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ABSTRACT

Super alloys are metallic materials which exhibit high heat resistance even at
temperatures of up to 90% of their absolute melting point. This is normally achieved by the
combined hardening effect of carbides & rare earth oxides (mainly) in Iron (Fe) based super
alloys. Oxide Dispersion Strengthened (ODS) alloys are manufactured by mechanical alloying
(MA) techniques. This results in alloy powders of extremely fine grained structure, in which the
dispersion fine particles are responsible for boosting the strength of materials in high temperature |
applications like jet turbine, aircraft turbine, ﬁlméce heating elements, etc. The alloying elements
themselves are distributed very uniformly & homogeneously.

The main advantage of powder forging process is the use of cost effective indigénously
available raw materials, like iron instead of extrusion process where high purity powders
atomized with argon gas, which is used in many leading ODS manufactures, like M/S INCO
ALLOYS, USA. The aim of the present work is to develop ferritic ODS alloys through powder
forging route economically & to compare its oxidation at 1100°C & corrosion behavior in 40%
Na;S04+60% VéOs at 900°C with MA 956, superfer 800H alloys. The alloy composition of the

present work is

Cr -2 % (In the form of Ferrochrome)
Al -5.5%
? Q \/ p i oW,
Y05 -0.5 % (In the form of Yttrium oxalate) ( ? /5 /M/
T T e O\J
Fe -72 % (Balance)

Lot
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CHAPTER -1 INTRODUCTION

A super alloy is defined as an alloy whose composition is based on Nickel, Iron, Cobalt
or Nickel plus Iron that has been developed for high temperature performance applications
involving relatively high stresses & temperature generally above 700°C, where resistance against
oxidation & environmental attack is required. The oxidation resistance & good creep
performance of mechanically alloyed Fe-baséd Oxide Diépersion Strengthened (ODS) alloy
makes them prime candidate for the heat exchangers, turbine applications, heating elements,
aircraft gas turbines, etc. M/s INCO ALLOY Co, USA & leading manufacturer of ODS use
powder extrusion route, where strain rate is slow & controllable. But for extrusion of powder
high purity powderAatorpized with argon gas is required which makes these alloys costlier. In our
present process for the development of alloys we adopted powder forging technique, where the
indigenously available powder was compacted after reduction of powder by hydrogen gas which
was made in our iaboratory itself. (using Hj-generating plant).here the high strain rate is
controlled by applying post homogenizing treatment to the forged slab. So due to low cost of this
process it is more likely to be adopted.

This process aims at developing materials (élloys) for high temperature application
through -powder forging technique & by taking commercially available metal/alloy powders
without bothering about the oxygen contents. The properties of the alloy developed is well
comparable with other super alloys like MA 956, Superfer 800H.The objective of the present
work is to estimate the cyclic oxidation behavior at 1100°C, & corrosion behavior at 900°C in
40% Na;S041+60% V05 atmosphere.

Since early 1940’s, super alloys development has been paced by the increasing demands
of advanced gas turbines technology. However in addition to aircraft, marine, induétrial &
vehicular gas turbines, super alloys are now used in space vehicles, rocket engines, experimental
aircraft, nuclear reactors, sub-marines, steam power plants, petrochemical equipments, furnace

heating elements & other high temperature application.



CHAPTER — 2 | LITERATURE REVIEW
2.1 HISTORY OF SUPER ALLOYS: . _
Super alloys are those matérials used at elevated temperature &at that elevated
temperature they sustain their mechanical, chemical stability .Earlier austenitic stainless steel
was the best material for high temperature application, but above 700°C temperature it looses its
stability .ﬁlrthér development for high temperature stability leads to development of super alloys
which are categorized as |
(1) Fe-based super alloys
(2) Ni-based super alloys
- (3) Co-based super alloys
(4) Ni-Fe-based super alloys

Table 2.1 Density of Fe, Co, Ni

Elements Density (g/cc)
Fe 7.85
Co 8.85
Ni 8.90

The above table shows about the densities of various elements used as main constituents in super
alloys .In case of rotating components low density is important to minimize centrifugal stresses.
So the density of most super alloys lies with in the range of 7.76 to 9.28 g/cc {1] .Hence as a

class, Fe-based alloys enjoy the advantage of lowest density among them.

2.2 TYPES OF SUPERALLOYS:
2.2.1 Fe-BASED SUPER ALLOYS: _
The utilization of Fe-based super alloys dates back to 1940’s with the development of 16-
25-6(Cr-Ni-Mo) .Here solid solution strengthening plays the major role for stability. But now
minimum of 20% Cr is used along with rare earth metals & their oxides for better oxidation &

corrosion resistance at temperature above 1100°C .the table given below gives composition of

some Fe-based super alloys [1] -



-

Table 2.2 Compositions and applications of Fe- Based superalloys

Main alloying elements (wt %)
Alloy : - Application
Common name Cr Ni Mo | Ti | Al| Y03 | Fe
INCOLLOY 956 | 20 - | === 105145 05 | Bal | Gas turbine engine,
Combustion chamber
, Turbine shatft,
LAPELLOY 619 | 11-12 0.5 253 | === | wmmm | memn Bal Compressor wheels,
max _ Bucket, Bolts, Blades
DISCALLOY 14 26 27 ||| —- | 54 Turbine Disc

2.2.2 Ni-BASED SUPER ALLOYS:

These super alloys on the basis of chemical composition are fairly complex alloys.
Various alloying elements are added for various purposes in these cases. Al & Ti are added for y
(Gamma prime) phase. These elements give solid solution strengthening as well as precipitation
hardening by combining with NI, Ta etc. Also carbide forming elements like Cr, Mo, W, V, Nb,
Ta, and Ti are added for the formation of various types of carbides, which imparts hardening.
The main types of carbides are:

MC - Carbides
MpCs - Carbides
Cr,C; - Carbides
Mg4C - Carbides




Examples of some Ni-based super alloys, their composition & application are bellow [1]

Table 2.3 composition and application of Ni-Based superalloys

Alloy Main alloying elements (wt %) . | Application
designation| C | Cr | Co | Mo | Fe | Ti | Al | Ni
Gas turbine disc,

by V€ 003 | 125 | 10 | 60 | 267 | 37 | 6 | 495 | Blades

- Gas turbine
INCONEL | - | 20 |« | = | 06 | < | = | Bal | starter,Vanes,Shroud
MA 754 Y,04 bands

: Gas turbine, Rotor

ﬁgg&? e | 150 — | 2 ;2'(1)3 25 | 44 | Bal |blades

223 Co-BASED SUPER ALLOYS:
Cobalt based super alloys have piayed a very iniportant role in early stages of super alloy
development. These alloys exhibit better oxidation, corrosion resistance in comparisons to Fe-
based, & Ni-based super alloys but 6nly at low stress level. This makes them attractive for non-

rotating application.




