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Table 1 Actual chemical composition of Ti-Al-Fe-B alloy (/%)

Sample Al Fe B C N (0] H
Ti-1Al-3.5Fe-0.1B 0.952 3.640 0.082 0.052 0.007 0.160 0.002
Ti-2Al1-3.5Fe-0.1B 1.950 3.630 0.081 0.051 0.004 0.130 0.002
Ti-3Al1-3.5Fe-0.1B 2.950 3.760 0.080 0.050 0.006 0.140 0.002
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Fig.2 Heat treatment process of Ti-3A1-3.5Fe-0.1B alloy
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Fig.5 XRD patterns of the forged Ti-xAl-3.5Fe-0.1B alloys
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Fig.3 Microstructures of Ti-xAl-3.5Fe-0.1B alloys after forging and air cooling: (a) x=1, (b) x=2, (c) x=3
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Fig.7 Tensile properties of forged Ti-xAl-3.5Fe-0.1B alloys
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Fig.9 TEM images of Ti-3A1-3.5Fe-0.1B alloys: (a) forged state, (b) double annealing, and (c) secondary a phase in double annealing

Ti-3A1-3.5Fe-0.1BA & TEMBE F, MW LI H &4
A Aot s KA FRodH A S TR gAH A 1, o,
W A el PAT BACETHES, RT3 91E
o5 R A oA TP B W SR A A, I T R DR ORI
FERAE B R R AR T IR SN 4, T 30T A7
LD

108 75 (1 2 43 A S AN [ #4404k 215 Ti-3 Al-3.5Fe-
0.1BE &M= hr M rEae . WEITh T LUE H, X &4
AT RUE IR K22 5, 5 P R0 9 Pk SR AR A () 2 B ) 4
v, AR 5E A B 1000 MPa, HU47 48 5 ik #1144 MPa,
K IR H17.5% . IR K Ja A a8 KR s, 1§
KRB FN18.2%, HZMBEH M. 51— TJ7il, &4
TERIBR K S, S EERTEVER .

B A AR IR K, 51 BB KR B, BT L
TE I AFA ORI T8 v oAF 23 35 3 A8 0y pAH, AHLG IR R B
MAWRGEA . BT UARBHATE, LS 21K
RO 2k — B o, B AR R Bt . I a
FHEILA0 /Ny 2R, e g BRI A, B BRAS A
EHMER, TS 4 B ESEw m s gl s,

1400 122

e\
Ann | AN
“VYTT AN

“” /AN

Forged state Ordinary annealing f annealing Double annealing

17\
17\
V27NN
17\

17\
17\
7\
7\

i LR, 1
100l mrAg 4120
—— wszecica ¥ p0.2 _ '_1_1 'l
cnna TN~ IS I 1 +4dIR
vvurp | - N\ | ZAN o

= Fl BEn - [T1 RKNNY [*1 | AN 16 <
S 0Nt 4NN 1 | NY | ben « | AN T g
< T AN | AN | N | AN 14 5
S canll AN | VAN | VAN | V7NN | gﬂ
o vvur N | VAN | VAN | VAN | 1~ &
5} Fo NN | V72NN | VNN | AN+« ©
fj 400 H AN : 17\ : 17\ I /N1 ... m

| | |

| | |

| | |

1 1 1

W//A\\\\N-!ﬁ

K10 BESMA R S#AE RIS Ti-3A1-3.5Fe-0. 1B & 1)
P A 1 g
Fig.10 Tensile properties of forged and annealed Ti-3Al-3.5Fe-
0.1B alloys

Ty J7 T, RER K AL PR R o AH
255 o M B, & 4 rEm Y, M A
Lo PEVCEC LY . WHIE K2 )G, KREHZ o HEK
S o A, ORIE R G, BT U 10 rhmr
LA S EIR K 2 G & &M 2RI, p B KZ)E
HGEASUNBICHZ, — B ICH 2 2 I = 2k
ZEMRE AL, (R AEARAR AL B AR i g, A
A5 i BHTCVERBETE T i 5t o A, A5 o A
S| S A R g B, AT I GG T G 4 0 5 R AN
IAVESEARTTY, AR A 4 A BAKE ER S (1 BE A L,
o 55 RN M AR 2 o S LU AN [ 1R R Ak B 7 5] DU
RUHL IR K 2 5 e PR DU C B e e, X R TR
B JE AR RIS AELE 2R o A, IRAE a AR
o M, EMHLLELEE T EMMAL WL UL T JZ
Y25 B = A R

