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Abstract: Ti80 near-a titanium alloy is widely used in the field of marine engineering due to its excellent impact
toughness and corrosion resistance. In this study, hot-rolled Ti80 alloy with an lamellar microstructure was used to
systematically investigate the effects of solution temperatures in the a+f two-phase region (910-970 °C) on the
microstructural evolution and mechanical properties after solution and aging treatments. The results show that as the
solution temperature increases from 910 °C to 970 °C, the strength of the alloy after solution and aging increases
continuously, while the plasticity first increases and then decreases. The strengthening of the alloy is mainly attributed to the
obstruction of dislocations by the phase boundaries of secondary a phases. With increasing solution temperature, the volume
fraction of secondary a phases increases, enhancing the phase boundary strengthening effect. On this basis, a correlation
model between microstructure parameters and yield strength was established. In addition, it is found that the plasticity

of Ti80 alloy is mainly positively correlated with the volume fraction of primary a phase and negatively correlated with

KRB, 20260311 the dislocation density within primary o phase.
=g H -03-

BB FFEHEREYSESTH(52371040) Keywords: Ti80 alloy; solution-aging process; a-phase
WBIEEE: KIEk1980—), 5, #FFRER. characteristic control; mechanical properties



L7 v
2 Titanium Industry Progress 43 &

Ti80  4x(Ti-6A1-3Nb-2Zr-1Mo) & & [H H 3 #f 1
) —Fpi o BUKA 4, IR TS ee . IREE
RE R 65 v P BB B SV B T AR AU AR
M, BEEEE TS MRERIE, RN R
PERESR T S R . M A R AR 2 T K
JE 7, 3 T AE K I AR AR I R R AR R 4 2 R T A
L N T Y

(B 25 - I S8 N o BRG4GB F B, R
WiELEE ST NS E. . BEESRSHRT
MBS g, ST a kA4, HEELH
TR FE T 4 R R DXOR R X AL B 2. &
FAHX EE A IS, SR IPIAE a H(op)TH K, B
FikoKs BEJGHEATI BB, & S SUEAR VP
ZIMEH M. Wang 25000 TA19 Sk & &b B T2
FIREFCAESE 73X — . TA19 Ak& 420 Bkd X [ V-1
R ER G, ARG S H A NN S 4L, HL
J5£ 5 98 1 ¥ U S R AR . SCHR[1074H X Ti-30Zr-5A1-2.5Sn
B EMIRTE T AL R R A R E Y PR A o/
FHAE AT, AT 3R A OR B S5 o AR XS H R, B
V] 7 P ARG (3] 5 - o R0 55 2 o A D BB R 1)
WHALR I, X Fh A o, AH REAS 7K 52 0K 1 A PE AR T
ZERN 1. B, Chen ZUAWIR T Ti-6121 &4
28 P AH DX [ - O B b A v R, SRR, 5
FLEPIRAHI L, & 458 Z M 1096 MPa 215 % 1387 MPa,
AR ZETE 11%. Shi FEUSIETT 7 AN [m] [ ¥ it 52 A4 40
T Ti-8Al-1Mo-1V & & MO H R R 5 )5 1%
RE. S5 ERM, Z 5SS 1010 °CH A 4 H 5 317 i
A, RERZIRTG R R . PAEE FR 1 ARG AR 1 B 1) B
(IR

g5 L RTIA, WA X [E A A B OO T o K G
SNSRI BT B, SR, Xt T Tiso &4, 11
RN I B [ R TR A% T R A S AR S R B A
MU Z R N FEE &R o R 0 T A A R EH R S 4
XoF Jekk JR 5 FEE ) DT R A R = IR, BRI T A A
B FANIR “ TZE-HA-RE” KR, Bk, HoE
MZ REHARER R, REIRT Tis0 &4l 5%
EALER, FEE R 6E T B IR 2 AR DTk 00 J o
FERLRY

BT, P Ti80 if o SA SN AN R, RaH
27 AR X [E VIR E (910~970  °C) % & 15 - R A 41 43
J W 1 RE R, FRER AR T Rk 5 Ak
HLEE, [IRF, 3T Hall-Petch % R 506 LS,
T RNE Z MR S E) R R T A,
VAl 7 & H LRI SR FE B DTRk . AHIEIT B R ST
“CTZ-HZ-ERE” WEEREL, N Tis0 Gl

ZURS AL 1 5 B b B T Z AR A SR A H R 4R

=

1 %

1.1 SRR

SIS A RE A U £ & RO RBHEE I A PR A
PEBLM 15 B A ot AH X AREL 45 1) Ti80 & 44K
M, HAER S WE 1R RASHIENAERL g
A5 1 OM(1000 £ 5) °Co B 124 Ti80 & &M 4G &
WMALTES . ZWHXAEE, Tiso &4 FEHZR
o FHFN B EEAR I LB K, HJZAR o MPAT T 5L
J7 IA(RD).

