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1.1 ZIEER

Ti-1300 &4V PG IbA a4 @ i 7T B s i —
Pl sk s AR B KA 4, AR SUN(830£5) 'C, SR
RN 790 CR#ELH) d10 mm FIEEAE, JRIGZH LN
B 1R, N ot+p PIFHALZ

12 SKEFE

R EOIEI T AR ETIGARE, TBEFE AR
BEL e AT FAAE B, A IRE D 850 °C, R 37 min,
i % J5 57 B 7K %5 (Water quenching, B WQ). & 1 25
TR S MAEESAETZ. TE A MRKEEAL

1 Ti-1300 & &R H R IR

Fig. 1 Original microstructure of as-received Ti-1300 alloy
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Table 1 Heat treatments and corresponding nomenclature for

heat treatments

Process
No. Heat treatment process
A (850 °C, 37 min, WQ)+(500 C, 4 h, WQ)

(850 C, 37 min, WQ)+(4 ‘C/min, 350 C, 10 min)+
(500 °C, 4 h, WQ)
(850 °C, 37 min, WQ)+
(4 "C/min, 350 C, 10 min, WQ)

D (850 °C, 37 min, WQ)+(4 ‘C/min, 400 C, WQ)
E (850 °C, 37 min, WQ)+(4 ‘C/min, 500 C, WQ)
F (850 C, 37 min, WQ)

B

C

AR B H7E 500 ‘CLRIE 4 h, T2 B HLL 4 C/min
I R AN 350 C, AR¥E 10 min, 488214 500 C
RIR 4 he A6, Wit T 3 FhRAKLIR T2 50 A Bl ik
IR I ARAR IR, [V T 2398 850 'C 37 min,
KAZZRRE. TR TZE, T2 C NLL4 C/min i#
FKINFAE] 350 C, R 10 min, KAE=EE; TZD
NLL 4 C/min FEHNHE] 400 CEIZIAE=R; T8
E ALL 4 C/min B N#HE] 500 CRIZIKA 2 E R
T2 FARGER p A B T2,

IRFEL I B . k&S R g
FEdh o IBFESLEBEG . RUBTIRE T, o Ffd il
St HC1O, 1 CH;COOH(98%,  J5ii & 43 $0) 7R & 111 ik
WIRECEL A V(HC10,):V(CH;COOH)=1:9, LA 50
V, HAA 1~2 A, BN 37~43 s, JEMRECE A
V(HF): V(HNO;): V(H,0)=1:3:100, A V(HCIO,) :
V(CH;(CH,);0H): ¥(CH;OH)=1:7:12. {#f SU6600 %!
F T BB MMM A, 7F JEM—-200CX %
ST B JEM—2100F 740 s 5 B s T oot
H G Je A AH M 8 . WK RE B fE R A AR
HVS-50Z/LCD B4k [RAH AL, k5% /18 9.8 N, fREK,
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2.1 FERMHRSRSERATE « HHEIF0

T Ff T2 b BEARRE (R L SO SR (LB 2(a) Al
2(b) e a AHRSFGEvt S5 R (L 2(c)F 2(d))rT %, T2
A SEBARET ) o AHTESUNZE FOIR, L2 B ALk
) o ML T2 B AFRFEH 92.39%
H o AHRSFTE 100 nm PAR, T2 A AFREEF o A
RSF AT FEM TR, 76 0~1 pm Z [A1#RAH 546 .
XTE 2 HARFAT G TISK 2 g iR, T2 A b3
REEH o MY RSN 202 nm, o MITEZTE%E 50
ANpm?, T2 B AERFE T o AR SN 54 nm, o
MR % E 290 AN/um®. T2 B R 58 DL
4 °C/min #4350 'C, I HARME 10 min, M L2 A
JE HEETE 500 CLRIR 4 h, PHiFh T2 A0 HEA3 2R
M o ALK Z R YR, HIELZ B
HAETE R ZRARE o AHBTEAZ AR 0] o AHCR . FOWE
ML R T2 B LB FAETE o #H, X o FHTE
A REER, i 3~5 Fis.

2.2 Ti-1300 BEXPINIAF o FEHTHIEIE
EAEIAFELL 4 °C/min BEXPTHE 350 CLRIE 10

©
E0-100 nm
100-200 nm
[3200-300 nm

E300-400 nm
B >400nm

B2 ko fBNE o MNHIIES K o RS

x®2 Lo fBIANE o HBIE o M ARHIES T
Table 2  Statistics of distribution feature by process A and B

Average size of Areal density of
Process 5
o phase/mm o phase/pm
A 202 50
B 54 290

min KA BIEHE, HAOWHLSRWE 3 fros, i i
HHE o M, TESUAEKE, 5. B 3@BiRh
ML, B 3(b)Fras AATHBE A B 3(e) A N 3 (b)
forER, B 3(dFaAN 0111), KRG . o HX
KA & MERER LI O BS B SEI b od K E
Jt. ZHANG P TR, 16 B Hepk b S ok
& oo M, BEIRATLUKHE 52 i R B A s i
BA GBS K.