Typical composition & application of some Co-based super alloys are given below [1]

Table 2.4 Composition and application of Co-Based superalloys

Alloy _ Main alloying elements (wt %)
ngglne fdesign Ni | Fe | W| Ti+Zr+Cb+Ta+ Cr C Co | Application
Al+Mo+Mn - '
Heat treatir
- — - B ) facilities, gla
UMCO-50 20 2 2729 | 0.05 50 making, furnac
0.12 equipments, Loa
' carrying parts
HAYENS In the field «
ALLOY | 3max |20 |- 25 275 | 008 | 463 |18l temperatw
p corrosion
NO. 150 _
Parts C
s-816, AISI| 20 | 5 |- L5 20 | 03- | 42 |Combustion
chamber & ga
617 0.45 turbines

2.3 DEVELOPMENT OF SUPER ALLOYS:

Super alloys are utilized at a high fraction of their melting point than any other class o

broadly commercial metallurgical materials. Super alloys are the materials which have mad

much of our very-high-temperature engineering technology possible. They are the material:

leading edge of Jet engines. Methods of Casting, Hot extrusion, were earlier used fo:

development of super alloys, but the powder forging through mechanical alloying method now

proved to be cheaper than the earlier.

This history is an attempt to tell their story. However it is not intended to be simply ¢

logical recording of the events that have transpired to create them, but is intended to be ¢

technical & scientifically useful analysis through chronological treatment, based upor

consideration of the human factors & other external forces which have generated these unusua

& now essential materials.



Though Nichrome (80Ni-20Cr) [5] is the most widely used super alloy in present their ~

development was taken place in 1930°s & the first set of heat resistant alloy was produced in
1940. However the first super alloy used in British whittle engine [5]. The first Ni-based super
alloy Nimonic-75 was developed from Nichrome-v by the addition of 0.3% Ti &0.1C. In Britain -
a_humber of Nimonic alloys [6] were developed in rapid succession. Increase in Ti content led to
the development of Nicrome-80, where-as Al addition to the Ni-based alloys resulted in the first
‘y’-hardened Nicroinic%OA alloys. In an effort to raise the temperature stability further Co. &
Mo were added to produce Nicromic-90 & Nicromic-100 respectively. Inconel-X was the first
‘Ni-based super alloy to be developed in the USA. This was modification of Inconel (15 Cr-7 Fe-
78 Ni), through controlled addition of Al, Ti, Nb & C. Further modifications in this system led to
the development of WASPALOY. [7].

' Vacuum melting treatment for production of super alloys replaces the decreases the
amount of inipurities & to increase the first alloy produced was IN100 in 1965. But the
prolonged use of these alloy show poor resistance to hot corrosion. For this purpose “Cr” content
is increased above 18%. This develops [5] the alloys. IN-738 & IN-939. Additions of W, Ta
cause the delaying of Cry;Cs formation &hence enhance the corrosions resistance by the

formation of Cr,03. 4

2.4 DEVELOPMENT OF ODS SUPER ALLOY:

Oxide dispersion strengthened (ODS) alloys are produced from powders by mechanical
alloying usually rare earth oxides are used for dispersion strengthening of thesé super alloys. The
spherical Y,03 nano-dispersoids, with a size of 10 to 40 nm, are homogeneously distributed
witl{in the alloy; These dispersoids in combination with a gives our ODS alloys excellent creep
strength, oxidations & corrosion resistance up to temperature very near to the melting point. In
addition the low content of yttrium oxide (0.5% Y,0;) improves the corrosion resistance of ODS
alloys against hot process gases & hot air. Basically the oxidation & corrosion fesistance is given
. by the high content of Cr (22%) & Al (5.5%). The creep resistance can be enhanced if an alloy
has precipitates, which are insoluble in the matrix & so cannot coarsen at elevated temperature

for this purpose Al, Ti, are added to Ni & Fe-based super alloys.



25 ADVANTAGES WHEN USING ODS SUPER ALLOYS [55]
(i)  Significantly higher creep strength than normal Ni, Fe base materials & HT-steels.
(i) High hot strength. ‘
(iii) Excellent oxidations & corrosion resistance.
(iv) Resistance against sulfidation & carburization.
(v) Longer lifetime of components.
(vi) Distortion free use
(vit) Lighter component (p/m route materials)
(viii) Higher process temperature, hence higher efficiency, higher quantities

(ix) Good mechinability. .

2.6 MECHANISM OF STRENGTHENING IN ODS SUPER ALLOYS:[56]

For the oxide dispersion strengthened (ODS) alloys dislocation- particles interactions is
generally believed to be repulsive since the elastic cpnstémt’s of the oxides dispersoids are
believed to be greater that those of the matrix. High temperature strengthening is thought of in
terms of a dislocation climb modified Ofowan type bowing mechanism between the particles.
Dislocation escape occurs when the stress is sufficient td cause the disloca_tibn to bow to a
critical configuration. Contrary to this general belief , through detailed TfEM microscopy study of
crept & hot tensile tesed INCONEL MA 754, it’s found that the interactions between
dislocation & oxide dispersoids is infact attractivé, with the high temperature properties of
ODS alloys stemming from this unexpected attractive interaction. It’s propdsed that the finding
of attractive interaction opens new avenues for the alloy design of ODS alloys, including the
pinning of dislocations next to the dispersoids by additional elements & the plirposeful

introduction of non-adherent interfaces between dispersoids & matrix.

