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Outline ﬂ(IT
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» PDb alloys cooled nuclear system

» Coolant chemistry control and Handling: some key
Issues

» Solubility and Diffusivity data
» Oxygen measurement and adjustment
» Solid Impurities Filtering Systems

» Key Materials issues and latest results

» Summary and outlook
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Pb alloys cooled systems ﬂ(“'

L oo ety

7 Proton beam

Spallation Target: S S A
MEGAPIE ADS: The EFIT system
LFR: The ELSY system



Operational conditions and materials selection

4

XT-ADS (LBE)

LFR (Pb) [

Core components: mechanical T 300-500 °C 400 - 530 °C
z;[gzsdslﬁz e.g. Hoop stress on dpa Up to 160 Up to 100
9Cr F/M Steel flow ~2m/s ~2m/s
Reactor Vessel T 300-400 °C 400-430 °C
dpa <0.02 <0.003
Austenitic Steel flow ~1m/s ~01ms
stress 50-150 MPa 80-150 MPa
Heat exchanger T 300 -400 °C 400 — 480 °C
N dpa <0.02 <0.03
Austenitic or F/M Steel flow —1mis —1mis
stress ~100 MPa 125-190 MPa
Spallation target T 240 - 340 °C -
dpalyr Up to 40 -
9Cr F/M Steel flow 3 m/s ]
stress ~100 MPa + 40 fatigue cycles/yr -

LFR Pump: T= 480 °C; dpa < 0.03; flow = 10 m/s (on impeller)
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Coolant chemistry and corrosion: a key item ﬂ(“‘

Ellingham Diagram ————
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Coolant Chemistry and Handling: key issues ﬂ(“'
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» Fundamental data: Solubility and diffusivity of metallic
and non metallic elements are needed.

*Oxygen measurement: Oxygen sensor’s long-term
reliability also in irradiation filed, and calibration

=Oxygen control systems: gaseous H,/H,O or solid PbO
mass exchange systems

» Filtering systems: essential to remove solid impurities
from the liquid and gas phase
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Solubility and diffusivity data ﬂ(“'
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Development/adaptation of ad-hoc measurement techniques

Coulometric Oxygen Pump Laser-Induced Breakdown Spectroscopy

Gas

Gas inlet '/ outlet

Ar 99.999% (P,, = 2-10¢)  |——

Mo wire
| Platinum Wire |\_ path

| Platinum gauze I\

YSz [

LBE

IV
T

Measurement of oxygen solubility

metallic elements: e.g. Ni
Courtesy 1QS Courtesy CEA
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Solubility and diffusivity data: results

Oxygen solubility data

log S /at%
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Courtesy 1QS
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Ni so

ST
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lubility

Log Sy (wt %)

-01ME-03 1.2E-03 1.3E-03 1.4E-03.

1T (K)

L. Martinelli et al, LIBS and ICP
AES results, 2009

1.6E-03 1.7E-03

Martynov, lvanov, Proceeding
four technical meeting 1998

Rosenblatt, Wilson, Proceedi

of

ng of Fall Meeting of

the Metallurgical Society of AIME, 1969

Courtesy CEA
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Oxygen sensor: R&D on basic components

Solid electrolyte (YSZ)
» Optimization for mechanical strength
(e.g., Al,O, addition)

Reference electrode assessment

* Bi/Bi,O5 increases the risk of electrolyte
cracking

» Use of Pt/air reduces the requirements on
mechanical stability of the electrolyte

Second (working) electrode assessment

 Application of a protecting sheath around
the electrolyte gives rise to sensor fouling
and should be avoided

Signal transmission
* |ssue to be addresses for application in
pool type reactors
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Adaptor for
BNC plug 3

Electric ins$ o T i
Silicone gum f"’%

ST
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housing
I [d

\Gas {airy supply
Stainless-steel

Sealing ring

MmN

Perforated
steel sheath

N

NS

Stabilized-zirconia tube

Stainless-steel wire
with platinum tip

C. Schroer, KIT
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Oxygen sensor performance AT
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600 — Bi/Bi,0, sensor

