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1. HERPEE

1.1 HERER/Y

AREFETTF VI YARLIVWFELRICELS REFAOBEIIO WTONFERRE
PN TRIERODIPREADIOTH 2XEBRILELTREL, BHTELT
E% 55, BAMBRITAEE, DAL e EREREHLELTHLRRE, Thic
ESW2F M) Y AMEAYHRORFEROB EREIIOVWTOMARRETHS. FiZ, B
AR ZEDOFR T ERVG PN AEERIRLLE220BABREORLUE IZOWT, &
ERUEEET &L CENEEP L OFM2 B2 2 HRE LTS,

1.2 HiR%
#193EKEER{LF4L#E (The 193rd Meeting of The Electrochemical Society, Inc.)
pRfEEFT KEW 54 TIW  The Sheraton San Diego Hotel & Marina
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1.3 HIIR A2
19984E5H3H (H) ~5H108B (H)
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2. B193MKEERILFEESHE

2.1 RELEO¥T OISR

FARER, FEEKTOHLIR LI, EREICDEROERD 2 25T, BEO
ERSET & A38OY VY RIYTAORTL 2> TV 5, BMELSNEO BHITAE X
NYAPATH D45, Dl & 3,200 BHEEESMEBESHZ L, #1200 EORENTH
niz. ZmE, SBERERFITIR, &8, ¥4, B¥EB, RUELES 653 3h
B2, BREEOHRTHE, EREIRISETH o7, HEEDL {HFE
RETHBH2L i3, PREIBRFEORETRHEVEAIZVWERbLR, EB0ES
BRI AR L TW ARSI 2. S3IESH3H ~SHSH B S hizds, &
S - GBOHRBEFAFhOBEEEZ CEIRTEY, H1IE, SEEEEHEL
% (High Temperature Corrosion and Materials Chemistry) D3 > R 7 AZEESH 48 ~TH
DA TH o7z L, H1EERERIES >~ # 7 A(11th Iternational Symposium on
Molten Salts)iZ e I Z B L TiTbhiz, £ Y EI Y AT WD KR0S 135
ARy v aryFREBIh, B EDISBEICIIZOHOER Ly Y a VISR LN S
AF V2= VTEEShTWz {BL, SH4H L6R LR, FNFNABBEBISHE,
FEEZEBORSHEEIMTONIZ/2D, FEBOBEEEIZIOBBICEBINS:, £
Db, BERLOFREFBITICOVTHZSHCHRWAEL - TH Y BRI
BT 508D HNE, RBBREFNECRITTA083H Y, PR ESLEDADSR
TelTbengEI Doz, OV YRI YL (F1ETarybLTid30) o3, &
XERERITTHY VRIT LN, F0) L2orHEwc FRES BT L.

BEED, BEBELMEMEEY U RY Y ACBWTHIREFTY L b, BE
THRRTBLEN,S, FUNBREEERS Y RYY A, —BEA(General Corrosion)
YyRTI oA, BERLEHFEN OEE - B - O BB @rocessing - Structure -
Property Relationships in Electrochemically Prepared Materials) D3 > B A% 4 REE L 7.
HEDPLDOZME D ESHCHIZOW:A, REROBME (BROWERECHES
LIFEE) DHE, FLAUMEEOL S HIRIZE 7.

SBOREZNL, RBEOERILZILTLI—HL TR WHETTH o7, 200A1
PDETEZIREHTHEAITERL TV Y, BFABEOINGB T bEESNE T
B, BolZVERFITDORTHA ) L, EZOR;CHETIE, €53 v 7 258
CHHDBFACLFWNEGH DY I2 L — Y a VHIICEE T 250 B0 AR ZVEHIR TH o
7z,

HEII OV TORADESBI IV B R0 TWR L) Zokds, BU T, RENEH
SH L G ORMBRIEFESNTEY, BRIV EEST LI ZABIRTH -
720 FTz, BOorOXRENRRONAE, BICEELSY, FENT LV LR E
FIBLHT, BREOHEHEZMELICT LI b7, BEOKELTE 2 B —BYT
Hotz.
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221 DT LHR |