2.7 MICRO STRUCTURAL ASPECTS OF Fe- BASED SUPER ALLOY:

~ The micro constituent observed by optical microscope in Fe-Ni & Ni-base sﬁperalloy is
almosf identical with few exceptions. All the alloys have an austenite (y-phase) matrix that is
strengthened by solid solution strengthened in & by carbide precipitation. Most of the phase
discussed below has)e some degree of solubility for other elements. Therefore, their - true

composition will vary from alloy to alloy and may be altered by heat treatment& thermal



exposure. Not all phases permit substitution; however, Eta phase (Ni3 Ti) has no significant
solubility for other elements. | '
(i) Gamma Prime (y’):

This phase has an ordered FCC L1, crystal structure and is Niz (Al Ti), although
considerable elementary substitution occurs. For example Co & Cr will replace some of N & Ti
will replace a part of Al. Fe can replace Ni or Al. The lattice parameter of y and y’ are similar
resulting in coherency, which accounts for the value of y* as the principal strengthening agent in
Iron- Nickel & Ni-based superalloys. Gamma prime y’ is spherical in Fe-Ni base & in some of
Ni-base alloys such as Nicrome-80A and Waspaloy. Experiments have shown that variations in
molybdenum content & in Al/Ti ration can change the morphology of y [6]. When the y/ ¥’ |
lattice mismatch is high extended exposure above 700°C causes undesirable Eta-phase (Ni;Ti) or
Delfa—phase (Ni;Nb) phase to form. The volume fraction size & distribution for control of
properties, the volume fraction of y’increases with the addition of Al and Ti. Gamma prime
content above approximately 45% render the alloy difficult to deform by hot or cold working, In
the Fe- Ni base alloy y’ phase is less that 0.2% and it is usually spherical . Optimum strength
- results when Y isin the size range of 0.01 to 0.05um. Aging precipitates y* uniformly through
out the matrix and precipitates M3Cq carbides at grain and twin boundaries. Alloys with v’
content of approximﬁtely 30% are solution treated then given two aging treatment. Alloys with
40 to 45% vy’ are solution treat, then gives three aging treatment. [6]

(ii) Gamma double prime (y”’): '

Gamma double prime has an ordered ....crystal-structure with a NisNb composition & is
found in Fe- Ni base alloys containing Niobium. It gained prominence as the strengthening phase
with the introduction of Inconel 718. Gamma double prime has a disc—shaped morphology and
precipitates with a well defined relationship to the austenitic matrix. Although y’’ and y’ are
present in INCONEL 718 after aging, the amount of y’ is much less and y”’ is the primary
strengthening agent. Because of ¢’ is not a stable phase. Application of alloy such as INCONEL
718 is restricted to below_ 700°C. Above this temperature, extended exposure produces a loss of
strength due to rapid coarsening of y”’. Electron diffraction study reveal the presence of y’’ as

lines.



(1ii) Eta phase (n):
" Eta phase has a hexagonal crystal structure with NisTi composition. This phase is present
is Fe- Ni, Ni or Co based alloys espemally in grade with high Ti/ Al ration that had extended

high temperature exposure. Eta-phase precipitates slowly but grows rapldly and has no solubility
for other elements. Coarse Eta can be observed under optical microscope.
(iv) Borides:

Boron is added in small amount to may super alloy to improve stress rapture and creep
properties or to retard the formation of Eta-phase; which impairs creep strength. Boron reduces

the solubility of carbon in austenite, M:C¢ & Mc carbides. If boron addition is higher than

detrimental borides will precipitate at grain boundaries.
(v) Laves phase:

Laves phase, a TCP phase, has an MgZn, hexagonal crystal structure with a composition
of AB, type. Typical example includes Fe, Ti, Fe; Nb & Fe Mo. They are most commonly
observed in the Fe- Ni based alloys as coarsen inter granular particles. Si & Nb promotes
formation of Laves phase in INCONEL 718. Excessive amounts will impair room temperature
tensile ductility but creep properties are mot significantly affects.

(vi) Sigma Phase (o): .

Sigma phase is tetragonal intermetallic TCP phase that forms with a wide range of
corhpositions. Various morphologies may be encountered, some of which are quite detrimental to
properties. Sigma in the form of .on as a grain boundary film is detrimental, but globular intra-

| granular precipitation can improve creep properties. Sigma phase can be preferentially attacked
on stained by a no of reagents. However, because of the wide range of alloy composition that
may contain  sigma-phase & the variable nature of composition, posifive identification by
etching is not always possible. So X- ray diffraction study is am ore reliable technique for its
identification, ‘
(vii) Mu Phase (p) :

Mu phase is a rhombohedral (trigonal) TCP phase w1th W6Fe7 structure. In general it has
little' influence on properties. Mu  precipitates as coarsen, irregularly shaped platelets in a

widmanstaten pattern. A general formula for Mu if (Fe, Co);(Mo, W)s. Nickel can substltuted for
part of the iron or cobalt



(viii) Nitrides: .

Nitrides are commonly observed in superalloys containing Nb on Ti as Niobium nitride
or Titanium nitride. Nitrides are not influenced by heat treatment & are insoluble to the mélting
point. Nitrides afe quite hard & will appear in relief after polishing. The usual amounts present in
superalloys generally have little influence on properties.

(ix) Carbides: |
These are important cbnstituent & are present in all the heat treatment superalloys. Four
basic types of carbides encountered are
| (@ MC e.g. Titanium Carbides
() MyCs e.g Cr,Ni, Co, Fe, Mo, W—Carbides
(©) M¢C e.g. Mo, W-Carbides
Carbides in super alloys serve three principal funcﬁons:
(1) Carbides formed along grain boundaries strengthen the grain boundaries
pfevent grain boundary sliding & permits stress relaxation.
(2) Carbides precipitation in the matrix
(3) Carbides can tie up contain elements that would otherwise promote phase
| instability during services.

Aging for Fe-Ni, on Ni-base superalloys cause M33Cq¢ to form at the grain boundaries.
This increases creep rapture life. But continues carbides film along grain boundaries has a
negative effect on creep properties. M¢C carbides are observed in as cast Ni-Base alloys & are
randomly distributed through the matrix. M;C3 carbides are not widely observed in superalloys,
but it appears in some of Co-base superalloys in Nicrome-80A when heated above 1800°C.
Additives of Co, Mo, and Nb to Ni- base alloys prevent the formatlon of M;C;.

(x) Other phase

A few other phases are frequently observed in wrought heat resistant alloys. For example

a few Co-based alloys have CosAl, CosMo, CosTi inter-metallic compounds, along grain
“ boundaries. These have détrimental effect on stress rapture life. However in the Ni-based élloys
Titanium sulfides may be observed. Oxides such as Al,O; on magnesia may also be present.

These oxides & sulfides are observed at the surface of components due to environmental effects.

