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Abstract

Interdiffusion coefficient in the A phase of dilute Al concentration of (Ti-Al) alloy has

been measured by Matano’s method in the temperature range 1323K to 1823K with
(pure Ti)-(Ti-8.5 at. % Al) couples. The impurity diffusion coefficient of Al, ﬁN,u 0
has been determined by extrapolating concentration dependence of the interdiffusion

coefficient to the infinite dilution of solute Al. In the whole temperature range, ﬁN_“ 0

is less than the self- diffusion coefficient in B-Ti. The Arrhenius plot ofﬁNa, ~p also

indicates an upward curvature, as in the case of self-diffusion and impurity diffusion for
other elements in A -Ti.

The reason of the curved Arrhenius plot has been explained by the mechanism of
phonon-assisted diffusion jumps via monovacancies. The formation enthalpy of
monovacancies in A -Ti has been determined as 139 kJ-mol', which is not affected by
the kinds of diffuision atom. The migration enthalpy of Al atoms has been also
determined by the the method shown by the present authors and related co-workers. In
case of Al diffusion in B-Ti, it has been shown that the size of diffusion atom is
dominant effect and relates to the migration enthalpy.
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Fig. 1 Profile of the Al-K, intensity in the (T0) - (Ti-8.5 at. % Al interdiffusion
couple heat-treated at 1523K during 41.4 ks.
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(a) (b)
Fig. 4 Comparison (111) plane of bcc lattice with (0001) plane of hexagonal w phase.
(a) (111) plane of bce lattice with interplane distance (2/3) r,.

(b) (0001) plane of hexagonal w phase with interplane distance ry.

AFs= (11D A ARAZE (2/3)reel®, $71 (111)FY FRAZE 2rp°lth
ztzbe] (111) @Al Yxste AR AgEe (4V2/V3)r, o ®oh. matrix FHAR
7} 5o @ (111) Aol AXstn, FF AR O (111) BolA &3dxte] vz
99 AP xstE, FAPRY olFAYE 2ry otk 2V FaAArE (111)WE
o) FAAYAANEZ olFste AN O € @ (11)BEE FH3A AR, o594
ztzte] (111)EF0) BAYE 938 WE = saddle point®] HZF& 2 1.76r,9 £
sk, mety @3E 717l 9% dRelFel UM FakAdAE saddle pointFH o] A
L Yool Ay 4 £ Yv FHE FHEAof ok o]Re] Tad oy
A7} o5& Y3 BAAUA GY o gt

Fig. 4(b)& S48 o4& wide FAZ 2¥oln, phonond ZH&d 3t A
AYurAe) gxo)Fo wel FAFHE Aoz LA U ¥ AAYLHARY A=
A8 YeE Fig. 49 ©W (11)BFH @9 (11D ™| MZ vlFRe 1118 FS
2 ztzt (1/3)ry2E Aol ol53ld A" dyddAdozA B4 o9 (0002
< ¥ $9W, Fig. 4(b)Q (0001) A2l Y= Fig. 4@ @A (1) B &
AstEd Azolny, (0001) B WAZE 2ry , (0001) Bl $x3te dAEY HZ

AR Agle [ 2(V3+1)/V3 1,2 Axdg™,
w3, AAYRAZGM ME g2 A (111) A X Axe AP ALs} AR
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O (Ti8.5 at. % A)RFFY Au el B A7

B At (4/V3)r, @ R © watd, 0¥ AATEF FHELEN 2r) R
2.1185 1,2 Z2stach 2 AMYEARERH o AXTRI AR, ALY
wAze] [211]88 02 S99 AE AT A 4/2rp0] 039 [1010]8F
Azt A 2(/3+1)r,2 weses 1 wstEe  [4V2 — 2(/3+1D1r, =0.1928r
W paso] AAHY ZolFEe 3.4%0 EAHER ALYLARERH 0¥ ART
zolo] WalEe foldA Yolde & 5 AUtk

29 Kohler 9 Herzig™'oll oatd, A4 gAAel M 2AHHE phononl 3 ¥AA
AL AR ZEE oA oAS FAstEY ade WAAzRT S ol

r{

y

H1
fr

1 g3 ek aeu 1 2vld gE AuE A8 g duolth mety ¥ dTA
AL AAZEE ol 4He w4 HAHL phonond] 1T AXNE AXNWATHY ABA
A By 08w 2.

