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Strength Degradation of Heat Resisting Alloys in High Temperature

Corrosive Environments
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Table 1. Classification of high temperature
corrosion.

Item Corrosive media (Environment)

High temperature

Air, H2O(g), Complex oxidizing atmosphere, etc.
oxidation

Hot gas corrosion

g% HzS, SO,/S03, CO/COz, CzHs NH3, HCI,

2s
Combustion exhaust gases, etc.

Molten salt corro- | Deposition of molten salts such as NazSOj4 sys-
sion (Fuel oil ash ] tem, V505 system, and PbO system
corrosion)
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Table 2. Principal alloy chemistry of various heat resisting alloys adopted (mass%).
Aloys C Cr Ni Co Fe Mo Ti Al Others
SUS304 0.08 18.4 8.5 Bal.
SUS316 0.07 16.4 10.6 Bal. 2.2 Cu0.1
SUS309S8 0.06 22.3 12.7 Bal.
A286 0.03 15.1 25.2 Bal. 1.3 2.3 0.3 V0.3
Incoloy 800H 0.09 20.5 31.5 Bal. 0.4 0.4 Cu0.1
Fe-42Ni-15Cr 0.09 13.3 41.3 Bal. 2.3 1.0
Fe-42Ni-15Cr-3Mo 0.05 15.0 41.9 Bal. 3.1 2.8 0.9
Inconel 718 0.03 17.5 Bal 18.6 3.0 0.9 0.4 Nb+Ta5.0
Nickel 201 0.02 Bal 0.1 0.3
Inconel 600 0.06 15.4 Bal. 0.1 7.8
Inconel 601 0.03 22.3 Bal. 15.2 1.4
Inconel X-750 0.04 15.9 Bal. 7.5 2.4 0.8 Nb+Ta 1.0
Inconel 751 0.09 16.1 Bal 5.7 2.1 1.1 Nb+Tal.2
Inconel 700 0.12 15.1 Bal 29.3 1.0 3.6 1.9 3.0
Nimonic 75 0.11 18.9 Bal. 0.3 0.5
Nimonic 80 A 0.07 19.8 Bal. 0.9 2.4 1.4
Udimet 500 0.08 18.0 Bal 18.5 4.0 2.9 2.9 Zr 0.05B0.01
Udimet 520 0.05 19.0 Bal. 12.0 6.0 3.0 2.0 W 1.0B0.005
Udimet 710 0.07 18.0 Bal 15.0 3.0 5.0 2.5 Zr 0.05B0.02
Udimet 720 0.03 18.0 Bal. 15.0 3.0 5.0 2.5 Zr 0.05 B 0.035
IN 738 LC (a) 0.10 16.0 Bal. 8.5 1.7 3.4 3.4 W2.6 Nb0.9
Tal.7Zr0.1
IN 939 (a) 0.15 22.5 Bal 19.0 3.7 1.9 W2.0Nb1.0
Tal.d Zr0.1
Mar-M 246 (a) 0.15 9.3 Bal. 10.4 2.5 1.4 5.5 W9.4Tal.8
Zr0.1 B0.02
MM 007 (a) 0.08 8.0 Bal. 10.2 6.2 1.0 5.9 Tad4.4Hf 1.4
Zr 0.05 B 0.02
X45 (a) 0.25 25.5 10.5 Bal. <2.0 W7.0B0.01
(a) Cast alloy
Table 3. High temperature damages encountered — Creep
in a gas turbine!?. —«— Mechanical Fatigue (HCF)
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Alloy: Inconel 700
Temp.: 710~720°C
Ope. Time: 27900h

Photo. 1. Micrographs of the thermal
cracks enhanced in hot corrosive environment
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Fig. 2. Effect of air cooling on the corrosion be-
havior of two kinds of superalloys in the combus-
tion gas corrosion test!®,
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@-— Tensile Fracture
Creep & Creep Rupture
High Cycle Fatigue
Creep-Fatigue Interaction
[Lovw Cycle Fatigue

Temperature
Loading

Thermal Fatigue
1
~

~,——
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@ - Stress Corrosion Cracking (SCC)

Mechanical Corrosion Fatigue

Loading

Table 4. Factors affecting the strength properties
in high temperature corrosive environment.

(1) Stress factor (Thermal & mechanical)
* Staticee+** Creep
* Dynamic------ Fatigue
¢ Superposition®-*: Creep-fatigue interaction

(2) Environmental factor
* Sort of corrosive media
---Gas atmosphere, molten salt, solid state salt mixture,
quality and quantity of deposited salt, etc.
* Atmosphere
--- Gas composition (pOZ, Py etc.) gas flow rate, gas
pressure, eic.
¢ Temperature, elc.

External
factor

(3) Materials factor
¢ Alloy chemistry
---Alloy system, alloying additives, strengthening
mechanism, elc.
* Microstructure
«+Precipitation condition, depletion of alloying additives,
grain size, grain boundary natures, eic.

Internal
factor
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Fig. 3. Load space for three types
of loadings.
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a) Hot corrosive
environment
(907%Na, S0,-107ZNaC1)
0=200MPa, t,= 2.7h

b) V-attack
environment
(8579V2 05 -1 SZNaz SOq. )
0=250MPa, t,=70.4h

Photo. 2. Morphologies of intergranular penetration and creep crack in Inconel 751 in
different corrosive environments at 800°C. Stress axis is vertical.
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. @ 85%V305-15% NazSO4 W 90% NazS04-10% NaCl
Fig. 4. Stress rupture properties of Inconel 751
specimens at 800°C in air and in hot corrosive en-
vironment along with in V-attack environment.
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Fig. 5. Stress rupture properties of Mar-M 246

at 900°C in air and in combustion gas streams®®.
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Fig. 6. Schematic representation showing the re-
lative contribution of different reaction processes
in the aggressive intergranular attack for nickel-
base superalloys with relation to temperature.
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Fig. 7. Relationship between the corrosion rup-
ture strength ratio and the corrosion mass loss at
100h.
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Creep Stage
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SUS 309S

Fe-42Ni-15Cr (Lower Stress Region)
Fe-42Ni-15Cr-3Mo

Inconel 718

Nimonic 75

SUS 304, 316
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Incoloy 800H

Fe-42Ni-15Cr (Higher Stress Region)
Inconel 600, 601

Inconel X-750, 751
Nimonic 80A

I.P.: Intergranular Penetrations

G.B.C.: Grain Boundary Cracks

Fig. 8. Schematic representation showing three types of creep rupture behavior observed in hot

corrosive environment.
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Fig. 9. Creep rupture life dagradation due to hot

corrosion of various nickel-base superalloys for

gas turbine blade?.
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Fig. 12. Fatigue crack propagation behavior of In-
conel 718 at 650°C in different gas atmospheres®®.
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