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Abstract

p—a transformation is the most essential phase transition in titanium alloys. The « phase formed
in the B matrix is oriented according to the so-called Burgers orientation relationship, viz.

(0001)a//{110}p and <11§0>a//<111>[3. Because of the symmetry of the two crystals, 12 a va-
riants can form in a f§ grain theoretically. Variant selection can take place in almost all kinds of ti-
tanium alloys and decline the strength, plasticity and fatigue resistance, which have been attended
by the researchers gradually. To control the occurrence of variant selection will be one of the po-
tential methods to improve the properties of titanium alloys. In this paper, by integrating our re-
search work, the progress in research of variant selection of f—a phase transformation in tita-
nium alloys is briefly reviewed from aspects of the substance and the reason of variant selection,
and its influence on the mechanical properties. The problems at present study and the research
directions in the future are also analyzed.
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AP EAEZ FRMAIAAL, foo AR P RIEA B EL N —M, JUPIA A S A i
HVBRAIAE I A3 R 38 25 B2 o alp WIAR 2 TRIA7E ™4 1) Burgers B 9C &, BI(0001)a//{110}4 <112
0>a//<111>p[1]. BT BRI ARIE, XA AR RE T AE—A B FRLA AT DU L 12 b A2 BT B o A,
12 4> a AR 1), IXL8 o AHZ AIAFAE 132 PR HR) 9% /A0 5 2RI adoc i 9 [2]. BRARDIRZS

Table 1. Twelve equivalent variants of the Burgers orientation relationship

relating the A matrix to the o product phase [2]
%= 1. 5 ptHE A Burgers BlEIXRA 12 NENHY o T HE[2]

Variants Orientation relationship

A (0001)ad/(110)B, [1130]es/[111]4
(0001)a//(101)B, [1130]a//[111]8
(0001)a//(011)B, [1130]a//[111]8
(0001)a//(110)B, [1130]a//[111]8
(0001)a//(101)B, [1130]a//[111]8
(0001)a//(011)B, [1130]a//[111]8
(0001)a//(110)B, [1130]a//[111]8
(0001)a//(101)B, [1130]a//[111]8
(0001)a//(011)B, [1130]a//[111]8
(0001)a//(110)B, [1130]a//[111]8
(0001)a//(101)B, [1130]a//[111]8
(0001)a//(011)B, [1130]a//[111]8
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Ty 12 ADEAREIUAE o M FLRTER, WINFRO TR G R AR, FESLBRART, f—a HHAN o
(12 D ASARIE T A R RN I, 2% 2 IR A DB 1 o AHBERSTE IS, RIS FR VA
T ARARERE 3], ARSI EERA RS o MR ETEAS A GRIUN AR A S S R
AR A2 AR GRIUN R R BR89) 5%, 1B o MHASKIEFEMIRM, o AHASRIEEEN IRE . 21
5755 15 PR RE ) DT R R A0 B OGIE [4]-[10], L R AR it — B St m Bk & S MERE M fE k2 —
SR E SR MAR . EMGIN T ZPERERITE AR LE, X p—a AR AR AL FEIOWT LD 2, T
JE PR FT R A2 T AR AR R F TE R AR T B2 L 1 U AT 5K (EBSD),  THZBARAELL + LA 15 2
A SRABOAT Z BT 534k, ARG FERT 02V BEF S M AN U0 B Gl 2 2R M 2 WL 2R ) FA i
SREL, T EAS SRR R, SR Ty R BE R R T RV R 06 BN U R B A AL . A
EAEE BT AR, WARRGEFERIAT . B LR & < 1 22V E BRI S LA 5, 4 1Bk E e
p—a FeARI ARG RN FCRIBUIR, FF 3T 1 AZHIE T 77 1A H R A7 AE A i A I FE FE B R