Fig. 4(a) 9 AALu A= QANG2EE phonon) o2 AAULARY (111D A
o 9xs= ARt Fig. 4(b) 9 o) AR JAAAE He olFHE AYE F
R, AAYLAG] M2 AAHsE (1) A HAAZ7E,  LA(11) phonondl =&
o 93t (1DWwEes HuolSAT £(1/3)ry & &7 o1FF AAEHX  0(zero) 7}
g ot ©9y], (1) BAe e 2E Yat50] 3 7<) [121] TA(110) phonon
o g olata], [112]W8ko= 0.0843 1y, [121]1%3o2 0.0070 ry, [211]882
2 0.0070 1,2 Z+z BAlol o) ® Ro2 B & gtk TA(110) phononol & 7t ¥
oo Axto]E A ALbe] thE ZAE Fig. 59 ARA AFsrI=2 ok

olg} o] MAYWAZZEE phonond] FHEo2 oA AATERY WsHA Fut
2 AzolE e WA, AAALAAY saddle pointE HAuE FAHL 9o Y
e 2o 7 gk = W w4kl (0002) BAel $1x1ste 9AHE phonond] ZH&
oz (IDWEoz (1/6)r, & AL 5L sdgou, ALYLAA] UF saddle
pointe] W7AS 0.88r, Hok 2318 F&E st Hol #w, (0001) WFS) FASE
NEA BAY 939 saddle pointe) ¥4 0.82rp2A 3.4% Z2¥ IFH7t 2o o
a4 Cook 2 de Fontaine 7 %0 AAE AL AXNZREH o embryos] 470l
A AAF] dE T o3 YA e 2de 8P F glE Re=
A z+E ),
gaja 2 A7) ME Kohler 9 Herzig™ ol olsted AAE 2 FF9 phonon #E2o2
A7t AT AAY R o]5HE AL S BAMY “breathing” E4E thFF 2ol =
218}s] w72 st

110 —



94 g-1 R

=, TA(110) 3 LA(111) phonon®] 2Hgol ojste] AAJALARNZRE oA 7|RAR}
TE HO: §3F o Wy E AXTE (“severe w element” 2 B3I §) o} BEA
AABAAS 72 ( “anti-severe w element” 2 WHI|Z s AAHoT g
BEE o171 e AR FEE Fig. 52 =ASA

(172] ~
\6\\\ [/O/J

\ |/

Fig. 5 Schematic model of the “severe” collapsed (111) plane of bce
with atomic position displacement by the phonon action.

299 sEE AADEAAS) (111) Bol TAN10) phonon®) zgoz [112]%3
[2111% 2 [1211%8o2 zbzt 0.0843 102 247t o]Ss o], [112]8&e =)
A clFAE 0.2304 1y 7t HE2 2o AU FAR (111) BN H2H LA}
ARG 8.14% € Fei7t €0k =3 (111) 39 927 LAQ11) phonone) =&
o st (B FL= (1/3)r) ATF o1F8 F2A & We) Zo|7}t 31, X0
7F 2 1gQ AAARA7IFY AAlolth o]} & “severe w element” ZAzto] UYoiA, =)
AAALAG AP ARZY Ages EHSZ 217 HM oA o
element A9 A% Box =Ud Aeirt @k 28U “severe w element” 7F Q1HE
W, AQLAEY A Ak V3re7t sl Zrde Ax AARAY 2r, B
ZopABE “severe w element” AZATZRZME WA oL NG F AL
dW, ok e A s wie AL phonond) Ago2 HrlSW, 3 FFH
TA(110) phononZell X 1 F79 phononol <8 Hthe] Y= o] 5287 o)A oF
8.3%°l dFdte 2 FF 3 phonono] FHEF Aoz Az 5 Yu}.

