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Microstructural Assessment of Damaged Materials in FBR
Assessment of Creep Damage in Weldment

Y. MONMA®*, M. YAMAZAKT**
Y. NAGAE***, S, KATO*®**, S, HASEBE*** and K. AQTO***

Abstract ,

In the past the microstructural observation was mostly applied to understand the materials
behavior qualitatively in R& D of the new materials and the life prediction for the fast breeder
reactor components. However, the correlation between the changes in properties and
microstrutures must be clarified to ensure the structural integrity. Particularly we are
interested in the method to correlate the long-term properties and microstructural changes at
high temperatures. The current research is to quantify the changes in microstructure of the
weld metal for the welded structure of the reactor vessel.

In this research we have conducted creep testing of the weld metals at 823 and 873 K up to
37,000h. Two types of the weld metals (16Cr-8Ni-2Moand 18Cr-12Ni-Mo) were subjected
to the creep testing. Based on the areas of the precipitates, the microstructural
characterization with time and creep damage was attempted.

The creep strength of the 16Cr-8Ni-2Mo weld metal is lower than that of the 18Cr-12Ni-
Mo one at higher stresses, shorter times. But there is a trend toward to become similar
strength with lower stresses and increasing times. The creep-rupture ductility of the 16Cr-
8Ni-2Mo weld metal is superior to that of the 18Cr-12Ni-Mo one. The creep-rupture takes
place at the interface of the sigma (0 ) phases precipitated in the delta (§) ferrites at 823K
lower stresses and 873K. The amount of precipitates in the 16Cr-8Ni-2Mo weld metal is
smaller than that in the 18Cr-12Ni-Mo one at each temperature and stress. Also it is
apparent that the amount of the precipitates is primarily responsible to the decomposition of
the & phase, because the amount of the residual 6 ferrites measured by the Magne-Gauge
reduces with times. Using the Larson-Miller parameter it was possible to correlate the

amount of the precipitates linearly with the LMP values.

* Guest Researcher, Dept. of Environmental Systems Eng., Kochi University of technology
#% Guest Researcher, *** Mechanical Property Div., National Research Institute of Metals

*#% Sodium and Safety Engineering Div., O-Arai Engineering Center, INC



JNC TN9400 2000~044

3. EBREEPBIINEE ittt st s
3. 1 ZYU—TBEBHESEME v
3. 2 HU—TRRETOREBEZ L, e

3. 2. 1 ZU—THBHONREEMEIC L DMMBER e

3. 2. 2 ZU—THWNMHMOSEMIZESMEEEIE -rreverre
3.3 O0TIZIAREDELL e
3. 4 HHEOZTML rrerereiriiiiiiiiia, SERRE AR R RS



JNC TN9400 2000-044

Caption List

Table 1. Chemical composition (mass%).

Table 2. Procedure of gas tungsten arc welding.

Table 3. Chemical composition of § ferrite in weld metals.

Fig.l.  Cross sectional view of welded joint.

Fig.2.  Sampling of test specimens from welded joint.

Fig.3. Comparison of stress-time curves for base metal and weld metal.

Fig.4.  Creep ductility versus time rupture for base metal and weld meal.
(a) Elongation (b) Reduction of area

Fig.5. Microstructure of rupture specimen at 823K.

Fig.6. Microstructure of rupture specimen at 873K.

Fig.7. Microstructure for rupture specimen of 16-8-2WM
at 823K (SEM microphotograph).

Fig.8.  Microstructure for rupture specimen of 16-8-2WM
at 873K (SEM microphotograph).

Fig.9. Microstructure for rupture specimen of 316L.WM
at 823 and 873K (SEM microphotograph). _

Fig.10.. Relation between ferrite number and creep time in the rupture -
specimen of 16-8-2WM and 316LWM.

Fig.11. Relation between area fraction of precipitates and creep time in the rupture
specimen of 16-8-2WM and 316L.WM.

Fig.12. Relation between elongation and area fraction of precipitates in the
rupture specimen of 16-8-2WM.

