N

N

Corrosion behavior of a AISI-316 stanless grade type in
nitrogen environment for a sodium-gas heat exchanger
S. Bosonnet, K. Ginestar, D. Gosset, F. Barcelo, B. Duprey, L. Martinelli

» To cite this version:

S. Bosonnet, K. Ginestar, D. Gosset, F. Barcelo, B. Duprey, et al.. Corrosion behavior of a AISI-316
stanless grade type in nitrogen environment for a sodium-gas heat exchanger. HTCPM 2016 - 9th
International Symposium on High-Temperature Corrosion and Protection of Materials, May 2016, Les
Embiez, France. hal-02441952

HAL Id: hal-02441952
https://cea.hal.science/hal-02441952
Submitted on 16 Jan 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://cea.hal.science/hal-02441952
https://hal.archives-ouvertes.fr

DE LA RECHERCHE A L'INDUSTRIE

S. BOSONNET®, K. GINESTAR®, D. GOSSET®, F. BARCELOP, B. DUPREY?, L. MARTINELLI®

Den-Service de la Corrosion et du Comportement des Matériaux dans leur Environnement (SCCME), CEA, Université Paris-Saclay, F-91191, Gif-sur-Yvette, France.
b Den-Service de Recherches Métallurgiques Aplliquées(SRMA), CEA, Université Paris-Saclay, F-91191, Gif-sur-Yvette, France.

CONTEXT: Generation IV for nuclear power plants: Energy Conversion System for ASTRID project

@ergy Conversion in nuclear plants uses to be \ In Sodium-Gas-Energy Conversion System, heat transter
operated by steam generators. To eliminate the takes place inside modulus comprising 2 channels
Sodium-Water Reaction Risk , an alternative opftion networks: one for nitrogen and the other one with larger —
of Energy Conversion System operating with gas is section for sodium flowing. Each channels are separated by a WoII of
developped in the framework of ASTRID project. 2 mm thick for good thermal conductivity.

z Heat of the nuclear reacftion is recovered by a Selected mafterial : AlSI- 316 SS grade

secondary sodium system and transferred tfo a 31 Working conditions in the modulus:
circuit containing Nitrogen and maintained at 180 Na: P ~1bar; Inlet 6=530°C and Outlet 6=330°C

@r to make the turbine rotate. / \ N,: P=180 bar ; Inlet 8=315°C and Outlet 6=515°C /

OBJECTIVES

Good performance of the ECS has to be guaranteed for 30 years — Compatibility of the 316L with N, environment at 515°C and 180 bar has to be checked.

Stability of main nitrides as a function of Pn,. Activity values of Fe, Cr, and Ni are If oxygen is present, competition between nitridation and oxidation may occur.
the molar fraction in 316L. At 515°C and 180 bar N,, CrN and Cr,N are potentially Oxidation susceptibility fo fake info account.
formed. Considering that both Pn, and Po, decrease in serial corrosion layers from
Pl | Expected phenomenon : external to bulk material, thermodynamic diagram suggests 3 scenarios:
Nifrogen diffusion onto the surface A e M S 6 ety Path A Path B Path C
£ nitriding layers; B '
SZN — d g‘ qye s oS — / F@QO3 F6203 F8203
£ 2 .No con’nr?u.ousoloye.r | | e / Fe,O, Fe O, Fe,O,
—> mtgrnal nitridation (in the maifrix). | Lo FeCr,0, FeCr,0, FeCr,0,
Severity of damages depends on affected thickness. il L ;,)0\0 \ > f’; o “.Q.'. \ P \ - '
4150 1 : 1 | 1 4F + FeCr,0, 1
oy Few relevant data within the ECS conditions : . ite | | I ) \ /
. +Cr,0, spinelle
Main nitrides Ellingham diagram they concern other environment than pure N, (NH,, _w‘ssxusimteioc C " e 1 Martri N qux Cr,N Matrix
Thermodynamic data from RSC database. N, /air or complex atmospheres), other materials (Ni- o CrLO. internal oxidat
: Thermodynamic diagram for Fe 19CCr11Ni at O3 INTErnal oxXiaartion
oased alloys) and higher tfemperature. 515°C and 180 bar.
Obtained with FactSage.
% Literature do not rule on the absence of damaging on 316L in ECS conditions. @
Experimental program set up to acquire long term corrosion kinetics ( up to 5000 hours)

