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f. Thermally Grown Oxide : TGO
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v. Coefficient of thermal expansion : CTE
f. Yttria Stabilized Zirconia : YSZ

o. Spallation
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v. Chemical Vapor Deposition : CVD

y. Electron Beam Physical Vapor Deposition : EB-PVD
v. High Velocity Oxygen Fuel Coating : HVOF

f. Atmospheric Plasma Spray : APS
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v. Noble
y. Plasma Electrolytic Deposition : PED / Electrolytic Plasma Processing : EPP
v. Discharge
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v. Cathodic Plasma Electrolytic Deposition : CPED
Y. Thermal Spray
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V. Gas Liberation

y. Spark ignition

v. Continuous plasma envelope
f. Arcing region
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V. A Hysitron Inc. TriboScope® Nanomechanical Test Instrument with 2D transducer, complete

software and cube corner or Berkovich diamond indenter was used after due calibration including
compliance according to the TriboScope Users Manual. The AFM part was a NanoScope 111 from
Digital Instruments, USA.
Y. paragon industries, L.P.

v. Kern & Sohn GmbH, D- 72336 Balingen, Germany.
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B Map Sum Spectrum
L |

Weight %

Element Line Apparent k Ratio Wt% Wt% Atomic %
Type Concentration | ) | Sigma | )

(o] K series 11.95 0.04023 40.94 0.58 85.78
La L series 4.80 0.04310 41.80 0.69 10.09
Ce L series 193] 001792 17.26| 080 413
100.00 100.00
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I Map Sum Spectrum
I s
O |
|
|
Weight % 50%

Element Line | Apparent k Ratio Wit% Wt% Atomic %
Type Concentration Sigma |

0 K series 13.92 0.04684 48.48 0.78 87.98

| Al K series 0.14 0.00102 144 0.19 155

La L series 5.18 0.04648 48.74 0.80 10.19

Ce L series 0.14 0.00129 1.34 1.04 0.28

Total: 100.00 100.00
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M Map Sum Spectrum
R Se————
T
Ce I

AN

Weight %

Element Line Apparent k Ratio Atomic %
Type Concentration Sigma
(o] K series 19.01 0.06396 [ 34.63 0.42 77.53
Al K series 1.05 0.00757 5.27 0.15 6.99
La L series 11.87 0.10647 51.96 0.57 13.40
Ce " Lseries 181 001681 | 8.14 0.66 | 2.08
Total: 100.00 100.00
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Weight % 60%

Element | Line | Apparent | kRatio Wt% | Wt% | Atomic% |
| | Type | Concentration | | Sigma | |
o K series 2086| 007021 4429 063 85.56
(Al | “Kseries | 036 | o.oozsz} 2.22 | 0.16 | 254 |
[ta [ Useries | 9.27 | 0.08315[ 5136| 069 1143
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A:LC-0%Alumina

Spectrum 8
Element Line Type Weight % Weight % Sigma Atomic %
(o] K series 30.79 0.17 59.62
Ce L series 1.98 0.10 0.44
La L series 4.47 0.07 5.13
Fe K series 62.76 0.17 34.81
Total 100.00 100.00
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B Spectrum 10

Spectrum 10
Element Line Type Weight % Weight % Sigma Atomic %
[¢] K series 19.32 0.32 50.10
Cr K series 11.53 0.19 9.20
Fe K series 35.65 0.33 26.48
Ni K series 7.96 0.23 5.62
La L series 22.35 0.33 6.67
Ce L series 2.41 0.31 0.71
Al K series 0.78 0.10 1.21
Total 100.00 100.00
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Il Spectrum 11

Spectrum 11
Element Line Type Weight % Weight % Sigma Atomic %
¢] K series 20.74 0.28 48.14
Al K series 1.82 0.10 2.50
Cr K series 13.35 0.17 9.53
Fe K series 48.02 0.32 31.94
Ni K series 9.83 0.21 6.22
La L series 4.65 0.22 1.24
Ce L series 1.60 0.22 0.42
Total 100.00 100.00
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I Spectrum 12

Spectrum 12
Element Line Type Weight % Weight % Sigma Atomic %
0 K series 20.68 0.29 50.72
Cr K series 11.57 0.17 8.73
Fe K series 42.45 0.31 29.82
Ni K series 7.85 0.20 5.25
La L series 15.24 0.27 431
Ce L series 1.73 0.25 0.49
Al K series 0.47 0.09 0.68
Total 100.00 100.00
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k) Map Sum Spectrum

