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Table 1 Nominal compositions of N5 single crystal superalloy and NiCrAlY target

(mass fraction) %
M Ni Co Cr Ta Al % Re Mo Y
N5 N 7.5 7.0 6.5 6.2 5.0 3.0 1.5 —
NiCrAlY | 43t — 27 — 11 — — — 0.5
R2 MREEBERENFESH
Table 2 Preparation parameters of nano-cermet coatings
N, st / | O, ditdt / | TAERT /| e/ | 9/ | DURRAIE] / | DORRREE /
R ;
sccm sccm 10~ Pa A% A h i
NiCrAIYN 50 0 1.7~1.8 -100 200 1 180~200
50 10 1.8~2.0 -100 200 1 180~200
NiCrAIYNO
50 20 3.0~3.5 —-100 200 1 180~200
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Fig.2 XRD patterns of three as-deposited
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Fig.1 Surface morphology and cross-sectional morphology of three as-deposited coatings

(f) C (N+200) PIRHZ
HHITES

£ 1 Y,0, 1 Nio®™, B FN.O0JC
R/ b, A ) b e & B
/b PR XRD HELARS

341000 CEZIR K 6 h 1)
FESERIA MBI . A 3 (a)~
(c)3 Fhie R THIE S AT LIA
R IHAFAE R E 7Bk, 5
1R T B RE i R TR S AR, (HE
ME 3 (d)~ (£)3 Fike i ki
EIRT VB JRA DTS IR Z A e
K LI AR IR k2 )5 B I
AL RIZ NS B, Bk
J& R )2 PR Hh R 2 /N SR R B

(d) C (N) BAEHEIEH

(b) C (N+100) B A&
LA

(e) C (N+100)iE k75
A 2

BORL, H B IR R O & &
SR AR Y N RS TR RS
PG, I C (N+200 ) %2 H 3
TR P AR B BT IR 3 (f)
T Sk BT AR, H U A Ni-40.48Cr—
18.75A1-5.39N (404K, % ). K
4 Jy 3 FpiR 2B KA XRD it
AT S IR AR A A AR AR
L RETED VRS 8 Sy N3 T - W U
BESIRIZW) vy EMFEE R vy o
Cr HHUA B /05 1 19 B-NiAl AH (AT
PP+ 5, RAER 4 R i),
[F] s 7E 3 i J2 AT S PR3 v 34 46
MR EET AT AIN fiThfig, 23800
RS TR )2 T AT BE & A W AHAE 1000°C
T Ar fE BE R A T A O g AIN
7 —179.649 kJ/mol, CtN k1 —20.694
kJ/mol, Cr,N > —31.315 kJ/mol, NiO
#1-124.976 kJ/mol, Cr,0, 47 —803.042
kJ/mol, ALO, 4 —1270.513 kJ/mol.
HIEAE 1000 CiB kP RES A&
HEDIT RO o

Cr,N+Al—AIN+2Cr (1)
CrN+AIl—AIN+CrN+Cr (2)
2NiO+2Al—-Ni+AlL O, (3)
Cr,05+Al>Cr+ALO, (4)

fr DL, 7E AR kit B2 CrN
Cr,N HURL 23 5678 Sk AIN B0, B 1
o—Cr A, f# AIN & &340, P 7E &

(¢) C (N+200) iBkAs
ML

o
73

(f) C (N+200) Bk
iz

3 3IMBIGHRENRERRREELR

Fig.3 Surface and cross-sectional morphology of three annealed coatings
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Fig.5 Surface and cross-sectional morphology of three coatings after isothermal
oxidation at 1100 °C for 300 h
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Table 3 Chemical composition of oxide film peeling area (mass fraction) %
X35> 0] Al Cr Y Co
1# 41.96 39.99 12.23 3.89 1.21 0.72
2# 42.57 42.83 2.84 1.41 0.65
3# 49.47 45.02 2.85 1.44 1.21 —
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Table 4 Chemical composition of bright particles in oxide film (mass fraction) %
DX 35l Al 0] Y Ni Cr

1# 43.80 43.38 11.92 0.90 —

2# 40.48 39.03 18.43 1.33 0.73

3# 42.42 42.52 13.41 1.65 —
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Effect of Oxygen Doping on High-Temperature Oxidation
Resistance of NiCrAlYN Coatings

WANG Wei'?, WU Jiaojiao'”, SHEN Mingli’, ZHU Shenglong’
(1. University of Science and Technology of China, Shenyang 110016, China;
2. Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of
Sciences, Shenyang 110016, China)

[ABSTRACT] The effect of oxygen doping content on the oxidation resistance of NiCrAIYN nano-cermet coatings at
1100 °C was investigated. Three coatings with different oxygen doping were prepared by multi-arc ion plating with O, flow rates at 0, 10
scem, and 20 scem, respectively. After high-temperature at 1100°C for 300 h, 0—Al,0O, and NiALO, were formed on the surface of three
coatings. The thickness of the oxide scales was 8.78 pm, 7.9 pm, and 5.7 pm, respectively. The oxide scales of the coatings deposited
at 0 and 10 sccm showed significant delamination with the upper layer of NiALO, and the inner layer of 0—AlLO;, while this was not
observed on the coating deposited at 20 sccm. The increase of oxygen doping content in nano cermets could effectively inhibit the
formation of large particles of Y—Al oxide contaminant in the oxide scales and thus decrease the growth rate of the oxide scales. After
oxidation, the oxygen containing coatings degraded more slowly than that without oxygen doping, which is mainly attributed to the
beneficial effect of dispersed oxide particles in oxygen containing coatings on inhibiting the degradation of the coatings.
Keywords: Multi-arc ion plating; NiCrAIYN; NiCrAlYNO; Nano-cermet coatings; NiAl,O,
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Investigation on Improvement of Process Stability of Thermal Barrier
Coatings on Blades Prepared by Electron Beam Physical Vapour Deposition

TENG Xiaodan', PENG Hui*’, LI Liuhe"*, GUO Hongbo™*’, GONG Shengkai'*”
(1. Research Institute of Aero-Engine, Beihang University, Beijing 100191, China;
2. Research Institute for Frontier Science, Beihang University, Beijing 100191, China;
3. Key Laboratory of High-Temperature Structural Materials & Coatings Technology (Ministry of
Industry and Information Technology), Beijing 100191, China;
4. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
5. School of Materials Science and Engineering, Beihang University, Beijing 100191, China)

[ABSTRACT] Electron beam physical vapor deposition (EB-PVD) is widely used in fabricating thermal barrier coatings
(TBCs) onto aero-engine turbine blades. The process stability of EB-PVD determines the quality of TBCs and batch-to-
batch consistency. In this work, two technologies including automatic evaporation of ceramic targets and multi-degree-
of-freedom motion of blades were developed, in order to improve the EB-PVD coating performance. The results show
that the ceramic targets can be automatically evaporated, yielding an even and smooth top surface. Coatings are obtained
with a well-developed columnar structure. Two-layer coating system for ultra-high temperature applications can be
further realized by the two-crucible configuration, which allows the deposition of two different targets within one coating
process. The multi-degree-of-freedom motion enables the blades to rotate and tilt simultaneously, benefiting the tailoring
of microstructure and thickness distribution of parts with complex geometries. Burner rig tests conducted for coating
properties validation demonstrate that coatings deposited at the top surface of the platform exhibit excellent thermal cycling
life compared with that at the outer surface of the blades.

Keywords: Electron beam physical vapour deposition (EB-PVD); Thermal barrier coatings (TBCs); Process stability;

Microstructure; Thickness distribution; Burner rig tests
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