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Fig. 1 Slip systems of (112)[111] and (112)[111] in G1

crystalline structure
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423 AL BRI 12} 28 S SN E] T Rk
@ H1o PANIGRAHI 2517V B 5 93 M A8 T+ i i /K
KA FERE f—o HIAE. DUBINSKIY 2%
B Ti-21.8Nb-6.0Zr(Ji i 43 40, %) (TNZ)& 4 11 Jo AL
INISAT T RRE o—p Rl a"—p AHAS . Vi (250
RILKE Ti-25Nb-10Ta-1Zr-0.2Fe S 7L N %5, K
& B pro—pra"—pras

B, R Ti-Nb 41 f—oo AHARHLH
UL PR 181 BN A 2RO 0 4y
BT T o MIEEANZALNUE], IR T oo FAZM LA
JOFHRE . T o M5 pHTERRSAT AW B R
SR g,=2 ag Rl c= (V3 2)age LI
Ti-6Cr-5Mo-5V-4Al(Ji i 73 40, %)(Ti-6554) H 45 i A
B FHAZYORGANE R, ERIL o FHTEZR
PRI S H UG R A 55, YAMAMOTO %
RIS Ti-Nb & LM, o HESTE gAY
SI AT RG AHAE Nb J5 7 g, 1 o A
{9 Nb Ji 7 {111 PR RS H . TiadT o
RS S 10~100 nmt, 04 L A R AR
SMILAUEROVA Z:PNR 0, MW )51 o
(0001),, 77 i) R~F290E 2 nm, UG I o AKEE 7 )
HARZE 6 nme LAI 252V I o AR ST 1.9 nm.
2.8 nm [PIfERAE

| X JZ 4 BE (Generalized-stacking-fault energy ,
GSFE)H1 VITEK®Y7E 1968 4FE ¥ 5L, ZEfReint
R R LTIV, ] Peierls A7 48 R 74 255 Hi ik iy
A AL B2 R T % s I e B RS I S, W) R
ML 2 e o T P A B R P DA S A A R 4 e v
R (y T B e 110 | SUZHE Re S A R} 243
YLZIFN 22 P BESERT), MORENO S5 H o — P J5i s i
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W Nb &5 KT 18.75%IM, A AL HARAHFE & . OJTHA
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e A - = (112)[111]

o Ti atom
( . Nb atom
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Fig. 2 Schematic view of model for calculation (The up half

atoms slip along [111] directionin (112) plane)
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A TAEH5 KT Material Studio %44 (f) CASTEP
THA, W5 E R, TR s B I R e
i, W5 IR B F R FH B 4001 1T 35k 1 4
[i##4(Ultrasoft Pseudopotentials), A&t IHERER ™ X
B ST A(GGA) H 1#) Perdew-Burke-Ernzerhof /£, 1%
I (SCF) - AT v, P I Ak kT e 54 320
eV, MBI, ks R 2x3% 1. S5
AT, ST AR T BE KT 280 eV N, BEFAR LA K,
HOZI 320 eVe k A& ARYE Material Studio HEYF (1)
2X3X1, S A1 PR RE R B e

Ti-35Nb & & s i B K45 % 0 2 IR R L
WA, B BOR A g s> & S 12
HH SRR BB Nb S0 & m Ryt & ik,
HUANG Z5U'NA g M) DO; 45 A% H 50N 0.3260
nm, A TAEMEH) SCBEIT(GGAK G (1) bk
e g7 TR, THEEI K 3, HIE 3 A Gl
S AR 0 0.3261 nm.

MR {112} R B T7 ) BARCE BRI,
I E BV ()56 A i i 5% . OGATA 451
INTE 107 eV/atom i N At T SR %
SLIEE FA RN, W ZBEANTE . VITEKRPHA ., 5
TN, R R A, SEURT
WVER & AT o, b2t i1 57 . DOU
SEUSIA Ay st 2 VT S 2 A R IS K . DR b T
HFBYOIH 7 17 EAESE At BT A, BE RSO N
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Fig. 3 Fitted curve of energy minimization with respect to
lattice parameters variation in Ti-35Nb: (a) Integral morphology

of fitted curve; (b) Local magnification around 0.3261 nm

CASTEP %10 107 eV/atom, KT OGATA %54k
WS ZU R, EETAE R R T B
Hellman-Feyman J3/NT 0.03 eV/A, WLLAMIARE
Z5E T

FANEZZEE N 1.5 nm, MRAEFE LR B
JERERT 1.2 nm IV, 72 RREREE DN, T 2 A
it

1.3 HtEER

Bl 4(a) M) AR S 1 G Z5k1E
AT A0 Nb J5 18RI G A8 Nb JRUFHEAEQ) J7 1) B i)
IR Re g . PR 00 1L 24 -y 12 205
FR22(0/72) [111]. (1/72) [111]+ (2/72) [111] ===+ (12/72)
(111 ]ES RO AT