o] el that, “anti-severe w element” ¢ A}Z7]1% 9] basaldd YAZAZE A

—_— 10N —



(Ti-8.5 at. % A)@FF5 9 &bl B A7

WA (111) A Ax3A2 (4V2/V3)ry Bk 0.2660 ry Z7He 3.5320 1y 7+ =,
71E Aol EY AATAYE 2 1y o1FA, H471TY A4 EXEUF R A4 97 9
2)&HA "t '

H7y AAGEARS (111) Bl 493tE “anti-severe o element” 1 3ZH7]F 9
basalAAte] RAEZ TARE WES A71E Yoz HASY WA 1.0392 ry7h Ve

azgeg AAYwAzLe] (111)Ho] phonond ZH{O2 2 “severe w element” 9
“anti-severe o element” & A E 1, “anti-severe @ element” o A Al Y= F
AQ7ksk olo] HEHAAY TARAYol AP, F4LARE TA(110) phonond) =
o 23l matrix@ At 7B T 3.92% © & saddle point®43} LA(111) phonon?
zZtgog FAAPLZ R0l 4 UA 9. ©F4, Fig. 5% ZL phonon &
§oz ARV HAZHITAAYLE R olFee AH S AMNALAAY dFFIF
of o3 YxtolF ) EHBAHE FAE A ¥ FUFHI H=22, O A= A4
QAo AxtolBo] B U o] WastA e Feyt In GY 9 go=z
Hrrstd o33 2.

A, phonond] ol o3 FAAH o2 AAolFe WAOlFS A% BA3) oy
A7} 0(zero) 1 “Feiolth.

=), “anti-severe o element” & A Ao X FAIAE matrixPAY Z7|ET
3.92% © 2 saddle point® S#H3EE phonond] & ¥ FHRAFF VO A4
AW A=Y HAFNFF v} 2 FeHyE ok 7y LAY o5& 9% JdEZ T
' AZSo BAHY 241003 2ol EAHEZE Fig. 59 phonon?] Zgof 23 Axzjo]
Bi9te] o5 AY AEZHE A9 0(zero) A 28l F, SY—0 olth.

[e)
T

v =yexp{(S¥—0)/R} (10)
A, 9 Fig. 59 “severe w element” ¢ A Ao Az 2 o] Yzpet [0001] W

=
AA AL A Al matrix AL o

}_
§ BRAF4O 21 LAY HPog BHIYW, o] Ao ARIEL AT ¥
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0.88 ro Al HIdt] o] H9= 0.73 ryol7] wjo|c},

o 2L ZAZ &=t Ty € W, MAYLAAZFAA phonondll 93t} Azt
7t ASHHRY FHAAP R LAV} olFde AFE AAGLARY GFFU|F 9
3 dxlolF o AR gteE FAEH, A(1)E FAE 5 Yo}

G =GY+SY T,=H" - (11)

agy, 431109 G EAC tisted Sanchez 9 de Fontaine™ & &% Tolx9)
G"= H"—TSY Kohler 9 Herzig®®& &= TolNe GY a G¥=H"-T,S"
oz z4zt gyristn Uk '

agizg AAYRZARF phonondll 3 Azle]FaARE A (11)E FHstA, FAA
o LEEANS AT 9T 4122 BAE F U

D= Dyexp{—Q/(RT)} exp{H"T,/(RT*)} (12)

kA, B A7 & (T)-(Ti-8.5 at. % Al) &) S-S AL gt F3FuAFe 5=
JEQCERE 7 exo WY B-Ti T Al EWAF 2 Araki 50 Jste] 73
A B-Tizg AIRAY AFE FAANE3I Arrhenius plot & Fig.39) £x &AL
A (129 H&std 7 2z &9 g2 B3 2ok

Dy & (1.45x10m%" , Q & 311 kJmol' , H™T, & 109 MJKmol ' o|t}.

