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1 E. VBTN SR, RAEETHEZ RIS E —ERET RN IE, AVETFIATIE FHEREV &= T-V
FRY, 0P s RE M B T A AT T TR IRAR I VTSI 2 BRAR BT ISR B A S, IR IR TR R
PP, KRR TR T-VAERN, WMHETERZET, BAKE TSR, e mikgm, Bk
RRFET. WA TIA VIR TR 3d BT ES 5, X2 SEEEYIEIR T IE R . [ A 5 i SRR A 5L+

I, BE&—mrrmik, SRR N 0a s,
EHE: pRERE S, MR, SRR RTAN
FEEEDES: TG146.23 CRAARIRAS: A

SCA B A RS BT SRUBMRS 52 1 K SR SR PTAE

NEHS: 1002-185X(2026)07-1709-07

1 51 5

BRE 4 b T LU v 2 PG T M S5 R i T
W2 R TR AR IS L S 3 L R T AR AR AT, Al
ERAFAE o K BAH P B [F) 3R 5 4 3 AR A, A AR R0 N
882 C . KR T A% HE /N 7 (hexagonal close-packed,
hep) G5 1) o AH, 23 (B BE N P63/mmc s #H7Z i L E g Ay
37 J5 (body-centered cubic, bee) 45 4 (1) p AH , 2% 8] B N
Im3m™ s RIEBOWHL TR E S N3 K a B atp
M pR. Horb, pRUER G & RARAES & TN BAHERE 7T
3 RS PR ICAHAS 2 K IR B R IR — K a8, W
LK) pAEFE € TG A VANb.Mo.Fe.Cr.Ni.Mn.Cu.Ta.
WA pRUER G <5 HAT SRS IR A T e 2 s B i A
WAERE IS . B AT O 2 B FER R A
AT SR BEE B AR ER G 4 R X e A )
LR TF R B B ALER A 4 T O H RTRON AT
WE5E 77 1,

VIRRZREE& T RE NN —F&etnEk, Hil
ARV ICENRE S H LR 2 1B 7 2 8 e SR
B B, AHA 5 BE IR 2 RO BB ST ARG B2 o B TF 5
BUTHE e T A 3 T, o 28 — 1 JE T H B n] DU
TR R G S I3 NI R & S v W 1 B Ak s
Ma o BF— P Ji B U B RT Dl i g S PR ARDIRES TR AR 45
B, FF AR 51 A 2RO 44 2R %) B 00 H 1 & g
1T ETHE, AT LN S ERRES & IR I I R &

s HEA: 2025-07-14
HEWHE . =005 5 & 2 kel A A 5 H (2025RC-YIRC-021)

BRI RS ) B AR

Ohno %5 NH@ R 28 — VR R BEHEL 1 V IR 715 28 %
KA AT MR FEE T SRV TR N2
FasE AR ERAMRR TMIaA o I, JFH VITRA
AE o FEOWAAHM H I . Mei 5 NPHHE T VIE T 52
Xt AN o A Z TR EEAL TN, JET T A1) 0 AHEE AR
7E 100~500 K ifit 2 Vi N = AP ERE SR % 42 . Skripnyak %5
AP T EMTO-CPA 72 Fll A Sk i 5573 5 3l 75 % (ab
initio molecular dynamics, AIMD) i & 1 V JG & I N
Xt BAARIREIR , T E5 R WV IR IR I 2 {15 B A Y
TR RERR BIREE -

ERHFRZ R KT VIR TX IR R GERE AR
A2 RS RE VE BRI T 5% LS54 5 T A T SR DU AR
B o RIATAECL AR RN G, KA I T %
B 212 (density functional theory, DFT) H 58 — 1 Ji BE {1
SRR BT EANF V TR S [ A AR 5 Ho
SRS B, 38 I A AR R S5 R T BT RBER
7R VIR ER BT AR RE I LA
2 HERESHERE

