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Swedish Research Council (VR)

PROJECTS

• Material development for LFRs

• Lead temperatures up to 700°C

Objectives
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Ferritic Alumina Forming (FeCrAl) Steels  

10Cr–4Al
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Alkrothal

APMTPM 2000

MATERIAL BACKGROUND



316L (10Ni-17Cr-2Mo)

100 µm

Fe-10Cr-4Al + RE

10 µm
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10-5 wt. % O
1760 hours

340 µm

370 µm
Protective alumina scale

Fe-10Cr-4Al – 800°C Lead Corrosion

MATERIAL BACKGROUND
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Alumina Forming Austenitic (AFA) steels  

• Higher creep strength

• Not as corrosion 
resistant in Pb

• LME resistant

Properties:

• Hot ductility

• Minimize irradiation 
swelling

• Aging resistant ~550°C 

Criterion:

• Optimize corrosion 
properties

MATERIAL BACKGROUND

Low alloyed AFA

14Cr - 16Ni - 2.5Al - 2.5Mn - 0.9Nb
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Liquid Lead Corrosion Facility

EXPERIMENTAL SETUP

COSTA Tube Furnace

Liquid
Lead

Samples

Ar + H2/H2O Gas In

Gas Out, ZIROX

Samples



2019-10-16 7

EXPERIMENTAL SETUP
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A 10-4 10-4 680

B 7 10-8 552

C - - 680 +
552
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Small Punch Rig for High Temperatures - CIEMAT

EXPERIMENTAL SETUP

SP parameters
D 4 mm
d 6/8 mm
h 0.5 mm
R 1.25 mm

v 0.30 
mm/min 

d

Sample

Puncher

D

R
h

v

  



AFA (16Ni-14Cr-2.5Al-2.5Mn-0.9Nb)

50 µm

Top Surface

316L (10Ni-17Cr-2Mo)

50 µm

Top Surface
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RESULTS

Internal oxidation

Experiment A - 550°C (high pO2)
10-4 wt. % O

680 hours 

70 µm

70 µm



Top Surface

AFA (16Ni-14Cr-2.5Al-2.5Mn-0.9Nb)

50 µm

316L (10Ni-17Cr-2Mo)

50 µm

Top Surface
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RESULTS

Pb penentration

Experiment B - 550°C (low pO2)
10-8 wt. % O

552 hours 

55 µm 75 µm

Pb penentration



Top Surface

AFA (16Ni-14Cr-2.5Al-2.5Mn-0.9Nb)

50 µm

316L (10Ni-17Cr-2Mo)

50 µm

Top Surface
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RESULTS

Pb penentration

Experiment C - 550°C (high → low pO2)
10-4 → 10-8 wt. % O

680 + 552 hours 

50 µm

Oxide nodule



Top Surface

AFA (16Ni-14Cr-2.5Al-2.5Mn-0.9Nb)

100 µm

316L (10Ni-17Cr-2Mo)

100 µm

Top Surface
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RESULTS

Experiment D - 600°C (high pO2)
10-4 wt. % O
1272 hours 

55 µm

Lead Penentration

75 µm



Top Surface

AFA (16Ni-14Cr-2.5Al-2.5Mn-0.9Nb)

100 µm

316L (10Ni-17Cr-2Mo)

100 µm

Top Surface
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RESULTS

Experiment E - 600°C (low pO2)
10-6 wt. % O
1080 hours 

75 µm Protective oxide scale



2019-10-16 14

RESULTS

Small Punch Testing – 500°C (CIEMAT)
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RESULTS

Small Punch Testing - CIEMAT
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RESULTS

Ageing issues of high alloyed AFA steel
600°C - Air
3600 hours 

18Ni-10Cr-2.8Al-Nb – Cold worked ~15% 

2 µm100 µm

Brittle fracture

Ni-Al Percipitates
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SUMMARY

• Austenites (AFA) needed for HT
mechanical properties 

• Further RE optimisation and 
testing of AFAs required 

• Fe-10Cr-4Al-RE – Only alloy with 
excellent performance in liquid 
lead up to 800°C (Submitted to JNM)

• Combination of high Al and Ni 
→ Ageing embrittlement 
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Thank you 
for your 

attention!
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