FH, B-TiF AZIFUASLY R B AT AR GAAFE MR 4F das
of HF FAFe L&Y o HAE H(122 HFFA, Q & HYT, o #
AE 7387 Hstd =A% Aol Fig. 6 ol™, ©]59] parameter AtololE 4 (13) 22 &
AlFE AAAHQ B BAZE 43S ¢+ Ut

HY"Ty(MJmol 'K) = 650[ Q(kJmol ') —139] (13)

a4, 4@ Jad Q=H+HY o #A7 emg Q o4 HYT, Atolde 4
(14) ) BA o] HY3Ho),



(Ti 8.5 al. % A)Y2FY H5 0] B3 A7
H"T,=(Q—H")T, (14)

A3 3 A1) 25 H' & 139 kimol ' 2 A=W, ol & B-TiFol THAAH

1 mol 84& 9% A2y o, Fude) FH FFS wx @&

&3, Kohler 9} Herzig™ & AAYLAANTZE 2t 359 A% 2
al

A2 1mol FAS A3 ALANE 4 (15 9 o] Fara
Hf (kjmol!) = 6.8x10° T, (15)

A7, T, & FHLER JFAS & 349 §Holt.

(15)% A48 f-Tiel H'& 132 kjmol ! o]=2 B 7o)y ZAF e Kohler
9} Herzig™' o) F24dn9l 79 918tk Iy B dFdXE B-Tiz Z%9 945
o i FAFe proEAeR RH Esgoenz E dyda ZAAF 4-Tig
H'9) ol Bt} 61gd oz B & 9o
= A3 4014 2R AALLAAIE phonond) &HEoz 1 ARPFTERI} 4A
3 e HEHA e Toe 650K 2 53"k W, Sanchez 9 de Fontaine
= B-Tizg WAEFTALLE AHES A5 FAHE A3 A43oux Q 2%
B H'=HY=(Q/2)9) B2 A8 TyE 691K 2 AAsGen, 2 A7y T
& To= ol Bl 3de & 5 Sioh
B-Tiz A9} itel g Y& FAMsH7] 918t9 Fig. 58 ZAZ & dAlsl U
oM, AYUEAAS] FAolFS AT A3 AdUA FE AFe "X AAE FAMS
W o3 2ok
Fig. 5olA 229t matrix @ 2pkell M 712 ge) xpol7} Bate] gL nx)z &
=0 &, AAdARAAFT Fdae 277 dAolEe T B4R I8
ol S vAE Aoz B F Aok matrix YA WAL g3 shd, P9
R re7k 0.73rp=r=1.039r; 1 ¥#k2] phonon®] 8o o3 HZHFAAGoR
o olFAAHT FHo YAEE FAHE (111) B9 saddle pointE T A HA, 2
w730 matrix@AM ARG 3.9%HE O ZEEZ sized] 93 FE£L HE w
A EAHL, olFdAe] gl 1.039r; 9 Ade 2 A¥e Horh 8o a3y
1.039ry<r <! °ol5¥A ZA$E “anti-w element” 9] saddle pointl & o] FHAHZ

straing LA HB2 olFdAe vEFe] 1.039r; 1 %ol wdte] phonone) ZHge 9

—_— 109



ol MW7 A
g Yol g aYIE Z2Ed WA phononol 9 YAFTEARE YRR OT EA
& A1) G = straing] oz BAN A(16) o2 FAY 4 Juk

GP = ke (16)

A71M, k= Ao maAgroln, c& rol wel 2z Gew o] Folok
0.78rg=2r=1.039r,Q Z¢< e= [(r—0.73ry)/0.73ro] ©lx, 1.039r,<rQ) ASE
e= [(1.03915—1)/1.039r,] & Fojxc}.

