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In case of the tube failure in the steam generator of the sodium cooled fast breeder reactor, its adjoined
tubes are rapidly heated up by the chemical reaction between sodium and water/steam. And it is known that
the tubes have the damage called “wastage” by the disclosure steam jet.

This research is a fundamental study based on the metallography about temperature estimation of the
damaged tubes at the sodium-water reaction for the establishment of mechanism analysis technique of the
behavior. In the examination, the material which gave the rapid thermal history which imitated
sodium-water reaction was produced. And it was investigated whether the thermal history (i.e. maximum
temperature and the holding time) of the samples could be presumed from the metallurgical examination of
the samples.

The major results are as follows:

(@D The microstructure of the sample which was given the rapid thermal heating has reserved the influence
of the maximum temperature and the time, and the structure can explain by referring to the

equilibrium diagram and the continuous cooling transformation diagram.

@ Results of the electrolytic extraction of the samples, the ratio of the remained volume to the
electrolyzed volume degreased with the increase of the maximum temperature and the time.
Furthermore, it was observed the correlation between the remained volume of each element (Cr, Mo,

Fe, V and Nb) and the thermal history.

(@ It was obtained that the thermal history of the tubes damaged by sodium-water reaction might be able

to be estimated from the metallurgical examinations.

Keywords: Sodium-water Reaction, Wastage, Temperature Estimation
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1000°C, 1100°C, 1200°C FL TN 1300°C @ 6 &L, ZDIRE T Imin £721% 10min O EiRAFFE 52
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& PRFFRERE] O _EFTRIL T AT B AR 7EHNTR T 2B A 7R L, 1300°C X Imin T FiF I E5,
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DOE—271Z NbC, F2 EIOE —271% NbyN3 o DRIFTHREZRH L2 DEE 2 Hb,
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4.1 &RARRB X O SOME R

3.1 Hi (@ BAHRRBIZERE A 1T R0 | RUREVA T O F B A R X SHREVERE (R 2R A -
RE) ICR A 52 1T QDT EM o7 (Table 3 1), 2L C, ZO&BMEMIL, FHRIRIEX (fHik5
HR) O H A BB X (CCT i) 2B IR 52 LICko T LU F OIS TE S,

9Cr-1Mo $D Acy A* 13 830°C 128D T &6, 800°C FABRKS (Run No. Al BL TN A2) D4 @Ak,
780°C THEXRLAMTONIZZ A DENEIFEAL TR E72D, 900°C 735k (Run No. Bl 3L UNB2) I,
9Cr-1Mo #H1D Acs #2° :895°C & T <N _EIRIBIRSE ThHHZ LS EMFRIT v FHERD D, AL D
[V AN F 7212 A TR, RAESIE. 1000°C X 1min 38544 (Run No. C1) ThHELBIZEESN,
1000°C X 10min #B#44 (Run No. C2) TEORLIHEKT D, ZOINIRIUD P FERAFT DI 5 813, ¥
FHOEE C BB, FHDORIEL REZE THHIEND, MMBIZUCBWT LCM LM ETHICE T4
E 255, 2L EOIREE (Run No. D1, D2, E1, E2, 58X UV F1) TIE, LMD 52 R2FEEL Ty FANZE
TEEIRY < VT A RO NE YIRS TD, 7283, 1300°C DZZEFIX, o FHAFATHI
%y + o SRS, 20728 1300°C X 10min 35k FS (Run No. F2) Tix, ZOWRREX EF0IZ v 48
EEBIT a FDBIESNDORE R L2 TNV,

WIZ, IH y FIRBLOESORERTFEICOWTERT S,

800°C B TiE, FMELERFOBEX 2B UIBFE TAUZIE & v hift (22 TG R O 20 VA fk
BRI ICTE RS VD IR v B & XBILTIH 2 ¢ RIREFEFRT2) ZHIEL THDHHDEE X HiLd, 900°C 7t
BRCIE, BT ICRS U2 1A y RO BN BN CRIE I/ N &< 7e o T2 8B 2 B, 1000°C 82 5
BTl FEMRIERFO A & ¢ KL RL , SR BAFTaRBRIF I BT ISR S L2 IH y RIS &7
V. EIRIEEZDEENELLR2HD T, 0y KIBVNETpoTebDEZ R BND, £z, 1200°C LA LTI H
y RIS 2 RS AL TURE LD KREpoT2bDEE 26D, ZNHLDOREREELDHE, 1By BL
RIF B o4 RO ZCITEER L8 RERL WD ENR D, £, SES RO Z iz it L
THEY, v T PARBHHT 5 900°C LA ETEHIZ EH-L, e 23T HL7Z 1300°C X 10min #RERFF
TIHE FL TS,

