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Abstract The high-temperature compression test was conducted on the solution-treated Tig Al Cr,(NbgV
multi-principal element alloy (referred to as the Ti61V5 alloy) to obtain its processing map, which was further used
to determine the optimal hot rolling process parameters: temperature range of 920°C—1030°C, strain rate of 0.001 /s—
0.01 /s, and a single-pass engineering strain of 22%—36%. The Ti61V5 alloy was hot rolled using the controlled
variable method, revealing that as the rolling temperature increased and the strain level rose, the strength initially
increased and then decreased, while the ductility gradually improved. The variation in strength was attributed to the
initial increase and subsequent decrease in grain refinement strengthening, whereas the increase in ductility was
associated with the gradual reduction of dislocation strengthening. When hot rolling was performed at 980°C with a
strain rate of 0.001 /s, a single-pass strain of 30%, and a total strain of 90%, the Ti61V5 alloy sheet exhibited a
tensile strength of 1200 MPa and an elongation of 18%. Compared with the solution-treated state, the strength
increased by approximately 63.7%, and the ductility improved by about 45%.

Keywords Lightweight multi-principal alloy, Hot working diagram, Fine grain strengthening, Hot rolling
technology

WE  CEX BTG M TigALCrNbyVs 2 EI06 4 (FFR Ti61VS &4 U7 T w5 T4 S I ini #4521 =20 T, I
W — B E T Aa M HREL R T 200 Bl IR 920°C—1030°C, BEZZ 2K 0.001 /s—0.01 /s, BAYK T AR RIS it 229%—36%., 38 #5
TS IEXT Ti61VS G A PEATHELH, 25 G 4 R PAEL IR 2 T e AR 7 78 e 484 DA Vit 5 B S 8 S AR, 8 P DS A 184 R 5 SR B 1Y
AR Ak 55 A0 R A Y S 3 IS B G, I SRR K 6 A SR A B R IN A OG . 980°C—0.001 /s T AT HLYR I AF 30% &1 AR 90%
FIFELTHL, ATAS RIHCHIHRBE 1200 MPa, SEMHR 18% [ Ti61VS G4, 5 BRI, Hom IR T4 63.7%, MYERTA L
45%,

k@R BEZINAS BINTE S HELH T

RE S ES: TG131 XERHRIRAD: A doi: 10.13922/j.cnki.cjvst.202503019

ZEILG R = AL FORR A TR Eu S S B A SR, SRS IR AL SO, B
RBERIL>5%) M —RKad. SERGeMIL, 2 ?i@*ﬂ?(i‘%%@%lﬂj,ﬁﬁﬁ&lﬁ’ﬂ}iﬁﬁj\ﬁ]@ﬂ*ﬂﬁﬂii

s B H#A: 2025-04-01
E2TH: PEELERSEETH (2024M764133 )
* B & A E-mail: Zhang@bit.edu.cn


https://doi.org/10.13922/j.cnki.cjvst.202503019
mailto:Zhang@bit.edu.cn

562 H = B

ST 5 I NI S 5545 %

B, AT DL A R S T T SR AR e A M MERE AR B,
DR A 3 B4 B T 9T A0S 22— [T g
L2 20 A A B R, v BRI 2 20 A 4
ARl L 2% B 43 A M (R B, 5> 6.5 g/em’) |
125 (4 g/em’™<B JF<6.5 g/em’) ) B2 R £ F o0&
G (BEF<4 g/em’) . MUE BRI AR FZEA £ o0
Hant, FRUMASEAEM, kA 58 NS%,
PR L AS [R) 25 B2 10 22 E o0 e MR RE i () R 2 25
HEX 42 B e U fe ge A 41

T2 R £ F 0 A 4 (4 glem™<H E<6.5 g/em’)
1M 5, HETESE 1 #5 h TiZeNb & Ml TiVCr R £
Foea 4, Hb Ti, Ze F1V FE R LR #E BCC B
FEG TR 1A PR AT A 4 3 AR 1) 4% 1325 1T Nb AT Cr U] 2
BLR DL T [ 5 5 A0 5O AL UE G Y B2 A
R BRI 2Z ANA AN AL G E H R IR A &%
FEREREAT R AL, BRI, BRZ E0A S
(R 43 T A 4 40 4 1 = 22 Ao B s M e R
AL GG 4 0 TC4 5%

