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Bl 1 Ti90 &4 @11 mm #4148 B a2

Fig.1 Original microstructure of Ti90 bar in size of @11 mm

R1 T EEHMBRKTZHIE
Table 1 Annealing processes of Ti90 alloy

Type Treatment

650 ‘C/1 h, AC

700 ‘C/1 h, AC

750 ‘C/1 h, AC

800 ‘C/1 h, AC

850 ‘C/1 h, AC

900 ‘C/1 h, AC

930 ‘C/1 h, AC

950 ‘C/1 h, AC

900 C/1 h, WC

930 C/1 h, WC
Double annealing 930 ‘C/1 h, AC+850 ‘C/1 h, AC
Triple annealing 930 C/1 h, AC+850 ‘C/1 h, AC+650 ‘C/1 h, AC

Single annealing
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Fig.2 Dimensions of Ti90 alloy tensile specimens
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Fig.3 SEM images of Ti90 alloy after different temperatures annealing for 1 h and air-cooling: (a) 650 ‘C/1 h, AC; (b) 700 ‘C/1 h, AC;
(¢) 750 ‘C/ 1 h, AC; (d) 800 C/1 h, AC; (e) 850 C/1 h, AC; (f) 900 C/1 h, AC; (g) 930 'C/1 h, AC; (h) 950 ‘C/1 h, AC
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Table 2  Statistics of multi-scale microstructure parameters of Ti90 alloy after dlfferent temperatures annealing and air-cooling

Annealing Volume fraction 70/ p grain Volume fraction Volume fraction  a width/  Volume fraction
op size/um
temperature/C of a,/% P H size/pum of f/% of as/% pm of p/%
1.54 0.64
750 79.3 0 0 0 20.7
(0.82~2.27)  (0.34~1.08)
1.71 1.03
800 75.5 0 0 0 24.5
(0.81~2.98)  (0.54~2.00)
2.11 1.51 0.05
850 64.4 35.6 3.5 32.1
(0.81~4.30)  (0.70~2.32) (0.03~0.08)
2.4 1. .
900 52.1 6 93 47.9 18.1 0.07 29.8
(1.05~4.79)  (0.87~3.55) (0.05~0.10)
3.61 5.54 0.29
930 25.9 74.1 37.1 37.0
(1.59~6.19)  (2.20~9.70) (0.18~0.49)
0.30
950 0 0 >128 100 76.0 24.0
(0.16~0.48)
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Fig.4 SEM images of Ti90 alloy after 900 ‘C/1 h, WC (a) and
930 ‘C/1 h, WC (b)
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Fig.5 XRD patterns of Ti90 alloy after different temperatures
annealing and different cooling rates: (a) original XRD
patterns, (b) enlarged view of original XRD pattern from
37.5° to 39.5° and (c) enlarged view of original XRD
pattern from 39.0° to 42.0°
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Fig.6 Microstructures of Ti90 alloy after multiple annealing: (a) 930 ‘C/1 h, AC; (b) 930 ‘C/1 h, AC+850 ‘C/1 h, AC; (c) 930 ‘C/1 h,
AC+850 ‘C/1 h, AC+650 ‘C/1 h, AC
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Fig.7 Tensile properties of Ti90 alloy at room temperature after

different temperatures annealing and air-cooling

Prom B H R RN RS, 75 930 CIB KNI, H4M
SRPERE— D RRAG, MR BT N

IE K il 6 Ti90 £ 4 hr A BB IR 2 W 43k 2 AN B
Bt: 551 MrBU27E 800 C LA NIE K, BEIE K E T+
wy BRRAE a—p AHAEAN, AR TE ML E 45 R A AR
(a5 K g4t . o, fE 700 CLLRIE KN, E%
KAWL, EARAEIN R ICEE, Bk, SRR
RRERER /N, WPEAUR AR S, Sk, 750 C
TE KA 4 (P A BB A2 LA N 5 T BR 2R R s
W o AN B AR S0 B 4 i, A G R B
i, B LK, HT aop HEMRAE, AL
KB o 720, AE pAHERAL, S BORESE—P N I%,
M — P . B, $EEnR KR 750 Cla,
ORI o R IB  AE T O B R AR . 5 750 C
IBKHIEL, 800 CIB K o, A1 A RS (I3 Ikl T &
VBV b, Il IR I — P B AR 2R R M

52 BrBOEAE 800 C LA IE kI, 3B kI T
WL FEEE W o—p AR AL H LT o, MBS ML
R0 (] 42 5 W 4 L FE Th i p—o AHAE S o AHI
M HAT R ) G 1 00 2 PR e = AR e o 7 pr A I R
IRPEAR T SEAE S5 o, AH AN ) itk o LM B T4
bEE AR TR 3G I, MR ORI 21 a, dRE
I G By e, SE5 o, ORI A EAT R T8 i
B A BE,  FAAIC An JE AL i A7 B ZE R, AT 438 2 3 1)
TERZRUR RE, DKW /T & &l RS2 AR TERE S, i
A R E U, BEIE KR T, TR
B 4 4120 o, A0 1 B 5 B BT BRARAEATS B R A
KIBAE, BEE o, MTETEZS 1HH B 55 HIML, $2m TH#
BHZTE B R PE, AT EE T & & r ks (H& iR

