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Abstract: The aim of the present work is to compare hot @oro behavior of AlOs-TiO, plasma spray
coatings on Inconel 625 in air oxidation and mokait environment $SO,—60%NaCl environment at 800°C
under cyclic conditions for 50 cycles. ,8k-TiO, coatings were deposited on Inconel 625 superadlily
plasma spray process. The thermo-gravimetric tgcienwas used to establish the kinetics of corrosite
corrosion products have been analyzed using the SEMEDS analysis. The coating performed relatively
better in air oxidation against hot corrosion ia tholten salt environment.
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1. Introduction

The components operating at high temperature emviemts such as power plants, gas turbines and
incinerators fail due to high temperature corrogib3). In power plant applications, low-grade fuelith high
concentrations of Sulphur, Potassium and Sodiumuaeel in oil and coal fired power generation. Dgrin
combustion, alkali metal sulfates vapors combinth wiher ash constituents that deposit onto thepooent
surfaces. The boilers exposed in off-shore indalstig)s undergo hot corrosion when the Sodium datidofrom
the ocean breeze mixes with3O, from the fuel and deposits on the hot-sectiorhefdomponents. The metal
surface temperature could be such that volatileppamds in the gas stream can condense and fornemmolt
deposits. This produces aggressive conditions igath rapid corrosion of the specimen due to oiddat
sulfidation, chloridation and even hot corrosior5j4 High temperature corrosion is an acceleratedation in
the presence of molten salts environment. In génieaformation of oxides on the surface acts psogective
layer. However, the deposit of molten salts suck &0, NaSQ,, KCI and NaCl lowers the melting point [4].
It results in the damage of the protective oxidgetaand this phenomenon is known as hot corrosibiis
cannot be completely eliminated but can be minithisg means of coating process. In the recent paesty
researchers have proposed different coating presesgh different coating powders to protect thaieys
from hot corrosion. Many researchers [5-6] repotted thermal spray coatings are key solution i® phoblem
and increase the life of materials considerablgoirel 625 has been developed for high-temperatueagih
along with hot corrosion resistance. In the coat@aipnologies the plasma spray process is oneeddrtterging
technologies. The ADs-TiO, coatings are commonly used to protect the undeglyhaterials from hot
corrosion degradation. Jafarzadeh et al [6] depdthe A}Os-TiO, coating with plasma spray and they found
that the as-sprayed carbon steel exhibits highéoqmpeance.

Al,O5-TiO, coatings are most useful when one is seeking tvwbsion resistance for the components
exposed in high temperature environment [5]. Plaspray is one of the most common methods for apglyi
the above mentioned coating. Many investigationg lmween done up to now on the microstructure, nrécal
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properties of AIOs-TiO, and their wear properties. However, despite thmitance of AIOs-TiO, coatings in
power plant applications, so far, very limited séisdhave been reported for its hot corrosion behavin these
environments. It is found from the literature thitte work has been done on plasma spray coatimchigh
temperature applications and hence this technigugséd to develop high temperature resistapgDATiO,
coatings on Inconel 625. The present study is &uete and compare the hot corrosion behavior @ATIO,
plasma spray coated on Inconel 625 in air oxidasiod K:SO,—40%NaCl molten salt environment at 800 °C
under cyclic study.

2. Experimental procedure
2.1. Formulation of coatings

The Inconel 625 superalloy was used as substrateriaain the present study and its chemical
composition is listed in Table 1. Commercially dable ALOs- TiO,(40%) powder was used for coatings. The
alloy plate was cut into rectangular samples o 2@x 15x5mm. The specimens were polished usingpS8il
carbide papers up to 1200 grit and finally whedisped with alumina powder (in). They were then washed
with distilled water and cleaned with Acetone. Thairface area was measured and weights were deéerm
using an electronic balance to an accuracy of 0g0Irhe coating work was carried out by a commeffiiad
namely Spraymet Surface Technologies Pvt Ltd, Bleingalindia. They used ‘Robotic Plasma spray 40K a
80Kw’ plasma spray apparatus to apply the coatiAggon mixed with hydrogen was used as powder aagry
and shielding gas. All the process parameters kege constant throughout the coating process vepitaying
distance was maintained in a narrow range of 80s20 Ni-Cr powder was deposited as a bond coatarou
40-50 um thick before applying the final coating$ie process parameters for the plasma spray process
employed for applying the coatings are listed itbl€a2. Thickness of the coatings was controlledrduthe
process of plasma spraying.

