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Three-dimensional Microstructure of Thermal Spray Abradable Coatings

TANG Zhihui'*?, GUO Menggiu**, ZHOU Zimin*’, GAO Junguo®, WANG Changliang*”
(1. School of Material Science and Engineering, Beihang University, Beijing 100083, China; 2. Beijing Institute of Aeronaut-
ical Materials Aero Engine Corporation of China, Beijing 100095, China; 3. Key Laboratory of Advanced Corrosion and Pro-
tection for Aviation Materials, Aero Engine Corporation of China, Beijing 100095, China)

Abstract: The abradable coating including NiCoCrAlYTa bond coating and Dy2O3 stablished ZrO2 ceramic top coating was
deposited on the superalloy by high velocity oxygen fuel (HVOF) and air plasma spray (APS) respectively. The three-
dimensional microstructure of the coating was characterized by X-ray microscopy (XRM), and the evolution of pore, interface
and crack of the coating were also studied by XRM and SEM. The results show that the Ta-rich phase in the bond coating
dissolves gradually oxidated at 1100 °C and diffuses to the grain boundaries with increasing oxidation time. The Ta phase
totally dissolves after oxidation at 1100 °C for 60 h. Double-layer thermally grown oxides are formed between the interface of
bond/top coating, and the dual oxide layers is consisted of compact alumina inner layer and mixed oxides outer layer. The
mechanism of coating spalling is mainly caused by the crack defects, which preferres to propagate along the interfaces and
through the pores first at high temperature.

Keywords: thermal spray coating; three-dimensional microstructure; X-Ray microscope (XRM); porosity; interface oxide;

crack propagation
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SO TR T AT, E LU 35 TR 2 = 4 T )
M aiRAE R, TRJZ A48 R 5 ) B SO BB 5
TR EVERE RV A ELAE AR OG . SO R A TR
245 DySZ FTEEFEVRZ, R X T4k ik
BEXTUR 2 OWSE F 1T = 4 3RAE, JF4s G
FLBEXTZE 1100 °C Sis TR JZFLBR, i
HEE AR AT, ] BERELRE ST T 4R
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1 i I8
1.1 #R5IRH

IR S 6 mmx1 mmx1.5 mm, JEARHE
YEH] DD6 w4, HAEsr 3k 1, Af
PEFEIRIZRBUZRZR, 464 @ AL 245 )2 Fin 5 FE
)2 & E K252 FIv] BERETZ B WHR K K 53 31
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Table I Nominal chemical compositions of DD6 alloy (w/ %)
Element Cr Co Mo w Ta Re Nb Al Hf C Ni
Content 43 9 2 8 7.5 2 0.5 5.6 0.1 0.006 Bal.

®2 BBRBREKXED

Table 2 General information of spray powders

Products Particle size/pm Manufacture Chemical composition, w/%
Ni Co Cr Al Ta Y
Amdry 997 —38+5 Gas atomized
Bal. 20-26  18-23 611 2-6 0.3-0.9
V4(0%3 Dy203 Polymer A-BN Impurities
Durabrade 2192 176411 Agglomerated, plasma Y. y p

densified (HOSP) & blended

Bal. 9.5 4.5 0.7 <0.1
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(a) Amdry 997

(b) Durabrade 2192

1 BERKR BRUES
Fig.l Microstructures of spray powders
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B3,

*3 REHEIZSH

Table 3 Process parameters of coating preparation

Parameters Bond coating  Top coating

Process HVOF APS
Thickness / mm ~0.15 ~0.7
0> flow rate / (L-min™") 600

Ar flow rate / (L-min™") 50
H> flow rate / (L-min™") 3
Kerosene flow rate / h 12

Eﬁr;f;flg)as flow rate / 7 24
Current / A 400
Powder feed rate / (g'min") 30 50
Spray distance / mm 275 150
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Fig.2 Schematic diagram of X-ray microscope
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Table 4 Scanning parameters of X-ray microscope

Scanning type Parameter-1 Paremeter-2

FOV /mm 44 1.2

Pixel size / pm 4.34 1.27
Projections 1601 1601
Binning 2 2
Exposure time / s 10 25
Power setting 160 kV /10 W 160 kV /10 W
Filter HE3 HE3
Total time / h 5 12
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Fig.3 3D microstructure of abradable coating by XRM
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Fig.4 2D microstructure of abradable coating
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Fig.5 Distribution of Ta rich phase in bond coating (As sprayed)
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(a) 2D microstructure by XRM

(b) 2D microstructure by SEM
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Fig.6 Statistics of Ta rich phase in bond coating
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Fig.7 Microstructure of the cross section in abradable top coating
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Fig.8 Distribution of pores and cracks in top coating (As sprayed)

T ABERIRIZNS, BEARGRES R, A
e il £ A P AK R BOR T i 2 B B R A RE, N
TREANTR 2 AL 7 S 20U RS

A3
T 36xax V2

Hidr. SAV (Shape AV3d) WIEIRAF, S4V
N1 RIREFE N ERIR s 4 (Area3d) MR AER M
sV (Volume3d) HFAEIAF

OB VRPN IR BB IR A A SR Y B 2 4
b, TERTIRS R RS B TR REEN R,
WU AR TG PR O , I 2 B SR T RS e
K, ik v4 8, 77 SR EER
FLBRZ AP EB GRG0 D, A T B TR
JZRE B A, B LR R I R e
ARG URIZ 0, &AE WA it 2 it A
ey F2RZHE, HIAXAMEER, fLK
FNCYRATRERAR . E LB IAR KSR
HEBMGITEE R 9, A LLE U Dy
SZ AI AT E LB RGEZ924 11 pm, 90 %
DL BFLIBER SN T 20 pm, SRAA TSI
TRILBRRA N 3%, — T, RIZNCYEUE LI
s DA s A R o A= o B S L Sl = Wi 9B P U
[ IR Z R s 55— 5, BNl BFElR 2

SAV (D

Mean: 11.4 um
: Diog): 20 pm

> 0.25 Lo .
I Volume fraction in top coating: 3%
g

53

2

=

0 10 20 30 40 50 60 70 80 90 100
Length / um
9 TEALBI AR

Fig.9 Statistics of pores in top coating
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