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Abstract: A novel two-phase titanium alloy of TigAl,FeMo, was designed based on d-electron theory
and the phase composition as a function of temperature was analyzed. Combined with the thermody-
namic calculation results, the evolution relationship between the microstructure and mechanical proper-
ties of titanium alloys at different aging temperatures of 700 °C, 770 °C and 850 °C was studied, respect-
ively. The results show that the amount of B phase in the microstructure of TigAl,;FeMo, titanium alloy
gradually increases with the increase of aging temperature. When the aging temperature is increased to
850 °C, the amount of B precipitates reaches the maximum, and a large number of small-sized B phases
are distributed among the coarse B phases. TigAl FeMo, titanium alloy exhibits different mechanical
properties after aging treatment at different temperatures. The compressive strength of titanium alloy
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could be significantly improved after aging at 700 “C and 770 °C, while the high strength and ductility
could be simultaneously obtained after aging at 850 °C.
Key words: titanium alloy, Tig Al FeMo,, heat treatment, strength, ductility

0 3%

A H AR S LR, KA e A
it v PR SRR A, B AR S AR L BETT L A
T KA SRR ARLUE T o o B A
&, KA B UK ot ARG 2 ot B BAHER
B4 TP AT EER, R o tki 4
1 BB, MARA B RGP RERE A,
H AT Tl 4k i ) EE A 2. B TR
TP S4TSR A e AT RHAY 1 22 1 g
PR T R PR, AMUESRER S S B = R,
ERRE R AR5

KA A R B — b — R Z U AR
T RS S Ib AR Z i oe v 2 B, #Auk
PR SCIER A AR P L O BT B, A AL 2
R AT DL A A A 2R AR Li A
Hui'” 25 AZE Ti-1023 A4 2Eak 1, RS 5 d
HL P i i B K 4 Ti-3A1-4.5Cr-1Fe-
AV-1Zr, 23t 8 A B % A 40k 850 ~
1 100 MPa, ZEMHZ Ky 12.5% ~ 17%, 11 XF [& 7 AE i
2R B, A 4R E] 1273 MPa, ZEff
BN 11%, MK 83.8 MPa-m'”?, 52 T 9 J3 -4 2
M-I RS A . LitY AR G 3 X Ti-6A1-4V
B P, (54 o MIERTL, TE AL T 2541
WIAHZHZL, NI A 4 200 1 B A S, B
5% A 953 MPa, {3 A 21.8%., Yumak"” % A
WE5E T ARl $Abh PR T 25 %) Ti-15V-3A1-3Sn-3Cr I
T2 B ERE AT e . Z5RIA £4F 250 <C
W% 24 h 5 FLE 550 °C B 20 h, 7] LL= A2 4070
YRELAHY o AH, G 42 09 ) 2R R s, PrpismEE A
FEfT 2243 51555 1100 MPa F1 9 %, SR, Wil i
— AR TR 4 BB B RN AE S, (L I A S
JREIT R, AT IR — KPR

otB RUERG 4 IH AL R 25 Gk RE . #um
T T Z2VERE . AT DA T A B AL S R AL, B2
I FH T 4R e 25 &5 4 4, JE i AR R AN Ti-6Al-
4V SR V G E B SRS S R R A 1
PSR AF AP R ER, R T H kR
SR S IR R, R BEO & 4o R Ut

IR Ti-6A1-4V &4 B N VT E ok X
THRTRVER A & — 45T BAT Z AR k. vadk
A BB KB 1) Fe HPal& &30t
¥ Ti-6A1-4V HEFOCE V, ik H T —Ff Ti-Fe-V-
Cr-Al & ot IR A 42, %A 4 4ad K HE 5 38
VLD R 4F, iR RS 1100 ~ 1 300 MPa, fii
KHBTE 1% ~ 14%, HFNZE 4 C N TH Y
WL, et REHE T TC4 &4 . 5[ Timetal 23
"L Fe, Si LRIV Ti-6A1-4V 54 H 1 V IT
W IR T —FhEEDZS i K FH g i 3 B
A o+p B! Ti-6A1-2Fe-0.1Si k& 4, % & 4 tEfe 5
TCA MHLIFAEME, AL T 15% ~ 20%, I H A
F RSP T, £ TR Pt
(1) B Gk & SR S A5 R, T AT TER A
FEHRER T TC4 A4

