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Abstract. Corrosion of thermal barrier coatings on gas turbine engine components made of heat-resistant alloys, caused by interaction with 

molten silicate deposits (CMAS), reduces their high-temperature stability and leads to premature failure during service. The problem 
of CMAS resistance in coatings with an outer ceramic layer of yttria-stabilized zirconia (YSZ) remains highly relevant, and its solution has 
important practical implications. The present study focused on zirconia-based ceramic materials used for the deposition of thermal barrier 
coatings. The interaction of ceramic coatings with silicate deposits was investigated at temperatures up to 1300 °C. Scanning electron 
microscopy, energy-dispersive spectroscopy, thermogravimetric/differential thermal analysis, and X-ray diffraction were employed to study 
the interaction of CMAS with YSZ on model samples prepared from powders of grades Z7Y10-80A, Zr7Y20-60, and Metco 204NS 
with different morphologies. The interaction mechanism between CMAS and YSZ at 1200–1300 °C was established. It was shown that 
the nature and intensity of the interaction strongly depend on the structure and morphology of the ceramic particles. The dense particle 
structure of ceramics based on Z7Y10-80A and Metco 204NS powders reduces CMAS penetration, in contrast to Zr7Y20-60 powders with 
a more porous particle structure. The interaction mechanism between CMAS and YSZ was found to be the same for all ceramics studied 
and occurs through dissolution–precipitation of zirconia in the glass melt. It was demonstrated that with increasing temperature, the degree 
of zirconia tetragonality changes due to the reduction of yttrium content caused by its diffusion into the glass. This can lead to a polymor-
phic transformation of zirconia accompanied by volume expansion, followed by cracking and spallation of the thermal barrier coating. 
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Аннотация. Коррозия теплозащитных покрытий деталей газотурбинных двигателей, выполненных из жаропрочных сплавов, 

обусловленная взаимодействием с расплавленными силикатными отложениями (CMAS), снижает их устойчивость к высоким 
температурам и приводит к преждевременным отказам в эксплуатации. Проблема стойкости к CMAS покрытий с внешним 
керамическим слоем из диоксида циркония, стабилизированного иттрием, остается весьма актуальной, и ее решение имеет 
важное практическое применение. Объектом изучения в настоящей работе являлись керамические материалы на основе 
диоксида циркония, используемые для нанесения теплозащитных покрытий. Исследовано взаимодействие керамических 
покрытий с силикатными отложениями при температурах до  1300 °С. С помощью сканирующей электронной микро-
скопии, энергодисперсионной спектроскопии, дериватографии и рентгеноструктурного анализа выполнены исследования 
взаимодействия CMAS с керамикой YSZ на модельных образцах из порошков марок Z7Y10-80A, Zr7Y20-60 и Metco 204NS 
различной морфологии. Установлен механизм взаимодействия CMAS и YSZ при t = 1200÷1300 °С. Показано, что характер 
и  интенсивность взаимодействия существенно зависят от строения и морфологии частиц керамики. Плотная структура 
частиц керамики на основе порошков Z7Y10-80A и Metco 204NS снижает проникновение CMAS в отличие от Zr7Y20-60 
с более пористой структурой частиц. Установлено, что характер взаимодействия между CMAS и YSZ един для всех иссле-
дуемых керамик и происходит по механизму растворения–осаждения оксида циркония в расплаве стекла. Показано, что 
с ростом температуры происходит изменение степени тетрагональности оксида циркония, обусловленное снижением содер-
жания иттрия из-за его диффузии в стекло. Это может привести к полиморфной трансформации диоксида циркония с увели-
чением объема, последующим растрескиванием и отслоением теплозащитного покрытия.  

Ключевые слова: газотурбинный двигатель, теплозащитные покрытия, керамический слой, оксид циркония, силикатные 
отложения, морфология порошков
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IntroductionIntroduction
The efficiency of  gas turbine engines (GTEs) is 

directly related to  the  gas temperature at the  inlet 
of  the  high-pressure turbine (HPT), which exceeds 
1200 °C  [1; 2]. Such high operating temperatures 
impose stringent requirements on the  protection 
of  components made of  heat-resistant alloys used 
in GTEs. Thermal barrier coatings (TBCs), applied 
to  turbine blades and vanes as well as combustion 
chamber components, reduce the  temperature by 
approximately 100 °С [3–6]. 