2. TEREFERIER

FEFEM ETFF Rk & 4, U A S RIEARR) o M g PR, BB 23 ()G /s 21— 8 RUEERT
AR B U o AR AN RIGEEAR B AR A K —FB 20, R RS A T N I A XIS A
MU A, BAURET, FRX—RUNEEERHN, TH 124 o RRRARFEKTERILE, T
FHHUFI ) o FEAZRENLI . MERT T R UL, TR PR A o AR IE N R GERE AR A2 58
R SRS RE—A pERN, A, BATERI 12 4> a MR S B 7 BOR AR R
HIJEAE A FE (LI 1(a)[11]). SRT, FESERRARth, TR MERE RN, X —Hoha m i R R
FERA: p—o HIAZIS S22 A0 BR300, GOt — > o AR R ST WIRTT2E A R, 7
X — a AR PTG R R G RE RIS TE 2, AURA TAMRIERECLE 1(b)[11]). EXERAE D B &
KA DL o FHAR IR RERE T K o

PRIk, ARG AR R R R BN RS REEFE L, WRR LR, Ehs LR o MR
HRFEL I A

3. BRI RO AR E K3 1 BE RO RN

TR, TSI AR A 45 A0 poo FABIT AR RIE BT RE T — S8 iF 78, 45K, HARMAE
MR A @ kA, GBI EEREAWIAE o F[12]-[15]. FFRIT B S [3] [16]-[18]F1 B
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Figure 1. Two-dimensional view of variant distribu-
tion. (a) No variant selection; (b) Variant selection.
(one variant per shape) [11]
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Germain Al Humbert ¢ A\ [12]-[15]7EWF 5T o + B AHIX AR TEFNFALEE I IMI 834 355 o BUEK & 41 R B,
HEPAE L2 K E NS4 o MHII0001)a HMZEXIER, BN X7, XN
80%HIVKAE o Fi JZHI1(0001)a T S5HI4E a #HI(0001) e TSP 4T (LI 2[14]). 1E# % ASTBE R4 BT18Y
T o BUERBEAE o + B IX B ENE AL BT THE0E AL, SR04 R, A BIRAE o FEEVIE o F 1)
I, RS RIA o AR SR EBUR A K19 (LA 3, RAR). CEA 2R ERE, &
55 R LU T (0001)a T, (0001)er [ ) Ja) B SR AE AR BN o AH A A2 IO TR GUAN 7 #0028 T
[ 5 B 6 FEA ARG XA B R, AR 5 R & B RS RGN AR R 1095 57 L e [4]-[6] [9]

Figure 2. Macrozones in IMI1834 near « titanium alloy.
EBSD map of the primary o grains (e,) (a) and the
secondary a colonies (as) (b) (the color key is given by
the PFs at the right side) [14]

E 2. IMI834 3 o SKEEHH “BEX” . 1L a B
HL (o) (QFDRE @ F3R (as) (b)A9 EBSD BR[E)E [14]

{0007} {11-20} {0001}

(b) (©)

Figure 3. Secondary a lamellae (as) nucleating and growing from the end of primary « lamellae (a;), keeping
the crystallographic orientation of a,. (2) SEM image; and pole figures of «, (b) and a5 (C)

