and non oxide ceramic materials are promising
candidates for gas turbine components operating at elevated
temperatures.1 However, the common structural ceramics like
SiC, Si3zN4 and Al,O3 showed insufficient stability in high
velocity combustion environments. Especially, water vapour
in the combustion gas attacks the ceramic surface by the for-
mation and evaporation of Si-hydroxides”™ (SiC, Si3Ny) and
Al-hydroxides®’ (Al,03). Recession rates in the range of about
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0.5-1 pm/h were observed for advanced SizNy, SiC and Al,O3
materials destroying the materials after service in application
relevant times (>10,000h).2® Therefore, the development of
environmental barrier coatings (EBC) or material concepts,
which have thermodynamic stability in hot gas environment, are
needed. Oxide ceramics are promising candidates for environ-
mental barrier coating systems, due to their natural stability in
oxidative environments. However, a comprehensive understand-
ing about the stability of these materials in hot gas environment
is additional required.

In the present study the hot gas stability of various oxide
ceramic materials will be presented.

2. Experimental

The corrosion behaviour of selected ceramics (Table 1) was
investigated. Dense Al,O3 (AKP50 HC Stark), ZrO, (ZrO;-
TZP 3Y TOSOH), mullite (AKP50 HC Stark and SiO;, Hereaus)
and ZrSiO4 (ZrO,-TZP 3Y TOSOH and SiO; Hereaus) were
fabricated by stoichiometric mixture of the starting powders and
hot pressing at 1600 °C. YAG was fabricated by stoichiometric
mixture of the starting powders (AKP50 and Y,0O3 HC Stark)
and hot pressing at 1700 °C. Bending bars were cut and ground
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Table 1
Summary of the materials investigated

Material Composition Densification Density (g/cm?)
a-AlL, O3 a-AlL O3 Hot pressed 3.98
7rO; 7Zr0; (Y-TZP incl. 3mol.% Y,03) Hot pressed 6.00
Mullite Al;03, 28.2 wt.% SiOy Hot pressed 3.20
ZrSiOy 7r0; (Y-TZP incl. 3mol.% Y,03), 33 wt.% SiO, Hot pressed 4.23
YAG Y3Al5012 Hot pressed 4.55

with a geometry of 3.8 mm x 3 mm x 36 mm as samples for the
corrosion tests.

The corrosion tests were performed in a high temperature
burner rig. The burner rig consisted of a combustor and a follow-
ing test section. The inner walls of the combustor and the sample
holder in the following test section consisted on SiC tubes with
an inner diameter of 30 mm. Natural gas (mainly CH,) was used
as fuel for the combustor. To obtain a higher water vapour partial
pressure in the combustion gas, water vapour was introduced
separately to the air/fuel gas stream using an evaporator. The
temperature was controlled by a Pt—-Rh thermocouple near to
the sample holder. A summary of the test conditions is given in
Table 2.

The calculated composition of the combustion gas was
obtained from the theoretical stoichiometric combustion equa-
tions and found to be in agreement to calculation performed with
the computer program FactSage® (version 5.3.1). This computer
program is based on the principle of minimizing the Gibbs free
energy of the system.

To determine the influence of the temperature on the corro-
sion behaviour, it is important to keep other influencing factors,
like the water vapour content, constant. Therefore the amount
of added water steam to the gas flow was modified for each
temperature.

The recession of the specimens was obtained by measuring
the weight difference before and after the corrosion test. It is
expressed by weight change AW (mg/cm?) relating to the area
of the test specimen exposed to the gas flow. From the weight
chance AW with time the weight loss rate Ky, (mg/cm?h) was
determined. For linear corrosion kinetics the weight loss rate
K, can be calculated with a linear fit. The tests were conducted
for 130-300h at temperatures between 1200 and 1500 °C. The
weight loss rate was calculated after reaching equilibrium con-

Table 2
Summary of the test conditions

Definition Symbol (units) Value
Temperature T(CC) 1200-1500
Gas flow velocity v (m/s) 100
Total pressure P (atm) 1
Test time for each temperature t (h) 130-300
Calculated composition of the combustion gas
Partialpressure of py,0 PH,0 (atm) 0.24
Partialpressure of pn, PN, (atm) 0.64
Partialpressure of po, Po, (atm) 0.08
Partialpressure of pco, pco, (atm) 0.04

Equivalence ratio [} 0.5-0.6 (fuel lean)

ditions (after 30-50 h). The recession rate K; (wm/h) gives infor-
mation about the volume degradation and can be derived from
the weight loss rate by using the density of the specimen.

