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Abstract

To clarify the effect of interstitial elements on radiation-induced segregation and
void formation in V and V-C alloys irradiated by 200 keV C* ions to a dose of 48
dpa at 973 K, the microstructural observation and the measurment of C segregation to
the surfaces were carried out by TEM and XPS.

Voids, dislocations and precipitates were produced in all of the specimens during
irradiation. The addition of C in V led to a reduction of void size and to increase in
void number density, consequently the void swelling was suppressed strongly. Radi-
ation-induced segregation of C was observed clearly on and near the irradiated surf-
aces of V-C alloys and as a result of the enrichment of C atoms, carbides precipitated
on the surfaces. It is the first evidence of the radiation-induced segregation of inters-
titial elements on the surfaces. Also, quasi-carbides were observed on the {210} habit
plaints near large voids and dislocations in V. The phenomena show that C atoms,
which was insolved and/or implanted, interact strongly with vacancies rather than self
-interstitial atoms and migrate with vacancies toward defect sinks, such as surfaces,
voids, and dislocations. The segregated zones of C reduced the sink efficency of the
defects, and showed the effect of the suppression on void in V-C alloys.
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b, 4 VERE I OHBILEOBHDRERT TS 2 EBBRETH D,

ERBHEET T, A4V, SR, B — 7SS0 B RMEEBESHOAE CEETRE
BEOMBHE £33 b RAMbh, ChEBEBERTEHL V5, ZOFERBHIE
BIIAFVEBHLILAT VL AFTHD TREH IR TR, 4084\ THIFE"Y 31, B
HOCBREZMC I VEBREETH > THRBEBENHELE LD, X1 VHRARCEEY S
Fleb 35, BRABERFOFERNTILO v 1 KRTRISL T, BFRRETH L\ LEFZ
LEBCHREERTABREL - LABELMCERT WS, Lanl, RESEANBEETD
BEASIFOBEENEH T ) T, HRCIIVEBESMOMELELL 2D, RALH
eI hTuiny, 20X RRABRTROBHFOBEEHHEHRT LY - T, KEA 4 v R
BZODENOEREFETH D, (1) BREFAOPETFRECHEYT 5280 RHRIEY X
O TERHICEATES, () BEAIRCKEVBEERT ), BHCIIVFEINWARFE
FEFoitErEd ks, BEYET I, ChooBlhanrd, ARREBECRE A+
U A—REFEEEHKFEA A VRHL, BABTEOFRENXYEILT L DI, F1 VERE
OB EHEL M TALDOTH S,

2. R B H &

BABTFHM v (V) BIVRFBBEEORLL Arvvasddg (V-015%C, V-03%
CV-1% O #ERw L, V-CEHEERV EEFFHRBEHEZT7 v av 757 <2 =» MFTHE
BULER LI, VEMOLESREYE ] (@) KRT, VIOV V-CHE&%EREMII LY 0.
2X4X40mm & L, GEEI 1X107PapBEE T Az =y AL b EALILDS, 1370 K,
1 BFEIBESE L KERP I B L 7o, 2 HIEH 2 3mme FIURICIT b &, FiRKBEZER CRERE
YT 5 973 K € 1 BB U 1o, BRI HRORFEEOSHELE (DRt Ay
e 27702 — A BEQ DL DEMETI0wm BE CEMAITELBHAE - L.

RFEA A~ (CH BEH 973 K T 200 keV Ii 38z X v 1778 - 7o, BRAHE 3 48 dpa (3.2 10%
AFv/mDTHy, BEEEITEX1073dpa/s TH -1, BES LIOURESMAOITEIL LSS Bk
LD, REAFT VOFHIEERXI240nm TH Y, BEY — 2713160 nm KHFEL 2, TDH
BEHZEE -7 v 7 L, B S BRETE L 7,

200 kV FEE TFEHEE (TEM)IC X b #9200 nm EOFEH TR A, HHSEOBMMEROBE
BTt otee A4 FOBEETHEROBER AT v Vv ABEHEIL L b, FHAEL P4 2 (d),
HANEEE (p), 4 FA=Y v () k2w L vRdr,

14, _n __4av
d—An—Z_idL o=y S_V~AVX100

£1 (a)F2IaTHMobEHHFE (at ppm)
c N 0 H Al Fe Si Cu Ni Cr
55 83 194 610 336 474 52 14 tr. tr.

