LECTRIC POWER
RESEARCH INSTITUTE

Alloy 706

Misty Pender
ersity Turbine Systems Research
iversity of Central Florida, Orlando,

Power Research Institute, Charlo



Purpose

* The purpose of this project was to
iInvestigate INCONEL 706 superalloy,
which is derived from the INCONEL 718
composition in order to improve the
producibility of large forgings.

* |t has been reported that cracking has
occurred on Alloy 706 gas turbine discs

due to Stress Accelerated Grain Boundary
Oxidation.
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Key Characteristics

Precipitation-hardenable alloy (primary constituents are
Niobium and Titanium).

Balanced content of Nickel, Chromium and Aluminum
provide good hardenability and resistance against oxidation
and corrosion.

Excellent mechanical strength in combination with good
fabricability.

Easier fabrication than 718, particularly by machining
Delayed hardening response during exposure to

precipitation temperatures, which gives the alloy excellent
resistance to postweld strain-age cracking.

Used for applications requiring high strength and ease of
fabrication:

— Aerospace fields: turbine discs, shafts, and cases;
diffuser cases; compressor discs and shafts; engine
mounts; and fasteners.

— Non-Aerospace fields: turbine discs in industrial gas
turbines.



Microstructure of IN 706

« IN706 is a Nickel-lron-Based superalloy, which
IS used for high temperature applications where
creep and oxidation resistance are the main

design criteria.
 Aluminum and Titanium are the vital solutes,
which make up a total concentration of typically
ess than ten atomic percent.

* High temperature strength due to precipitation
nardening by coherent intermetallic particles of

y and y’ phases.




Microstructure of IN 706
* Typical Microstructure of IN 706

— The microstructure reveals relatively coarse austenite grains (y
phases), y’ phases, y’ phases, a few MC type carbides, Laves, n
phases, and some unresolved grain boundary constituents

* Major Precipitating Phases found in IN 706
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Manufacturing Methods

* Alloy Chemistry

— IN 706 chemistry is derived from the IN 718
composition

« Nominal Compositions of Related Alloys
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Manufacturing Methods

* Melting/ Casting Methods

— In order to develop large, high quality Alloy 706 ingots, a triple
melt process is utilized

« Vacuum Induction Melting (VIM)
» Electroslag Remelting (ESR)
 Vacuum Arc Remelting (VAR)

* Forging Methods

— Multiple upset and draw operations of the ingot are used in order
to break up the initial large as-cast grain size.

— Special handling and lubrication are used to maintain the
working of all forging areas and avoid die lock.

— A large press is used for recrystallization in a large land-based
turbine wheel in order to minimize the forge temperature while
attaining uniform working of the full part.



Manufacturing Methods

e Heat Treatment

— Heat Treatment A: The typical commercial heat treatment given
to the alloy for optimum creep and rupture properties :
» Solution Treatment- 1700-1850°F (925-1010°C) for a time
commensurate with section size, air cool
» Stabilizing Treatment- 1550°F (845°C)/ 3 hr, air cool
» Precipitation Treatment- 1325°F (720°C)/ 8 hr, furnace cool at
100°F (55°C)/hr to1150°F (620°C)/ 8 hr, air cool
— Heat Treatment B: The typical commercial heat treatment for
tensile-limited applications
» Solution Treatment- 1700-1850°F (925-1010°C) for a time
commensurate with section size, air cool

» Precipitation Treatment- 1350°F (730°C)/ 8 hr, furnace cool at
100°F (55°C)/hr to 1150°F (620°C)/ 8 hr, air cool




cal Properties

Properties of IN 706
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Properties of IN 706

* Physical Properties
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Properties of IN 706

 Thermal Properties
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Properties of IN 706

 Mechanical Properties
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Stress Accelerated Grain Boundary
Oxidation (SAGBO)

« SAGBO is a subclass of stress corrosion cracking
(SCC), which occurs for a susceptible material under a
high tensile stress in a corrosive environment, and Is
usually path specific.

« SAGBO involves the embrittlement along the grain
boundaries due to oxygen diffusion which causes
cracking.

* |t has been reported that SAGBO is responsible for
much of the intergranular cracking that has occurred in
INCONEL alloys 718 and 706 at elevated temperatures.



