WaATHE 4 HBEERMBE1E Vol.47, No.4
2018 4 4H RARE METAL MATERIALS AND ENGINEERING April 2018

=38 Ti-26 § S X REHA M BHARRTMR

wikst !, x4’
(1. Wb A AEIEPT I, BPE i 710016)
(2. PR RS, BePh 7E% 710055)

B OE W B RIR AT T R R 0.001~0.1 s FIFR4 i 20%~60%4% £~ Ti-26 & & =@ R4 AT h, 7
BE T Ti-26 &4 sl R4 ) 2F YERE, SRR LG A R AR R 4 B 4, R4 0.1 57 I,
FLIV ) - AR 2 A- 7R I AN IE L JE RIS, HJE IR B R i A A T U . B R4 . R s, KA
DX R RL AR A g A AR R, H R S ok, MR R R . RN EEELAS, S SMMARAEY
BB ARG, AR ED R T MRS S ERALTE, KBBELM, W SIIEEZ0A B SR

kg e, KRR DRSS A g, A A

A ERATBHEHLE

KEER: Ti-26 G FilL LA JIEEE ALUEA; ARTBHLE

PESESES: TG166.5 XHERFRIRED: A

XEHS: 1002-185X(2018)04-1232-06

WA p RV G G A e B . RUFIETE
PE S PO kA9 55 Pk e Ok AR I i Bk & R
[ B AR g M AL 2 — 02, ) N 3 el A A
T SRR SR FH v o K B 4 R A R S WTUB O 2 &5 W A
AT AT 2= L R AR, W& p RAEK & S F R K2
AR T oA g R PR, AW LS
MATAT OO, G S AT AR A g A
(AT HARAT Ry SR SRAT i 2 FE A 4t A B A P 1 2%
R, WARES p AV G & SRR G A AT A M L =R
BN Z RGWEST . Bail'"WF5T R B2 N )
S oA FIAT AR e B8 S Ti-3Zr-2Sn-3Mo-25Nb &4 %
I IS 45 A2 T HLA] . Sadeghpour P WF 98 R BN 1115 G 5
AR AR T LA S /i J& Ti-4A1-7Mo-3V-3Cr & 4> = i
AR TENLE . —Fhg B . SR B AR
A BB A S Ti-26 G4 mILH 4 BB E R
[# Ti-15V-3Cr-3A1-3Sn & &A@ E &40 R
Nb Fl Zr WF K, A 428 [ I s b 21 ) 24 M e T I8 oy,
=1250 MPa, 4=10%, Z=30%. & N BIF 57 & AU} Ti-26
B G AE AR T 2 SRR T AT by VR A By 6 R
RISV T T FF JE WD 4R B o W RHIR i 1 R 7 A 1
DI-RARAEAEAG — R RE S AHOCVE , X RloAH SC P e 2 4 Rk
TEAR S P 38 0 A A SR A 2R Bk, S R
JE 48 0 T2 I 7 - I A R % Ik AR R A 38 Sk 1 2 4 i A

F= HER: 2017-04-25
EE&MB: ExRARFEIES (51671152)

A BT & a4 T2, R a a8 EHL
B, 30 RGN H AR R S R . A I T AR
I, S WAEE, I 5 H 7 O A5 S R
FBANF T Ti-26 A 4 % R4 A8 T8 ) R PR 1l
AR, o T H = R 48 A TE AL .

X %

WS A R Ti-2e A4, HB U aHh
Ti-15V-3A1-3Cr-3Sn-1Nb-1Zr, WKL RE S HFEH
Sy MR R, LA E R IR V 14.8, A13.3, Cr
2.95, Sn2.78, Nb 1.02, Zr0.92, Fe 0.08, C 0.02, O
0.11, N0.011, HO0.014 FI& = Ti L&/, %), &
BEL TR B KR #LHIS ©6.5 mm FeHf, £ 790
"C/60 min [EFACHL 5, RH L DIEINE A BN T % 9
NG 5.0 mmx7.5 mm [FEAEEIRAE. WFEE T
Gleeble-3800 F AL 40 i 46 ML kAT =25 il BP0 IR 4 %
TE 5 AR R Sk 2 T 3O B0 1 LA/ 1 3 2 T JEE 4
RFFXFE T 5 — B, BB ESHh 20%. 40%-
60%, [Al—A8 T & 451 XAy R A 0.001 0.01. 0.1s™
3IANRTEHE . IRGARTERE, [R50 S R 46 20N ) -
AR e B EH s RAALTE UG, KRN
JE 35077 W35 TF, AR AR FIRE S T A A 21
P EL, WRFERH V(HF): V(HNOs): V(H,0)=1:3:7 Bt kb

