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AT INi-Cr-Mo SRIZEUF % y/TCP/NixCr (oP6) —FHM O F-fi & 4R k% FHEE R ERIZBE - D F
g2 LEEL, TENLERIN TS

%1E TiEaml <, %FﬁﬁA@%ﬁ T ERET 7 NAMEE LTo Ni 5808
R EMBIBIFE O BEEM 2R, FIEM (1073~1273K) OHAZ —E B L OEIEMA] (973~1073 K)
DER[/L —E W FITHEA AR TH Y, Ho, FEF & f7e &4 T & 72 TCP (Topologically Close-packed)
FH & GCP (Geometrically Close-packed) FH % 5 {bARIZFI 92 Fr7c 2k G TR B O L BEME A2 FEHE L C
W5, ZOREOMEIZIL, BT AEEE LTEIIFICLE TCP 8 & RHFICEAHT T % GCP
¥ (Ni2Cr (0P6)) ZH T % Ni-Cr-Mo —JeR 2 L TRV, Z DOROM Wl & BB LEWFEONTH O
HROBEEMEZ RS, AMFROERS LOHNB KO EZ BT\ 5.

%5 2 % Ni-Cr-Mo =JtRIZIF 5 y/TCP/oP6 —FAM OV D FEERIZ L HE) T, T VA48
% T y (fec)/TCP/oP6 —FHIFIDFH -] & 2 OIREERAFIEZ TR TN D, ZORER, 1473~1073 K IZ
BN TyHE & - 5 T 272 481E NiCrMo-P (TCP) tHTH 0, yfH & Fi59 2 P FHOMBUTIREIR R IZf
WIREBL LN Z 2R L TWA. —J5, 1073 K LA F Tidy/P M oP6 FAN T A 7 RIRIZ
WL,%@WEﬁimEﬁTLﬁPTﬁﬁéik,ik,MCLZﬁWD%SKHT’ff?éO%
FEIE Mo DFEFIZE Y 200 K & EFTHZLxRMH L. 2D oP6 FHOMZEMEDM EIX, Mo @ Cr
P A PADBEBHIZ LD XNV E-DE~DOERICER T 5 EHEZE L T 5.

% 3 % INi-Cr-Mo =JtRIZI5F 5 y/TCP/oP6 —FAM OV DOFFIZ L A B TiX, AIFEICTHE
BREIZHE LT A O RIS K A FHL AR ATV D, EiEM O /P “FfERIC B W T, BEFEORT )2
T —4~_X—2Z (DB) TlyHF~D Mo DEEENPERIEL Y 2at% b RENT L AL, Mﬂ:ﬂ
9% PO 22 A 2 B A 1A L S5 =503 (Ni, Cr, Mo) [IOFHEANEH /ST A — & Dii{bic
D, EEFEREBIL TS ‘ﬁﬁlm3KuTuk%T,d%Wﬁﬁ@,%ﬁ®DBT@ﬁEb@
W2 EEFER L, AiEICT rwéﬂtNMk@Crwf%KMD%EﬁéﬁtNu&nwnm®zﬁ$
MOMAIER T A= (b5 2 LI XV ERERZHH LTV, BFonmins, K=
JERIZIT D y/TCP/oP6 = AR DFH Al & 7= OIRERAFMEZFHRIC L 0 BEAEE/e ) DB % H§EL
LTV,

HAE [y HHE P32 P A KO oP6 FHONTHIZE)) TiX, AIEE COMAICESE yPBEIW
v/oP6 —ARIH T Mo OIBEIFIE 2 HIH L 7- A& 2 AW TEMONT HET 2T\ 5. TORE, il
BNZINT P ARIIRENIC A RIS RITHT I U, AR OB AN P FRIC K 2k B =
13100 % E THRT D0, p>85%I2720 RN BAEL D Z &2 R L, WEIFIE A 2.0 at. %12
THRETHDERRTNWD. T2, KIEMNIZB VT oP6 ARITIBALIFE N E WS (52.0 at. %) (21T
KIN NS FE ISR L, ERFMRE% B AITE T 2N 2R LT D, BLEDOREE
L0, PHORIANTHZIH L CTpZ 85 %LL L& L, H-o, oP6 FHDRINHTH ZEHET D 7= D D i 72
WA I TWTIN S 2.0at% TH D EfEim L TV 5.