R 1 T80 EEWRMILFR S (W/%)
Table 1 Chemical composition of Ti80 alloy plate

Al Nb Zr Mo Fe Ti

6.30 3.04 2.04 1.07 0.1 Bal.
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Fig.1 Microstructures of hot-rolled Ti80 alloy plate

H R

AW NG T S R S W R AR atp BAHIX 1 910~
970 °C, H SR HILE SR LT g R
ROSFEFHIA o A5 B FRIRHIEAS AL, S H T 5 SR 2
HLUFEAA ST VR RIS AL . WIAELA Ti80 &4
WAt EIEC4 B R~ 980 mm x 22 mm x 6 mm Hik Bk,
FH 4 HITE 9104 930, 950 A1 970 °CHEE 2 h 5 /K%,
B 5 /£ 600 °CHf 2% 8 h Je =4 E =l . Hh, 910 °Cf
T WA X AR o, BERT YA o M R RSTRER,
FH 3k 25 82 A1 L 18] 95 X 20 23 5 PR RE 1) 52 5 970 °CHEkL



EIRE]

TSR IS [ V- 2200 Tig0 & e 5 Bk L e o ma L) K o IR i A T A 2t

3

B AR A, AT A X i v, P R s I I A AR A
i (1) 20 23 7 AR A
1.2 REHE

MBI - 20 A Ti80 & & il EVIHGARE, 40
M TR b . 5 8 (SEM) . L7 8 B T i
(EBSD) J% i 4t M 8% (TEM) 43 #T - = i 4 8 ik 36 7
Instron 3369 2 B 7 J5 g iR e ML L b7 o $ i 56 58 Bk
Joi s AEBURE BB M AR T X S A URE i, T 5 28 SEM
AT TEM HZRFRAE . e R F BT B A Pd Xt SEM i
FEREAT AL TR, B R Kroll i7|(HNO;. HF. H,O
AR 103 10 60)121HE) 10 s. K Tescan Mirad
R R A B A AT RO A M5, IR
Image) AT SEM EUR T o MR 70 8. ST &
K58 L HEAT 5 A4 T . EBSD RFELHUMIT B2 )5
MHEAR(PRE. BT EMEARERL Y 12:7:01)
AT I, POBEI AN 15~20 s RAEC 4 EDS
R Regulus 8230 B =170 #F K WA I K ST A #

M7 BT EBSD 20 AT, Mg HEN 15 kV.e B
73 EBSD ¥4 F|Hl TSL OIM #4347 43 . TEM ik
FERI AR AR . B KR i BB 22 2 FE 50~60 pm,
HrpE v B 3 mm F s BifS, SR TENUPOL-5
T H A U4, fE—30~—25 °Ck1EF, LA 30V sk
1T B 2R T . SR F200X BU37 % 5378 S fl 1 8 A ik
AT B 5317 -

2 RBFER

2.1 ERALR

B 2 SARTF B IR RE T Tis0 &4 i [ v -1 2 4l
gl [EVE-B UG & S HSY IR IKET ap FHRITEK
) g, RS EAESAEHEZER. R
2 G0 TANF B EE TN op IS & KB B
ERRA S . BB 2 K3 2 AT g, il IR R R
11, ap AHAT BRI AN A (R AIE 24 [ VR R BT
op FHEKRIR, HIEIEAE p SHIIRHRM A4S

Bl 2 A VAR EE T Ti80 & 4 i i 41
Fig.2 Microstructures of Ti80 alloy after solution treatment at different temperatures: (a) 910 °C; (b) 930 °C; (c) 950 °C; (d) 970 °C
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Table 2 Volume fraction and aspect ratio of ap phase and thickness of acicular phase in f: of Ti80 alloy after solution-aging treatment

