PNC TN94106 97—055

FPY D LARAVIERBEEEE THEE
| — T4 F MBS FHER-

199649 H

EHF - EBRBEREEM
RELFE R V7 —



HENRIOBHOATIROVLTR, TRIEBHMLWELETI L,
T311-18  FRIWE FIR AR A 2k BT 5 HH BT 4002
BOF - MEHBREER RKBRLFZEErH-—
VAT LEREET BNEBRE

Inquiries about copyright and reproduction should be abbressed to:
Technology Management Section, O-arai Engineering Center, Power Reactor
and Nuclear Fuel Development Corporation 4002 Narita-machi, O-arai-machi,

Higashi-Ibaraki, Ibaraki-Ken 311-13, Japan.

B - BB REEM (Power Reactor and Nuclear Fuel Development

Corporation)1997




o B o' M
PNC TN9410 97-055
19964 94

FRPITLARAVHEBRERERIBESE
-S4 FMBoHER-

BFE £&5° . W R RHER

2 5

RETHF Ly~ CERSEC R THICERSNA T+ Y o ARL VHEER T
(THABEREAT ) ) OEBREILNICERE S REGNKS 4 FHic>0 T,

D FF YD ARAVEABEER— 11 (MHEER] ) ORMORAKEEDEL
()5 £ FRABREMBOREER

EHOMTT 57— & B % BB EEE L 7,

EHE L WA I T 0@y

& B

OWE (LBHE-ERYE) EXHTu—7 <A 20T +5 49 (BPMA) 4
@URMIARE GEMY HEWNE X OHMERRE) ©XSEHT

BoniT— 9 BIUMRAIESE, THAUw) EMKS A 7L THEERT ) KD
Miz B4 2 WPV L THRBEERT | DS 1 FIck Ul RERiE s OBV EEE L,
Tx ORFICED X, BiETENa-Fe-0 {LAYWIDER &Y/ (LEWBREC & 3 K%
70, BETRERARER SIS XN & - RS E O b L iR
Lo Fizy 54 FREREEFIVTNOERATOREERO B XS5 HBELTS
. LEBBORT L ADETAEANEREREN SO L b LH#E L,

o ReTFE KBS - MEReIES



PNC TN9410 96-055
September, 1996

Sodium Leak and Combustion Experiment-II Report

- Evaluation Result of Damage of Mild Steel Liner -
K.Aoto™ , Y.Hirakawa™ and T.Kuroda™

ABSTRACT
Several material analyses on damage of the floor liner made of a mild steel
which was in the test cell of the second sodium leak and combustion experiment
(Test-2) performed in OEC/PNC on June 7 in 1996 were carried out to clarify the
following issues.
1) Difference of the corrosion mechanism of Test-2 liner to that of the first
sodium leak and combustion experiment(Test-1) liner.
2) The vital factor which can desides corrosion mechanism and damage location.
The following analyses were accomplished.
(1) Microstructure observation
(2) EPMA for cross-section of vicinity of corroded area
(3) X-ray diffraction(XRD) for the interface between corrosion product-~liner(
pild steel) '
The differences between the corrosion mechanism of Test-1 liner which is
seemed to be the same that of "MONJU” liner and that of Test-2 liner is discuss-
ed based on the results of these material analyses. As the result, the Na-Fe
double oxidization with mechanical/chemical removal of reaction product can be
occurred on the Test-1 and "MONJU” liner. On the other hand, a hot-corrosion,
taht is the molten salt type corrosion is subject to be thinning of the Test-2
liner. '
| All failures of Test-2 liner surround at the halfway up a convex. Con-
sidering the above corrosion mechanism, that fact leads that significant damage

is occurred at the molten salt level.