MHETEA FREAKE, FAURRAS Ti-Al-
Fe Rk G20 14 ERES Ti-6A1-4V #124, J& T
5 ARG A, LA = iR B R B S 1300 MPa.
M TXT Ti-Al-Fe &A &5 AL TR B BE,
2R ARG A ok, A L T AAR A 4, Ti-
Al-Fe REENHEBERAK BT Wfmit—248
Tt Ti-Al-Fe A &M 124688, SN Z KR G4
(1%) & R AN HLA B S 2B BT H TR LAl
b, oRA d BRSO T — RS REVTEC ) Ti-
Al-Fe-Mo ZMHELA 4 TigAl, FeMo,, IFH5 TR
[FJFAADE T 25X Bk B 4 P AH AL AR . SO 2R 554 Fn
F1EPERERY S AL

1 REARF

1.1 MRkt

d HL PR E 1F 280 Md F Bo SRR T H
Ttk R PR U A EENELZEERE, 1N
Ti FARRITCE R Bo. Md Z4UH, %A 1 =50
PR G SRR SBUETE R, BTG & o
} TigAl,,FeMo,.
1.2 Wik

SKFHSEEE R 99.9% 14 Ti. Fe. Al. Mo JikiffH
VIR E M), 3545 B8 Tig,Al, FeMo, B8N HL#EA T
BeRE, A4 A 30 g0 AT AY TR REE S R T,



- 68 -

W Bk 8K

2022 45 43 &

PSR HIRDARHEA T T, LU RR b 2 1 ) 28U A b2,
BRI 3 ™ E S 4 IR 28 L DT e
BBR G & 55E . MIRIES SN, & Sk
WHECH 8 o Tra etk a, B T i E =i,
BEJS U 5 b, A4S B HAR N 25 mm, JEE N
8 mm, i A 30 g & SAHIREESR . B a4
b PRSP LR OIE], T3 ~ 5 AN EAK 3 mm, &
&2 6 mm A/ NERE A THEREINA. SRADT REIERAL
X BR S YR G EEA T 02 R, RIS
A R G Bl AR T 30 L R 46
FURFIESEA T . e Ja X5 G e R A ST T
DR, IS B A SE PR R Tigs00Al g oFe; MO; g4,

T TigAlFeMo, £ 4 14 A8 41 ik bifi i 2 22 AL Y
TR, WE 1 IR, AL 1 FTLUEH, Tig,Al FeMo,
KA A ot PIAHZAL IR EE X (8] ) 680 ~ 885 C,
885 C R Ky ot W AH X H% 45 Sy B HALAH X Y1 S it
FE o MUK G & o35, 1 iR A e SR
X AT A Ab 3, IR R 950 °C. WBFTRER A
SV BT R G 42 12 M BE RS I R, ASHIFSY
PR 3 LAN [ (0 e 25500 AR A T R A 38, R Ak B
TR I 1) A AH T AR LR AN 26 2 7 o

#z1 TiPARETE Bo.Md 2H{E

Table1 Boand Md parameter values of different ele-
ments in Ti alloy

. . R TR Bo Md
FRILIBHC L Tig,Al, FeMo, 14342 - 3513 > a7
IWFFTER A A e A B R PR 2 s AR Fe 3.428 0.969
LGSR B A T PERERYZ I R R, T i 2 & Al 3297 22
T AL BRI o >R Thermocale #4073 f411 Mo 3739 1961
700 °C 770 °C 850 C
1.0 T 1 Y
— f
. W ,
_ 08¢ B el VLR —— AITi3
g ) — N A ——— BCC-A2
= A I
= 0.6 —— BCC-A2#2
= I I — B
Z 04| . ' —— B2#2
] £ : —— HCP |
ozl ¢ &\ e LIQUID
WK O -
0 ; : Se—R—~t 1, i) . . . .l
0 200 400 600 800 1000 1200 1400 1600 1800
LR/ °C
1 TigAl, FeMo, & & RIANFITEHEE
Fig. 1 Calculated thermodynamic phase diagram of Ti;,Al;;FeMo, alloy
F2 ALIEHERANFIEICYEER
Table 2 Heat treatment system and thermodynamic theory phase composition
s s YIARLE I/ %
5 YR/ C AR/ °C : ? :
o-Ti B-Ti
Kl 950+WQ 700+WQ 65 35
FEf2 950+WQ 770+WQ 50 50
FE3 950+WQ 850+WQ 20 80

TE: WQFRR KR

2 ERRKITE

B

€l 2 4y Tig Al FeMo, 363856 4 L LB S TEA
Rl T ) S R i8] 2(a) PTRAFE HH,
B GULUR R o AL, B AT ARR AL
B/, (b). (o) Al (d) T A B T LI PIARAL