Solution temperature/°C Volume fraction of a, phase/%

Average aspect ratio of ap phase

Thickness of acicular phase/nm

910 69.3+2.2
930 589 +1.1
950 457 +£3.1

970 26.0+2.2

5.8+£0.2 201 + 15
5.1+£0.4 245 £23
39+0.6 298 £ 10
25+04 502 £18
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Fig.3 TEM images of secondary o phase in Ti80 alloy after solution treatment at different temperatures: (a) 910 °C; (b) 930 °C;
(c) 950 °C; (d) 970 °C
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Fig.4 Local misorientation maps of a, phase in Ti80 alloy at different solution treatment temperatures: (a) 910 °C;

(b) 930 °C; (c) 950 °C; (d) 970 °C

1200 |_
a
1000 e —
|/ 030 C
800k .
a | 910 C 950 T
=
Z 600f
&
= L
@
100 F
-|
200
1
0 1 1 1 1 1
0 2 4 6 8 10 12
Strain/%
1080 (o]
L bl1o
1060 + 4=~ R,
- 7 S ,’* Ho
1040 ’ = P
L / LSS 44 48
1020 |- ! -7
g b 1 1«
& - 1 &
21000 f {(’, 1, S
= ool o 1
- ,’
960 + e 44
L /4
ol 7 413
020 P

" L i 1 " 1 " D
900 920 940 960 980
Temperature/C

5 Ti80 & <z VA - Iy R b ¥ S 1 7 2 1 g
Fig.5 Mechanical properties of Ti80 alloy after solution and aging
treatment: (a) engineering stress-strain curves; (b) ultimate

tensile strength and elongation

R, ap A S BBWTREAR, B B B8
W, T AT a IR SA B HIALR, BB
WA o JH 2950 A K, MBI T & %

F 22 B SRR, A A IS SR A T R 2 RS,
T 53 A SR E AR

[ IR BE S 970 °CHF, RIS F 5 930 °CHE il
TR S A7 58 ZE R I R (] 6d~61). HEAh, R 2R
WO LS B T RAUGK IR S (B 6g)s o HE
TEM 1% (K 6h) J ik {8 B 1A% $(fast Fourier transform,
FET)fT S AERE (B 61)IESE 7 Z as AR T {1012} 28
R o AR A (1 T8 BT RS B S LA s AL R AR FH U,
P H BB K E R RGO, e — 25 fH 5
MRIZE), fF5REAR B — RS,
3.2 ERELFNGE LI H A FE K AR R

G B U SO AR 51 ) S R R A
EKA & 0 AL L EE 32 ARG [ VA SR Ak . B AR SRAL
Y B AL R R AL B i AL SR 16180 AR 2 B/ 3 A
6 M EARLH L M ml 0, 284S [ ] v i B A 2R S, Ti80
B 4 Sl o AH 5 TR o B R B R RO ST 38 A B
Ak, EIEIERE R, S5 ap A SRR o A IR TH R
Bt 20 2 AT AR, A A Je Bh e A R BRAS R A .
R, FEAHE R, S5 ap H S5 EHIR as M0 AR50
MBS EENFERESNEEFER, Hizmt
XNLTF 4 Hall-Petch 58 & BhAb, #ELEI N HIALH B
X5 AR TTmk, BT R R SR AL TR AE . BT RIR
G307, Ti80 & &M JE M5 FE oo AT H X (1)F 19200,

oy =0y +h fpd ) Tk, f, ) + 0, (1)

ap as ™ as

e oo AR RS BEERL F7, S W 1R R AL 95 7 5



L7 v
6 Titanium Industry Progress 43 &

i
b

fidlosatiens * =
-

: a.';A' » i;g&’ . b

Kl 6 Ti80 & & ke b 1 FIL 1Y TEM {4

Fig.6 TEM images near the fracture region of Ti80 alloy tensile specimens: (a—c) S-transformed microstructure of specimen solution-

treated at 930 °C; (d—f) p-transformed microstructure of specimen solution-treated at 970 °C; (g) lamellar structure; (h) HRTEM

image; (i) FFT diffraction pattern
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Table 3 Comparison of experimental and simulated yield strengths of Ti80 alloy after solution treatment at different temperatures

Solution temperature/°C Experimental yield strength/MPa

Simulated yield strength/MPa Relative error/%

910 844
930 893
950 912
970 934

911 7.97
909 1.76
921 1.01
953 2.00
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Fig.7 TEM images near tensile fracture region of sample solution-treated at 950 °C
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