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The effect of Fe element on the microstructure
and mechanical properties of TC4 titanium alloy

BAI Jiayuan, YANG Jiadian, QU Zhaoyin, MU Xuxiang
Guizhou Aviation Technology Development Co., Ltd., Guiyang 550081, Guizhou, China

Abstract: This article mainly studies the effect of Fe content on the microstructure and mechanical mroperty of
TC4 titanium alloy. Comparative analysis was conducted on the room temperature tension, 400°C high temperature
tension, room temperature impact, and metallographic microstructure of TC4 sample 1 with 0.05% Fe added and TC4
sample 2 with 0.23% Fe added after the same forging and heat treatment. The results indicate that increasing the Fe
content (about 0.2%, mass fraction) is beneficial for primary growth o phase content decreased by about 9%. And
secondary o phase thickness increases and they are arranged in a chaotic and intersecting manner. The strength
of room temperature stretching, room temperature impact, and 400°C high temperature stretching is significantly
improved. The tensile strength and yield strength at room temperature increased by approximately 55MPa. The
tensile strength increased by about 30MPa for 400°C high-temperature stretching. This is because during the
stretching process, the obstacles encountered during the slip of dislocations are enhanced, resulting in a large number
of dislocations accumulating in the dispersed strengthening phase; At the same time, with the increase of Fe element,
significant lattice distortion occurs when forming a solid solution with titanium alloy, which can also improve the
strength of titanium alloy. But it has no significant effect on the plasticity of room temperature stretching and 400C
high-temperature stretching.

Keywords: TC4 titanium alloy; mechanical property; Fe element content; microstructure

20244 FETHY

94 www.mw/950.com #IT




1 F5

TCAtk &4 (UL ATi-6AI-V) J&T
o+ BEERA A, BB/ LLOREE & . il
GF RO TrERE O SO a2 N RS
LR, FAR. FE R AL Lo, TCARA 4
TR FHIE RSP . MR, BEEMZEATR
KATRIEERM ORI, SR Ak, — RS T
RIBY, XHLZEHIR K SHLET T CA BB B
T E @Rk, TCAs A& & HALEE T Ry h
B+ GRA) AR AP, TCARK A 4R kATgk
PRI, doE I TMERE, R H A SR E
s IR BROR TIREHERE ., TCARKRAEA
SUBBERIR LY, $abr )y, Se R
TR s 7 A R BB A B oy ARk U
HA, HRhH, FRRHSNFIMIEHLS, 75 EE
KT, TCARRASHLHMAEHN, e Mk
I . A& B AR D SRR & W, A
ETALSH R fnwe, = 0.20%0H, 1 T-FescZ1E B AN
B, EREREER, Mmitsa anbihiss
JiE, {HAES00C T A Fidr BEFILE O, Bioesk
B, Festid o -Tihpythy focs, HEkaamdy
HRRE D308, OGRS RO R e, B
KA b "™, FelEh b R TLEAE o HELA
G/ RGE, S a BKA SR LR B M,
EmaamE, Wi, AHWFFes BEXTCAkA

hul

G LFITERERT RN, LA RIFe s BT CARL &
G LVRPERE, WFotFescFEHATCARRE & il A
ANy PEREHI RN o

2 KEMBRAE

2.1 vl

RIS AT CAsk & &R RER A 23k B 28 R
SFE BRI B, IRAELARAS 5983°C, IRAE2AH AR A
994°C , i{AEL: we=0.05%, AFE2: we,=0.23%,
T2 B4y T R GBIT 3620.1—2016 ik R ok A 4 =
Ao ) Boe, B kL,

Rl TCAkGEUFRS (RESE) (%)
H

| Al \Y Fe C N O | Ti

iRFEL| 6.31 4.2 | 0.05 |0.017/0.0038| 0.0038 | 0.174 | 4%
WFE2| 6.37 | 4.23 | 0.23 (0.013/0.004 | 0.003 |0.175 |4x &
550~ |3.50~

