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Diffusion equation

1=-p&

5
x_pie L
o o &%mmzo

is clearly different from the wave equation
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Radial diffusion of H as seen optically

10 .

N b
AL NN

NinNb [Oian Cina-Fe

1 2 3 4 5 6 (K"

103/ Temperature




Diffusion "
coefficients of :

various

interstitials 10°

D (cnils)

10—10 ;

10" L

0.47CU0.53 BCC =

10° £

WA
\ Fcc
\ Pdo47Cuoss

‘\\ \ Pd
A\
\
)\

107 |

'\\ ]
Ni \\ Ni
L | L

4 6 | 8 | 10 | 12
1000/T(K)

H diffusion is much faster in BCC than FCC metals







Fast H
diffusion in

Fast H
diffusion in

bcec Pd-Cu bcec Pd-Cu
O
S (Cu,Pd
o BOO
5
© |
o Lii:t,'-—': ,29-31?._
g 0 e a7
S b S
% I R RN N R
’ 4] 1( 20 0 40 0 G0 (i) y
Eﬁ Cu atomic percent palladium Qﬁ
Diffusion length — 0"
Diffusion A ]
. . B N Pdo.47CuUoss BCC 3
, coefficients of :
o°c oc ) X : 10° - R
D— -—=0 withc(0,t)=1 c=1—erf (—j ~ various 5 “ NN ;
ox° ot 2~/ Dt interstitials 10° - :
; /J)\ i ‘ \‘\-\\ N v
g 107 o N
2 S )
O 10-8 § ra
In 104 s we 10'9% \Fcc \
~ - “\ Pdo.47CUo.53
have X=1 cm 10° \rg
Thus 10" \'\\
A= D=10% cm?/s L
: : : 10
n 10 0 0 a0 50 0 2 4 6 8 10 12

@E

1000/T(K)




Characteristic features of

diffusion

Singularities decay immediately
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Diffusion in semi-infinite space
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Infinite diffusion :a little numerical exercise

Typically in a solid c, =10-1m-1 at x=0.
The front at concentration c=10"2m-" is

given by:
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The velocity of light is reached at t=1.5x102%4s if

D=10-8 m?/s. The average jump time is, however,
with a=0.1 nm
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Diffusion into a membrane of thickness L Choosing the right Fourier series
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H diffusionin Y

A real diffusion experiment

Y,0, Pd

Den Broeder, van der Molen et al, Nature 394 (1998) 656
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Hydrogenography in Yttrium

Y50,

Den Broeder, van der Molen et al, Nature 394 (1998) 656

This picture demonstrates that
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Diffusion coefficient [ems]

Influence of the chemical factor
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Sample architecture

V V

Sample architecture

Pd 10 nm

Hydrogen loading

Pd

H-loading: 473K, 1mbar, 3h

10 mm




Diffusion in a multilayer

AHTi-H< AHMg-H < AHNi-H

Heat of solution of metal-hydrides Chemical potential: simplest model
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c = c(x,t) cy = f(t)

c = c(x,t) cy = f(t)
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Diffusion and Snell’s law
W, NUMBER |8 - REVIEW LETTERS 2 NOVEMBE

iffuse Photon Density Waves

. Boas,""'*" B. Chance," and A. G. Yodh'"
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depariment of Biochemistry and Biophysics, University of Pennsylvania, Philadelphia, Pennsylvania [19104-604
(Received 10 August 1992)

Experiments are performed 'Arhil.h illu'slr.all: lht: nwpr:llir:s of rddmpud- 1Tcn'c1ing waves in diffusive
media. Our oby d

diffusion coeffffients of ndJa nt turlﬂd media. The waves are |rnagud and nrc ﬁhcmn to obey simple re-
lations such # Snell's law. Fhe extent to which analogies from physical optics may be used to under-
is furtheg@xplored, and the implications for medical imaging are briefly discussed.




Random walk of a photon
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The aquarium experiment

With
v the velocity of light

u, the absorption
coefficient

Sample architecture

Position (cm)

V 250 nm

V 50 nm
Position (cm) Pd 10 nm

O’Leary et al., Phys. Rev. Lett. 69 (1992) 2658




V 250 nm

216 min 442 min
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373 K 373 K




Snell’s law for diffusion !

Ray tracing along
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Time evolution of contours
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Electromigration

In presence of an electric field
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Usual diffusion
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Particles in a lattice gas
Q

A A
‘\,.
:.\\'!!llll'/l” a vl

W
k!

Energy

\\v',"
\0 /

Usual diffusion

j-p&
OX
ou kT KT
oc c(dl-c) ¢

Forced diffusion

J=- (a“ eZE)
OX

= —L(a—ﬂ@—eZEj
OC OX

=—D%—GZE %
X
Ac

J :—D@— eZE| — oo
OX kT

Usual diffusion Forced diffusion

ac oc cD
J=-D— N p
ox J= D ZE( j
ﬁ —+d|vJ 0
&_poc &_pdt g
ot NG ot NG OX
with B :(EZEDJ




Electromigration Electromigration of H in V
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Electro-diffusion Time decay of a

of hydrogen in driven delta function
yttrium

Den Broeder, van der Molen
et al. Nature 394 (1998) 656
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The first
hydrogen
electro-
diffusion
wave
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Diffusion waves

Diffusion waves

Diffusion equation
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Diffusion equation with a source
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Separation of variables
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We seek a solution in the form of
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Characteristic quantities

c(x,t) = e_\/;X sin[wf%x - a)tj =e Lsin(gx — wt)
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Electro-diffusion waves

@® Diffusion equation in presence of a
force
2
& _pd g
ot OX OX

@® Diffusion equation with a source

2
p9C _B% . 5(x=0)sin ot
OX OX

Separation of variables

2
DI, B% _C_gwith c(x=01)=sinwt
OX ox ot

We seek a solution in the form of
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Characteristic quantities

An electro-

wave
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