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Kiw L NI A EICB T 58 BELEWH ORI AT HGIE] SEL, 7TENLOBREATVAS.

B1E [ CIE, REAMNKEE L O 3L X —OREMK 2 R0 5123 meh Bk Rk )
FEEDO BRI N ELEORETH Y, £ OEBUITH 7 e @RI Ni EEe2 kO bt T g
ZEBXUOEOMEBRROBUIR & miEEICHT 5B X FICONTIHRRTWS., LirL, Ni&EE4eD
X 570 5 EMERERICIE, fER D NisAly’#H (L1, #38) 12 X 2RINATH CldZe <, BAUSMIC R E e TCP
(Topologically Close-packed) FH#3 & TN GCP (Geometrically Close-packed) FH &9 2 ¥ D 4 & b
AR ORNRAIC X DF - 2h ARG N EE L 5 2 L AR L, DOk AT HOFEAZH 5
M DITIE, Ni-Nb-M 3 TRIREER Z VY, NisNb (GCP) #HZ[MEE L7 LT, Nb-M2 TR B LW
Ni-M 2 JTRICBWTENZEN TCP FHE AT D Type I & Type ILIZ/3 1 TITHO MERH D Z & kR
7o kT, AMEOER, HOUB XU EZERTW5.

% 2 % [Ni-Nb-Fe 3 7L RIZE T 5 Al #H & i3 % DO, A (NisNb) ORIFATHI ) TIX, ZHE Tl
HEZL L 72 Ni-Nb-Fe 3 St RIRIEKNZEE SN TET VA4 (Type) #8E L, Al (fec Ni [EEM) REFHED
5@ NisNb-3# (DO, #31E) ORI I ZH T D . ZOREE, DO, ATk FUCHE LA E K
L, /—RREL TRt % 7, /—XEEUTTEREEI TS 22 RAHL, Do,
FHORLFHTHIZIL ) — RIBELL L CORINEE TH D Z L 2R TS, L, /—XREDE
WZBW TR AR LTz DO, ARV IS BCIRIZ AR L, KRB OB R (p) 1% 30~100 % E TR
SEILL, ZOFHOWER (p) 1270 NEETHDLZLEZRLTVWD. pO K& RZEIE, DO
R &R0 L BIR, ({1113 A1/(010)poa, <110>41//[100]p0)) % & > THLE L, # O E BHFHICKE
T HRHOMREEE ({111}4) ERAE E ORTHIKFT D720 THD EHEL D, BLEOmHA
NE, pEEINEESFIEE U TEEROREZFIR UL PSR 2 A TSR, pO B LI
LI BHELEOD, RIN~ORREIFMEITET, oo EORIT/NE N ERRTNED.

% 3% [Ni-Nb-Co 3 7L RIZHE T D AI/GCP/TCP 3 FH OFH 5| Tik, TCP fHOKL AT H %8 2 7R
X5 HEMT, BEHROICHED S AL/C15 (TCP) 2 FHIKAFAET % Ni-Nb-Co 3 SR ET V&4 (Type D
BRIRLTE, ZORICZEWNT AT CISHEEHE LW L2 R L, 1473~1373 K IZH1T D HHF
% FRRET L T DL Z ORI, A1 & Ffd % TCP A Co-rich I fFAET D mC18 TR D Co,Nb,
FEbz b, 72, ZOFRITEBIT S GCP 1L DO, 212 T DO A ((Co, Ni);Nb) HIFFET D Z &
EHT-ICRE L, Al/mC18/D0y 3 FRFLFEIR 2 /K E L T\ 5.

% 4% [Ni-Nb-Co 3 JLRIZIIT H Al #1 & F-H53 2 TCP ORI TiE, RIFEOHFIZHE-S W
T, mCI8 FHOHZ BT HET NVE4% Nb ORAFIEZEE L CTEE L, mC18 FHORFHT H =8
EHRTWD. TORSE, /7 —XRELL EICBWT, mC18 FITR FUCE AR T2 2 L, £/
SHICHEET 5 ER AT EHIZTRANICITIRERTT, pif 0%E2 252 &, —J, RN TIX
({1113 A0 )15, <110571//[010] puers) DHRLENGRE &> T 4 Fwr AT v 7 ARITHF T 5 2 &
ZRWE LTS, RIRICEEAR L7 mCI18 #0235, DO AH & 1X 720, RINIZmID > TREE T @V %
RTDIX, mCI8 FHDEERETNICBIT AR E DKFI A7 4 v F2N4.9%E DOAHDZH (0.7%)
ICHARTE LI REL, HA~OREICHA U THAUEERT 220 TH S LHEEL TV 5.