Sk < < < < < =
k(A 680 | 450 <0.30[<<0.1/<<0.05/<<0.012|<<0.20|4x &

A 32

Heat Treatment

22 REWAHE

B b 22 5t A TR B v T2 R S kA7 R kA
B, B kil BE R AR RUTF40C, SRKTZE
760°C x 2h, SR AL SE BIE BORE EAT ELAE IR,
BRI H . wiRbL . 400°C milbi . =ik
oo A R A A . S R i S
HHF : HNO, : H,0=1:2:7, TCA4H L HA R
FHDMI3000M 4 #H . S B E A7 M, Hr A i 56 78
CMTS105fpL ez il v 15 REIR GG ML EEfT, ZEIRbL
FNA00°C it b A R S0 . Al B 25mm,
FREE25mm, AT ESSMmM, SR ETImm, Jefy
PRLLRSEMI2 x 1.75mm s S AL A ©
i fE25C £5C, @23 R <80%, 400°C f&imbi
N 45 . © B3R 400 C fRil15min, @i
FERRPE £3C, MM SN £3C, JH AR AT b
A H0.5mm/min, i Al J5 5 IR BL R EE 4 2.5mm/
min, &b e oA 2.5mm/min, vho 5 7R
ZBC3302-BEHEN ob i IEHLEFT . pdi AR
<1 2£455.00mm () x10.00mm (i) x10.00mm
(%) x8.00mm (fk AJEEEBEE) , HkA}:ER=
Imm, rhdlR 4 rE: mEE25C £5C; B RBE
<80%,

3 HR5HH
3.1 BN

FEL. BE2FR45 BT iwe, = 0.05%F03s iwe,
=0.23%1 B, NEILR AW, BMAZN o
+ B HAHAN, KA adAghmE o, w4k
o AHEERIR . MIEAR . KRS, HEUBERAN
BN BAFEES A, AL EAE a#, 50
Hs o AHARIE . IG5 A B AR, B AP kA o A
Mrit, A o AR AN/, BBy X IR T 4k
Fl, WNE2RTEH, BHALEA o + B FFHALS,
fHRRNAE o AH S EILAHEL, B4 %5, Kb kR
AR EANESE, B AT IR A o SRR, KR
BIEREESN, SRR XA oA, B e AHE
wi%, HhmRE: FefEhpfaens, ME
Fedr i, w14 o kR, i B AHEE N, E1d40
A a KHZ)H44%, EI29 )R o #HZ) 435%,
3.2 NEMEEREER

Al Fe sy Bk T CARK A 4 S i 1 - P RE 2 i

20244F FTH]

fry

www.mw/950.com 9 5



#h A 32

Heat Treatment

a) 200 x

b) 400 x
Bl SRS EHEMEAR

a) 200 x

b) 400 x
B2 KRR ASEHERER

WFe2, *F400°C wmim b IERERT M M3, kL
AMRAE 24 i oz (52 ) - 128 th 250 Bl an P13, (&1 45

20244 FETHY

9 6 www.mw/950.com #IT

R, REELRTARE /9400 C & i o B g - 825 it 2%
mEs, R,

R2 ERNFIEEE

Bb 45 | Ry/MPa | Ryy,/MPa (Qo) Z (%) %ggg?
KPEL 889, 889|825, 827 |16, 14|42, 38| 29, 30
iXFE2  |953. 939|890. 868 |13. 15|44, 44| 34, 32

3 400°CHIEIFERE
B S R./MPa A (%) Z (%)
AL 583, 592 22, 20 60, 61
e 630, 625 175, 18 62, 62

M2, RIWMFH, FexRE®MEM, bt
Prom . AR R AR B ORE B R v, S AR
AT, X &R AFelEhik A4 e sk, b
EFelrmun, FEICT B AHRLASIRSE, S50p AN
hn, ATCASE IR R K MR, BAh, FertHflE
T HHT IR RITC R SRR T T R R G, A
FesL =N, S5EkA 4T B E I R I 7= A R d
A, thREtE ek AR E ., ME2bA FH,
A o HEFZE CHEFI, TEELEESS N, A2 B T IRER
e RS febi ot B, e R f b B
W E| Y PHATHE R, FEOK RO AR BRI

a) FimhriFL-1

b) il kL2
B3 LA IR AL R R - I % i %



A 32

Heat Treatment

a) Fimhrfiidk2-1

a) 400°C @i b i ee2-1

b) sEilhifiidFe2-2
B4 E2A =R AL F1- R % 2

b) 400°C gifhi fikkE2-2
E6 XAF2H9400°C iR RN N-RI T 4%

BEE AT R E i, A amlh i LR
w, CPIEh AR R Ty e s AR A A
Wl AE A BT AT, NE2DIE AT, KR o KR
BRIFREERRITE, AR T b PERe.
4 HRIF

