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Research Progress on Microstructure Refinement
of TiAl alloys by Rapid Cooling
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Abstract: TiAl alloys have attractive properties such as low density, high modulus, excellent oxidation resistance and
creep resistance at elevated temperatures, but the low room-temperature ductility limits their application. The fine lamellar
microstructure contributes to the mechanical properties improvement of TiAl alloys. The method of refining the microstructure
of TiAl alloys through rapid cooling has attracted much attention due to the simple process and easy operation. Rapid cooling
from 3 regions, i.e. liquid phase, B phase and a phase with subsequent heat treatment for microstructure refinement, and
the effects of different temperature and cooling rate on quenched microstructure are reviewed. From aspects of phase transfor-
mation, refinement mechanism, microstructure control and the effect of microstructure refinement on mechanical properties,
the research status of the TiAl alloys’ microstructure refinement by rapid cooling are discussed. The disadvantages and the
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prospect of this refining method are also discussed.
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Fig. 1 Microstructures of spray formed titanium aluminides' >’ ; (a) metallograph of Ti48. 9Al alloy sample’s bottom area, SEM images of

middle (b) and top (c) areas of Ti47Al4(Nb,Mn,Cr,Si) alloy sample, SEM images of middle (d) and top (e) areas of Ti47Al4

(Nb,Mn,Cr,Si)+0. 5B alloy sample
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Fig.2  Schematic CCT curves of Ti-44A1-4Nb-4Hf-0.1Si after

solution treatment at 1410 “C and cooling with different

cooling rates! ']
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Fig. 3 Metallographs of Ti-42A1-8V alloy before and after the two-step heat

treatment' ) ; (a) B/« dual phase microstructure with thermal his-

tory of 1673 K/3.6 ks/WQ +1473 K/18 ks/WQ, (b) a,+y lamellar

microstructure with thermal history of (a) +two-step heat treatment
(1473 K/ (0.4 K/min) +1423 K/ (10 K/min) +1023 K/WQ)
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Fig.4 SEM-BSE images of Ti-42. 5A1-6Nb-xCr alloys with different Cr content iced-water quenched after 1400 °C/3 h solution' %) ;

(a) 1%, (b) 2%, (¢) 3%
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(a) BB +IEERIE, ()2 WHREHMET, (o) 6 YR E b

Fig. 5 Metallographs of Ti-48Al-2Cr alloy after different heat treatments'®) . (a) as cast and HIPed material, (b) 2 times of R-HT, (¢)

6 times of R-HT, (d) 8 times of R-HT
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Fig. 6 Bright field TEM images of the a-decomposition products at dif-

g, [ ey

. 41 . . . .
ferent cooling rates'*’; (a) the massive 7y, domains with

abundant faults after water quenching, (b) the thick primary

feathery 7, plates slightly misoriented after oil quenching
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, (b)1200 CiBA 1 h JFMAL, fHERN R ZHLULRR A

Fig. 7 SEM-BSE images of Ti-46A1-9Nb®) . (a) massive transformation; (b) after annealing for 1 h at 1200 °C , insert: detail of

crossed o, -Ti; Al laths
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My, BEERAHIE AR, PR RPN, T
FP 31 1000 °C K A9 H T2 RS

6 HRAUIIEEMERERITM

TG ][R 4  A Rha E AAE , Heoe T
TiAL 5 4 21 SUA0 AL 0F g 27 P BE 19 32 i) A AR 22 41E
Vujic S5 At i 45 O AR E LR BE o] + BAu ik B
AR @S 3 A I BE BE (L 2 5 0 Wang S84
1 AR RAL BT 2 A 852 /N T B9 (10 pm) AR ELS
FRR LSRR AR H (25 pm) | R AR H A

x1
Table 1

(316 pm) FIFEZ H ZALL(537 pm) HEAT T S I L
S, mAAGHBEE R)ZAHL Rk, ERBHEM 0.7%
WEE T 3.3%, JEREEEM 330 #EE] 660 MPa, WiZdis
M 415 9K F 825 MPa, [ 8 FIiR'™  Wu & it
HURFEAS +18] K 7 2B A5 3] Ti-48A1-2Nb-2Cr A 4 2
INFEE, iR 850 °C R TR A 5 2k T e
RIS, IR E HIP (7 AT AR B, X e &
PR, I BRI A 0] ks A A HIP ARER AOAE S R RE A
T PSR

Ti-46A1-1. 9Cr-3Nb § & RAEHMAME TE N BEH R R 9%

Grain size distributions of Ti-46Al-1. 9Cr-3Nb alloy after different heat treatments!>'!

