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Phase Transformation on Interface between
NiCoCrAlY Bond Coat and Substrate
and Study of Thermal Barrier Coating
as High Temperature Material
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Abstract—Thermal Barrier Coating material consists of
Yttria stabilized zirconia (YSZ) as a top coat and bond coat
NiCoCrAlY. It isused to protect NiCoCrAlY super alloysfor
high temperature applications due to its corrosion resistant
properties and resistance to thermal fatigue. In the present
study, top coat and bond coat were deposited on the
substrate using plasma spraying process, followed by
thermal fatigue treatment, by heating up to 900 °C for 5
hours and cooling down to 25 °C for 15 minutes, this process
called one cycle. Thermal fatigue was conducted until the
material failure. Electron microscope was used to analysis
microstructure of the sample after thermal fatigue and x-ray
diffraction to analysis phase changed on the interface
between bond coat and substrate. The result showed that the
specimens failed at 42 cycles (210 hours). A new phase
identified as NizAl was for med.

Keywords—thermal fatigue, phase transformation, bond
coat NiCoCrAlY, substrate NiCoCrAlY

|. INTRODUCTION

The use of super alloys for applications at higg
temperatures has been long known in the industdy an

transportation. Especially for nickel-based supboya

nickel super alloy has high corrosion and oxidation

resistance. For the high temperature applicatidnbas
been developed the thermal barrier coating. Thdiragpa
system consists of ceramic top coat and bond dds.
top layer of ceramic works as heat resistance anl b

(lower thermal conductivity) and permit higher ogtarg
temperatures [2].

Thermal barrier coating system has been widely used
to protect the gas turbine engine components agthen
power plant against heat and fluctuating envirorsien
This system serves to reduce the temperature of the
metal substrate and improve corrosion and oxidation
resistance thus enhancing the efficiency of machamel
extending the life of the components. Thermal learri
coatings provide an advantage for increasing ighet
temperature without raising the surface metal tempe
ture. Typical turbine blade coatings comprise aalnet
surface layer modified to generate a protectivedaf
aluminum oxide in service and an outer thermaliearr
(usually porous yttria stabilized ceramic). Theye ar
approximately 150 microns thick. The coatings
eventually fail mechanically in thermal cycling die
stresses generated by thermal expansion differences
between the layers and growing layer of oxide migfal
In the present study, it was focused on analyzivg t
ond coat materials sprayed on metal base NiCoCrAlY
and followed by thermal fatigue analysis. The otiyec
of the research was to study the microstructurdution
and phase changed on the interface bond coat and
substrate NiCoCrAlY alloy.

Il. METHOD

coat serves as a protective substrate from attégks The material studied was NiCoCrAlY alloy substrate
oxygen and the decrease in the coefficient of taérnfaken from gas turbine blade for high temperature
expansion between ceramic and substrate. Prevtady s operation, while the bond coat layer used Merck
suggested that the coating layer were easily téathere, NiCoCrAlY powder. For top coat layer yttria stabéid
this failure caused by growth rate, morphologyzirconia powder (YSZ) was selected. Flame spraying
microstructure and adhesives of aluminum oxide that coating process used Thermo Spray Gun Type 5P-II,
formed on the bond coat layer [1]. where the NiCoCrAlY substrate material was square-
Thermal barrier coating (TBC) of ceramic top-coatshaped, lined with two layers for the outer layep(
made from YOs-stabilized ZrQ (YSZ) have been usedcoat) of YSZ ceramics, the middle layer was the
successfully in gas-turbine engine applications rfmre adhesive bond coat consisting of the powder
than 30 years. YSZ has its favorable performanemfa NiCoCrAlY. Flame spraying was used in this study,
combination of properties that include low thermzwhere the material selected as coating materidirgpa
conductivity, high thermal expansion coefficientnda was in the form of powder, using acetylene gas &unel
phase stability to relatively high temperatures.tiwvioxygen to melt the powder material for covering the
advanced engine requirements for improved perfocmarbase metal.
and increased durability, a new generation of tlarm Thermal fatigue experiment includes high tempegatur
barrier coatings is needed to provide greater & treatment in the furnace at 960 for 5 hours and then
cooling at room temperature for 15 minutes, this wa
conducted for one cycle. Material characterizatizas
done including x-ray diffraction (XRD) with Phill§p
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MPD System to identify phase changes that occungur
the process of thermal fatigue, while an electron
microscope (JEOL SEM / EDX) was used to observe
changes in the microstructure and identify the glearin