KR EET R AR 930 Cla, A o, M E R EIHE T
B, XAEMEAR A o T B FEEE FRAC, A0
[ REHE TN, 2 I X AR JE A S, S EOR B
B BEAMEG SR b, AR5 554 o
BB I a) B IS KT, WG T 5 a,
Jeit RN F3ANBZ By 1y 1 5 i B 5 25l o, A 512, A
AR 850 ‘CIB K JE, HARIT)E o (AT R 25tk p A&
WRIER, & T huhrais, Ml T o, S ER A A
AR, T R S EE AR FEAAR o 4k 248 R KR
FEJG, BT og )2 AN o RS RSB #3860, 4645 o
s B R BTk s, & SR PR, 950 CH
IR K, A o HSEAT R, TR B
droRL I EOE AL JZ ALY, 7R B A RS I T o )
Wb, ALETT LR S E AT o )R, S B
Bl X AR JEAN I 5], Rk I TR R R e, 3 B
T AR R ALY,
2.2.2 Ak BT A A FAP M L6 R 0R

Ti90 £ &8 K5 AEA[FIVA HIH B T 1) = S P vk
REWIP 8 Frvke WILAE H, ¥4 HIH R ) £ 4 i 5 5
WK, XPYEEVERIE IR N . 5B AL, KA 900
1930 Cald K 5 G 4 1 16 i JIR i B A0 T by 5 FE 3 6
BB 42 R . 900 “Cal /K i A 4 W7 )5 (e S R
W7 e i AR AR AR, 1 930 Cal K, WS KR
R J 4 e SRR AT 38, AH AR KA T AR Ak
AK

A HE FE R G A 4 1 2E MR B AR A A A
Firh B—a AR J7 R AR TR S A G AR 4
YA H AR R IR R A AR AR AR, 2
B R I F B R R AR AN A (0 I R AR,
[ CERE SEM fE A & /KA LU W2 B T 31X F e
FRAHRIERR o AHPOHTH (B 4>, —TJ71H, o MHEA N
JiemARGERY, M TR AT o M, AL EN
AoV R [E] 5 B HEAE AR B R B T — 1 [ 9 R A A
Mo B—J5, =&, ST aANTHEKAZE a i,
BAR a/p FETH O AEFERE ST, HJE o AR TATEL
) o AR W R R S A4 B MR T RS R R 5E 4 TAT
BN ZER KSR, FMAER— o I H o/ AH S
T X i s A s 1) PELRS A FAR AN, BT CAIR I B v A7
A BOE K E R o IR e . KA A
WKL MSZIR T8 o Z RS, KA 54178
ERIR o/ AT H SR 8N T ALESAE B AT sk B K
R I AR TEA Y S RS, AT AE S Ab A 4 1) [i) Fof
WARE T & M.
223 % FRK SR G T

Ko gh T 2 HIR KA Ti90 & £ 0 = i b7 %



+ 558 - G A

%50 %

1200 70
- -z, 4 1R

A
1100 1
1000} 160
900} ]
=50

[
& X
3

= >
= =
o 2
5 800r 120 Z
=] =
wn ay

700
600
500

1
900AC 900WC 930AC 930WC

Heat Treatment

B8 ANIFJEL AR 5 AN R v 2008 R Ti90 & <RIk & il hr i g
Fig.8 Tensile properties of Ti90 alloy at room temperature after

different temperatures annealing and different cooling rates
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Fig.9 Tensile properties of Ti90 alloy after multiple annealing
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Table 3 Phase composition of four different microstructures of Ti90 alloy for corrosion test (volume fraction, ¢/%)

Sample ap B as B a
A80 80.9 19.1 5.5 13.6 86.4
AS0 52.1 47.9 18.1 29.8 70.2
A25 25.9 74.1 37.1 37.0 63.0
A0 0 100 76.0 24.0 76.0
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Fig.10 Potentiometric polarization curves of Ti90 alloy with

different microstructures
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Table 4 Electrochemical corrosion properties of Ti90 alloy with different microstructures

Sample B./mV B./mV Icm/uA-cm'2 Ecor/V Corrosion rate/mm-a’’
A80 77.165 55.044 40.125 —-1.4772 0.778 97
A50 76.711 59.328 29.873 —-1.4467 0.579 94
A25 84.626 43.167 10.544 -1.3891 0.091 99
A0 73.457 63.096 61.607 -1.5136 0.984 81
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Effect of Heat Treatment on Microstructures and Properties of Ti90 Alloy

Wang Ke'?, Zhao Yongqing'~, Jia Weiju >, Hou Zhimin®, Li Silan®, Mao Chengliang®
(1. Northeastern University, Shenyang 110819, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(3. Western Titanium Technologies Co., Ltd, Xi’an 710201, China)

Abstract: The effects of annealing temperature, cooling rate and multiple annealing processes on microstructures, tensile properties and
corrosion behavior of a new near-a titanium alloy-Ti90 were comparatively investigated. The results show that when specimens are
annealed in the a+f phase region, as the annealing temperature increases, the deformed structure gradually spheroidizes with a decreasing
fraction of primary a phase (a,) and an increasing fraction of S-transformation structure (f;), and the secondary a phase (a,) precipitates
and coarsens gradually. These changes result in the reduced strength and improved plasticity. When specimens are annealed, followed by
air cooling, in the single f phase zone, a fine lamellar microstructure with fairly coarse original # grains is obtained, which results in a
sharp decrease in the plasticity of the alloy. After water-cooling, the acicular o’ martensite phase precipitates inside f grains, which
significantly improves the strength while maintaining good plasticity. With multiple annealing, the size of a, and f, increases, and a;
coarsens, leading to a simultaneous decrease in the both strength and plasticity. The polarization curve test results show that samples with
four different microstructures all exhibit passivation behavior in 3.5% NaCl (mass fraction) solution with low passivation current densities,
implicating a good corrosion resistance of Ti90 alloy. The corrosion resistance of different microstructures is in the order of bimodal
microstructure>equiaxed microstructure>lamellar microstructure.
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