TEERN: HiEEL, L, 1972 4, T, @ LR, PEAbF (a8 BT A Besk Rk & S F5C T, BRI P2 710016, E-mail: 452025142@

qq.com



o5 410

WUF B S Ti-26 A 4 W40 T RS I fl 2 2 AR i 9T

° 1233 -

VEWGEAT Sk, HAMEL H Axio Vert. Al B 7T 4 5 &
HF R BB IR e . EAR TR 0.1 57, AT
HON 20% 40%. 60% 3 AR AR T CS A 3 Sl
DIE 3 ANEES 0.5 mm 5 FEA, 0 ACH B s &
50 pm, XTI A O A T el L, R AR Y
Jic bt 4y : HC104:C4HoOH:CH;0H=6:34:60, | FEI TEM
Tecnai F20 37 5 L 5 GUBE WL 82 R 43 A 5 1l s 4 1R
O AL S 4

2 HR500

2.1 [EZRER. EHER Ti-26 S &= BEMHMERES M
A Ti-26 &4 3 P4 R 440 N =k
G ST - AR 2 w1 TR R4 R 40%, 4
TR H 0.001, 0.01, 0.1s). & 1 w5, HN
J1-NAR I KB 2 AN B, BNV AR RAK T 0.06,
i 2 2 B PR TR AR, AR N g i N AR 3 T
JR R A A A BN AR FEAE 0.06~0.50 2 [H], T4k
S AR SRALREAE, AR kSN, &I
AR B A N I TR HEAT B A (el 5 R R RS, A
A48 A2 AT o A B R A Tk R e 448 T R AR N
SO I B B o SRS TE B B, R 4 T A0
AN Iy RE WA, AR Y. g B B AR 3 T 2
AR, = BN )N AR e J LT A ] RN AR
SRALBY B, R 48 T AR A s T R 48 AR Y. ) R )
PUZE S, AR I ) gk 4 B LN AR BB OK 5 EIHE A
N Sy FE AT, TR AR RS, AR N R
FEENAS RN 0.22 o4, TRATHE N 0.01 s (A
INWALIER P NIE DI B Y -3 527 1] B I ON <7/ Pai
A Ti-26 A4 3 PRt 400 T 0 5 il R 46
FLN )-N AR B 2 s (R4a R 20%, 40%,
60%, IE4EHE N 0.1 s, WK 2 /i, R4 EXR

1400
1200
1000
800 |
600

Height reduction 40%
0.001s"

True Stress/MPa

400

200 015 020 025 030 035 040
0.0 0.1 0.2 03 04 0.5 0.6

True Strain

Bl 1 Ti-26 A 3 A g A< 5 I IR 45 50N ) - AR 42
Fig.1 True strain-stress curves of solid solution state Ti-26
alloy deformed at room temperature at three kinds of
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Fig.2 True strain-stress curves of solid solution state Ti-26 alloy

deformed at room temperature under three types of reductions
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Fig.3 Demarcated yield strength and compressive strength under

two compression rate conditions in Ti-26 alloy

N3 A T ERIBIX, -KREEX, H-/ME
D<o T DAL T 1 T Y g T8, DX I8 R T A 52 = i) s
R AE, BARE . BH . s SRl ™ A R4 ) 1)
A L R R IR B S P W N e i

MIBAR s DAL T A SO X, IR ek =
VRS A P ) Dt SR G D NS NI ) O E VAN R
HHSAMU A BHR RN, TIRORECE MR )
T 36 4% 23 O TLIX, o] TR el o 1) S0, M1, 48
) JEAR B ] by TR T SRR AR B 4a bRl
FLE R AL, WMMAL R ALL, &G H
ZUNR— pAAEEIA DL, S-SRI RTERRZ b7, [k
A <20%, B A AR RS W] W AR A, I 4 2L 5
JRAGALANIE, Wik 4b, 4c Ji: E4iE=40%, J&
AR O T8 < AT 2 SV AE DR Jd 308 K BE A A T 1T T i )
JE sl (flow localization band), L ZE{H 77 7] 5 &
HiJ7 M OREUR 4504, WBhAT AL E R R ZLATE, (H
FFANZRIL 2R T sh i A PR TR,
W 4d s G2 BT E S, Mg 4120 BB
M AR TR AT, P s AR R RTE, &6
Pofle SR N AR AL BE D22, BUE KA TR X 7 AR )
MR KR SR & R AR REE. %
HILF] 60%I, & aR KL AR U AR O £F YRR 45 S0 6k