55— VE B B SRR HY 5 T DFT 9 -~F 11 i 68 345 07 2%
(1) T /15 3 4 A (vienna ab-initio simulation package,
VASP)#EAT TH5 20, VASP 2 H A 5 5 9 58 — PR
BTSSR H A AL S Sk A A R A T R A
it 14 F Kohn-Sham 77 #2247 SR i K 45 244 2 (1 2 A4
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PR RS, B R R H 55 400~ 11 (projector-
augmented wave , PAW) %7 A4 [ IR Aok A [ 058 5
W25 IAH BLAE F R &P, SR T SO BE 32 AL (generalized
gradient approximation, GGA) ' [1J Perdew-Burke-
Ernzerhof(PBE )z b >k Ah H1 H 1] (1) 28 4 SC IRATE P

AW T E AR DL B-Ti LR, A-Ti A S k6 S 50
90.332 nm, M T —ANE A 540 TiJE 1) 3x3x3 1 #
JUAE Y, 23 A8 1~10 4N VR 7R BUR Ti R+, I8 A
[V IRF &8RN Ti-V /REA . PR, EEae R E N
350 eV, & — i HLM X (1 K 5K Fl Monkhorst-Pack 77 V%
F2 18 3x3x3 (17 :HEAT R 3, B AR A R B S
PN REE AR T 107 eV/atom, J& 78] IAE FH J1Uscsich)
i 9 0.01 eV/atom, 73 75 %5 AN [F] V2 B 4G R ) 58 AL
NSRS AP i
3 HEER

FRE B C AR SN SEAR (I B W 3
36 N0 &, H BRI RO BRE , S AFAE C=C, 15 0L, 18
WA O R A R B B A A SR B R R
WHILE 21 A i F R - RARVE R T TSV R (15
PEREFE , AR 3 7 25 R R FR P, 377 i R IR o 3
B3NP 0N C~CL AR Ce Hod € FRR
MR PR R R 7T, C, R MR B BT V) A2 T g
Ti-V R FEPEHHCR/NNZR 1 PR,

I A O] DK T A 2R AR E TV, H4E Born
TREDUUSY, 77 i AR AR T W] A D SR, AT BA
I B AH ) A B FBOAN T & Born #E W] AL AR S 5E 14 4
i, Y] p-Ti B AAE O KOl B2 R 2 AARE I, X T2
T B-Ti JymnitAH , 75 0 KR T A RERSE AFAE , Rl 45 1
SR ENASENE . TR TEIN TV R 7 R AR,
AN LA VIR 5 B h i 2 MUBRR e M 190 , i
VST A INRE % S Tt B-Ti AR T B Fe e M, 8 A

F1Ti-VRARMEERK
Table 1 Elastic constants of Ti-V system (MPa)

Alloy C, C, C,
p-Ti 96.858 120.013 36.161
Ti,V, 123.651 109.070 48.224
Ti,,V, 114.274 96.442 46.903
Ti,,V, 117.230 104.115 45.933
Tiy,V, 119.576 104.756 43.096
Ti,,V 115.945 103.036 40.668
Ti, V, 107.957 95.611 40.206
Ti,,V, 102.472 97.764 36.795
Ti, V, 88.962 74.124 33.922
Ti,V, 103.020 94.840 31.487
Ti,,\V,, 91.550 79.232 32.090

IR~ AT ARS8 A2 AE , IF HBEAE VR
FEARIR T AR € PRk IF

C,,>0;C,>0;C,>[Chl;C+2C,>0 (D

[ R 1 FR IS AT DL B Ti-V 2R 25 9 i B0 2 Bl
H VIR ECE R IR I BN B R, Ul R &R
BT A2 T e 73 BT BT ) AR TR e 70 72 IR W B AR, 9 B2 2
AT B B2 P Tt OF BT Ti-V /10 C, K
T Cp UL AR R TR 5 R AU T, B K A TR i
B