E. J. Opila (NASA Lewis Research Center), M. J. McNallan (University of Illinois), D. A.
Shres (University of Minnesota), P. Y. Hou (Lawrence Berkeley National Lab.), R. Olxa
(University of Bourgogne,France) DS AD F— I+ A FIC X Y EES . SHCOWh F
LOREEOERERMTIION2 AT o7z, 4ABOERT, 61EORENTFE IR
W) ST, o) L@ BREFHRETH Y, BEXrLORBEIEILAZOLE
MREIEFROS V—TTholz (REEHE) . WHEEREy ¥ a VESRE Moz, F7f
FRICEISTORED D Y, KT TRFNASOBEICRS L) @RS TBY, 13
4ty Ya YNBTHER ShTW, FTu 754 THE, FEy ¥a Vil A0 RER
KEDEBEEENL LI hoTwd, EBRICIE, £ 0B&, BRIATEyYa >
DETZIT o Tz, HEBERIE, FRC, RS hozds, HROREL &S,
- EREE T30, TEEHET00TH o BEFEOL Y Va Y iHMAAIA, R—F
FAZAERA BERAZA LW HERTH o7, £671EOEFINR EFEEOEE) 11, -
KEB3E, BAOH (HMBIFIAFEL, dbk2, Eibkl, BRIk, ik, E18H1,
ZOMICNASAL DEZTHEILK ERTIRASE) , FAUsH, 7920754
F, B=F L F38F, 41207, A=A bFTUTREY 754 F0L21E, EEH, #+5
BROEAALAF M TH ol 2B, TOVVRIIAZIEHER RCEORITEFEL
TWwWoh,

222 BREERORRICONT
FEELIE, YW, REIUTOSHELTEL, HEOFHE FRL..

a) K.Aoto, "Corrosion Mechanism of Mild Steel in Burning Sodium and its Compounds”

(B ZE] [dALCwe] FRECBEEZREOREREESYCBEESN AR
BICOWT, Fx OMEGHHER, EETTHRE UL 2R c o &,
BERREE TR 2 EEREOME s ERLBER0HRE. [bALe] =
R IS EER Y VA TEM U 7 RBEERR 11 B 5 AR & W 28 2k
BEELRWCFELTH Y, BRERF V¥ ¥ VIR EREFTBWERET, BEN
ERTANVTILYERTEF U7 A5 BEBRIITR SN2 EDDIE
BFET L. —H, 37U - MR VA TERL-REER T <X, Bay
7)) = Mo ORKEIC L VIREERY OLEFEL, REBOFEWEREDE
RS SN C LICER L TEBNall & 2 BTEA 7 EER S Bt 4 4
YREM T ERBRET AR L VERE ko,

b) K.Aoto, Y.Hirakawa and T.Kuroda, "Corrsion Test of Mild Steel in High-Temperature
Sodium Compound"

[ ZE] [dALe] FERUCBEERCEZSNLREROE RIE, MRS
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BREWESX2ODERL - BEBEFE V- bOLEETES, 22T, #
NEFNOREBEEEIIBWT, REHOBAREZ RO L LBERABRZERD
BEVANVTERELL. [dALe] HHRUBREERI TR L EE LS
EREOREEE, BEBEER I CEREZEINHLWEHEREOWISEE OE
thofe, TNTROBEBREIIOVT, BAEEORERFHE &R 1LL, K
FHEOBAFZ RALL D, T_TOY — A THE LB RO A HE
KLy, BRINLCBABRFRECHETEILILERT LN TEL. Th
X, MRS PILFERNFHEEC L > THELZEFNEFND Ty — AITBT B
BERECPEEBEIZLE TH oI Lz RTLDTH S,

¢} T.Furukawa, E.Yoshida, Y.Nagae and K.Aoto, "The High-Temperature Chemical Reaction

Between Sodium Oxide and Carbon Steel" '

(B ZE] —#ic, BMET MUY ARBEPEE LTI HEbh Twiwn, Fh
i, B A & BB LISV E B INTWAEZ LI o TS, L
L, [dALw] ST by A LB MUY AR T 2 B CRENR
DBENFEAT Lz, ZOFEIL, LEBRNFCEIIEETIE, FRBCBRERT
YU HMEL, BEE Bl A AV RE) PEVWERETREICRETS, &
B T ERT A NVFIED TRWESEBILIOBRIC L - CHEATE S, &
3 LRSI, REEBICERED bhTniwizg, Ebif, [EERTEzsT]
ORI EEN, THCEBERIN TR R/, T2THE, BEEREETONG
Wiz, THALEEZ WA -ERRMERARTAILT, BELILERZHRES
A, BibF PY v AR, BRHEREESZABTHT00CTEETREMETSL,
BHFHIHIATE 2R T L5, BREEZETSEL.