M 4 T LUE 1, B B4R Nb JR - HE T
BARAARINEK) XAH G, WWHE 0.001~0.012
)’ ML YOI AT Nb J5 745 18 B 2 AR
IR RE, TEFEAE 0~0.07 J/m?e [N, AL S AR
Nb JFFEEMH A R, AfaE) 24 R R 2
0.012 J/m*, 1AL K4S Nb J5FREMHTRS 2, A
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Fig. 4 Generalized stacking fault energy curves of {112}(111)

slip system: (a) Curve of GSFE after full relaxation calculation
along nearest neighbor Nb atoms chain in {112}(111) slip
system; (b) Curve of GSFE after full relaxation calculation
along {112}(111) slip system without nearest neighbor Nb

atoms chain

W) RERERR MR, | R HTRE G M R
(KIFFS)y, AT WAL TERLHIFIAZ T (F M 2y A e ¥
ATARMSE SRS T, WAL oo AR
HONb J 7 A A g A R, JEHA T o
AR I B DIN F A o AN

2.1 [TXEERMES poo HEHXR

Ti-35Nb &4, 5 {11231 RAHSEIARAR
E‘IE%:IE& w *H%n#‘ﬁHEEll[l,l 8, 11-12, 24,31,39]0 Tl-35Nb A:Féﬂ:\qj
(1] o AHA» AP Rt 400 HAR N 7 45 #4) (hexagonal),
AR P6/mmm, FRICA o AEIEH ) =M 450
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Fig. 5
non-close-packed hexagonal lattice: (a) Projection on (011)
plane of BCC lattice; (b) Hexagonal lattice in BCC lattice; (c)
Flatoctahedral of interstice in BCC lattice

Schematic illustration of denote BCC lattice by
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s TR B FbsdE, T>1 0, &
b, MBEFIHEEIE, TRIEEEAEN, I
T<I W, gkefrlsiig i LI, BRoeri; v
RWME, XHv~03, pg2iPHE, XHEH
u=21GPa*, y oy H oy SRR RGEEARE. A
Foow JZ 4 RE A AR 2R i e

RPER Q) AT 3(2) ) CL k. fE(111)/6
O REEE S R /N AR (111)/36, ARAEIE 3 A%
P, AIUPEH AR 4 NIEIASES T> 1, Ui R RS F
(1/6)(111)/6 I, X JEJ-F s (i A%, AHEAT i1
IR s, HEF—AN/6)111Y/6 MERTE1E, K
Jo FEIT SR AR AR IS 1, 2 & 2 B S A B 11)/6 B,
MRS T2 n AW AT C1 R AR — AN AT TE
B, IF BTG RN UE 0, A, AHAR IR T2 R
HOE(1/6)(111)/6=(111)/36, 1 22555 6 J2 {111} 5
T, T2 2 22 3 ANE o M, KL, RS
OGATA 2513373502 B IR (microtwin) f /MK 2 BUE 2
JE G5, AR IR A DA 12 )2 R {111} . {111}
JE TR ao/(24/3 )=0.2887ay, C1 HIZEIERINITE
YJ7 1) E#E o, M5 N EE=12X0.2887a9=2.309a6~
1.1297 nm(ag A2 fm s 50 V28 il RS g v 1T R e 2
RSB, % ZHU S58B4, n a2 728 1,
[ Bsf T BRHE o, AHFNAR i B R AHES 50, BERRAE “ =
H3YG " (sandwiches) &5 H4) o

B, AMRAERQ) T 30y C2 gk, wIf
o T>1, Bk, WS R BB A2)(111)/6=
(1Y12 Jatsak, B R [ 2 P6/mmm [ o, /H, 4
TR I, BEREHAY12 Gk, A
FASPATIR P IS IXFE 1A o MRS 2 2254,
MAAEQN)TT M) F o AR /NEREZ) R 0.3766 nm.

OGATA Z533735IF1 ACHMAD 5“2 {4k 45 H T H
I SZESRE(GSFE)TH = AR 22 i G SN T T
[t 25 T 28 BRI RE, I DI ) 2 U

_ T Vibm (3)

T. =
max | bp |

A yom R TCHFE S A2 5 PR eRE, B AR AR
I RO REREEE 22, | b, [T LA AORE, 23K
by=ao(111)/36(FHAT4E Nb J5i 7HE) M by=ae(111)/12(KE
A8 Nb JRFHE),  ao A& Ak 4L

£ 1 A AR A G v S AR dn il SN )
Tmaxe 26 1 HITEHTE R ITEN) (1 B N BB /T 52505
gt > &S SRR AR AR 8. K 1 TR
HED H PG48 Nb SR F- 85 {112 LLDIE R RSB A S
5.

R (25 AEERIZERIEF VNS e
Table 1 Critical shear stress 7,,,, of {112}(111) slip system

Critical shear stress along

Sli t
1p system {112}(111) slip systems/MPa
Chains of nearest
2126.46
neighbor Nb atoms
Chains of next nearest 180.21

neighbor Nb atoms

bR b, T A SRS AR KRR AT 555,
JIT LA A8 S B PR B A0 22 b e S DD R 0 481G Bk
o A, FERLETSEERREA AR R P A AR G R I S )
%[33—35]:

2V e
"l “)
e o RAENHAER FIZRRBIUIN JTs ppp 2800
FIERRE: n ZTE SR IEIJEEL, FaE 2R e n=2;
by JEFB AL, IXHL by=(111)ag/6, ao A& AbkEHEL.

