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Fig.1  Progression and projection of temperature capabilities of 

the turbine engine materials
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Fig.2  Mean spreading velocity of the molten CMAS as 

a function of the temperature
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Fig.3  Viscosity of molten CMAS as a function of the 

temperature
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Fig.4  Schematic of the infiltration and attack of CMAS melts 

towards EB-PVD YSZ TBCs

[27]

 

 

���������2	CMAS 
�������


������������������
 !"#�

$%&'()*+,-
. /�0��1+234

5��3	YSZ�
 Y

2

O

3

)6 CMAS1+7 �89�

0:;<
 t′-ZrO

2

=>? m-ZrO

2

@!�*+ 3%~5%


ABCD�EF��45��4	$ CMAS6 YSZ


GHIJK�YSZLM)8N CMASOA��PQ)

RSTUV Y
 ZrO

2

WX�YZ[�\]
^_`a

Kbc�CMASd YSZ��
efghij�k)l

!��
mn���o)6 YSZ1+%pqrs` 

�������� CMAS �	
��� 

tu�CMAS
vwxyz{|}~��3���� 

�1	l!�~%���
Z�

[21,34]

��E���

�� CMAS ^�p
m���� CMAS OA���

�� CMASOA
����0 YSZ�����xy  ̀

Aygun �

[21]

�s8�M�A���������

8 YSZ+Al+Ti 
���Al 
�E��  CMAS ¡¢

^�
£¤@¥�"¦^�
£¤�§ Ti r¨Y©

ª����� CMAS £@!�«��¬~®
¯

CMAS��` 

�2	pqxy

[35-39]

��$%���°J±�²

�pq³y��«xy�´µ6 CMAS7 QYZ¶

·¸£��� CMAS¹º?��.»��` 

Mohan �

[35]

¼s½¾¿B��� Al

2

O

3

���À

ÁÂ^ÃnQYZ� CMAS xy��Al

2

O

3

6 CMAS

7 Q|}+ZÄOÅ
ÆÇÈ£����É CMAS

��`Song �

[36]

¼sÊËÌÍ$ YSZ ��°JLM

¿B�� Al
ÎÏ�ÐÁÑÒ%Ãn0 Al6 YSZ

���
 O 1+�Ó7 �YZ Al

2

O

3

��d CMAS

��Ô��Érs K̀rämer�

[37]

�s EB-PVDÕÖ�

�S Gd

2

Zr

2

O

7

���Ä×� Gd

2

Zr

2

O

7

6 CMAS YZ

Ø 6 µm 
 7  � � 7  � 
 | } Z � ¨

Gd

8

Ca

2

(SiO

4

)

6

O

2

�Ù�Ú Gd�Ca
 ZrO

2

�8A�7

 *mÛÜ���
���¡§Ý� CMAS
���

7 `Gao �

[38]

�s APS $ YSZ ��K¿B��

La

2

Ce

2

O

7

r¨Þß���`àá1â�$ 1250 ã�

La

2

Ce

2

O

7

�r¨äå�6 CMAS 7 +Z CeO

2

�

Ca

2

(La

x

Ce

1-x

)

8

(SiO

4

)

6

O

6-4x

^�£�~5�æ� CMAS


çº�è` 

YSZ+Al+Ti ��é Gd

2

Zr

2

O

7

��êë���

CMASOA�è%���
ìíîïî 5bì` 

�3	¯ CMAS ðñl�

[40-42]

��ÐÁòË%�

���ó^_ô$�~��°J�² CMASõö��

��O÷ CMAS$��°J
ðñ�/�øëùúû

¯O÷ CMAS?��.»�� 

Wang�

[40]

�s½üý$ YSZ ��°J¿B�þ

��N 10 µm 
 Pt ����Ä� CMAS $��°J


GH��Ä×� CMAS�~?��.»���^�

ïî 6bì` 

Darolia �

[41]

�s·�ªôû¯O÷ CMAS ��


 Pt	
���Ä YSZ��¯ CMASðñ�vw�

�`Naraparaju �

[32]

ÐÁòË���ó^_���S

�����
 YSZ ��`6�Ð EB-PVD YSZ

��£g���� YSZ���������A�?	


