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Fig.1 Tensile test sample of ¢p10mm bars of Ti-5Mo-5V-2Cr-3 Al titanium alloy (a) drawing sheet; (b) tensile specimen
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Tablel Chemical composition of ingot (mass fraction/% )

Region Mo A Cr Al Fe C N H 0 Ti
Up 4.72 4.95 1.85 3.31 0.041 0.021 0.022 0.0040 0.13 Bal
Mid 4.71 4.89 1.98 3.29 0.042 0.016 0.021 0.0041 0.11 Bal
Down 4.74 4.92 2.01 3.33 0.044 0.021 0.021 0.0030 0.12 Bal

Bl 2% o B VI s X, AR B K. 25 1B R E N

2 H#ERE® 810°C I I B2 Sy 520°C if , 2440 U8 T iK% I T 92
Shb A R T T T 4T 4 K B2
2.1 BOWH W, W T A R B /N A JB T A

B2 9 T [ &km e R e e B m e R HEE IR O 840°C i A% O 520°C i
2a,b WAL, Y[R E D 750°C 45 780°C (WAL RSCIE TR TR SCAL Wy FORLEE | o) A 3 RE R
J& 09 520°C i, 2R SCIR T R 3R T 46 AL, i Ak UKL, UL 4 /0 i T BE FA 0 MR, JR T SR R A I
NI, rhE] B O £ 4 X, 3T BB LS A O, W%

2 Ti-5Mo-5V-2Cr-3A1 k& 4 $10/mm 441 1) W O FE 51

Fig.2  Fracture morphology of ¢10/mm bars of Ti-5Mo-5V-2Cr-3 Al titanium alloy
(a) 750°C /30min + 520°C /8h;(b) 780°C /30min + 520°C /8h;
(c) 810°C /30min + 520°C/8h;(d) 840°C /30min + 520°C /8h
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Fig.3 Fracture morphology in the central part of $10/mm bars of Ti-5Mo-5V-2Cr-3Al titanium alloy
(a) 750°C /30min + 520°C /8h;(b) 780°C /30min + 520°C /8h;
(c) 810°C /30min + 520°C/8h;(d) 840°C /30min + 520°C /8h
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Fig.4 SEM of ¢$10mm bars of Ti-5Mo-5V-2Cr-3Al titanium alloy
(a) 750°C /30min + 520°C/8h;(b) 780°C /30min + 520°C /8h;
(¢) 810°C /30min + 520°C/8h;(d) 840°C /30min + 520°C /8h
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Table 2 Mechanical properties of ¢10/mm bars of Ti-5Mo-5V-2Cr-3Al of titanium alloy

Condition Tensile strength/MPa Yield strength/MPa Elongation/%  Section shrinkage/%
750°C (30min) + 520%C (8h) 1233 1201 12 57
780°C (30min) + 520%C (8h) 1289 1265 11 56
810°C (30min) + 520°C (8h) 1427 1414 6 18
840°C (30min) + 520°C (8h) 1532 1532 2 5

2.3 itig

ot xE 2.3 5% 2 8950, B IRE N
750°C \780°C , B & ik B Ry 520°C B, W 11 A9 £F 4 X
SR AS DU T R 0 7 224 4500 8 A i, 90 0% 4 S S v
T AR TE O 7 A, R IR R R R . Y R
N 810°C, I &% Ui B2 2 520°C Wy 11 -F- % £F 4B IX
TH W88 Bk, Wi 24 Jr 5Kk o figp BT 24, o it A e
(8 PR R R . Y T TR BE R 840°C, B IR B
520°C, W P W 11 F 53 A1 5 4 A7 T AT A9 /0N b T
LR A R 1 B B B gy, 9 I DT 2 A L AR Y Jf
AR