T RES G ER L E0h4, HeBkE
FEARISAAEN LG W BRI, LS WA TE
B b G5 FLAE B, 3 B AR 257 R 457 ™ E 5 0 A
SrtERe. WG B SRR E STt —2
RN T A o SR 0 4 4 480, DTG 38 381 48 5 4
PERERY H Y. #in T RGN A 78 il F b7 4L
il BT D K PR B AR T AT A R B A 4
1) 20 21 i B I S A 2L A R A, 0 T AR A 4 AL
PPERE A —Fh B 2 T 5 R85 )RR 2R ALY
B & L RCASIR ) 1 3 5, BT ass B 280 105 X R
A AN a0 — PR G 4 2R FH AL 9 77 =2 T e 2%
AT A S AP s TR ) 2 TR BBk G i
WA X T 55 1 I B G 4 0 14 W) 22 SR FH A S5 1 5
75 A TER A RN T O 5K, BT E X et
TFVEAN B T 2089, M HGE B A S0 TR B,
I T A A R AR R AR SR, A RR A AL R
B4 A S, M SE IR XT 4 4 P A RS v R 425 .

ARSCBETE T —FlBE IR A Tig Al CroNbg Vs 11
BRI 2 UG 4 UG AR Tiel VS & 4x), H%
FEL R 4.82 glem’, FEF T AT G BA RAFH 12
PERE. N TSNS 4 B A SR A RO 4R O
— LR T Ty 2E PR AR, AR SCXT Ti6l VS & 4 i L
il T2 AT T VR4 AR ST, 52058 o w5 T R 6 5L 56
T A A T, 3 F30m T & 2 Hr 5 2]

7 T A A Tl R A 5 AR X5 S e o
P ALk — 2 W T A R AL T,
MNTITABEAR T & < BRI, 8% T & @ A
AR AR S B, DT 225 BB T 1 i g 2 PR

1 SLISMEIR LI X

AR S 5 R T AR K (BT 4t 1L 99.95%) . Tl 4k
ER (B EE 99.99% ) | Joikr 4% B0 | 8 B o AL B
(i b 99.95%) 4 J5kt, >k ] BNR-350D EL%5 & %
YE RN 2 FI0H 4 TigAlCroNbgVs 1T 15
Mro e R s AR 2 = I i A AL Ti, Cr, VAl
Nb 43 J& 55T, 75 IR NS HR 6 IR LA DR A3 1Y
BIA)PE, BL23 FE R 5107 Pa, 155K B AR A K
7 cm, Bt A 500 g WEKE ARG 5P, IFiE—2
XA A BETE 1000°C FHEAT 8 h (1 [ AL BE, 4R J5 7E
2SR H), AR B R Tiel VS A4k .

XTI Ti6l V5 & & gE gt I &], 152 8 He ]
PR 3 emx3 emx3.5 em W) 7 HegE, RSB HAE N
Smm & 2 mm B 8] AE A, R4 ASTM 4 ifE
F2004-05 (2010), LA 5°C/min A9 fIHGH 2, 8 48 227
14 o #432: (Differential Scanning Calorimetry, DSC)
W ARG 40 o/p AHAS IR ISR . XA &8
N AT YIE], 53] 3 4 8 mmx8 mmx2 mm Y5
ARIRE, SR RS AN 4 WA 68 X RE R AT 4T 5
G, I HE 72 B 3085 (Optical Microscopy,
OM). # #f # + %W f % (Scanning Electron
Microscopy, SEM). HL ¥ i #{ 4 17 4 (Electron
Backscatter Diffraction, EBSD) #1115 5 i, T i fil 5%
(Transmission Electron Microscopy, TEM) M8%, Jf it
1T X 82475 55 43 B (X-ray Diffraction, XRD) ., [ Hf
it A 4 B UEA T SO P AR AR T 5% S mm® (B AR R
(Y]], J5 7E Instron J7 IR I AL L IEF T E S Fir A
FUEAR 5256 . T UIEE A 448 0 f B BURE R T,
AER SR @dx6 mm’, i [ A I FE£E Geeble 3500
AT IR 800°C—900°C—1000°C—1100°C., Jij A% j#
R 10°-107-10"—1 /s (Y = i K 45 52 5 OF 15 F
Ti6l V5 &4 T4