MR AT & B B VIR & G o IR & EVIARA L
VEE 1S HORT DA RE AL L 22 0 22 PR o, de e e
BT U A SRS A BB DL B IX e 2 H . Voigt iR
I Reuss 6 25 ] i i 58 M HOR SRS 3 A & . Voigt
HR AR 8 MR A AT R R ) R AR AR A T AR T8
It Voigt #6 A] SR AL RE PRI E 1 BB s Reuss B2
SEARH A SRR () 8 BB EE T UL 7, il i Reuss
PHAR AT SRAG AL S AR B P T R o 1T HLL A D 1 2 4
A — 8 B R B, P 2 (1)~ S5 8 0] B8 55 G S A O, B
Voigt-Reuss-Hill #Tf7%E". Voigt FE 18 5 Reuss i 115
ST AR AR R B S B V)& 4 5l N By Gy By H
G AKX R

EEMIE M, g-Ti

By =B, = Cut2Ce +32C12 )
Gv Cll Clg+ 3C‘44 (3)
GR 5(C'117C'12) (4)

T 4C, +3(C,Cyy)
HRAE Voigt-Reuss-Hill 3L, 22 ) A AR Bt B
B PIR R G FCAS B ERIERA L v 2 130

B:LV;BR 5
+
G:% 6
_ 9BG
3B+ G -
_ 3B2G
V= 6B+ 2G (®

R 2 1 SRR R AR R A e, RPAT 45
B Ti-V RIS A BN S RELR 2T HH . 1K
P B RN M RHE SR I 1 T LA T RE 0, R
R MPRHME A B 9 B 0P 24, B M EDROR, BRI REA
PSS A 5 PR AR AR, AR ) B R A ey S BN 5
R4, BIYIRE G W RN 1EZ BT ) JI i, #PRHE
IS VIR MIRE ST, R MRL 32 51 34 E I HE Ak 27
SRR IRE T, GBUK, BB A A BT AR SR
2 PREISHE H BG A EI RN REE VIR 15 B3N
TMTIZHT T B, R WA R R 5 R A IR AR AR TR B )AL
M B A 580 P A T PRAR, F AL A B A R 2 e 2k —
SEFERE MU, IX — G518 5 $RAE B AR B, T E K
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Table 2 Elastic moduli of Ti-V system [001] [001]

Alloy B/GPa G/GPa E/GPa B/G v

Tig,V, 113.930 23.354 65.581 4.88 0.404
Ti,,V, 102.038 22.755 63.542 4.48 0.396
Tiy,V, 108.378 21914 61.590 4.95 0.405
Tig,V, 109.198 21.469 60.446 5.09 0.408
Ti,,V, 105.304 20.017 56.472 5.26 0.411
Ti eV, 97.085 18.720 52.768 5.19 0.409
Ti,,V, 99.965 17.282 49.020 5.78 0.418
Ti, V, 75.950 15.524 43.602 4.89 0.404
Ti,V, 93.349 13.057 37.427 7.15 0.433
Ti,V,, 83.015 16.568 46.604 5.01 0.406

AN U R AR RN EE B A V &
TR,

T2 WA B B/G AT v ] LU SRR Rk R W)
FIEF R, o 24 B/G>1.75 I, AT RL R BN T 1, 2
W B M, I H B/G B R OK , R 2R 1 4E & 1
UF 1 v AR AT DR SRR AR R W AE R, 24 v>0.26 I, #4
RERBUNBITEA , fe 22 R B A MEPEAR , vk KAk 2238 1t
T . M2 PRENS KB TI-V &1 B/GF v ity K /N
I A, R TI-V RIBNPIEAR, 3 H B/GF v/
S VIR &R IN/NMEE R T X RV ET
FIIN 23T B A EB I, 3F BV IR FHE iR £ , 1 9]
PEFETH B B 2

PR 77 2 Ve e A 5 PR 25 ) S PR B EAE G, B
T & T AR, FTRE S SRR SN = A, 20 AT 5
PEP= A H KRS, 1] 5 1 48 B4V T Dld i A 209
ERCE R

