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ABSTRACT The irradiation damage and radiation induced segregation at grain boundaries of the
welding heat affected zone in Fe-Cr—Mn(W,V) alloy for fusion—fission mixed reactor have been studied by
electron irradiation. Experimental results show that the void formation and precipitation phase were not
observed at low temperature and 10 dpa, and the austenite in alloy remained stable. However the low
density fine voids formed and migration of grain boundaries were observed at high temperature and 4.8
dpa. The concentration profiles of elements show that in the vicinity of the grain boundary occur over size
Cr and Mn depletion and under size Si, V, Ni and W enrichment at low temperature, however at high
temperature under size Ni and Si are also depleted at grain boundaries. The reason for the occurrence of
these phenomena in welding heat affected zone of Fe-Cr—-Mn(W,V) alloy is discussed.
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Fe-Cr-Mn(W, V) & RHEZRNPER 2858E
MBS, #EITB AL (950 C, 1 h) ZEWLRE (1100
€, 1h). #FERTH 10 mmx10 mmx55 mm, FE4]
A, fT¥EHEYO04RAEREESE (Ar) REFEIURE
(TIG) #i7/84E, TR HITHRN ARGE. Byl
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MEXE: Fe-Cr-Mn(W, V) &SR0 W00 X080 L FAN R TRNTT 1091

B 10 mmx 10 mmx0.5 mm $48 5 ([ 1), 2 &Rk,
PTG, WMAHICERWLRE, £ L. B
ER#uERE (HAZ)(GEEe) il 1% 3 mm ¥ 0.15
mm §E &R, ETUM SR T, (RES R
e, R,

BTFHAREENESTBME (H-1300) Littr, &
FREN XL (110) RF—RAENEN, 8
MAOMEEAMGEN, HHAETHE, CRHEAMGELN
E. MEGRE 9% 573, 623, 723 K, WEHF &S 0—10
dpa, FHAEY 1.7x10 > dpa/s. WHIGH EDS #ME 10
dpa HBEEAERMESETKKESH, FitENISEE

B 1 dRefEyE (TIG) d FRRNESL
Fig.1 Welding method (TIG) and specimen for HVEM

B2 W A —~ PR TR (bl 2

M TIG &R BT, Lali, afiiaE
—E. 393 K o}, igabh OgiRAELY A 2500 K, a4k K
2000 K, fjabiB 2444 500 K, B RmBEFRE.

2 RRER

2.1 HAZ SERH #5850 5%

M 2a—i 43 5)&5 i A a] i A H R[] S EE R Ik T e HAZ
MAHS. 573 K 6, $HE) R0 8B £ 6o B (i
5F (M 2b), F/#kik 10 dpa APREAERE (2¢); 623 K
i, WESESRN RN E 10 dpa, (EFFRREEL MR
WG, RRAFAHRE (B 2f): (He 723 K, 4.8 dpa R
. (@A) B AL (B8 2h), BB R e SRR
AKX, 10 dpa i (/M 2i) ZRERiK 3.37 nm, ¥FEEH
(2.18x10%*)/m®.

2.2 HAZ SREZANSD

M 3%/ 723 K Bf R A BT HAZ \GARE
fb. 1.2dpanf, MEIWRAFLOAEASD, ARHEML
W, HEERUHRER, 3.6 dpa &, BahiREBIFL

M2 FEEWMERT Fe-Cr-Mn(W, V) &85
Fig.2 Microstructural changes under electron irradiation in Fe-Cr-Mn-N-(W,V) alloy at 573 K(a—<), 623 K(d—f) and 723 K (g—i)

(a),(d),(g) 0.0 dpa

(b}l(‘]p{h) ".8 dpa

(e)(£),(i) 10 dpa
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3 72ZKAFFANNRT Fe-Cr-Ma(W,V) §2ERFHNANSD
Fig.3 Microstructural changes and grain boundary migration under irradiation in Fe~Cr-Mn-N—(W,V) alloy at 723 K
(s) 0.0dpa (b) 1.2dpa (c) 36dpa (d) 7.2dpa (e) 10 dpa

¥ (M23Ce), B FHTH MBI FRRARLESE, B
REBFH: 7.2dpa b, BELRTF. RAFHHENE
3; 10 dpa GRAAXZEMALEBH, Het B L NH
FEILERAE SNE. RABHENLY 57 om.
2.3 HAZ SRS AN W7

ES573 #1723 K FT£ 10 dpa HH/E. MENHEEA
HESTREEE, M dab B HMFHER. WET
R, 573 K&, fA4HEE Fe TR 1Xx# Cr, Mn &
EEMLEY, 723K 8, Cr, Mn EEFEEHEHHR
A EMA, B REE Cr, Mn o ik iz A,

573 K 8} (B 5a), L3k Fe [+ R /iy Si, Ni #
V ERNDEERI, W ERRARE AR CES, TR
75 723 K ot (M 5b), i FMAR LSS, ERMMIE Ni
0 Si AR, VR W REMMERREA, XS
Wi HAZ SERMEGNE 4.
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3.1 HAZ SRZTRAER

W HAZ ZBRERARDBE, KR 573 K of, L8R
HESRRESHARREN, (URKIS R KREEEE
F{LESF, B R 10 dpa FEUKETH; BE 723K &
B, MY 4.8 dpa BH WA TRARE) (0 AL i 25
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Fig.4 Concentration of Cr and Mn at grain boundary (G.B.)

in HAZ of Fe-Cr-Mn(W,V) alloy irradiated to 10 dpa
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HAEXE:  Fe-Cr-Mn(W, V) & SR80 B0 X 0 58 IR MG R BB R K & F T RART 1093
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Fig.5 Concentration of Si, Ni, V and W at grain boundary

