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Fig.1 Microstructures of sample A (a) and sample B (b)
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Fig.2 The p grain size under 2 min-solution at

different temperatures
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Fig.3 Microstructures of (a) sample A and (b) sample B

under 2 min-solution at 1000 C
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Fig.4 The percentage of prior § grains sizes of which are at the

range of average size+40% after 2 min-solution
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FHAS 5E BT 4R SRR, B AR S A K.
HF A MR R EART AR, R Rt aE, B
500 G TS 5 SR SR IR AR K o ORDRL A 2 38 1 iR
TR EOEAT I, AT O IR S S e i O B AR A
TZENTBA RS, AR I SR8 R BRI, L4200 7,
JEFAEBRIE dfohr b (A6 2247 Ry

1=(G,+G,)+2Q/r (4)
Hrp, Q BRI G, AR AL H i fg s
G A ARFA s N AR RE . AR, 7E Q(G, + GO
BHEOLT, BT A SRR A2 A S R AR
B, PN, o BOK, @R T . Ik, R
TS AN R 1) R ARORL T L, 38 RROK A RLAS TROK
ANEROREAN TR /S o G AR AR 1 2 AN RN 2, )
2 MR AR ER S A, WARRGKK: W
SRAHAR 2 AN AR RN 22 B AR, T 2 K i R TR
AR, AR, EEH R

AT L, R AR KR AL S R RS 3 S 1
WA RSH5, KK, BRAR S KK
MR, SRS KR NS AT DUR 4 Hh fif R
ARSI SIS E 1000 C AR 2 min J5, B 2%
IRFE IR T 2 A JERFER 2 £5(& 2), HAREE 1 h
Jis A B S RRT R B 28R KR 2 (K
5). XJEH T 1000 CHN (2 min) iR )5, A 2RI
FERIERL NI E], w0 HN 60%, K doRL g J [
/NS RE(FE 3a), gk S LRI A BRI X B8R g R4 T
JEL L) /I R TR T A K5 10 7 B 2R AR # AL 3 2 min
A B R R ST 451 (B 3b)s o K 90%,  AHAR
BE A KA BSe S, AR Z BIPRE]. wTLLE
A BAFER SR R IR SN ) L B RFE R, KO
R

B AR AR A 2 Bl R B R A2
FRF Iy R F, I ) A5 TR O R ST AR D
NI VRS 8 KSR NTVD YA 0 NP A e 2P b= A
FEBR i, SRy ROE R, AR TR AR, 2
FhIR AL EE T b AR K Al B, R — P B L
R — AR R AT AR E IR, 5 — AP B
W AT BEHREAS R B . A ZERFEAE 1000 CHUb B 1
h Ja @R RSH KT B KK, SR TERIFE M3 ) 5 4%
PE R ) 2 5 A AN [ 3 T

Kl 5 H R R SEAE 1000 "C & 1120 °C X [a] A Bifi f
T B AL B 2y, B RT L p A ORI (2 min) S
AR PR3 ST M SR ARRE o B TR) (2 min) MR EE S A 28R
FE iR 3550 T 52 B il J5E 1 T s 1 3 n (1) 4), ok OR
T 255 M K TS, BB TR, PO
ek, 52 BRI ) R E B RER B bk



o561

SRS BRA R B R A B R e 44 A R RE 1 5 +979 «

ST AR I — RA 7 1 AR, &5 XA B
7£ 1060 CHYIT, H1F M 1000 °CF) 1060 °C ki ]~ 3
AT 10%, O = AR AR, B 1060
CAb Ay e RAE w5 10 S 4k 232 T vy it R 3 0 12k 1) 3
I AT b RS8N o B 2EFEE R B2 min) R 5
() ARRE A ST REFE 2 SE 1S K, 71 1060 °C BT iA 315 K,
SRIGIRFEANAL,  Jir DABE 45 5 P T v b K K ) 2% 52
W PR 2059, FHAREE 1 h 5 SRR STt B R R T v vk
/N, E 1060 CAATIE BB/, TG B TR, )
A R i ARE R RS K

PR PRI RSB RE 1120 “C LR, J6 I S kb 3849 3] 5
BB S PEFEAORFEAN A, I BEF il K 3 ) 27 R = A
R AE KOS R R SR, RS B O R R
s R (] 5) . S BRI BT 1120 CHY,
1 h BAEFES 2 AN T T2k R TR ZE
Al Hd 1120 ‘CLLRG, 2 B 102 m b R~
FEAAH ] o

