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Effect of oxygen content on microstructure and mechanical
properties of ZTA1S titanium alloy

LIU Tianyi', LI Chongyang', YU Cangrui’, LIU Shibing', SHIKun', QU Hewei'

(1. National Key Laboratory of Advanced Casting Technologies, China Academy of Machinery Shenyang Research Institute of
Foundry Co., Ltd., Shenyang 110022, China; 2. Beijing Xinghang Electro-mechanical Equipment Co., Ltd., Beijing 100074, China)

Abstract: ZTA1S titanium alloy ingots, containing oxygen levels of 0.08%, 0.12%, 0.16%, and 0.2%(mass fraction ), are produced
through the levitation melting technique. The effect of oxygen content on the microstructure and mechanical properties of the alloy is
examined using optical microscopy (OM), scanning electron microscopy (SEM), and X-ray diffraction (XRD). The results show that
all four ZTA1S structures, varying in oxygen content, are typical Weisberg morphologies. As oxygen content increase, the a-phase
bunches shorten and their orientation become more disordered. Furthermore, the widths of the a-slats in the four alloys decrease
progressively, measuring 3.92, 3.06, 2.49 um, and 2.77 pum, respectively. Initially, as oxygen content rose, both tensile and yield
strengths of the alloy increase, followed by a decrease, with a concurrent decline in plasticity. Notably, the alloy with 0.16% oxygen
demonstrate peak yield and tensile strengths of 1037 MPa and 909 MPa, respectively. However, when oxygen content reach 0.2%, a
significant strength reduction is observed, primarily due to the formation of a coarse o-phase structure, resulting in the lowest
elongation among the alloys.

Key words: titanium alloy; ZTA15; oxygen content; microstructure; mechanical property
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Table 1 Chemical composition of ZTA15
titanium alloy (mass fraction/% )

Sample Al v Zr Mo O Ti

ZTA15-0.080 6.66 216 2.12 178 0.083 Bal.

ZTA15-0.120 6.68 222 214 174 0.110 Bal
ZTA15-0.160 645 228 222 1.68 0.160 Bal.
ZTA15-0200 637 224 216 170 0.220 Bal
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Fig. 1

Metallography of ZTA15 alloys with different oxygen content

(a)ZTA15-0.080 grain boundary;

(b)ZTA15-0.080 grain internal; (¢)ZTA15-0.120 grain boundary; (d)ZTA15-0.120 grain internal;
(e)ZTA15-0.160 grain boundary; (£f)ZTA15-0.160 grain internal;
(g)ZTA15-0.200 grain boundary; (h)ZTA15-0.200 grain internal
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Fig.2 SEM of ZTAL1S5 alloy with different oxygen content

(a)ZTA15-0.080; (b)ZTA15-0.120;

(¢c)ZTA15-0.160; (d)ZTA15-0.200
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Table 2 Width size of ZTA15 alloy a-phase strip under
different oxygen content

Width/pm

Sample

1 2 3 4 5 Average

ZTA15-0.080 432 3.18 432 400 3.81 392

ZTA15-0.120 2.03 3.13 3.66 342 3.06 3.06
ZTA15-0.160 243 221 235 251 292 249

ZTA15-0.200 242 3.01 286 282 274 277
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il ‘B'T'; ZTA15-0.200
> ZTA15-0.160
2 |
g | 10| JE—— #,,A,,,“Nw, S
= " ZTA15-0.120

“.:“\;7 B SO S S
ZTA15-0.080

N |
20 30 40 50 60 70 80 90

201(°)

K3 OREES & ZTALS k&4 XRD
Fig.3 XRD of ZTA1S5 titanium alloy with different
oxygen content
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Fig. 4 Tensile properties of ZTA15 alloy with different oxygen content
(a)tensile strength and yield strength; (b )elongation and section shrinkage
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Fig. 5 Tensile fracture of ZTA15 alloy with different oxygen content

23 HiFSitie

SR SRR A 4 4RI R Sl B 1 — b
JeIFoCE, Howtsk a4 M F 54 4 Jymfpm
(a) ik o AHA B AR . SETCRIE W E TR

(a). (b)ZTA15-0.080; (¢). (d)ZTA15-0.120;

PRI CatB) /B FE AR L, P v 0 T LU
R, P o R, AT H A o A DU
1 16) T 78 Al AL LA IR U, X SegIR g 2

LA 55 it St S B0 DL 56T 1 i TR, DT eI



523

SR ZTALS SR 6 LS A RE R 71

BAEREYE, (b)ES RN, 5 B
181, 5 FC A 75 L I S R I T,
BT DU T G M o L o (R H 38 3 A ik
PRS2 4 A7 SR ARAE T, A AR B S R A L (o)A
SE oMl AT ER A A A EREME Y o i o, A
MM . (d) SIS . B4 48 A T L)
T o SEUR I AL Ti, AL KRS . )5 BIF A
BOR E TR Bk A 4 b, T A B 5T I
ZTAILS &40 o BUEKA 45, BRI o 4
ML S ERE R B

