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Diffusion in Amorphous

Metallic Alloys
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Tsothermal decrease of diffusion coefficients

10

10°k

D (t)Cm?/s]

74| : ’
10 'k P SFeinFe,Zng. ,

563K
"\ FeinFeg B,y 5 593K
\‘\x _____ SFeinFey,Zr,, 5 563K

ngeinFeg,ng , B73K

**Fein Fey, Zr , 633K

PFe in.FemSis By, 673K

S2Zr in FeygZr,, 5 563K

*FeinFe,W, By , 593K
l ]

0

1 2 3
— ¢t [10“s)
=-=- ¢ [10°s)

]

D

Sc‘;emaﬂc Nustetion and &escri;ﬂcion

&/

of ‘t\v)c. isothermal c‘?““ﬂ‘ of the diffusi=

vilies n wmorpl)ous allobs

@

T= const

@ Decrenge due to (:v‘'S‘ij‘“'l""iz‘‘r)"‘-t lon

(crusdallized ctate = stable equili

@ Ini’c';al decrease (A 9+A)

+ v

depends on _pre! igf@_rj_ of Specimen ;

by _pre-annealing

may i"be eliminat

@ Plateau value Dy

is independent of prel,islors 5

depends on diffusion tempevature in &

unigue Way
LI -

l?g\"ehu(ed amorpl)ous siqte
= thermo d\é\mmicql\ﬁ (&.‘wlb Sr’;q\)’_e)

teta clable State

3

L\Tt., ! l,h'.\,



TogYy
Tuterprebation of initia) decrease
0; :D {Wl :DQ“'A to :DQ
(reslme ®)
o Relaxation of as-guenched state by

elimination of excess free volume
(il\crcqse o-? du\si{5)

@ Excess free volume , originaly preseat
homogeneously distribuled Small  uwits
('q_ua;i—vacq:cies) ) miﬂsn{cs 4o surlace
and /o forms  lavaer qsalomerq‘les

® Tracer atomg experience diffusion enhance -
ment A by indivect diffusion via guasi-

vacanCies:

NI,

o After t\,e supersaturation ‘of Quasi - vacanties
have arnealed out , D has dropped by A
e Dy
° \N”')ut’c )r)u.?pms th Jc\)e Celaxed amorphous
Slate ¥ | -
o Whidy medhanisms determine De ¢

8 '
I

2
[JR Cm“/s])

— )i q-
T dependence of Dy
| Temp. (°C)
500 300 200
I T 1 I
- A, & *°Fe in Feg Zr,
10 . ® *FeinFe, Zr,
O FZr in Fey Zrg
B Fe in FeyZr,,
10.19 v SSFE in Feme
¢ *Fe in Fe,,Siy B,
I "o BZr in Feg Zrg
10‘21 i
1623“
(A)
10"25 1 1 } i 1 1
1.2 16 20 2.4
10K

l Archentus laws : D= :Do ?-XP(—Q /ﬂj



CoggNiy, Ve . Siu'Bw' s3f

T diffusi
| lh&uul N33t ‘*
*' 8 - netic
B.J maanckic after amso ‘DPS :
- - | L] n. a ‘ ) ‘ ==
Sht b (lowT): o P -
o low barriers Hq» Higb Jusmp ?requencics V% |
e Leeal i dipodot preresses Y =< ))5';‘,‘-' o Fh
s Qgriu.lr.\c Gd”l\'-L i en olr«‘ A s e ¥ P ; j
S S 5 : :
{(;)—E d(‘/&T) QmD H - H /‘tT 5 0,5 1,0 N RS 2.0
" o ; Q [eV]—
o tuic-lovel systems, (Mﬁ“'dlc affer-e HQC{) traguckic o.s('{cr elfect: |
Long t (liigh T)+ | t=tsos- , T= ol p

o high barriers HL* ~ Low jump Qreq‘uencles Y. i = QY = L4S oV
@ Series 0“ de??.ndm't processes: |/ Yy = < | /))"}> induced mno\hdlc o.mso'lwpg:
| j&.{{cm activotion enthalpy: t=p°s, T= SooK