10



2.8 POWER METALLURGY BASED SUPER ALLOYS: |
 In 1960’s ODS alloys are invented where the oxides are insoluble to the matrix & shows
latter properties. In 1970°s MA 574, MA 956 & MA 6000 were developed. Tables given below

gives about these alloys

Stages of development of ODS superalloys

Year of Alloy Processing Route
Invention ,
1910 Ductile tungsten | Conventional P/M( press + sinter + wire drawing)
1930 Cu, Ag, & Be- Alloy Internal oxidation '
1958 TD- Nickel Fine P/M , Mechanical alloying
1970 IN853 Mechanical alloying

Table No: 2.5 Compositions of MA-ODS Alloys:--

Alloy Fe Ni Cr Al ~Ti C Y05
MA9S6 | Bal. 22 5.5 05 01 | 03
MA9S7 | Bal | -~ | 14 0.03 10 | 003 | 0025
MAT754 | 1.0 78 20 03 | 05 | 005 | 06
MAG6000 | - 69 15 45 2.5 005 | 11
PM2000 | Bal. 20 5.5 0.5 — | s
‘MA 956:

INCOLOY MA 956 is mechanically alloyed FE-Cr-Al alloy strengthened by refractory -
oxides Y,0s. It’s an ODS ferrite (BCC) alloy produced by MA. The dispersed oxides Y,0;3
remain stable at temperature up to melting point of the material. The alloy combinations strength
at high temperature with excellent resistance to oxidation, carburization & corrosion, High

temperature strength of this alloy is enhanced by controlled thermal processing.

11



MA957:

MA 957 is oxide dispersion strength (ODS) ferrite steel [11], produces by mechanical
alloying. MA 957 received international consideration for fuel cladding applications in Hquid
metal fast breeder reaction [12]. The alloy shows excellent long term microstructure stability is
irradiation environment [13]. The microstructure consists of a metal matrix of the order of
5mm...in diameter [13]. It also contains a highly elongated sub grain structure which is
introduced by thermél mechanical processing.

R.A.F.M ODS steel:

Raising the operating temperature of fusion reactor is one of the key to reduces activation
ferrite, martensitic (RAFM) steel allows operations at temperature less that about 550°C. The use
of R.A.F.M ODS steel offers the potential of temperature up to 650°C and 750°C. No ODS steels
with reduced activation are commercial available. In the frame of the European fusion
programme, material studies have been lamented to demonstrate the benefits of RAFM ODS
steels for blanket design. During the development RAFM ODS steel, often ODS powders,
produced by MA are consolidated by HIP at 1020°C under 1000 bar during 2 hours and then
furnace cooled. | '

Inconel MA 574:

INCONEL alloys MA 754 is basically Ni-20% Cr strengthened by about 1 Volume
present of Yttria. Y,Os3 as dispersoids imparts resistance to the alloy [11]. Optimum high
temperature strength is developed in MA 754 by controlled stable recrystallized grain structure
that is coarse and highly elongated in the direction of hot working with grain aspect as high. as
10:1, | |
INCONEL MA 6000:

It’s a Ni-base super alloy produced by mechanical alloying & is ‘strengthening &
precipitation hardening for creep & rapture properties at 1095°C as well as 760°C. It was
developed a blade material for gas turbines. MA 6000 is thermo-mechanically processed & given
high temperature annealing to develop a coarse, highly elongated grain structure. Its coarse grain

structure gives better creep properties.

12



2.9 MA ODS ALLOYS & SUPERFER 800H[58] ALLOY & THEIR APPLICATIONS:

Mechanical alloying, a new techniqﬁe was developed by Be'hjamin[14,1.5] in around 1966
to develop an alloy combining oxide dispersion strengthening (ODS) with ‘y’ pfecipitation s on
ferritic matrix in case of Fe-based on Fe-Ni based superalloys intended for gas turbine
applications. 4' o

The fundamental process in mechanical alloying to produce metal process with controlled
" microstructure, uniform & homogeneous distribution of powders is the repeated welding,
fracturing & rewelding of powder mixture in a dry, high energy ball charge [16,19] in a high
energy attritor mill. In an attritor the central shaft carries paddles which when collision between
the steel balls of the ché.nge &allow mechanical alloy to take place. [Diagram of attritor mill Fig.
2.1, 22, 2.3). Mill atmosphere temperature must be carefully controlled in sequence which is
often unique to a particular alloy. Milling time is also very important parameter for better charge
preparation & it’s usually lies in between 2-3 hrs. ' )

The very homogeneoué distribution of alloying elements during MA gives both the solid
solution strengthened & precipitation hardened alloys, more stability at elevated temperature &

overall improvement in properties.

13



Fig 2.1 Schematic Diagram of Fig 2.2 Schematic Diagram showing
High Energy Attritor Mill. Powder fracturing, rewelding in attritor.

Fig 2.3 Photograph of Attritor used in Laboratory.
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Table 2.5 Typical composition & applications MA-ODS alloys & Superfer 800H

Alloy Composition (wt %) Typical applications
Fe |Ni |[Cr |Al [Ti |Mo|W |Ta | Y20
MA956 |Bal. |-—- [20 [45|.05{-- |- |-- |[0.5 |Steam boilers, futnace
' Vacuum furnace muffles,
baskets & in glass -
processing Industry.
. Fuel cladding for fast
MA957 |Bal.|--- [14 |-—-]1.0]03 |-~ |-- | 0.25 |neutron, fast breeder
reactor, heat exchanger
tubes.
MA745 |-~ |Bal |202 |03 |05 | | |~ |06 | Y2005 & bands for aircraft
gas turbines engine.
MAG6000 | — |Bal [15 |45 05|20 |40]|20(1,1 |Gas tubines blows and
vanes.
Superfer Furnace equipment, heat
800 |Bal (32 [21.0/03 |03 |- |o | |- |CXchanger  piping in
(Incoloy chemical industry, baffles,
800H) tubes plates in fertilizer
plant.
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Fig 2.4 Superalloys in Turbine

Fig 2.5 Superalloys in Jet Engine
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- 2.10 HIGH TEMPERATURE OXIDATION OF METALS & SUPERALLOYS:

Metals and alloys get oxidized when they are heated to elevated temperature in air on
highly oxidized environments, such as a combustion gas with excess of air on oxygen.
Considering the chemical equation for the reaction between a metal and oxygen gas to form the
metal oxide. | aM+ b2 0,—> M,0,