Bt A, Hh TR Bk LA AR 0 3 R L4
{5 T2l izt N R R T2 4%, Bk 4 rh i SR
T AR o ) BB T R BBk A 4 o R, T LR
It T v A, I i T B, T 4 DB D
AR T S S, ek 4 4 i i gt s
[ 4T EAE R BIC R, TR A S 4 LIRS,
1A ks PO I B, BERY F13% S LA A
32 AR PR 3R B S 2R BRI T A Cotrell S, 5
B A IBPERAR

TEABF S P AR A B N A 2E T Y o RO
{g /NS 2, 8 K495 B ] 1 3 A s S
BERILIG S [ 43 A RS, A 42 B DRI A3 304 o . T
Bk, 482 Sk IR WA T 5k PR % FEJE, 9 i A
a3 5 F1 24 P RE 2 18110 9E R A0 4(a) FFs o R
P& Hall-Petch 22 A] 1, SR RS #UIN G 4 0 ik
B, B A R RN, AR 2% FE R, b
ERA AR L A A VB I SR A S I T R AR
KR ICE VRINGE T T (atp)/B HIFEASIRLIE , B
A R (RSN, BRI o M 2 T
B4R R 0.29% B, i P A SROIR 21 4 5
B, SBLYERIE R AE o M. RIS, TR R
G oP VAR e, i Tk 149, 5 iR R
[ A, I 40 A T, 4 TR 5 5 s o 2
FER RTS8, S YR T 13 525 140 o LR
BN, 3o A0 R A 4 R 3 B e AR ARG R R 2

~[17-18]

3 it

(D)4 FhARTRI A S5 ZTALS SR G4 H8 R
AR BR G2, A A & i MBI A o st
PEWAIS, A SRR AU B AR, S AR S, T 1)
AFRIREL, MA SR A 0.16% F1 0.2% I, fi b by
HET IR o FHEIES T AR, TE AR R H B T R
RUREE o HH.

(2) B A& R, 4 A 4 a5k
YT A 3.92.3.06,2.49.2.77 um, AT EN 0.16%
i, A A 4120 B Aifk, teR o A B W3, W
Han AR AR, MATETE 02% B, o H
E—2 0T HE 2 R R R 40T

(3)BEE A S RAN, ZTALS $h& 4 s
I AR iR 3 52 Se T Ja BRI AR (L i 3, A & Wi
R 11% R 6%, AT RH 0.16% I}, &
1) i B Ao hr a8 B s, 4305124 1037 MPa Fil
909 MPa, Wi )5 fit £ 2 K Wi 17 W 45 %8 7.5% F
14%., 4% &8N 0.2% B, W E1 ) 55 4] 2L 45
T, BLHTA 4 MR

&% Lk

(1] XU, SREES, B, 46 BRG & MBS M RHEMT S

FUL R A9 107 P A R B LD M 2 R4, 2020, 40(3)
77-94.
LIU S F, SONG X, XUE T, et al. Application and devel-
opment of titanium alloy and titanium matrix composites
in aerospace field[J]. Journal of Aeronautical Materials,
2020, 40(3): 77-94.

(2] SR8, (T FEEs, FMS. 31 Bk b Bk g 4™ fh A I 52 IR
FekJEmnse (1), T 1.2, 2020, 49(22): 22-28.
GUO L, HE W X, ZHOU P. Research status and develop-
ment prospect of titanium and titanium alloy products in
China[J]. Hot Working Technology, 2020, 49(22) : 22-
28.

(3] ], SO, madll, 25 izs A ShpLH St e i ek

BRI S K1), BB TRE, 2016, 44(8):
1-10.
CAIJ M, MI G B, GAO F, et al. Research and develop-
ment of some advanced high temperature titanium alloys
for aero-engine[J]. Journal of Materials Engineering,
2016, 44(8): 1-10.

(4] SKICH, MaT, B/0om, 55 U2 el PR S L E
AREJELI]. Bz MR, 2016, 36(3): 13 -19.
ZHANG M J, NAN H, JU Z Q, et al. Aeronautical cast Ti
alloy and forming technology development[J]. Journal of
Aeronautical Materials, 2016, 36(3): 13 -19.

[5] YAN M, XU W, DARGUSCH M S, et al. Review of
effect of oxygen on room temperature ductility of tita-
nium and titanium alloys[J]. Powder Metallurgy, 2014,
57(4):251-257.

(6] B, XISCH, ERRE, 45, AT A AAERIE TC4 Bk
B S rERE R (1] B AR 4 Tolk, 2019, 29(5):
12-17.