4 Ti-26 4 R G T 5 10 S AR
Fig.4 Microstructures of Ti-26 alloy after room temperature compressive deformation: (a) low-magnification microstructure,

(b) original microstructure, (c) 20%, 0.1 s™", (d) 40%, 0.1 5™, (¢) 60%, 0. 1 s, (f) 60%, 0. 001 s™', and (g) 60%, 0. 01 s~



o5 410

Ml B oy Ti-26 & < 3 IR e ML RE N 2 S SN AR 5

° 1235 -

WA, Wi de Fron . AHIFEARTEIE 4 AF, B R4
N, KARTE X SR R o b K, B e,
AR TR F SRR A S A K AT iR, HOR 4 oK,
pn PP AR R B 2 . TRAFER . TR 48 XA S ou
LR SEA — 30 A A R4 R 4, BB TR 4 4
SRE I, KASTE X SR 42 1 o b KRR BE K, ki £F
YRR GHAT AR REG 0, W] e, 4f, 4g Piom.
2.3 Ti-26 EEERERTH TEM ALET

Kl 5 Fis N B AS Ti-26 A4 545 % 015,
JE4E R 5h 20% 40%. 60% 3 ANRFE 135 5 HE BT
TESE o F4i it 20%0, B dfoRL Py H B K A
AT RS I L, WA B AR KL V2 “ KSR
DXk, R P S B S PR A AR R AT, A IR
N R AR, HBALAS 29T, R “ R4
Fipr sy, il Sa s, [RIBAE TEM B ok i 52
B EDFFE, HPATHEZIM AR, 25058 A5
FALTE R, 2R B o B AR T KR XK,
7 iy J Pl B PN A7 AE — o S A 9 45 Can il sb ),
SEIEVE AR B ARLN 780 HF BN, R AL AE A
AEHERR, SR SRR RN ) B T B s e B, R
AT TRAERIER] 40%, B kLA FOEAT B 4
B2, 4h8f paRiR o e KR X
S, AT VRS T RO A A R < RR AL, HK
SRR DX A5l B 2 A i 2 2R RN B . KR
AR SE AW, R AU 2R I S, an A
Sc fione R4S 60%HF, B fkr B0 IA L% |

2 5
200 nm t‘ a <

Kl 5
Fig.5

AP KIS, SR A “RKER” REEE K, R
FEE— B ARG, , b T A RS 4 21 2T B 1)
P, DB S RLARLE o R K BT R 3R T
FUREAE I, SRR TR 4R A U A (e 5d
FR7RD, iR AR A 3 5 i THT 4 AH 4 2343 #r 45 R — B0
2.4 Ti-26 EEERERTHHE S

LA p R E & A& RIFERALRE,
BRHLEIS g MRt AR TR AU, W A
Rl AR N E R AR HT. A
PEAR LY. Yang %5 NP2 500 R 4R I 0 90 T % e
B AR 4 Ti-22.4Nb-0.73Ta-2Zr-1.340 ¥EYEAR LT
Oy, JLECN J)- AR i 2k BN 2 W BT AR KA, IR
RO B, NP G B RN AR AR N
A RN AR ALY B, PR 2 T AR i R A A
FLAETE RS . 28 NJ B RANAR . ALAs A g, AR TE A
Preg 2 FARTEHUH], B — B BAF AR PIRD 8 2 Fh AN 7] A2
FENLHIFEFIE R . Morinagal®'2% A 1 25is 4> 1
TR 43 AT Ik U A G 2% AL B THD A0 37 7 4 ) A 4
B, NIRRT E . T T I P IR Bl AR
G, MR TR KA ST B, (JRF 1R
THIHEMESBOZR) M My (H470% d HlEfhE
EHHFARNX (2. 3) PIFEEEN B MM, , 5
G ARG TR AL 4 R % I T R A I, K BUH)
W7 1% A 4 1) A AR TE AL