(b)) BEMLBEOERBORFLE (at %)
Pure V V-0.15C V-0.3C v-1C
0.026 0.153 0.271 0.886
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ZZTAV BRIEEE ToO A1 FVBREBRTH S,

S FE S ORESR LU F 09 AORESTL 10X 10 mm 0 = » 7 LFICEEETY 21,
EEFHH (XPS) i X W EL7co XBBEX 10KV 0 Al-KaTH b, 2keV7 ATy 414V D
Aoty 2 Y VT RGERLI,

3. & g

3. 1 BBEETOA

BHFie V-C &4z 973K, 1 BRI L v BEE 1 10RT 5 & AR I TV,
BRESEOBE, MHX200nmBEDOR » MRTH Y, REROBWCHE I A EEBbh b v
F VI - Qe REBEOEME D CHBOKESIRIAEL kD, VAI%CTin1
pm L EOHEAHHE S B, BEEELEL Lol 2O HPOBFHEHR A > b TrRK1K
AT ZE LMD {111} & hepBED {2100 ZEHEEE Lics —vhiBnsd, Licd-TC
NEER VL Th B MOPEFERT L hb¥ s & 973K TOREDOEBRIZIF L 0.1at%
LHEE IR,

3. 2 HWHHEBE

VEIVV-CEEDBEHMEYEE 2 1CRT, VLA FPBIVERMSRDDI, AT VA
BEWC YD ERA P IBHEESD 60~210 nm B I ntc, Lichi-> THAA VYOFEETHD

" StablePrecipitate V,C
h.c.p(21.0)

Matrix V
b.c.c.(111)

1 gL V=0.3CofitnbEbhli Vs,
C ol & — v
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e

B 3 CA4vBE L V-1CcEbh b £14 FOFEL
7t K

[311], ® [210]

JEX% 150nm & L, BoOBIECH G, K4 FO¥HH A4 X3 72 nm, HFEEIL4.4X10%°m 2 ©
B o tce V-0.15% C I i3IEAL DIZ e 23 nm DA 4 F 23 16X 10" m R IhTED, X5
12 100~300 nm DT HEAFRD b, V-0.3%C DAL FEIL20nm & 78 b, FFEEIL 1.8X10%
meCHotc, V-1% CTIAEA P44 Xi328nm TH H, FHEEILL.4X10P*m>TH - 1,
V-C & TN OERICE 1 FOEETHHE EFEELLWEE DD - 1. T 7chb TEM
X ABERIRIBHERRLSE &A1 VOFET 2HBOLTH S0, ZOFRINED IR
BIREREE & A1 FOFEROMAHCFEET L EATRLTW5, SEEASONHEMITFLET S
FHICIIF EAE R PRI NS o T, BRI V-1%C DBI%RT, 20X 5 AN
HOAE S R A FIEREEIR 0 53 XRFH RO B O S FRICHBIL TRE Lo, TOFEE
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REEE DR AN AT B LKA N e ' '
MEIShDZEHRLTWS, LOLEAFD 8 Swelling I
5 EERE D 0% T Th -1, S 9
VAofA VI UERZOAECITZ YV VY ! .
AV FAPRGOFEYS LIELERD bR 2t ]
oo BE 4 (2) 13 {113} T (110) K& L 5% o

THY, FEAEOERITHIEAA Vsl
Tuvh, EIFFAF» bk (210) Higwige- A

bU s pRBR, SR (210} Bl T | Yoid Numboer Density. 1
T B LRSS AL, (b) 1 {210} T (112) 3 5

RE & TH D, WRITHDEA 1 F O

PHBHCIIEMN ECFEEL TS ENBELS 8;

THbHo DI I O dhfEmE S A Void Size

FY BB TR X DR SR |

B & S B g '
RBA K A=Y v/, HEES L OFEYY 1 2 20t

LIRFBEDOBFER 2 KRT, Vor=Y v oL ' :
7139.3%THHH, RERFOWEINE & HICEH 0 Carbon Cg.:centration (at%%) 1