FOE, A —TFA P OREPAALSTFELEICE (2D, FAEER BEArYV2—
VE, UREP LM, REEEEL V) BALPMB L oo L OEE T ZiT 720,
ERBLOBRICIY, dRUDOAEMEZIOOFERETEET LI L Lot 272
L, LD EAFHCRERETETRATEIRY a2 TREVD, SHEBERT
SNHH/LETIH2OONFE LTHBEI LI L LR o,

SEEH, FROBREy Y ar (1555-17:35) KB ABRERRUFORERICH Y
VTCON-FEEEBERICEREERTo/. L L, EeyaryolEl s LooRBIEL,
WMEZLOFEHEE, 1TH052BIT-EIPLORERBE 272, BRI,
J.L.Smialek(NASA Lewis Research Center) £ B.A.Pint(ORNL) TH -7-. BHOEERT, &
By nZ, BREETCENIOE®RE L. BiC, Yoetky a VETERIC
<, [BRE] 9B 0FERLE TH S "Max Bredig Award in Molten Salt Chemistry” DEL
SMBERFFEPNLEEIESTEY, P ORAESNICRETIIELITEWEEPEED
BEOLD, BEALYOMERIEZHNL D LOLE L2, 30 ANIEEO R - 72
(71 B OB FEFHFEERICIIS0 GROERE D o 12) . -
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223 BMRERFOERICNT 2 BESE
O"Corrosion Mechanism of Mild Steel in Burning Sodium and its Compounds" 3 & U™Corrsion
Test of Mild Steel in High-Temperature Sodium Compound™ #1545

Ql | ERERFEFEIIOVTERMT 5. NaFeBABRLEAEE L BRENEAD SR
%#®Ei$E%CWMK%%®#.%%HtﬁﬁmﬂyﬁUhFﬁwﬁwb#
V72D,

Al : HHBREIETRALCEHE= y Y VEO Ry P TfToTWD., MEOEITIRT
BEET ORI IPBITIORCEEF YA THEDICHL, BETIEED
GBI EHTHBEMLT NI T ATHDLIETHS.

Q2 ENTIE, NaFeBRERILEBASHROSR S OB AN E L EL T D 0P,

A IEBZLSWILTHEN, EBF I YLEETH A,

(O'"The High-Temperature Chemical Reaction Between Sodium Oxide and Carbon Steel" &2 _

Q3 RROBEF CHEENBSRIEEF P VYA LBELTWI00. MBI
ATCITAZYTENTHE DD,

A3 D ERTHE, BEMEIIETEEF Yy A c‘:EE%L’Clﬂ% L»L, FhU T AF
DK, BREBIFECHICTHI00, BEARZER LD 2BEIL 5.

Q4 LIRERTOBBIZL o TH NI TABIVWSRELE VI 2 L5, ZEORE
ZHRNDF M) T AOBREZEIRSTE o TWE DA,

A4 T — RABEN R Type304 B O L WVIZ AR, BEiEF P YA @ﬁ,huﬁl LT
AL Cwa. Ldl, REERBEAERERTCIARETH ), JHERER
LiZEBRTH S,

Oty ar&Ti

Q. [ODHERIIONT] HHRBRTIE, YWNaFeO S FSAB EEICERL, B
BEAELT 2~ ARAEIHE 5> TNaFeO, BB RS B L iE LT W7298, s
DR BERYIZ L D BEFMEHE N BV D5, NaFeO, DRl ST LK W E 22
T o

AS I NaFeO DR R, CHETOHRDP S, HUBTVEELTBY, S5 Ld
BEORETHRBMAETBLITWREWEE S, LiL, BRI OBEAERY S
BRENZDOWEEBLT P ALELTVARRATTHY, B 8o TEE
R TLHBIMFETEL V. ~F, NaFeO, DB S LB EW & HE S h
BY, BEIZEIZEHSECREL, BT 0EE: T2,

e ORFHIAE QAL DA, SBRTRISE—I ¥ FHIl - B4 A% University
of Mining and Metallurgy) ) Danielewski #i% 4> & NaFelR GBI IZ D W T BRI H 2 12 &,
—EDELE B/ -bDLEZ S,
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23MEFL AT EBE
231 SREE EMBULE D K T I Is-High Temperature Corrosion and MaterialsChemistry
BRAYBRIBEELAHEECTE, COSBOMEEOEREDTOL I AR SNS.
(1) BiRERIC X 24508 Oxide Scale) DEE D2 A 7 0 Ah =7 AR RITLE
Q) SFUDOHE P HEIE, WHEEOZOBBERmHSE
(3) MCIAIY % % s & L7 OBIREALICH 3 2 FEEhEHE, 52V i3BRiiEon
et 73
@ T3y 7 RGEHRBEMNRRE, H50ITFOMkERL
(5) Z DAt