Modern TBCs consist of an outer ceramic layer and 
an intermediate metallic bond coat based on nickel 
superalloys. The outer ceramic layer must combine 
a range of high-temperature properties, including low 
thermal conductivity in the  operating temperature 
range, high resistance to  thermal shock, phase and 
structural stability, a high coefficient of thermal expan-

sion, and strong adhesion to  the  bond coat  [7–10]. 
In current aerospace engine manufacturing, yttria-sta-
bilized zirconia (YSZ) is employed as the outer ceramic 
layer. This material exhibits low thermal conductivity 
(2.3 W/(m2·K) at 1000 °C) for a dense ceramic, a high 
melting point (2680 °C), and a favorable coefficient 
of thermal expansion (11·10–6 K–1 at ~1000 °C) [5; 11].

It should be noted that YSZ coatings are suscep-
tible to  failures, which are classified as internal and 
external. Internal failures include defect formation 
due to phase transformation or excessive temperature 
gradients during sintering  [12]. External failures are 
usually associated with TBC damage caused by ero-
sion from small (<75 µm) solid particles in the envi-
ronment or from foreign object damage. Such fine 
particles typically enter GTEs from dust storms, vol-
canic ash, and airport runways, where their concentra-
tion is relatively high and generally ranges from 350 
to 13,000 µg/m3 [13].
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These particles penetrate into the  low-pressure 
compressor and eventually reach the  combustion 
chamber. Under high operating temperatures, they 
melt, decompose, and deposit on component sur-
faces, leading to  structural degradation and chemical 
alteration of  the  TBC. The particles mainly consist 
of  CaO–MgO–Al2O3–SiO2 compounds (Calcium–
Magnesium–Alumina–Silicate – CMAS). Their detri-
mental effects on aircraft engine components are well 
established. Therefore, further research is required 
to better understand the mechanisms of CMAS interac-
tion with HPT blade coatings [14–16].

Deposition of  ceramic top coats for TBCs is car-
ried out using electron-beam physical vapor deposition 
(EB-PVD) and atmospheric plasma spraying (APS). 
APS has become the  primary method for applying 
multilayer TBCs due to its high deposition rate, a wide 
range of  adjustable process parameters, relative cost-
effectiveness, and suitability for a broad spectrum 
of  powder feedstocks  [17–21]. By injecting powders 
into the  plasma jet with a carrier gas, the  porosity 
of the resulting TBC can be controlled. APS technology 
thus provides flexibility in tailoring the microstructure, 
particularly of  ceramic coatings. The most common 
microstructure is lamellar, containing microcracks and 
about 15 % porosity [5; 8].

Coatings produced by APS can develop either 
porous microstructures or dense ones with vertical 
cracks. The properties of  the  feedstock powders play 
a decisive role in achieving effective TBCs. Typically, 
the  particle size of  APS powders ranges from 10 
to 100 µm. Oversized particles often fail to melt com-
pletely, while undersized ones may bypass the plasma 
jet and remain in cooler regions, leading to insufficient 
heating during spraying.

Powder morphology has a strong influence on 
both processing behavior and in flight dynamics in 
the  plasma jet. To tailor coating properties and func-
tionality, ceramic powders are prepared using methods 
such as melt crushing, agglomeration–sintering, and 
agglomeration–spheroidization. These processes pro-
duce powders with distinct morphologies: fractured, 
spherical, or hollow spherical [22–25]. 

The role of  powder morphology in determining 
resistance to CMAS corrosion has not been adequately 
investigated and remains a critical issue. The present 
work therefore aimed to  examine the  structural and 
phase evolution of  powders with different morpholo-
gies, used for TBC deposition, under high tempera-
ture exposure to  CaO–MgO–Al2O3–SiO2 glass melts. 
The  findings provide insight into the  mechanisms 
of phase evolution in stabilized zirconia powders and 
lay the groundwork for further studies on full thermal 
barrier coating systems. 

Materials and methodsMaterials and methods
As starting materials, we used thermal barrier cera

mic powders based on yttria stabilized zirconia (YSZ): 
– Z7Y10-80A (T: SP LLC, Russia) – agglome

rated, sintered, and crushed powder with fractured 
morphology; 

– Zr7Y20-60 (T SFERA LLC, Russia) – agglome
rated and sintered powder with spheroidal morphology; 

– Metco 204NS (Oerlikon Metco, USA) – agglo
merated, plasma treated (HOSP) powder with hollow 
spherical morphology.