The initial step.in the metal oxygen reaction involves the absorption of gas on the metal
surface. As the reaction proceeds, oxygen may dissolve in the metal, resulting in the formation
oxide on the surface either as a film or as separate oxide nuclei. Both the absorption & the initial
oxides formation are functions of surface orientation, crystal defects at the surface, surface
preparation & impurities in both the metal & the gas thermodynamically, an oxide in likely to
form on a metal surface when the oxygen potential in the environment is greater than the oxygen
partial pressﬁre in the equilibrium with the oxide. [S2] The surface oxide then separated the
metal &the gas. When a compact film covers the surface, the reaction may proceed only through
a solid state diffusion of the reactants through the film. For thin film the driving force for this
transport of reactants may be due to the electric field in or porous oxide scales which as such do
not serve as a solid-state diffusion barrier between the reactants. In such case the reaction may be
limited by process occurring at phase boundaries. Further, a high temperature, the oxide may
also be liquid on volatile [52]
| It has been described that [S3] the phenomenon for Ni-20 Cr alloy oxidation here
approximately 80% of the surface gets covered with NiO phase & 20% by the Cr,O; phase
during initial stage of oxidation (neglecting the formation of NiCr,Q4). The rate of oxidation is
controlled by transport for much slower process that across the initially formed NiO rich layer.
Because Cr,03 is much stable oxide than NiO.

There are various empirical rate laws observed during oxidation upon the service condition
Linear Law: | .
The amount of oxidation increases linearly mathematically

AW=kt, Where - AW = increase in weight of the specimen

t = time of exposure to environment
k = constant
The oxides that grow according to this law non-protective due to the formation of porous or

cracked scale.
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Parabolic law: .
" Here the rate of oxidation of is directly proportional to the square root of time
Mathemaﬁcally -.
(AW)*=k t

This law is valid for the oxidation for protective oxide. Al, Cu, Fe oxidation follow the
law of oxidation. V
Cubic law:
| Here the rate of oxidation is directly proportional to the cube root of time

| ie. (AW)}=kt

Usually such behaviour i; restricted to shot exposure periods. For oxidation of Zr an
apparent cubic law is followed. It results from a combination of diffusion-limited scale formation
& oxygen dissolution into the metal. | A

Linear oxidation rate is least desirable, because weight gain increases at constant rate
with time. PéraBolic & logarithmic oxidation rates are preferred in materials oxidations e.g. Al
oxidizes in air at ambient temperature according to the logarithmic rate law as a consequence the

film growth essentially stops after some days to exposures. [3]

2.11 OXIDATION OF SUPER ALLOY:
The super alloys have been developed to achieve oxidation resistance by utilizing the
concept of selective oxidation. The selective oxidation approached to obtain oxidation ‘reéistance
| in super alloys consists of oxidizing essentially only one element oxide for protection. For

effective protections it’s anticipated that the oxide should over the whole surface of the alloy & it
must be a n oxide through which the diffusion of the reactants takes place at comparatively slow
rate. Usually in Ni, Fe- Ni base super alloy, Al & Cr are chosen for selective oxidation for this
purpose. The selective oxidation [54] process is affected by

(i)  Alloy composition

(i)  Surface condition

(iii))  Environment

(iv)  Cracking of oxide scale
During isothermal oxidation of Ni-base super alloy Cr,0; & Al,O; scales are expected to be

formed, where as under cyclic condition depletion of Cr, Al results eventually in formation of
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'NiO scale. The time over which Ni- base super alloy can maintain protective, external scales of

Al,O3 & Cr,0; id affected by temperaturé, gas environment & alloy composition. Generally the

super alloys remain Al,O3 or Cr,03 formers for longer times as the Al or Cr concentration are '
increases other elements such as Yttrium Or Cerium can extend this time as these elements

improves the oxide scale adherence. Further the alloys which are in alumina formers generally

_have latter oxidation resistance than the chromium formers, since diffusions through the alumina

scales is generally slower than through chromia.

So far as the Co & Fe based super alloy are concerned, they usually cannot be made to
obtain enough Al to permit them to be Al,O3 formers as it will have detrimental effects on their
mechanical Iﬁroperties. That is why these super alloys have to rely on the ‘C'r203 scale for
oxidation resistance. Further more, even when considering the Ni- based super alloys that are -
Cr,03 formers, as degradation begins, i.e. Cr,Os scales are scales are damaged the less
protective oxides formers on the Ni-based alloys contain significant amount of NiO as compared
to Co & Fe oxides on Co & Fe-based super alloys respectively. Since Ni- oxides are more
protective than Fe & Co-oxides the oxidation resistance drop-off is more abrupt in the case of Fe
& Co-based super alloys. Further the oxidation resistance of Co & Fe- based super alloy usually
increase with the Cr concentrations 7 the oxidation resistance of the alloys with the oxidation

resistance of the aﬂoys with less that about 20% Cr is comparatively poor. [54]

2.12 HOT CORROSION OF SUPERALLOYS IN 40% NA, SO4 & 60 % V,05
ATMOSPHERE:

Metals and alloys sometimes experienceé accelerated oxidation when their surfaces are
covered with a thin film of fused salt in an oxidizing gas (air) at elevated temperature [55].
This’s known as hot corrosion where a porous non-protective oxide scale is fonﬁed at the
surfaces& sulphides in the substrate [44]. If concentration of sulphate exceeds the saturation
vapour pressure at the operating metal temperature for turbine blades, vanes &energy generation
components at 700-1000 °C [45], then Na,SO4 will deposit on the surface of these components.
At higher temperature these deposits of Na;SO4 are molten (MP 884 °C) [46] & [47] can cause
accelerated attack of Ni- & Co-based super alloys. Further the accelerated corrosion can also be
caused by other salts, such as vanadates on sulphate-Vanadates mixtures [48] and in the presence

of solid on gaseous salts such as chlorides. The. sources of the salts may be
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(@) The direct contact of sea salt in a marine environment

(i)  Due to fuel combustion ( Na;SOq). -

Hot corrosion degradation process of the superalloys usually consists of two stages,
namely an Initiation stage & propagation stage [54]. It’s a fact that all corrosion resistant alloys
degrade via these two stages & it’s the result of using selective oxidation to develop oxidation on
corrosion resistance. Petit & Meier further elaborated that the condition causing hot corrosion
therefore so nothing more than shortening the time for which superalloys can fofm protective
AlO3 on Cry0j scales via selective oxidation. _