(1) BiRE{kIC X 24508 (Oxide Scale) DEF) DT A 7 10 A =7 AW NE
SO rurho s AWBEREED, EUFh0) I70XHE, (BHE~N0)
B3, HEgEORE, KE, RUHEBELZHELPICLEL) bW EADF, ERNRE
B EFIUBECHREREIC LA MEY I 2 - a VEREHRE S, FhFh
CHERLERD, HAVEEROBAFTLNI6). T, B, TVIFROBIL
FEOHE (B -—B{UHERRIICBITAEEORE) [T LR RR b EERE
ENTW2[7-10l. LAL, WFROFERICH FRLOREN R KEEEHT 58 k°
hd, TOHFENR, LATHTENEICER S E52H2VWIESTFOE ERICHET
250010 THAEILIRD TERTE, LIEEIDOD, BE, WEOER
(BEf) LEBHMNTIRTRICEZELZL LTI, BIRRRDTT ESHIFIRIZR
7o, EARLREEE LT, BHEOBREE, H5IEHEORRDBEI, FFDEE
B RITTHE (UsEeRY, MG TE 52) ZEMICFHMET S C LT,
EREE (KEBLEHER) BT FNTFMOBRILe ERT 2 ERL 25D
DEBbIz, T, BE, BRHCAHBLMLTHEIRIREVWE ENLETVI T
ZOMEHIRER R, HE2VIEHENROBBREGZHOPICTHILE T, LIIED
PR ORRE L BA T R RB L0 OBETHL L) ICBbAL.

Q) FUOHBEC RN, WHEH 02 OBRERWHRE

BEELPRDPRL-FHFOMERERS CH Y, 2WTFOERELSD o7,
EEOBE % ST 5 -0 IHH & 1S RXF(Refracted X-ray Fluorescence
Spectroscopy) ® WA L7z AT ¥ LV Al (Fe-Cr-NixR) O minB(b B EERTM11],
XRD(X-Ray Diffractometry) 5 UIFXAFS(X-ray Absorption Fine structure Spectroscopy){Z & A
B EBEELG T oM Ny b RSO KmBR{LRIL g 54T (12], /WA -
b —WEA# & ISR L 722.25Cr- 1Mo 32 T O BRAL 2 BE 3¢ UF I — ik BEFE /T £ (erosion -
corrosion)  BE &1l O & & [13], UHV-TEM(Ulira-High Vacuum Transmission Electron
Microscopy) % JoJH L 7o NaCliZfR & - B SR E O E DR OWE[14]TH 5.
ho T, BEOED, —EEEE (FEZE P2 =0) ®iREMET TORIL
BRES, BEFTETHS. LIrL, WINIEEREE, A NRERRSEOERE
FTOFAREERLTELT, BAVPENETHHEET V) TA - TAPRET LI
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ETOHEEIIE, WThABRENH L L ICBbh/:. BREEETIX, BE, B85
Bl AR ERAT S B LIRS A XRD Bl R O°T <= b SR i 0@ AE 2 2
ATW5E, CNOSOFMICIBEHEOERBENSD Y, 48529 LI-oBOERIE
BOHETHS.

(3) MCrAIY R % Huls & L7 OFIRERILISN 3 5 BE & IFEE, &5V IZBEiiEom
L FeAt |

[BACe] KBTL5BOBENKREE Z/-RT, HELOBRT— ¥ PmAIKE
D&, L4, RODFELLEC LBHAEEE (B5) MMCAIYORFE, #Hiem ok
HIZET B D ONFHLTHo72[15-27]. B, EZ0ELBEF L LEbh-D
iX, ORNLBEZD= vy VR (TbbEM=N& L7zNiCrAlY ) OEEESEM, W Eh#H
TdHo72[18-20,2526] . EF# & L TM=Fel L7:FeCrAl(Y) % b & BB LINE 2R 4¢
H5HELTHERESNRTW/A[2027]. LPL, B4OEBRELZMEACHE, BArlER
BEZEINSOZRGEOH AR ER, BRENFPLEZTETVWA. SEBAEMHO
Corrosion) IZTH A4S 5 &\ 9 TV I RUMHT 7 ABESAR HEANTI S Mz 45, yIE ]
FREESTHY, TP LARE~NOEHICIEEEND L 0L Bbh, T,
HREZMETLIERNTCASEYEHRILL TV A Z &35, BEALT F Y Y ARARAT
HHEWETED, EHIZ, 137 P4 & LIBERSVEE FEEBH L&
OEFEMITRIT TR R E EHMICEH U R b S RE s h T /z[22-26] .