Average grain size/

Standard deviation/ Surface to volume ratio/

Heat treatment type lsy"/pm
m pwm (1/mm)

1450 °C/10 min + cooling at 5 °C/min 186 128 134 21.5
1450 °C/10 min + cooling at 10 °C/min 152 104 112 26.4
1450 °C/10 min + cooling at 20 °C/min 145 95 104 27.7
1450 °C/10 min + cooling at 30 °C/min 113 72 87 35.5
1450 C/10 min + cooling at 40 “C/min 100 62 76 40.1
1450 C/10 min + cooling at 50 “C/min 88 53 67 45.7
1450 °C/30 min + cooling at 20 °C/min 133 94 97 30.0
1450 °C/120 min + cooling at 20 °C/min 203 218 127 19.7
1450 C/10 min + FC (75 C/min) 68 45 51 58.4
1450 °C/10 min + FC to 1000 C+ AC 72 45 52 55.6
1450 °C/10 min + FC to 1000 C+ WQ 52 33 41 76.4

Note: ‘a’ means that the grain size below or above are 50% of all grains
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0 T T T r i T ¥ 0. — 0.0 300 r 300
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b, (c) BREERER)ZHINST 722 fL

Fig. 8 Comparison of the mechanical properties of Ti-48A1-2Cr alloy with different lamellar colony sizes

[39] . (a) stress-strain curves of RT

tensile test, (b) variation of RT elongation with lamellar colony size, (c¢) variation of RT strength with lamellar colony size

7 %

&

PRIBS LA TIAL & B8, T2 A fif  HL4%
YEDT (8, JFHAZUMERCRIIE, HIr s T TiAl & 4
AL SR P R RE DL PR B AT B K 4 I T i S, e e R
HRHNEANL TIAL GG A, (RS 2 A0 i k4l

Zimgeik y, SERAE), HEKHRAZMWEZNRIZM,
PR BRI RAR T 5 S rERer s, M A%
TrEAAL S G 2SR RE R PR

S#E0HE  References

[1] KIMY W. JOM[J], 1991, 43(8) . 40-47.



591 B A R B TIA £ ST 633
[2] KIM Y W. Acta Metallurgica et Materialia[ J], 1992, 40(6) ; 1121-1134. [25] GRUJICIC M. Materials Science and Engineering: A[J], 1992, 154
[3] CHANK S, KIM Y W. Metallurgical and Materials Transactions A (1) 75-78.