4.2 4RI O EAR AT 35 E BV REAT
3.3 Fioofh IR E RS ROFHEE B T HLLL T DLBY LD,
MO C I, BEEZRB UK (1050°C) 12 y AHICEEEL , BEESHEL (780°C) IZE->T Cr, Mo ¥
L Fe LEA L TRALMDOIEIETHTHHL QU eEB 20D, £z, FERIZND 9V 2OV T,
R EALH ELTHF L QS ES LD,

ZHHOHTHIE, 900°C 775 1300°C DEEHEEAA I > THEE T 5, £L T, LD &I, Fig.
12 (TR T80, mik COBBEIREIZKHET 5,
ZDOEE IOV TIL RIS~ TAH5 (Fig. 14) &,

f Ay AL MBMHZ, 72T Ah (@) DA —ATF AR (y ) AR (ZEHE) Lk IR E
> Acs Al MBAREZ, 7274 () B3 —AT F AR (y ) ~DOEREESE T T DI
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> Cr, Mo BLU Fe DRAL®IE. Run Bl 35T B2(900°C X 1~ 10min) O EHEE fif TR I3
£ 50%LL_EAMETAL . Run D1 (1100°C X 1min) O 2UHEVE  TIRIE 2 THERT D, 21
IEAT L RO EEALALVERIE EE AY 1050°C 235 1100°C ThHHZLLEAT D,

> VORZAIE, Run Bl 350 B2(900°C X 1~10min) D /EEHEVE faf T 30~40%723 E AL |
D1 (1100°C X 1min) DEGEEVA f7f TIEIE 80% 3 E AT D, Fig. 14 IZHB W T N 1TV LR
DOZFFEZRLTODA, T, KiEBsr23 VN ELTHT L T 7o LS s,

>  — 5 EREHR O Nb ZEfifE T/~ TAX L4 (Table 6 /) | 2D &ElT 702ppm EFE
iz, Zrud, gz AR H @ Nb & (Table 1) L[FETHY, 52 A O ELRECHiH D
Nb T EEHTHL T ZbDEE 2 HND, 2L T, 20 1100°C OZ2GHEVE fif (Run D1 35
U D2) THI 40%[E AL . 1300°C X 1min (Run F1) T 70% £ CHEET 5,

> F72, 1300°C TiX, Nb, V, Fe BLU'N O HEDS 1min fREFEDE 10min SREFOIZH 34
HIL TS, ZHUE, IREERI T 1300°C Tldy L — 724N T o + v IAFFEEICAD, CRON
DIEEEODI o FHEINT D720 LE 2 bivd,

> RHSPIZIIE Nb BEOV DR &2 DOTRIREFEIT, VC >> NbC > VN > NbN
EHESN TS, DFED NDN DRI EEFE O /NS0 b DIZE IR E TH i &L TokY
RTNEEZLND,

> 728, 9Cr-1Mo SO L LTI RIREL 7255 — % (Fe,Mo) 13, B S i
100 FFEILL_EORFRLERCHr 3 2H D T, A RIDO FEERTHWHN A FBHIIIAT L T
WRNEE 2 HID,

LI ED& R A5, Mod.9Cr-1Mo D54 . Cr, Mo, Fe, V. N BXUO Nb O HRIZIE, BVE

JEIDIE CTo R BLER S AL, 2B e RO BEA TR ~5 2L T, 900 CLL BTSN 56

D[RS Fe i B EE 36 KOV ORFH A HEE TED AIREME DS RIB ST,
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5. fEE

Na-/K SIS OB fRAT FIEDOMENL T 52 8% A BT, Na-/KBUSKRFZH1T 2 SGAmEVE DIl
JFEHEEIZ B D BRI R AAT o T2, ARER Tl Na- K RUSZ AR E LTI - R 2/ ST A—Z LTz
SURBNE A 5 2 T B Mod 9Cr-1Mo SHEURENE 25 SUT/ERLL | Y%kt & B ML 2R 53
A« BFARZ D | EOR BRI O i i i BE R0 D PR FFIRF I OHEE 2N rTRED 2 DRFAT 27 A2 72,