% 5 % [Ni-Nb-Co 3 JLRIZEIT D Al #H & P57 5 GCP fHES L O TCP AHORI AT HE | Tk, 3 FEIC




THE LI G, TCP 3 XU GCP WA 32 €7 VA4 % WA O 237~ 2 it Ao i 2 A3 [F]

CiZ7e b X9 IZ®E L TEONHZEI A, BHPAEMTHET 56 (B2EBIVE4E) &

ESRET L T D, ZORE, WAHOHTHIXIZIERFHCAE T, DO FIEAERHT I X 0 R 5 kL

WIZIAI > TTF A ZARIE, —F, mC18 FRITHEFAT T L o THIS L CTEEARL - iR L, BiiE ORIN T

DT, HBEDOR R TOpITE L, %m%nﬁ@*ﬁﬁ#%%ﬁw%@%ﬁfé’k%ﬁ?bfn
5. Fiz, RERHTH LR TOpDRRIE, DO HOHTH IV & 4 T A4 2> TAHELD Z &
2KV mCI8 FHOHTH D728 D Nb O faFnE A K X < W35 70 L HESE waé

FeE INi ZEAH&ITHIT 5 GCP B LU TCP & W R ARSI T, AiE T L7FEF
i % A4 74 ik o7z GCP MHTH D& 2 15 D24 %2 MEET 5 HIT, GCP FHOMTHIZ L Y TCP
OBEIFNE NN T HET /LR E LT, Ni-Nb-Cr3 5t2A4 (Type 1) ZEE L, WAHOH HZEE %
FARTWD, B, ZOFRTIE, A2 MlZ TCP fHE AR LTS, ZOREE, FIRICELMICE
AR L7z DO, AR KOV A2 AH & BITKINIZ RS, R D pD ZLITH) 10%I2 801 <41, plk 90%
PLEE Bz 2N, FEEHEEA TA ICESWEEZ FOFERMEEZRBRIEL TS, LD
HENS, GCP FHZFRILA & L THWAEHEIZE W TH TCP FH ORI X 0 [fiAH 2 F O 7R ARk
HNATRETH D BTN D,

FTE [fml T, SETHLALLMRLHBRIEL TV,

PLEBES 52, R, Ni EE548ICB1T 5 GCP B X O TCP ORI I D 4ER, iR Z
B & Pl K SR ERR OBLE 2 B, b S RFEEWEE TR S O 82 R L
bOTHY, THREVRNCTEEERT D EZANBKEN. Lo TRG I (T5) O
LELTHARMMEDH D b D LERDHBNS.

i fSCERIL, FI3C 2000 F & 3830 300 35 % 1R OHIT 52, & L<ITFEIL 800 #5% 1 #MEH LTI 280,
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The objective of this study is to clarify the precipitation principle for GCP (Geometrically
Close-packed) and TCP (Topologically Close-packed) phases on grain boundary (GB) in
Ni-based alloys. The precipitation behavior of GCP and TCP phases are investigated using 2
types of Ni-Nb-M (M: Fe, Co, Cr) ternary system. GCP phase is fixed as the d-NizNb phase
with the D0, structure. Type I forms TCP phase in Nb-M binary system and Type II forms it
in Ni-M binary system. In A1+D0, two phase region, the D0, phase nucleates on GB prior to
grain interior (GI). It is difficult for the phase to cover the GB, because it grows towards GI
with crystal orientation relationship with A1l phase ({111}A://(010)pga, <1TO>A1//[100]D0a)
above the nose temperature and discontinuous precipitation takes place below the
temperature. The area fraction on a GB (p) changes from 30~100 % by GB and the average
area fraction (p) reaches only 75 %. In the Ni-Nb-Co ternary system (Type I), it was found
that the TCP phase in equilibrium with Al phase is the CosNb, phase with mC18 structure
and the GCP phase in equilibrium with A1 phase is D09 phase ((Co, Ni);Nb) together with
DO, phase. In A1+m(C18 two phase region, the m(C18 nucleates on GB preferentially and don't
grow toward GI although it precipitates with widmanstatten morphology with crystal
orientation relationship ({111}41//(001),c15, <1 TO>A1//[010] mcig) within GI. Then, the
variation of p by GB becomes below 10 % and p reaches above 90 %. On the other hand,
the pon GB where GCP phase nucleates earlier than TCP phase decreases in the
Al+mC18+D0,9 three-phase region. It is inferred that the supersaturation of Nb for mC18
phase decreases by precipitation of D0;9 phase along non-equilibrium lie line. It is verified by
using the Ni-Nb-Cr ternary system (Type II). Based on these results, the GB microstructure
design principle for covering GB using both the TCP and GCP phases is proposed in the

system where the supersaturation for TCP phase increases by precipitation of GCP phase.

% @ BCEEIE. 3L 2000 52 & 383 300 3E4 1O M T 25, & L<IFHEL 800 354 1 fifE L T 723 vy,
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