Table 1. The chemical composition of Inconel 625.

Ni Cr Mo Fe Nb+Ta C Mn S P S

Inconel

625 58.0 20.0 8.0 5.0 4.15 0.10 0.50 0.50 0.015 0.015

Table 2. Process parameters for plasma spray process.

Coating  Argon Hydrogen  Current (I) Voltage Carrier Powder feed Spray

powder Flow rate Flow rate (V) gas(N 4mp) (gm/min) distance
lit/min lit/min (mm)
Al203- 80-90 20-25 490 60-70 37-39 80-90 80-120
TiO2
ZrO2 80-90 15-18 500 50 37-39 65-70 80-120

2.2. Hot corrosion

Oxidation and hot corrosion studies were conduete8000°C in a laboratory Silicon carbide tube
furnace. The air oxidation and molten salt$Ky-60%NaCl) studies at 800°C were performed on plasma
spray coated Inconel 625 in laboratory furnaceaip@ cycles. The plasma spray coated as well asated
specimens were prepared. The specimens were thgedhe an oven up to 28D and a salt mixture of £0;-
60%NacCl dissolved in distilled water was coatedht@warm polished specimens with the help of a tduaie
brush. Amount of the salt coating was kept in #ege of 3.0 -5.0 mg/cmThe salt coated specimens as well
as the alumina boats were then dried in the ove feurs at 200°C and weighed before being exptisadt
corrosion tests. The uncoated as well as the cagecmens were polished down finialumina wheel cloth
polishing to obtain similar condition of reactioefbre being subjected to corrosion run. Fig 1. Tieecro
images of AJOs- TiO,coated Inconel 625 before and after air oxidatiad molten salt corrosion is represented
in Fig 1. Physical dimensions of the specimens wieea recorded carefully with Vernier calipers t@leate
their surface areas. Subsequently the specimens washed properly with acetone and dried in hotair
remove any moisture. During experimentation thepg@red specimen was kept in an alumina boat and the
weight of boat and specimen was measured. The aduimbats used for the studies were pre-heated at a
constant temperature of 1200°C for 24 hours and# assumed that their weight would remain constarihg
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the course of high temperature cyclic oxidationf@sion study. Then the boat containing the specimas
inserted into hot zone of the furnace set at a ézaipre of 800°C. Holding time in the furnace wae bour in
still air after which the boat with specimen walseta out and cooled at the ambient temperatureGanidutes.
Following this, weight of the boat along with spaen was measured. This process constituted one ofsthe
oxidation study. Any spalled scale in the boat veéso taken into consideration for the weight change
measurements. Visual observations were made &fteerid of each cycle with respect to colour, lusteany
other physical aspect of the oxide scales beingnddr Surface morphology of the plasma sprayed rugsti
after corrosion cycles was also studied with the bé Scanning Electron Microscope (SEM). Wheraafage
SEM/EDS analysis was performed to identify the @ets or phases (oxides) present at a point alotigtiagir
compositions.

Fig 1. Macro images of ADs-TiO, coated Inconel 625 before and after air oxidat@nAs coated condition; b,
¢ and d after air oxidation; e, f and g after molsalt corrosion.

3. Discussion

The ALOs- TiO, coatings were successfully deposited on Inconel pl2Sma spray process. The
coating process and powder play an important rgpeaally for the application of high temperatuggrassive
environment. Sidhu Singh et al. reported thatififetincreases with increase in coating thickneskfarther
found maximum life with 30@um coating thickness.

It was aimed to produce thicker coatings becaus&dhcoatings are generally required for the congms of
energy generation systems. But self-disintegratibrthicker coatings usually restricts the thickne$sthe
coatings. In the present study it was possiblebtain a thickness in range of 100-110 pum for thgDAITIO,
coating and the final coating thickness of apprataty 140-160 um. Fig 1 (a-g) shows the macro ttracof

hot corroded samples after 50 cycles. In the hmhperature study of the uncoated Inconel 625, after
completion of 35 cycles, the scale becomes thicket most of the scale spalled out in the molteh sal
environment. However, the scale was found to baimeous in the case of ADs- TiO, coated Inconel 625 for
both environments up to 50 cycles.