LIANG C, LIU W B, WANG T J, et al.Effect of oxygen

content on mechanical properties of hot isostatic pressing


https://doi.org/10.11868/j.issn.1005-5053.2020.000061
https://doi.org/10.11868/j.issn.1005-5053.2020.000061
https://doi.org/10.11868/j.issn.1001-4381.2016.08.001
https://doi.org/10.11868/j.issn.1001-4381.2016.08.001
https://doi.org/10.11868/j.issn.1005-5053.2016.3.003
https://doi.org/10.11868/j.issn.1005-5053.2016.3.003
https://doi.org/10.11868/j.issn.1005-5053.2016.3.003

72 it = M

y S S 545 5

TC4 titanium alloy [J]. Power Metallurgy Industry, 2019,
29(5):12-17.

(7] XUREAL, RAIZE, SRR, S Xt TC4 £k G 4 1241
REAYEZI (1], A (2, 2016(8): 151-153.

LIU Z C, ZHANG L J, ZHANG C H. Effect of oxygen
content on the mechanical properties of TC4 titanium
alloy[J]. World Nonferrous Metals, 2016(8): 151-153.

(8] B, M2, WK%, 45 AN ZTALS BhE 4

A BRI RE RS2 ], BB AR 125, 2021(9)
76-80.
JIAZ W, FENG Z H, JI Z ], et al. Effect of oxygen con-
tent on microstructure and properties of ZTA15 titanium
alloy[J]. New Technology & New Process, 2021(9): 76-
80.

(9] ZEUfl, Bnrik, AR, 45, AR IRXT ZTALS B

A RAERER RN 3 Hr [T]. BB, 2024, 42(2):
1-6.
LIHF, CHE L D, FENG J Q, et al. Effect analysis of hot
isostatic pressing on microstructure and properties of
ZTAI1S titanium alloy[J]. Physcisc Examination and
Testing, 2024, 42(2): 1-6.

[ 10 ] HUANG S, ZHAO Q, LIN C, et al. Effects of oxygen
content on Charpy impact properties and crack resistance
of a titanium alloys [J]. Materials Science and Engineer-
ing: A, 2021, 818(5): 1-16.

[ 1] B, B RUET, BOM, 2E S BN TALS SR B4

Ky RE R 20 (1], A28 APk 24, 2019, 39(1):
48-54.
SUI N, CAO J X, HUANG X, et al. Effect of composi-
tion on microstructure and mechanical properties of TA15
titanium alloy[J]. Journal of Aeronautical Materials,
2019, 39(1): 48-54.

[12] HUANG A J, LI G P, HAO Y L, et al. Acicular a, pre-

cipitation induced by capillarity at o/p phase boundaries

in Ti-14A1-2Zr-3Sn-3Mo-0.5Si titanium alloy[J]. Acta
Materialia, 2003, 51(16): 4939-4952.

[ 13] HENNIG R G, TRINKLE D R, BOUCHET J, et al.
Impurities block the a to © martensitic transformation in
titanium[J]. Nature Materials, 2005, 4(2): 129-133.

[14] LI Q, LIU Y, YU H, et al. Effect of O addition on
microstructure and mechanical properties of Ti-Nb alloys
with various P stability [J]. Vacuum, 2023, 215(3): 1-7.

[ISTILAE, BREE, A8 %, 5. A& B X Ti-35Nb-3.7Zr-

1.3Mo-xO &4 21215 J) 2 ERERSE (1], AR R
SRR, 2015, 45(3): 478-483.
SHEN R, CHEN F, YU X Q, et al. Influence of oxygen
content on microstructure and mechanical properties of
Ti-35Nb-3.7Zr-1.3Mo-xO alloys[J]. Journal of South-
east University (Natural Science Edition) , 2015, 45(3):
478-483.

[16] MURRAY J L, WRIEDT H A. The O-Ti (oxygen-tita-
nium) system[J]. Journal of Phase Equilibria, 1987,
8(2):148-165.

[17] LU J, GE P, ZHAO Y. Recent development of effect
mechanism of alloying elements in titanium alloy
design[J]. Rare Metal Materials and Engineering, 2014,
43(4):775-779.

[18 ] SONIA B, JAROSLAV M, PATRIK P. The effect of
oxygen addition on microstructure and mechanical prop-
erties of various beta-titanium alloys[J]. JOM, 2020,
72(4):1656-1663.

Wk H 1 : 2024-05-14; 5% H 19 2024-07-26

MIRAER : XIRIE(1995—), 55, Wi+, BFGE 5 19 ek & 4 5
WHAR, BERMHE: LT AT IX = g/ 17 5
(110022 ), E-mail: liutianyi0513@163.com

(ALirsm: E4RW)


https://doi.org/10.1016/S1359-6454(03)00352-5
https://doi.org/10.1016/S1359-6454(03)00352-5
https://doi.org/10.1038/nmat1292
https://doi.org/10.1007/BF02873201
https://doi.org/10.1007/s11837-019-03879-w
mailto:liutianyi0513@163.com

	1 实验材料及方法
	2 结果与分析
	2.1 氧含量对合金显微组织的影响
	2.2 氧含量对合金拉伸性能的影响
	2.3 分析与讨论

	3 结论
	参考文献

