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Influence of solution treatment on microstructure and
mechanical properties of Ti-3.0A1-2.3Cr-1.3Fe titanium alloy
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Abstract: The effects solution temperature and cooling rate on the microstructure and mechanical properties of
Ti-3.0Al1-2.3Cr-1.3Fe titanium alloy were studied by means of XRD, OM, SEM and TEM. The results indicate that the
microstructure of the alloy after water quenching consists of o' martensite and metastable f phase, those after air cooling
consists of a phase and residual f phase, and those after furnace cooling is typical basketweave microstructure which
consists of colony a phase and little S phase. The primary a turns to  phase with temperature increasing, and then the f
grain grows bigger when the temperature is above the phase transformation temperature. The strength of this alloy
increases with the cooling rate increasing, after water quenching, the tensile strength and yield strength reach to 1 270 and
1 160 MPa, respectively. The reduction of area is nearly 40% after air cooling, the elongation decreases with the cooling
rate increasing. Through observation of the fracture SEM morphology, the fracture way is toughness fracture after air
cooling and furnace cooling, and is brittle fracture after water quenching.
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Table 1 Chemical composition of Ti-3Al-2.3Cr-1.3Fe alloy
(mass fraction, %)
Al Cr Fe C Si Ti
29~3.1 2.25~24 12~14 ~0.075 ~0.0533 Bal

Fig. 1 Microstructure of Ti-3.0Al-2.3Cr-1.3Fe alloy bar

1.2 KWHZE

MFERF R ZD)EIDIE d10 mm X 10 mm ff14:AH
RFEFIHCE R 70 mm RRFE, 23 704E 890, 910, 960
F1980 C R INFIHAIE 0.5h, AHIT A HAFC).
T (AC)HIKIE(WQ) o S FAKEBE S 1< AH A AT
(2D ~ S ol SR W R W = Y |
V(HF): V(HNO;): V(H,0)=1:3:7 FI&HE 8 ki »
BCEAETRAE T 24 h, SRJE1E Axiovert 200 MAT %Y
Zeiss H2F RAEE BT BAMAZINES . XRD MHALE
X' Pert PRO MPO %Y X ST FaliAT. st
JEFEH 70 mm (R RFE A SRR, T3] —H4
AR FRARZS T PIRAR AR 3 A TAT IR, DI RS
LI AT S 1) S 50 E s , P SEG /1 ZNSTRON200 LZC
RURA BRI AL EEAT (0, JEEGH o B AR i



W22 B 11

T O, %% [EWALFEN Ti-3.0A1-2.3Cr-1.3Fe (k&4 405 )24 PE B2 3017

7 QUANTA 400 A4 i+ W iss kAT LB
FMEE

2 HERRESH

2.1 SHEALANE
2,11 A EIE N ZURUAH AL 5

RGP R [ S AHAR R A AR b P B, R
P PSRN BEANR], KA G AR W] 43 Ay [ A H ek R
eH A AR RIS 280 R R ARAR v E AR A
BH p—a"s p—a's f—o(althermal). f—a S—Lepr
ST IC AT SN RV A P A O R 2041,

Kl 2 iR it 960 ClalwsHudEE . {05 h
Ja AR T AR XRD 1%, A 2
AR H: WQ JFMAR FEH o BRI B AHAL
BG4 BAHR AR AR AR, T PO AR i
T30, BRI TR, 5 B MR
WL RAR B AN B AR KIS el o i
WRCTHT o A, TG B AR E T E AL DU il
B AR 250, B A T R R e i AR A )
WIRHTIER, RAEVIARTER o 5 AR, T0H A PAIE
S, WA FITES AR AR W B 3() R 4 iRt
I AC Fl FC JG AL -2 o AHFID & B AHA L.
Kl 3 s hgeid 960 CHREIFALEE, fRi 0.5 h J5ANFA]
AN A S A S . W 3 AT WS
H, WQ EIHL N & K=MK o 5Kk, I
TEM JEZURIIE X AT BE i 4 Fros, AC Ja 4]
WEA IS RE a M, FC Ja IS, Sl i M i
HR,

4t XRD iBRIGAHBMALUKE, Ti-3.0Al-

Ti-3.0A1-2.3Cr-1.3Fe sa—aqa
HT:Tﬂ+20 C —4
*—q'
A
AC t s © A A A A 0A
A
FC 1 Ao A A *AM AeA
wQ % s e s s e
20 30 40 50 60 70 80 90
20/(°)

B 2 RFJAH17 2 F kI XRD i
Fig. 2 XRD patterns of samples at different cooling ways
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Fig. 3 OM microstructures of samples with different cooling
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Fig. 4 TEM image of o' martensite and diffraction spots
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Fig. 5 Microstructures of samples solutioned at different temperatures: (a) 890 C; (b) 910 C; (c) 960 C; (d) 980 C
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Table 2 Mechanical properties under different cooling ways

