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ABSTRACT: Thermal barrier coatings (TBCs) have advantages of decreasing the surface temperature of aero-engine
blades, improving oxidation resistance of blades, prolonging blades service lifetimes, and reducing fuel consumption of
engines, which have been widely used for decades. A typical TBC system is composed of a metallic bond coat and a
ceramic top coat. The former is usually made of MCrAlY (M: Ni, Co or Ni+C) and PtAl, and the latter is made of Y,0;
partially stabilized ZrO, (YSZ). Metallic bond coats can be prepared by high velocity oxygen-fuel (HVOF) or atmospheric
plasma spraying (APS) methods. APS bond coats have rough surfaces and good adhesion to the ceramic top coat, but their
porosities are high and the cohesive force is relatively, while the HVOF ones have dense microstructure, excellent
oxidation resistance, good adhesion to the substrate, but the surface roughness is low and the adhesion to the ceramic top
coats is not high enough. Before, the preparation of ceramic top coats, the substrates with bond coats need vacuum heat
treatment, which could promote to formation a thermally grown oxide (TGO) layer on the bond coat leading to enhanced
oxidation resistance and interface bond strength. Usually, it is considered that the abnormal growth of the TGO layer is a
key factor causing TBCs failure.

In order to improve the bonding strength and thermal shock resistance of TBCs, we designed some new bond coat
microstructures, namely the sample with a double-layer structure consisting of APS bottom layer + HVOF upper layer (1#), the
sample prepared from sample 1# by vacuum heat treatment at 1 050 °C for 3 h (2#), the sample with the bonding layer prepared
by APS (3#), the sample with the bonding layer prepared by HVOF (4#), and the sample prepared from sample 4# by vacuum
heat treatment. YSZ ceramic top coats were prepared on the surfaces of samples 1#—5#, and the surface roughness, phase
composition, microstructure of the bonding layers were studied as well as their influence on bonding strength and thermal shock
performance of coating samples. Results reveal as-prepared bonding layers was composed of two phases, y/y'and B-NiAl. After
vacuum heat treatments, the content of B-phase increased, and the surface roughness of bond coats decreased to the lowest value
of 7.20 um. Among all the coating samples, the bonding strength of coating sample 1# with a double bonding layer was the
lowest, only 28.43 MPa. The bonding strength of coating sample 2# obtained from 1# by vacuum heat treatment was the highest,
reaching 39.42 MPa. The main reason was that the heat treatment promoted the diffusion between the two bonding layers and
thus improves the interface strength. Coating sample 2# exhibited the highest thermal shock resistance, and no obvious peeling
could be observed on the coating after 200 thermal shocks, while coating sample 3# showed the lowest thermal shock resistance.
The difference in thermal shock resistance performance of the coatings could be ascribed to the difference in the microstructure
of the bonding layers. It is considered that the design of double-layer structure combines the advantages of APS and HVOF bond
coats, which is beneficial to prolong thermal shock lifetime of TBCs significantly. One could believe that this work can provide
theoretical basis for optimizing microstructures of metallic bond coats and developing TBCs with long lifetimes.
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Tab.1 Fabrication methods of bonding coatings
for samples 1#-5#

Preparation method of
adhesive layer

1# HVOF+APS
2# HVOF+APS

Sample Heat treatment system

No heat treatment
Vacuum, 1 050 C,3 h

3# APS No heat treatment
4# HVOF No heat treatment
S5# HVOF Vacuum, 1 050 ‘C,3 h

*k2 HVOF H&EBISIZSH
Tab.2 Preparation parametersfor the bonding
coatings by HVOF

Parameters Value
Barrel length ( inch ) 8
Tet fuel Pressure ( psi) 113
Flow (scth) 7.0
o, Pressure ( psi) 131
Flow (scth) 1700
Type of powder gas Ar
Powder feeding rate/(g-min") 60
Spraying distance/mm 360
Spraying angle/(°) 90

Note: 1 psi=6.895 kPa, 1 scfh=28.3L/h, 1 inch=2.54 cm.