[# 3. BT18Y SkEEHARE o FE () EWME a R (a)MimaP R E KRS o, BRI @A FEE.
(2) SEM [&; (b) #1% a (op)$RE; () RE a (as)tRE
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W AR [22] o 36 3 S o0 AP R A 738 A 3 495 1 i K152 TR ok P B 1 1 s S o AR 23 (43 AN ) ol B 57 T
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Figure 4. OM image of the Widmanstétten structure,
showing « lamellae on two sides keeping the same crys-
tallographic orientation with grain boundary « phase, al-
though the directions of o being different to each other.
Similar orientations displaying in similar colors [16]
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Figure 5. (a) a precipitates formed in the slip band; (b)
Schematic illustration showing the variant selection of a
in the slip band [7]
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RE M LT 15 UM AT SR A58 SER RS AT 7C o B AHAR SR AA 22 BN T AT RE[24], TN JE — Mol s
R SEER B FARAL 1A ST ERSCHE, (872 H AT AR WA A SCHRGE, VE& 5 N H AT IEETF A ST 7T
Furuhara 25 A\ [7] [8]%} g BAH X [ J5 i B Y Ti-15V-3Cr-3Sn-3Al £k & & HEAT A 4L G it 2%, RILETS
Rt A e EHT I o FEE(1100) 1747 T-{112)}8 MR, B HEHT 1A1[11 2 0] “TAT T-hrA AT K 45
E<111>B J7 (WL 5[7]). BHTE— {112} Rt BAUE — A <111>p MR K&, i H i o 4
W BAAH R R ER),  IX AR ARG 5 1K R AR A RO AL 8 A8 37 T DA RO AR AR o eIy, RN o
R S E A & B A R, (ERBIEMPIMERIRZE . BT R o AR EE ST h e, mH
o AH RV 5 68 PR i A 2 R AR B8 DD AH G, TR I 503 SR B 2 A 2 i S AR MR 2 (1 AT 78 3 4. Furuhara 55 A
[7] [BIE&TTFfE T AHRH T, A A0 bk & 4l 76 42 S FLAT IS R0 TRl N BB (1) g AH X [l S A0 2R, {f
FRIERE T T PAT BT AE TE AL BR B 0 & 5 5 B RN E 30 & T B 14D o0 P B ) AN P52 A8 8 T DR ) PR A
o MR RIE 2, UG8 TG SRR IR, NZRARG S5 A R ER I T —Fh
B
4. G5VE

AR, KRTREET foa AN ZRERMVITZEE 2, JFRG T HEXER, HES
XPEREE R EMGGRI AR BT FAREL, X f—a AR ARG R B L2152 . AR 1A
R ERERISEMAR T, IS B R AR — D itk & VR RE I AR TR — . (HA2, AHTT
WIHRIERT , X p—oo MR KRR MR ] S = A R T-Be, TR TCIEMARAS L8 B AR ik 1 A A
HATR TR E & poa AR R RIEF DT R4 R 2 B2 hse [ Se[ . JkE L HA. s REEkik
H KRN R kR, REEERA SR 7 RSN E, (B2 5 R EE KA TE
AN ZESE . BATA b EERANTT A SRHIT T, XA Tt — D (e R e b (A 2 (K SRR 78 5 e
HASARZ S T it— S it mik e e vk st B A R A



A& poa AR

EE&WE

B 2K SRR 3k < 51 Bh 30T H (51001088) -

SE#k (References)

(1]
(2]
(3]
(4]
(5]
(6]

(7]
(8]
(9]
[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]

(18]
[19]

[20]
[21]

[22]

Burgers, W.G. (1934) On the process of transition of the cubic body centered modification into the hexagonal close
packed modification of zirconium. Physica, 1, 561-586.

Wang, S.C., Aindow, M. and Starink, M.J. (2003) Effect of self-accommodation on a-a boundary populations in pure
titanium. Acta Materialia, 51, 2485-2503.

Bohemen, S.M.C.V., Kamp, A., Petrov, R.H., Kestens, L.A.l. and Sietsma, J. (2008) Nucleation and variant selection
of secondary « plates in a # Ti alloy. Acta Materialia, 56, 5907-5914.

Bache, M.R., Cope, M., Davies, H.M., Evans, W.J. and Harrison, G. (1997) Dwell sensitive fatigue in a near alpha ti-
tanium alloy at ambient temperature. International Journal of Fatigue, 19, 83-88.

Biavant, K.L., Pommier, S. and Prioul, C. (2002) Local texture and fatigue crack initiation in a Ti-6Al-4V titanium al-
loy. Fatigue and Fracture of Engineering Materials and Structures, 25, 527-545.

Szczepanski, C.J., Jha, S.K., Larsen, J.M. and Jones, J.W. (2007) The role of microstructure on fatigue lifetime varia-
bility in an o+ Ti-alloy. In: Allison, J.E., Jones, J.W., Larsen, J.M. and Ritchie, R.O., Eds., Fourth International Con-
ference on Very High Cycle Fatigue, Wiley, Ann Arbor.

Furuhara, T. and Maki, T. (2001) Variant selection in heterogeneous nucleation on defects in diffusional phase trans-
formation and precipitation. Materials Science and Engineering A, 312, 145-154.

