16 % 441 Peomg g B oR Vol. 16, No. 4
2024 4 12 H Thermal Spray Technology Dec. 2024

doi: 10. 3969/j. issn. 1674-7127. 2024. 04. 005

Pt CMAS J& 14 B 1Y 52 i

FIIR, 3R FAE R EF

(b EHE T AFE AHEMBE AP R K. IE 100081)

FEE - BfE 28 Tl 028 & S LA 0 1 B B 70 ob4 ) 1 PE R B2 R H 25 7 A% . IR B R IR R 4 i KA
[B] & R B LT LA LR R A 45 = AR R R H 2 1 I K B ] CaO-MgO-Al, 0;-SiO, (CMAS)
JE& ol LM BE AT HE L R S B TR R oK . AR TAESRXF 1350 C il T CMAS [ F il FR 5% L AFF 58 AN [+
AL B XS Yb, Sip O7-Yb, SiO; Z AR U B OS54 S Bt CMAS Ji il M 58 1 52 0 L 2R3 1A [5) $Au ik 34 g
Kt E AR Z 50 CMAS JE il ae Jysgma g i, 25 5 0] $ab 30 7 by by 1 R AR A A AR TR PR AR
i U J2 P R BR AR IO ) B R ) T W AR g RN T AR T IR B IR a i G . T ) R IR
WA Caz Yhs (SI04)5 Oy 5 38 24 i [B] (9 $4 4 31 AT DL 85 &2 HH P & it CAMS JE ihaE 1 .

KW AR E s A B AR )R s CMAS JiE il

hESEE . TG174. 4 XEFRERL A NXEHS1674-7127(2024)04-0046-09

Effect of Heat Treatment on CMAS Corrosion Resistance of
Yb,Si,0;-Yb,SiOs Dual-Phase Coatings

WANG Shun, GUO Donghui, XU Baosheng

(1 Institute of Advanced Structure Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: With the continuous development of aviation industry, the performance requirements of hot end
components and protective materials of aero-engine are increasingly strict. The environmental barrier coating
has undergone long-term development and has formed the third-generation environmental barrier coating
based on rare earth silicates, but its performance is still difficult to meet the actual engineering application
requirements in the long-term CMAS corrosion environment. This paper studied the influence of different
heat treatment times on the microstructures and anti-CMAS corrosion properties of the Yb, Si, O;-Yb, SiO;
composite coating at 1 350 °C, and analyzed the reasons for the influence of different heat treatment times
on the anti-CMAS corrosion ability of the composite coating. The results show that during the heat
treatment process, the volume expansion caused by the phase transformation leads the residual stress in
the coating to change from tensile stress to compressive stress, which is beneficial to the healing of cracks
in the coating. The corrosion product is mainly the needle-shaped apatite phase Ca, Ybs (SiO, )s O,, and
appropriate heat treatment can improve the anti-CMAS corrosion ability of the composite ceramic.
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Table 1 Parameters related to coating spraying process

APS layer Current (A) Power (kW) Primary Ar/(slpm) Secondary Hs/(slpm) Spray distance/mm Feeding rate/(g * min—!)
Si 420 40 40 10 120 15
Yb;Si; O7-Yb; SiOs 420 44 38 12 120 20
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Fig. 1 Characterization of Yb,Si, 0;-Yb,SiOs feedstock: (a-b) SEM image of Yb,Si, 0;-Yb,SiOs feedstock,

(c) cross-sectional SEM image of Yb,Si, O;-Yb,SiO;s feedstock, (d) particle size distribution of
Yb, Si, O,-Yb, SiO; feedstock
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Fig. 3 (a) the image of the cross section of Yb,Si, O;-Yb,SiOs composite coating, (b) the magnified image of region A,

(c) the magnified image of region B, (d) the magnified image of region C
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Fig. 4 Microstructural morphology diagrams of Yb,Si, O;-Yb,SiOs composite coating with different heat treatment times:
(a) before heat treatment, (b) 2 hours of heat treatment, (¢) 10 hours of heat treatment,

(d) 25 hours of heat treatment, (e) 50 hours of heat treatment
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Fig. 5 (a) XRD spectra of the Yb,Si, O,-Yb,SiO; dual-phase coating before and after heat treatment, (b) local magnification

of 25~35°,(c) semi-quantitative results of XRD phase analysis, (d) Raman spectra of the coating cross-section

2.3 MLEXNEHRREH CMAS HEHF N

6 JE7n T CMAS J& il Ff i ZE AR AT KT 19
JEMIE A WAL AR 3 AT DL & B . CMAS 7 45 il
Ja B A IR AS o AN ML R R A B
CMAS JEh 2 BAHRE, X —BE s ar LA
T WA~ 322 2 1 5t CMAS B oK 78 65 filt e 161

] T ) v 2 bl DO R AR Lk S XY
CMAS ¥ Ji AH X35 o 3% P A4S 3R 3k ) 4 5 80
J2 TS O S ok R R T Ry