The activation energy was determined using the Arrhenius
law. It was calculated with a linear fit between the weight loss
rate K, (logarithmic plot) and the temperature (inverse plot).

In order to specify the corrosion attack, the sample surfaces
were analysed before and after the corrosion test by XRD.
Based on these measurements the quantitative phase compo-
sitions were calculated with the computer program AutoQuan®
(version 2.6.2.0). Information about microstructure alterations
were obtained through observations of the sample surfaces and
polished cross sections with element distributions of volatile
species in the SEM.

Recession rate prediction was made based on the mass trans-
fer theory of volatile species. The mass flux of volatile species
under turbulent gas flow conditions can be obtained from the
following formula®:

VA5 .
J =~ 17/5(171-120) (M
total

where J is the amount of mass transfer, v the gas flow velocity,
Piotal the system pressure, pH,o the water vapour partial pres-
sure and n the water vapour partial pressure exponent.Under
the test conditions of Table 2 (v = 100m/s, py,0 = 0.24 atm
and Pyoa = 1 atm) the evaluated data were fitted to the following
formula:

—E _
Ky = a exp (RT) v (pr,0)" (Proa) ™/° )

where K, is the weight loss rate (mg/cm2 h), a a constant,
E the activation energy (KJ/mol), R the general gas constant
(8.31J/mol K), T the temperature (K), v the gas flow velocity
m/s), pH,o the water vapour partial pressure (atm), n the water
vapour partial pressure exponent and Py, the system pressure
(atm).

The FactSage® software package (version 5.3.1) was used for
thermodynamic calculations and evaluation of the partial pres-
sure of volatile species, formed by reaction with water vapour
(PH,0 = 0.24 atm, Pyoy = 1 atm). The thermodynamic data nec-
essary for calculations were obtained from SGPS database
(revised 2004) and Fact53 compound database (2004). For the
YAG, YAM and Y, SiOs phases a special data set of the System
Y-Al-Si—-C-O from SGTE? based on the data set of Groebner’
was used. The data set for Si(OH)4 was implemented from the
literature.'0-11
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Fig. 1. Corrosion kinetic at 1450 °C.

3. Results and discussions

A summary of the corrosion test results is given in Table 3.
Fig. 1 demonstrates the corrosion behaviour as weight loss as
a function of time for the various ceramics at 1450 °C. Fig. 2
shows the corrosion kinetics of YAG for longer times.

A linear corrosion kinetics was found for Al,O3, mullite,
7ZrSi04 and YAG. This indicates a surface reaction controlled
corrosion mechanism. YAG showed a significantly lower corro-
sion rate in comparison with the other ceramics. In the case of
ZrOy (Y-TZP) hot gas corrosion was not found.

All samples showed at 1200 °C a very low corrosion rate,
which is in the range of the uncertainty of the measurement.
Therefore the calculation of the activation energy was restricted
to the temperature range between 1300 and 1500°C. Fig. 3
shows the Arrhenius plot of selected ceramics. ZrO; (Y-TZP)
and ZrSiO4 are left out, because ZrO, (Y-TZP) showed no
detectable corrosion and ZrSiOy4 could not be manufactured in
monophase. The derived activation energies from the Arrhenius
relationship are summarized in Table 4.
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Fig. 2. Corrosion kinetic of YAG at 1450 °C.
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Fig. 3. Arrhenius plot of selected ceramics.

Table 5 shows the comparison of the crystalline surface phase
compositions of the test samples before and after the corrosion
test measured by XRD.