(G.B.) in HAZ of Fe-Cr-Mn(W,V) alloy irradiated to

10 dpa
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F. A Frank GREERS. S BEEFEAEL, HERETS
HEEER, HEAHRE, FERABREFEMER. —8
EREBRIE, THAERKEBREFKK, fEEHNE
BRUR TR EREMR, X BARERFAR, K RSO
RABREMS. YEMBRAE—FRFAFBREH,
EREEAATREEM, WERSH. & ELREE
i, ZRMERIK KT HELRBERREFRY, BhE
RRT5Z MM EREFL=EMEEN, P8 E
SRR, EHE C, N, O Z[EPREFHTESEEH
ERRET, BOREEKA, BRBAE—SKL . B
i, BBTEASERLEFARRS, S2TEAREC, N
SRTRERLE™E, HHBES HAZ SRS %
VR, WTIER4H HAZ HER C N Wk ERE. &
MRS RLER, & C M N g HAZ HE%H T 8ot
B, &R HAZ  C, N ik L B4R, 2LRME, HAZ
g C f1 N B FET & 0.09% #1 0.03%. #EEE
HEf, HAZ hafry sk, Rt HAZ f2REHE

HAEBH N, C BRI TIHA, TASBEKSMREES
Akk Hit, HEEEE 4.8 dpa WRWED T M.

KK, BERHE OS5 RREE—SRERE, B
it HAZ PR /B AR R RN SRR,
3.2 HRER HAZ RRWT

MWE 4 ZREH, FBET Cr, Mn &R AKEY
B, HEEEEFSE Cr, Mo kEMBROBESN. W 5
BEiXaEE, 573 K i, Mn B4 # 3.3%, Cr B F
8, T 723 K &f, Mn B2 6%, Cr @/ 1.6%.

B 5a 44Hi7E 573 K BES R AL Si, Ni, VR W &
WET, BN, WSHTRESRAKREYN, NifSi
EIEAS; M 5b A HXETRE 723 K i AR R,
W AV sodkEER DN, Sifn Ni fikEER/, HRAMIES
TER B LI SR K.

BERTHERARLRARTER B, 2884 &4~
ERBBUMEARETR, EiEERESHTRS SHFRK
FREMEER, 447 Cr, Mn 5 Fe i LR KR TEF,
LA 37 75 3 5 45 25 (AR L 44 i BT R A REWEAE, % Cr A1
Mn 5EAMEERBNRT, RESSHMETR, B
BB ET NS, T Crf Mn B EEFERLATL.
k2, WEE Fe BEF/PMIBHEEF Ni, Si, VFH W {4k
SRR F & M E RS, MR EERR
FFLURSMARASHGERTH, SHARL N, Si, V
W SREENIN. [ 4, 5a fSLIRAE AT LUK LRE R L
R

(B, BBERIERSABE, X3 & B/ NRTE
FRT SR MTIT A EMIEA (B 5b). XEE MR, 4
ARE - MAESETROY BRI, HHERE
FHEMRE TRTEEE - WAFTRARNSE R
¥. m7E Fe(6) 1, W, Si, Ni fl V TR PHESRARE
0.83—0.95 Z [, MEY#HANE C Wi HAKY 10-3—
1074, EEX ST RER S KIRES 7 ENEEL 6 B
#RAGE HAZ B A RS ERXMLZERS TR
B SRR R R R AR T RS R RIS, HER
TR 5 R AR BE A BT R TSR A B i L A R
3.3 124 HAZ SRBRARBD

TSRS A (diffusion induced grain boundary
migration, DIGM) K EEHIEE, TEREHTHERETH
&R RAREERREFREERTSIEN 1. A
¥, ERASTIERAMERRETRES L, KitGAB
HRBRAELABERTNSE &Y. ER&ABHD, &
FRERANFER MR -TERET SHEREFHIER, #
SRR MARTBRRFSSAMEER, 5
FIRFERRR, WAL &R B sm 0. EiEnt,
EIREHSEFER, FARETFHESEAVSE, BAERK
BB S & (AA TSR RS R BRRG, T IR BB A R E
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R R AR BB, AT BE LA &8 ) s BRIG RO BEFR AR, #%
REEBHFTBLEN SRBRANBTRL, FIREABI
.

ARERBEEN, —HEHVETFE RREERR
e, fEEIFRSHUK (B 3), ARSHUBEHENFER, (i
HIRERS, REAREENRER. 55— EMDZRER
FRK, EREZOIEFEEREEN, WEBRFEFHMDRTE
RIRFHEERILSHEM, EfUMRESHEE KRR
RFHARR, ERRFLEFRT, SRBINTTLRBRE
BRFSRIE, NTIRERABS. FHR HAZ FRRY
NHAYEEERB TERHE, REHBFREFIH [
BRE/DRHERIR TS RER R EE, mE 5b R
R

4 &g

(1) Fe-Cr-Mn(W,V) 4488 HAZ #£ 623 K UTF
EHRNRREARRE HEH R BRI AKIERE.

(2) 188 HAZ BH/5, SA4L Cr #1 Mo SRERD,
HEREMmMBRRERSBERK. 573K i, Si, Ni
MV ERRAKRENMN W23 K, ERFALWHRYV
BTk BEN N, T Ni #0 Si R

(3) =il 723 K |MEE, 188 HAZ ik 2R R4

MR RSG5 R R F B3

FEBREBFIBEXREFEFELEHRT S ORI L5k E
BE. SRS LEERERHEHET, BSASCEREHE), X
L.
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