A LR NS L W A B ) SE R RE ca FHE
RIS R R R AR o AH 2D, BRI B AR, B
Fo dE XTI 4 53R 2 W, Y RN
750°C ,780°C B}, If 2% U 2 Sk 520°C, o AHAH/NIR B3
i, O E 30% LA b, B1REAY 28 P 5 vy , 56 38 AH X i
o 24 I S 810°C , B4k IE B o4 520°C , o Af]
8 ZE WD ORI R R A T R M R R ROR . Y
[ 975 Uk B2 Ay 840°C, I &4 iR B2 Oy 520°C , B A 4
WA R IR o FEAT M B B T A PEAR AR

A RHFE A AR DL L B 0 A o A TR
Bl 5 0 R ) T, A Y o AR 2 W1 o AH
DY [ S A RHE 520°C PR 8h B, A IR A o
FHAT SR, 7E ] 4a, b, e B RE o IR o
AFXE LA 3 BEE A o > T3 0 B2 e AR S A DL Bk,
840°C , b BLH BT I 4% 0 K K, 78 520°C {1 8h B,

TEWE 4d P A KK o M, HA RSF7E 100/ pm
AW B AL, HOAREE 2 3 R 2, AL W o
T RE WS W8 LS T B A, TR A o AR T B
M SRAEAR N BEE IR N L, T 2 R A T R
BRI o ML, BB RS WA o M B Ak, 7E
FHAS S LA [ B TR EE B TE R, TR B o AR
Z WA o AIED AR I SO AT IR AE o A R R
2, [AlF ol T2 LR S R BT K L B R 2R 1
KR, PR, B A 319 0 B2 1) T v, 99088 9 K 5 2 T
i, SRR B, T 2 [ 9 il O 810°C I, i AU
AR R T 1, B0 v ELOG, o B A iy, SRR 25
TEARZE s DL B, SRR OROR A T I 2
WEs, FUA R A T AT A /)N it TET R SR IR , ik
PURLIE AR o A 3R AR A R ARG, 1R A9 53k J3E B
e, BB A

3 ##

(1) Ti-5Mo-5V-2Cr-3A1 k& 4 ¢10mm #4175
[ 5 YL BE A 750°C 55 780°C |, I &4 JEE Ry 520°C I, 54
SO TR 1, £ 4 X T B, fh B 2 1 ) 4l
B, R BRI 2 . X VA IR E Ol 810°C | H K
I R 520°C B, 80 TR in TSR 204k, Wi 1 L
BV LR YEIX T 0 O, W 24 5 5k o A T
04 3] 95 U B2 Ry 840°C (B A0 BE Sy 520°C B, B 11 i
PR A1 775 AT A /0N 5 T SR, A S R0 ) 3 o Y A BT Y



55

[#] V5 IS 200 Ti-5Mo-5V-2Cr-3 Al Bk 4 4H 2P BE 114 5% 1 5

(2) Ti-5Mo-5V-2Cr-3A1 4k & 4> $10mm 5 4 7E
V45 1 B R 750°C 5 780°C , B AL BE S 520°C B, o
A BLARAR 5 ALK, 4l /N iR o A ME DL BERIAE o
AR A o M, o HHAR 5020 5 40% 55 30% , 44 K} 98
PRG3R S o 2 [ R R 810°C, B AL B
52000, i AR ENIEA, o HHEZ RFLIE, 4 4
8% , b B ¥ ME B AIG, B OB E . YR W RN
840°C , I AKIRLEE 2 520°C B, Ak BB K K, B
Aok R RN 0 22 3008 AT R B o AT B4R
PETEAR , 55 BEAE 1500/ MPa L) |,

(3) Wy 1B 5 v 9 40 2488 00 A o AH, BE 85 98
PEARTE | B 55 A R0 SR W TR 3 B B A
WA o FHI B AlRL, X 28R A o M JE I TS, A
RE VM AR TR, £ & MR B

S E 3

(1] WAz, B, AT, %, PEME RN 54
B ACERAETRE(E) [M]. dbat: 2 Tl ik
1t ,2006.

