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ABSTRACT: The work aims to explore the effect of different thicknesses of bonding layer and ceramic layer on the bonding
strength of 8YSZ thermal barrier coating by designing the structures of bonding layer and ceramic layer. With NiCoCrAlY
heat-resistant alloy powder as the metal bonding layer raw material, and nano-agglomerated 8YSZ powder as the ceramic layer

raw material, six kinds of double-layer structural coatings with NiCoCrAlY bonding layer thickness of 150 pm and 225 pm, and
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8YSZ ceramic layer thickness of 200 pum, 400 pm and 600 um were prepared on the surface of the Ti-6Al-4V alloy substrate by
atmospheric plasma spraying technology. Before the experiments, the Taguchi method was used to find out the optimum process
parameters for the coating of the metal bonding layer and the ceramic layer after several experiments. The phase composition,
microstructure and chemical composition of sprayed powders and coatings were characterized by X-ray diffractometer (XRD),
scanning electron microscope (SEM) and X-ray fluorescence analyzer (XRF). The bonding strength of six coatings with
different thicknesses was measured and evaluated with a universal material testing machine. The 8YSZ ceramic powders with
different thickness mainly transformed from the monoclinic phase (M) to the tetragonal phase (T) during the spraying process.
The chemical composition of the NiCoCrAlY alloy powders and 8YSZ ceramic powders hardly changed before and after
spraying process basically. It indicated that the ceramic powder was melted well during the spraying process. Meanwhile, the
chemical composition of NiCoCrAlY alloy powder and 8YSZ ceramic powder remained basically unchanged before and after
plasma spraying. In addition, thermal barrier coatings with different thickness showed typical layered structures, which included
three kinds of complex states: completely molten state, semi-molten state and unmelted state. All these states had cracks and
pores to various extents. The bonding strength was positively related to thickness of the bonding layer, and negatively related to
thickness of the ceramic layer. Furthermore, as the thickness of the ceramic layer increases, the bonding strength decreases more
slowly. Among all the coating samples, when the bonding layer was the thickest and the ceramic layer was the thinnest, the
bonding strength of the coating was the largest, over 29.7 MPa. Otherwise, when the bonding layer was the thinnest and the
ceramic layer was the thickest, the bonding strength of the coating was the lowest. From the analysis of the morphology and
fracture location of the coating after fracture, it was clear that the location of the coating fracture was not related to the thickness
of the bonding layer but to the thickness of the ceramic layer. When the thickness of the bonding layer was certain, the location
of the coating fracture gradually shifted from between the bonding layer and the fixture to between the ceramic layer and the
ceramic layer as the thickness of the ceramic layer increased. All results indicate that the thickness variation of bonding layer
and ceramic layer of 8YSZ thermal barrier coatings has no obvious effect on the phase compositions and chemical compositions
of the coatings, but have a significant effect on the bonding strength and fracture mode of the coatings.

KEY WORDS: APS; thermal barrier coatings; 8YSZ; microstructure; bonding strength; fracture location
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Fig.1 Typical thermal barrier coating structure
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Tab.1 Chemical composition of NiCoCrAlY alloy powder

Product name Trademark Bulk density (g/cm®) Fluidity (s/50 g)
NiCoCrAl-Y,0; CM57
Chemical composition Y,0;5 Co Cr Al Ni =25 <40
Technical requirements ~ 0.5~0.8 2.2~2.8 15.5~17.5  4~6 margin
Actual test result 0.58 2.46 16.94 4.52 margin 3.8 35
&2 8YSZKWEMKLFENS
Tab.2 Chemical composition of 8Y SZ ceramic powder
Product name Chemical composition (Wt%)
YSZ Y203 A1203 F6203 SIOQ TIOZ other
Nano ZrO, Standard =99.5 7-7.5 <0.05 <0.02 <0.05 <0.02 <0.36
Determination 99.63 7.44 <0.01 <0.01 0.03 <0.01 <0.36
®3 EETHEAREEIHEERENIZSHY
Tab.3 Process parameters for plasma sprayed bonding and ceramic layers
Coating  Main gas Ar  Auxiliary gas Carrier gas Ar Gun range Powder feeding
position flow L/min H, flow L/min  flow L/min Voltage (V) Current (A) Power (kW) (mm) rate g/min
NiCoCrAlY 51.2 0.47 6.22 52 550 30 100 27.5
8YSZ 46 4.14 6.22 61 700 42 100 10

P Z o I MR TR S R U, 15 BN [R] R Y
R T2 01 B 8 J2= B RO IR o PITA AURE AR5 B HExT
IR AR InER 4 Fs .
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Tab.4 Structural design of coatings
Samples 1% 2% 3 4% SH of
Bond layer 150 150 150 225 225 225
thickness (um)
Ceramic layer 0 400 600 200 400 600

thickness (pm)

1.2 LR

FIH G HE X it (XRD, X’Pert PRO,
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RS540 BRI EE Y 620 mmx3 mm kG
S R, WFEMmAER IR A RERZ . BE
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Fig.2 Principle diagram of coating adhesion test
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Tab.5 Types and contents of elements before and after spraying of bonding layer and ceramic layer

) NiCoCrAlY (Element) 8YSZ (Oxide)
Spraying state
Ni K CoK CrK AlK YK Y,0; Zr0,
) Wt% 64.73 3.28 19.73 11.41 0.86 7.83 92.17
Before spraying
At% 55.96 2.83 19.26 21.46 0.49 4.43 95.57
) Wt% 67.65 2.58 18.85 10.26 0.66 7.85 92.15
After spraying
At% 59.21 2.25 18.63 19.53 0.38 4.44 95.56
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AR SERVE S RIS, H 3 FR)Z R 2 A
TRGAETE, R WEFTTRIE 22450, ABAT
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Fig.5 Surface morphology of coating samples 1-3
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Fig.6 Surface morphology of sample 1: a) completely molten state; b) semi-molten state; c) unmelted state
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Tab.6 Coating fracture location and mor phology

Samples  Fracture morphology Fracture location

| Peeling between ceramic

1# layer and fixture

Most bond-to-ceramic

~ spalling; a small fraction
*| of ceramic spalled to
fixture

2#

Most of the ceramic
layer was peeled from
the ceramic layer; a
small part of the bond
layer was peeled off
from the substrate

3#

Peeling between ceramic

# layer and fixture

Most of the bonding
layer was peeled off
from the ceramic layer;
a small part of the
ceramic layer was peeled
off from the fixture

S#

Most of the ceramic
layer was peeled from
the ceramic layer; a
small part of the bond
layer was peeled off
from the substrate

6#

F129.4 MPa Wr 45 B . I 1—3#IR 2 F 4—6HRZ Y
T R4 B K s v LU, M6 S5 2R R 150 pm B,
P 2 R BE AN 200 pm H5E] 400 pm B, RIZH
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