
Better High-Temperature Stainless Steels Needed

Key issues are Creep and Corrosion
-Significant gains in recent years for improved
creep resistance via nano carbide/nitride

-Cr-oxide used for corrosion resistance can be  
compromised by  H2O, C, or S species

-Al-oxide offers better corrosion resistance but
additions of Al degrade creep resistance   

0.0

0.1

0.2

0.3

0.4

0.5

0.6

M
as

s G
ai

n 
(m

g/
cm

2

0 10,000 20,000 30,000 40,000 50,000

Air
(Protective
Cr-oxide)

Exposure Time (h) 

Air + 10% H2O
(fast-growing Fe-oxide)

347 stainless steel at 650°C

NiOCr2O3

α-Al2O3
SiO2

1300 1100 900
-14

-12

-10

-8

1/Temperature (shown in oC)Pa
ra

bo
lic

 R
at

e 
C

on
st

an
t (

g2 c
m

-4
s-1

)

Kinetics

Temperature (oC)

-400

-600

-800

-1000

200 700

NiO FeO

Fr
ee

 E
ne

rg
y 

(k
J 

m
ol

 O
2)

SiO2Cr2O3

Al2O3

Thermodynamics



Alumina-Forming Austenitic (AFA) Alloy Family
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100,000 h Creep Rupture Temperature [oC]

St
re

ss
 [M

Pa
]

-3
-2.5

-2
-1.5

-1
-0.5

0
0.5

0 200 400 600 800 1000
Total Time (10h cycles)

M
as

s C
ha

ng
e 

(m
g/

cm
2 )

230
NiCrW+La

709
Fe-25Ni-20Cr

625
Ni-20Cr-9Mo

AFAHP

900°C in Air + 10% H2O

AFA Alloy Grades
AFAHP: Fe-(25-30)Ni-(14-15)Cr-(3.5-4.5)Al-
(1-3)Nb + Hf/Y ~850-900°C Al2O3 limit

AFA: Fe-(20-25)Ni-(14-15)Cr-(2.5-3.5)Al-
(1-3)Nb base ~750-800°C Al2O3 limit

AFALN: Fe-12Ni-14Cr-2.5Al-0.6Nb
~650°C Al2O3 limit

•Superior corrosion resistance 
without loss of creep resistance

•Properties approaching Ni-base 
alloys at stainless steel cost

•Key is Nb: promotes Al2O3 and 
strengthens via nano NbC

Contact: Michael P. Brady; bradymp@ornl.gov


