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Sodium Fast Reactors Derailed in the Early 1970s

¢ (re)gaining attention for sustainable
expansion of nuclear energy

¢ require advanced materials with
improved performance in high-
temperature sodium compared to
traditional materials (316L)

- higher strength and creep
resistance; similar compatibility

- more options for design (higher
temperatures and gradients)

- promotes reliability and o | N
improved economics

‘ examine performance of
new alloys in sodium OAK
RIDGE

National Laboratory



Capsule Exposures Used For Screening Tests

support specimens capsule hardware = 316L
wire

test specimens
- 316L (austenitic, 17Cr-10Ni-2Mo)
- NF-616 (ferritic, 9Cr-0.5Mo-2W + Nb,V)
- HT-UPS (austenitic, 18Ni-13Cr-3Al + Nb)

~ test temperature = 600, 700°C

'''''''
e

test duration = 100, 400 h

environment = commercially pure Na*
high-purity argon

compare performance of 316L with new alloys;
evaluate potential for dissimilar metal effects

prior to operation of a thermal convection loop OAK
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Post-Exposure Capsule Handling and Results

- Following exposure, capsules inverted to drain Na from specimens
- Capsules cut open in argon glove box, transferred to bench top for cleaning

- Specimens cleaned sequentially in ammonia, ethanol, and water to
mitigate hydrogen charging of specimens

e for 316L and HT-UPS, only trace
discoloration observed; original
machining marks remain

e for 316L and HT-UPS, specimen
weight and tensile properties
unchanged within scatter
indicated by argon exposures; no
composition or structure gradients

1h 700°C

unexposed

e for NF-616, exposure at 700°C
results in modest weight loss
OAK and substantial loss in strength
RIDGE
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Tensile Properties of NF-616
Change as a Result of
Exposure in Sodium at 700°C
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e UTS, YS decrease
e Ductility increases

Ductility

Fracture Strain, %

24

22

20

18

16

700°C 1 600°C

100 h 400 h | 100 h 400 h

T

L
N

TR
|Ii i

== exposure in argon

1 exposure in Na




NF-616 Decarburized by
Exposure to Na at 700°C

400 h, 700°C

as4ec’d Na
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¢ indentions made by engraving
¢ specimen number

s toms il $

e attack not uniform across specimen surface
e decarb accounts for change in tensile properties e B e

e weight loss corresponds to uniform corrosion Average thickness
¢ .of decarburization

rate of ~ 80 um/y, but decarb rate is much higher PR o BB R s ey



thermowells
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gas valves

Na valves
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Thermal Convection

Loop and Specimens

883 specimens wired together

Interlocking spacer specimens
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hot leg
with
clamshell
heaters

heat tape

controllers

TCL under
construction
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Two
Thermal Convection Loops
Operated for 2000 h

e commercially pure Na

e 316L and HT-UPS specimens
(alternating position pattern)

o first loop with peak temp
of 650°C and AT of 150°

e second loop operated
identically but with all temps
increased about 75° (to ~725°C)

e flow rates ~ 1 m/min
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Snapshot of a “hot spot” test result
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Results for TCL #1 (650°C peak)

316L and HT-UPS specimens
essentially unchanged

- effectively cleaned
- minor discoloration
- weight change insignificant

- no structure or composition
changes (leaching, deposits)

- no Na-induced change in
tensile properties

small holes cleaned
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Results for TCL #2 (725°C peak) almost identical to those

from TCL#1 ...

20 pm
specimen surface
exposed to Na
backscattered

electron image

sigma

s

decrease in
Cr content

Cr map

316L specimen from
top of hot leg

Slight weight loss
from topmost
specimens in

hot leg; -5% in
UTS/YS and
modest Cr
depletion

Cold leg specimens
experience larger
weight gains than

in Loop #1; deposit

may incorporate
Cand Cr

HT-UPS exhibited
even less response
to sodium than 316L
for these conditions

20 pm

carbon in
mounting epoxy

C-rich material
in film on (not in)
specimen surface

C map

brightest white
{highest Cr
concentration)
on surface or in
surface at very
shallow depth

\some Cr depletion

also observed
Cr map

316L specimen from
bottom of cold leg
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Conclusions

e HT-UPS compares very favorably with 316L in terms of
sodium compatibility

HT-UPS appears appropriate for extended development
and testing (long-term exposures; properties in sodium
with variable chemistry, etc.)

For comparison, the yield strength
after 400 h at 600°C in argon was

- 263 MPa for 316L

- 556 MPa for HT-UPS

e NF-616 was found to be susceptible to rapid decarburization
in sodium

more alloy development required to render

this alloy more compatible with sodium
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On-Going Work (data analysis underway)

Duplicate previous capsule test effort, but concentrate on
candidate alloys strengthened primarily with nitrogen additions

Ferritic alloys
(a) steel 1536
9Cr-0.5Mo0-0.06N, two microstructure conditions

(b) steel N1

9Cr-0.5Mo-2W-0.02N \
(c) steel C6-3 Best performers
9Cr-2.5W-4Cu-0.25V-0.08N

graduate to TCL
/ exposures
Austenitic alloys

(a) CF8C+
multiple heats; 19Cr-12Ni ... + Nb, up to 0.27N
(b) NF-709
25Cr-20Ni-2Mo0-0.2Nb-0.18N
(c) HT-UPS
multiple heats; 14Cr-16Ni ... + Nb, V, Ti, modest N additions

for comparison RIDGE

National Laboratory




Acknowledgments

e Research sponsored by DoE, Office of NE, for the
Gen-lV Sodium Fast Reactor Program
- managed at ORNL by J. Busby

e Lots of good technician support
- C. Herd, S. Malone (capsule and loop fabrication)
A. Willoughby (operation of experiments)
E. Manneschmidt (tensile testing)
H. Longmire (metallography)
L. Walker, T. Lowe (microprobe chemical analysis)