200 r T T T
300 —T e
o O r=1.039ry; w
A r=1.039rq
150 -
'r:“o A9 /
2Zr (@) Au
T Togk 200 v¥ *
S a
x s Qow 3 , ro / oat
3 loof- Vel - s Asc* O
;2 SEO/ g\
x e} X Osi
100 + (o) -
50 - <
Ocr
[ X6}
139 kImol ™' /
o \ I 1 | 0 1 L 1
o 100 200 300 400 500 0] 0.05 Q.lo 0.15 0.20
Q/ kImol™! g2
Fig. 6 Plot of HM T, versus @ for the Fig. 7 Plot of the migration enthalpy
various kinds of molar atoms in estimated for diffusion via the
B -Ti. monovacancy mechanism ver-

sus the square of strain bas-
ed on the collapsed bcc.

B AT AHed QA ge™ gen ge g2 Adsidnh T 445 A9
3 P2z AnFe MAF 129 A9 AAVAL HaARen, f-Tie WA5} 8
QL ANPF AL DR HAFT 129 B9 Ti AARAL WS} 82 A¢E wps
o 142 A o2 HAFsAh HADH 416 BARE 27e) Q2B B 4-Ti
Zo) 9Aol5L AT BYG A2y HY 3 AA4WHoR AW srainde] BAE Fig.
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(Ti 8.5 al. % A\) 3 F9 A5 Be A

7 ol EASYD Fig. 7 ol 8@, olg Alolols AMAA A detEE 4 (16)
9 AL PP ¢ & A

DetA B-Ti Fo AU YYHALTH JFe wHE FY A4E FoHAe
2719 ¢ # A% B AT B-TiF Al HVIE Q=719 AR} AL, Al
9 AR 143 AL goiAuARG o 39, 1.039r, A 147540 AIeme,
phonon®] ZHgol olg Yol FAAI SHARY Tie) ALUTE o 22 T & Aok

22U Fig. 4 9 w49 YYNE size WlN wIRHsA BHLZ T £ Al A
e el WA A Edt 8e B AT FUAYL FHANE AZY &
ek,

4. A £

(T -(Ti-8.5 at. % Al ¥F) 9} #448& AMST 1323-1823KY) 2= dolN 458
BAFAN LR FuAFE F48 9 Arrhenius plot7h FoIRA 1, o] Ao Bt
AdABAZE DA A8 AY ) ST phonone) HEo2 YA} o|EY
Ate dAelEr1 78 Hego 2 el 2L ARE AU

(1) AL FAA ] Al LA(111] R TA110] phonone) 2o o3 Yzlo]Ze] &
HE dUAGez FASHE, AYYFAAS) ARlol5 S T FAE deme] It
™, phonon®] Z&o] AxolFe] YR sdste AMAYWAA FAAFe LT oEA
< O3 Zo] EAEY.

D= Dyexp{—Q/(RT)} exp{H"T,/(RT?))

g 2o E AL Arrhenius plote] Ao zHE

(2) B-Tiz Al 42to] kA 50
B2 e EE ZE ()& 47178 Hg3to 3

Holste], 92 eB@ Wejo) THA
qatgon, L JE4L ge 2

£ ot £

Dy, 0=(1.45x10""m’ ™) exp{—311kJmol "'/ (RT)}exp {109 MJ K mol '/ (RT2)}

3) B-TiT Al Axtel&S 1% @495dey HYe 172 kJmol ‘o)z , &% B-Ti

F 9FF 1 molg B4 9% dgs) HE= 139 kJmol ‘oo

il

o e BEESMASFY 2EENS 233

tjo

4) B-Tiz A ¥ZEE g2 9i

—_ 195 —



4 e

A3, LAQ11] 2 TAQ10] phonond ZLo 93t A-Tie) AAYRAATZRI &3]
EIHeE 25 T, = 650Ko|t}.

() B-TiZ 2% 949 A5 9T BAsdgn HYe xR AF 9
E3n, B-Tiz Al ETEHZMHAIF Zfodx AlY Aol Fa8A &3

W, B-Tix Al HYe g2 Q49 a6 sty Jhdez & ge 7Amg,
TiZEY oA JdAES AT Al I7le) ERE HYsie & P24 B-Tig AlY it
Asd FEAE + Uh

F 7

2 AFE B8R GEATATE 19928 E AHFFE DA (A eHE A oAl AT w2}
498 A7ARY ¥ TFF AFUS
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