[2] 5k 3§, 50MBe, X0 £, =5 e B TBIO Bk& 4 B M A 5T
[J]. % 48,2006, 30(2) :221-225.
(ZHANG Z, HUI S X, LIU W. High strength and high
toughness TB10 titanium alloy bars[ J]. Chinese Journal of
Rare Metals, 2006, 30(2) :221-225.)

[3] Ju#R~F,mbSC, Bbade 45, TBI0 kG &Ml =k

REL AT U o A [T, Wi A 42 )8, 2008, 32(6):799-

802.

(YOU ZP, YEW ], HUL S X, et al. Study on dynamic

mechanical properties and adiabatic shearing of 33110 tita-

nium alloy[ J]. Chinese Journal of Rare Metals, 2008, 32

(6):799-802.)

B, A, UL . Ti-5523 sk &R R AT N

MBFsE[)]. Fi A 4208 2008, 32(5) :674-678.

(MAO B P, GUO S L, SHEN J. Study on hot deformation

behavior of Ti-5523 titanium alloy[ J]. Chinese Journal of

Rare Metals,2008 ,32(5) :674-678. )

ARG, B9 B AR 30T 9 O B X TB1O Bk& 4 1

PERERSEMA ()], Fi AT )8 ,2010,34(1) :6-9.

(WEI'Y G, TAO H M, CHEN H S. Effect of solid solu-

—
N
i

—
W
[—

tion temperature on mechanical property of TB10 titanium
alloy[ J]. Chinese Journal of Rare Metals,2010,34(1) .:6-
9.)

(6] AT, M ie B, BRI, Ti-SMo-5V-2Cr-3A1 & G E
HiAIWAT R[] Wi f 4 ) ,2011,35(3) :349-351.
(WEL'Y G, TAO H M, CHEN H S. Hot compressive be-
havior of Ti-5Mo-5V-2Cr-3Al alloy[ J]. Chinese Journal of
Rare Metals,2011,35(3) :349-351.)

[7] #63, sh B XBAE. TAOV k& 4% 55 W K 31 &

Wir a3 [T]. S Tl R4 (A AR R L2007,
36(6) :25-28.
(ZHAO G J, ZHONG S H, DENG J H. Study on the fatig-
ure fracture in TAGV titanium alloy[ J]. Journal of Guizhou
University of Technology ( Natural Science Edition) ,2007,
36(6) :25-28.)

(8] okml, Bl , £, 4. TAI2 Sk & 4 7 RAR 4%
K PEREFIMT O M (T]. FAEAL,2011, 41(10) :80-83.
(ZHANG D, CHEN W H, WANG C G, et al. Analysis on
the properties and fracture of welding joints of TA12 alloy
electron beam [ J ]. Electric Welding Machine, 2011, 41
(10) :80-83.)

(9] Zomk, Boutl, KM, % BB & 5 AN E WY HUR L

Wi 2 AT [T 7. AWk 45k ,2005,26 (4) :55-57.
(QIN B, SHENG G M, HUANG J W et al. Fracture anal-
ysis of diffusion-bonded joint between titanium alloy and
stainless Steel[ J]. Iron Steel Vanadium Titanium, 2005,
26(4):55-57.)

[0 XUMS % , 88 7548, XUWT , 45, EXT TC4 3G S T AR 4%

SO W AR A2 g [T ], #0020, 2011, 40v
(13) :130-134.
(LIU P T, ZHAO X J, LIU X,et al. Effects of hydrogen
on fatigue fracture characteristics of TC4 alloy welded joint
by electron heam [ J]. Hot Working Technology,2011 40
(13):130-134.)

(1], A4, W, 4. TCA-DT 4k & 4 T IR IR 4%
ek R 55 W AR (7] 4542 ,2012(11) :55-58.
(JINY Z, WEN J L, CHANG M, et al. Research on fa-
tigue fracture characteristics of TC4-DT alloy welded joint
by electron beam[J]. Welding & Joining, 2012 (11) :55-
58.)

