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Microstructure evolution during ageing and
its effect on mechanical properties of Ti80 alloy

GUO Ai-hong, WU Yi-zhou, CHEN Qing-lei, NING Er-bin

(Luoyang Ship Material Research Institute, Luoyang 471039, China)

Abstract: The (500—750 °C), (4-8 h) aging treatments and then tensile and Charpy pendulum impact tests for quenched
large Ti80 alloy were carried out. The microstructure was studied by XRD, OM and TEM. The results show that
quenched metastable f phase transforms to fine acicular a phase and recovery happens in original a phase during aging.
As a result, a grain is fine, the distribution of # phase between a grain becomes more uniformly, and the alloy obtains the
higher match of strength-plasticity-toughness. However, when aging temperature increases and aging time is prolonged, o
grain coarsens, which makes the toughness greatly increase, but the strength contrarily decreases. Finally, the relationship

between microstructural evolution and the change of mechanical properties during aging is clarified.
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1.1 I

AW ST IR B4 B RE LI 2 s s
HISHEEE, & pAHXIFIR, AR A LUR 20~30 CZ£
KUK RS 90 mm X 500 mmX 600 mm FRA
Ti80 A, HALZEWMAT IR 1 s

FT 1 Ti80 A& L NS

Table 1 Chemical composition of Ti80 forgings (mass
fraction, %)
Al Zr Nb Mo Fe Si H (0] Ti

6.1 1.93 3.00 1.06 0.04 0.04 0.01 0.10 Bal

1.2 KIGUEE

ARSI B AR AT RSB I3 X5
2k #7 41X (ADVANCE D8): Jt % & 8 OM
(OLYMPUS GX71); ZE4J Hi58 TEM(Philips CM200);
INSTRON Jj figid 4 #/l: JB300B i ik il .

1.3 KWHZE
% 2 Fian k) TiS0 & 4l i R (STAYHI A . M
F EYJEL 66 mm X 60 mm X 90 mm kb, #%MHEE 2 BFr

FT 2 Ti80 A&l I A (STA) il &
Table 2 STA procedure of Ti80 alloy
Sample No.

1 (atp) phase region ST, WQ+(500 C, 4 h, AC)
2 (atp) phase region ST, WQ+(500 C, 6 h, AC)
3 (o+B) phase region ST, WQ+(500 C, 8 h, AC)
4 (atp) phase region ST, WQ+(550 C, 4 h, AC)
5 (atp) phase region ST, WQ+(550 C, 6 h, AC)
6
7
8

STA procedure

(o+B) phase region ST, WQ+(550 C, 8 h, AC)
(atp) phase region ST, WQ+(700 C, 6 h, AC)
(atp) phase region ST, WQ+(750 C, 6 h, AC)

715 FR) VA IR O BE SR A T A T o PR b TS SR P X SR
SHCHATPIAR G548 23 B R A BB (OM) R
HLBE(TEM) WS BT B 2458 . /£ INSTRON J7
FEARE s TN ot RF =R E AL L s P A UIR W E T Ay = d
25 mm. K 30 mm (B EFREFE . AR R
FFE 10 mm. K 55 mm /) V IEEL D bl

2 HR5UHHE

2.1 B3R E AO R 8] % FELH RY AY 82 A1

1 iz Ti80 G AR 6 h B 5 XRD
e T ATRAEH: (oB)MH X I K TIS0 G4
HEAT I A B 5, BARS B HREI R0 B T i
N TR ZEA, B AH ks> e 38 s >4 IR 0L T iy 42 750 C
IR FE K S 8 h i, B AHEEIRT DN T 7%),
XRD 1 CEERWAE] g FH. X IER A Ti80 5 4:(atp)
AHDX [l e AR K, B AT T p R e e KT
I SR B, KR S AR BT g i
(>550 C)I R, v WA AR AE W FEAR: WA
B—actp, AR pAHIE, HT ot IX AT IEST R
BEWI G IS AT S AERE AR BE— P ESE . Bl
AR S T i R R A B, PR B AH ) YR EL o AHY
BT S, AE BAH SR, 24750 'CL 6 h B3
i, BAHT RO R 7% LT .
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Fig. 1 XRD patterns of Ti80 alloy aged at different

temperatures for 6 h

2.2 BN Tis0 & & SHEMBLHF N

2 It 7 20 Ti80 5 4e ¥ K AS MIAN [F) il B2 I 40 1)
S TR, HE 2@)TLEH: Tis0 &4 kA&
PLUN KRV o AHHB AHRL IR o #H, 22 E
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Fig. 2 Optical microstructures of aged Ti80 alloy at different temperatures and time: (a) Quenched; (b) Aged at 500 C for 6 h;
(c) Aged at 550 °C for 6 h; (d) Aged at 750 C for 8 h
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TWEL T BRI o HIBTRE. AN, H o AHAT B AH
W ZE A, BEAXTHE/N, 500 C, 6h KAk
HE, 6 B SVRIEM, o FA B AR B2 b
K, BRI 2(0)). W14 ap MK SR AR
SRR, WS BARTERT RO R R AR A, AT
WA /NRA o #H, D6 BAEE N OB ANE LT B0
FRHE . T SR 52 550 °C, W14 ap FHERILIN S T
B, H oo AHER TR AN, AR a AHRGEAH/N, 62
BB FEAE LR EIUREE . DRSE T i i e R
2 750 ‘C(K 2(c)), ZEKIIRLI TR Z 8 h, ¥ ap
KEBR, RA a #HER, RSN, 62 Wi ~
Byl WILAERIRIE S