*¥:Structure Safety Engineering Section, Safety Engineering Divisicn, OEC/PNC
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Tid. AHEES. 3 1o /A0, Ton/MrBEDOHHNEETE 2 (IDESOHFEEEY
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FET B 73 1cNaOHNa 0. BRIBh OBPI#E 7 — 7 #HUS L7co BEITIE. Na O KBTS
BHETH 281 EN.0. PXENTHZRETIE, BERITAA VEEEES -
ZDHLDNRITZ, LHL. Na0:(0:*7) BAKRL OB EIN S (acidic BUIE) 7008
Na:0. IBEMNHREINDS L TCRIGVEITT 2 EE 1L, BREDIZ-5 Na.0. 075 E
T 5K Na.0, NoBMENELBINBEIEN S, FedPel. ' & LTHEHT 2 HEE AR
ERABOEBIEEY T [14]. FEEAAZAKTHEINI/IZF — 2 K& Wi Sy
BETH2DDLMEL TS, Kb 3hD At NaOH-Na.0 FD1/T &% NaOHNa 0,
RTHBINLT—F72ERLH5RETBHLICDOTH B, Thickhid. 800~ 850
CicEL THRERT) ©F 4 Fidl 2u0/hrBETHHNT 2 DO L FHTE 35 6 mi
ZROZIEZICRRADTH B, SBROTFT— I HRELRF-» THETRMT 24ENRS 355
RELIYT HEOEENPPEARICEENI T~ DELEE SO EN EHICELT 2.0
mn/hr EL BRI LRI TE A et I TV 5,
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(VEERENBEBEFOBET 6 » ré SNABROKRIERIE, BROMOKIBHRESE (RIEH
A) KEDSHI/MSHERYBRERAREBRO 1 HTH L EFHHL, RIS
#ITHB I ENRGIhoT,

(2) TERBEEERRIL | T A FIcERINIRFAFMOEERI. TbALel RS A+
KO THBEER T ) U MEIEAETH O, BATERKEOMI0BIZN T 2 Hism%
FlLTW3, 7

@O HEINIT A 7O LIRER LoBERYER T, ThTNXRIFH20. 8ke. BEMERY
#5. The B XU R EHERDERL. 0kg TH -7

ORIBHRDHFE AL OHERIES 3. B LA LOBFRTImRETH - f2pt. —HFA
BB LU CHMOBEERTI0~0miEED - 7o Z OHEFPNEOENIE. MEOHREA
HENBECEREL TV AABI—ELTW3,

6} A FEEOMNEMIE. ARBIFBEHETH L. iz, BETREMIcL2bDER
b3 KEEROD L SROMNBYPBEE S hi,
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B,