U GV BV

AY = SG—R + B—R—6 9

AV N0, NS MR R & ) [R50
kB 0Bk 2, & 1a) e it AR R A OK .
Ti,V,~Ti, VM Ti, V,, & R R 1) — 48 % m) 5 1% B o
B~ 3 Arr, B @il Ron | K, R 2 B3R
AR RN E KRR = LEE R ERIE, WU BN 2% 18] [H]
PR R R =4 O AERRIE , WA R 2 & . N
Bl el DUE th, Ti-V RIERE & B =4E [ 2 3k0% , KW
PR & B B & 1 A, VR P AR 3 A 2 o
B B & R PE. MBI PR G 7 IR & E
TR LG v I =4k B3 N AEBRTE , RN & ) 5. 85 1)
B G 7E<100> 77 1] G M 2877 1)) L 46 B R {E , R W itk
77 1) e M R AR BT Y)Y, B IO B E AE<111> 5 ] 5
K5 B kT 1 1 DI e K T R T VA A B v R
<111>ﬁﬁﬁ%%ﬂﬁ KU E X LA TT IR R R 2
WO KERE. @i B I~E 30 BLUR I, B V

A 02
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Fig.1 Three-dimensional elastic modulus diagrams of Ti;,V,: (a) bulk

modulus; (b) shear modulus; (c¢) Young’s modulus;

(d) Poisson’s ratio
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Fig.2 Three-dimensional elastic modulus diagrams of Ti,V: (a) bulk
modulus; (b) shear modulus; (c¢) Young’s modulus;

(d) Poisson’s ratio
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Fig.3 Three-dimensional elastic modulus diagrams of Ti,V,;:

[001]

(a) bulk modulus; (b) shear modulus; (¢) Young’s modulus;

(d) Poisson’s ratio
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JE T B T 08 0, LR A B G R 01 R A ]
X AR BV R (0B N2 4R T LR B R & R
Ve AH 7 VR AR 2 %
4 ¥ iR
4.1 BEEEEH

1 R 10 B R R 1 Pl T S8 M SR (1, B L 5
FUL T 2 16 (A AR DT D T R 5 00 AT S e
1k F T B 15 M B s R R T A% S R ] e 2
[ i1 2 LA S ) ) s 596 B, L 49 S 1 B L0
T4 T BT BB M T B 5 SRR 4 T
U . TR R R KBS T AL BT LA AT LU 5 8L
S (1) i B R E S0 A K B T R, ] 4~
86 R RV R T4 R Ti-V RAS S KR B el
G PR I T2 B B K BB, TR BB DA L S
T4 PR B LT RSy . BB RILTIV RIS
WS AT A NS, S 1 T2 A R R
SR, 2 BRI B S 4 L I O R U SRR L i
HRULH Ti-V R 390 B SO, 5@ HeB R IV R T
DN R 4 H B IR AL, 9 EL 2o ST 0 90, A
W R R REHE I, 47 20 TR BT, o TR R R

3

Energy/eV
o = N

U LU
AN U B W N =

K4 p-Tigeir it s K
Fig.4 Structure schematic of 4-Ti band

Energy/eV

KI5 Ti,V, R i 2K
Fig.5 Structure schematic of Ti, V band

Energy/eV

K6 Ti,V,, R&AEH SR A
Fig.6 Structure schematic of Ti,,V,, band

Fe, R FHIEE By &, T sh MR, i RN &R
BRI, X2 S BUA R BRI S5 R B AER
4.2 BEE

A% JZ (density of states, DOS) A& R BEH K F
FH KA A A4 5 A7 i B 90 Bl N (E~E+AED BT 40 H
REMS 25t Jy A iy ¥ Bl Y JEL 1 20 U 2 T 1 A B AR
DA HEL TS RE 4 F% B A RE R BAE I, W DU R4 i
T 28 A0 0 R T 23 U A R DR 20 B 1 o R . ] 7~
9 M Ti-V & 12 A% J& (total density of states, TDOS)
F1 43 I Z5 % ¥ (partial density of states, PDOS) ff] 78 &
Bl B 2 B AL 9 oK Re 2, oK Re 40/ R AR
i, AR, TV R PCKRE RS H A NE, B
AR B Ti-V R IR FARP, H HAE KRR A
PN IS A7 AE R W, 3R WA TR BE SR AFAE , YW V R 7 R
e — @ 12 B B3 BUAR R P9 E0 H B A BET . il
PDOS [ ] DL L AR b 2 252 Ti Ji 5 ¥ 3d UIE i
2 5 A, s F p BIUTE R BCBE DT ERAH X BN o TN T
IV IR R A 2R R, T B Ti R (4 3d BUOE A
VE T 1) 3d Bl BT 3L R 2 5 e, B AR R T sl p
FUE X BB TTIR IS BN, JE HIS N VIR TR %
Z 5N VIR 3dE R EmRES . K,
gh G e RO SR R BT LA AL, AT DUR AR I v