Cooling way R,/ MPa Ry ,/MPa Al% Z1%
FC-1 770 390 190 295
FC-2 780 395 165 295
FC-3 770 385 165 315
AC-1 890 825 13.5 420
AC-2 885 805 125 345
AC-3 880 800 16.0  38.0
WQ-1 1240 1140 2.0 2.0
wWQ-2 1270 1160 25 45
WQ-3 1190 1090 3.0 7.0
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Fig. 6 Mechanical properties of sample with different cooling

ways
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Table 2 Mechanical properties under different solution

temperatures

Sample No. R,/ MPa Ry ,/MPa Al% Z/%
890C-1 880 805 22.0 60.5
890°C-2 875 805 21,5  57.0
890°C-3 875 805 22.0 56.5
910°C-1 880 795 20.0 57.0
910°C-2 880 795 20.5 55.0
960°C-1 890 825 13.5 420
910°C-2 885 805 12.5 345
910°C-3 880 800 16.0 38.0
980°C-1 895 815 17.0  35.0
980°C-2 895 805 15.0 29.0
980°C-3 890 805 15.5 355

1 000+
<
e
=
3 9001 - — —=
%sm
E 800F e—mM o =
= | Ti-3A1-2.3Cr-1.3Fe
- —R
*— Rm
60L A—APOAZ
X ‘\'\/ v—7
S 40 —
To0f A—me—
890 900 910 960 970 980
Temperature/'C
B 7 AR e
Fig. 7  Mechanical properties under different solution
temperatures
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Fig. 8 Tensile fracture morphologies under different cooling ways: (a), (d): 960 °C, 0.5 h, FC; (b), (¢): 960 C, 0.5 h, AC; (c), (f): 960 C,

0.5h, WQ

3 Zig

1) Ti-3.0A1-2.3Cr-1.3Fe £ [H AR BE, 7KV 1)
N T o GIRARM gAML, B8 5 AL T3
H a AHFIER B B IRARZE R, A o R ZH 20 LR ) Y
WEAH LR VA I BEA [ R B R T WA o A
BB, B R IR T R R

2) Ti-3.0A1-2.3Cr-1.3Fe £ < 5 & Fif 45 v H1H 2 1)
BRI, KV IRAE ISR B B, Hhuhr o A
Je BB EE 23 990 A 1270 K 1 160 MPa, 25¥3 e FE I B

T AL 4 B e b 40% A A, AP 4 Bt v 3 FEE 498 o i
%, 2BV e AR o S — B PRV BE o [ 9R JEE X 5e
JEARFE PR s SR AN K, L2 IR T e i B

3) Hrfigt ESERN], &AMt e R
B Wy sCARINE A 32, AE/KVE i A iy XL
HEtE Wl .

REFERENCES

[1] HARTMAN A.D, GERDEMANN S J, HANSEN J S. Producing

lower-cost titanium for automotive applications[J]. Journal of the



92245 114 *OE, 2% BN Ti-3.0A1-2.3Cr-1.3Fe Sk & &40 5 J2 bk a2 i 3021
Minerals, Metals and Materials Society, 1998, 50(9):16—19 Ti-10V-2Fe-3Al 5 4 ¥5%¢ Fe JUR ZMMATIT H[I]. Wil &8

(2]

[10]

[13]

TRRZE, KRN, BREEAER
HERE, 2007, 24(1): 32-36
ZHANG Da-jun, ZHANG Feng-jie. Application of titanium

AR N HI]. A Tk

alloy in lightweight automobiles[J]. Titanium Industry Progress,
2007, 24(1): 32-36

FALLER K, (SAM)FROES F H. The use of titanium in family
automobiles: Current trends[J]. Journal of the Minerals, Metals
and Materials Society, 2001, 53(4): 27-28.
L BB VR RN ]
2010, 20(S1): 1034-1035.

- AR )E R

LI Zhong. Applications of titanium alloys in automotive field[J].
The Chinese Journal of Nonferrous Metals, 2010, 20(S1):
1034-1035

B, INERL RS ERIT RS M)
W@%%Lh, 2008, 37(S3): 973-976.

LI Zhen, SUN lJian-ke. Development and applications of low

WA )R

cost titanium alloys[J]. Rare Metal Materials and Engineering,
2008, 37(S3): 973-976

KAWABE Y. Research activities on cost effective metallurgy of
titanium alloys in Japan.[C]//GORYNIN I V. Proceedings of 9th

World Conference on Titanium, Russia Central. Saint Petersburg:

Research Institute of Structural Materials

1999:1275-1282

PPOMETEY,

ESTEBAN P G, RUIZ-NAVAS E M, BOLZON L, GORDO E.