The particle size distribution of  the YSZ powders 
was determined by laser diffraction (Analizette 22 
NanoTech, Fritsch, Germany) and is summarized in 
Table 1.

For CMAS investigations, a model glass was 
prepared. According to  X-ray fluorescence analysis 
(EDX  800HS spectrometer, Shimadzu, Japan), its 
composition was (wt. %): SiO2  –  53.3, CaO  –  30.4, 
Al2O3  – 10.7, MgO – 5.4. The glass was first ground 
in a jasper mortar and then milled in a planetary ball 
mill in water for 2 h at a rotation speed of  160 rpm. 
The dried powder was sieved. Its chemical composi-
tion closely matched the  CMAS glass reported in 
the  literature  [26–28], which represents the  average 
composition of  deposits found on turbine blades 
in service (SiO2  –  48.5, CaO  –  33.2, Al2O3  –  11.8, 
MgO  –  6.5 wt. %). Simultaneous thermal analysis 
(ZCT H, Jing Yi Gao Ke) showed that melting started 
at 1200 °C and reached its maximum at 1244 °C.

Table 1. Particle size distribution of YSZ ceramic powders 
Таблица 1. Гранулометрический состав керамических порошков YSZ

Powder grade Production method
Particle size distribution, µm
d10 d50 d90

Z7Y10-80A Sintering, crushing 4.0 48.9 75.3
Zr7Y20-60 Agglomeration-sintering 11.2 28.1 37.9

Metco 204NS Agglomeration, plasma treatment (HOSP) 13.4 41.9 62.8
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Model samples for studying CMAS infiltration and 
microstructural evolution were fabricated by pressing 
YSZ powders followed by sintering. For binder prepara-
tion, a 4% polyvinyl alcohol solution (GOST 10779-78) 
was added in an amount corresponding to  10 wt. % 
of  the  powder. Pressing was performed on a manual 
hydraulic press (Carl Zeiss, Germany) under a spe-
cific pressure of 1.5 t/cm2. Sintering was carried out in 
a HT 64/17 furnace (Nabertherm, Germany) at 1700 °C 
for 2 h. 

On the surface of the sintered samples (Z7Y10-80A, 
Zr7Y20-60, and Metco 204NS), a suspension 
of CMAS powder in ethanol was applied at a loading 
of  20 mg/cm2. High temperature tests of  the  samples 
with surface applied suspensions were performed in 
air in the HT 64/17 electric furnace. The heating rate 
was 10 °C/min, and the  exposure temperature ranged 
from 1200–1300 °C with holding times ranging from 
2 to 24 h.

To analyze high temperature chemical reactions 
between YSZ and CMAS in more detail, powder mix-
tures were prepared at a 3:1 ratio. The mixtures were 
homogenized in ethanol, dried, and pressed into pel-
lets at 50 MPa, followed by isothermal treatment 
at 1200–1300 °C for 2 h.

Microstructural analysis of cross sections was per-
formed using a scanning electron microscope (SEM 
EM  30AX, Coxem Co. Ltd., Republic of  Korea) 
equipped with an energy dispersive spectrometer 
(EDS). Phase composition and structural parameters 
were determined on an X-ray diffractometer (XRD 6000, 
Shimadzu, Japan) using full profile analysis. Diffraction 
patterns were recorded over a 2θ range of 20–90° with 
CuKα radiation, a step size of 0.02°, and a counting time 
of 2 s per step. Qualitative phase analysis was carried 
out using the Crystallographica Search Match (CSM) 
program and the  PDF database of  the  International 
Centre for Diffraction Data (ICDD).

Results and discussionResults and discussion
Structure of YSZ  Structure of YSZ  
ceramic powdersceramic powders

Analysis of  the  particle size distribution (Table 1) 
showed that the  average particle sizes of  powders 
Z7Y10-80A and Metco 204NS are comparable, with 
d50 values of 48.9 and 41.9 µm, respectively. However, 
Z7Y10-80A contains the  largest fraction of  fine par-
ticles compared with the other powders. The smallest 
average particle size, d50 = 28.1 µm, was observed for 
Zr7Y20-60.