K3 APSHEEMAIZSH
Tab.3 Preparation parametersfor the bonding
coatings by APS

Parameters Value
Nozzle diameter/mm 6

Main gas ( Ar) Pressure/MPa 0.9

Flow/(L-min™") 75

Pressure/MPa 0.9
Secondary gas (H») Flow/(L-min") 3
Electric current/A 500
Voltage/V 85
Type of powder gas Ar
Powder feeding rate/(g-min") 30
Spraying distance/mm 130
Spraying angle/(°) 90

Ry AR EE TGN 15~45 um, APS AR AR E G
iR 45~96 pm., Wik 1Y 2R 2R 150~200 pm,
XUEGSS 2 S5 FE Y HVOF J2H1 APS J2 15 B 43 )
# 120~180 pm F1 40~70 pm,

1E Bk 1#—SHARR T H & YSZ &)=, 1530
FEAICA WW—S#IRZERE, R L2280 TR 4. B
BB YSZ ByRBURIEE N 11~64 pm, BEAEARA N
Metco Unicoat S35 FRIR RS, H)ZEE K 300~350 um,

K H X 527541 ( XRD, Panalytical X' Pert Pro
MPD ) %4 S AT AH 531 K 1] SAPHIR 550 H 3))
JEILALAT LEICA DMI5000M i1 4 AH i 4705
2 AR AU R A S A A A BT o SR SJ201 MR
JEE I RS A JE ) e T RELRE B, AU R 10
AL AR B, SRASZEAEE (Ra) 11
. RAHHMBE T B35 (SEM, ZEISS SUPER-55,
German ) X )2 FE M T RORZE 48T, R ES
SyMT TR R 2 LR

R4 APS HiE#I%E YSZHWEEIEZSH

Tab.4 Preparation parametersfor YSZ
ceramic coatings by APS

Parameters Value
Nozzle diameter/mm 6

Main gas ( Ar) Pressure/l\/I‘Paj1 1.0

Flow/(L-min™) 40
Secondary gas (H,) Pressure/M.Pz: 1.0

Flow/(L-min™") 17
Electric current/A 650
Voltage/V 80
Type of powder gas Ar
Powder feeding rate/(g-min™") 20
Spraying distance/mm 90
Spraying angle/(°) 90
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Fig.2 XRD patterns of CoNiCrAlY coatings
produced by APS and HVOF spraying

B 3k 1#. 2#. 4#F0 S#HAFER) XRD K%, Hds
44N SHAFER XRD E3E AT & 3, #AbHET S , HVOF
RS2 WA R kAR AL, 58R 2 vy Al B-NiAl
PR, AER Bk B 79 AH B4 AT S A AR A5 T AR e, AT
RE S IAL H AR 2 0 25 SRR BE R Besh, $ab g
JEEEEET N B M EIRT . IR 1 28R
XRD ] & B, PR h4E)2 AR vy FN B-NiAl
WIAR, {H 2#FE S A9 XRD #7828, H B AHAT S
IR, X EBEH T 1050 C B2 P J AT S35k,

. NG
°p
*
HVOF 1050 C 3hf | .
—h |
HVOF \

Intensity (a. u.)

HVOF+APS 1 050 Slﬂ .

HVOF+APS A

1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90
200(°)

B3 1#. 2#. 4#0 SHAFER XRD %
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Fig.4 Cross-sectional SEM images of samples 1# (a) and 2# (b)
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Fig.8 Images of coating samples 1#-5# before and after thermal shock tests
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Fig.9 Cross-sectional images of coating samples 1# (a, b) and 2# (¢, d) after 200 thermal shock tests
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Fig.10 Cross-sectional images of the coating sample 3# after 124 thermal shock tests
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Fig.11 Cross-sectional images of coating samples 4# (a, b) and 5# (c, d) after 200 thermal shock tests
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