Furuhara, T., Maki, T. and Makino, T. (2001) Microstructure control by thermomechanical processing in f-Ti-15-3 al-
loy. Journal of Materials Processing Technology, 117, 318-323.

Bache, M.R. and Evans, W.J. (2001) Impact of texture on mechanical properties in an advanced titanium alloy. Mate-
rials Science and Engineering A, 319-321, 409-414.

Evans, W.J., Jones, J.P. and Whittaker, M.T. (2005) Texture effects under tension and torsion loading conditions in ti-
tanium alloys. International Journal of Fatigue, 27, 1244-1250.

Gourgues-Lorenzon, A.F. (2007) Application of electron backscatter diffraction to the study of phase transformations.
International Materials Reviews, 52, 65-128.

Germain, L., Gey, N., Humbert, M., Bocher, P. and Jahazi, M. (2005) Analysis of sharp microtexture heterogeneities in
a bimodal IMI 834 billet. Acta Materialia, 53, 3535-3543.

Germain, L., Gey, N., Humbert, M., Hazotte, A., Bocher, P. and Jahazi, M. (2005) An automated method to analyze se-
parately the microtextures of primary op grains and the secondary og inherited colonies in bimodal titanium alloys. Ma-
terials Characterization, 54, 216-222.

Germain, L., Gey, N., Humbert, M., Vo, P., Jahazi, M. and Bocher, P. (2008) Texture heterogeneities induced by sub-
transus processing of near « titanium alloys. Acta Materialia, 56, 4298-4308.

Humbert, M., Germain, L., Gey, N., Bocher, P. and Jahazi, M. (2006) Study of the variant selection in sharp textured
regions of bimodal IMI 834 billet. Materials Science and Engineering: A, 430, 157-164.

Bhattacharyya, D., Viswanathan, G.B. and Fraser, H.L. (2007) Crystallographic and morphological relationships be-
tween S phase and the Widmanstatten and allotriomorphic a phase at special # grain boundaries in an /g titanium al-
loy. Acta Materialia, 55, 6765-6778.

Bhattacharyya, D., Viswanathan, G.B., Denkenberger, R., Furrer, D. and Fraser, H.L. (2003) The role of crystallogra-
phic and geometrical relationships between « and 4 phases in an «/f titanium alloy. Acta Materialia, 51, 4679-4691.

Stanford, N. and Bate, P.S. (2004) Crystallographic variant selection in Ti-6Al-4V. Acta Materialia, 52, 5215-5224.
VX, i, TEZE, ZERT (2005) 4 )2 BTLI8Y Zk&ETE a+f X VAN K EMALEL. SEFR, T,
713-720.

Furuhara, T., Takagi, S., Watanabe, H. and Maki, T. (1996) Crystallography of grain boundary « precipitates in a j ti-
tanium alloy. Metallurgical and Materials Transactions A, 27, 1635-1646.

Miyano, N., Fujiwara, H., Ameyama, K. and Weatherly, G.C. (2002) Preferred orientation relationship of intra- and in-
ter-granular precipitates in titanium alloys. Materials Science and Engineering: A, 333, 85-91.

Wilson, R.J., Randle, V. and Evans, W.J. (1997) The influence of the Burgers relation on crack propagation in a near
o-titanium alloy. Philosophical Magazine A, 76, 471-480.



B4 e A PRI

[23] Cayron, C. (2008) Importance of the o—p transformation in the variant selection mechanisms of thermomechanically
processed titanium alloys. Scripta Materialia, 59, 570-573.

[24] Seward, G.G.E., Celotto, S., Prior, D.J., Wheeler, J. and Pond, R.C. (2004) In situ SEM-EBSD observations of the hcp
to bee phase transformation in commercially pure titanium. Acta Materialia, 52, 821-832.



	Variant Selection of β→α Phase Transformation in Titanium Alloys
	Abstract
	Keywords
	钛合金β→α相变的变体选择
	摘  要
	关键词
	1. 引言
	2. 变体选择的本质
	3. 变体选择的成因及对性能的影响
	4. 结语
	基金项目
	参考文献 (References)