Accelerated Grain Bo
Oxidation (SAGBO)

O Mechanisms
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Stress Accelerated Grain Boundary
Oxidation (SAGBO)

e Remedial Actions for SAGBO

— Reduction of Applied Tensile Stress
— Reduction of Oxygen Content

— Modification of Chemical Composition
— Modification of Microstructure

— Thermomechanical Processing

— Oxidation Resistant Coatings



Summary

 INCONEL Alloy 706 is a precipitation-
hardenable alloy with excellent mechanical
strength, good fabricability and resistance
against oxidation and corrosion. Stress
Accelerated Grain Boundary Oxidation
(SAGBO) in Alloy 706 has been reported
as the cause of cracking in the gas turbine
discs.



References

. CI Mchdahonand LF. CofinJr, “Meckanisms of Damage and Frachuce m High-
Temperdburs, Low-Crele Ediue of a Cast Nickel-Based Swperalloy’, Melalizrgical
Transactions, Vol 1, 3443 (1970).

& C. Soonirapa. (2009). Modefiez Stress Accelaralad Grain Soundary Oridation
(BAGHO) in INCOLOY Alloy 508, Thesis (S), Massachusets nsiule of
Techmlogy, Dept of Materiak Scieoce and Enguaeering

3. GD. Stuithand5.]. Patel, “The Role of Niobiumm in Wrought Precipiation-Hardened
Nickel-Base Allogs”, Seperalios 714, 624, 70 cad Varions Derivalives. THS,
205,

4 HKDH Bradeshia (003). Kcke! Based Superalloys. Reireved June 5, 207, fom
b masm.cam o pase rans 20035 uperallopsfsuperalloys bl

5. INCONEL alog 706 Technical Bulletin, Special Metals Comoratior Sept, 204,

6. LI Moll, GN. Maniaraod DR Mueyka, “Heak Treatment of 706 Alloy fr
Optinyuns [200°F Sivess-Rupte Propectes”, Matalfurgical Tramsactions, Vol 2,8,
253 (1970

7 JH Moll, G Maniarand DR Murgka, “The Microstructure of 706, a New Fe-Ni
Base Sweraloy”, Melallurgical Transactions, Vol 2, 18, 2143 (1971).

8 KCA Heck, “The Time-Temperature-Transtormaion Behiawor of Aloy 706",
Siperalloys 18, 625, 706 and Various Derivatives. THES, 194,

9. M Gao, D.J. Deryerand B.P. Wel, “Chemical and Microstructural Aspects of Craep
Crack Growth in [ocone! 718 Alloy”, Superallops 728, 623, 706 and Various
Derivativs, ThS, 194,

10, MM Morra, (1999). Srwes deceleraied Graiv Bosdary Oridation of ncolcy oy
000 in High Tewparaiane Oxygonotis Abwospleres. Thesis (5c. D.), Massachusetts
Institute of Technology, Deot of Materials Secience and Eagineering

11, M Nammg, M Staubli and C. Neseds, “Effect of Compositional Modifications onthe
Mechanical Behavior of INY06", Speralloye 718, 625, 706 and Varipus Dertvatives.
41944, TMS, 197,

12 .. Schilke, 1.7, Peoe and B.C. Schwrant, “Allog 706 Metallurgy and Turbine Wheel
Roplication”, Seperathope 714, 625, 700 and Verious Derivativee, TMS, 1994

{3, R.H Bricknell and D.A. Woodtord, “Grain Boundary Embrittment of the Iron-Base
Superalloy INYG3A", Metalhurgical Tromsactions 4, 124, 1673 (1%81),

4.5, Foreen and B.H. Kane, “Effects of Environment on High Temperaturs Fatigue
Crack Growth in a Superalloy”, Melaflungical Travanction 4, 104, 1743 (1979),

15.V. Kindrachuk, N. Wanderka and ], Bankast, °yly" Co-Precipdation in Incons] 706
Allsy: A 3D Firute Element Study”, Mataricle Scionce and Enginsoring 4 417, 82
(Q006).

16. W. Carpenter, B.5.4] Kang and KL M Chang, “5AGBO Mechanism on High
Temperabure Cracking Behavior of Ni-Base Superallops”, Superalioye 716, 62J, 706
and Farioas Derivatives. 679-688, TMES, 1997,