From the observed corrosion behaviour of the ceramics inves-
tigated, the corrosion reactions in Table 6 were deduced. Several

Table 3
Summary of corrosion test results of oxide ceramic materials
Material T(°C) Time (h) Amy (mg) Ky, (mg/cm? h) K, (m/h) R fit Ky,
1200 131 -2 - - -
ALO 1300 135 33 6.16 x 1073 1.55 x 1072 99.98
a-A2bs 1450 168 17.0 2.77 x 1072 6.96 x 1072 99.99
1500 135 24.1 472 %1072 1.19 x 107! 99.93
ZrO (Y-TZP) 1200-1500 - - - -
1200 131 - - - -
Ml 1300 135 12.7 2.39 x 1072 747 x 1072 99.97
ullite 1450 139 225 3.79 x 102 1.18 x 107! 99.96
1500 145 27.6 4.81 x 1072 1.50 x 107! 99.95
1200 131 - - - -
. 1300 127 5.5 9.06 x 1073 2.14x 1072 99.71
ZI‘SIO4 2 2
1450 168 8.0 121 x 10 2.86 x 10 99.92
1500 145 13.8 235 x 1072 5.56 x 1072 99.09
1200 131 - - - -
1300 135 - - - -
YAG 1450 300 28 212 x 103 4.66 x 1073 99.91
1500 145 2.1 3.58 x 1073 7.87 x 1073 97.98

# Results are within the uncertainty of the measurement.
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Table 4

Activation energy

Material AQ (kJ/mol) R%fit AQ
a-Al O3 23348 99.96
Mullite 78+ 10 99.95
YAG 266 -

Table 5

Phase composition of the surface before and after hot gas exposure

Material Phase composition Phase composition of
after manufacturing surface after hot gas
(wt. %) corrosion (wt.%)
a-Al, O3 100 a-Al, O3 100 a-Al, O3
71O, (Y-TZP) 100 t,c-ZrOy 32 t,c-ZrO; + 68 m-ZrO,
Mullite 100 AlsSi2 013 70 AlsSiz 013 +30 a-Al, O3
ZrSiOy4 73 ZrSiO4 + 25 32 t,c-ZrO; + 68 m-ZrO,
t,c-ZrO, + 2 SiO,
YAG 100 Y3Al5012 49 Y3Al5012+18

Y4A1209 +33 sti05

studies show that under combustion atmospheres with a high
water vapour content, the predominant volatile hydroxide for
alumina is AI(OH)3%7 and for SiO is Si(OH)4.2 This is consis-
tent with our thermochemical calculations.

Fig. 4 summarises the calculated partial pressures of the
volatile species for each material and various temperatures for
Pu,0 = 0.24 atm and Pioa = 1 atm. Even if the calculations of
the partial pressure of volatile species represent the thermody-
namic equilibrium, which is maybe even locally not achieved
under test conditions (due to the gas flow), the calculated rank-
ing of the different ceramics is in agreement with the corrosion
results.

Recession rate prediction was made based on Eq. (2). For
Al,O3, mullite and YAG the following weight loss rate formulas
were derived:

—233 15 _
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Fig. 4. Calculated partial pressure of volatile species Si(OH)4 and AI(OH)3 over
different solid phases at a total pressure of 1 atm and a partial pressure of water
vapour of 0.24 atm.

—78 2 -
KW,Mullite = 3.72 exp (RT) v4/5 (szo) (Protal) 1/5 (15)

—266 1.5 _
Kw,vaG = 5.00 x 10* exp (RT) v (p,0)  (Powa) ™°

(16)

where Ky, is the weight loss rate (mg/cm? h), the first number the
fit constant a, R the general gas constant (8.31 J/mol K), v the
gas flow velocity (m/s), py,o the water vapour partial pressure
(atm) and P the total system pressure (atm). For Al,O3 the
water vapour exponent is 1.5 according to the theoretical for-
mation of volatile hydroxide alumina (Eq. (3)). For mullite the
water vapour exponent should lie within 1.5-2 according to the
formation of Si-hydroxide (Eq. (5)) and Al-hydroxide (Eq. (6)).
In Eq. (15), the exponent is assumed to be 2, because mullite
suffers degradation mainly caused by silica volatilisation. For
YAG the water vapour exponent should be 1.5 according to the
formation of Al-hydroxide (Eq. (8)).