SEM images of powder morphology and cross-sec-
tions are presented in Fig. 1. Based on morphometric 

parameters, Z7Y10-80A exhibits a fractured morpho
logy, Zr7Y20-60 is nearly spherical, and Metco 204NS 
is predominantly hollow spherical. Particles of all pow-
ders, except Metco 204NS, are porous throughout their 
volume. Metco 204NS contains both hollow spherical 
particles and non hollow porous particles similar in 
structure to the other powders. The shells of the hollow 
spheres are notably denser compared to the non hollow 
particles.

XRD analysis (Fig. 2) showed that the Z7Y10-80A 
and Zr7Y20-60 powders are composed of  tetragonal 
ZrO2 (space group P42/nmc, No. 137). The results 
of  Rietveld full-profile refinement of  the  structural 
parameters and phase composition are presented in 
Table 2. The lattice parameters of the tetragonal phase 
are nearly identical to the reference values (PDF card 
No. 80-2155). The Metco 204NS powder consists 
of tetragonal (P42/nmc, No. 137) and monoclinic ZrO2 
(P21/c, No. 14) in proportions of 79 and 21 %, respec-

Fig. 1. SEM images of the morphology and cross sections  
of YSZ ceramic powder particles 

Z7Y10-80A (а), Zr7Y20-60 (b) and Metco 204NS (c) 

Рис. 1. СЭМ-изображения морфологии и поперечных  
сечений частиц керамических порошков 

Z7Y10-80A (а), Zr7Y20-60 (b) и Metco 204NS (c)
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tively. The smallest crystallite size was observed for 
Z7Y10-80A, while the  largest was for Metco 204NS. 
The evaluation of  lattice microstrain da/a indicated 
the  highest distortions in Z7Y10-80A, which can be 
attributed to mechanical crushing.

XRD analysis of  the  model samples sintered 
at 1700 °C for 2 h showed that their phase composition 
did not differ from that of the as received powders.

The mechanism of  interaction between YSZ cera
mics and CMAS has been widely investigated and 
described in numerous studies [13; 15; 26; 27; 29–31]. 
In general, YSZ dissolves into the  CMAS melt, fol-
lowed by the  reprecipitation of  ZrO2 grains in vari-
ous polymorphic forms and compositions, depending 
on the local melt chemistry. Since Y3+ ions have much 
higher solubility in CMAS than Zr4+ ions, they readily 
diffuse into the melt, leading to zirconia depletion. This 
depletion facilitates the  phase transformation of YSZ 
from tetragonal to monoclinic.

Interaction of Z7Y10 80A  Interaction of Z7Y10 80A  
with CMASwith CMAS

The interaction of  CMAS with ceramic pow-
ders begins at temperatures below the  melting point 
of  the  glass due to  the  formation of  a eutectic in 
the  SiO2–CaO–Al2O3 system  [29; 32]. As a result, 
regardless of  particle morphology, interaction with 
CMAS is already observed at 1200 °C. 

As shown above, the  particles of  the  Z7Y10-80A 
powder (Fig. 1, a) possess a dense structure determined 
by the  production method, which strongly influences 
their interaction with CMAS. At 1200 °C, interaction 
is confined to a near-surface layer up to ~2 µm thick, 
while the dense particle structure remains largely intact 
(Fig. 3, a). When the temperature is raised to 1300 °C, 
dissolution/precipitation processes in YSZ are acti-
vated, resulting in loosening of  the  particle structure 
(Fig. 3, b). The glass melt penetrates from the interpar-
ticle space into the particle interior, causing the particle 
boundaries to blur.

Since the sensitivity of XRD to detect subtle phase 
composition changes during CMAS interaction is 
relatively low when glass is simply applied to the sur-
face of  Z7Y10-80A, additional mixed samples with 
a  Z7Y10-80A:CMAS ratio of  3:1 were prepared. 
These were heated in air at 1200, 1250, and 1300 °C 
for 2 h. This approach enabled a more precise analysis 
of the CMAS–ceramic interaction mechanisms.

Fig. 4 shows the  XRD patterns 
of  the  Z7Y10-80A:CMAS samples after expo-
sure to  these temperatures. The incorporation 
of  6–8 wt. % Y2O3 into ZrO2 results in the  formation 
of  a metastable tetragonal t′-phase (the so called non 
transformable phase), in contrast to  the  less stable 
tetragonal t-phase. To distinguish between the  two 
tetragonal modifications (t  and  t′), the  c/a  ratio  – 
reflecting the  degree of  tetragonality  – is used. For 
the t′-phase, this ratio approaches 1.010 [33].