[J], 1993, 24(1) . 113-125. [26] DANG P, GRUJICIC M. Modelling and Simulation in Materials Science
[4] KIM HY, HONG S H. Scripta Materialia[ J], 1998, 38(10) . 1517- and Engineering[J], 1996, 4(2) . 123.
1523. [27] GRUJICIC M, DANG P. Materials Science and Engineering: A[J],
[5] WANG X, LINJ P, ZHANG L Q, et al. Chinese Journal of Rare Met- 1997, 224(1/2) ; 187-19%9.
als[J], 2010, 34(5) : 658-662. [28] HU D, JIANG H. Intermetallics[J], 2015, 56 87-95.
[6] ZHU B, XUE X Y, KOU H C, et al. Intermetallics[J], 2018, 100;  [29] TAKEYAMA M, KOBAYASHI S. Intermetallics [ 1], 2005, 13(9)
142-150. 993-999.
[7] YANG G, KOU H C, YAHG J, et al. Acta Materialia[J], 2016, 112, [30] CHEN Y, KOU H C, CHENG L, et al. Journal of Materials Science
121-131. [J7, 2019, 54(2): 1844-1856.
[8] TANG B, CHENG L, KOU H C, et al. Intermetallics[]], 2015, 58:  [31] CHEN Y, CHENG L, SUN L, et al. Metals[]], 2018, 8(3): 156.
T-14. [32] CHEN L, LIN J, XU X, et al. Journal of Alloys and Compounds[J],
[9] KIM Y W. JOM: Journal of the Minerals, Metals & Materials Society 2018, 741 1175-1182.
(77, 199, 46(7): 30-39. [33] WANG P, VISWANATHAN G B, VASUDEVAN V K. Metallurgical
[10] YANG J, WANG J N, XIA Q F, et al. Materials Letters[ J ], 2000, 46 and Materials Transactions: A[J], 1992, 23(2) ; 690-697.
(4): 193-197. [34] DEY S R, HAZOTTE A, BOUZY E. Intermetallics [ J], 2009, 17
[11] HANAMURA T, SUGAI T, TANINO M. Journal of Materials Science (12) : 1052-1064.
(77, 1990, 25(7) : 3286-3290. [35] HU D, HUANG A J, NOVOVIC D, et al. Tntermetallics[ J ], 2006, 14
[12] VUJIC D, LI Z X, WHANG S H. Metallurgical and Materials Transac- (7). 818-825.
tions A[J], 1988, 19(10) ; 2445-2455. [36] DENQUIN A, NAKA S. Acta Materialia[ J], 1996, 44(1); 343-352.
[13] SCHIMANSKY F P, LIU K W, GERLING R. Intermetallics [ J ], [37] DENQUIN A, NAKA S. Acta Materialia[ J], 1996, 44(1) . 353-365.
1999, 7(11); 1275-1282. [38] KUMAGAI T, ABE E, TAKEYAMA M, et al. Scripta Materialia[ J ],
[14] GERLING R, SCHIMANSKY F P, WEGMANN G, et al. Materials 1997, 36(5) : 523-529.
Science and Engineering: A[J], 2002, 326(1): 73-78. [39] WANG J N, XIE K. Scripta Materialia[ J], 2000, 43(5) ; 441-446.
[15] ZHANG X D, BRICE C, MAHAFFEY D W, et al. Scripta Materialia [40] WANG J N, XIE K. Intermetallics[ J ], 2000, 8(5/6) ; 545-548.
[J], 2001, 44. 2419-2424. [41] ZHANG W J, EVANGELISTA E, FRANCESCONI L. Materials
[16] ®TIL, 280, FEKEE, % SREMEH[T], 2012, 20(3): Science and Engineering: A[J], 1996, 220(1/2) : 15-25.
286—-288. [42] LI'Y G, LORETTO M H. Acta Metallurgica et Materialia[ J], 1993, 41
LUO J S, LIX B, TANG Y J, et al. Chinese Journal of Energetic Ma- (12) ; 3413-3419.
ferials[J], 2012, 20(3) ; 286-288. [43] CLEMENS H, BARTEIS A, BYSTRZANOWSKI S, e al.
(17] Zhaih, 53, 289, % WASEMESTR], 2015, 4 Intermetallics[ ], 2006, 14(12) . 1380-1385.
(5): 1281-1284. [44] PEREZ-BRAVO M, MADARIAGA 1, OSTOLAZA K, et al. Scripta
LUOJ S, YI'Y, LI X B, et al. Rare Metal Materials and Engineering Materialia[ J ], 2005, 53(10) ; 1141-1146.
[J7, 2015, 44(5) : 1281-1284. [45] YANG J, WANG J N, WANG Y, et al. Intermetallics[ J ], 2003, 11
[18] ZHANG G, BLENKINSOP P A, WISE M L H. Intermetallics[ J ], (9): 971-974.
1996, 4(6) ; 447-455. [46] CHA L, SCHMOEIZER T, ZHANG Z, et al. Advanced Engineering
[19] HU D, JIANG H, LORETTO M H, et al. Beta Phase Decomposition in Materials[ J], 2012, 14(5): 299-303.
a TiAl Alloy During Continuous Cooling[ C]// Proceedings of the 5" [47] CHA L, SCHEU C, CLEMENS H, et al. Intermetallics[ J], 2008, 16
International Conference on Processing and Manufacturing of Advances (7). 868-875.
Materials-THERME 2006 (Materials Science Forum, Vols; 539-543). [48] DIMIDUK D M, MARTIN P L, KIM Y W. Materials Science and En-
Switzerland ; Trans Tech Publications, 2007 3625-3630. gineering; A[J], 1998, 243(1/2) : 66-76.
[20] CHENG T T, LORETTO M H. Acta Materialia[ J], 1998, 46(13):  [49] WEN C E, YASUE K, LIN J G, et al. Intermetallics[ ]], 2000, 8(5/
4801-4819. 6): 525-529.
[21] CHEN L, LIN J, XU X, et al. Intermetallics[ J], 2019, 113. 106576. [50] CAOGX, FULF, LINJ G, et al. Intermetallics[ J ], 2000, 8(5/6) :
[22] BURGERS W G. Physica[J], 1934, 1(7-12) ; 561-586. 647-653.
[23] JINY, WANG J N, YANG J, et al. Scripta Materialia[ J ], 2004, 51 [51] NOYOSELOVA T, MALINOV S, SHA W. Intermetallics[ J ], 2003, 11
(2): 113-117. (5): 491-499.
[24] GRUJICIC M, NARAYAN C P. Materials Science and Engineering; A [52] WU X, HU D. Scripta Materialia[ J], 2005, 52(8) ; 731-734.

[J], 1992, 151(2) . 217-226.

(m# & %)