@) €T I v 7 AREEENESR, oz olkn L ,

RERGBEM OBREM, REBLEISSTEE .l e L-RRERENTOR
72[28-34]1. L&*L, SH LTIy 7 AREE BESME, Tk WEETED
ELTWAIZ EhG, BREESRE, HiC, RAVEET LIS 25 EHRETILE
HAPEETHLIEEFEIEAETHS, EFEICFEINL0YL, W WHIEHST
XREEME (B8R [3334], H»AVEAREREZHEEL DD THo 7z,

(5) Db

B E LN O BESIE I BT THE S OB 35], #bhOBETEONE e A
[36,371, RUER{LHO&H N ZREOFHFERBEITGESNL., F—F L Fo
Danielewski 7%, BB ENNV I VICELE VI 2V - g »TRASIRZ[37.

WEH A, B, BERREEoL 0, AR, ERCEELLEE (BR) %
WHE L TEORERFZ2PERL-RETH L. BEEMHICIE, A2— Y% VBN
T2EI)WBEPBEH BT R VREDERSIHRETH o722, BLHELT
EERFLDDBIENEBETEIABILLRL LT, BEROBERN OO,
BHERENZEHT2EES -2, S, BEFRLD, ERT, S M) IARUE
DI OB EOBEEL VD, BH LVEEORRZIT-o b THED, F
ERERL CENETESTORAEREFMONT 2 BT A Z L RICEHETH S
PEREERLA. 5, 29 LABEeRh L, REAFICAPEEL LT WVIENYL
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DY RY Y AZASE T d b Meeting of the Electrochemical Society DB E4E R I Bl
EhTER BERR, BERIEESBBEZESVIR L o TER UV YRI T A
(19874E) 2 HLRERLZEME LT3, SR ESETHRT AP ROIRIICD:
D, SA4H~8HFEIZ CTEMS .

S TCNRBEOFTIPFETFEL, WBEPBERETHo 2. ZOMIC, Max
Bredigl A BBE2ZELL/ VY2 —0D4¢ vy e BROZTETAHENEING. &
HEERR L E AR % S, BEHEEN25S, LEEEINGTH o7 (REFHENIR
) . BEEA LMHEMEFEORBICHR D LBREREOBYE VAT Y B TR A
HeoTnh. OB, REEFBRLBERBELMELEY VY FEIYYL L
FIERET, 1008RBEQCNERINED o7z, HRIX, 2L LTEAHATH LY, #E
HHWER Lty Ve VICRRE20~30ERETH o 72, BEEOWR (EFEOEE)
ik, RE2SHE, BA20M, a7 ROFY 7, wERME, TITVN, Frw—7,
(WER UEEL2ME, Vo —, BE, R—F Y F, KVpFw, FA4v, bva,
AFYTRUONYT) —F1ETH o 7.

HADLDBMOLEIMMOKFHICH L TIEVD, KEPLOBMOEL &4
THhotz.

033 BEFILHIGFER 2 ELHEW DT « E ¥ 3 > -Electronics / Dielectric Science and
Technology '

COFIEY avid, #EAEICT /N4 ADCMPIZET S EE Y Y HE I 7 A (Second
International Sympojium on Chemical Mechanical Planarization (CMP) in IC Device Manufcturing)
EEFILHE/IFERNSE EHM (Flectronics/Dielectric Science and Technology Joint General
Session) D22N Y Y RITAPLBHENTBY, {EFR, BBOV YRV VLD
—HOEy vavicBmliz., BEOYYRYY A, SHAHOF P STHOFH X
THESR, a2fFnRFENR IR, YRV T AEHRPORTENS L5V Yo
CABOSE I BT ARENRER HD T, BREONR (EEEOEE) &, K
E23tk, BER17ME, FAUE, YU FR—-pafk, v 7, 45 7&3ME, BEH, &
B, A¥VR, v—==7, R (T7A+77 P 2R) B1FTHo72.