B_O=ixi(Bo)i (2)
i=1

NI e 2 5 4 1 Ti-26 & G B 0T B S
TEM morphologies of Ti-26 alloy under different deformation conditions: (a, b) 20%, (c) 40%, and (d) 60%



* 1236

G E AR

%847 %

Vd:zxi(Md)i (3
i=1

Kb B, RUM, 55 Bo A1 My V3 x R JRF 4y
o miE 1 WFHAM: Ti26 &4 B, =2.769,
M, =2.322, WFRER 6 PIEX N E LA, A
Ti-26 751 M AR LT AL AT, W10 A Wi & < 5 il
ATk 1 A% 2R AR AT

g5 s WAL TEM 08T, Ti-26 & 4 5k
WAL SEAETR Sy poSRL LU R TG, 45 A
20%I0, GO AL 2347 A W b g B /D AR, SRR
Wor N EEAAM S 24, HEHRER. H
AR AR LA B0 < 8 B AR T S A K, (HAR AR
TR P it WL 2 )y B YT R 2 ), DR R TN g 4
WO, (R B s AR A AT, T e 2t 4
BRI KRBT & R4 2 40%, W il E 2 0
A BARRE, IR JE B ALY RE,  AEEA A AR,
HREEBR DB S 2 E0E, ALETE R Oh iR
AT ME— T IHAZ TERLE . 4 Sk ] 60%, {rEsTE#
ARLL S E— PR AR TE N, BT AR R AR TR,
Bl B Em ki e FHLM ARG, S RE IR 25 4k A2 S 4

£1 Ti-26 5% B MM, HitE
Table 1 Calculated values of B, and M, of Ti-26 alloy

Standard
Element  Ti-26/at%  Ti-15333/at% ancar
B, (bce) My
Ti 75.18 76.46 2790 2.447
v 14.32 14.18 2805  1.872
Al 5.41 536 2426 2200
Cr 2.81 2.78 2779 1478
Sn 1.23 1.22 2283 2.100
Nb 0.52 ; 3.099 2424
7r 0.53 ; 3.086  2.934
B, 2.769 2.766 ;
M, 2322 2.321 ;
2.84
Slip/twin
2.821 B alloy
280}
l52.78F
276}
2.74F a+p alloy
2.72 1 1 1 1
525 230 235 240 245 250
M,

d

Kl 6 Ti-26 & Ak K
Fig.6 Phase stability diagram of Ti-26 alloy

KEFYEIR . Ti-26 & e E R R BLRE, NIB R
P, ArARIE S . AR R EASBHUR] KA R &1t
R A RS B ME— B U AR T ML -

3 & it

1) Ti-26 A4 =l R4 e B, R4iid 4 0.1
s, BN - R AR i A AR ] BN S RIS, B
J IR SE F 967 MPa; 3 B R4 R 4, kAT
BB, BLN - AR i 2 AR AL AL A R s n Ak
BB, BUNAR R 0.22, 4G E N 0.01 s AT
DI e K HLBG a2 0 s AH A R4 5 40, AHEL T
R R, e IR e 8 56 s 47 3k 6 T UK

2) IRHEHER . R RN Ti-26 44 %10 4548 T
Jei SOW A 2 35 A A 1) 55 T R AN A () - B A P 4 T
JE4i N, BFE R TE X R VR AR ) 0 0 hr
ELRA, SRR B SRR S A KA GER, HE
IR TR RO, R R R

3) Ti-26 &&=l /N 5~ Wil U7 7E
BE STV RS RN D B AR, AR R A AR A D U AR T AL
Hils RIS, WE I EZ 0 gk, Jn
JAH p SRy, AR d SR, KSR D i
AR SE AT, AR RS Sk M — P RS TE AL .