ZORER, LT ORI FHT,

O BHEEAZ G RO G BRI, &R - R OR B2 R L TRY ., ORI
IR BB A RERR N A B IR T D52 LI Lo TR 2283 T& D, 72, IH y KRB L
ESEIE, ZO&BMMOZIITEB LI-R R E R LI,

@ AEEAGTREHI DWW CEAE L RE N E AT o7c L 2A, BRI D RE RO b (7%
V5 B0 VR i B 45 L ORI AN 3B Ic S TE FL QWA R LT, F1-. eREED
[ « T H R SOV THRE - RFRR OS24 TR~ 72 /5 5L Cr, Mo, Fe, V., N 38UV Nb OAT HERIIC
I, BUBIREICIS U R MBI SN D 2 b o Tz,

@ Inb& BB ZR LB R OR R E L GHEiT 224 T, Na-/KBUSIZEWRE LR
BVE Ol s BRI B KO ORI ZHEE TE L FIREME ML LT,
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6. SHEDOTE

ARFEERTIE, 800°C 725 1300°C DR FEHEFHZ %5212, 100°C A T 1min 38X O 10min fRF52 5-2 72
MBS AT B 2 T LTz, 2096 SRR IZ-OU T, 900°C, 1100°C FETY 1300°C
DR E RISV CHIE  FFm L 7=,

Na-/K SS R 31T DR BVE OIR FEEHEE 2RI T L T IR, A ERHlL 40 TORWEL T O
2 FUZHOWTHERB L CRMLERH D,

@ M EHERE Y O M XD A NE R ROITE X
([Fl—#Hikg D T CROESNIAREVE Th-oTh MR ITIRIES S E D3 HY | T fli ik
BEOIIHHOELR>THNLIENEZLND, )

Q@ I EEREIZETDE TOFEERE DR
(B EE (FHREE ) OflFI2 5, AN Fig. 1 IR TIRE T v/ T A TEE M 2 52 7278,
Na-/KBOGIRHTIE, KW Tl m BB ITET 6B 20NL2E0 D, FlbEEZ /S
TA=ZIUeT =2 HUG, Al L 72D, )

A%, ERERREA B B LS, BRI Na- /KRS IZ KRG U IARBVE 25 SR EEHEE 277 T
WZEETEL TV,
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Table 1 Chemical composition of Modified 9Cr-1Mo tube

unit: mass%

C Si Mn S Ni Cr Mo Ti N \Y Nb Fe
0.08 025 0.39 0.011 0.002 007 8.37 094 0002 0.047 0.23 0.07 Bal.
Heat treatment condition: normalized and tempered; 1050°C - 780°C X AC
Table 2 Rapid material heating Test condition
Test condition Test condition
Run No. Run No.
(max. temp. % duration) (max. temp. x duration)
Al 800°Cx 1min A2 800°Cx10min
Bl 900°Cx 1min B2 900°Cx10min
Cl1 1000°Cx 1min C2 1000°Cx1 Omin
D1 1100°Cx 1min D2 1100°C*10min
El 1200°Cx 1min E2 1200°Cx1 Omin
F1 1300°Cx 1min F2 1300°Cx1 Omin
Table 3 Summary of microstructure observation
Run No. Al A2 Bl B2 C1 C2 D1 D2
OM (SEM) LCM+B | LCM+B
microstructure ot TM (a+B+M) | (M+B+a) LCMHB M+B M
Precipitates obs. non-precipitates
Note:
Run No. El E2 Fl1 F2 o ferrite
TM: tempered martensite
QM (SEM) M M+a M:  martensite
microstructure LCM o+ low-C marteisite
Precipitates non-precipitates B: bainite