Harris at are [48] in their study on the scaling resistance in moving air of some typical -
gas turbine alloys with & without creating of Vanadium pentoxides through their useful
temperature range upto 1100 °C in 70 hrs cycles found that in all cases Vanadium pentoxide
coating have a deleterious effect. It’s more pronounces for Fe-based. alloys at temperature above
750 °C. Sachs [49] studies accelerated high temperature corrosion of steels & stainless steels in
V105 environment. They reported that oxidation of pure Cr in V,05 occurs with a very rapid
diffusion rate & so only the initial stages of the curve were supposed to be more important. Later
slowing down of the oxidation rate was attributed mainly to the effect of scale thickening loose
& spongy appearance of the scale was observed by them at the beginning of the process. V,0s
was present in excess & did dissolve the products of oxidation. According to them at the sarhe
point the liquid was saturated with the oxide which subsequently could get precipitated. The
presence of various Phases in a thin layer of scale would impose such severe strain on the film
that cracking & exfoliation could be expected. This would permit liquid phase to reach form a
spongy scale were seen to prevail. This mechanism would apply only to prevail. This mechanism
would apply only to Fe- base alloys which are susceptible to catastrophic corrosion
‘ Fairman [50] has studied some metal specimen in an ash mixture (V205 +10% Na,SOq)
environment in air. The results showed that the corrosion was most severe at the ash/air or ash/
atmosphere interface. He has observed that the attack was greatest where the concentration of
oxygen & V,0s ‘are greatést suggesting the transfer of oxygen atoms or ions by the V,0s to the
metal suffaoe. According to him accelerated: oxidation is a diffusion controlled process.
Accelerated attack by the sluggish action of law melting point oxides constantly exposed fresh

metal to the atmosphere. However, if this mechanism is valid, V205 can only have any affect
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when the ash is molten. The mechanism of accelerated attack thus has been most
satisfactorily explained- by the catalytic action of V,0; operating with an increase in the defect
concentration of the scale.

Thilkan [51]' studied.hot corrosion of Ni free austenite stainless steel Cr-Ni stainless steel
& INCONEL in oxygen atmosphere at different temperature with Vanadium-Sodium slag. of
varying compositions. They justiﬁéd the use of saturated solution of Na,SO4 asv the liquid
medium because of its low gas solubility, vapour pressure & viscosity. Threshold temperature
was found to lie between 700 °C to 800 °C. Above this temperature the extent of attack initially
increased but with increases in temperature either it becomes constant [as observed for Inconel].
Increase in the amount of Na,SO, increase the rate of oxidation first & then decreases at
850 °C -870 °C temperature. At 950 °C temperature all Na,SO, additions decreased the corrosive
effects of V,0s. They observed that fluidity of slag was important in allowing diffusion of

oxygen.

21



ks

CHAPTER-3 DEVELOPMENT OF THE POWDER FORGING PROCESS
AND FURMULATION OF PROBLEMS

ODS alloys are ordinarily strain rate sensitive alloys & therefore high speed deformation
associated with process like powder forging was not suitable for their manufacturing. Moreover
M/S INCO alloys Co., USA & similar other companies leading ODA manufacturers, preferred
costly extrusion process where strain rate is slow & controllable but for manufacturing ODS
alloy through this extrusion technique high quality pure poWder atomized using argon was
required with very low oxygen constant (< 100ppm) , which made these cloys costly.

In our work development & characterization of ODS alloys we produced alloy by using
powder forging technique to minimize the cost of powder was reduced by hydrogen which was
made in our lab. It self by using H,- generating plant.

Before forging into slab. So we need not bother about impurity( oxygen) level in the
powder ‘& used indigenously available raw materials & the characterization of our alloys
showed a well comparative & some how a better high temperature oxidation & corrosion
behaviour. |
Failure reports: -

In our present work failure occurred in carious stages for the sample preparation. These
failures were due to some inconvenience in our working procedure. We made around 10 forgings

out of which 3 were in a condition for further experimental work. The alloy composition was

Cr (in the form of ferfochrome) -22%

Al -55%
Y,0;3 (in the form of oxalate) - 0.5%
Fe -72%
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Various failures occurs in forging were discussion below
Forging No. 1 & 2:

Failure in these samples occurs due to closing of hydrogen flow valve before forging. As
a result of the reduces powder again got oxidized heﬂce the samples have no proper compaction,

which was seen after removal of the skin from the sdmple. It shows dark colour instead of

shining metallic colour.
Forging No. 3 & 4:

In this case also due to the switching off the hydrogen valve before forging back pressure
was created which results in the explosion at the samples.
" Forging No. 5 & 6:

Failure in these samples occurred in hot pressing of samples after homogenization
treatment. Due to sudden heat loss while pressing if caused cracking of the samples, hence very
small pieces were found.

Forging No. 7 & 8:

Here the failure was due to the exposure of samples to high temperature of samplés to
high temperature which results in the melting in some points & others are remained in
inhomogeneous in compositions.

Forging No. 9 & 10:

Failure b'ccurs here due the forging strokes after the samples lost its high temperature,
resulting in the cracking on small pieces of the finally samples. |
So to avoid the failure & to get good sample pieces the following precautions should be taken

| (1) Attrition time should not be too large otherwise very fine particles will

form which will create problem in permeability good flow of hydrogen.

(i)  Hydrogen gas flow should not be stopped before forging after one stroke it
will automatically switch off on switch off after first stroke.

(iii)  Forging stroke should be applied only in red hot condition, otherwise
sample will crack.

(iv) Homogenization temperature should be <= 1300°C, otherwise melting will
take place; causing the coinpositional ir;homogenity.

(v)  Hot pressing should be done only in red hot corrosion, otherwise sample

will crack.
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CHAPTER 4. | PLANNING OF EXPERIMENT WORK SCHEDULE

Selection of the work:

Commercially Fe-based ODS super alloys e.g. MA 956 have a composition that is
selected for better creep properties, high temperature oxidation & corrosion resistance these
alloys have homogeneously distributed rare earth oxides i.c. Y203 (10-40nm particles size).
Ferrite ODS alloys take their corrosion resistance at elevated temperature from at least 20% Cr &
5 % Al. The present work consists of the following steps:

() Powder preparation, H; gas filling in cylinder

(ii)  Powder mixing

(iii) Capsulaﬁng the powder

(iv)  Reducing of powder by using Hydrogen at 1100 °C temperature.

(v)  Hot ,forgingA of the capsule of 1100 °C immediately after the reduction of
powder mixture. 7 |

(vi) Homogenization of the forged slab at 1300 °C for 5 hrs

(vii) Hot pressing at 1100°C |

(viii) Removal of skin from the homogenized forged capsule by using shaper to
produce the final design product.