2.3.4 B&F 1 ¥ ¥ 3 > -Corrosion Division

ZOFL4EYariy, a-F4 r FTEREXEOY RV Y A (Coatings and Surface
Modification I1 ) , B4 - B AHI%] (Organic and Inorganic Corrosion Inhibitors) , 3 X
U —# & (Corrosion General Session) D3DDY VY ERITANLBRENTEY, HE
i3, “REEOYVRVIAO—EREELL. TOVYEITLE, SATADFH
DHRTHEDO BRI R SNl HEEOAFUI, KE6M, 1 FUX, FE, FIVEL
HTHL, 0EREONEEDLET AR, REEFSSN L-EE TN IAERE
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Corrosion Mechanism of Mild Steel in

High-Temperature Sodium Compounds

K.Aoto, Y.Hirakawa and T.Kuroda

Oarai Engineering Center/PNC
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Background;

- In "Monju" piping room where a sodium leakage and combustion incident
was occurred due to the failure of a thermocouples(Monju Incident),
several structures, a ventilation air conditioning duct, a walking grating and
a floor liner made of the mild steels(carbon steel) exposed to burning
sodium and its compounds were severely damaged. The thickness of the
floor liner was partially reduced by about 1mm.

- Similar damages were found on the materials in two mockup sodium
leakage and combustion tests(Test-1 in a steel cell and Test-2 in a concrete
cell). But there were some serious differences between the damage of the
material in Test-2 and those of other cases. Especially, five various size
holes through the thickness of 6mm were only observed in the floor liner of
Test-2. It was clear that sodium oxide was changed to sodium hydroxide
due to amount of water released from the heated concrete wall of the cell
in the case of Test-2.
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Objectives;

- Estimation of Each Corrosion Mechanism of the Mild Steel in the Case of
Monju Incident, Test-1 and Test-2

- Examination of Differences/Similarities among those Corrosion
Mechanisms

- To Grasp of Thinning/Corrosion Rate of Each Corrosion Mechanism

- Verification of the Authenticity of Each Proposed Corrosion Mechanism
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Outline of this Presentation;

(1) Comparison of the Resﬁl‘fs of Optical Observation and Chemical
Analyses(EPMA, XRD etc.) on the Corroded Materials of "Monju" with
those of Each Mockup Test. ‘

(2) Estlmatlon of the Corrosmn Mechanism based on the Chemical
Thermodynam1cs in Each Assumed Corrosive Environment

(3) Material Test for:Acqulsnwn of the Corrosion rate of Each Proposed
Corrosion Mechanism .

(4) Evaluation of the Corroswe Damage of the Materlals of "Monju", Test-1
and Test-2 | - |
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(b) Test-1
(c) Test-2
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Floor Level-

Iron Oxygen - Sodium

Test-1 (Na-Fe double oxide phase was mainly observed)
\V4 mark shows the same point in eac

A B
l—' Be

xide phase was mainly absrved'

Comparison of Main Elements Distribution
in the Deposit-Floor Liner Interface

eg B un :_".
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Compound dected by XRD for damaged materials of Test-1 and its deposit

Compounds dected by XRD for the floor liner of Test-2 and its deposit
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Chemical Diagram in Na-Fe-O-H System at 600C
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~—Na-Fe double oxidization type corrosion—\

At molten pool - air surface:
Short supply of oxygen into molten poo!

/\! Na20
@ & Naz202

At metal surface:

Uneven liner surface
due to thermal distortion Fe + 3Na20 — NasFeQs + 2Na

\-
- Molten salt type corrosion ~
At molten pool - air surface:
Al g Na20 + H20 = 2NaOH |
FeQs™ + 3/4 Oz N Na202 + H20 = 2NaOH | + ;—02

— 1/2 Fez0s + 3/2 022

Uneven liner surface
due to thermal distortion

\

Extremely corroded part

\

At metal surface: Fe + 3/2 02> — FeO3® y
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Na-Fe Double Oxidization Type Corrosion

O Estimated Corrosive Environment : Na + Na,O( Na,0, is difficult to existin

the environment due to the reducing process of Na)

O Dominant Corrosion Mechanism in Monju Incident and Test-1

(O Main Chemical Reaction :
Fe(s) + 3Na,O(s) = Na,FeOs(s,]) + 2Na(l)

This is an Endothermic Reaction.
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Molten Salt Type Corrosion