F 11 M Ti-3A1-3.5Fe-0. 1B 4 1) = il b7 (1B 11 JE 30
B, BT LG, AR B R AL A, LW
FUESS B3 4l p, HPss TS e, priisds
THNTEWT 2L B85 1 KN A e R L T A
S, B K HIRN, &aHer, s/ Hik
i, &amrzE BEEENEE KA, o
AEI5), EEE BRI 1a), iR kB e R
KHEED), BBKJE, BB A s), HEE /N
H(E1c), WEIER K JGME &P 65 A N S e,
HAFAEER A BRI 5, BIs(E11d). it 255 0
ST T B A R M LR s T A T LS T LUK IR, £
X B A AT R ORI R K A 2, & e
el G e T AR K FAME R 2 5 A IR 2

12 24 Ti-3A1-3.5Fe-0.1B & 4 5 HL R g3 T FE H
A& s b i . BT LR e BT
Ti-3Al1-3.5Fe-0.1B && &AM t, HAHmmET
SROHULECME . [, gRAb TR DR AR A 4 900~
1200 MPa 5 & 2 [F] J3-5 i 2 AR



+ 1612 -

AEEMES TR

49 %

AW 2 WA T A ) T T T e e e e
0 00 VNP . - SR N i = TR ATA A A

" el SR "= ETRY 378N . - SN

Ay BB R JNeSs A0 il fA
£ X L~ b Sy 2
N TR N FORER e

PV e NN B VS0 R T
\ F ! ¥

/|
L AL [\ A X ]

M Y D | 7 SN PV, A

g T 7 N T T 7
e T T T T T T

BT O, . 7 BT ¢ 2B B
L g oy d o O A o L]
Lot P 7 Tt~ e P I L 1) s

T L e = - 21200

11 Ti-3Al-3.5Fe-0.1B & 4 HHr il i 1 JE 50
Fig.11 Fracture morphologies of Ti-3Al-3.5Fe-0.1B alloys: (a) forged state, (b) ordinary annealing, (c) f annealing, and (d) double

annealing
1400
® zici @ TCs
A €1 ¥V T
g 200 T
E S Tale © TAR
< 1000 * A s 0
45:0 A @ a4 O 1AM
= u ®  TC4ELI 1T-1M
2 800r , °+o m ®
o R <
s 600F o a, «
> ]
400+ . .
5 10 15 20 25 30 35

Strain/%

K 12 Ti-3A1-3.5Fe-0.1B & < 15 it R4 i AR kA < it 2
PEEL A
Fig.12 Comparison of yield strength and strain for Ti-3Al-3.5Fe-

0.1B alloy and typical marine titanium alloys

3 & g

D BE AL SRR, W4 o MR 2R
FEWL RN, o AHRSFWRAN,  SoRigi ik, J5RE 23 AT T
s g, G iR R R .

2) Ti-3Al1-3.5Fe-0.1B &4 X HIE k(870 C, 1 h,
AC+590 C, 4 h, AO)asiathmemit. Hh, R=
1144 MPa, Ry,=1000 MPa, A=17.5%. FZ &K K&
SEH 1 UGR KRG, AT AR B AR A

JARAE o A, A a RHRSTZN, REASAEIRAE o AHIAL SR
ZM, G&uwmEsta, FN, WA o ME p IR LK
AT, BRI . Sy Jr T, AR AEE AR
o MR, ART R G

3) Ti-3Al-3.5Fe-0.1B £ 475 5 M R gy T 72 F 4K
B A 1 2E M e Ll s P S I i R M DT L
UE B %A & B WA 90 2 SR AT 5

B30k

[1] Boyer R R. Journal of the Minerals, Metals & Materials
Sociery[J], 2010, 62(5): 21

[2] Yang Yingli(#9¢ii), Luo Yuanyuan(¥' &%), Zhao Hengzhang
(BA1E L) et al. Rare Metal Materials and Engineering(Wifi 4=
JEA RS TFE)[I], 2011, 40(S2): 538

[3] Zhao Yongqing(#X 7K FK), Chang Hui(# #%), Li Zuochen(Z=44
[) et al. Titanium Industry Progress(Ek TNkt E)[J], 2003,
20(6): 12

[4] Chang Hui(% #), Liao Zhigian(Z & ijf), Wang Xiangdong
(LM ZR). Titanium Alloys for Marine Applications (v 1.2
4 JE# kL [M]. Beijing: Chemical Industry Press, 2017