1) HimFed & (wex02%) , TSR ETCA
KA R E I AN400°C mim b (FPERE . B DU E
Hm#)55MPa, i il 5% B n#55MPa,  400°C i
PUhE o5 A MZI30MPa, (ES 52 i 7 A v o o if
HORIRCP/SUETS Al

2) WhnFed & (we~0.2%) WTLASE & TCARK A
axfehidirERE, Wng2d,

3) HifnFed & (Wer0.2%) , ATFEEHIAE o 4
Bk, PEIRZ9%, A o HEFIZE ARSI, TREEL LYY

a) 400°C it fr falheL-1

b) 400°C ikt hi i 1-2 hn, TRl F 5 S
H5 ELA9400°C BB RN - M B2
[ EOM, 24, Tk, % A%EBENTCAKS
L SARREHYHM MEHBHA, 2007 (1) .
WH2WHL, BiEFetRa AN, b 103105,
AP, TRENEESOERERIEEN. @) g, AR%, BE TCAKSL KRBT LHFE

20244F FTH]

AT www.mw/950.com 97




20244 FETHY

#h A 32

Heat Treatment

R E# RN #RAFELE, 2021 (7) . 16-17,

[8] £fim, 4L, £5308, F HEILZHTCAKkE &
HBFh F B r0]. A T LY, 2021, 50
(23) . 17-21.

[4] HEE, RF, Tk, F ALEITEXNTCHEE
SURAREZ ARl &R #AAE, 2014 (9) .
36-40.

5] Wik, XEF, KR, F. ROMEXPEK
U RE BN P BALBEMEST
£, 2007, 36 (3) . 480-483.

[6] PRAME, /K, WK, F. FeTxXTALSA A
SEHMART HFHRGTH]. KT L#E,
2017, 34 (2) . 14-18.

[71 &%, ZHR, &8, ¥ FRAEGLFEAT
FFeti i HAT A R E A FE Ry Ay HEEAD] A
kT, 2009 (8) . 84-88.

[8] MISHIN Y, HERZIG C. Diffusion in the Ti-Al
system[J]. Acta Materialia, 2000, 48 (3) . 589-
623.

[9] VISWANATHAN G B, KART HIKEYAN S,
HAYES R W, etal. Creep behaviour of T-i6A-12Sn-

[10] MISHRA H, GHOSAL P, NANDY T K, et al.
Influence of Fe and Ni on creep of near o -Ti alloy
IMI1834[J]. Materials Science and Engineering.: A,
2005, A399(1/2). 222-231.

[11] KULKOVA S E, BAZHANOV D I. Point defects
and mechanical behavior of titanium alloys and
intermetallic compounds[J].Journal of Physics
Conference Series, 2005. DOI. 10.1088/1742-
6596/29/1/042.

[12] XE4B¥2FM%Zs £ELE¥2HhNAEF
it (E%) : F4kbaWRAEZM]. HILF, %
FoAuw: MR Tk Bk, 2019.

[13] 2%, BRAK, El, ¥ PRETETHE4
o MBAATAME ] HHEEBEMHETE,
2012, 41 (5) . 805-810.

[14] AHMED T, RACK H J. Phase transformations
during cooling in o + B titanium alloys[J]. Materials
Science and Engineering: A, 1998, 243 (1) .
206-211.

[15] FEHE, B &, &8, ¥ 62Kk XTALKE S
HRE A F e F ] A=A R AR, 2019,

4Zr-2Mo: Il. Mechanisms of Deformation[J]. Acta 39 (1) . 48-54.
Mater., 2002, 50: 4965-4980. [T17] 20240221 |
Colmm L GRInL) » 2024 458 7 W& Hik

EIERR ThRS (B EIERR TRS (B
DRYNT B Sk Ml ey A PR 2x ) 1254 Hm Ehbg e R A B A 5326 Hi#2
SR g (L) ARAHE 1492 HZ S (Lilg) HHERGARAH 1298  HiE3
R RHE AR 2 ] 5123 H= AL 8000  HiF 4
AL R AR A 1468 hEBEDS 5699V
R IR AR A ] 1362 HiFl

#mT

98 www.mw/950.com