Based on the above points, aiming to develop ferrite ODS alloy economically with the
properties in comparison to MA956 alloy through powder forging technique & by taking
commercially available metal/ alloy powders not bothering about oxygen level,

Development & characterization of Fe-based ODS super alloy for high temperature
applications has been selected as a dissertation work

In the present technique powder forging has been employed but strain rate sensitivity of
these alloys has been carefuily avoided, so that in the high quality alloy pdwder we stated with
elemental powders not bothering about oxygen levels. Various parameters for our works were:

() Composition of mixture.
(i)  Time & temperature of reduction.
(ili)  Forging force |
(iv)  Homogenizing témperature
By altering these parameters the properties can be varied.

>
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Fig 4.2 Schematic Diagram of Powder Forging.

25




CHAPTER 5. ' EXPERIMENTAL WORK

The alloy to be made has the following composition.

Table 5.1: composition of the alloy developed by us.

Cr (wtin %) | Al (wtin %) | Y203( wt in %) | Fe (wt in %)
22° - |55 0.5 72

The purity of elements is as follows
e ‘Cr’ is the form of Ferrochrome 70% has < 0.1% carbon
. ‘Al poWder has 99.7% purity
e Y;05is99.9% pure
e Feis 99.4% pure

. H, used for reduction is 99.99% pure.

Powder conditioning:-

Usually all the elements used for mechanical alloying are less that 100 mesh size. For
homogeneous distribution of Y,03 in the powder mixture, it’s added in the form of Yttrium-
Oxalate which has particle size in Ehe range of 4-10 nm.

Nearly pure hydrogen has is produced by electrolysis of distilled water in hydrogen plant.

Yttrium oxalate preparation:

Same quantity of Fe-powder &“Yttrium” were taken, Then these two powders dissolved
separately in dilute 50% Nitric Acid & often complete dissolution these two solutions were
mixed in a .large beaker. This solution had P value of 2.5, but since the precipitation of oxalate
required a slightly higher P", the above solution was made ammonical by using 25% NHs.
Finally addition of oxalic acid crystal or concentrated Oxalic acid solution was done to cause the
precipitation of Yitrium-oxalate & Fe- Oxalate. The solution after precipitation of oxalate was
again added with 25% NH; & then oxalic acid to check whether all the traces of precipitation
has come out or not.‘ After complete precipitation the solution becomes colour less. The

precipitation was then dried in a oven at 110°C for 2 hrs for complete removal of moisture.

26



Equation & Calculation:
2Fe + 3(COOH), = 2(coo); Fe +3 Hy |
2* 56 - 2%56+ 3(44)
2Y + 3(COOH), = 2Y(COO); + 3H,
From these equation we can calculate the total amount of oxalate (theoretically) &from
the experiment amount of oxalate we can calculate the yield percentage which lies between 95-
105%. From this we can also calculate the amount of oxalate required for 0.5% Y,0; in the

mixture. Fe- is then balanced.

Mechanical alloying of the powder:

Here the proper composition of powder mixture of changed in a high energy attritor mill
ina ration\of 5:1 to 6:1 call to powder ratio for 2 hrs to produced microscopically homogeneous
chemical composition . P'

- Table 5.2 Details of attrition for mechanical alloying

Attritor mill speed 250 rpm
Diameter Attritor mill 280 mm
Height Attritor mill 310 mm
Weight of steel ball 2.5kg
Diameter of steel ball 3 mm
charge powder 500 gm
time of attrition 2 hrs

Encapsulation of powder mixture:
Here the powder mixture after attrition is filled in mild steel tube of 8 cm diameter,
1.5 cm thick & 10 cm length capsule & a protective hydrogen atmosphere was created by

connecting one (longer) end of the capsule, with the H,- cylinder at 90 psi.

Heating the powder mass:
After encapsulation of the powder the capsule is inserted in a tube furnace at temperature
of 1100 °C for 1 to 2 hrs for effective reduction & to prevent oxidation of the capsule into the

furnace at a constant follow of hydrogen.
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Fig 5.2 Photograph of Tube Furnace used in Laboratory.
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Forging of the powder mass: ,

The tube containing powder was subjected to forging in a high capacity forging press
under the flow of hydrogen till the first blow of forging hammer followed by subsequent
hammering only in red hot condition. The powder gets consolidated inside the forged tube to 90-

100% of its theoretical density.

Homogenization:

The forged product was homogenised in a muffle furnance starting from 1100 °C to 6 hrs
at 1300°C. This gives microstructrually homogeneous product & eliminates the precipitation of
FesAl. Here diffusion of individual constituents across the particle surfaces leads to alloy
formation. ‘

After the homogenization the mild steel capsule cover is removed by using shapers,
grinder, & subjected to hot pressing at 1100°C to form the slab samples.

These samples are taken for further study. These samples are then subjected to Density
measurement, Vickers’s hardn;:ss testing (VHN) & micro structural study before high

temperature oxidation & corrosion testing.

Table 5.3 Densities and Vicker’s hardness of various samples

D_enéity of samples | VHN
Samples (g/ce)
Melted 74 | 519
Partially melted (coarse grained) | 6.63 478
Not melted - 4.34 276
Pure Fe-before hot rolling 4.95 92
Pure Fe- after hot rolling 6.74 126
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Fig 5.4.a Photograph of Pressing Fig 5.4.b Vicker’s Hardness Testing
Machine. Machine.
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Fig 5.5.b Photograph of Interior of Muffle Furnace.
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Fig 5.6 Photograph of (a) Shaper, (b) Grinder, (c) Cutter used for Skin Removal.
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Study of oxidation behaviour (Cyclic Oxidation Testing):

In cyclic oxidatioh testing the specimens were subjected to expose at temperature 1100 °C
for 20hrs & then these were cooled to room temperature for 10mins. Before the test the surface
area & weights of the specimen were then suspended inside the surface by using platinum wire 4&
selumnide refractory arrangement. Each cycle consists of 20 hrs heating & 10 mins. The number

of cycles is repeated till the constantly is weight change is maintained.