Fig. 5 shows the recession rate prediction for Al,Os,
mullite and YAG under gas turbine conditions (v = 150 m/s,

(14) Piotal =15 atm, Py,0 = 1.5atm) for various temperatures and
Table 6
Proposed corrosion reactions with water vapour
Material Corrosion reaction AG: 4500 (KJ)
a-AL O3 0.5A1,05(s) + 1.5H,0(g) < Al(OH)3 (g) A3) 196.72
(Si07) SiOs (s) + 2H,0(g) <> Si(OH)4 (g) “4) 174.20
710y — -
Mulli 0.5Al16S1,013 (s) + 2H20(g) <> Si(OH)4 (g) + 1.5A1,03 (s) 5) 187.83
ullite 0.167Al6Si,013 (s) + 1.5H,0(g) <> Al(OH); () + 0.33Si0; (s) (©6) 201.65
ZrSiOy4 ZrSiOy4 (s) + 2H20(g) < ZrO; (tet, s) + Si(OH)4 (g) 7 175.61
0.286Y3Al5012[YAG] (s) + 1.5H,0(g) <> AI(OH)3 (g) + 0.214Y4A1,09 (s)[YAM] ®) 245.62
0.5Y4A1,09[YAM] (s) + 1.5H,0(g) < Al(OH)3 (g) + Y203 (s) 9) 284.64
YAG 0.2Y3Al5012[YAG] (s) + 0.3Si(OH)4 (g) + 0.9H,0 < 0.3Y,SiOs (s) + AI(OH); (g) + H2O(g) (10) +150.31
0.5Y4ALOo[YAM] (s) + Si(OH)4 (g) + Y»SiOs (s) + AL(OH)3 (g) + 0.5H20 (g) an —33.06
Y203 (s) + Si(OH)4 (g) <> Y2SiOs(s) + 2H,0(g) (12) —317.70
(Y2SiOs) Y,SiOs (s) + 2H20(g) <> Si(OH)4 (g) + Y203 (s) (13) 317.70
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Fig. 5. Predicted recession under gas turbine conditions for various gas temper-
atures.

exposure time of 10,000 h. It is assumed that in a real gas tur-
bine the flow velocity and the total pressure are higher compared
to the test conditions in this study. The water vapour content is
assumed to be 10% of the total pressure. Interpreting the reces-
sion data it should be considered, that the data for mullite and
YAG might underestimate the real corrosion damage of the mate-
rials due to the formation of porous surface layers.

3.1. Corrosion of alumina

The weight loss rate of alumina shows a strong dependence
with temperature in Fig. 3. The activation energy in Table 4 is
comparable to other studies (Yuri et al.% 246 kJ/mol and Opila’
210kJ/mol). The main corrosion reaction should be the forma-
tion of Al-hydroxides like AI(OH)3 with water vapour from the
combustion gas (Eq. (3)). Fig. 6 shows the surface of an alu-
mina sample after corrosion at 1500 °C. Clearly the alumina
grains can be seen, suggesting surface etching. It is plausible
that the water vapour favours the attack of the grain bound-
aries, due to segregation and accumulation of impurities in them
or simply to the less stable atomic bonding. Furthermore, it
can be suggested that whole grains of alumina can fall out,
if the cohesion of the grains becomes insufficient. The cross
section of the alumina sample showed no corrosion layer. That
agrees with the linear corrosion kinetics found for alumina in this
study.

Recession rate prediction for alumina in Fig. 5 shows that
under gas turbine conditions at elevated temperature between
1300 and 1600 °C the recession within 10,000 h lay between 1.8
and 32 mm. That will be too high for a structural gas turbine
component. Therefore, alumina needs to be protected with EBC
against corrosion.

Fig. 7. Surface of ZrO, (Y-TZP) (a and b) after corrosion at 1450 °C.



3562

.%(

M”"«-a
A

M. Fritsch et al. / Journal of the European Ceramic Society 26 (2006) 3557-3565

Fig. 8. Surface (a) and polished cross section (b) of mullite after corrosion at 1500 °C, EDX map of Si (c) from the cross section.

3.2. Corrosion of ZrO, (Y-TZP)

ZrOy (Y-TZP) showed absolutely no weight loss above
the uncertainty of the measurement in the temperature range
between 1200 and 1500 °C. Fig. 7 shows the surface of a ZrO,
(Y-TZP) sample after corrosion at 1450 °C. Various cracks and
grinding marks consulting from the manufacturing of the bend-
ing bar are visible. XRD observations of the sample surface
after manufacturing revealed that, beside the tetragonal phase,
cubic ZrO; was present. Because these two phases overlap each
other in the XRD pattern, an explicit determination is difficult,
and as a consequence they are listed in the Table 5 together.
The corroded surface revealed that the initial tetragonal/cubic
phase was destabilized. After the corrosion test a large amount
of the monocline phase is observed. This transformation led to
volume increase and subsequently to stress induced cracks. The
transformation problem of ZrO, (Y-TZP) is well known in the
literature.!>13

