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DE LA RECHERCHE A L'INDUSTRIE

Ckaden CONTEXT

In situ characterization of a passive film...

...using the reactivation potential
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Reactivation potential E; of various Cr-Fe alloys in sulfuric acid 2

1 (Reproduction) Lorbeer, P. and W. J. Lorenz (1981) Corrosion Science 21(1): 79-86.
2 (Reproduction) Rocha H-J. and Lennartz G. (1955). Archiv flir den Eisenhiittenwesen 117(933).
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DE LA RECHERCHE A L'INDUSTRIE

Ccaden CONTEXT

... of an austenitic stainless steel, directly in nitric acid

Active domain Passivity Transpassive domain

. High dissolution rate — Uniform Low dissolution rate — Uniform corrosion Intergranular corrosion
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DE LA RECHERCHE A L'INDUSTRIE

Ccaden METHOD

Silicon-rich stainless steel - HNO3; 4M — 28°C

E/ V vs NHE
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ceaden  METHOD

Atomic Emission Spectro Electrochemistry
Active dissolution beneath cathodic RR

-

CE (Pt) REF (Hg/Hg,SO,) (+0,65V vs NHE)

Sample 1cm? -

i

- Porous \ ICP-OES j

membrane

Electr.ulyte I . \

B f:flow rate (2,8mL/min) v,, : dissolution rate
C.. :concentration A : sample’s area (1cm?)

m
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DE LA RECHERCHE A L'INDUSTRIE

CZaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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1 Glowing discharge spectroscopy — 150um — M.Tabarant, B. Laurent — CEA Saclay (2015)




DE LA RECHERCHE A L'INDUSTRIE

CZaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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DE LA RECHERCHE A L'INDUSTRIE

CZaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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DE LA RECHERCHE A L'INDUSTRIE

CZaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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DE LA RECHERCHE A L'INDUSTRIE

CZaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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DE LA RECHERCHE A L'INDUSTRIE

Ccaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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DE LA RECHERCHE A L'INDUSTRIE

CZaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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DE LA RECHERCHE A L'INDUSTRIE

Ccaden REACTIVATION OF THE STEEL

Silicon-rich stainless steel - HNO3; 4M — 28°C
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Silicon-rich stainless steel - HNO; — 28°C
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Silicon-rich stainless steel - HNO; — 28°C

Total dissolution rate v, / g s*' cm-2
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Silicon-rich stainless steel - HNO; — 28°C

Total dissolution rate v, / pug s*' cm-2
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Silicon-rich stainless steel - HNO; — 28°C
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0.8
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Ex / V vs NHE

Er = 0.058 log(a,.) + 0.68

Er=0.118 log(a,.) - 0.21

A

Pure Fe 1

A

Sirich steel

1
=

log a(H*) / mol L

1Rocha H-J. and Lennartz G. (1955). Archiv fiir den Eisenhiittenwesen 117(933).
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DE LA RECHERCHE A L'INDUSTRIE

CZcaden How DOES E; VARY WITH [HNO,] ?

1Rocha H-J. and Lennartz G. (1955). Archiv fiir den Eisenhiittenwesen 117(933).

2 Glowing discharge spectroscopy — 150um — M.Tabarant, B. Laurent — CEA Saclay (2015)
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Claden E°s VARIATION

How to explain ER° variation ?

Two main factors might influence Eg°

Composition
of the passive

layer
Impact of silicon

Nature of acid

Sulfuric vs Nitric
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1. HOW DOES E; VARY WITH NATURE OF ACID ?

HYPOTHESIS : Eg & E, VARY WITH THE SAME SLOPE

0.35 T ' ' T 0035
I [ [ i .
o : I - _ | ] £
£ 03 + | Passivation curve at 0.2 mV s : T 0.03 o
Y [ — ] ‘-.'
i B 7 (7, ]
o : | ; ] 2
¥ 025 4 + 0025 T
~ i [ [ i )
5 i )
% I ] —Nitric acid 4mol/L [ i ©
S 02 S 1 0.02 =
c i | —Sulfuric acid 2 mol/L | ] o
(o] i i =
= : l : - 5
= 0.15 + + 0.015 o
2 [ ! | : 2
CE B b -c
= o014 \ I 1 0.01 s
S T l T s
o B T L
hat [ I I ] 2
‘g 005 1 | : + 0005 8
© [ |
o
£ i I ] =
_-IZ: 0 | - - TN L 0 g
' - 400mV i a
i K <| ]
_0.05 I S B | : T N N | I I : I I : 111 : I I | : L1 1 I T B _0.005
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
E/V vs NHE

EUROCORR 2016 | MONTPELLIER | PAGE 23



How to explain ER° variation ?
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2. WHAT IS THE IMPACT OF SILICON

ENRICHMENT ?

HNO; 4M — 28°C 304L Fe Cr Ni Si C Mn
09 T %m? 70.3 17.8 9.5 0.34 | 0.027 1.5
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1 Glowing discharge spectroscopy — 150um — M.Tabarant, B. Laurent — CEA Saclay (2015)
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“ " den 2. WHAT IS THE IMPACT OF SILICON

ENRICHMENT ?

HNO; 4M — 28°C 304L Fe Cr Ni Si C Mn
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How to explain ER° variation ?

Er =0.118 Iog(aH+)
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C2aden CONCLUSION - OUTLOOK

Conclusion

I AESEC technigue made possible HNO; in situ measurements of the Ey potential and
reveal different passive layer characteristics depending on [HNO;]

B Following have to be taken into account :
== Nitric acid media impact
== Metallurgy of the studied steel :
Silicon in the passive layer (~ 36%,,) -> easiest passive layer to dissolve
' Research in progress : linear dependance on temperature
== SUCh steel are designed for higher temperatures

== AESEC membrane and cell can hold up to 80°C
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Silicon-rich stainless steel - HNO3; 4M — 28°C
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Silicon-rich stainless steel - HNO3; 4M — 28°C
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