2.3 EIEALIERT Ti80 &4 TEM ZHLRRY SN0

Kl 3 ok Ti80 A< kA& TEM A ZUE SN
B oy FHAN po AHIEX HLFATIHAERE . ] 3(a) &M
Ti80 & & KSHLUN “ KRV o, A+, Al
RIKE a HH+Bn FH7, B 3(b)IE X RIS AERFIESE T

3 Ti80 A& k7 TEM 1%

B AHIAFALE

Kl 4 T A7k Ti80 £54x 500 'C. 6 h ISR
TEM A5 . (oA A MEBUBOE LR, 500
"C. 6 h N 2R 45K (] 4(a)) 5 VK7 Tig0 A4l 4
SR 3@, AR FRIE o, FHHB WA EIR
A ag A+ B A R ETBORAE L F SRS 4(b)):
IS Ti80 A<k FEN, S A LD, AIEPIRIK/LE
o AR AT, Fs R EHORR, JEBE R4 50~80 nm,
PEKESEREN TFAR R I B IZ LE oK RS JELE 1 4
ERIRIKZE ag MIEAEARIEL(S00 “C) G FE A thid v
WERSAH MR AR TR IR, X — 25 R X AR AT bt
SR 3.

K5 B Tis0 £54x 750 °C, 8 h i %5 TEM 41
o &5 RW]: IS 0 BN R] 43 5 T e AE K 4
750 °C, 8 h I}, IRAE ag AHAEAR RS IO 4 PR AR (L
£ 100~200 nm), HFiEmEIIH AR, HESRIKE adH A
SN, T B AHS B> X BEE: IE
YA B A CAF RN TR 3 o

Fig. 3 TEM images of quenched Ti80 alloy: (a) Bright field image; (b) Metastable /5 phase and its electron diffraction

4 VKA Ti80 A4 500 'C. 6 h %k TEM &

Fig. 4 TEM images of Ti80 alloy quenched and aged at 500 ‘C for 6 h: (a) @, phase+fine acicular o, phase bright field image;

(b) o, bright field image
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2.4 BHUREFREIRT Ti80 & &M RERY 2N

Kl 6 Jr 7 A Ti80 < hu A g Aok 0 14 B IR 3%
AR 2. 18] 6(a)&W]: 500 CINAKS, Tig0
S o FE Al B MER OR MR B BT o v i AR B R
550 °C, WRFE. MHVERIPPLGEINEYY NBE; dkST
BOEIESR 750 °C, phi I RIREE BTY, SRR
TR, R R 500 CHEUGE, W B M4 4
A AN INTR B A VAR UE ag M, AT AR AN RE S
BOGI o 1, A A /NERIRIR A ag AHTR B AT AEE4S
PIAHSR G 22, 38 R AR A SOV I, AT 5
Friie MeAh, PGSR BN RIS, DA
J¥ Bu AT a MHRIFAR, G S BIrE BTt
Thin e 2 550 °C, AR a dHEKR, A4
JE - SRPERI P ) Y T B o SR ST H i N 0 A 750

T, WA o KR, B4/ MR CER .
TIRECERIRIR A ag AHIRITRD, G4 PR AR S T T A sk
A, S AR RSS , REE TR R, fErbid
W FEREUE Y B e MR EUOE L AR
JEBY B A S e (1 40/ NERIR A o AR 3
B, 480 T ASHPTER—LOE Ay R e ),
W I B S ZEA X AT, 500 TS,
Ti80 & & PAF IR AE “ oS- —phi Bk VLRC.

Bl 7 itz ok 500 “C BRI B 250 )] Tis0 £ 4k
RESCMRIAE . &1 7 R0 Bl O A, o Ao
PEAEAK, phiiBIPEseT @, 6 h JEHFiR TR, X3
B, 2500 CHIRE 6h I, Ti80 &4k N FRe s
B, RIS R E, IR o AHBT H IS I, o
RIS N .

5 Ti80 &4x 750 'C. 8 h %5 TEM 1%

Fig. 5 TEM images of Ti80 alloy quenched and aged at 750 °C for 8 h: (a) Bright field image; (b) a5 phase bright field image and

electron diffraction patterns
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Fig. 6 Curves of properties vs aging temperature for Ti80 alloy: (a) Tension property—aging temperature; (b) Pendulum toughness

—aging temperature
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Fig. 7 Curves of properties vs aging temperature for Ti80 alloy: (a) Tension property—aging time; (b) Pendulum toughness—aging
time
aging on microstructural evolution and crystallgraphic texture of
. a, o', a" and f phase in Ti-6Al-4V wire [J]. Materials Science
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