X458 #A) 8 B R 5F 3 emx3 emx3.5 cm J7 Bt
Ti6l V5 & 4 5E 78 1R 900°C—1000°C A1 T F2 i 4%
i 70%-95% & HEAT AL, FUEL ) TR I AR
298 20%-30%, 4 UCEL S PRI 10 min, f )5
—PEL G PRI 10 min 5 #EAT 2508 A, FF4r



% 07 M

T & LTI X Tig Al ¢Cr;oNbg Vs Z FILA B LS I 2- HERE 5% 563

AR 2 XF R Ti6l VS A 4 bt s #EL §il 72 TMA
032147 5L HIAL L 47 . X520 A &R 1T
8 mmx8 mmx2 mm J5 B AL FI AR R A 525G DL
@3x3 mm® BUBE, FF 14T 4 B A9 XRD, OM. SEM,
EBSD F1 TEM ML%¢, [R] B 47 fE 7 AS J7 2= PR g
i, IF XA AR Y J5 B9 A #5147 EBSD Al TEM
WER

2 ISR

2.1 BB Ti6l V5 A& AR 5eE

X} 45 3 I [ 75 J5 B4 Tig AL (Cr oNby Vs & 4 #E 4T
WA LUER, 1R ZE R A 1 R . K 1(a)
ALK, Ti6l VS A4 Lh BCC MR 3R, [l &7 /0 &
1Y) B2 AH A3 = ) HCP AH . #2498 SEM #1 EBSD %5
JTHL A 41 BCC AH LU KSR MR FAELE, FLF 3y
RH2) 380 um; 1 20 5 19 HCP AH I LA BR AR TE 57 43
AifE BCC AW, RO AR TE 0.2-2 pm., [A] I AR 4
1(d)SEM-EDS AJ I, & 4 7605k +E 5 I, T
JCEBA A, KB B A TR IR AT B 12
() 53 o3 BT 5 SR T, L SEBR L A5 44 SO AR R
FZ, RIS S R v AT A S Y T R R R
W 1. B TEM 45 0] A1, B2 A LL98 K 919 TG

—~
0
Rl

BCC matreix

intensity/a.u.

RIS R B A AE BCC AHIN o JUAAT 37 4% 25 B (B /R
G 4 S RL N LT ANAELE NIV T, 18 BH 1 A A 2%
IR T HAG SRS, B 200
R Ti6l V5 &4 MR BCC kiR, Rl & A
/b B2 fi HCP #r A A 417,

* 1 EAJE Tiol V5 441 SEM-EDS =& R

Tab.1 SEM-EDS point analysis results of the Ti61 V5 alloy
after solution treatment
Atom Weight % Ti Al Cr Nb \'%
Point 1 61.5 15.9 9.9 7.8 49
Point 2 61.6 153 10.1 7.9 5.1
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Fig. 1

Microstructure of the Ti61 V5 alloy after solution treatment. (a) XRD results, (b) SEM morphology of the BCC matrix,

(c) SEM morphology of the HCP phase, (d) SEM-EDS mapping of the alloy, (¢) EBSD inverse pole figure of the alloy, (f) EB-
SD geometrically necessary dislocation (GND) map, (g) TEM morphology of the BCC/B2 phases, (h) high-resolution inverse

fast Fourier transform (IFFT) images of the BCC and B2 phases
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Fig. 2 Quasi-static mechanical properties of Ti61 V5 alloy after solution. (a) Tensile properties, (b) compression performance
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Fig. 9 Test results of quasi-static mechanical properties of Ti61 V5 alloy after hot rolling at 980°C under different stress variables.

(a) Tensile test, (b) compression experiments
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