Due to its high corrosion stability, ZrO, (Y-TZP) is an EBC
candidate, but the large mismatch in thermal expansion between
7ZrO, (Y-TZP) and structural ceramics like SiC, Si3N4 and
Al>,O3 make it difficult to use as a coating. As a consequence
special focus has to be placed on thermal expansion and phase
stability of ZrO, (Y-TZP) for use as an EBC material.

3.3. Corrosion of mullite

Mullite showed between 1300 and 1450 °C the highest weight
loss rate among the investigated ceramics in the test. At 1500 °C,

the weight loss rate equals the value of alumina. The XRD results
of the corroded mullite surface (Fig. 8) are shown in Table 5.
During corrosion, a porous layer of alumina was formed at the
surface. EDX element distribution of Si in Fig. 8c, taken from the
cross section of the corroded mullite sample (Fig. 8b), revealed
that the Si leaches out of the surface with time. This means that
the SiO» of the mullite reacts with the water vapour of the com-
bustion gases. The reaction of SiO; with water vapour (Eq. (4)) is
well documented in the literature.” The premier reaction should
be the forming of volatile Si-hydroxides like Si(OH)4 (Eq. (5)).
An argument for this corrosion process is further the amount of
the activity energy in Table 4. It is much lower than that of alu-
mina, and comparable to that of Si-ceramics.2-¢ Nevertheless,
it is assumed that concurrently small amounts of Al-hydroxide
evaporate (Eq. (6)). The thermochemical calculations for mullite
in Fig. 4 agree with the observed preferred volatility of Si(OH)4
in comparison with AI(OH)3. The partial pressure of Si(OH); is
higher than that of AI(OH)3 up to 1500 °C.

The linear corrosion kinetics confirm that the developing
porous corrosion layer on the surface does not protect the bulk
material underneath from corrosion. The recession prediction
in Fig. 5 showed that mullite has a higher recession rate than
alumina and cannot be recommended as a material for EBC
coatings.

3.4. Corrosion of ZrSiO4

The XRD results in Table 5 revealed that the ZrSiO4 sample
was not obtained as a monophase material after manufacturing.
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Fig. 9. Surface (a and b) and polished cross section (c) of ZrSiOy after corrosion at 1500 °C, EDX map of Si (d) from the cross section.

Beside ZrSiO4 there was t,c-ZrO,; and SiO; found in the
bulk material. This showed that the stoichiometric mixture
of the starting powders of #-ZrO; (Y-TZP) and SiO; did not
react completely to form ZrSiO4 under the given hot pressing
conditions.

Fig. 9 shows the surface of the ZrSiO4 after corrosion at
1500 °C. Remarkable cracks and spalling of the outer corro-
sion layer are visible. With XRD, t,c-ZrO; and m-ZrO, were
found on the surface. Fig. 9d shows the element distribution of
Si, taken from the cross section in Fig. 9c. It can be seen that
Si is leached out of the surface, due to the chemical reaction
to build volatile species. Based on these results two mean cor-
rosion processes can be deducted. First SiO, from the ZrSiO4
reacts with water vapour to yield volatile species which evap-
orate Eq. (7), so ZrO, is left. The monocline m-ZrO,, found
with XRD on the surface, belongs to the transformation of
7Z1rSiO4 to m-ZrO,. This monocline m-ZrO, will transform
into the tetragonal phase (or reverse) for every start and shut
down of the burner rig. It is to be supposed that this vol-
ume change will cause stresses in the corrosion layer which
can consequently lead to the crack formation observed. This
means that the outer porous ZrO, layer gives little or no cor-
rosion protection to the material underneath. Corresponding
linear corrosion kinetics were observed. It is proposed that
ZrSi04, even in monophase, is unstable in water vapour con-
taining hot gas atmospheres and therefore not suitable for EBC
coatings.

3.5. Corrosion of YAG

YAG showed over the complete temperature range a remark-
ably low weight loss rate in comparison to alumina and mullite.
Nevertheless the recession increased with time. The activation
energy derived from the Arrhenius plot in Fig. 3 is higher than
that for alumina.