The as received Z7Y10-80A powder consists 
of  tetragonal zirconia, with no characteristic doublets 
observed at 2θ ≈ 35° and 60°. After testing, the XRD 
patterns clearly show peak splitting at these angles, 
along with the emergence of the cubic (400) reflection 
in the 2θ range of 72–76°. In the as received powder, 
the  degree of  tetragonality was 1.0116 and remained 
unchanged after exposure at 1200 °C. Raising the tem-
perature to  1250 °C led to  an increase in tetragona
lity, associated with yttrium depletion in YSZ, i.e., 
the decomposition of the t-phase into t- and c-phases. 

At 1300 °C, counter diffusion of Ca and Mg from 
the glass into YSZ causes a reduction in tetragonality, 

Fig. 2. XRD patterns of YSZ powders 

Рис. 2. Дифрактограммы исходных порошков YSZ

Table 2. Structural parameters of YSZ powders 
Таблица 2. Структурные параметры порошков YSZ

Powder grade Phase
Lattice parameters, nm Crystallite 

size D, nm
Lattice microstrain

da/a, %а b с
Z7Y10-80A t 0.36142 0.36142 0.51706 21 0.14
Zr7Y20-60 t 0.36131 0.36131 0.51670 51 0.06

Metco 204NS
t 0.36143 0.36143 0.51580 200 0.01
m 0.51617 0.52052 0.53221 65 0.05
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Fig. 3. SEM images of Z7Y10-80A samples  
after interaction with CMAS 

at 1200 °C for 2 h (a) and 1300 °C for 12 h (b) 

Рис. 3. СЭМ-изображения образцов Z7Y10-80A после 
взаимодействия с CMAS 

при t = 1200 °С, τ = 2 ч (а), t = 1300 °С, τ = 12 ч (b)

although it does not return to its original value (Table 3). 
The variation in tetragonality as a function of yttrium 
content is consistent with the findings reported in [34], 
where it was shown that, irrespective of  the  synthe-
sis method, the  tetragonal character of YSZ powders 
diminishes with increasing yttrium content.

Interaction of Zr7Y20-60  Interaction of Zr7Y20-60  
with CMASwith CMAS

The Zr7Y20-60 ceramic particles have a porous sur-
face surrounding a dense core (Fig. 1, b). This morpho
logy makes them prone to CMAS melt infiltration, not 
only into the macropores but also deeper into the par-
ticle volume. Interaction between YSZ and CMAS is 
already evident at 1200 °C (Fig. 5), and at  1300 °C 
it becomes more pronounced, with the  boundaries 
between individual ceramic grains disappearing and 
an extensive reaction zone forming.

The as received Zr7Y20-60 powder consists 
of  tetragonal zirconia; however, the  characteristic 
doublets are already distinguishable at 2θ ≈ 35° and 
60° (Fig. 6). After exposure at 1200 °C, these doublets 
become clearly resolved. As the temperature increases, 
the degree of tetragonality rises from 1.0112 to 1.0143 
(Table 3). At  1300 °C, the  emergence of  the  cubic 
phase is indicated by the appearance of the (400) peak 
between the tetragonal (004) and (220) reflections.

Interaction of Metco 204NS  Interaction of Metco 204NS  
with CMASwith CMAS

The Metco 204NS ceramic powder consists of both 
hollow spherical particles with a dense shell and non 
hollow particles with a porous structure. The latter 
interact most intensively with CMAS due to  glass 
infiltration (Fig. 7). As the  temperature increases 
to 1300 °C, the boundaries between individual non hol-
low particles gradually disappear, leading to the forma-
tion of an extensive reaction zone. In contrast, the dense 

Table 3. Lattice parameters  
of the tetragonal phase in YSZ 

Таблица 3. Параметры кристаллической решетки 
тетрагональной фазы YSZ

Powder grade t, °C a, nm c, nm c/a

Z7Y10-80A

20 0.36142 0.51706 1.0116
1200 0.36145 0.51707 1.0115
1250 0.36087 0.51710 1.0132
1300 0.36104 0.51692 1.0124

Zr7Y20-60

20 0.36131 0.51670 1.0112
1200 0.36091 0.51661 1.0122
1250 0.36094 0.51659 1.0120
1300 0.36041 0.51701 1.0143