AL, WTFRO V-CEETHITE 1% TH - B2 #qFx=Y 7, £ VHEES L

foo BA FEEEE I 3~4 f5lmL, S O A 1o 4 2 £ BRI = O

BT T 5EEEZR LI, KA KA #

ApA= ) v 7 LRBCEAOTAEEERL, V-CEHEETHIH /3 Lo ShbDHE»S,
REFMC LD AAFA=) v 7 A=) V7 OBEEREAITELTES VA XoEb ks
AN YN (el T

3. 3 REEBEORBEEEL
EHEE»SEIFANDRERE L O AN F o7 ADEEELIT AT VA F VDAASy 2 Y v
7 & XPSHIED S DB L BRD I, [ 3 HREHERD HE A Nip, Vo, CsOXEETF A2 b
NETRT N IR AL L =B EDARZ P ATHD, Ay 2 Y v 7 2ERBHT - Thig s
AEB LT oo VR I O CsiiBHEHABLLDOARZ bATHY, A2y 2 Y v 7EHEO
I V3B L, Culdild Lic, i Csiim o ko v — v mbRh, 285eV A1
DE—=Z{E VR IFZ—2a Y IHREOLDTHD, 283eV R0 S DIk 029 &
DREPSEDLDTh D, BEOE — s xAy 2 ) v 7BRMOBEINC L D, WRELSHAD L»D
E=xrF—AeBE L, ZOBRIFEBEERLOEITRIK L CRL - ooy
DT AHZ EXRBL TGS, Nigle i 5 VepoiE, F7: Ceni@ENnba v 2§ F—
va VOBERELSCCHED YR 4R, ZOFEK L), MoRESETIIRE R
BMEOFRRE B2 v 2 1Fx~va VOPRERET DL ENTER, A4y 2 ) v 7RO
& &S VDR En L, CanMaBEnmd Ui, - ORI R EHEZFRAEE <
REMEITL, FALDEER LI LE2RL TS, 18030 A2y 29 v 7% TEM iz x
hAEA FVEEDBNED - &0 b, CTHBENC L B S o A4 FoFEFEE G XPS JEH
BOFEER T EREID BRI, IBIC180 5D A2y 2 X HFEEHTC VT
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BEMEML, WHEYIHRIRLI ETHE, 1A VBHLILEVZENT, £4 Vg VC
HDHVITIDOF IR I /- 080 Ferdho a4 Nz Fe,C g bn ™ & Lixd Tl
RT3, bee & BRBIRENCE AT TR OBHNFREH AU LERCO>VWTORETIZh
DEYTH 5,

BERABER FORBHEESI~OFRETCOWT, ROZHOOEBESMRB I TS, (1D
BHEEFI VP ICBERTFIEFEETF L ERMOBEEERL, BESIMCERLBH T 509,
FORECEANE B LR TS, () R2VWBBRTFIEFELLELERAL, T0%
B L A IBCRB TR TEAORN EBFACBET 5, EROER"Y & L OERY PR
W EREOBEYTRHL VS, L L, SARBEE FOBERMTAR IV TR,

EBEOHE, RBCE T T RELBEC L VBEA SR REOME HFEEIT S
LTWwabELBbh5s, BHEE TORZECTE HEE (D=3.4X10""m?%/s) TH 5o, IIH
AENTCREZ 0 pm B S8 T A ETHE, 48dpa TR 0.07at oMb ied, Licdio
THEBRRCEEBERCHESYT 2 RFBENRIIC L DV BEA IR 5,