Fig. 10 shows the surface and the cross section of a YAG
sample after corrosion at 1450 °C. The surface seems a little
rough. The XRD observations of the corroded YAG surface in
Table 5 show that, beside YAG, Y2SiOs5 and Y4Al;O9 (YAM)
were formed during corrosion. The microstructure of a pol-
ished cross section in Fig. 10c and the element distributions
of Al, Y and Si (Fig. 10d-f) taken from Fig. 10c affirm the
existence of a surface layer. Especially the element distribu-
tion of Al shows that only the monosilicate layer was built
on the surface. The YAM phase is assumed to be at the inter-
phase between alumina and Y»SiOs. It is suggested that the
YAG decomposed in contact with water vapour to YAM and
Al-hydroxides (Eq. (8)). Further, the YAM can decompose in
reaction with water vapour to form Y,0O3 and Al-hydroxides
(Eq. (9)). The existence of Si-hydroxides in the combustion gas,
mainly from corrosion of the SiC tubes (sample holder), can lead
to a simultaneous reaction of the Y,0O3 with the Si-hydroxides
to form Y,SiO5 (Eq. (12)). Further, Si(OH)4 from the com-
bustion atmosphere can be involved in the corrosion attack of
YAG (Eq. (10)) or YAM (Eq. (11)). Nevertheless, the partial
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Fig. 10. Surface (a) and polished cross section (b and c) of YAG after corrosion at 1450 °C, XRD maps of Al (d), Y (e) and Si (f) from the cross section (c).

pressure of Si(OH)4 in the combustion gas should be very low
in comparison with the water vapour partial pressure. There-
fore, the water vapour attack dominates the corrosion attack
of YAG and the building of Al-hydroxides. The absorption of
silica, in the form of Y,SiOs, on the surface led to a weight
gain of the test specimen. It is proposed that in an atmosphere
with no Si-hydroxides the weight loss rate of YAG should be
higher.

The formation of Y,SiOs under these environmental con-
ditions confirms that rare earth monosilicates are very stable
in hot gas environment."* Klemm et al."> and Ueno et al.'®
found monosilicates as corrosion layers on bulk disilicates. The
detected YAM phase in Table 5 correspond to the decomposition
of YAG into YAM and Al(OH)3 (Eq. (8)). The observed higher
environmental stability of the YAM and Y;SiOs phases are in

agreement with the calculated pressures of volatile hydroxides
(Egs. (9) and (13)) for these materials in Fig. 4.

Because a distinctive parabolic corrosion kinetic was not
found (Fig. 2), it is proposed that the developing outer porous
Y;SiO5 and YAM layer on the YAG surface has only a small pro-
tective influence of the bulk material underneath. The recession
rate prediction in Fig. 5 shows for YAG an order of magnitude
lower recession rates in comparison with alumina and mullite.

Further investigations are needed to clarify the corrosion
behaviour of YAG. The results show, that water vapour led
to corrosion attack of YAG and decomposition into YAM. Si-
hydroxides from the combustion gas are involved in the cor-
rosion reactions and led to a weight gain due to the building of
Y, Si0s. It can be assumed that YAG will show in an atmosphere
with no Si-hydroxides a higher corrosion rate.
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4. Conclusions

The temperature dependence of the hot gas corrosion
behaviour for various ceramic materials (Al, Oz, ZrO, (Y-TZP),
mullite, ZrSiO4 and YAG) was investigated. Besides ZrO, (Y-
TZP) all materials exhibited degradation above 1300 °C. This
was the consequence of formation and evaporation of volatile
hydroxides (Si(OH)4 and AI(OH)3). Al,O3, mullite and ZrSiO4
showed at temperatures above 1300 °C a degradation that will
be too high for environmental barrier coating applications. YAG
showed a low corrosion coupled with the formation of a stable
surface layer. ZrO; (Y-TZP) showed absolutely no corrosion, but
is very susceptible to thermal shock and phase transformation.

All ceramics, beside ZrO; (Y-TZP), showed a strong increase
in degradation with temperature. The thermochemical calcu-
lations are in agreement with the observed corrosion rates. If
sufficient materials data are available, the theoretical calcula-
tion of the environmental stability of materials can be a tool for
future EBC development.
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