Sensor accuracy

Absolute accuracy N R A 7§ | by setting
e Can be £5 mV (x10% cO) FelFe,0, FeQlFe:0s different oxygen
« Correction of thermoelectric _ o0 | potentials in LBE
[ E ofL0 1
voltages is necessary for G 0| T
achieving this accuracy u L6+ |
200 A Fe and Co powder —
O Fe pieces |
In-plant testing 100 e —
* Method to distinguish between 0 1
. 300 400 500 600 700
functional and flawed sensors Temperature (:C
available T
Pt/air sensor Long-term
in Position 1 s4a7C B performances of
Long-term performance - ' | sensors
* in experimental facilities is BUBH,0, sensor 387°C
promising with respect to -
industrial application of pus sonsor e
electrochemical sensors in Pb e —
0 10 000 20 000 30 000 40 000 50 000
a”OyS Total operating time of the loop /h C. Schroer, KIT

10  1-4 November 2010 Concetta Fazio Program Nuclear Safety Research



Need for oxygen control ﬂ(“'

* Avoid PbO formation
» Formation of protective oxide layers

1 E+2
PbO saturation -
1 E+01
____ Gromov

1E40 oo Kishimoto

1 E-01

1 E02 —

- Narrow operating

’g 1B domain (EFIT)
2 1EM 1 Narrow operating : : —
5 domain (XT-ADS ; i o
El 1 E-05 +— { ) /

1 E-0B large operating” — == Fe;0, dissolution —

- \Limit for corrosion protection
1608 — ___limit for Fes0y4 (first method ap,=1)  —
- /’ ----- limit for Fe;O4 (second method) L
| / -
-
1,E10 = | | | . .
200 250 300 350 400 450 500 550

Temperature (°C)
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Oxygen control technologies: Solid Phase ﬂ(“'

mass exchange
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MX outlot _M.—
#32x3,5

t

MX inlet
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Advantages
" No gas management

" No risks of plugging (oxide
formation)

" Quite easy control by flow rate
and temperature

Drawbacks
" More complex design for MXp
" More maintenance: pellets filling
® Personal exposure

" Risks of oxide precipitation on
pellets

® Sluggish kinetic for
dissolution

F. Beauchamp, CEA

L. Brissonneau, CEA
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Oxygen control technologies:
mass exchange

Advantages

" Same device for O, control and
purification by H,.

" No intervention on the device Iin
normal operation

" Quite easy to control automatically

Drawbacks

" Rely on sensors if non equilibrium
gases are used

" Need for exchange coefficient if
equilibrium gases are used

Large surface exchange
Risks of oxide formation
Large flow rates

Risk of contamination exposure for
operators
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Gas Phase

T=T4°C MOISTURE
I r] T3 @—[] SENSOR

MOISTUREL, OUTLET

SEMSOR

FLOWY
CONTROL

FILTER
SYSTEM

ARGON

| INLET

FLOWY
CONTROL

l ]
FILTER
SYETEM
-

ARGON +5% H HEATER * HEATER
Pb-Bi

—

G. Miuller, A. Weisenburger KIT
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Impurities removal technologies Q(IT
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Pall cartridge

) » Maintenance problem have been encountered
» For assessment longer experiments are needed

L. Brissonneau, CEA

Filters have been tested:
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Key materials issues for HLM systems AT
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» Compatibility with Pb and LBE
= Corrosion / oxidation resistance
* Environmental assisted degradation of
mechanical properties

» Irradiation in a fast neutron and for ADS in
a proton/neutron field

* High dpa (cladding)

* High H and He (spallation target)

» coolant / irradiation synergetic effects



Corrosion / oxidation resistance AT

00h

AISI 316L at 450 °C and
low oxygen Courtesy
CIEMAT

T91 at 450 °C and low
oxygen Courtesy CIEMAT
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Oxide scale