[5] Qian Jiang(#k i1.),Wang Yi(F 1), Li Yao(Z Ei). Ship
Science and Technology(MUMRELF#HA)[I], 2016, 38(11): 1

[6] Chang Hui(# #), Wang Xiangdong(+ [ %), Zhou Lian(J
[i€). Materials China(*f [E #1 Bk J£)[J], 2014(10): 603

[7] Jia Hong(® ##), Lu Fusheng(GE4%4:), Hao Bin(# ). Iron

References



25

X Mgtk N R ) Ti-Al-Fe-B 254 44l 4RI ME fEAfF 4T

* 1613 -

Steel Vanadium Titanium($WEHLER)[I], 2018, 39(2): 1
[8] Ning Xinglong(T* % ). Titanium Industry Progress(Ek 1Tk
HERE)[I], 2003, 20(6): 28
[9] Peters J O, Litjering G. Metallurgical & Materials Transactions
A[J], 2001, 32(11): 2805
[10] Zhang Yao(5k 38), Chang Hui(#5 #%), Li Guangzhou(%s)™
M) et al. Rare Metal Materials and Engineering(Fi 5 4 JE 4
BL5 T[], 2017, 46(S): 495
[11] Chen Jun(B& %), Qu Henglei( Hi1E%%), Zhao Yongqing(#X 7k
Ji) et al. Rare Metal Materials and Engineering(%i 3 4= J& #4
£S5 THE)[J], 2005, 34(S3): 307
[12] Hou Zhimin({%& % ), Mao Xiaonan(E/F), Lei Wenguang
(& %) et al. The Chinese Journal of Nonferrous Metals(H
H A 648 2 4R)[1], 2010, 20(S1): 604
[13] Huang Chaowen, Zhao Yongqing, Xin Shewei et al. Journal
of Alloys and Compounds[J], 2017, 695: 1966
[14] Khorev A 1. Russian Engineering Research[J], 2010, 30(7):

682

[15] Zhang Pinghui(7KT-#), Li Chenglin(Z* % #k), Hui Songxiao
(FFABR) et al. Chinese Journal of Rare Metals(Fif5 42 )@)[J],
2011, 35(5): 639

[16] Zhang Lijun(5&F %), Tian Junqiang( HH % 5#), Zhou Zhongbo
(BT ¥) et al. Materials China( 7 E A4 K} 3 F#)[1], 2009,
28(S2): 84

[17] Terlinde G. Proceedings of the 1987 TMS-AIME Annual
Symposia on Effect of Microstructure on Fracture Toughness
and Fatigue Crack Growth Rate in Titanium Alloys[C].
Marriott: Dever Co, 1987: 97

[18] Lei Jinwen(& 81 3C), Zeng Weidong(®¥ T %<), Wu Huan(%
W) et al. The Chinese Journal of Nonferrous Metals(
6.4 &8 2#4R)[T], 2010, 20 (S1): 625

[19] Fang Zhigang(J7 & W). High Performance Marine Metal
Materials(5 1 B8 5 A H <5 J& #4 1) [M]. Beijing: Chemical
Industry Press, 2015: 188

Microstructure Evolution and Mechanical Properties of New Ti-Al-Fe-B
Titanium Alloy with High Strength and Ductility
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Abstract: Effect of Al element addition (1wt%~3wt%) and heat treatment on microstructure evolution and mechanical property of a new
alloy Ti-xAl-3.5Fe-0.1B was studied. Results indicate that Ti-xAl-3.5Fe-0.1B is a+f two-phase titanium alloy. Yield strength of the alloy
increased from 590 MPa to 900 MPa and tensile strength increased from 808 MPa to 1074 MPa with the variation of Al element from 1% to
3% due to solid solution strengthening effect; at the same time, the elongation decreased to 15.4%. Microstructure observation reveals that
the thickness of the lamellar primary o phase was reduced and the grain size was remarkably refined with the increasing Al element content.
Meanwhile, it is found that yield strength continuously increased to 1000 MPa, tensile strength increased to 1144 MPa and the elongation
increased to 17.5% after double annealing, which indicates unique mechanical property. The metastable S phase formed in the
microstructure was decomposed to secondary a phase with fine grain size during the double annealing in the alloy, which blocked the
movement of dislocation and induced enhancement of strength. At the same time, the dispersion of secondary a phase on f substrate was
also beneficial to the strength. On the other hand, the presence of equiaxed a phase was considered favorable to the improvement of
elongation.

Key words: titanium alloy; heat treatment; microstructure; mechanical properties
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