Low-cost titanium alloys? Iron may hold the answers[J]. Metal

Powder Report, 2008, 63(4):24-27

SEAGLE S R. The state of the USA titanium industry in 1995[J].

Materials Science and Engineering A,1996, 213: 1-7.
OGAWA M. Research and development of low cost titanium

alloys[J]. Journal of Japan Institute of Light Metals, 2005, 55(11):

549-552.
KR, ZHBE, 2R, G 5, KRB, XA RS
KA aEAR[I). Bl 4R, 2004, 28(1): 66—69.

ZHAO Yong-qing, LI Yue-lu, WU Huan, FENG Liang, ZHU
Kang-ying, LIU Cai-li.
Alloys[J]. Chinese Journal of Rare Metals, 2004, 28(1): 66—69.
BRI, B, mh A, B, RO, XUBA, B,
WO BRI BRI A E B R[4 R R, 2003,
17(4): 5-7.

ZHAO Yong-qing, WEI Jian-Feng, GAO Jian-jun, LI Yue-lu,
WU Huan, LIU Cai-li, FENG Liang, CHANG Hui. Titanium

Research on Low Cost Titanium

alloys: Current status of application and low cost manufacturing
technologies[]]. Materials Review, 2003, 17(4): 5-7.

G, AR R4 TiFeMoAl & &IUIFF[D]. K¥b:
K%, 2004.

TANG Hui-ping. Study on a PM TiFeMoAl alloy for automobile
use[D]. Changsha: Central South University, 2004.

TAERS, BEESL M, BB R, BRI R

[14]

[15]

[16]

[17]

(18]

[20]

PR TRE, 2008, 37(S3): 123—125.

MENG Xiang-wei, XUE Xiang-yi, FU Bao-quan, HUI Rui, LI
Jin-shan, ZHANG Feng-shou, ZHOU  Lian. The
macrosegregation behavior of Fe element in Ti-10V-2Fe-3Al
ingot[J]. Rare Metal Materials and Engineering, 2008, 37(S3):
123-125.

FARAE, BKR, B ER. RS B REEAAARRIE S 1B
— A AR )] %ALM&}E, 2007, 24(5): 23-28.

XIN She-wei, ZHAO Yong-qing, ZENG Wei-dong. Inductions
and discussions of solid state phase transformation of titanium
alloy (I)—Allotropic
Progress, 2007, 24(5): 23—-28.

WM, R BR, KRENR. KA SRS, M
4 BRS TR, 2007, 36(9): 1505—1510.

CHANG Hui, ZHOU Lian, ZHANG Ting-jie. Review of solid

transformation[J]. Titanium Industry

phase transformation in titanium alloys[J]. Rare Metal Materials
and Engineering, 2007, 36(9): 1505-1510.

AR R B T AR AR AR )], BT E)E, 1999, 20(4):
193-199.

DENG An-hua. Martensitic transformation of titanium alloys[J].
Shanghai Nonferrous Metals, 1999, 20(4): 193—-199.

fHH e, MAAGE, OO, KEE, T ‘23?4 & 1V RE X
VST55531 S A SRy A MR RE I R[], o AT
{4 8 24, 2010, 20(S1): s685—s689.

FU Yan-yan, HUI Song-xiao, YE Wen-jun, MI Xu-jun, YU
Yang. Effects of cooling rate on microstructure and properties of
VST55531 alloy[J]. The Chinese Journal of Nonferrous Metals,
2010, 20(Sl):s685—s6894

KBk, DA, O8OE, FEE, XPHE, TR ‘/%iﬂiz
#5F Ti-5.8A1-3Mo-1Cr-28n-2Zr-1V-0.15Si & 44148 F M g
R[], o EA L R AI), 2010, 20(S1): s565-s569.

SONG Miao, MA Ying-jie, WU Jun, LI Yu-lan, LIU Yu-yan,
LEI Jia-feng. Effect of cooling rate on microstructure and
properties of Ti-5.8A1-3Mo-1Cr-2Sn-2Zr-1V-0.15Si alloy[J].
The Chinese Journal of Nonferrous Metals, 2010, 20(S1):
$565—-s569.

WK, JE ORI AR TCI1 A4 BN T BAAL SN J1 21
AEMI M. 482491, 2002, 38(12): 1273—-1276.

ZENG Wei-dong, ZHOU Yi-gang. Influence of cooling rate on
microstructure and mechanical properties of beta processed
TC11 alloy[J]. 2002, 38(12):
1273-1276

HABEE. PORHR ) 2E M REIM]. P22 AL Tl oK% R AL,
2004.

Acta Metallurgica Sinica,

ZHENG Xiu-lin. Mechanical properties of materials{M]. Xi’an:

Northwestern Polytechnical University Press, 2004.

(mig  fIF458)