Ty EE AT 3.5 mm B AE 1000 CHUALEE 1 h
JE A3 B (O RST R 280 wm, K/ kg A [R] A B 1 E
™ A ZERFEM 45%, B FRFE 50%. X b J e
INE 2 AR T8 B AN AR g R (1) A2 1R s i, AR T i
FROR TR 45 dt T AL OBk 2, oL AR i 8 e B s2 38 4H 48
e RL RS R, A 380 ) et RN
2,13 f dhAa B AT ] 6 A& KA

P 6 by A ] A HE I R) AR FE N A 2R B ZRARAFE
B SR RSE R ARE O, PTBUE 78 A BRI T
BB dR AR, TS B RS I, AR
LR, 2 h JE ki R AR N o SCHER[4] AL IR
b AE T B ORL IR RS RIS R] (1 56 2R 2

D" Dy =Ktexp(—Q/RT) (5)
A, DRI Do 43 AR bR 1) 5 2 /NI GR K71
t RIS TE] s n AR kLI A K R E, noBK
FoR b A KNS, R ONVRRHE S T 4 xE
By O BRI T SO RE: K O HE . SRR
FIHA AL BN (] KRBT SR BN KRR, W WS Br e
1) B Kot B IS T P A A AR A I M A & T SR #E 5 25
3
2.2 BRRTHHHEFTMERRLT BRIEENZMN

SEHRE 2 B aR R RS 22 RN A AT T F 1R
AR W R B9 55 R e e i K, 43 )k 1000
‘CIE¥% 30 min 1] f5 550 CHE R EE 4 h £43 211 iR R
~FZ 5 450 um 4127, LA K 1300 CIE¥% 1 h J5 550 C
WAL EE 4 h A2 R R ST 294 2 mm 21, 3% 2
GIHT 2 B ok RSE T i Bz A v e S W ) AR, Wi
ZLPENNR 25 o Kqo v] UL d R8N IS AR A 85 15

1000
900 f : a
o 800 ' s
5 700 8 2
Se00f | % Y
'i sool * ¢ : = 1040°C
g .s ® 1060 C
5 400F v A 1080 C
< 300l * v 1120°C
* 1160°C
200 i * 1200 C
100 1 1 1 1 1 1
0 50 100 150 200 250
1000 f . b
900 | v
g 800 | : .
S 700f * M ¢
@ 600 . ¢ = 1040 C
= " ® 1060 C
g S00p M A 1080 °C
3 ME I
400 .1 v 1120C
= 300f o" * 1160C
so0f ¥ *  1200°C
0 50 100 150 200 250

Heat Treatment Time/min

Bl e 2 8I0KE B iohsr RSBt Fh A 2L R 5 IS 18] 11642 4
Fig.6 The S-grain size under different solution temperatures
vs heat treatment time of sample A (a) and sample

B (b)
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Table 2 Mechanical properties for the sample of two
different grain size
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Fig.7 Fatigue crack growth rates for two types of § grain sizes
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Fig.8 Fatigue crack fluctuation range for the sample of two
types of grain sizes: (a) fluctuation 0.75 mm for 450 um
grain size obtained from 1000 ‘C solution and (b) flu-
ctuation 1.30 mm for 2 mm grain size obtained from

1300 °C solution
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p-Grain Growth and Influence of Its Grain Size on Damage-Tolerance
Property in Titanium Alloy

Ma Yingjie, Liu Jianrong, Lei Jiafeng, Liu Yuyin, Yang Rui
(Institute of Metal Research, The Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The purpose of the present study is to know the influences of thermo-mechanical processing and heat-treatment on the prior
f-grain size of TC4 titanium alloy, and the influence of grain size on damage-tolerance properties is also discussed. The average S-grain
sizes under different thermo-mechanical processing and solution treatment conditions were measured. Noticeable difference of f-grain
growth behavior was found between atf forged and S forged TC4 alloy under the same heat-treatment conditions. The exponential
relationship between f-grain size and solution time was presented. The results show that f-grain size does not always increase with
increasing of solution-treatment temperature; a limit value of the grain size will appear in certain temperature region. For different forging
process, the fluctuation of the prior £ -grain size is different. This phenomenon is discussed in terms of grain growth thermodynamics and
kinetics laws. Damage-tolerance properties results show that grain size has noticeable influence on fatigue crack growth rate and fracture
toughness property.

Key words: titanium alloys; TC4 alloy; heat-treatment; S-grain growth; damage-tolerance property
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