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W1 TR TIE, vTiAl EESOERME L Lo AR L BURAE L, Wk 3 AR B
BEESOMFICE T 2 HMARGHEERMOMEIREDORETH 5 2 L 27, K, ZoMFEICIERT
BRAIE & AR CORMEDTNLAR D 50, p-Ti EMITLHE (M) ZHML ZBICHN 2 AESRE OHARE
&% (B+a-Tima—a (0 TisAD+y—p+o+y) ZFH L 2GS EEch 2 2 L, F/, ZOMELERKEET
B ERECE AEEED 5 Ti-AI-Mi-M2 4 TTRIREBROMENBEALTRKTH S Z LZ2ERML, KXo
HE, HRUOHEKIC W TR,

B2 "TI-AIM 3 I0RICE T % B, o, az, y HE O P OFH I X 2 8B, T, Ti-Al-Mi-Ma24 J0%2~ D4k
RO L 2% 2 Ti-AI'M 3TCRIRER ORI IC X 2 8B %2, EHVEERE 7TV KR -7 V%2 O TRAAR .
BEREDOBIIET— 5 XR—A (DB) V56, FHHEIRERIE o/ory HERMZ 100 K < ARRMANCHH T 2 7%
Y, EFfEREZ2CHEL Y. ZofRE» S, FEEREBROWHEICIE atHo pHIZH T 2 HN N R HZERD
Mk, $%bb, o HHD TI-AI'M 3 TLEMICERE T 2 ADMHAFHPEETH 2 2 L 2R L, praty 3L
T Z OB NS A=Y D2 A KRT 2 LICX > THETESZLZR L, £, ZhoDiA
PSR 3ITLHRD DB ZH I ITHESE L 72,

% 3E TTi-AI'M1-M24 TGRS BT % &l p-Ti HOMZEEDOBIMICERE LK FEE) <Tlk, M1 Nb %,
Mz 2V, Cr, Mo Z3#E L, Ti-42A11 206 DILEZIRELL (M2/Nb+Msz) 0.13~0.75 DHFHIC B\ THETM L
740D 1473 K I B 2 Hii p I Z AR T 5, Z20fEE, FMHEMO Nb KU Me DB REUNE 2 D iz
63K ERMUMERT I E, L L, &ikp HEEE, REHICKEL TELL, Nb LHIETHS VIR
MoGE, Zod30.5 &7 2 IBOEFEICE VTE (Nb+V) BEEHNCH 1at.% EI5KRT 5 2 &, —J, BIET
FTH 5 Cr, Mo DIEr, Z DAY Nb-rich flld 0.2 12 VT (Nb+Mo) EEMIC 2 at.%EFTI SITIFERT 2 2
EERHS I L, 20 pHEBOIEK DMK, 23 THEL 72 370% D DB # W FEHTIEH
WTEY, 3R EANMRNEEBHTLIFEE L CBRVCHCSNS Mo D My YEIGEHATE R W &2
L7z, ZOMEBOFEIC X 2B, 4T0RICTHICERTNE M@ Nb-Ma-Al % 7213 Nb-Ma-Ti 3 7
EZROMEEMAPEETH S Z 2L, pHERIZ N SHEMER S X —2 iz &I KL, pHOML
TEMEEZEDL LIk >THETESZ Z LEZHSMITL .
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2B 5 MIGEDDERED R O KE WV (M) %33E L, Ti-45A1 D 1473 K I B} % p KA L, 2D
FEIR, R p MHAEEE AT & FAE, (R (ND+V) BIEMANEH 1 at.%IE KT 525, Z OHEMHEBOIE K IZEE L
0.25~0.75 DL WHKHIF TS o4, HilER ALREKGFEZ TR T I L 2HO I L., Tho A2 5, 4
TLRICET 5 ER p IR OIE K, p AT D AI-Nb-V 3 LEMICHET 2HEEHAPEETH LI LERBL,
COMAMEH T A= ORI X b pHEEZFRICk > THHTES Z L 2R L.

EH5E TTi-AI'Mi-M24 LR ICE T 5 p-Ti HOMZEDIREMK AN, TlE, Ti-42A1 1 Nb XUV 2 HAR
U7 476R%D 1373 K I K T 2P 2 3R 7. 2 OfEHE, pHMEIZ1473 KOGA & KR, BELH (VIND+V)
2305 EFEDOMBISIC B W CEBEEMICIER T2 28, LaL, Z2O/REIZ15 at.% S IREDE TSV KT 2
ZEEWHe L, Fi, 20 pHEMOEIRMTOIKIE, 3ERU 4 FEICTHRE L7 AI'Nb-V 3 JLEM D
MAERICGREKEEZEATZ R HEIIREKDTEHTESL LR LL, DLEOAIRL S, M K2 EAR
L7z TIAl B4 DA WCIREE, FHRHIPHIC B 1 2 IRABXIE, SEERIVICHRE L 72 AI-Nb-V 3 JuEM O AEH 2%
BIuE, mEKEFIIEHL CGGHEIc k> THEHTE 5 EimL %,

HewR TRTitHZAA L - % R ETIAE G S ORGHER ) <%, B cofBRICHE IV, HHIREF
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REERY, o, HHREICE T 28 S p D ERZ T § 2 54T IEND E VOEATRM D RE T
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The phase equilibria among f-Ti, a-Ti and y-TiAl phases have been examined in the
Ti-Al-Nb-M (M: V, Cr, Mo) quaternary systems, by means of metallographic observations
and electron probe microanalysis, particularly paying attention to the relative phase stability
of the f§ phase. At 1473 K, in all of the quaternary systems, the region to form the 3 phase
expands toward the (Nb+M) poor side, compared to the prediction based on the Ti-Al-Nb
and Ti-Al-M ternary systems. The degree of the expansion of the § phase region shows
strong M/Nb composition ratio dependence: In the case of the same group elements
combination, i.e. Nb-V, the 3 phase region expands by about 1 at.% when the V/Nb is equal
to 1, whereas it occurs by about 2 at.% when M/ND is close to 0.25 in the case of the
different group elements, i.e. Nb-Cr and Nb-Mo. The ternary interaction parameters among
Ti-Nb-V and Al-Nb-V can reproduce the observed composition dependence of the relative
phase stability of the 3 phase, by taking its composition dependence into account. With
increasing Al content, the 3 phase region contracts toward the (Nb+V) rich side, whereas the
degree of the expansion from the prediction based on the ternary systems, increases in the
Ti-Al-Nb-V quaternary system. Thus, the ternary interaction to stabilize the § phase can be
concluded to exist among Al-Nb-V. At 1373 K, the B phase region also expands toward the
(Nb+V) poor side and its degree increases with decreasing temperature. The ternary
interaction parameters among Al-Nb-V, which are optimized at 1473 K, can reproduce the
temperature dependence of the stability of the § phase, without the temperature dependence
of the interaction. Based on these results, the quaternary phase diagram over a wide range of
temperature, including 1073 K, are constructed and the alloy design concept of the
multi-component TiAl wrought alloy was proposed.
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