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Influence of the spray process parameters and the thermal exposure on the mechanical
properties of the free-standing air-plasma sprayed thermal barrier coating.*

Yasuhiro YAMAZAKI *, Toshio KINEBUCHI *

* Hirotaka FUKANUMA

*** Naoyuki OHNO ***

The tensile and the 4-point bending tests of the free-standing air plasma sprayed thermal barrier coating (APSed TBC)
were carried out in order to evaluate the mechanical properties. The effects of the process variables in the APS and the

isothermal exposure on the mechanical properties were investigated. The experimental results indicated that the mechanical

properties of the TBC ceramic top coating were significantly changed by the process variables and the isothermal exposure.

The elastic modulus evaluated from the unloading curve was much higher than that from the initial loading curve. The

microstructural and analytical investigations were also carried out and the relationship between the mechanical properties and

the splat structure was discussed. It was cleared that the mechanical properties of APSed TBC was controlled with the

change of the splat structure by the initial stage of the sintering.

Key words Thermal barrier coating (TBC), Mechanical properties, Process parameters, Air plasma spray, Thermal

exposure, Sintering, Distinct element method
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IR RT &R CRATEREE R L 2R Z Rm L.

Table 1 Process variables and thermal exposure conditions.

Powde Diamet Flyi Exposure condition
Sp. wer meter | FVINE | ryickness
type (Ave.) velocity Temperature | Time
H1 39um Standard 560um
As-sprayed
H2 Hollow 110, Sl 535, 1004
o um ow pum 900
1000 C
H3 39, Sl 524 1000A
o ov Hm 1100T
Fused and
FC S
crashed 41um tandard 506um
Table 2 Plasma spray conditions
HI H2 H3 FC
S t
pray torch PRAXAIR SG-100 40kw subsonic
type
Plasma main
Ar 45SLM Ar45SLM Ar45SLM Ar45SLM
gas flow rate
Auxili
waliary 8351 e 20SLM He 20SLM H225LM He 20SLM
flow rate
Current 8504 8504 5004 8504
Voltage 36V 36V 42v 36V
Powder gas
Ar 7SLM Ar 7SLM Ar 7SLM Ar 10SLM
flow rate
Powder feed ) .
65g/min 65g/min 65g/min 65g/min
rate
Spray
) 100mm 100mm 100mm 100mm
distance
Traverse |00 1000 1000mm/sec | 1000mmsec
speed :
Tra.verse 4mm 4mm 4mm 4mm
pitch
YSZ powder | Metco204NS Metco204C-NS Metco204NS FP-YZ8(#SF)
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(a) Metco204NS

(b) Metco204C-NS

(c) FP-YZ8(#SF)
Fig.] SEM images of the spray powder used in this work.
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Fig2 Typical stress - strain curve during the tensile test.
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Fig.3 Effect of the process parameters on the elastic modulus.
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Fig4 Effect of the thermal exposure on the elastic modulus.
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Fig5 Effect of the thermal exposure on the tensile strength.
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Fig6 Effect of the thermal exposure on the fracture toughness in HI.
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Fig8 Typical fracture surface after the tensile test; As-sprayed H1.
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Fig9 Relationship between the elastic modulus and the area
fraction of the inter-splat fracture surface.
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Fig.10 Typical stress - strain curve under the cyclic bending load HL.
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Fig.11 Comparison of the elastic modulus evaluated from
loading, unloading and reloading curves.
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Fig.12 Model of splat structure for the APSed TBC.
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between the contacted particles

(a) Normal direction (b) Tangential direction

Fig.13 DEM model
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Fig.14 Schematic illustration of neck growth by thermal exposure.
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Fig.15 Diffusivity of the 8YSZ as a function of temperature.
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Fig.16 Relative density of the 8YSZ as a function of the thermal
exposure time.
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Fig.17 Boundary condition of DEM analysis.

Table 3 Material constants used for the DEM analysis.

Elastic modulus, E Poison’s ratio, v Tensile strength, op
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Fig.18 Results of the DEM analysis; elastic modulus as a
function of the thermal exposure.

200757 R

94

FTE2. &8, BIBEORLOZOICINTORTEER
EEFEC2AZETI2LENH Y, Fig9 (a) oFRT
£ BRERTFNT V5 2ICES LIBITET VERNREL
TR EATO LEXEH L. 72, by Fa—beEM (B
URY Fa—b) LOBRBRREOI Ay FICERALE<
UL EMOIATy FERAEBEDOAT T v PRTFIZE
A7z (Fig19 (b)) 2M7H) &Ik v #ERI—F 1 7
VATAELTOBBERGERTTLIILIWRELZZS
n, 4%, ZHICOVWTHRIADVDLETH 5.,

(a) Flatness splat structure arranged at random

(b) ~Thermal fatigue fracture analysis by the DEM model

Fig.19 Analysis model of the future works.
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