Metco 204NS

20 0.36143 0.51580 1.0091
1200 0.36135 0.51663 1.0110
1250 0.36150 0.51724 1.0117
1300 0.36179 0.51767 1.0118

Fig. 4. XRD patterns of Z7Y10-80A samples after interaction 
with CMAS at different temperatures

1 – as-received, 2 – 1200 °C, 3 – 1250 °C, 4 – 1300 °C 

Рис. 4. Дифрактограммы образцов Z7Y10-80A после 
взаимодействия с CMAS при различных температурах

1 – исходный, 2 – 1200 °С, 3 – 1250 °С, 4 – 1300 °С

Powder Metallurgy аnd Functional Coatings. 2025;19(4):50–59 
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Fig. 5. SEM image (a) and EDS analysis (b)  
of Zr7Y20-60 samples after interaction with CMAS  

at 1200 °C for 2 h 

Рис. 5. СЭМ-изображение (а) и результаты EDS-анализа (b) 
образцов Zr7Y20-60 после взаимодействия с CMAS 

при t = 1200 °С в течение 2 ч

Fig. 7. SEM image (a) and EDS analysis (b)  
of Metco 204NS samples after interaction with CMAS  

at 1300 °C for 24 h 

Рис. 7. СЭМ-изображение (а) и результаты EDS-анализа (b) 
образцов Metco 204NS после взаимодействия с CMAS 

при t = 1300 °С в течение 24 ч

Fig. 6. XRD patterns of Zr7Y20-60 samples  
after interaction with CMAS at different temperatures

1 – as-received, 2 – 1200 °С, 3 – 1250 °С, 4 – 1300 °С 

Рис. 6. Дифрактограммы образцов Zr7Y20-60 после 
взаимодействия с CMAS при различных температурах

1 – исходный, 2 – 1200 °С, 3 – 1250 °С, 4 – 1300 °С

Fig. 8. XRD patterns of Metco 204NS samples  
after interaction with CMAS at different temperatures

1 – as-received, 2 – 1200 °С, 3 – 1250 °С, 4 – 1300 °С 

Рис. 8. Дифрактограммы образцов Metco 204NS после 
взаимодействия с CMAS при различных температурах

1 – исходный, 2 – 1200 °С, 3 – 1250 °С, 4 – 1300 °С

Известия вузов. Порошковая металлургия и функциональные покрытия. 2025;19(4):50–59 
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shells of the spherical particles remain the most resis-
tant to  CMAS attack up to  1300 °C, preserving their 
structural integrity.

XRD analysis revealed that after CMAS corro-
sion testing the  monoclinic phase fraction (m-ZrO2) 
decreased from 20.6 to  10.0 % (Fig. 8). This was 
accompanied by a reduction in the intensity of the ( 11) 
and (111) reflections and an increase in the  degree 
of tetragonality (see Table 2). These changes are attri
buted to additional stabilization of zirconia by calcium 
and magnesium oxides. At 1300 °C, the  cubic (400) 
reflection was also detected.

ConclusionConclusion
The study of CMAS interaction with TBC ceramics 

based on Z7Y10-80A, Zr7Y20-60, and Metco 204NS 
powders using model samples has demonstrated that 
the interaction mechanism between CMAS and YSZ is 
the same for all yttria containing ceramics. It is gover
ned by the  dissolution–precipitation of  zirconia in 
the  glass melt. Exposure to  CMAS at 1200–1300 °C 
leads to the formation of a new yttria depleted tetrago-
nal zirconia phase as a result of yttrium diffusion into 
the  glass. With increasing temperature, the  degree 
of  tetragonality changes due to  further yttrium deple-
tion. However, the counter diffusion of Ca and Mg ions 
from the  glass into zirconia is insufficient to  restore 
the  initial tetragonality values. As a result, zirconia 
may undergo polymorphic transformation accom-
panied by  volume expansion, cracking, and eventual 
spallation of the TBC.

The extent and character of CMAS–YSZ interaction 
were shown to  depend strongly on the  structure and 
morphology of the ceramic particles. A dense particle 
structure, as in ceramics produced from Z7Y10-80A 
and Metco 204NS powders, reduces CMAS infiltra-
tion, whereas the more porous structure of Zr7Y20-60 
particles promotes deeper penetration and more exten-
sive interaction.
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