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Cold Rolling-, Precipitation-, and Recrystallization Textures
of 15V-3Cr-3Al1-3Sn Titanium Alloy Sheet

Kunio ITO and Fumie SEKI

Synopsis :

A hot rolled metastable 8 phase 15V-3 Cr-3 Al-3 Sn titanium alloy plate was cold rolled to 90%
reduction. The sheet was aged prior to recrystallzation, recrystallization annealed, and aged after
recrystallization. Crystallographic textures of both @ and B phases were followed during the process by a
pole figure method. Both cold rolling and recrystallization textures of the £ phase are similar to those of
a-iron treated similarly. Effects of the precipitation ageings on recrystallization textures are not
observed in the experimental conditions applied. There are orientations derived from B mother orienta-
tions through Burgers’ lattice relationship in the textures of the « phase precipitated in the cold worked
matrix, which vary a little with ageing temperatures. A comparison of the present results of o phase tex-
ture with those reported on hot rolled @ and e + £ titanium alloys suggest that the textures of a phase in
hot rolled sheets are affected by a selection of variants of the lattice relationship characteristic of the
phase transformation during plastic working. A texture of a phase precipitated in recrystallized £ matrix
coincides qualitatively with orientations derived through Burgers’ relation without variants selection. The
results indicate that a majority of a phase precipitated in both cold worked and recrystallized matrices is

so-called orientation related type la.
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FEA (BK) TH 0, BRI X > TREANH &M (e« 18)
I TS, ChoDEEF—MITIE a HOMMIZ X
LB LR EECEA s BY. 15V-3Cr-3 Al-3 Sn
F & o484 (LT 15:3:3-3 F % v A& LHEEL) dEhk
{LREECHG L MIEEAET SO THRE LTI
B ENUEETHA, WO S X UREDO RGN
ERESHBITIKET A Z RIS TV SR
5, OBV THEAMBEHE S LD ZD
BB EPASDLUENHD EEZLNS.

KRR CIE, TOEEDIFE A LEBEFMD %V
R E VI E OGS BIEE % 1T - /-8, HTHERNE
RSB 2T, o HiB XU BHOERNREHME
BRI & - THIE L 72 \

2. A %

WS M EE 105mm A5 12mm £ TH B2 A
1223K THEESR-bDTH Y, O/ Table 1
ITEENTWA, A% HE 1mm FOUHI LA, &
QLB LT 1075 K 1 h OFERS&BEsE, 50% WREL,
1075 K 1h oFE# &2 Lz, ThhboH(1)90% &
RIERE L= 3E (InIAr), (2)(1)i2 775K 1h O
WEERh L 7= 30k (InT-775 K ATHiA), (3)(1 )2 975
K 1h #7iissah U 2-308 (nL-975 K #fhi#f), (4)(1)
CEAESRBESE (1075K 1h) L7230k (nL-BEsist),
(5)(2) MBS (1075K 1h) L7238 OnL

Table 1. Chemical composition (mass%).

A Al Cr Sn (0] Fe C N H

14.90 3.47 3.29 2.95 0.145 0.19 0.006 0.007 0.0052

R 61 4 10 A ALHEEASICTRE PHRITE 4 A 27 H5fF (Recevied Apr. 27, 1989)
*  WE AT T (Faculty of Engineering, The University of Tokyo, 7-3-1 Hongo Bunkyo-ku, Tokyo 113)
*2 RWHRAZTSFH (Faculty of Engineering, The University of Tokyo)
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=775 K AT Hi-BESER ), (6)(3)ICF# ShBEst (1075K
1h) L730E (B00-975 K A7 Hi-Hestidt), (7)(4)1c
775K 10 h OHT R L 22508 (nli-BEsti-775 K Ardd
) R MR L 7o, BIALERIC B 1) B HESIIC X 2R % AT,
HHEZEE L L, SEEEROVE S X OFE S8
3, FEDREICR S 27 VT BFRKFICHE 2 A,
TR - 7 78T B = LISk » THf - 7. JERELC
REREM 2 RISV

BRI X' HCREREORLB I 2w TEE L
TRSHECHE L. B OB DM T B Rk
REL L, cHOBESRFNFAOBERK T & IZHKE
¥ LTHh 5.

3. BRBLUEE

FRE O BESEAR I BT D MR FAT 24 S E 2 5 D
X#ErmEnE b Fig. 1 IZ5R7. B (200) 58
FED 825K 405 975 K i FCoMMiE~ 1Y » 7 2
DEEZ, 975K 25 1025 K 124 T 0 i s &
CHIBT A S & S AMBBE I, THRESATY
HY Fbb, 775K Tt e I THEGD S~ T
Yoy 7 2K L, 975K T 8= MY v 7 XD [E|E
L e O HAHEIT L TEL TS, XEEHHEL
DRPEIZ L iE, RERFHICBV T a HOES M
WMELALED o HOWHEIL 20 vol% BETH 5.

