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ABSTRACT

Inconel 718 is the nickel based high strength super alloy suitable for service at

temperature from (-252ºC) to (700ºC). It has been broadly used in components

of gas turbines, nuclear plants and aircraft engines. Pulsed TIG welding is the

main welding process adopted for welding of Inconel 718 alloy because of its

welding quality and economy. Inconel 718 of 2mm thick plates was use as a base

material.

If the base material is 2mm with single pass weld, pulsed TIG welding is preferred

over conventional TIG welding process. The pulsed TIG welding parameters such

as Peak current, Base current, Pulse on time, Frequency and Shielding gas are

consider as the input parameters.

Inconel 718 is generally considered weldable, only in the context of PWHT

cracking problem, which is known to occur in the age-hardenable Ni-base alloys

containing 3 to 5% Al and Ti. The addition of Nb, which has averted the PWHT

cracking problem, has rendered this alloy very much susceptible to hot cracking.

The propensity of this alloy to such cracking has been a major persistent problem

during the fabrication of sodium-water heat exchangers of fast breeder reactor

steam generators. The cracking has been observed to occur in the HAZ as well

as the weld metal.
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CHAPTER 1

1.1 Introduction

Inconel is a family of austenitic Nickel-Chromium based super alloy.

Inconel alloys are oxidation and corrosion resistant materials well suited for

service in extreme environments subjected to pressure and heat. When heated,

Inconel forms a thick, stable, passivating oxide layer protecting the surface from

further attack. Inconel retains strength over a wide temperature range, attractive

for high temperature applications where aluminum and steel would succumb

to creep as a result of thermally induced crystal vacancies. Inconel’s high

temperature strength is developed by solid solution strengthening or precipitation

hardening, depending on the alloy.

Inconel 718 is a precipitation hardenable nickel-based alloy designed to

display exceptionally high yield, tensile and creep-rupture properties at

temperatures up to 1300°F. The sluggish age-hardening response of Inconel 718

permits annealing and welding without spontaneous hardening during heating

and cooling. This alloy has excellent weldability when compared to the nickelbase superalloys hardened by aluminum and titanium. This alloy has been used

for jet engine and high-speed airframe parts such as wheels, buckets, spacers,

and high temperature bolts and fasteners.

Inconel is often encountered in extreme environments. It is common in gas

turbine blades, seals, and combustors, as well as turbocharger rotors and seals,

electric submersible well pump motor shafts, high temperature fasteners,

chemical processing and pressure vessels, heat exchanger tubing, steam

generators and core components in nuclear pressurized water reactors, natural

gas processing with contaminants such as H2S and CO2, firearm, sound

suppressor, blast baffles, and Formula One, NASCAR, NHRA, and APR,

LLC exhaust systems.

It is also used in the turbo system of the 3rd generation Mazda RX7, and

the exhaust systems of high powered rotary engined Norton motorcycles where

exhaust temperatures reach more than 1,000 degrees C. Inconel is increasingly

used in the boilers of waste incinerators. The Joint European Torus and DIII-D

(fusion reactor) tokamaks vacuum vessels are made in Inconel. Inconel 718 is

commonly used for cryogenic storage tanks, downhole shafts and wellhead parts.



1.2 Composition of Inconel 718

Table 1: Composition of Inconel 718



Element



Min

(%wt)



Max

(%wt)



Nickel



50



55



Chromium



17



22



Iron



-



17



Niobium



4.75



5.5



Molybdenum



2.8



3.3



Titanium



0.65



1.15



Cobalt



-



1



Copper



-



0.3



Aluminum



0.2



0.8



Traces of Boron, Carbon, Phosphorus, Sulphur and Silicon



1.3 Properties of Inconel 718

Inconel alloys are oxidation and corrosion resistant materials well suited

for service in extreme environments subjected to high pressure and kinetic

energy. When heated, Inconel forms a thick and stable passivating oxide layer

protecting the surface from further attack. Inconel retains strength over a wide

temperature

range,

attractive

for

high-temperature

applications

where aluminum and steel would succumb to creep as a result of thermally

induced crystal vacancies. Inconel's high temperature strength is developed

by solid solution strengthening or precipitation strengthening, depending on the

alloy. In age-hardening or precipitation-strengthening varieties, small amounts

of niobium combine with nickel to form the intermetallic compound Ni3Nb

or gamma prime (γ'). Gamma prime forms small cubic crystals that inhibit slip and

creep effectively at elevated temperatures. The formation of gamma-prime

crystals increases over time, especially after three hours of a heat exposure of

850 °C, and continues to grow after 72 hours of exposure.

Density: - 8220 kg/m3

Melting Range: - 1210 to 1344 ⁰C

Electrical Resistivity: - 1210 microohm-mm

Modulus of Elasticity (E): - 208 x 103 MPa at room temperature



0.2% Yield Strength: - 1172 MPa at 200 ⁰F

Ultimate Tensile Strength: - 1407 MPa at 200 ⁰F



1.4 Heat Treatment of Inconel 718

Inconel 718, a FCC solid solution of Ni, Cr and Fe (γ, the matrix) is

strengthened primarily by the coherent strains produced in its matrix by γ" and γ'

phases, γ" is the main strengthening phase having a BCT crystal structure of the

type Ni3V. It is a solid solution rich in Nb having a formula Ni3(NbAITi), while γ'

has a FCC structure and is rich in Al having a formula Ni3(AITiNb).

It is known from several studies that both high temperature solution

annealing (1065 -1093°C) and age hardening (625-650°C) treatments promoted

susceptibility of Inconel 718 to intergranular cracking. But a low temperature

solution annealing at 927°C was found to greatly diminish intergranular cracking.

Spot Varestraint crack measurements have shown that the solution annealed

material (927°C) had better crack resistance than the high temperature solution

annealed (1065-1093°C) and age hardened (625-650 ⁰C) materials.

The Inconel 718 sample of 2mm thickness was subjected to following heat

treatment cycle

 Heating to 980 degree Celsius and soaking it for 8 hours.

 The specimen is then subjected to ice brine quenching till room

temperature.

 Heating it again to 720 degree Celsius and soaking it for 8 hours.

 Temperature is reduced to 620 degree Celsius at the rate of 55

degree Celsius per hour.

 The specimen is allowed to be soaked at 620 degree Celsius for 8

hours.

 After 8 hours of soaking at 620 degree Celsius, the sample is

furnace cooled to room temperature.

 Heat Treatment is done according to ASTM B637.



1.5 Phases formed during Heat Treatment

The application of heat treatment, by solid solution and precipitation

hardening, is very important to optimize the mechanical properties of super alloys.

The main phases present in Inconel 718 are: gamma prime γ′ face ordered Ni3(Al,

Ti); gamma double prime γ″ bct ordered Ni3Nb; eta η hexagonal ordered Ni3Ti;

delta δ orthorhombic Ni3Nb intermetallic compounds and other topologically

closed-packed structures such as μ and Laves phases.

The heat treatment applied to Inconel 718, precipitation hardening, has

two steps: solid solution and aging treatment. In first step the secondary
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