% 5% [TCP FH35 X OV oP6 FHORRZENEIZKIZT M JtE (M=W, V, Nb, Ta) D% TiX, oP6 A
DOFRLEMEDM A& BHHIIZ, Ni-15Cr-Mo-M (at.%) WUItRE T VA4 % T y/TCP/GCP =FH[H DFE
T TND., ZORE, SRR S y i, PHEICIAZTWIERINCZEY W-a2 48 (bee) &,




V IINZ £ 0 NisMos-p #H3 L TOYNiV-c /8 (TCP) &, Nb 3B LU Ta IMNC L ¥ NisMo-§ #H (GCP) &
P Z EEHLMIL TS, —J7, (KIRENCEBWT, oP6 FHIE, Nb XY Ta IRINC X V14K
L, yHH &7 541 izsmw‘:/ﬂm‘é EERHLTWS. LER->T oP6 HHDOMZEM DM E
IZ1E NisM 2> GCP FHOIZRKEE DRV ER (W) DIRIINEE LN LT 5.

%63 INi ZA54I12351) 5 TCP I L1V oP6 fHZ H W /RkER G TIE, RIEE TOMEND,
HERD NizAlytHZ W 2 Tk L i3 B0, &R CIEREEE(E & TCP/bee FHIZ & DR 5HT 58 L % Fl
AL, —7F, [KEMITIEE I oP6 fRIC X DRI HIBRILZFIA L, Gafipka 2 2 71 RIS
X o TR OMLIEZ BEICFIHTE 22 H LWHEBRE FEL2IBEL W5, I4bb, A%
—E U E L TIEERIGEEIZEN S W ZIRINL, P B LN o FHORIFHTHIZ LV p &2 90% L4 | &
THERM (1) TOBPEFEE, 72, RRZ—EUHE LTI E BITKINIZ oP6 10 % BB EE I
A EOHT H S B A IRIEM (D) TOBMIEEZEAE BRAWEETHY, WTFROEEICBWTY
BABOHT NI 2 IBEFIE & 2.0 at. %l CHIET_&E TH D LR TW 5D,

FTE . T, FECHEMAEZREL TV D
PLEZEBES 512, R, Ni ezt s Mﬁk?@m% TCP tHI L U oP6 FHOAR A s L O
HZE 2B 52 L, TCP FHIC X 2R AT HHs8 b 2R A U 72 ER R LB A & O kARSI EfE 81, F 7=,
2 BERFNC L0 S 512 oP6 FHIC X DRIAHT HIBE(L 2RI H U7 MG O et 2182 L7 b O Th D
THEWNNCTELEBT S L ZADRKEV. Lo TARB LI (T5) OFfiiHmLe LTy
EDH D HED EROHILD.
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For the realization of a carbon-neutral society by 2050 in Japan, Oxygen-Hydrogen combustion
turbine combined cycle power generation system is needed to achieve both CO; zero emission
and sustainable energy supply in our power sectors. In order to construct the system, novel
materials applicable to both gas turbine (1073-1273 K) and steam turbine (973-1073 K)
components are required. In this study, thus, Ni-Cr-Mo ternary alloy system was selected as a
model case and the phase equilibria among y (fcc)/TCP (Topologically Close-packed)/GCP
(Geometrically Close-packed) phases and the precipitation behavior of the intermetallic phases
were investigated, and a novel microstructure design principle using TCP phases at grain
boundaries (GB) and GCP phases within grain interiors (GI) in Ni-based alloys was proposed.
The matrix y phase is equilibrium with NiCrMo-P (TCP) phase at 1473-1073 K and Ni;Cr-oP6
(GCP) phase below 1073 K. A thermodynamically stable oP6 single-phase region exists as an
island up to about 1073 K, which is approximately 200 K higher than that found in the binary
Ni-Cr system. It is considered that the stabilization is caused by decreasing enthalpy by a part of
Cr sites occupied by Mo atoms. Verified by thermodynamic calculation phase diagrams as
reproducing the experimental results, then thermodynamical database is constructed in Ni-Cr-Mo
ternary system. The P phase preferentially precipitates not only at GB, but also within GI in case
of higher supersaturation (AX* > 2 at.%). On the other hand, 0P6 phase forms within GI with high
density and the coarsening rate is quit slow (AX°”® > 2 at.%). The addition of M elements (M=W,
V, Nb, Ta) to Ni-Cr-Mo ternary system affects phase equilibria. In order to stabilized oP6 phase, it
is preferable V and W elements which are unlikely to form NisM type GCP phases. Based on
these results, the novel Microstructure design by 2 step heat treatment can be proposed. GB are
covered by P phase at 1st step (for a gas turbine application). Furthermore, oP6 phase precipitates
within GI (for a steam turbine application). The former takes advantage of grain boundary
precipitation strengthening (GBPS) and solid solution strengthening, and the latter does GBPS

and grain interior precipitation strengthening.
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