O Estimated Corrosive Environment : NaOH + Na,O, + Na,O
O Dominant Corrosion Mechanism in Test-2

(O Main Chemical Reaction :

- Material Surface ; Fe+3/20,° = FeQ,”
(Fe + 3/2Na,0, = 1/2Fe,0; + 3/2Na,0, Fe + 3/2Na,0, = NasFeO;)
- Source of Peroxide Ion Supply( Reformation) | |
1) 2Na + O, =Na,O, ; Sodium Combustion on the Surface of Molten Salt

2) Na,O + 1/20, = Na,0, ; Equilibrium Reaction on the Interface of
Molten Pool-Air |

3) FeOs” + 3/40, = 1/2Fe,0; + 3/20,”
(Na3FeO3 ~+ 3/402 = 1/2F6203 + 3/2N3202 )

These are Exothermic Reactions.
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 Features of Each Corrosion Mechanism
Na-Fe Double Oxidization Type Corrosion

(1) At lower temperature than the melting point of the Na-Fe double oxide, if the corrosion
product is not mechanically/chemically removed from the material surface, the corrosive
reaction is suppressed. . |

(2) The reaction itself is an endothermic reaction. |

(3) The reaction progresses in the environment where the oxygen potential is low and the
activity of Na20 is high. o

Molten Salt Type Corrosion

(1) In the material surface, the reaction always progresses, since iron is continually
dissolved in the molten salt as the form of oxy-complex ion.
(2) The reaction itself is an exothermic reaction.

(3) The reaction progresses in the molten salt where the oxygen potential is high.
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Thermocouple
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NaOH (wt %)
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Test Condition in the Phase Diagram of
Na-Na,O System

Test Condition in the Phase Diagram of
NaOH-Na,O System

Material Test for Na-Fe Double Oxidization Type Corrosion
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- NaOH (wt %)

800 - | ® |
5
<~ 700- | . ]
g | Liquid
2 600- i
)
o
£ 500 i
-
400 A NaSHu_d I
i Naz202 + Liquid
300 i
- DSC Measuring NaOH + Na202
200 i | | .
6 20 40 60 8 100

Na202 (wt %)
Test Condition in the Phase Diagram of

| NaOH-Na,0, System
% Temperatures of liquidus curve and eutectic line measured |
by differential scanning calorimetry(DSC)

Material Test for Molten Salt Type Corrosion
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Estimation of Corrosion Rate of Carbon Steels



Conclusive Remarks

(1) Each estimated corrosive environment for Monju Incident and two mockup sodium
leakage and combustion tests based on the material analyses consisted with the result of the
sodium combustion analysis and the results of the ultimate analysis for the residues on the
materials.

(2) The corrosion mechanism in each estimated corrosive environment was discussed based
on the chemical thermodynamics. And two different type corrosion mechanisms were
proposed for the iron in molten sodium compounds. One named "Na-Fe double oxidization
type corrosion" occutred in the corrosive environment whose oxygen potential was
extremely low and the activity of sodium oxide was very high. Another corrosion named
"molten salt type corrosion" occurred in the environment of which the oxygen potential was
high and the activity of sodium oxide was comparatively low.

(3) In the cases of Monju Incident and Test-1, The former corrosion mechanism was
dominant. Since the molten pool containing sodium hydroxide was formed on the material
in Test-2, it was estimated that the latter corrosion mechanism became dominant .

(4) A good many of immersion type corrosion tests were carried out on mild steel in order to
grasp the corrosion rate of each proposed corrosion mechanism. Based on the test results,

the temperature dependency of the corrosion rate of each mechanism was evaluated.

€00 — 86 0096NJL INd



Conclusive Remarks(continued)

(5) The damage of the structures in each case, Monju Incident, Test-1 and Test-2, could be
predicted reasonably by applying the proper corrosion rate for each estimated corrosive
condition.

- By the corrosion rate of "Na-Fe double oxidization type corrosion" , about 1-1.5mm of the
thinning of the thickness of the floor liner of "Monju" and about Imm for that of Test-1colud
be predicted.

- The intense corrosion which perforated 6mm plate thickness of the ﬂoor liner of Test-2 can
be well predicted by the corrosion rate of "Molten salt type corrosion”.

- The damages of other structures, the duct and the grating in Monju Incident and two
mockup tests were also predictable by the corrosion rate for each estimated corrosive
environment.