Fig.13  Fraction of precipitates and stress versus Larson-Miller parameter

in the rupture specimen of 16-8-2WM,

v



JNC TN9400 2000-044

1. &

BHFE T 5 > b OFBIEIES L OERBUF T OBR T, AR LR
CRIESHRD B VITHREEFMET 2 FEOMIABETH 5. fEk, HEHLZO
MBS RIIREF M ORMEER & U TESRRNBEROATANSNTERY, £
DRHT—-FEEEBMTEREL, RICPLEEREEEETETHE0IT, BEMER
BV 5 iR MR ERE SRS OB FREH SMIT 2RO —— X3
B,

SUS316 AT > VAHDRARZHDIE, BREBNMTHI&ICKD, EEZY
— TR EWE L ERR-HERE 316 (316FR) "2 1, HEFEO— KB HGEME
EUTHRAESNZDDT, FROTS5 2 MREHIPNT, BRAEBLULZEBEDOR
ERTRESFETD I EBHHINTNS, 316FR HOBH-FREEEENTED
ICEEMEORRBENTONTE D, B ERRICERE-PEHREO 16Cr-8Ni2Mo B
X UG ERR 18Cr-12Ni-Mo, 316L)RDBEMENBRE Lo TBY, TOEES
BORBREICDNTHRE ? "2 3fThbhiTns, LhL, ZN6HESEDS U —
ﬂ#‘fi D Wi 10,0000 AT DOF—F TOHFES N TI D 10,000h %83 R
7 =T F =i E DV ERBRORRELIIASEE IR I h Thin, 207k,
WINDOBEZESBORREY U — THENEN TN ONREH S TR,

AHIFETIE, 16Cr-8Ni-2Mo BL UK S RBHSBOERE Y ) — BT —¥ 21K
/L, TOZ U —THEFHMEET 2. BT, 77U — 7S ORISR
EXDOHHT—F 2 EBRICFHEL, MEHLOBESBICIZ2ENEHSNTTS
&z,



JNCTN9400 2000-044

2. RRAEE

HEMF & LT, BB ARMCELEZ JEL 72E 50mm D 316FR #i#K % 16Cr-8Ni-2Mo
BLUOESRIAI VY —2AWT, HRAY VI RAF 27— EHEHRGTAW) TEYEL 72 2
BEOKFEORSBEE#FEZAV:. BMBITT 1 v —OLEMEE Table 1
I, BT HER Table 2 ICENTIURT . EABHEROY Y 0% Fig.1 ITRT,
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3.1 7 ) — T

BA(BM) , 16Cr-8Ni-2Mo RIEFERE(16-832WM) BL S RIEESEGILWM)
DIES W OBIfRE Nishida®5 O ERBEELBOT—& B8 T Fig.3 107
To 16-8-2WM BX U 316LWM D2 1) — THEIZNVTHhOREIZBATH BM XD b
MNEn, Ez, 16-82WM O U — FHRBTHRER 316LWM & D/NE WS, B ER
BT DEIEIDELBBERICH S, 16-82WM B LK 316LWM D 823K I2B1T5
21)— T & BURIEN: OBIRE BM ORSRE ST Figd IoRd, B,
316LWM DR FIRIC DWW T Nishida® 5 07— 25IH L T 5, IRIESREORE
HORR R ORE & HIET T2 ERICH 5. £z, 16-8-2WM D7 U — FREMH R
{3 316LWM & 0 B W NOBRFHEICHE Y THAE W (Fig.4@). 7 U — 7Bl 0 &4
CRBROBERZERL, BEOEEEFKITETL, 16-82WM I 316LWM LD bWnih
DRFFIZBNTHREWHEETHR D 2K 7 (Fig. 4()).

Y EORERING, 16-82WM O YU — JREEHARE 38 R AT 316LWM & D
NSV, TOERBHRAERRBRITORIRS, £, 71U ~-THREFERD 16-
8-2WM D H M 3I6LWM KD ENTWB Z LGN EfRr oz,

