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Design of novel Ti alloy with FCC phase by using first-principles calculation
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This study investigated the potential formation of long-period stacking
ordered (LPSO) structures in titanium alloys. Using first-principles calculations, the crystal
structure parameters and energy changes induced by additional elements in titanium alloys were
calculated. The results demonstrated that Si, Ge, Cu, Y, Pd, and Ag affected the formation of LPSO
structures. It was revealed that by selectively enriching these elements in specific layers of the
hexagonal close-packed (HCP) structure in titanium alloys, the formation of LPSO structures becomes
possible. This investigation into the formation of LPSO structures in titanium alloys provides
valuable insights for the design and synthesis of novel titanium alloys.
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1. #FZEBEA S D =

FH 2 (Ti) &, TOENTHENOHMMZE, B, ABEEEECASAHAIN TS,
O Ti AL EITAN T REFEME (HCP), 0N+ (BCC), HCP+BCC @ 3 FHEHIZ/pFH S
N, TNZENOFEEREERSHEIORILE L7256 LT\ 5, HLITF (FCC) @ Ti 1%, mER
COMTRANRy ZEDRR IR TN TR SN E WO HERH L L OD, FCCIZLD Ti A4
DERERLIZE S+ ICBE SN T o 7=,

~ 7R A (Mg) AEICBWTIL, FCC 2 a A EMEE (LPS) IZ X D IERDREND
K2 22D 2 ERMBILTVNS, 2D LPS 1% HCP D —A3 FCC ITHEEFHIEE T 5 = & TR
ENb, Txld, ZORBBBRICIRMITENEEREREFFOZ L 2R L, TDORA D =X LEfi
AL T &7,

Ti XTI Mg &R U HCP 27~ L, PRI A Tl Mg & [AlBRIC B B IR A& 2 ik ¢
AT DI ENEREINTND, ERFRELSIZ, Nb ML Ti A4 o Ti BLE TR
IR ENIER SND Z ENRBENTNS, ZALOFHRNS, Ti ITBWTHE AT
Mt#EE AW Z LT, FCC 25T LPS DA CE 5 LS5, LavL, Ti @ FCC i
BT WA ILBUEE TR C. FCC N E D X 5 e TS HL, EDIRMIEHEN AR TH D D)
V) BN IR TH B,

ZIZ T, TOMBIC KXV HR T AEORFNAREL 725 L& %, Ti @ FCC X LPS D151
HEEZHGCL, Ti BEOMECIHENEEZ S 512 LS5 0OMBHERD S &N L7
HEIDMRESD LB BRI E A X — LTz,

2. WHEOHB
FRHEFEEZHWTTI B80H - /e iE g OB R & L CFCC ORI ATeetE 2 FRiAi 35,
T SPEBRMNTOIL TS Ti-Nb %, Ti-Si RIS T, FHEARD 4 FAH Ca~Ge & 5 FHHAD T
F Sr~Sn ZIRINILHE & LG aIckiT 2 REAMEE#E (FCC #i& & HCP M 23 JE I I f g
L 7oA OIS/ NT A —4% —% RO, T 60 HCP b R AR EEE 2 ER T D0
BARREEFRNT T 5 2 & T, Fi-2UeR otz Ao+ 2 L2 BN E T 5,

3. WFgED ik

1. #iFZ BT BHEEEE T A — & — %R HCP 7 b E IR EHEE DN L T D B DE
BARBEMRAT 21T\, HCP & EJEMfEEEE D= L ¥ —E L EE b 3 L X — 2B H LT,

2. Ti-Nb & & Ti-Si ROEEMEEMEG O/ MG N7 A —2 —%RKD, HCP 26 KA E
WEENER T D B OB AIRBEMAT 21TV, TR F—2E L iEM b xR F—Z2 8 L
Tme ZHUCEY . REPHEEMEEDOIZERICH LT Nb 0 Si BRI EBZHLMMNIT LI L
NTED,

3. Nb X Si USADTEDOEREITV., T 5 OEEMBEEIEEE ORI+ 2 RE2la L
72o JAMIFED 4 A Ca~Ge & 5 WD ITLHE Sr~Sn ZIRMIcHE & L7=HE O HCP /b EJH
W EREE D TEAT 2 BROEBIRIEMNT 21TV, £ O X —2 LiEH b= L ¥ —%
BHLU,