[12]WkfE e, Rk, Wil i, 45, TB6 £k-& 4w S BEH| = 4

REJES L5747 0[] h A 64 8 i (33
J2) ,2013,23(3) :650-654.
(YAO C F,WU D X,JIN Q C,et al. Influence of high-
speed milling parameter on 3D surface topography and fa-
tigue behavior of TB6 titanium alloy [ J]. The Chinese
Journal of Nonferrous Metals( English) , 2013,23(3) :650-
654.)

(3] 2002 JUOKOR], B B 2. B4 i R X O B 3R UUR

TB6 k& &AL B MR mo s [T]. B 0 #OE,
2011,31(1) .45-48.
(LI H X, GONG S L, FEI Q X. Effects of hot isostatic
pressing on microstructure and tensile properties of direct
laser deposited TB6 alloys [ J]. Applied Laser, 2011, 31
(1).45-48.)

[ 14 )R FHE, B R, Rm i, 55, TCL BR-& 4 5 HROHE b1 1Y Hir
R S OB AR ()], P E A G488 2+, 2010, 20



R i34 %

(B10) :144-147.
(ZHU B H, HU X C, WU M H, et al. Tensile properties
and fractographs of finish forged of TC1 titanium alloy[ J].
The 2010, 20
(B10) :144-147.)

[I5]REGE. TCl6 Sk& Wi T [T]. if 48 H kS
T#,2005, 34 (34T 3) :226-229.
(Wu C Z. The analysis of fracture surfaces of TC16 titani-

Chinese Journal of Nonferrous Metals,

um alloy[ J]. Rare Metal Materials and Engineering,2005,
34(Suppl 3) :226-229. )
(16 ] B AH , Fr v, X B 28, 5. Ti-1023 K& 4 M9 55 i)

BRSPARBR SR [T]. hEA @R ,2010,20

(Specail. 3) :s54-s58.
(HUANG L J, QI L C, LIU C K,et al. Relationship be-
tween fatigue limit and tensile strength of Ti-1023 titanium
alloys[ J].
2010,20( Specail. 3) :s54-s58. )

(17 ] 4= A 0 4 Ja b A 15 AR 22 B3 2, v [ 4 of o) A 54
TigmiE . BRBRG bR eI g [ M. db 5t . i [ b
Hi #2008 ,12:25-26.

(ISR, FRKA. &EEO o[ M].
Tl K2 i, 1998.

[19) 33, FREGR, . sk & Jm s MAb [ M]. Jb ot
16 4 Dol R AL ,2009.

The Chinese Journal of Nonferrous Metals,

T
it

W IR L

S

/N

v

Effect of Solution-ageing on Microstructure and Properties of
Ti-5Mo-5V-2Cr-3Al Titanium Alloy

WEI Yan-guang,

TAO Hai-ming,

LUO Zheng, CUI Xue-fei

(Powder Metallurgy and Special Materials Research Department, Beijing General Research Institute for Non-ferrous Metals, Beijing

100088, China)

Abstract: The tensile fracture morphology and microstructure of the ¢p10mm bars of Ti-5Mo-5V-2Cr-3 Al titanium alloy were analyzed

under different solution-ageing conditions, and the effects of which on mechanical properties were studied. The results show that when

the alloy is heated below the transition point, primary a decreases and B grain increases with the increase of solution temperature. Con-

sequently, the fibrous zone in fracture morphology decreases and the dimple becomes big but shallow. Ways of fracture change from

dimple to quasi-cleavage with the increase of strength and decrease of plasticity. Moreover, when the alloy is heated above the transition

point, primary « disappears and B grain re-nucleates and grows. The fracture is made up of small crystal planes with clear edges,

which suggests that the alloy fracture is typical intergranular brittle fracture with the strength over 1500/MPa and elongation 2% .

Key words: Ti-5Mo-5V-2Cr-3 Al titanium alloy; solution-ageing; fracture morphology; microstructure; mechanical property; intergran-

ular fracture