2.1

AL550, Hrh R AR B AH, HK R o #H. Bl I
RO B B B i, BRGSO 2 B AR B i
B WHUEELE 700 °C I, A il p AR S
FE3 30% oAy, HARBLH SR INGOIEEE R 10 pm 72
FE ARG H o Y ROREE RS E] 770 <C &, B
AR LAY B 3 N BT 50%, [RIA B AH i 4k 400K
BT R AR AR, RST B AR /DN Y i R 3



561 ST, 25 BN IAK A4 TigwAl, FeMo, 214V RITERERT 21 - 69 -

£ 850 °C W}, Buh} B AT HIAHI & IR, 55 80%
Jed, I HAEML B ARG 2 R4/ NS B A
BRULZ AN, MBS A B S A 42 o0 R AE B A G 43
ATEOL, XIRES 1 AT T RERE /b, WniEl 3 s, ol
PIE L, %A 4T 700 C B RS, Al Fil Mo JG
KB EELE o M, 1M Fe 1EPIH R0 AHXT 8N

“Jo
20 pm 20 pm
--

(a) B54%; (b) BEMD 15 (o) BEM 25 (d) BEAL 3
2 Ti,AlFeMo, & &7EREIRMGRAE FAMUA 5
Fig.2 Micromorphology of TigAl;FeMo, alloy obtained
at different aging temperatures

b) Mo c) A (d) Fe
10 urn

BEFRERNRERETHIHER

& 3 TigAl,FeMo, &

22 JitEtEne
& 4 4 TigAl, FeMo, ¥ 25& 4 DL S A AR ] i
BORE T &4 W g 12ErERE . A 4 AT LLE
4 28 AR TR RE (R A B, H i s MR AR A
ﬁ*/‘fﬁf}# R . TigAl FeMo, 585k& 41
JE4R5RIE A 1366 MPa, WiZdIvE A 20%; 245 4 1E
700 °C B EE R, A 4 A E] 1712 MPa, 5%
BESMLMRERTE T 25.32%; M 770 °C BH&ab
RIS, A4 IA T 1 695 MPa, IS S 4 HR
JERRTE T 24.1%, X FLIALET B HriliAHB s AL/
. YME4TE 850 °C TR, Hik B Fl L)
PRI IR ET R 1 558 MPa Fll 24%; 5855 PEREM L,
5 B AV DI 14% LUK 20%, 13 3 FirR .
XF HESCHk [15] H R HAL PR ARER & 42, 2B S 4L
WP S R T Eﬁ%é@‘aﬁiﬁﬁ@ﬁao X JEH T
Tig,Al, FeMo, &4t 850 °C AFsb #E , B fH
U R/ IMEIRIY B A0 — 7 THAT R T A RHEASTE
B AT MR ARSI, 5 — 7 i T IR RE R 1, M
P R B R A

Fig.3 Distribution of alloying elements in two phases in Tig,Al,;FeMo, alloy

2000

Tig,Al, FeMo,

1500

1000

1 }1/MPa

500

0

0 10 20 30
N7 /%
4 TiuAl,FeMo, & & EA R EURE THN N
Hhzk
Fig. 4 Stress-strain curves of TigAl,;FeMo, alloy obtained
at different aging temperatures

*3 AEIBURET TigAl,FeMo,
2Bt

Table 3 Compressive strength and fracture ductility of

Tig, Al FeMo, alloy obtained at different aging

BEESEEEMETR

temperatures

FEfh FE455 4 /MPa WAL/ %
s 1366 20

FEdn1 1712 22

FEfm2 1695 18.9

FEm3 1558 24

23 WrHEs
&l 5 K TigAl, FeMo, 5854 4 VA M A A [] it

ROREET &8 W 488 e . BR T7E 770 °C B
AAE PR BORE A, AR S A T 1 A A B
WIEs oA, RIUL T RAFAYERTE, X 5 iR RS )27
PERESS RAHILHL



- 70 - UK TN 2022 45 43 4

3

(a) #4755 (b) FEA 15 (c) Fhdim 25 (d) FRA 3
5 TigAl,FeMo, & N FIRMURE THIET Q25

Fig. 5 Fracture morphologies of Tiz,Al,;FeMo, alloy obtained at different aging temperatures

2) Tig Al FeMo, k& 43 48/ [R) I 355 7L 38 Ak B

D) R b TR R R S & IR 3R R, 7E 700 C 770 T F

Tis, Al FeMo, HEEHGMHIRIENHER, Tis Al FeMo, I RAL S W] 88 35 42 5 BRA 4 1 R 400 588 B2, T A

NS

SO ZD AR S WIS 2 . YRR 850 °C N EIERUS W LASEIAR A4 i B AN S Y )

JEXGINE] 850 C wf, pHTINAHAY S ERL, HAEH 24T

SE

(1]