the composition of the elements in the region fat.
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In Fig. 3 specimen with a magnification of 500 tane
it can be seen some parts which is oxidized, pilynat
Ill. RESULT AND DISCUSSION the interface between the bond coats to the substra
A. Macrostructure Analysis on Specimen Bond coat powder i_s the first superimposed on _the
] ~ substrate before coating top coat, although cortipasi
Macrostructure analysis was performed on specimegs alloy generally similar to the substrate, bue th
without treatment and the specimens heated af®00r powders formed allows the trapped air during the
200 hours. Specimen shown in Fig. 1.a is still cod coating process. When the plasma spraying done,
condition, with a ceramic layer covering the suefad a powder coated surface were melted, effect of high
perfect specimen. This condition is obtained aftes temperature operation of blower.
specimens coated by plasma spraying process. &feer gy this process the bond coat powder can be atiache
cycling thermal treatment process carried out & ¥ {5 the substrate. Hot air trapped due to plasmayspy
the specimens experienced physical changes grgdimll resyited in porosity on interface bond coat-substra
the first two cycles (one cycle is 5 hours of hegli the oxjdation of elements on bond coat and substrate ar
specimens have patches - black spot on its surla®e,a|so important factor to the formation of black msi
shown in Fig. 1.b, but it is still not showing deffe or gong with the interface between the bond coats to
cracks. Defect is not found because the oxideshen igpstrate. But in general, viscosity is generatskt on
surface of the top coat protected top coat surfiara the ihe images that are good enough because not &l giar
burning surface due to heating. After five cyclgshad the interface are porosity, some sections showem go
been shown cracks in the specimen, Fig. 1.c therngghesiveness.
barrier coating starts to fail when cracks occar,tbpcoat By performing on specimens’ heat treatment, Fig. 4
thickness is less than 2%@n will lead to local separation shows the interface between the bond coat andratist
at the region near the bond coat. This crack statehe that have a finer texture. Oxides arising relaivisw
corner of the specimen. The phenomenon of breakaddwrg g showed a good viscosity, and is also seerttbeg
the corners of the specimen can be explained bedaes js no porosity on the interface between the bonat/co
corner is a section with the highest stress conaBol. gypstrate. Grooves are formed at the interface bond
This is because of stress concentration in theis@ecas qat/substrate coating process, a little bumpy tiue
a resulting the existence of residual stress. I'CT& pond coat by plasma spraying. In the plasma spgayin
ceramic coating, there are different variationgesidual process, before the bond coat layer superimposétieon
stress in each layer. The source of this residabs is material, it is preceded by the coorving surfactwand
from the coating process itself, such as rapid ingol pjasting to enhance and expand the surface roughnes
solidification, thermal contraction and recoveryricro \hich later formed the bond between the substriile w
cracks due to stress, the differences in thermeffic@nt he bond coat [5], that the surface of the sulsstntich
of heat on the ceramic and bond coat. _in smoothening provides a better resistance than th
 These cracks occur only locally at first, but witlyyijge surface that is not given the treatment gobis is
increasing cycles, crack is getting wider and gngmMo  pecause oi-Al,O; oxide that is merely produced.
another area of specimen. Because the thicknesbeof opservations on the interface area showed the

topcoat more than 25@m, the crack will occur in gjongated bright colors. This is the result of wkfbn
ceramics, above the mterface between the ceraomd b layer during the oxidation process takes placenabre-
coat, which agrees with r.esegrch conducted by anotljied in physical changes such as changing the bek
researcher [4]. As shown in Fig. 1.d, there are &8s comes lighter. Emergence of a new layer between the
widened cracks in the specimen for 42 cycles. TGQpstrate with a bond coat layer has a thickneshef
residual stress, surface roughness, decreasedt®i@® |inear to the length of time of sintering or hetif6).

and fatigue of aluminum bond coat layer has an a0 The report also explains that the new layer haslaim
role in the process of TBC failure. characters with NAI phase, in terms of total percent
B. Electron Microscope Analysis (SEM/EDX) composition of alloying elements and violence Vilsce

. . average hardness. When high temperature is aptlied
Based on Scanning Electron Microscope (SEM) ansalysthe TgC system based on gl]\liCoCrF,)AIY, inter dif?gﬂsion

as showq in Fig. 2.a, thg specimens without tremm%\lloying elements can lead to fail in materials.
have a th|ck_ness of 32'@“ In top coat and_ bond coat OfNiCoCrAIY bond coat layer with high Al content sess
120 Hm. Wh.'le shown in F|_g. 2.b, the thickness of th‘as a source of aluminum for the formation of thdlyna
specimen with a top coat is 3Q0m and bond coat of ;o5 oxide (TGO). If there is a depletion of alaomn
12Qum. At 100x magnlflcatlon, the chan_ges can bitfusion to another layer, it is indicating TGQrieation
observed that a depletion layer of top coat iud0 This by aluminum and oxygen. EDS analysis indicate that
can be explained that when the system TBC (thermgl iion of aluminum at the interface is 35.6%, othi
barrier coating) in the heating treatment up toabbve means a decrease in the same concentratio’n on the
900°C, then there will be physical changes to eacmay?ormation of TGO

