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Research progress in fabrication technologies and failure
mechanisms of environmental barrier coatings

WANG Longhui, LIU Rongjun, WANG Yanfei’

(Science and Technology on Advanced Ceramic Fibers and Composites Laboratory, College of Aerospace Science

and Engineering , National University of Defense Technology , Changsha 410073, China)

Abstract: With the development of aero-engine technology, the rising operating temperature makes the
service environment of environmental barrier coatings (EBCs) increasingly severe, imposing higher
demands on their comprehensive performance. EBCs have evolved from the first-generation mullite/YSZ
system to the fourth-generation thermal/environmental barrier coatings (T/EBCs) , among which rare-
earth silicates have become a research hotspot owing to their excellent high-temperature stability and
matched thermal expansion coefficient. This paper reviews typical EBCs preparation processes including
APS, EB-PVD and PS-PVD, analyses the influence of process parameters on coating quality, and
elaborates the typical failure mechanisms under water-vapor corrosion, CMAS attack and thermal cycling
stress. Future development of EBCs will focus on high-entropy materials, multi-scale structural design and
intelligent process optimization to further improve their service performance and lifetime.
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Table 1 Thermal expansion coefficients of different

EBCs materials!'* %"

Material CTE/(10°%C™) Melting point/C
SiC 4.5-5 2545

Mullite 5-6 1800
BASA(monoclinic)  4-5 1300
BSAS(hexagonal)  7-8 1300

Si 3.5-4.5 1400

YSZ 10.5 2715

Yb,Si,0, 4-6 1850

Yb,Si04 3.5-4.5,7-8,5.7-9.1 1950

RE,SIO- 6.94-8.84
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Fig.2 Schematic diagram of structure of rare earth silicate EBCs
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Table 2 Development process of EBCs™ %
Generation Top coating Intermediate layer Bond coat Surface Bond coat Method
temperature/°’C  temperature/°C

Gen 1 YSZ Mullite ~1200 1300 Plasma spray

Gen 2 BSAS Mullite or mullite + BSAS ~ Si 1300 1316 Plasma spray

Gen 3 RE,S1,0; or RE,SiO; Si ~1320 1316 Plasma spray , EB-

PVD,etc
Gen 4 TBCs EBCs Rare earth silicate or 21650 Plasma spray, EB-

nanocomposite ceramics

PVD,etc

tration, RMI) B #5053 T 20 WS e -BE e vk 45 BARFEME =Fh T2 APS .EB-PVD Hl PS-PVD #47
ORI g 2 A AN R e R, EEERS LR 3,

FR3 REIZHAITLE

Table 3 Comparison of coating process characteristics

Process Advantage Shortcoming

Scope of application

APS Smooth surface, high density; strong Cause substrate oxidation and deformation;
bonding to the matrix, high deposition high cost
efficiency; wide range of applications, easy
operation
EB-PVD  High purity, strong bonding to the matrix, High requirements for equipment and
good uniformity; low damage to the workpiece shape;low preparation efficiency

substrate ; high temperature stability

Environmental barrier coatings, thermal
barrier coatings, electrodes, metal coatings,

ceramic coatings, efc

Depositing metals, metal oxides, TiC, SiC,

nitride, C, efc

PS-PVD  High spraying efficiency, high bonding Poor  process  stability; high  energy Thermal barrier coatings, environmental

strength;excellent thermal shock resistance  consumption of equipment ; hard maintenance

barrier coatings, electrolytes, and high-

temperature oxidation-resistant coatings
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