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Table 1  Chemical composition of Til023 alloy (mass

fraction, %)
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Table 3 Ambient temperature tensile properties of specimens

with different heat treatments

Al \% Fe C N H (6] Ti

293 1024 201 0.02 0.01 0.005 0.05 Bal

B H A o FHTE BT, TR BN SR
EFHTEAERRIT AT, BT DA 28 I A 3 FE S
520 ‘C. 5 h, ¥ (Furnace cooling, FC), # kb i
HUGE B AR i g 5 40 2 B 51 FH Nikon MA100 %Y
{5 B e A AR & S A S, S ARRE R vk
FIFIECEA V(HF): V(HNOs): M(H,0)=1:3:9, il ))2#
PEREMHATE Instro—1185 ZYH AL 4% EARIEAT, FF
I EAEAN 5 mm, FrEEN 25 mm. il DS ADVANCE %4
X SFRATHA(XRD) ATV T 2800 e 24 U
FEM AP IIM . F JEM—200CX AU 5 B3 85 (TEM) X 4
AL TR S BRRE BT A . B, DA R X H AT
(SAED)Y/r#T, Wi o a3 M ISR 44 -
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Table 2 Heat treatment of specimens and corresponding

Sﬁfle Heat treatment
1 840 'C, 1 h, AC
2 (840 'C, 1 h, AC)+(250 C, 5h, AC)
3 (840 'C, 1 h, AC)+(350 C, 5h,AC)
4 (840 C, 1 h, AC)+(250 C, 5 h, AC)*+(520 C, 5 h, FC)
5 (840 C, 1 h, AC)+(350 'C, 5 h, AC)+(520 C, 5 h, FC)

2 HBREDH

2.1 BIACIEE M BB R 1 B

3 P A NI R BB B )RR g e RE . H
FITLAE Y, [ A #5428 FE (R )
H1JE IR E (Ro0) 70 4 1189 MPa Al 1077 MPa, 3
W& (E)N 90 GPa. £F 250 ‘C(Ff &b 2)F1 350 “C(FEdh 3)
2% 5 h J5 58 R AT Ro T, (EARAC AR (Z) MK T
IR R (A SRR RE, ZIUETERIRE . ReBlEre s 2,
HAERARIREG IS W Rk 3 A, BB i g, FEdL 3 1
Z A WK 3.5%F 6.5%. S¥EVEMR, FEfh2 1
E #1ik%] 119 GPa. £ 520 CHZ& MmN 4 A1 5
) Ry 7315 %] 1369 MPa Al 1239 MPa, %% KT

.

Sample

No  Fw/MPa  RoyMPa 7% A%  E/GPa
1 1189 1077 6.5 15.0 90
2 1250 1135 - - 119
3 1210 1100 3.5 6.5 106
4 1369 1308 7.5 15.0 105
5 1239 1191 8.5 16.5 101

“_»

—” represents complete brittle fracture, and tensile properties
are not available.
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Fig. 1 XRD patterns of Ti1023 titanium alloy specimens: (a)
Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4



294558 6 #A

S B % Ti1023 Bk e HOL R T A AL AL R RE 1221

¥ o AHAER, IWIMHEFE o M, FHERD,
FERWRP, DABCARER AT 06 . £ 8 4 1 XRD %
W] Ti1023 AL 520 'C. 5 h &I UG FE
I o MFENTH, HLEAR R otp FiAHERE A
AU F RS 1~4 () XRD 1%, B LAE S
RO FERITE . B ARAE 38.5° AT FI(110)A7 5 iz 7]
A FE RS, UEEH B AR di s B TR N, IR
RO R T RN AT SIS . —J7 T, XRD AREALI
HEEIT 5% H—J7m, MER RS
FAHMOTE &S BB R, T LLIE 7R 250 # b B % By
BORE it IR A S 30 B AR AT I 7
2.2.2 IR B BORE AL ) OM ZH 2

2R ABEEGREM 1 ERMAL, LA
BBV BR S TE B ARG N AFAE KB IEDIR a4 T
B VAH L Bl B AR o AR I, BT CABR R R E 35
i, 1R 90 GPal', & 2(b) iz ATE 250 C T &4 s
FEdh 2 MAHZ, LB BITE B ARSI TE R T K5
WAL, HHE XRD Mg, BEHRE o HH kK,
IXFPERAE N Z AR B " FREEARTTT ) o A B 2(c) T