DOS/electrons eV~
{emo) — [\S] W N W (o)

Energy/eV

K7 B-Ti A S S5
Fig.7 TDOS and PDOS of f-Ti
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Fig.9 TDOS and PDOS of Ti,,V,,

JZF )5, H3d HUE T 5 5 2 R THA RS E
PEAN B (0 B SR IR i AE L OF BV IR T2 5 U
3dHUIE B TR, AR R W SR T RCR
o, PR R AR
4.3 ENBEEE

72 53 WL 5 P W] LUK T 16 A ZHE R, 5% B J]
HELAT 285 J3E AR A 155 O AT SR 251 Dl 2 ] )l
RO, ATE N T BB R B 2 — o 10 AT 11
Tig,V, B ZE 73 HAT 3 B =4 e — 4R R &1, BT vh =4 Y
SEAELTT N 7.5 emm’, — 4k B v R R AR O 9 e/nm’

E110 Tiy,V, 2255 Hfi 2 B = 4 P12 A RO
Fig.10 Three-dimensional diagram (a) of charge density difference of
Ti,,V, as well as corresponding front view (a,) and enlarged

diagram (a,)

B L1 RIF7 SR Ti v, 45 P FE — 4]
Fig.11 Two-dimensional diagrams of charge density difference of

Ti,,V, observed from different directions

SR | emm’s B EE0A R A AR, T 032
TR . M 10 T LU, MR iV, L Ti
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B e PR, B30 K 5 2 52T 0 3 B30 o P4
R, 3 ELZE TicTi A Ti-V 6 T2 [ T4 A 77 52
H T T T4 By R A SR
T77E L 3L I R 1k R R 4 0 4R T B D5 A
‘Z_[4041] R

1 12 4 Ti, V22 50 FhL 2 = ol I — s 2
T LR IR V B TR T, Ti 53640 V R T A5 A



* 1714

W] B RS TR

555 %

K12 T,V 2 70 R a6 L B = 4k [ — 2k [

Fig.12 Three-dimensional diagram (a) and two-dimensional diagrams observed from different directions (b) of charge density difference of Ti,,V,,
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Effect of V on Mechanical Properties and Electronic Structure of f-Type Titanium Alloys

Yu Junbo', Zhang Yonggang', Dai Yi', Hou Zhimin', Yan Bingyao’, Jiang Shuyong’
(1. Western Titanium Technologies Co., Ltd, Xi’an 710201, China)
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Abstract: Taking f-Ti as the research object, the first-principles calculations based on density functional theory were performed to construct a
model of Ti-V system with different V contents by substituting Ti atoms with V atoms and to calculate the mechanical properties and electronic
structures. The calculation results indicate that the addition of V atoms decreases the elastic constant and elastic modulus of #-Ti and improves the
plasticity and toughness of the system. This is because during the formation of the Ti-V system, both atoms lose electrons. Therefore, the
electronic mobility of the system increases, the bonding strength of the metallic bond is enhanced, and the plasticity and toughness of the system
are improved. In addition, the 3d-orbitals of Ti and V atoms are mainly involved in bonding, which is the key reason for the improvement of
plasticity and toughness. Meanwhile, there are also some electrons with directivity gathered around the two atoms, which indicates that there is
also a covalent bond within the system. The existence of covalent bond is the key to enhancing the mechanical stability of the system.
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