AlSI 316L at 550 °C and 10-6 wt.%
oxygen (left low exposure time; right
high exposure time) Courtesy KIT

. Crack filled with
(Fe,Cr},0, 8 solidified LBE
-

yPhandBi jt Lo
ity N S e o) ‘:“},“ﬁh‘%%

Steel

T91 at 550 °C and 10-6 wt.% oxygen
(left low exposure time; right high
exposure time) Courtesy KIT
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Mechanical behaviour in HLM AT
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Creep-ruture test T91. Impact on LCF test AISI316L. Tensile and
LCF, fracture toughness and tensile fracture toughness test have shown
have been observed as well as well no effect
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Summary T91 and AISI316L AT

Low (< ~ 400
OC)

Medium (= ~
450 °C)

High (> 450 °C)
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T91 AISI 316L

* Irradiation H & E * Irradiation H
» Corrosion low « Corrosion low
» Impact on mechanical properties <+ No Impact on mechanical
if wetting and stress above properties
certain values
« Slight Irradiation H & E * No Irradiation H & E
» Oxygen control stringent « Oxygen control stringent
* Impact on mechanical properties < No Impact on mechanical
(see low T) properties
* No irradiation H & E * No irradiation H & E (high
» Oxygen control very stringent dose swelling)
(oxide layer thickness) * Dissolution attack T>
* Impact on mechanical prop if 500°C
oxide layer fails * No impact on mechanical
properties

In the high temperature range for both material corrosion protection would be mandatory
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GESA for corrosion protection AT
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Tests on Results
GESA

GESA facility

Corrosion
resistance

Magnetic-
coil \
Erosion
resistance
e'-
beam .
LPPS sprayed FeCrAl layer LCF No reduction
o Volumetric Heat Creep-to- No reduction
olumetric Heating
E v ¥ rupture
Qg Meltlaver LISOR  No corrosion
S Ve Y Hardening
7 - Surface alloyed layer
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Summary and outlook T
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HLM Chemistry and quality control
» Basic phenomena have been understood
» Technologies have been tested on laboratory scale and in loop
systems
» Selection of best performing technology for large scale and pool type is
needed
» Testing of these technologies in large scale pool type is needed

Materials in HLM

» Basic corrosion mechanism have been understood

» Basic mechanical properties degradation mechanism have been
understood

» Positive impact of corrosion-protection barrier (e.g. GESA) has been
assessed.

» Materials operational window have been identified

» Strategies on materials performance assessment for component
lifetime estimation have to be defined
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Thank you for your attention
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Back-up
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Laser-Induced Breakdown Spectroscopy: principle Q(IT

Oxygen sensor

\_
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Example of practical application:
importance of oxide thickness

ST
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Axial profiles of clad inner temperature modified calculation with different
additional oxide layers

25

inner ¢lad temperature <°C>

550

500

450

400
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Increase of clad

RN R A o REVS

_ : : : : : temperature
1o g monae over ' : : : Shift of the maximum

temperature

100

200

fissile height <mm BFC>

300

400

Oxide layer thickness should be limited to < 20-
30 um in order to keep margin on the maximum

_ allowable temperature for the T91 steel.

Control of oxidation process in a reactor system
might not be applicable

GESA surface alloyed steel can be seen as a
solution

Program Nuclear Safety Research



Example of practical appllcatlon: AT
Importance of mechanical features
SO0 - cm&{ng_
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7500 ’\>

7000

R /////

'/
. — -
. ' —8— steady state % \
4500 —eo—0.1 secrip 2
1 /S —v—0.5sectrip " i
s I | —«—20sectip “Z .
—»—10. sectrip / " \
T T T T T T T T T T ] // e N
00 02 04 06 08 10 ’ T,

Mechanical properties of materials:
Fast Closure of gap between fuel and clad due to beam trips
could lead to enhanced stress on the clad.
Thermal-shock could affect the oxide integrity

GAP CONDUCTANCE (W/M**2-K)

core height
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