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Fig. 1

The surface morphology of the blade

(a) leaf pots, stoma holes and shedding pits; (b) leaf backs and stoma holes; (c) leaf tips

T 3 B R AR T 1) GRS i, DAY T
B TR, 2R B PE AO JS BE  TR R SR TR AR
—JRE N 6~17 pm SR B, TR JZE A
Yy)z \EBPVD B % )22 (A IR 20 20) FORS 45 )2 41

ZRETE T 2 W )2 & Ca, Mg, ALFI S, H I AT
N, R RERINZE SY N CMAS. BESZES
AL A 2.



CERGE S

X e, 45 AR I A I EB— PVD JA R IR 2 R L 21

20 pm

2 W R TR 4 AT 4 21
Fig.2 Metallographic of blade cross section
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Fig. 3 The micro-morphology of the surface of the blade inlet edge
(a) surface morphology of the CMAS layer; (b) the top of the TBCs column is exposed after the CMAS falls off; (¢) CMAS
covers the depression formed by the hole of the TBCs again; (d) overview of the holes existing on the surface of the CMAS; (e)

wipe on the side of the hole marks; (f) scratches on both sides of the hole
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Fig.4 Fracture morphology of the TBCs column on one side of the massive shedding pit
(a) thick CMAS covering at the top of the TBCs column far from the shedding pit; (b) topography of the fractured TBCs
column; (¢) thin CMAS covering and intra-column cracks at the top of the TBCs column near the shedding pit; (d) TBCs the

fracture position and distribution of the column into pieces
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Fig.5 The topography of the shedding pit and the inner surface and side of the pit

(a) magnification topography of the surface of the shedding pit (on the side of the substrate) ; (b) magnification topography of the surface
of the shedding pit (side of the tip) ; (c) magnification of the side of the shedding pit (side of the tip) topography; (d) magnification
topography of the bottom of the shedding pit surface (on the side of the substrate) (residual granular ceramic layer) ; (e) magnification

topography of the bottom of the shedding pit on the tip side; () side of the shedding pit (but Leaf tip side) high magnification topography
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Fig. 6 Characteristic pattern around the air film hole

(a) the thickening around the air film hole and the "come tail" pattern along the airflow direction; (b) the thickening around the air

film hole and the wavy pattern along the airflow direction; (c) the thickening layer around the air film hole shedding; (d) shedding

of the thickened layer around the gas film hole
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Fig.7 The TBCs column burned off after falling off in the air film hole and the mechanical scratches around the hole

(a) map of the TBCs column in the gas film hole; (b) low magnification topography of the TBCs column; (c) scattered round
particles around the base of the TBCs column; (d) mechanical scratches on the left side of the gas film hole ; (e) mechanical

scratches on the upper side of the gas film hole; (f) mechanical scratches on the right side of the gas film hole
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Fig. 8 Morphology of CMAS around the air film hole on the back of the leaf
(a) CMAS annular accumulation and coma-like pattern accumulation around the air film hole; (b) the annular pattern left after the
CMAS fell off around the air film hole; (¢) the striped pattern left after the CMAS fell off; (d) stripe pattern left after CMAS fell
off; (e) fatigue streak left after CMAS fell off



CERGE S

gk, 5 AR BE IR A M EB— PV D #2230 25

AL BRF 3T 1) I R 3 T M B 97 ME A0, BRI .
(1) At CMAS 338 B 4 5] i X ds A< i b [# 4L,
NAE PR PR, X & P TBCS MBS

M5l CMAS 7] DL o & 40 15 s A T a7+
B L A, an 2R s A2 R R R LR, CMAS
RHIFEE A, 5808 5 X UYWL 0 AR T L [
AB S (2) 5 JRE ) o A o AR SR T Ak X 3R P S ok 24
TE 52 AN FEAE AR N AR R A4 e L BT 0 95 MESL, i
W R IR AR v 1 A S 5 AR I R R R AR Y AL AR
;77 A0 i AV TR A A 8 #RNE g A9 5 R S0l ML AR
F7 BGRB8 (3) R AL B B A B
CMAS [E A 58 WIS, B # i 19 9% 55 2517 5 (4)
e B SR FL AL B TBCs N B A CAMS 3 % (H %
KRR T E AL, CMAS 3185 A 18 T [ 4k
B H S, BT TBCs 2R ; (5) K BEALE F CMAS