3.2 7Y — T OMBEL

3.2.1 7 U—T7Hli OXFEMEIC L 2

16-8-2WM 27 U — 7 Hlitf @ 823K 1238135 311h BL U 37,092h THEMT U 7= Bl
IEEOI MR 2 Fig.5 1IR3, 31ThBEMIEA—2XFF1 v BLRo 75
A MEAUSAEA RIS FERINMBEEL THB D, EENBENXENTS S
I EWHNB(Fig.5@). —F, ERFE(37,0020) TR L =2B T 6 #Hicih - TEN
PR UMARICHEE L Thwa Z 0% B (Fig.5(b). 873K THEMTL 7= 16-8-2WM
DREEEEE DL FBRMBARE Fig.6 IWRT, 873K IZBWTIL, ERFED 290h BElT
HM(Fig.6(a) T, BEIZ 0 MHICIR - TERASERL TH A EESEEEI NS N, FOEH
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I ERE O 30,301h BEETHM Fig.6(0) TL D £ 725,
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. 823 BXUNSTK ITBITS 316LWMA7 ) — A AT ER O SEM #EREE Fig. 91Tk -
o WINDREITBNTD o HAEICENIERING, £ 316LWMIZBIT 5 0

- HOMHEERILFIER U TREE L7 16-8-2WM(Fig7(c), Fig8(b)) &L TH W, =
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Sk. Eiz, 3I6LWM O 1) — THRENE S EHEEIT 16-8-2WM & D bR EVE
Hid, BiRREE T2 0IRERR NI BLL Cr B4 16-82WM L D b 316LWM TS
WEDTHBEEZL DN, —7F, 316LWM O J— TREIVEIL ) ERFERIT 16-
82WMIZIE D & &, E/-MBTEMED 16-82WM L U ® 316LWM T/HhE <R3 DiE
6 75 FRIHTHET 2 o HOBMKLICER T 250 SHERL .
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Table 1 Chemical composition (mass%).
Material C Si [ Mn| P S Ni Ct | Mo| N
316FR 0.009 |0.58 [0.84 10.026 | 0.002 |11.13]16.89 | 2.25 | 0.07
3161 Wire | 0.012 10.36|1.30]0.022 {0.003 |11.10 18.33 | 2.30 | 0.121
16-8-2 Wire | 0.012 {0.56 |1.3110.022 [ 0.001 | 8.0816.22 | 1.81 |0.117
Table 2 Procedure of gas tungsten arc welding. Table 3 Chemical composition of 8 ferrite in weld
: Number | Current |Voltage | Speed metals(mass%).
dide. Layer of passes | (A (V) [(em/min) Material Si {Mn| Ni | Cr | Mo
14 3 190/230 | 9~11 316L weld metal |0.70 |1.04 | 5.58 |23.15] 5.26
13 1| 210250 16-8-2 weld metal }0.76 |1.09| 5.46 |19.87 | 3.94
Front [ 6~12 1 240/270 1011 10
2~~5 1 240/270
1 1 240/280
1~11 1 240/270
1213 1| 210050 |10~1
Back = 10
14 1 170/220
15 3 | 1301175 | 211

Interpass temperature = 423K

$¥0-000Z 00P6N.L DNI
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50mm

Fig. 1 Cross sectional view of welded joint.

Polling direction

Y

Fig. 2 Sampling of test specimens from welded joint.
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Fig.3 Comparison of stress-time curves for base metal and weld metal.
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Fig.4 Creep ductility versus time rupture for base

- metal and weld meal at 823K.
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Fig.5 Microstructure of rupture specimen at 823K.

Stress
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16-8-2WM

{(a) 265MPa, tr=292h

(b) 176MPa, tr=30,301h

Fig.6 Microstructure of rupture specimen at 873K.

Stress



tr=311h

tr=2,924h

tx=9,85%h

tr=37,092h

Stress

Fig.7 Microstructural change in the ruptured specimens of 16-8-2WM at 823K (SEM micrographs).
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tr=2,043h

tx=12,79%h

t2=30,301h

(a)

(®)

Stress

Fig.8 Microstructural change in the ruptured specimens of 16-8-2WM at 873K (SEM micrographs).
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823K 873K
tr=8,211h tr=2,38%h

Fig.9 Microstructural change in the ruptured specimens of
316LWM at 823 and 873K (SEM micrographs).
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Fig.10 Relation between ferrite number and creep time in the
rupture specimen of 16-8-2WM and 316LWM.
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Fig.11 Relation between area fraction of precipitates and

creep time in the rupture specimen of 16-8-2WM
and 316LWM.
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Fig.12 Relation between elongation and area fraction of
precipitates in the rupture specimen of 16-8-2WM.
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Fig.13 Fraction of precipitates and stress versus Larson-Miller
parameter in the rupture specimen of 16-8-2WM.
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