�����ß���
��EÇ`� CMASOA�

������.»���
����(��N���

��
�?��NO÷ CMAS
|}���?� § 

CMAS 

layer 

H�����

H����	
�	��

Cold shock 

delamination 

H	��

CMAS 

penetration 

zone 

Column crack 

Bond coat 

σ 

b 

1100  1150 1200  1250 1300  1350 1400  1450 1500 

T

max

/� 

4

3

2

1

0

η
/
�

1
0

3
 

P
a
·
s
 

∆
η

=
2

3
0

 

P
a
·
s
 

∆
η

=
3

2
2

5

 

P
a
·
s
 



� 10�                           ������	
�������� CMAS������                       �3649� 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  CMAS���� YSZ Gd

2

Zr

2

O

7

! YSZ+Al+Ti��" 

#$%&� 

Fig.5  Schematic diagrams of cross-sections of coatings before 

and after CMAS heat-treatment: (a) YSZ and (b) Gd

2

Zr

2

O

7

 

or YSZ+Al+Ti TBCs

[39]

 

 

������ CMAS ��	
�������

CMAS�������������
��� CMAS

 YSZ!"���#$%& 

Guo'

[42]

(	)*�'+,-./012345

�6789:�;<=� YSZ!"&>!"�?@A

�;<=BC 7DE&FC 7eG��HI� 3 µm�

J�K�L� AMBMC NEO
P8:J�QR9:

;�JS=T�KBC 7fDEO& 

Guo '

[42]

UV�W*T�� CMASKT�BN 1

DEO�)* PS-PVD
APSA EB-PVD YSZ!"N

X�YZ[\
<]BC 8DE& 

FCG��^5
_`abcd� 180e30 sb
 

 

 

 

 

 

 

 

 

� 6  CMAS' 1250 �() 4 h� Pt/YSZ��"#$*+,

Si-.$/0 

Fig.6  Cross-section image of YSZ coating with Pt film after 

CMAS heat-treatment at 1250 �  for 4 h (a) and the 

corresponding Si elemental mapping (b)
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Fig.7  Characterization of PS-PVD YSZ TBC surface after CMAS heat-treatment: SEM surface morphology of TBC after interaction with 

CMAS at 1250 � for 4 h (a), magnified micro-protuberances (b), and further enlarged nano-protuberances (c); TEM image of 

cross-sectional of PS-PVD YSZ TBC (d); TEM bright-field image of micro-protuberances marked from “A” “B” “C” (e), and 

enlarged nano-protuberances (f)
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Fig.8  Melting dynamic processes of CMAS onto substrates at 1250 °C
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Fig.9  Wettability and infiltration state of molten CMAS on various TBC surfaces: photographs of PS-PVD, APS and EB-PVD YSZ TBCs  

before (a) and after (b) CMAS heat treatment at 1250 � for 4 h; SEM images of cross-section of various TBCs after interaction 

with CMAS at 1250 � for 4 h (c) and enlarged regions of CMAS/TBC interfaces marked in Fig.9c (d), Si elemental EDS maps 

corresponding to the SEM images in Fig.9d (e)
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Fig.10  Illustration of liquid repellency on solid surface with 

micro-nano protuberances
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Research Status on Plasma Spray-Physical Vapor Deposited Thermal 

Barrier Coatings Against the Adhesion of Molten CMAS Deposits 

 

Zhang Baopeng, Yu Xinmin, Liu Wei, Huo Pengfei, Jin Xin 

(Aerospace Institute of Advanced Materials & Processing Technology, Beijing 100074, China) 

 

Abstract: Due to the increasing demand for higher operating temperatures in gas turbine engines, a reliability problem has emerged on 

thermal barrier coatings (TBCs) by the attack of calcium-magnesium-alumino-silicate (CMAS) deposits. These contaminants yield glassy 

melts adhering to the TBC surface at high temperatures, followed by infiltrating and interacting into/with TBC, which result in its severe 

degradation and premature failure. The adhesion of molten CMAS and the protection methods are hot and difficult points in the field of 

thermal barrier coatings. In this paper, the latest research results on CMAS adhesion, infiltration and corrosion resistance of plasma 

spray-physical vapor deposited TBCs were reviewed. The approaches for developing corrosion-resistant TBCs were proposed. 

Key words: plasma spray-physical vapor deposition; thermal barrier coatings; CMAS; YSZ; adhesion 
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