OEEHA &R oM 2 BIMOBLY & EHEICHFET 2 BERLYB OMAR I3k E s
THY. BREIDER L BN OB{ENE ST L TERCEEERT 3 b0
EHEEIN,

QRBHMAL RSN BERICIE. NOBARED LML DD, ZOBEIREL,

ORILWBEONADBAR b TEEMIDTIHEL . LBTELE->TH Y. Na-Fe-0 48
Pa-0 PV BLTED Ol MAEER] ) ZUMOSER LIRS AR L
LORPY i

WP RIBEE AP E L REAREREOEEN SUTOMEAE B,

OLTOBETTHBMARROERE, BAENBEETE 3,
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#4154 T @BERYOIEST  [wth]
e | B OE | pHO pH® NaDK | Na.COs | T-Na Fe In a
747 (a) { Jkff i | 18.58 | 13.28 || 35.21 | 40.08 | 37.51 | <0.001 | 0.289 <0.001
@ B | — — —_ — 0. 55 7.530 | 0.352] 0.024
Bo#| — — — — — 0.002 | <0.001| 0.009
547 {a) | sk E | 13.60 | 13.29 |/ 36.92 | 38.45 §37.34 | <0.001| 0,337 <0.001
@ Bmm| — — — — 0.58 7.459 | 0.370] 0.028
B OBE| — — —_ — — 0.002 } <0.001 | <0.001
HRg | 2 OH Ti Al §i Mg “Cu Ni cr p
§47 (a) { Jkfm s | <0.001 ) 0.387 | 0.064 | <0.001 <0.001} <0.001 | <0.001 | <0.001
@ BEiSBE | 0.016(0.019 | 0. 148 0.023| 0.016| 0.056] 0.019 | <0.001
B ¥ | <0.00L[0.005 |0.001 |<0.00L|<0.001|<0.00{<0.001] —
547 (@) | Ak | <0.001 ] 0.371 | 0.077 {<0.001f <0.001 [ <0.001 | <0.001 ]| <0.001
@ EepsiE ] 0.0241(0.023 | 0.180 0.025| 0.015| 0.057] 0.029 <0.00]
B oal 0.004|0.002 |0.005 | <0.001]| <0.001) <0.001]<0.001| —
EFHH | B OB £BHy -1 c § C1- 80,2 i %
747 (@) | RIEH 88.3 —— | —— || 0.005( <0.00l || ki H 2
@ BRiE AR ] 0.117 | <0.001 || — — REEL, HH
B OHE B4, 04 [wty]
347 {a) | ki 88.5 | — 0.005 | <0.001 | skimiED H X
® BimE ] 0.127 {<0.00l|| — — AWML HE
BOE —_— — | = — 283 45{wt%]

E: B4 b= n@ENall, N L0:0cNablAD & B A4 2B bhBE L
T*ﬂ%& ’Jto
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£L2 SA7DOHBESLVBEBOLES N (Wi

Y | B E | pHD rH® NaOH | Na.CO; | T-Na Fe In Ca
747 [b) | Zkimey | 13.44 12. 92 46,72 4. 61 28. 04 ¢. 009 0. 066 | <0. 001
B BhimpE | — —_ -_— —_ 0.271 7.787 0.538 0.016
A3 B OBl — — — — — 0.186 | 0.005 ] <0.001
447 (B | Jkid | 13,47 12. 93 48, 44 3. 64 28.51 0.012 0. 005 ; <0. 001
B E!a.?’"ﬁ? —_ — — —_ 0.31 8.745 1 0.279 0. 009
B4 % E — — — — — 0.201 0. 005 | <0.001
747 (b} | Zkdhes | 13.29 12. 71 41,03 8.83 26.93 0.093 0.018 | <0, 008
ZB BisR|] — — — — 0.17 10.582 0.333 0. 052
AS BE OB — — — — — 0.095 0. 006 | <0.001
747 (b} | it | 13,54 13. 01 47. 42 3.00 27. 14 0.008 0.009 4 <0.001
2E BrimagE | — — — —_ 0.38 | 9.402} 0.273 0.008
B3 B OB — — —_ —_ —_ 0. 862 06.019 [ <0.001
HEHD I = # Ti Al Si Mg Cu Ni Cr p
$47 () | A E | <0, 001 0.170 0.018 | <0.001 7} <0.001 | <0.001 0. 003 | <0. 001
B Bz 0. 019 0.004 0. 057 0. 014 0. 004 0.039 0.072 | <0, 001
A3 B | <0.001 <0.001 ] <0.001 ] <0.00L | <0.001 | <0.001 0.003 —
47 (o) | FRIBE | <0.001 0.133 0.004 [ <0.001( <0.001 1 <0.001 0.013 0. 002
BE BrimhE 0.009 0. 002 0,034 0.010 0. 003 0. 033 0.050 7 <0.001
B4 B OB | <0.00)1 ) <0.001 | <0.001 [ <0.001 1| <0 001 | <0. 001 0.001) —
$47 b | ki | <0.001 | 0.653 0.027 | <0.001{ <0.00} § <0. 001 0.003 0. 004
2& ErisBg 0.014 | 0. 016 0.087 0, 038 0.021 0. 167 0.0768 1 <0.00!L
AD B OH 0.002¢ 0.00] <0. 0011 <0,.00}1 | <0.001 0. 003 | <0.001 _—
747 (o) | KIS ] <0.001 0.110f 0.005 <0.001 ¢ <0.001 [ <0.001 0.005 0. 003
RE Bl s A2 0. 003 0.005 ] 0. 045 0.010 0. 007 0. 094 0.066 | <0.00!
B3 O | <0.001 1 <0.001] 0.004 <0. 001 | <0. 001 0. 003 0.006 ——
Wy | X O#H Mn SEmAy -0 c S HwE e
947 (b} | Fkih R | <0, 00F 64.3 E— —_— O RFEERL
Bf& BrisfZ | 0.044 —_ — kST T5(wth ], i
A3 = @&\ 0.002 _— ] —— | EERABE,
$47 (b) | AkHhs | <0. 001 65. 9 — — [T ABEEL,
=g Bimhe | 0.059 — | —— || ki EREE. TT(wi%), §d
B4 B O&E | 0.00L — | — | HiERHER,
#47 o) | b | <0. 001 68.8 _— _— HMHEHDHFAELEIEL
2 HeiERE | 0,063 e | e ZkiHEE H2 84, 98 [wWiK ], TH
AS B || 0.001 — — [ HiEEeHER,
$47 {b) | AR E | <0. 001 66. 2 — —_— oS AREEL .
EZ26 BRISAE | 0. 066 — DKM S84, 32(wtH ] f
B3 FBOE ] 0,004 —_ — | HEERARERBE,

