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Corrosion and oxidation tesits on
martensitic siteel in liquid lead
at different ternperatures
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Introduction

U Study of the corrosion behavior of the martensitic steel grade 91 (T91) in stagnant Liquid
Lead (LL)

U Temperature influence on the oxide growth at the interface T91 and LL
U Influence of the surrounding atmosphere on the oxide growth at the interface T91 and LL

U Determination of a possible “threshold” temperature between protection and braking on oxide
layer

Outlines

v’ Experimental apparatus
v Experimental procedure
v Summary of work done
v Experimental Results
v'Conclusions

v'Future work
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Experimental Apparatus

0 Ad — hoc designed apparatus

Q Stainless vacuum chamber

Q Primary vacuum pump (P,,,=1x10-3 mbar)
O Vacuum gauges

O Clean conditions:

-Inert gas atmosphere Ar /Ar-5%H,

(99,999% purity)

U Leak valve to ensure constant gas flow

USolid state u-Poas ® electrode to measure
POZ
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Experimental Apparatus

U 2 independent “thermocoax heater”

Q 2 “K type” thermocouple close to the sample

JAlumina crucible (DEGUSSA, @,,, = 16mm, h = 30mm)

AlLO, crucible

O Inert gas swept on the LL surface
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Experimental Procedure

Preparation of Pb bath Preparation of T91 samples

Mechanical cleaning of Pb
Samples: 30 x 5 x 2 mm plates
Pre-melting in Al,O; @ T= 370°C; heating _ e _ _
tate 5°C/min under vacuum (Ptot=10-2 Metallographic polishing (SiC abrasive
mbar) papers up o 2400); and cleaning in

ultrasonic bath
Mechanical cleaning of Pb

Pb bath around 35 g

Immersion into the Pb liquid bath under equilibrium conditions
(Gas Flow and Temperature)

Monitoring of the oxygen partial pressure of the working atmosphere
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Post - Tests Analysis

Optical / Electronic Microscope and EDS analysis

Pb Sample

Steel sample not
dipped in LL

Steel sample
dipped in LL
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Work done
Q Samples: T91 steel; composition .

U Temperature range 550-650 °C temperature steps 20°C

Element [wt%]

C 0.11
Cr 8.60
Mn 0.52
\Y 0.226
Si 0.35
Ni 0.21

N 0.040

0.009
0.015
0.003
0.19
0.079
0.91
88.738

U Time of exposure 550 h

O Gas Flow 1072 It/sec

550°C 570°C | 590°C | 610°C | 630°C | 650°C

Ar
Poz = 1077 mbar
Ar-5%H,
Poz = 10-2* mbar
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Results 550h — 550°C

oureg Ar (pg, = 107 mbar)

Dipped T91
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Results Dipped T91

550h - 590°C
oure Ar (pg, = 107 mbar)
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Results

550h — 550°C
oure Ar (Do, = 107 mbar)

Analysis of the Lead surface

Separation of the oxide
layer from T91

Electron Image 1
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Results

550h = 550°C
oure Ar (poz = 107 rnloar)

Fe,O, magnetite

X 1000 BEI
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Results

550h - 550°C

Elements profiles concentration pure Ar (pgy = 107 mbar)

Elements Profiles

Fe-Cr spinel
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Results

550h - 570°C
pure Ar (Dgs = 10”7 mbar) Dipped

Not dipped
. o ol 3

Internal oxidation

40um

Internal oxidation with a depth = 8um.

oxidation follows the grain boundary
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Results

550h - pure Ar (pg, = 1077 mbar)

No penetration Penetration

T=570°C T=590°C T=610°C ~ T=630°C

Temperature
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Results

LL penetration S50h - 650°C
pure Ar (P, = 107 mbar)

x 2000 BEI

Deep penetration of
LL into the T91
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Results

Steel matrix

Ni(L10
Cr 543

Bi 28.11

Ph272.76
0O 37.79

—

Gnecco et alJournal of Nuclear Materials 335 (2004) 185-188
3Mag = 100KX '10“"‘ " EHT=20.00kV Detoctor=SE1  T91_Pb_550_smm Photo Me. = 4146

EHT =200V  Detector = SE1 2555020000 H  Phote Ne_= 047

550h -650 °C
pure Ar -5%H,(pgs =
10%* mbar)

Mag= 300X Iﬂ’r’“

EHT=20.00kV Detector= CENT 191_Pb

Photo No. = 943(
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Results

550h -550 °C
,J.lrra ,-\r "_)t/JFJ g

191
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Summarizing

Pure Ar (pg, = 1077 mbar)

DIPPED PART

« Corrosion tests of T91 in stagnant LL in temperature range 550°C — 650°C

* Any oxidation layer detected in the dipped part of steel

* No penetration of LL up to 610°C under Ar = Threshold between 590 °C and 610 °C
*  Presence of iron oxide in the LL

NOT DIPPED PART

« Thick oxide scale: Fe-Cr spinel close to the steel + magnetite at the interface with the atmosphere.

Pure Ar-5%H, (P, = 1024 mbar)

DIPPED PART

« Corrosion tests of T91 in stagnant LL in temperature range 550°C — 650°C
* Any oxidation layer detected in the dipped part of steel

+ Damage of the steel surface even for low temperature

* No areal threshold temperature detected

NOT DIPPED PART

* Any oxide layer detected in the not dipped part of the steel
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Future Work

An improved apparatus

Pt-contact
Pt-air electrode

UGas feed both in atmosphere and bath — Gas feed

U Oxygen control both in the atmosphere (u-Poas ©
solid state electrode) and in the liquid Pb (Pt-air
electrode).

Thermocoax

heater

UTwo samples in the same conditions: weight test and
SEM-EDS analysis

Al O, crucible

Steel samples
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Gas feed: i) in the atmosphere
ii) in the bath

Vacuum gauge

I Th 5 R Solid state electrode
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Future Work

U Test on T91 for 550h under Ar in the temperature range 590-610 °C to confirm the threshold
monitoring the oxygen amount in the liquid lead.

U Test on T91 for 550h under Ar-5%H, at monitoring the oxygen amount in the liquid lead for a
deeper understanding

QO Preliminary investigation on the interface phenomena occurring between liquid Pb containing
oxygen and vacuum
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Thank ypu
for your attention!
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Oxygen conient

Cos (T=550°C) = 103 wt% = 2 x 102 at%

Pozs (T=550°C) = 102" mbar

Pozs (T=650°C) = 1022 mbar

Flow: = 102 Pa/ l-s
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Pure Ar N60 (99,999%) - P, < 1010 bar

O Pure Ar-5%H, > Py, < 10?7 bar

700 800
TIK]
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Results 550h -650 °C
pure Ar -5%H, (Do, = 102 mbar)
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