T A4 T CMAS JE )5 1% 2 198 51 LA
KT & IR T4 H . fE CMAS I5 3 X 5
T2 1 28 B4 BRI X ol 08 235 44 o, AT L R



.52 o ik A

%16 &

RVELIR =W 08 1. 38 3 R 43 AT, & B CMAS
W R AEE AL G 1 S 1 A OF 3 A CMAS . 1E
X — i B, A CMAS 1 LIk 8k “w 507, i
Yb-Si-O ¥ 2 B WAH Y F U3 B, Y03 Nk
it B U 2 40 18 AR RIOIR S B, R 7R 0 B A
CMAS I ir 35108 T W88 20 EHIR ™= 4
% 3 K 7 OR[N S ) EDS JG % 43 45 1 R 4
L £ 4 85 050 BT 25 F AT LLF R i X8R oK
B b, Si, O;-Yb, SIO; 5 AH R J2 X35 A 48 17
6 1970 2 41 AT LA E % X 3 CMAS; 76 v
#3MICE P Mg Al AL & B AL, H Yb 5 Ca
H Yb:Ca=3.97,5 Ca, Yhs (SiO, )5 O, B HIS L 1H
4 BT, RS ST O JG 2 B4R B, T DAL
A CAMS 78 A7 il () 2 A8 ey i 789 (% 7= g 9 Ik
FAY Ca, Ybg (SI0,),0,2

5 mm

B 6 CMAS /g M mikE T B E M5 E
Fig. 6 Corrosion morphology of CMAS corrosion

samples at low magnification

B7 CMASBHERERRRARMNETLE
Fig. 7 Analysis of the morphology and elements at different

positions of the coating after CMAS corrosion

J T BRAMEIE B AL BE X Y, Si, O-Yb, SiO; &
AR Z YT CMAS JEHhEE 7 52 m, AR TAEFF R T
] 2540 T ) CAMS JB§ ot 52 58, 5256 43 Sy 7 A B B¢
B X Yhb, Si, O;-Yb, SiO; & A1 1% J2 7547 A 7] i 1]
) FA b B 5 SR J5 X6 A BT IS A U U2 R AT AS [ (]
CMAS JE 28, &l 8 J& kb B[R] S AN 5] CMAS
J b st ] b, Si, O;-Yb, SiO; & 4 ¥ J2 3OW IE 51 L
K Ca JCRUTIRIZIEE 7 m e £ 40 4i » f1 F Ca ot
ZAEJE = W Ca, Yhs (SiO,); O, 5§ CAMS L) K&
Yb, Si, O;-Yb, SiO; £7 75 8 R B 5 14 5 B s B 1 AT DA
i3 Ca J0 2 1 dk 40 W7 ol ™= W ) AR LR B L S8
Ik J ™= gy 1 JEE R T E) T Y b, Sty O -Yb, SiO; TR
JZ WAL g T .

%3 CMASEMEAREMEAH EDS TEST

Table 3 EDS element distribution at different sites after CMAS corrosion /at%
Yb Si ¢} Ca Mg Al A2 (R T D
3 23.79 19. 28 50. 13 6. 00 0. 81 0. 00 Cay Ybg (Si04)50;
4 30. 06 17. 54 51.93 0.05 0.43 0. 00 Yb,SiOs
5 23. 10 24.00 52. 81 0.08 0.01 0. 00 Yb; Si; O
6 3. 50 22.91 53.33 11.02 3. 88 5. 36 33Ca0-9MgO-13A10;. 5-45Si0,

W T oy A 0 R AT SR S5 R R 9 FOR
ShG 15 8 AT LR B A A [F) FAAL AR T T ol
Wi 3 ok s () P 0 S IR A R 3 ik R R T A ™
Ca, Yhs (SiO,) O, % CAMS [ BB 17— E R ik
B TRHEAE . AHE] CMAS J& it 4 1 F . R #uib 23
o it 5 o 5 oA 77 L [ A AR A T S () 398 0 2 ok R
B2 BRAEIN T B R e, Bk B S A AR A
b FRTTRE B ek BE 4 0 SRR P e — T R R T
TR ZOWES T ) BUE IR R M B A 98 T CMAS |1y

B ; 3 — 7 R 2 WA B s TR JE AR AR A
2 AR AL 38R T Y JTE ) CMAS I A 7 1k
BUMERE . TRIZBESE PAE BRI E] B8 5T CMAS JE i fig
1 B e AR 4 D DR RT R A% 2 DA A B A% 10 T A G
W Ak BRI (19 0 0% )2 DAY Y A L g B 2 e
il CMAS JE il A By s 22 51 6 IR JZ= N R R AR I 7 )
U2 AR AN T B R S E0R 2 O S A
BRI T CMAS B BESR L e 2 B AL BRI
Al Yb, Si; O, Yb, SO, AU Z BIPUR MhaE 11 .



AL BEXT Yb, Sty O7-Yb, SiO; AU )Z 5T CMAS Ji i 1 BE ) 2 11

¢ 53

P ]
=)
= =

N
W
=

50 h

EDS(Ca)

Py

CMASJE i ]

B 8 A[E#AIER EF1 CMAS M F 18T Yb,Si,0,-Yb,SiOs £ 184 E BSE El X EDS & if
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