(0]

L2 [

v

Weight %

Element Line Apparent k Ratio Wt% Wt% Atomic %
Type Concentration Sigma

o] K series 26.46 0.08903 63.41 0.53 90.39

Ce L series 0.17 0.00073 0.71 0.12 0.71

v K series 2.30 0.02303 10.63 0.31 4.76

La L series 5.15 0.04623 25.24 0.54 4.14

Total: 100.00 100.00

Sum Sum Sum

Sum
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B Map Sum Spectrum

O |
La |

Ce |IEN_—

v .

Weight %

L O O OO

Element Line Apparent k Ratio Wit% Wt% Atomic %
Type Concentration Sigma

(0] K series 20.74 0.06979 45.42 0.55 82.48
Na K series 0.16 0.00066 0.51 0.11 0.64
Al K series 0.03 0.00020 0.10 0.08 0.11
" K series 4.64 0.04635 15.24 0.34 8.69
La L series 5.69 0.05108 19.90 0.54 4.16
Ce L series 5.22 0.04858 18.83 0.70 3.90
Total: 100.00 100.00
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B Map Sum Spectrum

Weight %

R R B N SO R SR

Element Line Apparent k Ratio Wt% Wit% Atomic %
Type Concentration Sigma
(o} K series 24.48 0.08237 84.97 1.25 96.50
Na K series 0.00 0.00000 0.00 0.00 0.00
Al K series 0.05 0.00035 0.40 0.21 0.27
\ K series 0.65 0.00647 5.86 0.61 2.09
la L series 092 0.00821 8.78 1.19 115
Ce L series 0.00 0.00000 0.00 0.00 0.00
Total: 100.00 100.00
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. Map Sum Spectrum

dLC-15% Alumina "

Weight %

T O O O O O

Element Line Apparent ‘ k Ratio Wt% Wt% Atomic %
Type Concentration Sigma

0 K series 2053 0.06907 47.83 0.51 83.98

Na K series 0.14 | 0.00059 0.51 0.11 0.62
[ai | Kseries 011 0.00081 0.47 0.09 0.49 |
[v | K series 348| 003481 13.12 0.30 7.24 |

La L series 5.32 | 0.04778 21.34 0.50 4.32

Ce L series 4.04| 003764 16.73 0.62 3.35
[ Total: | | 100.00 100.00 |
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Abstract

As the population grows and demand for energy increases, the need for systems with
lower energy consumption and higher efficiency is felt more than ever. Gas turbines and
combustion engines are include of these systems. Thermal barrier coatings which applied to
high-temperature components reduce fuel and energy consumption and increase efficiency.
These coatings with low thermal conductivity, high thermal expansion coefficient, proper
thermal properties and better thermal shock resistance, protect the components from
degradation at high operating temperatures and extend their lifetime. The important issue is
to find the most optimal coating state in terms of properties. The purpose of this study was
to improve some properties of thermal barrier coatings. For this purpose, the coating of
lanthanum cerate composite with alumina nanoparticles was created by a cathodic
electrolytic plasma deposition method on 316L series stainless steel substrate. The coatings
were manufactured at four different weight percentage of alumina nanoparticles (0-5-10-15
wt%). Hot corrosion performance of coated samples was investigated qualitatively in the
presence of the Na;SO4-V20s molten salt at 750 °C. The microstructure and morphology of
the coatings were identified by Field Emission-Scanning Electron Microscopy (FE-SEM).
Phase characterization of coated samples before and after hot corrosion was done by the X-
ray diffraction (XRD) method and their results were discussed. The hardness of the surfaces
was determined by the Nano-Indentation method and the effect of adding alumina
nanoparticles was investigated. Examination of the test results showed that the coatings
produced by CPED method are suitable for thermal barrier coatings application. it seems
that coatings with good porosity and suitable adhesion were deposited by using this method.
Also, with increasing the amount of alumina nanoparticles in the composite coating, as
expected, the coating hardness decreased, its toughness increased and hot corrosion

resistance improved.

Keywords: Gas Turbine, Thermal Barrier Coating, CPED, Thermal Conductivity, Thermal

Expansion, Nanoparticles, Lanthanum Cerate, Alumina, Cathodic Electrolytic Plasma, Toughness.
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