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Density is reduced by 2/3, and
temperature resistance is increased by 20%
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Fig. 1 Development history and their application in thermal structural components of SiC¢/SiC composite materials
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Fig. 2 The evolution of rotor clearance and the removal mechanism of abradable materials during the friction process
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Abrasibility/Sealing
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Fig. 3 Structural diagram of abradable/environment barrier sealing coating
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Table 1 Domestic and international performance parameters of abradable/environmental barrier coatings

Thickness of thermally grown

Abradability

Porpsity, Hardness, Bonding strength,

Coating systems oxide after water-oxygen Impact resistance
corrosion, (100 h)/um Coefficient of friction (COF), Wear rate
(W), Incursion depth ratio (IDR)
Mullite/Mullite+BSAST™ ~2 um 89
364

[1300 C,90%H,0-10%0(g)]
(Retain at 1500 C for 15 min,

cool for 5 min)

18.4 50

Si/Yb,Si,0,”
[1315 “C,90%H,0-10%0,(g)]  (Retain at 1100 °C for 60 min)

[15]

Si/Yb,Si,07-polyester

Si/80%Mullite+20%BSAS/BSAS/
porous BSAs!®

Si/Yb,Si,07/LaMgAl;;00/YSZ!"!

LaMgAl;,0,9-20% (in mass fraction) 2.72
Ti; AIC,!"™ [1300 °C,90%H,0-10%0,(g)]

Si/Yb,Si,0,-BN?!!

Si/porous Yb,Si,05 Mass loss rate: 1.66%

Si/Yb,Si,07-20%CaF—polyester' !

Porpsity: 18.9+2.1;
Hardness: (553.9+£50.0)HV0.1
Porpsity: 30%
Hardness: (57.7+2.0)HR45Y
IDR (1100 C): 22.4%
Hardness: 80 HR15Y
Bonding strength: (5.47 + 0.85) MPa
COF (RT): 0.7
W: 5x107° mm®*/(N-m)
Porpsity: (32.17 £ 0.94)%
Hardness: (74.88 + 1.55) HR15Y
Porpsity: 2.62% + 0.46%
Hardness: (67.98 + 1.50) HR45Y;
COF (RT): 0.151 +0.020
IDR (RT): 6.15%

Porpsity: 23.3~35.5%
Hardness: (77.9~82.5) HR15Y
Bonding strength: 7.8~9.0 MPa

Porpsity: 39.2%; Hardness: 65.2 HR45Y
COF (RT): 0.25; COF (900 C): 0.05
W: (19.60 £ 0.86) x 102 mm*/(N-m)

IDR (RT): 5.10%
Bonding strength: (7.62 + 0.50) MPa

Si-5% 2000
Yb,03/Yb,Si,07/S¢,03-Y,03-ZrO,— Retain at (1250 + 50)°C for 2 s
CaF,—polyester!"”
Si—HfO,/Yb,SiOs—Yb,Si,07/YSH 123+£2.1 80 (no spalling) Porpsity: 27.5%;
(ESP) -BN@HfO,—polyester*”! [1300 C, 90%H,0-10%0x(g)] ~ Retain at 1300 °C for 15 min, COF (RT): 0.4; COF (1200 C): 0.2
cool for 5 min) W+ (9.940.3)x10"° mm*/(N-m)

IDR (RT): —18%; 1200 ‘C IDR: —67%

+20%BSAS/BSAS/%Z fL. BSAS &2, Wil Ei®
HE AR S 0625 B AN T ZIRE T B R . nT s
/IR AR R B 2 R R oo HARAR i A

(RICEE R 2 . I T K2 Huang 26 7EH5HE 2 HA
HKUCHD i) 85, $2H Si/Yb,Si,0-/LaMgAl;0,0/YSZ %
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 With the decrease in porosity and the increase in h-BN content, the core-shell structure effectively ameliorates interfacial compatibility and
I thus remarkably enhances the abradability of the coating.
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Fig. 4 Regulation strategy of abradable/environment barrier sealing coating lubricant coating structure
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Bottleneck problem: ; Solutions:

" A trade-off exists between the
| abradability and thermal shock
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Fig. 5 Regulation strategy of abradable/environment barrier sealing coating pore structure’
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Extended Abstract

With the continuous improvement of aero-engine thrust-to-weight ratio and turbine inlet temperature, the performance
limitations of conventional superalloys become increasingly prominent. SiC¢/SiC ceramic matrix composites (CMCs) can be core
candidate materials for hot-section components due to their excellent high-temperature mechanical properties and low density. As a
key technology to realize the engineering application of CMCs, compatible abradable/environmental barrier coatings (A/EBCs) that
can simultaneously achieve gas path sealing, high-temperature protection and abradable performance become a research focus in the
field of advanced aero-engine sealing technology. This review represents the research progress of such coatings from three
dimensions, i.e., material design, microstructural regulation, and performance evaluation, while analyzing key technical challenges
and development trends. In terms of material system design, conventional yttria-stabilized zirconia (YSZ) abradable coatings suffer
from thermal expansion mismatch with SiC¢/SiC CMCs, which are prone to failure, while conventional solid lubricants undergo
oxidative degradation at > 1200 °C. It is urgent to develop new matrix materials with a high thermal stability, a water vapor-oxygen
corrosion resistance and a thermal expansion compatibility. Multi-layer structure is the main design to realize functional synergy, and
the interface matching and thermal expansion adaptability between layers are a key to the service durability. The introduction of
negative thermal expansion materials provides an idea to solve the mismatch problem. In addition, the construction of material system
matching for multi-layer coatings and the compatibility analysis of interlayer interfaces/multiphase interfaces also become important
aspects in the design of abradable/environmental barrier coating systems.

In the aspect of microstructural regulation, improving porosity is a main way to obtain excellent abradability, but there is a
prominent contradiction among abradability, erosion resistance, corrosion resistance and thermal stability. Excessive or uneven
porosity, as well as high-temperature sintering and closure, will lead to the performance degradation and early failure. The core
challenge is to realize the precise regulation of multi-scale pore structure and the multi-performance synergy balance. In terms of
performance evaluation, the existing test devices have high cost and poor universality, and it is difficult to simulate the real multi-field
coupling service environment. The lack of perfect preparation and evaluation standards restricts the engineering and standardized
development of CMC-compatible coatings. Finally, the development trends of A/EBCs are prospected, providing a reference for the
research and development of high-temperature sealing technology and coating system for advanced aero-engines.

Summary and prospects In summary, with the increasing service temperature of acro-engines, the abradable/environmental barrier
coatings (A/EBCs) that match SiC¢/SiC ceramic matrix composites (CMCs) become a key research direction. This review represents
the research progress of A/EBCs in material design, microstructural regulation and performance evaluation, and points out that the
current challenges mainly include thermal expansion mismatch between conventional coating materials and CMC substrate, poor
high-temperature stability of lubricants, difficult balance between multi-scale pore structure and multi-performance, and lack of
standardized evaluation systems and test standards suitable for multi-field coupling service environment. In the future, the research
and development of A/EBCs should focus on the multi-objective synergistic design of material composition, multi-scale
microstructure and performance evaluation system. It is necessary to strengthen the analysis of failure mechanism under
multi-physical field coupling environment, develop new high-temperature stable matrix and lubricant materials, realize the precise
regulation of multi-scale pore and interface structure, and establish a standardized preparation and performance evaluation system.
Through the breakthrough of the above key technologies, the comprehensive performance and service durability of A/EBCs will be
effectively improved, so as to promote the leapfrog development of high-temperature sealing technology and provide an important
support for the performance improvement of next-generation aero-engines.

Keywords abradable/environment barrier coating; composition design; structure regulation; performance evaluation