Hot corrosion studies:

Here after the cycle oxidation testihg specimen areas & weight were calculated again
without removing the oxide layers formed on the specimen. Then ceramic boats used were kept
in oven at temperature of 200 °C for two hrs for complete removal of moisture in boat. The

coating consists of 40% Nay SO4 + 60 % V,0s. The amount of salt coating should be between 3

to 5 mg/em? is applied to the warm specimen kept at 100 °C for 2 hrs. Then the initial weights of - |

the specimens were calculated. These specimens were then subjected to the tube furnace képt ata
temperature of 900 °C for 5 hrs & then cooled to room temperature in air for 20 minutes each
cycle consist of 5 hrs heating & 20 minutes cooling. This way eXperiment was conducted till the

consistency in weight was observed.
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FLOW SHEET FOR EXPERIMENTAL PROCEDURE
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Fig 5.7.c Melted Sample (200 X) Fig 5.7.d Coarse Grain Sample (100X).
Before Testing. Before Testing. ‘

Fig 5.7.e Low density Sample (100X)
Before Testing. '
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CHAPTER 6. " RESULTS AND DISCUSSIONS

All the parameters in the present work was optimized & compared with work done by
Amar Singh Sudan ,1992 [3] fully densed alloy-B3 and on MA 956 ODS & Gitanjali [2] 2003,0n
a fully dense Fe-based ODS i.e. super alloy 800H.

The alloy with which results were compared in discussion has thevfollowing composition

Percentages of alloying elements ( wt %)

Name of alloys

Cr Al Y203 Ni Ti | Mn,Si | Fe

Fully densed alloy B3 17 5.5 0.4 --- —- - Bal.

Superfer 800H (Incoloy 800H) 21 0.3 --- 32 0.3 1 max | Bal.
each

Alloy developed by us 22 5.5 0.5 - — - Bal.

Results of cyclic oxidation testing:

Table 6.1 Weight gain data of cyclic oxidation testing' at 1100°C temperature

Weights change (gain) in gm/m2
Times in hrs | Melted sample | Partially melted | Low density sample | Fully densed | MA
sample ' B3 alloy 956
20 46.357 3.171 184.01 5.00 3.21
40 56.291 4.438 269.44 15.83 4.52
60 59.30 4.438 302.30 27.49 5.43
80 59.30 _ 4.438 330.77 43.31 6.55
100 59.30 4438 346.23 61.68 7.40
120 59.30 4.438 351.18 75.00 8.25
140 59.30 4.438 351.18 75.00 8.25
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Graph 5.9 Cyclic oxidation behaviour of alloy developed, MA 956 and

Fully densed B; [3] alloy
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Results of hot corrosion testing:

Table 6.2 Weight change data of hot corrosion testing at 900°C temperature in
Na,S04+60% V105 environment:

Weight change in gm/cm?2
Time in hrs ' Melted Low | Partially MA 956 Superfer Kanthal
sample density melted ODS 800H

’5 13.16 -17.52 1.902 | 78 25.25 27.248
10 -12.91 -16.43 5.07 | 84 33.12 43.597
15 -12.58 .-15.43 6.97 86 36.01 54.496
20 -11.92 -14.22 - 8.87 94 41.33 61.762
25 -10.589 -12.05 | 9,51 86 44.00 65.395
3/0 -9.93 | -10.95 10.15 86 46.72 67.212
35 993 -9.86 10.78 | 84 48.20 67.212
40 -9.93 -9.86 .1’0.78 95 50.00 67.212
45 -9.93 -9.86 10.78 95 51.22 67.212
50 | -9.93 | -9.86 10.78 95 _ 51.22 67.212
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Graph 5.10 Hot corrosion behaviour of alloy developed, fully densed B3 alloy,
Superfer 800H and Kanthal sample.
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DISCUSSION

Incase of cyclic oxidation testing increase in weight incase of the melted sample was
Jarge than the partially melting & the weight gain is too maximum in case of low density sample.
Incase low density sample due to the porosity more surface area was exposed hence has the
maximum weight gain. But incase of melted sampie as it was melted the distribution of the
alloying element (especially Cr,O3) was not homogeneous distribution through out the sample.
Hence the oxidatien resistance is less than that of the partially melted (coarsen grain) sample °
where the decrease of metallization & coarsen grain structure is adequate for low oxidation. Here
the distribution of alloying elements & low grain- boundary area play the domination role for
effective oxidation resistance.

Incase of high temperature corrosion testing the loss in weight first incase of melted &
low density alloy was due to spitting of scale initially. But later the increase in weight shows
some accelerated corrosion (oxidation) was taking place. In almost all the samples often around
5 cycles the constancy in weight gain was marked. In a Iow- density initially weight loss was
more due to the environment and after 5 cycles due to the layer of Cr,O3 formation the further
oxidation was 'prevented. In case of partially melted coarse grained sample due to
" homo geneously distribu_t_ed Cry0; the oxidation & corrosion was the least to be found out.

Thus the initial weight changes is due to the surface & then due to the oxide layer
formation the diffusion of ‘O,’ us decreased & finally ceased which is reflected from the
consistency in weight gain after few cycles. The comparison of the alloy developed with the MA
ODS 956, superfer 800H & Kanthal is self explanating. |

In our work we used Y,0s instead of Y’ which is used in superfer 800H .Thus the

presence of Y203 and high “Cr” (22%) gives better performance under high temperature testing.
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CHAPTER 7. CONNCLUSIONS

» Fe-bases ODS super alloy can be produced economically by P/M forging route by usihg
indigenous raw materials without bothering about starting powder purity & size for the
application which requires oxidation/ sulfidation resistance.

» The present investigation revealed that higher the density better the performance at high
témperature proceed the alloyi_ng distribution should be homogeneous.

» The alloys developed should the stabilized weight gain with parabolic law of oxidation.

> The presence of yttria diepersoids serves many functions, these are

@) Improves high temperature resistance

(ii) Reduces porosity

(iii) - Improves formablity

(iv)  Reduces electrical resistivity

(v)  Enhances homogenization of Cr during‘processing

(vi)  Increases hardness
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CHAPTER 8. - SCOPE FOR FUTURE WORK

The development & characterization of the present glloy should as good comparative properties
With MA 956 supérfer 800H. So the future scope includes
> Optimization of parameters for the development of this alloy in technique i.e. mechanical
alloying composition, forging, homogenization, hot rolling etc.
| > Micro structural studies uniform distribution hence in depth micro structural study, TEM,
SEM, XRD etc.
| > Designing of the alloy changing the alloying elements specially Y>0s3 up to 1%

> Study of the alloy under molten bath composition of Na;SO4 & V,0s.
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