. &BAA S — 5 i3 NaOH,
THA & o7,

Na COsicNallAl D& B A A4 2 BE{LHIBE L
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RAL3 SA7CQF I RB. 74 TOBRED L OCERHENOLESNF  [wth]

MRS R M| oD pH® NaOH | Na.C04 | T-Na Fe In Ca
47 () | Ak | 13.69 13. 19 51.43 5. 68 28.78 0. 005 0.008 ] <0.001
Wk | BEisEE | — — — — 0.30 8. 460 0.091 0. 025
€6 B O®E]| — — — — - 0.0686 ] <0.001 ] <0.001
347 {d) | kdhE | 13.68 13.18 82. 64 3.48 { 47.04 0,004 0.022 1 <0.001
gk | BER| — — — - 0.64 | 16.356| 0.145| 0.045
F B OE| — ——— -_— — — 0.043 [ <0. 001 | <0.001
Em Ao | 13,64 13. 19 43.72 1.87 23.46 0.014 0.015} <0. 001
135 R | BRIERR —_ — - — 2. 86 6. 7687 0.119 1.547
B5 BO®E — — e —_ — 0. 045 0.002 0. 008
WS | H OH Ti Al Si Mg Cu Ni Cr P

947 () | kil | <0.001} 3.148( 0.012( <0.001 | <0.001 | <0.001 | 0.002| 0.001
#Ho Pk | BreEAE] 0021 0.038( 0.042( 0.043| 0.005{ ©.037 | 0.169] <0.00!
Cé B2 B | <0.001| <0.001 | <0.001 ] <0001 |<0.001}<C.001| 0.001{ —

247 (@ | Ak | <0. 001 0.3338 0.010 | <0.001 § <0.001 | <0.001 0.001 0. 004
LRV BeaspE | 0.014) 0.006| 0.038| 0.040f 0.011| 0.185% 0.094 0.001

F O | <0.00L | <0.001{ <0.001 | <0.001 ¢} <0.00L | <0.001 ] <0.001| —
Em ki ) <0.001 ] 0.195 0.258 | <0.001 [ <0.001 | <0.001 | <0. 001 0.011
935 4R | BEIERE | 0.078( 1.483 0.142 | 0.182| 0.005] 0.019] 0.050| 0.001

BS B O® | 0.005)0.006 3.463 | <0. 001 | <0.001 | <0.001| 0.010

HEF | B O® Mn &BAity b-15° wmE z

O AFEEEL,
A ER8T. 19(wt%), fd
HiEe#@AxEBR,.