Table 4 Results of <y -size/number measurements
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Run No. as-received Al A2 Bl B2 Cl C2
y-size( 4 m, ave.)| 22.3 223 23.1 19.2 19.5 12.0 12.3
y-number 8 8 8 8 8 10 10
Run No. D1 D2 El E2 F1 F2
y-size( 4 m, ave.)| 11.6 11.9 14.0 116.0 120.5 130.3
y-number 10 10 9 3 3 3
Table 5 Results of Hardness measurements after rapid heating tests
Run No. as-received Al A2 Bl B2 Cl C2
Hv (ave.) 232.6 230.0 221.2 379.5 425.1 426.0 428.3
Hv (inside) 255.5 2413 224.0 453.3 449.4 486.2 481.9
Run No. D1 D2 El E2 F1 F2
Hv (ave.) 426.7 430.7 432.9 423.2 418.7 419.4
Hv (inside) 532.7 449.4 508.7 427.1 465.2 260.6
Table 6 Results of electrolytic extraction (for metallic elements)
Electrolyzed volume Remained volume  Cr \% Nb Mo Fe Ti
(€3] (8 (mg) (mg) (mg) (mg) (mg) (mg)
as-received 0.883 0.0178 8.27 1.32 0.62 1.16 1.73 0.008
Run Bl 0.8537 0.0072 2.59 0.88 0.56 0.44 0.87 0.007
Run B2 0.8257 0.0045 1.18 0.67 0.52 0.23 0.32 0.007
Run D1 0.8492 0.0019 0.08 0.28 0.35 0.07 0.48 0.007
Run D2 0.8033 0.0012 0.04 0.08 0.34 0.04 0.44 0.007
Run F1 0.7407 0.0012 0.07 0.03 0.03 0.05 0.24 0.003
Run F2 0.8095 0.0007 0.05 0.06 0.13 0.02 0.3 0.005
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Table 7 Results of electrolytic extraction (for nitrogen)

Electrolyzed volume Remained volume N
(€3] (9] (mg)

as-received 0.8241 0.0147 0.3
Run B1 0.8127 0.0059 0.23
Run B2 0.8132 0.0038 0.2
Run D1 0.7807 0.0019 0.06
Run D2 0.7914 0.0019 0.05
Run F1 0.7576 0.0015 0.01
Run F2 0.7561 0.0009 0.02

Table 8 Results of X-ray diffraction of remained samples

Cry;Cq VN NbyN; 95 NbC

as-received +++ Tr. Tr.

Run Bl +++ Tr. +

Run B2 +++ + ++

Run D1 ++

Run D2 ++ Tr.(?)

Run F1 Tr.(?)

Run F2 Tr.

Peak intensity:

+++ : strong, ++ : intermediate, + : weak, Tr. : trace
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3 @
Heating / Cooling conditions:

(1) [R.T] to [400°C] : 1min

5
© (2) [400°C] to [Test temp.- 50°C] : 2min

(3) [test temp. - 50°C] to [test temp.] : Imin

(4) [test parameter]total 12 conditions
Temp. 800,900, 1000,1100, 1200, 1300°C
Duration: 1min / 10min

©)
(5) [test temp] to 550°C : A.C. (2-7min)

(6) [550°C] to [400°C] : 2160min (36h)
@)
(7) [400°C] to [R.T.] : AC

Time

Fig. 1 Heating/cooling condition

MMeasured points (n=9)

Fig. 2 Measured points of micro vickers hardness
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(White precipitates)
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b

Fig. 4 SEM microstructure of Mod.9Cr-1Mo tube (cross section, as-received)
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Run Al
(800°C X Imin

RunB1
900°C X 1min

RunCl1
1000°C X 1min

Run D1
1100°C X Imin

RunEl
1200°C X 1min

RunF1
1300°C X Imin

Fig. S Microstructure of rapid heating test specimen (1)
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Run A2
800°C X 10min

[Ferrite]+[Temperd martensite]

Run B2
900°C X 10min

o+ low C martensite] + [Bainite]

Run C2
1000°C X 10min

[Marten

site] + [Bainite]

=

Run D2
1100°C X 10min

Run E2
1200°C X 10min

Run F2
1300°C X 10min

Fig. 6 Microstructure of rapid heating test specimen (2)
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Fig. 8 SEM microstructure of Run B2 cross section




ysize / -

Hv (100gf)

JAEA-Research 2008-083

12

Iz =

6 \ \ —4— Imin hold
4 ——10min hold
H ® as-received
2
0 T T T T T T 1
800 900 1000 1100 1200 1300 1400
Temperature/°C
Fig. 9 Relationship between testing temperature and vy -size
500
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400 / f/
350 // —&— Iminhold
300 —— 10min hold
® as-received

250 /
P ¢

200 -

T T T T T 1

800 900 1000 1100 1200 1300 1400

Temperature/°C

Fig. 10 Relationship between testing temperature and hardness
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A\ —— as-received
\l . N

200 T T T )

Distance from inner surface of tube / mm

Fig. 11 Hardness of Modified 9Cr-1Mo tube (as-received)

10 -

—&— formetaric elements

0.1 > —B— fornitrogen
0.01 T T T T : : )
I I I O
A R SR S S S
%
S

Fig. 12 Ratio of remained volume to electrolyzed volume
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Fig. 13 Precipitation volume of each element
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Fig. 14 Precipitation ratio of each element
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