WAL BRI AR AL ISR I LR ARG ATEE L
Tz (Fig. 2) 7%, BB X - TEEFM~DER
385 % - 7c (Fig. 3). C OBIEMEA MK, &
LYk o THE AN DD ERBEWICRILTH S, %
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Fig. 1. Isothermal annealing process for 1h pre-

sented by changes in relative X-ray diffraction in-
tensities.

PIDOPESHIS X 0 Sk s 5 5 & & bICNTEAHE
853 5 7o, BILEBORKERE CEHYRE) 1@ 140
um TdH Y, FAERBESEZ I T -BestAr, hL-775
K H7 - Bestid4, ANL-975 K #7 -8k & % 70 pm
b s W A -

FERESE Sl - Fig. 4 \ORT. S i b.Oor f sk
THIOGNTWVAEY LDIEHEPLTWAE. $4bb, Th
5O/ AIE {100} <011>~ {2111 <011>//R. D. D
HMEAHRR & 12111<011>~ {554} <225>//R. D. 60° % 7=
& {111}//N. D. OH#HMERBOGFHE I L > THEA S LS.
Fig. 5(a), (b), Fig. 6(a), (b) Z/0I.-BEst4t, hnl
=775 K AT -BESAL, INTL-975 K A7 H-BESEA O BigE &
EEMBERT. Tho OB SEASHED O H &
BTHONRTVED LDOICHEBLTWT, ThHDMEN
iz {554} <225> & {114} <481 >Hi4riz & » THBE &
N5b. HAERESHBR IS BRI LD,

Fig. 2. (100) pole figure of hot rolled 3 phase.

Fig. 3. (100) pole figure of £ phase after pre-
processing.
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O:1100i<01i> W:{211}<0li> w:{111i<01i> O: {554} <225>
Fig. 4. Pole figures of 90% cold rolled 8 phase. (a)(100) and (b)(110).

O: 1554} <225> O {1141 <481>
Fig. 5. Pole figures of recrystallized £ phase, 90% cold rolled and annealed for 1 h at 1075 K.
(a)(100) and (b)(110).

90 218 £ SRR B SR SAR C I BT AL B A LS A S 24T &
ECHE PG L 73 & R BT B 2
BE S T BS, AHFLE T 1 P S SRl O o H O
AL 2 O T AT B8 MO MR AR
ALEELTwWaVL., THIRRERKH OB SESH
Wiz BT B BRI R B {1111 T AR
TR RIESY, & IS 1111<110> THhHI L &
FIEL Ty, KR0S T {111 HAm 2
TP EETCHLNT, SHBRIOETEFEESES
BRI O R OGS40 W TELEE S 0 5
BhP~LLENHDEEZOND.

LT b Y 5 7 256 OFl o HOKAHME Fig.
7(a), (b) WRT. MF ¥ ¥ ICB 5 foa ETEET

i, WO ROBIZVH W5 Burgers O H R

1110} //(0001), , <111>g//<1120>,
MBI T B 2 EDHSNT VB, Burgers O BRIZHE
3&, —o0 BHOKAIS 12 L BN O a HOFHMLA®
KT 5, Thbb MR T7 Y ME 12 H5%.
2L, EWZEWHNAE 225 50T, LM
PILEEZ DI ZATOEBLEDONYT Y I 6THA.
BRALBESE L - % B F 7 v A EOFRMTIBLED
412 1E, Burgers OERICHED o (Type la) & 2
OB R 7 5 % o 4, (Type 2¢) #5HTHIY 5 & #E
B s hTwh.

FREID C ko THE SN a Ty v EEBET a
+BF Y L BROBMEE-GHRZO o Ik LR
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O: 1554} <225> O [114) <481 >

Fig. 6.

(110) pole figures of recrystallized 8 phase, (a)90% cold rolled, aged for 1h at

775K and annealed for 1h at 1075K, (b) 90% cold rolled, aged for 1h at 975K and

annealed for 1 h at 1075 K.

W 12110} <0l10> [O:121111<0110> < {21101<0001> O : {2115 <5413>

v {21111<1213> W {2116]<2531> A {2118{<8443>
(1120) pole figures of precipitated a phase, (a)90% cold rolled and aged for 1h at 775K,
(b)90% cold rolled and aged for 1h at 975 K.

Fig. 7.