= _ } <Q> 1.95eV
O E(']&T) D" = H + H / kT 59Fe diffusion

S
t. 105s , 630 K< T< 730K

oQ.onﬁ-rom%e) Diffusion ‘ |
| . Qb= 233



12

(1

(7

Quasi — Archenius Laws

-— T[K]
| 000

b (D*/ D) [07] —

~———TLK]
w750 700 650 600 550
" *9Fe in Fe,4SigBy,
10—]3:\
oy -
i : \
E 10—19_5
Q
- 100
© =
o - H 2
G B m '
1020 2(kT)2 D
: 0
10722 e o \
0 Dif{uston ¢ &
i
10‘23_:.i QE QQ: Q.lev
10‘2[’ i ] 1 ] 1 L |\

77 07K

“Fe diffusion in mnorp‘r)ous e St N 3, 0'0255
a unSL“ Arr\,emus aw Wl{:ly Q — 2. |€V

(TuCard . H =

1L76 eV and H. =0a3eV)




(4

CAhN
l.llu_ ._*..- #-._m .

-
L.
!

Sglf - diffusion mechanisms

R

8-D

v &
Vs
N

shoye

S >
o ~
4 3 3 =
WQ ..HM == o, ’
) e .
B > © Q. © =
==« 5 <5 £
) -} | . ' = > aant
= o)
2l g g s L2oe
£ £ o = . ©
a .lm . WIUI o “‘wD\\‘I\ o D
Ol -
— b S .
s ol L
" 3 & O 5 O
+«— [AD
0s s% 0% e 08 gz Oz S
T - ¥ L] ¥ — ¥ ¥ T — T | 4 — W z
LEEL |..|||.l||...||....\
uf.zuwmozu szmmiw 2-v X (0
w@..ux

B

papepw-24 | Y

A

— ‘CTreD uoampPq U01})23407)

W omouwA W24l o
Ur®aimaie B
ooqqﬁ unuj ”._Nnouc..hs ®
oy

S OQ n.wﬁr—.un—ma G W-H OuNﬁ& @
' o!fﬁ.. .._—.., hNtF‘.hNg<
. ,ﬂ o,:.o SNO{AL0WD auNao...:.-.ou_om Y
ul %c._/vﬂ..wofo i—...,...!.y.f:._..f..lwl .
GO T T, T T n....%.,_...;.ut,.w.. WLy D

(Ol

-0l
¢-Ol

(-0l



35 [ ] . : : i (
Zr la_rgg_ atom , Zr-nd) motrix dengely : i .
. : PuCKea\ AR S\“‘-.'_-’v_n.. ulie : Flril, wodely L“'_"_"f(f'!"'*\_ r ot

i Motion of v CEgULTEs
i : y : o . . ! S
Simtuncous mobion o7 Be “&3!"!"”“‘”’3 Ut m S3F con jump on vacant heighbouring

| . -
(L) latge migtot{{on en’c\)tﬂpa ) H:‘. ~ S,QQ,VE X ’ sites ?Otmed 53 Fluctuations :

() Large " difusion efficiency', D, =7x 106" 1 (1) small wigsaion enthalpy , HY =< L.SeV 3761 .
1 * (i) small "di-f-[usione“icien_cﬂu, D, = 3|0 .:‘%_‘, ‘

Simllaneous motion 'o¥ mtﬁn aloms J ;
! W 1 at Yicipates in jump;
| only | atem participates th Jump ;

Degative M'l&rqjtion extropy , S.';.' =-1.7k= S

(Con’cmdion of residual free volume on a
heighbouring Stie 0? 59 FE_)

larye  migvection en{row) Sf‘_‘ ~qgk = Q
(delocalization of vesidual [vee volumg)

md colleckive mobion of many atoms

P-%-‘v ij‘.,\,ec}i\ric_ p(‘epamJticn off jﬂqe ;\\Lm\« c-,[ Q

Qi \ué\_e atom




Su. mana Ty

() The ecbremely  swall Self-diffusion coefficients

th omorp\)ousg alloys became Measurable bﬂ
the radivtracer technique in Combination wit)

lon-beam spulleting,

() Tn unrcdlaxed amor phous alloys enhanced ;
dillusion arises from the presence of |
excess free volume (indicect ditfusion viv !
(Qrngh — \rqcmr,i_eg )

Qii)Mumtp\)ous allpgé are m A Tl -
glable  egulibrium stabe . I Hhis slate ,
cel -diffuson OCCWS  Via  direct collective
medyanisms , Whidy may be mMmore or leds

e“iciev&- Hhen e d.iﬁusion"'-t'ngd)qnisms th b

|
|

crystals.

(iv) The guasi- Archenius laws fox Doy corcespond
Yo half-widths of the Qu-specra of less

'H?qh 0.3eV.




