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ABSTRACT: The paper aims to prepare gadolinium zirconate thermal barrier coatings (TBCs) with perfect columnar structure
and excellent mechanical properties by plasma spraying-physical vapor deposition (PS-PVD). Using nano agglomerated 8YSZ,
GdyZr,07(GZO) and (GdgoeYbg)2Z1,07(GYbZ) powders as raw materials, GZO single ceramic layer (SCL), GZO/YSZ double
ceramic layer (DCL) and GYbZ/YSZ DCL were prepared respectively on Ni-based superalloys by PS-PVD. The phase
composition and microstructure of TBCs were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM)
and energy dispersive spectroscopy (EDS). The mechanical properties of TBCs were tested by nano indentation tester and the
bonding strength was tested by electronic universal testing machine. The results indicated that both GZO coating and GYbZ
coating were defective fluorite phase and presented typical featherlike columnar structure, besides, there were many unmelted
particles in the column crystal gap due to the liquid deposition. In the DCL system, the growth of GZO layer was along the
growth direction of YSZ layer, but there was an obvious interface in element distribution between the two layers. For the
thermal expansion mismatch between the GZO coating and bonding coating as well as the low fracture toughness of GZO
materials, the GZO SCL peeled off in the preparation process. The GZO-DCL had no spalling but there were many microcracks
inside, which indicated that YSZ coating could alleviate the thermal expansion mismatch between the GZO layer and bonding
coating. Furthermore, no crack was found in Yb doped GZO (GYbZ)coating, because toughness of the GZO coating could be
improved by doping Yb into GZO material. Besides, compared with GZO coating, Yb doped GZO(GYbZ)coating showed
higher hardness (5.4 GPa), higher Young’s modulus (111.6 GPa), and higher tensile strength (41.3 MPa). In the tensile test, the
fracture occurred in the GYbZ layer, indicating that the poor fracture toughness of GYbZ material is still the main reason for
coating failure.

KEY WORDS: thermal barrier coatings (TBCs); double ceramic layer system; gadolinium zirconate; plasma spray-physical
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Tab.1 Spraying parameters of PS-PVD

Powders Power Current AIT . He., . Feed Fa}f: Carrier gas 1(Ar) Stand-off distance
kW /A /(L-min™") /(L-min™) /(g'min”") /(L-min™") /mm
7YSZ 128 2600 35 60 2x5 20 1000
GZO 132 2600 35 60 5 7.5 1000
GYbZ 130 2600 35 60 5 7.5 1000
x2 BAMASH
Tab.2 Parameters of the spraying powders

Powders Composition/wt.% Particle size/pm Manufacturer

NiCrAlY 22Cr, 10Al, 1.0Y, rest Ni 15~45 Metco Amdry 9624

7YSZ 87Zr, 5.18Y, 1.35Hf{, Fe, Al, etc 5~22 Metco M6700

GZO — 10~50 —

GYbZ — 10~50 —

¢ GYbZ#ARKFHA

b GZOBVRIILS

d GYbZEKEﬂ“Z%ﬂ

Bl 1 GZO Fl GYbZ Wi by A I OIE 3
Fig.1 Micrographs of the GZO and GYbZ spraying powders: a) surface morphology of GZO powders; b) sectional morphology of
GZO powders; c) surface morphology of GYbZ powders; d) sectional morphology of GYbZ powders
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Fig.2 Particle size distributions of the GZO and GYbZ spraying powders: a) GZO powders; b) GYbZ powders
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Fig.3 Micrographs of SCL GZO coatings: a) surface morphology with low magnification; b) surface morphology with high

magnification; c) sectional morphology with low magnification (unpolished); d) sectional morphology with high magnification
(unpolished); e) sectional morphology with low magnification (polished); f) sectional morphology with high magnification (polished)
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Fig.4 XRD patterns of the spraying powders and as-sprayed
coatings
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Fig.5 Micrographs and EDS scanning of GZO/YSZ coatings: a) sectional morphology; b) element distribution
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Fig.6 Micrographs and EDS scanning of GYbZ/YSZ coatings: a) sectional morphology; b) element distribution
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Fig.7 Load-depth curves of the coatings

6 120

= Hardness
B Young’s modulus

W
[
(=3
(=]

Hardness/GPa

N w N

PO —

(=] (=) (=)
Young’s modulus/GPa

—
1

[\

(=}

GYbZ GZO

K8 IRIZHEE S5 R

Fig.8 Hardness and Young’s modulus of the coatings

22.4 BRELABENK

El 9a MIREHAMEE SR, FES A R
I e 55 X R AR % 4, 76 7 RE R AR g L g
EIEARE, Kb, GZO BREM T4 mIE N
12.6 MPa, 1fi GYbZ IR 2 - 3 45 & 58 FE 3k 3|
41.3 MPa, XFH7rWieefh sk m g T gs , IR R 2
f T LY K AR AETRNZ GZO (GYbZ) % )2, Kl
9b fizm. XULEA, —J5m, BERRELLRE W B
b YSZ 2, Z8iAetE GZO RIEHHi A ik &, i
it B, GZO WRIZIY A ) fl S S ir A 1y 284
A B, RRFMARRZMEAE; 5 —Jhm,
Yb &7 RE R4 R R 2 B Ik R, b GzZo 2
55 & IR ARG 45 2 P K AS DT e 1 B i) 24 80 A, RE SR
AR ELM R T, A IRTHAEEE AR



550 % 45 10 )

W% . PS-PVD il &85 TR EL A 1 )2 S PR RRIF 5T - 299 -

Couples

Couples

"

a PIPREREA
R A L AP S Gy
Fig.9 Schematic diagram of tensile test of the coatings: a)

schematic diagram of tensile sample; b) sectional morphology
of coatings after tensile test
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