W 7% S BORF VK  WAESE CMAS [ AL A8 B i AR fL
VY Ji] ] A S i Dk 1Y
2.4.2  KHRH R Y E L TE
[ 9 Sk i35 1R 2 i AR FL ) LA ) R I JEE
BIESE . MWE 9 WL 58— = HER AL R A A —
FRIEA L L T8 HE AL 0 I A ) B e JEE 42
5%5%@&%28mn $& 29 100 pm , i ¥ iz sh
T AT LA ) B R 5 RN T BCs A BT 22 4R il R &
WAL T BT sh L aE i 2k o r 2k b Y
W FLIA 3 &2, 0 B 2 1k Ah A TR R R R 4 &2 5 R 1R
JEE {5 915 b R R 5[] I RS 5 B R A AL, R AL
T FE TBCS H: N W EE ] & 21, 2% 82 19 TBCS A 3 1fif
S ORI R 2 T B 2R AR R G 2 sk T AR
P, oA Ao A B ) S A R R 3 T P B T
JZ2 CMAS f5 Rl ) .

B9 I i 3 T L) A 4 5
() B T JEE 45 0L T % LT A0 1 5 (o) R TS B 4 U 226 11 17 508 — U AL 5 (o) B T BE 52 LT T A A b 5 () B TS B 4 LI T 25 1
b s Ce) Bl b AR MBI 5 () LR N Y SZH: 2 1 A9 BCIRIBURL R 2R84 20 7 24 3 T RLEE Y CMLAS B35 )2

Fig. 9 Topography of rolling friction of hard objects around the air film holes on the air inlet edge of the blade back

(a) macro topography of the rolling friction track; (b) the rolling friction track ends at the second row of a gas film hole; (¢) the

rolling friction track is near the beginning; (d) the rolling friction track is near the end ;

(e) cracks and furrows on the track; (f)

spherical particles on the surface of the YSZ column inside the hole, cracks on the column, transgranular fracture surface and thin

CMAS overlay
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Fig. 10  Surface topography of air film pores at the end of hard material
(a) surface topography around the air film hole; (b) the detached CMAS outside the air film hole; (c) the exfoliated CMAS out-
side the air film hole; (d) the rolled area of the air film hole
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Failure Mechanism of EB-PVD Thermal Barrier Coating on
Turbine Blades in Service Environment

DENG Canguang, ZHANG Xiaofeng”, DENG Chunming, MAO Jie, KUANG Min’
(The Key Lab of Guangdong for Modern Surface Engineering Technology, National Engineering Laboratory for
Modern Materials Surface Engineering Technology, Institute of New Materials, Guangdong Academy of Sciences,
Guangzhou 510650, China)

Abstract: Using field emission scanning electron microscope, energy dispersive spectrometer and
metallographic microscope and other test methods, the residual condition of the surface coating of the high-
temperature turbine blade of the retired engine was examined in detail. , the EB-PVD coating on various
parts of the surface is subjected to different degrees of CMAS attack, hard material impact, and thermal
stress impact, resulting in the coexistence of multiple damages on the surface of retired blades. Through
analysis of these damage phenomena, the failure mode and failure mechanism of each part of the blade under
the service environment are clarified. The research results show that the blade edge is the most severely
attacked by CMAS, and it is also the most densely impacted by hard points, so there is a large area of
coating peeling; Under the combined action of alternating thermal stress and mechanical stress, it falls off
regularly; there are hard substances on the surface of the air film hole around the leaf edge (whether it is the
back of the leaf or the leaf basin), and the CMAS is compacted by rolling across the surface of the blade
and compacting the CMAS. This causes the phenomenon of surface TBCs falling off. At the same time,
flying TBCs pillars and CMAS blocks are found in the air film holes, reminding us from the side that the
hard substances that cause substantial damage to the blade surface may be fallen TBCs pillars or solidified
CMAS piece.

Key words:engine turbine blades; CMAS corrosion;erosion; EB-PVD coating; columnar structure