(2]

(3]

[4]

[5]

[6]

(7]

[8]

[91]

[10]

[11]

[12]

[13]

[14]

Oh J M, Park C H, Yeom J T, et al. High strength and ductility in low-cost Ti-Al-Fe-Mn alloy exhibiting transformation-
induced plasticity[J]. Materials Science and Engineering:A, 2020, 772: 138813.
Zhu W, Lei J, Tan C, et al. A novel high-strength B-Ti alloy with hierarchical distribution of a-phase: The superior
combination of strength and ductility[J]. Materials & Design, 2019, 168: 107640.
Das J, Gogia A K, Satyanarayana D V V. Effect of iron and nickel impurities on creep and tensile behaviour of Ti-24A1-20Nb-
0.5Mo alloy[J]. Materials Science and Engineering:A, 2008, 496(1-2): 1-8.
Fan J, LiJ, Zhang Y, et al. Formation and crystallography of nano/ultrafine-trimorphic structure in metastable 3 titanium alloy
Ti-5A1-5Mo-5V-3Cr-0.5Fe processed by dynamic deformation at low temperature[J]. Materials Characterization, 2017, 130:
149-155.
Fan J, Kou H, Zhang Y, et al. Formation of slip bands and microstructure evolution of Ti-5A1-5Mo-5V-3Cr-0.5Fe alloy during
warm deformation process[J]. Journal of Alloys and Compounds, 2019, 770: 183—193.
Wang W L, Wang X L, Mei W, et al. Role of grain size in tensile behavior in twinning-induced plasticity p Ti-20V-2Nb-2Zr
alloy[J]. Materials Characterization, 2016, 120: 263—267.
Sun F, Zhang J Y, Marteleur M, et al. Investigation of early stage deformation mechanisms in a metastable  titanium alloy
showing combined twinning-induced plasticity and transformation-induced plasticity effects[J]. Acta Materialia, 2013, 61(17):
6406—6417.
Zafari A, Xia K. Stress induced martensitic transformation in metastable p Ti-5A1-5Mo-5V-3Cr alloy: Triggering stress and
interaction with deformation bands[J]. Materials Science and Engineering:A, 2018, 724: 75-79.
Dong R, Li J, Kou H, et al. Precipitation behavior of o phase during aging treatment in a -quenched Ti-7333[J]. Materials
Characterization, 2018, 140; 275-280.
Xue Q, Ma Y J, Lei J F, et al. Mechanical properties and deformation mechanisms of Ti-3Al-5Mo-4.5V alloy with varied
phase stability[J]. Journal of Materials Science & Technology, 2018, 34(12):2507-2514.
Ren L, Xiao W, Chang H, et al. Microstructural tailoring and mechanical properties of a multi-alloyed near B titanium alloy
Ti-5321 with various heat treatment[J]. Materials Science and Engineering:A, 2018, 711: 553—561.
Smilauerova J, JaneGek M, Harcuba P, et al. Ageing response of sub-transus heat treated Ti-6.8Mo-4.5Fe-1.5A1 alloy[J].
Journal of Alloys and Compounds, 2017, 724: 373-380.
Kim Y K, Park S H, Yu J H, ef al. Improvement in the high-temperature creep properties via heat treatment of Ti-6A1-4V
alloy manufactured by selective laser melting[J]. Materials ence & Engineering A, 2018, 715: 33—40.
Lee K H, Yang S Y, Yang J G. Optimization of heat-treatment parameters in hardening of titanium alloy Ti-6A1-4V by using
the Taguchi method[J]. International Journal of Advanced Manufacturing Technology, 2017, 90: 753—761.

(FEEEE 77 )


https://doi.org/10.1016/j.msea.2019.138813
https://doi.org/10.1016/j.msea.2008.07.014
https://doi.org/10.1016/j.matchar.2017.06.005
https://doi.org/10.1016/j.jallcom.2018.08.097
https://doi.org/10.1016/j.matchar.2016.09.016
https://doi.org/10.1016/j.actamat.2013.07.019
https://doi.org/10.1016/j.msea.2018.03.070
https://doi.org/10.1016/j.matchar.2018.04.008
https://doi.org/10.1016/j.matchar.2018.04.008
https://doi.org/10.1016/j.msea.2017.11.029
https://doi.org/10.1016/j.jallcom.2017.07.036
https://doi.org/10.1007/s00170-016-9433-3

	0 引言
	1 试验材料和方法
	1.1 材料成分设计
	1.2 试验方法

	2 结果及讨论
	2.1 显微组织
	2.2 力学性能
	2.3 断口形貌

	3 结论
	参考文献