HE—JEPEE Y 7 F 7 = 7 D VASP & VIST-Tools ZHHLAE o1 T EMi L7~ SSNEB(Solid state
nudged elastic band) {EIZ & U BERBIRAEMNT 21T -7, SSNEBIEZMEHTHZ & T, Bi&kEL
D H HE 2 R CRER S, B DAL A B AR OB IR 2 S T X 5, HCP H&E A 4]
HIRAE, BRI EMEZIRRESL L, 2O DR D ) & =3 L X — % 3R LB INRE 2 fiF
Mr Uiz, fbdatid e WIT e TF%E (S. Kawano et al., Comp. Mater. Sci., 2020) T
W' T VA Ti ROWIIOEHE CE# L 7o 2 i E Rk LR L7,

4. WFIERE

1. Fig. 1IEHETi 12T 2 HCP 26 KA EHEE ~OEBIREHEMS R TH D, Mho 20
I HCP #1% ., 3C |L FCC &3, 18R & 24RITFNENAH D Z L 72 3 RJAWHERES TH 5,
Fi#Eh O /202N HOP #1ETH Y . T2 BEENZE L T IBEIZOWVWTO T R F—4
b RLTWD, 18R X 24R D KL 9 7o K JEWIFEE#E OIZAKIZ I 30 meV LA F O b= 2
NE—NHVETHY, REPREEMEGEIIHCP &LV b 20 meV BRERZETHD Z &Ny
MoTz, ZTIUEI Mg B/ X 72 = RV X —TiE72 23, Fe @ HCP-FCC OB IRBEFH HAER & It
BT 5L SN ERZRIANF—TH D, 2D b, REHEBEEDOEK DO DIC
VB IIEME b= 2L — TR =, Ti RICBWTCE B HfEEREE ORR O AR S 5 =
EDTIo T,

2. Fig. 20X Ti & Si « Nb WHNTI T D HCP 7> & F & I i & ~ OB IR REE A RO L
BThH5, Ti-Si £ TIE, MTi TRONZEH LRIV —D L S = F—0 EH X
R TEP, RIRETHLIEAHFEBHEG X HP &LV b F—RN KW, oz &
MH Si AT 5 & HCP #iE L 0 b RJAMIFEBENZET 5 2 LRI, —FH
Ti-Nb R T, BREIEE TR AX =0 L, 81325 WO BRNE LNz, ZIEHE



PAE G AR T D & HCP OFEEN FCC OFEB ~E b DB % 5 Shockley partial
dislocation ®EEMRIZZAWBIDR T« B DB ER L TWD I LR mholz, DFE V| 4k
RAED HCP & HFIRRE L L TIRE L TV D EA MBS Tix/a <. BlofE~21t
LIEIEIONELETHLZ L E2RBLTWA, Si IOBRE . IEH LT R X —220D 51
RN ED Ti O HCP FEIED—ERIT S1 MM 2 &, AZRMICEEWIfEEE I HEsB
THZLERLTWSD, — T, Ti-Nb R T, Nb IZ X2 EBYHEEESEER O/ REMIX
BEESNTZ, ZOZ b, BERTBHIESNTWS Si & Nb OFRINC X % EE GBS
DEEIAEE ORI ST DR A X —RFIHELWVWI RTHELTWAZ EEZXLND,
3. JEHIED 4 AH Ca~Ge & 5 [EHDOILFE Sr~Sn ZEMITHE L L2HE OBEBINEMENT 21T
ST, FOFERSIITMZ T, V, Cr, Cu, Ge, Y, Mo, Pd, Ag, Sn ® 9 DD I3 T HCP K
B b EEAYEBEED T R LX—NENWZ EIRENTZ, 2D 5B, Ge, Cu, Y, Pd,
Ag WNEZTETRIREE T HCP M51E0 b R AWM B E~ER T 5 Z L3RS, Zhb DItk
M TiZET 5 FCCHOFIHANTEBLRWMITETHH Z ENRH LT -T2,
PLEMNS, Ti IZBW T EROTLREZRM L -GN ERMEEEE 2R T 2 ameErd 5 =
EMASLNIR 5T, ZHUE, FETI 20O ICORDBHERTH D,
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Fig.2 #iTi & Si Nb#HIMEIT D HCP 75 &8 GG~ OB IR BEH FL AL
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