Top layer (top coaf) is made by powder 8% yttriagyq n i Fig 4.it was found that light and darlagé
stabilized zirconia receiving the greatest heatll@m 4o c e bverall image. Dark phase has aveliat
the other layers. Despite having a low thermal catid wide at 11.1% and the oxide'area of 2.77%. It isseen
vity ground 2.5 W_/mK, but Wit_h a coqtinuous and I:uyc any porosity in the Fig. 4 due to thé bon'd coaetay
heating the ceramic surface will experience exmamand coating process where very little air can be trapipehe

contraction during thermal cycle process. This psscis bond coat. Ni has a melting point of 14%5, while the
caused that surface of the ceramic thickness iacest melting point of Co, Cr, Al, Y are respectively BT,

from the initial conditions.
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1907 °C, 660°C and 1526°C. Aluminum has a melting indicated that the dominant phase is ZeDd new phase
point below the temperature treatment at 8Pwhich is of NiAl. Previous study reported that the same phas
600 °C. Aluminum could oxidize at high temperatureZrO,was found, but by increasing thermal fatigue cycles
therefore the oxidized aluminum has a very hightimgl zirconia became minor phase followed by phasgAINi
point. By heating the specimen to give the enetgyagh and Ni base phase [6]. However, in the presentystud
element and react with the surrounding area, Attseaspecimen was prepared by removing the previousruppe
easily with Ni producing intermetallic phasesAl. layer until the interface between the substratedbmrats
SEM/ EDX analysis on some regions (square line) obtained, around 400m from the surface above. Hence
shown in Fig. 5, and the elements data are taltllate ZrO, remained of the top coat, not present in the
Table 3.1. It can be seen that major elements ebdds interface.
Nickel (Ni) with 40.02% percent of the mass. Other
elements based on the percent mass include Cr6@&};2 IV. CONCLUSION

Co (20.04%), Fe (10'62%)’ M9 (3'67%)' Al (3'28%11""” Thermal cyclic influences on phase transformation i
I\:I]n (lr']ll%).' But there. IS ﬁn lnterelstmg ph_enr?merl;t)n the interface layer. Intermetallic phase is foundthe

t atf_t eréa bIS QEDZ@'T the Fs_amg e'_l_ﬁs It (mas beeri‘nterface bond coat and substrate as result ofigidgh
](c:on '(;”_‘e hy %naf's (hlg.h ).d ﬁ 4 ay;lge during thermal cyclic. On the thermal barrier coati
ound in other area. On the other hand, the presehée system, it is found failure in the interface lapend coat
elem_ent Is greater than the weight percent of Alas- NiCoCrAlY and substrate of super alloys. It is fdun
_rgcel_\;e_d s?:ecm;en, howlfver, afterbOX|d|ze therg MES orosity and crack along interface layer. Porosity
dentifying Fe element. Fe cannot be separateo WOEN i yced by unhomogenity of bond coat powder when it
alloy even though the amount is less than 1% oal tofg gnraving on substrate. After thermal cyclic tneent it
elements on super aII.oys., S0 it is also |Qentlbe(j|nter- is found crack propagation. This microstructuréufai is
face layer before oxidation treatment is appliedte” 4, eq by significantly difference of coefficiethiermal
oxidation it cannot identify clearly appearancefafous expansion of bond coat and substrate. Thermal cycli

on interface layer, it is suggested that aluminusn { : :
. ' ; reatment would induce crack propagation worst.
diffused from bond coat to interface layer. Tablshbws propag
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A. X-ray Diffraction Analysis

X-ray diffraction analysis on as received specimen
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TABLE 1.
ELEMENTS ANALYSIS ON INTERFACELAYER USING SEM/EDX
As-received Oxidation
Elements (%W) (%W) AW
Al 6.74 8.93 +1.19
Cr 22.71 22.70 -0.01
Mn 1.13 - -1.13
Fe 10.56 - -10.56
Co 18.88 10.26 -8.62
Ni 37.86 56.04 +18.18
Mo 2.12 - -2.12
Ti - 2.07 +2.07
(b)
(c) (d)
Fig. 1. Macrostructure analysis on specimen asvedda) and specimen after thermal fatigue at @0@x) 2 cycles, (c) 6 cycles, (d) 42
cycles

Bond coat

Substart

Substart

Fig. 2. Electron microscope analysis on specimpagaeceived; (b) after thermal fatigue 42 cycles
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Fig. 3. Electron microscope analysis on as recespetimen

Bond coat

20kU XS,008  Sum 9801 Substart

Fig. 4. Electron microscope analysis on specimtar giermal fatigue at 960 — 42 cycle. It is shown dark area and bright axdiating
the difference on morphology

Fig. 5. SEM/EDX analysis on thermal fatigue specinthis analysis was done to observe element diffslong the interface
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Fig. 6. X-ray diffraction analysis on (a) as-reagly (b) after thermal fatigue at @342 cycles. On as-received specimen indicate miacand
NisAl phases. Zirconia is remaining phase of top t@mgr and NiAl is new phase that is formed by diffusion of etsrts bond coat and

substrate
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