EXPERIMENTAL

STATIC UNDER PRESSURE TEST (P = 180 bar) / M ATERIAL \ / DYNAMIC TEST (P=1 bar) \
ull i

0 Cylindrical pressure sealed ..o .— |5 "™ | The design of this ECS module is innovative with a specific fabrication n asymmeirical Thermogr.avime’mc

vessel with up fo 40 samples oiner route. A module consists of a stacking of 4 mm thick sheets welded system (Setaram® T’A_\G%)' .
- h;ﬁ”% up%oék;okl)de(, dustria together by diffusion actived by Hot Isostatic Pressure. Test coupons are || ©as linear flow rate = 2,2 cm/s at 515°C;

|\: e(4 ;YIQT RT Ori; Iaegfercljom sampled in a module mock-up so as to have welding junctions within 4 3 qualities of N, : with 20

2 . . .
5" 50(: for VOriOble REACTION CHAMBER The SOmpleS. MOTG”O' TeSTed IS 1.4404. iF)rT]pprTJ,ri?ieF)S.pm Ond ] ppm Of
cumulative durations : 100 . : ’
' , C | s | Mn | P S Cr | Mo | Ni N | Co | Fe d Confinuous mass gain
gggbéggbéoggazggégﬁ,?gb rs Ht‘(,;\;/xfrgf.csirtﬁi\,:\gfs 0,022 0,335 1,286 0,034 0,002 16,543 2,044 10,093 0,048 0, 132 bal O C q U iSi'l'iO n ;
after initial gTQrﬂng; Composition (weight %) of studied material 1 PO2 measured by @

e e e (L | < cores of the scmpi:
heating stop and gas purge; RESULTS the nearest of the sample;

d New samples infroduced in- KINETICS d One single sample by
B ¥ | - ° EGTWG?“?K " Lated b d Parabolic kinetics in both environment : ATm = Jkpt. q i)}perlr.nen’r; L g
e | w(ejlifrciws’rlicr)\ " tl)ne?olfes gr\ig Lcjj?’reer Tes¥ Q Stafic test : 2 well-marked kinefics which depend on infroducing time; ; " Tercijronmen > Ao
J J ' d Dyamic fests : no influence of N, purity in range tested; es1ed.
d Lowest kinefic obtained in static tfest = kinefics obtained in dyn.omlc tests. | CHEMICAL ANALYSIS
0,0900 - 0,010 GOS k D leferences Of VISUO' + Oxygen = Nitrogen + Oxygen-TGAtest = Nitrogen- TGAtest x From 1st cycle
aipagg |58 bl ied So= . - Sty PO, (atm) (mg?cfn"‘.h']) appearances according AT Coa e, .
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L oo Static data = Appearance of samples after 1000 h testing e e e e .
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Surfacic weight gain vs exposure time in static 180 TGA curves at 515°C for different purities of N2 BHIGE Ve O Well-marked increase of  Evolution of O and N content for all exposure conditions
bar N, 4.5 at 515°C O e obal content. Analysis by inert gas fusion technique
SURFACE MICROSTRUCTURES PHASES IDENTIFICATION CONCLUSION
0 Comparison of surfaces after 1000 h (cumulated or continuous) exposure O Low incidence angle diffraction (depth analysis~400 nm Corrosion kinetics of 316 L steel in N,
.. .. * " Although N has been detfected in surface
Less low kinetic Low kinetic 1bc|r N2 6 O ieshng )s S S s1 | | M (few 100 nm depth) by GDOES other
o N || BEER S AELTES0 * KA R } techniques used reveal no traces of N
2 - o - oge o og o ° . .
Static M : austenitic matrix (even XPS). Nitridation risk in ECS
Eis- ccll ‘c conditions can be eliminated.
.. . 1 e (crn Mo, Corrosion phenomena is due to oxidation
Static « low kinetic » 1 s: spinel (CrMn),0, caused by O, impurities contained in N,.
°5 | bl Under N, flow at 1 bar at 515°C, the oxide
. R | Dynamic | film is compact and uniform and seems 1o
16 N be protector (chromia).
In static atmospheres under 180 bar N,
: iy ﬂEBSD analysis: phases location \ oxidation behavior depends on the
Stacking of Cr, Mn Nanometric uniform film Matri ) . . i
oxide thin blades with thin oxide dirix amount and Individual duration of
Pleap CC phase cumulative  cycles. Fe,O, crystallites
Py T T P e TS e S S EBSD pattern SEM image formafion Is associated with Increasing
1000 h in 4 cycles of 1 cycle of 1000h corrosion kinetics but those crystallites
100+200+200+500 hours change with long period cycles.

 After static under pressure tests, surfaces are heterogeneous : nanomeitric
films and micrometric layers (with different morphology depending on
the number of cycles). They are homogeneous for all dynamic tests.

d 2 kinds of oxides form on surface during stafic fest : spinel and chromia
containing Mn while main chromia in dynamic test. \

PROSPECTS

In static conditions, gas content is gradually
O, depleted and the consequences of this
depletion will be studied to understand
mechanisms in non-stationary environment.

0 In both cases a new c.c phase in underlying metal (with Fe and Mo).

Elemental EDS- X mapping