747 (e) | ki@ | <0. 001 76.5
H# Pk BRiEkE | 0,061
C6 O | <0001

e
e

MO ARER, B
$he ki HRTS, 04 [wik]
o MHHEBFARRE.

§47 () | AKIRE | <0. 001 111.2
&K BewmAE | 0.124 EENFEF W
F O | <0001

— |t or REEEL,
K 4t H SR 68. 96 [wtH)o i
— |tmeBEge,

Z@\ i | <0.00!L 69.8
757 R | BRiARE | 0.075
B3 % @ l<0.001

iE: @B A4 v b—F L i2NalH, Ne.CO.kNalifADEBA A4 »EFERALPBEL
T*H’&‘&?ﬁ:a
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#Fz4 4 REEFRYRLLCDECERDBOERMLEMT vtk

Hedgam | &5 | pHD pH® NaBH | Na.COs || T-Na Fe in Ca
K-1 JRIH | 13, 41 12. 98 52,41 4,47 31.55 0.010 G. 017 | <0. 001
M-LE | BEiEAR | — -_ — — 0.241 6. 785 0. 451 0. 022
OE — _— — — _ 0.004 | <0.001 | <0.001
K-2 A | 13,38 12. 97 51,21 6. 60 31.63 0. 009 0.125 | <0.001
=B BEIEAE | — — — —_— 0.19 6.453 1.059 0. 035
B OBE| — — — —_ —_ 0.003 | <0.001 | <0.001
K A | 13,56 13.14 T7. 49 6.60 | 46. 86 0. 093 0.0181] <0.001
EEB | BEE| — — — —_ 0. 44 10,853 | 0. 440 0.048
47N B OH| — —_ — —_ —_ 0. 008 <. 001 ] <0.001
H kil | 13,57 13.22 84.94 8.79 51. 55 0.003 0.810 0. 002
B&Ed | BEp — — — - 0.08 0.017( 0.070 0.001
® B oE! — —_ — —_ — 0.001 | <0.001 | <0.001
HEHH K O Ti Al Si Mg Cu Ni Cr p
K-1 i | <0. 001 0. 059 0,005 [ <0.001 | <0.001 0. 001 0,105 0. 001
19-LE8 | BRVEHER 0.017 0.002 0,017 0.021 0. 003 0. 057 0.008 | ¢0. 001
F2 O 1 <0.001 | <0.001 | <0.001 1 <0.00517<0.001] <0.001] <0.001 —_—
K-2 R Fm e | <0.001 0. 064 0.008 | <0.001 | <0.001 0. 001 0.104 | <. 001
=8 B i B2 0. 028 0. 002 0.021 0.023 0.003 0.060 ] <0. 0601 | <0.001
B # [ <0.001 | <0.001 | <0.001 ) <0.001 1 <0.001]| <0.001 1 <0.001 —_—
K imHs | <0.001 | 0.653 0.027 | <8.001 | <0. 001 | <0.001 0.003¢1 0.004
BB | Binss 0.028 | 0.002 0. 045 0.023 0.006 | 0.0881] 0.080) <0.001
B O |<0.001]0.00] <0. 001 | <0.001 | <0. 001 0.003 | <0.001 | —
H JKImE | <0. 001 0. 006 0.008 | <0.001 | <0.001 0.001 0.001 | <0.001
BB | B | <0001 <0001 <0.00E 1 <0001 | <0.001 | <0.001 | <0.00f | <0.001
&% OB | <0.001 ¢ <0.001 ) <0.001 | <0.001 /| <0.0011{ <0.001 | <0.001 _—
¥EEYy |52 OB Mn &Eity =40 C S H%E =z
K-1 A | <0. 001 B7.8 — | — (oA AELEEL,
P-LE | BEEEE | 0. 040 — | —— | Ak R85, 50wty ], i
BB | <0.00! —_— — | HEBEHRER,
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