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Deformation Temperature Dependence of Active Twinning Systems during Compressive
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Deformation in Polycrystalline Commercially Pure Titanium
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Abstract

In order to clarify the effect of deformation temperature on twinning deformation for
polycrystalline commercially pure titanium, active twinning systems during compression
deformation at temperatures from 25-800°C for JIS Class 1 commercially pure titanium at 0.5
mm in mean grain diameter were investigated using SEM/EBSD techniques. At a reduction of 10%,
four twin systems were confirmed to operate depending on deformation temperature: the {1121},
{1122}, and {1011} twins were observed at 25-200°C, 25-400°C, and 400-800°C, respectively, while
the {1012} twins formed at every tested temperature (25-800°C). Those temperature ranges for
the {1011} twins were the same as the previously reported ones obtained using single-crystal
specimens. However, the others were different between single-crystal and polycrystal specimens,
indicating that the effects of stress and/or strain concentration at grain boundaries on twinning is
different depending on the twinning systems and deformation temperatures.
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Twinning systems observed in titanium
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(a)-(c) Crystal orientation distribution maps of compression
directions and (d)-(f) twin boundary distribution maps for
specimens compressed by 10% strain at 25°C, 300°C and
500°C?; deformation temperatures are (a) and (d) 25°C, (b)
and (e) 300°C, (c) and (f) 500°C. Red, black, blue and
green solid lines in (d)-(f), respectively, indicate {1012},
{1121}, {1122}, and {1011} twin boundaries.
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Twinning systems observed in this study; rotation angle
and common axis of each twinning system are also shown

Twinning system Rotation angle Common axis

{1012}<1011> 95° <1120>
{1121}<1126> 35° <1010>
{1122}<1123> 64° <1010>
{1011}<1012> 58° <1120>
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Temperatures at which each twinning system was operated for single-crystal® and polycrystal materials®
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Ratio of number of primary deformation twins touching
grain boundaries to total at 25°C, 400°C and 700°C

MehiE, HAGRIZHRTEERETOTMIIERE TEE)
T %0 LR 0T AEEE, [EMOT AENRL L7280
—HEZIZ B TE WL 00, IS0 3O FRIE
ZAERARIZ B CHARE AR LD D IR WIS TG E) 3 A 13
M%RYo ZDO—J7T, {1011} BT ELAE S & s ik T
WD 400C~ 800C CTHEALTEBY, HEIT 2R
AHELTH 5,

X 312, RWFZE TS SN2 8RR O E— R
BT, ZOREOE N OGRS AL & B LT
BEEZME LI RICOWTRT, A, (11217 B
TlL, 25CT, 12T 100% A HFEERA T EFEL TV EH I LN
birdo {1122 B, 25T Tl {1121} A5 & FAERICIEE
100% 255 Sk L & 7297575, 400C TIEXZFDOEIE1EH 90%
AT %0 {1012} BLELE, 25T & 400C Tl {1122} B
R {11213 AU & FARIZIZIE 100% A5KE SR FHCEE L T
A, 700C DL L TIEZDEEIEH 90% I T T 5, 2hh
DML, AEARDTEENAE AT TOIE IR O A
DOEFPERCELGLTBY, 72, BiilhbEZ0%E
WRRNEL DT ERRIEL TS, —T, {1011} B
fald, 400C, 700TC & |ZHEARIT & H9 B EIE D% 70%
EIEIR S, AL BRI AR T Z OB SR A o
FEINSWEEZ 5ND,

4. %

FHFRED B FCC (Face Centered Cubic) 487 & Cld,
R D — AW &) BELTEN RS L CHaEme PRz L 2R
FOBET D ENTELD, ML — ANZE
FEOHKRTET T, TOL)BHEICE, TANOT AR
DNE R BUERERAEE LTV, LAL, F4rDLoH%

P2

H A& # # & W #4875 (2021)

a \ \
@ A\\ A
A}
) SN
L o
T{ matrix
O( O %
— I
[1120] *
translational
symmetry
vector
(b)

parallel to 1,

e
3 ‘1 matrix

Q= —) :
[1120] AAVA VAV

)

B4 {101} MEDE—LARTE IV D vy 71 2T ORI
(a) B—E AN, b) vy T T
HEDOEXIEZhZhilEAMEICa/2 $hi-1&F
RERLTWVWS

Schematic diagram of uniform shear deformation and shuf-

fling for {1011} twin?

(a) after uniform shear deformation, (b) after shuffling

O and x in figure indicate lattice points that are offset by

a/2 in vertical direction to sheet, respectively.
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Shear strain (s), shuffling parameter (q), and ratio of shuf-

fling atoms to total (N/N)) needed to form twin in each

twinning system®

Twinning system Shear strain (s)  Shuffling parameter (q)
{1012}<1011> 0.174 4
{1121}<1126> 0.630 2
{1122}<1123> 0.219 6
{1011}<1012> 0.099 8
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