ANNAE 350 C TN RS IR 3 RS, SHEM
2 MHEEEL, M 3 T EERR o ARHAL . B 2(d)Fi(e) 2
INAE 520 CH I R JEHE A 4 A5 RO 4 23 32 22
B2 o FEFIRG, AH M AN BE 317 P R 4 48T
FZE R
223 WM BRES Y TEM 481 RS0 12

RE T A

Bl 3(@)FTa NFER 1 o4 TEM B335, K
R EE ARG A ST T PRI o4 . Bl 3(b)
FIoR 34K B AIFT o A SAED i, P & 52 B AT
RFEAR BAHIIATSS, B A B[ 113]p0 7E {211} 4 AT
SFBES F BE 2 83253 1/3,2/3 4b N oo FHIRIAT S BRE 55
VLIRS R TE VA SRR TR T Jo# o 1, 75558
FEIEIRES, R o MIREIRD, Kk, FE5 11
XRD i HEA T o HIIATHE, 5 SAED K45 R
—5. B3PI NLER o MBS E, BHh R o
RSN, (HECRIE K. o A RHEYE I 5200
5 o MM RSFAEEG L, 4 o MRS, e
BULE, HXESBEEMEEARE, Fik, LH o

B2 i 151 OM 1%
Fig. 2 Optical micrograph of samples
1-5: (a) Sample 1; (b) Sample 2; (c) Sample
3; (d) Sample 4; (e) Sample 5
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Fig. 3 TEM bright field image of a” phases(a), SAED pattern
(b) and TEM dark field image of @ phases(c) in sample 1
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Fig. 4 SAED pattern(a), dark field image of @ phase(b) and

dark field image of a phase(c) in sample 2
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Fig 5 SAED pattern(a), dark field image of a phases(b) and

dark field image of w phases(c) in sample 3
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3 Zhig

1) Til023 £k & 4:7F 840 CIEA 1 h, A EGHFEMR
AR T M o M, 1F 250 CHFRS h 5 ke R
TREMZER o M. 350 CRAE, BT o B~
MAEKIHEFE 0 M, FES h ERERTIFEDE o
e o FHFFAAEMRE S ISR EEA BT, (E2 2™
K, HEEHK.

2) 250 CH A RESRAL o HITE B EARTEAZ T 5 1
e, WU ILTRAE o MHTE p 5K B, R,
1E 250 CTUN AR AR, o AR EHL, W
A 498 A ) 1369 MPa.

3) 350 CH UG o HI1E p Hefk L RETKZ, IFIE
FRRKEA/NFR o Ao R, 7E 350 °C TR 24 i &
FEdn Tt o AHEH R JE o AHANEARAR o AHAA R, IXFhZH 21
A& SRR ZIEF] 8.5%.
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Microstructure evolution and tensile properties of
Ti1023 titanium alloy during aging

MA Quanl, GUO Ai-hongl, ZHOU Lian>

(1. College of Mechanical Engineering, Baoji University of Arts and Sciences, Baoji 721004, China;
2. School of Materials Science and Engineering, Northwestern Polytechnical University, Xian 710072, China)

Abstract: The solid solution alloy specimens were pre-aged at 250 ‘C and 350 “C for 5 h, respectively, and then aged at
520 °C for 5 h as final treatment in order to confirm the effect of formation and evolution of Ti1023 alloy metastable
during heat treatment on the final microstructure and tensile properties. The microstructure evolution was studied by
XRD, OM, and TEM, the tensile properties of specimens at each stage were tested, and the effects of heat treatment on
microstructure evolution and microstructure on tensile properties were analyzed. The results indicate that the o” and a few
althermal w phases form during cooling process after solution. The massive isothermal @ phases form, but few o phases
nucleated from the f matrix during ageing at 250 C. Contrarily o phases nucleated largely, and grew to small a laths
during aging at 350 C. The growth of a phase consumes the @ phases, as a result, @ phases number decreases, and the
size reduces. The w phases make the strength increase slightly and ductility decrease, even vanish. The a" phases
produced in the solution-cooling process transform to acicular a phases during pre-aging and then to lamellar structure
during final ageing. The ultimate specimen pre-aged at 250 “C is lamellar microstructure, and the tensile strength
increases to 1369 MPa, but that pre-aged at 350 ‘C show not only lamellar a phases which form from a" phases, but also
short rod-like a phases with length-width ratio of 2:1 form during aging, as a result, the elongation ratio reaches 8.5%.

Key words: Ti1023 titanium alloy; a phase nucleation; metastable phase; duplex aging
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