£ 2 SRR @) o v AR SRR
{1121 RSB I AN ) 1,0

R2 {N2KIHR RAAEAEE T 28w DI ) ,
Table 2 Critical shear stress of twinning z, in condition of

dislocations

Critical shear stress of twinning along

i
Slip system (1123(111) slip systems/MPa

C.hams of nearest 2415
neighbor Nb atoms

Chains of next nearest

neighbor Nb atoms 703

* 2 MLLEH, BEXIEA Nb T B
{23 RE 5 I8, Hm A 81N 12928 7.03
MPa, /T-SEEG > 2,

TR IR A T = A 128 db i S BY D) g mp LA
55 MRS . OGATA 25133735045 7 25 B A B/
PR 1 o5 2

I, ~ (F2Ly? / g, 6)
z-1‘1
A Ty AR BT BT D) R, 3 B Ak A
Tigeal =2TntTmaxs  PTHIER 1 AR 2 TP I BEAR BT,
ao A g AL
R 1R 2 AR (GS) R, AL R
AR Nb J5UFBER {1123 DR R e KA p—o HIAZ,
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oo MK EL N 2.6444 nm, 1A GEAR Nb 57551
{N2X DI RS KL p—o HIAE, T o HKEL
& 1.304 nm.

B ERATA, 720 KB, G145 {1123 (111
BRREE f—2E (0 M), BIEFAZE0A o
][RI IR) “ =R 25k, 7Ef il Nb Ji ks
) B 2 MRS 3 o ML IKIEAR Nb Ji 75
Tim b 1A o AHALE 2 ARG . LERR I A BB )
YERTN, AR il S By D)8 3 292 7.03(5K 24.15)
MPa, o FHi/hRSF25E K 1.304 nm, J5 0.3766 nm.
TEBA AR EE T, A5 A48 Nb S F4E)
{H12KIIER IS BN 12028 180.21 MPa, #%
BT A TAE T RE 5 M L™ bk 4 Al M 45 R A
RS, RIAE p—o FARRAAAE “H”, i HAhse
BRI A s AT . A TAE “-Nb-Nb-" J5
In) (1) B KMl 5 . g FeAS 55 SCR[29]— 5, 1 “-Nb-"
J7 ) (1) B R S B DI ) AR ZE 80K, I RIAE T4 T
VE¥s R a2 b I (2ol 56 —AS “ig” G —AMROKAE)
YEh p—ow HASREREER, NAGASAKO 2P
Ak B G VR RE FEBE 22 . NAGASAKO 45129175
FIMAFEE 2 HE KL S 0.05 I/m?, IX 5 4(b)fi
GURIEAR 2, M5 4)FR gl RAAE —E 25+,
TR R], Hdl 2 e () R kYR TR 8 E
MIART . LAT 255286 B Ti-Nb A4 o MR
il 1.9 nm. K4h 2.8 nm FIMHERIA, AR SCEE FIA

1) Ti-35Nb A 41 G1 g5kgrh, A5 A48 Nb J5t
THEEM(L2KNDBE R 2R g H 2 i
R AL B AR Nb Ji FRE {1123 R XE
HAEM ihZfT 4 M.

2) Ti-35Nb &4 1 G1 451, A& UIEAR Nb J&
FHER {112 )T R EA BRI A DN ), 25
42 180.21 MPa, JER “=WIAR" o MHFIZE G, Beh
JERE )5 0.3766 nm, £ 1.304 nm; 1L Er Al
Nb J5LFHRER {1123 (111 TR 28 FAT s (1) 1l 5 By D
T2k 2126.46 MPa, JERL “ —HIE” o AR,
B/NEEY) 1.12970m, K4 2.6444 nm.
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Effect of Nb atoms occupancy on f/— phase
transformation in Ti-35Nb alloys

SUN Jin-hui', CHEN Leng', MENG Li*, WANG Yu-hui®

(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing100083, China;

2. Center of Beijing R&D, East China Branch of Central Iron and Steel Research Institute, Beijing 100081, China;

3. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The generalized stacking fault energy was calculated by the first-principles and the influence of Nb atoms

occupancy on the induced f—w phase transformations was discussed in Ti-35Nb (mass fraction, %) alloy in this work.

The results show that the opening of {112}(111)systems in f phase can form w phase alternated along twinning so called

“sandwich” structure. Meanwhile the critical shear stress of {112}(111) slip systems including the nearest neighbor Nb

atoms chains is 2126.46 MPa in perfect crystal, and form the minimum o phases with 2.6444 nm in length and 1.1297

nm in width. Furthermore, the critical shear stress of {112}(111) slip systems including the next nearest neighbor Nb

atoms chains is 180.21 MPa in perfect crystal, further, the minimum  phase has 1.304 nm in length and 0.3766 nm in

width.
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