Sk
[1] Markovsky P E, Bondarchuk V I, Herasymchuk O M. Materials

References

Science and Engineering A[J], 2015, 645: 150

[2] Schwab H, Palm F, Kiithn U et al. Materials & Design[J], 2016,
105: 75

[3] Ferrero J, Hutt A, Sweet S et al. Ti-2003 Science and Techno-
logy[C]. Hamburg: Wiley-VCH, 2004: 385

[4] Murty S V S N, Manwatkar S K, Narayanan P R. Materials
Science Forum[J], 2015, 830-831: 354

[5] Xu T W, Kou H C, Li J S et al. Journal of Materials
Engineering and Performance[J], 2015, 24(8): 3018

[6] Zhan H Y, Zeng W D, Wang G et al. Materials Characteri-
zation[J], 2015, 102: 103

[7] Biesiekierski A, Lin J X, Li Y C et al. Acta Biomaterialia[l],
2016, 32: 336

[8] Jackson M J, Kopac J, Balazic M et al. International Journal
of Nano and Biomaterials[J], 2016, 1(1): 3

[9] Ghanbari E, Zarei-Hanzaki A, Farghadany E et al. Journal of
Materials Engineering and Performance[l], 2016, 25(4): 1554

[10] Nie X A, Hu Z, Liu H Q et al. Materials Science and

Engineering A[J], 2014, 613: 306
[11] Bai X F, Zhao Y Q, Zeng W D et al. Rare Metal Materials



o5 410

MR BEAE . R Ti-26 5 <6 5 I 4 P AR AN R 2l S3EAR BE T

° 1237 -

and Engineering[J], 2015, 44(8): 1827

[12] Sadeghpour S, Abbasi S M, Morakabati M. Journal of Alloys
and Compounds[J], 2015, 650: 22

[13] Zhao Bin, Yang Yingli, Guo Dizi et al. Transactions of
Nonferrous Metals Society of China[l], 2007, 17(S1): 532

[14] Du Yu, Qi Yunlian, Zhao Yongqing et al. Transactions of
Nonferrous Metals Society of China[l], 2007, 17(S1): 500

[15] Zhao Hongzhang(#X1H %), Xi Zhengping(F IF°F), Guo Dizi
(983K F) et al. The Chinese Journal of Nonferrous Metals(
[ {0 4 8 22 3R)[J], 2013, 23(S1): 221

[16] Fan J K, Kou H C, Lai M J ef al. Rare Metal Materials and
Engineering[J], 2014, 43(4): 808

[17] Xu W, Kim K B, Das J et al. Scripta Materialia[l], 2006,
54(11): 1943

[18] Grosdidier T, Philippe M J. Materials Science and Engineering
A[J], 2000, 291(1-2): 218

[19] Wang L Q, Lu W J, Qin J N et al. Materials Science and
Engineering A[J], 2008, 490(1-2): 421

[20] Zhao X L, Niinomi M, Nakai M et al. Acta Biomaterialia[l],
2011, 7(8): 3230

[21] Saito T, Furuta T, Hwang J H et al. Science[]], 2003,
300(5618): 464

[22] Yang Y, Wu S Q, Li G P et al. Acta Materialia[l], 2010, 58(7):
2778

[23] Morinaga M, Yukawa N, Ezaki H et al. Phil Mag[J], 1985,
51(2): 223

[24] Kuroda D, Niinomi M, Morinaga M et al. Materials Science
and Engineering A[J], 1988, 243(1-2): 244

Room-Temperature Compressive Properties and Microstructure Evolution
of High-Strength Ti-26 Titanium Alloy

Yang Haiying', Liu Quanming®
(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The mechanical properties, microstructural evolution and deformation mechanism of room-temperature compressive deformed
Ti-26 titanium alloy were investigated using the single pass compression experiment at strain rates of 0.001~0.1 s and height reductions
of 20%~60%. The results show that discontinuous yielding appears at a strain rate of 0.1 s and the yield strength is more sensitive to the
change of the compression rate in the same height reduction. With increasing strain rate and height reduction, the initially equiaxial grains
evolve into fibrous grains; the larger the height reduction and strain rate are, the more significant the elongation of the # grains is. Under
the small deformation condition, the microstructure of Ti-26 alloy has obvious slip and a small amount of twinning, and dislocation slip
and twinning promote the alloy deformation coordinately at room temperature. Under the large deformation condition, the slip occupies
more single S grains and expands to the around f grain, a small amount of twins can be completely engulfed, and dislocation slip becomes
the only deformation mechanism.

Key words: Ti-26 titanium alloy; room-temperature compression; mechanical properties; microstructural evolution; deformation mechanisms
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