- Furthermore, the duct of Test-1 without significant damage at 923K or less could be

explained by "Na-Fe double oxidization type corrosion" that the corrosion product on the
material surface did not dissolve and prevented the corrosion at such low temperature.
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- Observation Results of the chemical reaction

between Na20 and Fe

- XRD Results of the reaction products and fume
- On the Reaction Mechanism in this tests
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OBJECTIVE

Sodium is used as the coolant of FBRs.

When a leak of sodium coolant occurred,

- the liquid sodium, which ignites on contact with

air, changes in sodium compounds such as Na20
and Na20a2.

- it caused damage to the structural materials.

"MONJU", Japanese fast breeder
reactor , had a leak of sodium

coolant from a secondary loop in
19986,

This outline has been presented by
K.Aolo before this oral presentation.
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OBJECTIVE

for sodium compounds.

For example ; Na2O - m.p.
- Na4FeOs - m.p. ordp

The observation test was carried out in inert gas.

In order to

- get the visual chemical reaction in Na-Fe-O.

- clarify the properties for sodium compounds at
high-temperature.

The corrosion mechanism of structural materials in sodium
compounds can be investigated from thermodynamics.

Assignments : Reliability of the thermodynamics properties

O
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TEST-CELL & REAGENT

Test-cell : crucible shape made of carbon steel
(based on the Japan Industrial Standard JIS G3101)

Size : 20mmd¢ X 15mmH

o 20mm R ;
Chemical composition (wt.%) eagen

~ C si_ Mn_ P 8 Fe E
014 019 043 0.016 0.002 S & Test-cell

. 015 -0.23 -1.07 -0.021 -0.009 bak -

Reagent : Sodium Oxide ( Na20 )
Purity ; over 86.57%

<— Thermocouple
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TEST CONDITION

Environment : in inert gas (Ar > 99.9995%)
Gas flow rate : 1~5 8/min

Reagent volume : 0.03~1.2 g
‘Heating rate : about 50 °C/min

Testing temperature : 600~1,200 °C

Holding time : 0~60 min

Oxygen concentration : < 5ppm (before the test)

A

0 - 60min

=120°C/min

Temp.

(from 900°C to 500°C)
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OBSERVATION RESULTS

[ Visual Reaction Behavior Between Na20 and Fe )

Using VCR
Observation — Test condition ~
Test cell : Al203, crucible shape
Thinplate  Ngo0 Reagent : Na2O, 0.526¢g
of Fe _ o .
L T AbOscel Thin plate of Fe: purl.ty,.>99.99 Yo
/ Weight; 0.090g

Heating rate : 48.6°C/min

T — Temperature : 900°C (bottom of the cell)
T/C

Holding time : Omin

\Ar flow rate : 5 0 /min

£00 — 86 0096NL ONd



ON RESULTS (1)
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OBSERVATION RESULTS
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— %OEC/PNC N
XRD Resulis of the Reaction Products

A .

Temp.

test condition diffraction Intensity
++++ +++ s +
600°C X0min |Na20 NaOH Na202 —
- Na4FeOs
TX o — o -Fe203
S00°C X Omin Na3siFesO29
| a-Fe - —
900°C X Omin NasFe0Os3
L a-Fe _ _
NasFeO3s
NaFe(O2
900°C X30min — — Na2FeOsz| Na20
o-Fe

X-ray intensity : (++++) > (+++) > (++) > (+)
@ | Tr.; traces, (-) ; notdetect )
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Reaction Mechanism

20 L ]
i Fe203
E QL
S Na3Fes09
© [ N
(@)
S 20}~ FeaQ4
Na20
40 Fe
Na
I NS AN N TR B B [ B
0 5 10

Chemical Diagram in Na-Fe-O System at 600°C

first stage

4Na20 + Fe
— NasFeO4 + 3Na 1

Due to generation of sodium,
partial pressure of oxygen
was decreased.

second stage

3Na20 + Fe
— Na4FeO3 + 2Na 1

)
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CONCLUSIONS

The test equipment which could observe the chemical
reaction between Na20 and carbon steel was newly

developed, and the reactional behavior was observed.

/ As a result of Na20 heating test using Al2O3-cell, it
was observed that Na20 stably existed at 900°C in inert

gas.

/ As a result of the chemical reaction test, it was
observed that the double oxide of Na and Fe was
formed with the generation of Na-fume at the heating

stage of 700-800°C in inert gas.

/ And, it was clarified experimentally that the reaction
was the directly reaction between Na2O and carbon

steel.

D
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