The ALOs-TiO, coated Inconel 625 under study has shown lesshivgin in both air oxidation and
molten salt environment as compared to the uncaatey indicating the protective behavior of theatings
(Fig 2). Thermo-gravimetric curve for both enviroemts shows the tendency of oscillation type reaatibich
could be due to changes in reaction rate as swejbgtArivazhagan et al.[7]. Further, the graphdates that
the weight gain of the uncoated alloy was foundoédomore during initial cycles of study. This couid
attributed to the rapid oxidation during initiahges to form oxide scale of the surface elementgazhagan et
al. [7, 8], Devendranath Ramkumar et al. [4] hab akported the high weight gain during initial legcof hot
corrosion. In addition, the weight gain trend iradés deviation from the parabolic rate law dueptli®g and
sputtering of the oxide scale. The higher weiglih gathe case of uncoated Inconel 625 may bebated to
the formation of Iron (Fe) rich oxide scale whichléss protective in nature as compared to theegxaf
Titanium (Ti) and Chromium (Cr) resulting in moneadling and sputtering (Fig 3, 4). SEM/EDAX of thtter
coating has revealed the top layer contains highewunt of Ti and Al as can be seen in Fig 5 and6kifo
provide long-term stability at elevated temperatuiie is necessary to develop diffusion-barrierticmgs to
minimize the inter-diffusion between the coatingl @he substrate. However, he further added thaesater-
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diffusion is necessary to give good adhesion; hettoe diffusion barriers must be tailored to lintite
movements of particular problematic elements. ldiBusion observed in the present study is vermaniand
might be helpful for providing better adhesion betw the substrate, bond coat and the top coat.

The SEM image indicates that the uncoated sangblew a rough irregular surface as well as spalling
behavior of the scale after exposure to moltenesalironment (Fig 4). The basic fluxing is causgdkhSO,—
60%NacCl at 800 °C under thermal cyclic conditiomeTEDAX analysis on the sub-scale reveals thatscal
mainly consists of the oxides of Chromium (Cr) laes major phase along with significant amounts of IfFe)
and Nickel (Ni). The scale formed on®-TiO, coated Inconel 625 is almost consistent and coaotis when
exposed in air oxidation (Fig Syurthermore, the EDS analysis reveals Titanium &%in principal phase along
with small percentage of Aluminum (Al) and Nickélli phases. Sufficient amount of Oxygen (O) is also
present to form oxides. Therefore, the surface trightain TiQ as the major phase along with NiO angdGA|

This study shows that the environment has beemdfée have pronounced effect on weight gain. Based
on the magnitude of weight gain, molten salt emmnent found to undergo accelerated oxidation ungeiic
conditions in this particular environment 0§30, - 60%NaCl as compared to air oxidation. This ltasialso
well supported by Devendranath Ramkumar et al. (4).
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Fig 2. Thermo-gravimetric plot for uncoated and,®@d-TiO, plasma spray coated Inconel 625 exposed in air
oxidation and KSO,—60%NaCl environment at 800 °C under cyclic condsi
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Fig 3. SEM/EDS results of uncoated Inconel-625 afteroseg air oxidation at 80C.



Arivazhagan N et a/ /Int.J. ChemTech Res.2014,6(5),pp 2744-2749. 2748

[

ISp.e um 14|

Weight%

- e
2 3 4 5
Full Scale 3801 cts Cursor: 0.000

Weight%

Ti Cr Ni

0 1 2 3 4 5 6 7 [ 9 10 1 12 13
Full Scale 8850 cts Cursor: 0.000 ke

“TA.aRy

100um Electron Image 1

Fig5. SEM/EDS results of AD;-40 TiO,coated Inconel-625 after exposed air oxidation0areg.
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Fig 6. SEM/EDS results of AD;-40 TiO, coated Inconel-625 after exposed 55Ky, —60% NaCl at 80€C.

4. Conclusion

a) A 40-50um thick coating of Ni-Cr powder and 100-1jith thick coating of AIOs-TiO, powder were
successfully deposited on Inconel 625 using plaspnay coating process.

b) The coating showed the effective hot corrosionstasice in air oxidation. However, the hot corrosion
resistance in molten salt environment is relativefgrior.

c) The highest corrosion rate was noticed in the umecbénconel 625 in the molten salt environment
followed by air oxidation.
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d)
e)

f)

The plasma sprayed A);-TiO, coating protects the substrate with the formatib&r,O; scale at the
top and beneath AD; scale in KSO,—60%NaCl molten salt environment at 800 °C for $€les.

Better hot corrosion resistance of plasma spraye@.ATiO, is due to the formation of some Ni-Cr
spinels oxides.

The weight gain of AlD,-TiO, coated Inconel 625 is found to be considerablys les both
environments due to dense coating structure olitdigehe plasma spray coating.
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