T AR 350 CH#E] 500 CHIAHASTRE, Kk
FELL 4 °C/min B THEZE 400 ‘CEPZI/KA, HALHn
K 4 fiw, W o 5 o BAHILE, B 4R
B, B 40 NTRBES, B 40N E 40)1)
REE, B 4dFiRNO111), KRS, B 4@
RN ATON), KI5, B 4 RN (0111), A
(A 101), IR, 174E o HATE o HIS5TEAZ K 1
LG, GRECOAG I o MIN o IR T I S, [N 2
ENTN o MEES T o MEHE—B KK B 4(e)

(d)
I 0-100 nm
O =100nm

Fig. 2 Morphologies and « phase size distribution diagrams of Ti-1300 samples without and with w phases: (a), (c) a precipitates

transformed from w phases; (b), (d) a precipitates transformed directly from f phases
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B3 Til300 &4:% 350 CHIAL 10 min AH 5 ¥ o AH
Fig. 3 Precipitation of @ phase particles in Ti-1300 annealed at 350 ‘C for 10 min: (a) Bright field TEM micrograph; (b) Selected
area electron diffraction pattern; (c) Key diagram of Fig. 3(b); (d) Dark field image using (0111) 1 Phase reflection

El 4 Ti1300 &Lk 4 C/min B THE E 400 CHH o+a #
Fig. 4 Precipitation of w+a phase particles in Ti-1300 heated up to 400 C: (a) Bright field TEM micrograph; (b) Selected area
electron diffraction pattern; (c) Key diagram of Fig. 4(b); (d) Dark field image using (011 1) 1 Phase reflection; (e) Dark field image

using (1101) 1 Phase reflection; (f) Dark field images of w+a phase reflection
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B 5 Til300 & 4:Lh 4 ‘C/min FEEFHEE 500 ‘CH ota H

Fig. 5 Precipitation of w+a phase particles in specimen heated up to 500 “C: (a) Bright field TEM micrograph; (b) Selected area

electron diffraction pattern; (c) Dark field image using w phase reflection; (d) Dark field image using o phase reflection
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TS IERE R il 6 fis, Bl 6(a) (o)FTmsr il
NI T A MG MEERE, B 6(b)s (d)FTRI:
BN T2 B RIS A 4% . e %0, #fh
L EME AN akl, TEBM a L LE
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PLEFTAE T2K XRD 4 7 Fis, B E
350 ‘CORiE 10 min B, BR T B ZEARHIATHIE, XRD 7%



968 hEA O RYR

2019 455 H

B 6 PR Z AP Ti-1300 &4 IO 4L 2R

Fig. 6 Microstructures of Ti-1300 alloy after being treated by different aging treatments: (a) Bright field, 500 C, 4 h; (b) Bright
field, (350 ‘C, 10 min)+(500 ‘C, 4 h); (c) Dark field, 500 ‘C, 4 h; (d) Dark field, (350 ‘C, 10 min)+(500 C, 4 h)
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23 BE
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El7 Ti-1300 & &k LA R T 2B 5 1) XRD i

Fig. 7 XRD patterns of Ti-1300 alloy heated by different heat

treatments
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HIAHHB Z1°8 500, 6=0), &4 HER o M2
PASAHTIE ), HAEE &P, T T2 c, T
2D I BURERE T 50 C, WK 4 fis, SR
TN ota WIFRILAE, BN 415 HV, L2 C ik
FAEMMEE S 101HV, T2 C. D AHASKEM
HAXHINTZ D G EHIERA — &1 o M,
VAR T o M, o HXEERRIIETERZE.
JONES 2 Ti-5553 &4 & B o 55 AR
B a IR TN IR, &4 1R RE A Tt
FERE FIRENZG70 TN AERIKRER o
FHo T2 D I RIS 4k 2L B8 B i 100~500 CHY, BRI %)
KAERE T T2 EREAENALILE S), Lk
T2 D MHEAEEAL T o HEEML T, IR
476HV, T2 D A &M S 61HV, Ui kE
o HEENIE 2, &&EHE—P53 TS HE
S IZE % Ti-5A1-5Mo-5V-1Cr-1Fe(Ti55511) & 45 1 0
F G T RIS, SEEHERIE Ti55511 &4
YR REER o AR SEIE 2, B ap 2,
WEEE . TE B RS SN BURETHH
500 CHIRIR T 4h, AL o HEETHEK, o M
AT HATH, BRI o MRAN/ N ST AR T B
Btk b, ERASMEMEER T S05HV, HRE S
BB RARERE SR T 223HV. UL, o AR T A4
MR ERTMEHZEE. T2 A A ESEEN
476HV, % LZMHEET o HEFHRSHTZ B
WG S o MHPPFRSER, L T B AL S
SIS, AN 224 29HV .

600

505
500+ 476 476

415

314
ol 282

Hardness, HV
(9%}
e

F C D E B A
Process No.

El8 Ti-1300 &L AN F AR T 240 M 5 1t 2
Fig. 8 Hardness of Ti-1300 alloy heated by different heat

treatment
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PRI 10 min 2208 M#AE] 500 CLRIE 4 h T H o °F
BIRSFAK )N 54 nm, o FITEAZTHI % 290 pm 2.
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o phase transformation assisted by w phase and effect of
a phase on mechanical properties of Ti-1300 alloy during annealing

LI Pei, GAO Ting, KOU Wen-juan, SUN Qiao-yan, XIAO Lin, SUN Jun

(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The microstructures of the aged samples after solution treatment with different aging treatments were observed
and characterized by SEM, TEM and XRD. The effects of @ phase on the f/—a phase transformation and microstructures
on Ti-1300 alloy were also studied. The results show that the average size (length) of precipitated o phase is 54 nm after
being heated at 350 ‘C for 10 min and then being heated at 500 “C for 4 h. The average size (length) of the a phase is 202
nm when the sample is directly held at 500 C for 4 h. Only nanoscale @ phase were observed in the sample being heated
to 350 ‘C at the rate of 4 ‘C/min, while o phase nucleation attached to @ phase was observed in the sample which is
heated to 400 C. When the sample is heated continuously to 500 ‘C and held for 4 h, w phase disappeared and very fine
uniform « precipitates are obtained in the microstructure. The hardening effect of a phase is stronger than that of @ phase.

Key words: Ti-1300 alloy; aging; @ phase; a phase precipitation
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