KBELFHIC 2T, KR O (Fig. 7(a), (b))
EDRE, BXU BHDELTHL & D Burgers O BR
% Table 2 12 F & o7z, (1)(100)[011]~(211)[011],
B & Burgers D ER %724 o Ji67, (2110)[0110],
(2110)[0001], (2111)[0110], (2115)[5413], IZARFZ
OBERFICHESERET A, DT &3, KREBROBES
Type le AT L7222 & %RT. (2)(554)[225], Hir
& ® & Burgers OR ZiMi 723 o Fy, (2118)[8443]
IEARIFECIRFEV. 2D a FHHTiE a+ 8 2 B THOFRE
BIBEINEDT, REROEAIHGBE I L

WewH I lkiE, COHMND a HOAEFIZFEEDD
ERIIBITANYT v MERDEELEH LR AT IL
ERBLTWAS, (3)#ESh a HLD ) T BCC
JEIES{Z & Burgers DR % X Cil/c 8 vy F,
(2111)[1213], (2116)[2531], (3 AHFZE D i s X T2 59
W, IS DOHMNP VbW D Type 2¢ LIFIEN 5 XX
LDOTHEDENPIAFERTIBOLR R, (4) M
THEE2 S (Fig. 7(a)) & HEEMBEL S (Fig. 7(b)) @
W THWEARIEZL L bRELFERNE LTIE, RO 31
BEZONL., BEHOEIE (b5 idEEHEKES) 8
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Table 2. Comparison of reported preferred orientations of ¢ phase in hot rolled « and a+ f alloys’? with

present results of cold rolled and aged g alloy.

Pref X X . Coincidence with orientations obtained through Burgers’ relation from

re eI‘I’fG(i Oi"lentatlons Presence in Fig. 7 (100) (211) (111) (554)

ot @ phase (a) (b) [01T) [01T] [01T] [225]
(2110)[0110] O O O X X O
(2110)[0001] O O O X N X
(2111)[0110] O o O x x
(2111)[1213] AN AN X X X FaN
(2115)[5413] O @ X O O X
(2116)[2531] A A X X X PN
(2118)[8443] A A X X X O

X : Very poor coincidence 4 : Poor presence or coincidence () : Strong presence or good coincidence © : Stronger presence

O : Derived through Burgers' relation from 554} <225>
< : From {114} <481>

Fig. 8. (1120) pole figure of precipitated a phase,
90% cold rolled, recrystallized for 1h at 1075K,
and aged for 10 h at 775 K.

Beofifr2fl (Fig. 1128135 (200) BIFT#EE O
L), RO EEICE ) v 7 v MEIROAZL. #t
WiRKEIC X % Type la & Type 2a O A KL OEAL.
AR TR INS EERMICHEITTAICEE - Tk
Wy,

Ratu 5 ' %, Ti-3A1-8V-6Cr-4Mo-4Zr &4 % 51
JEIE%, — BRSPS T AR ICBEsE L, 783K T
PRl L 7=, T e OB AR, FEESHE
D BHLEHINY T v b DFERZ LT Burgers O BRIZ
FeorT afdM Lz LTHBETELERELTY
5. Moo (1010) WA, (2110)[0110], (2110)
[0001], (2111)[0110], (2115)[5413] & iz —FK L\ ¥ —
IHBEAETHIEND, HODRERELREROFER LT
BEEHCL B L2VAEb L LfEE SRS, Z0E
VOBRRKEEE LTNI-AREEREOENICL SN
7y MEIROEBVWIIHHEEZEZONSD.

BB M) 9y 2 2006 0HH ac HOEASHE%E

Fig. 8 15+, OB X COHIE [554] <225> 8 K OF
1114} <481 > FHfid 5 12 D s351) 7 >~ + @ Burgers D
Bk -oTHeoND a HOSI2RT. REBO S
T, BESTMN) v 72950 HICBNT oD
KERSiE Typel la & LCHHE L, 7v) 7~ FO#EIRS
fThhh s bfEmEhATHS ).

4. #

#725E B 15-3-3-3 F ¥ Y A EWOE AL O i
HEHH 2010, SoFE% 90% wRELER, ML
TRHTHILEE, A S LEE, BEASSARMTIHALBE L, B
LU o HOEAHBRE BEIXNEIL X o TR~

(1)BHMOIEME AWM, PR SECHEE b, Rk
DINT - E 1 72 o ZROESFHBICEHML T
5. FEESESHEICB JITTMLEN RO
REBROLEMTIED SV,

(2)1 AARCHT L 7: e HOEGHBICE, B
& Burgers DR E /2T ATH B, AT HLBLIR R
W&o T a HOBEHIZEELDENYH 5.

(3)aF ¥ v BEHHVIE a+BF ¥ Y HEDHRMIE
HEEASHBORE & AFROMRE LT H L, Thb
DTS S HBE ORI &, I o2 I AR
L HMBREONNY T v FRIRPEEL TW5H 2 EATRE
N5,

(4)FfES BHICHTIE L 72 « OB aMEE, 134
25N T v MEIRZ LT Burgers O ERIC L 5 TH
5NBFIEBENIC—HT 5.

(5)(2) BLU(4)DKR I, RELOHEITEN
H o A O KERS 13 B & Burgers OEF 2 W2V b
W5 Typela THDHI L ERT.

EERICH N S o EREGHIE (YRR R L
A, B (BR) BALBUERT), BARZE (HEFRHIKS
LepEhetd, B HAREmREE(KR)) B X ORHE R4
LT & o 7 ARSERASTIORH L 5.

o
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