—#ie, REFERFRRFEATCEETFHERFEBELERAT LI EPAbR V5, LL,
BIREET RS I18EL, hlTRELEV-CEEDEREY WREND DL, FOREEDE
700K DL EnRETRbh A0, AHEORELETREI B THIET CHELERTAEE
ZBHDIFELH TR, M, REREFLEERFEAOKEAIBFHEFLO/BE LY HHEL, &
FHBHELEC Fe-CEES BT, TOMEDRIEEE T THRAINL ZEINRENRT VS, 2D
BAEW VT, BROKH YD 580.5eV 0BG A ¥ -2 HET D LI i, Lichi-
T, AR A DN B REOFERENT IR FEL L KEFRTFOECHEFROKRE, HFEHLD
WHICRFRF 5 ETo6R, BEBH~RCBH T2 LRIV ELEHEZRE, Z0F
BEFTESKE D, VRO R A FRECIEIHRRK RIS TR S h, V-1%C o BEFEECILE
BEORIDIETLEOTHA S,

4, 2 RAFERCSLIEFTRENDR

Vit L T V-CAEDOEAS VA Y v 7133 L <l 2 huie, bee &R F 0B AT s »
BANHERICH LT EET AL LWL OO imk s TRENTWA FOERE L
T (D FAAVORHF=3AF-%F 25, (2) BERBOBECL L -EEEOMRE, ) W
EYRECORFREOME, LD FREFTOLELLIVEL LR TV, Bartlett 5 1fi&
DEAITMWOFE LD 4 FEORE =R F— 133 L, BUBEEIRSL L LTV
Lo AFETE, VEHRLTV-CEEDFE 1 FPEFERREARLC -7, L UEREED
BIfR & L CHBEENMIE—ETHH 7D, 0.15% U T OREERE T 2 OB EER 8%
LTLESDTHAY, Likdi-s GRENBEEDCEE&DEE, 1 Fx=) v /7MHOKRRE LM
E 2 DBEND D,

KW LE—D V-C &% 173K ThEFRF LIBET, K4 VL& &1 {210) o fiEm s
b o IR T 5 2 LA ENL - T b, = OEEYITEFEIERECEEE
THH, ZOBRICH P OBRAMEARECED L, K1 Vi#Hlo—FER L7525, 970K
PLEo BHEEREM cEITED o8B T 5, AWERORBIEE R I3K thh, otV
CRDOLNIDHTH D, EIHYFE»BEREOMBESTE L C@x, A4 VBRI N
Sha® &b b, RPFEOHANTHED (V.OrEEECHAET ST AS Mg s AL
R I NTch o Te, Loy LA EY TR O £ECt 286X 0B UTTH 5,
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A VRECRCFERBEITECBE, 21 FBEICH L T o008 R vk g LE 5, Mansur'®
AR L D FHEEFO R 1 PERE~NOHBDEI BL L, 1 VOEELFRELTH
%o —77, Anthony” [MEHEE A VDR FEAOHEAAXAEL, F1 FORELIEL,
T OBHI IR A FORIEEEC D, SERELTEA VEEER LA T 2L LTv5, &
Mot V-C &&Tik, BEER, F1F, BEAREI R RHTT 5 -0 MBS TR FRIK
FOAATARFIMETL, EHLERFBCIHFEFENAOHEDR MY, HRELTEHSX
FMao ML MEBES LR L, KA PRSI S D L HEI RS,

5. ¥

B

RFCYABIOAT T A REGSGHREA LV TREL, TOFEA VKL BHEFEE
W BE KRG & BATBER OB OB LkoEHY B,
(OVEILIOV-CHESDTNTCRAT FOFRL, 7081 F A=Y v 273 REROHEINC L » ¥
U <M & e,
2V OARA R {210 DB Y b ORIV I i, ThBEBEEITCL o 5
A FEETORBEREN LR LA bt b, BRI AHTHEARD SN,

BXPS e kv, V-CEHEGOBMEHRORFEEIEL LA L, RIMPERSA T2 E
ERMB It 0T, SR XD BHEHERA~DEAMTREOFRGEIT ML LD TEFEI N,
(DRFEOFEFEIT I, HREFEFLETFELVBCHEEERY L, KEOMIET B+ 5
TEWIDET D, RN, By, BEKERIRAEHBO LD, B RMEOME B
RAE S hfER, V-CHELDORA FEBTIHEI S h 5,

Eil [

AP T D RERA A v R AHE R T DR Cfiicbhicd 0Th h, FRHF
Fle b O REMROHERC R MO BELET,
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