Lawrence Berkeley National Laboratory
Recent Work

Title
THE DIFFUSION LAYER ON A ROTATING DISK ELECTRODE

Permalink
https://escholarship.org/uc/item/7953951b

Author
Newman, John.

Publication Date
1966-11-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7q53951b
https://escholarship.org
http://www.cdlib.org/

. UCRL-17288

 Radiation Laboratory

 THE DIFFUSION LAYER ON A ROTATING DISK ELECTRODE

S TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545 - A

e ————

Bé\rkeley,!Calif)orn‘ia ‘o



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted to J. Electrochemical Soc.

UCRL-17288

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

AEC Contract No. W-7405-eng-48

THE DIFFUSION LAYER ON A ROTATING DISK ELECTRODE
John Newman

November 1966



UCRL-17288

The Diffusion Layer on a Rotating Disk Electrode

John Newman

Inorganic Materials Research Division,
Lawrence Radiation Laboratory, and
Department of Chemical Engineering
University of California, Berkeley

November, 1966

1 the suthor treated the current distri-

In a recently published work,
bution on a rotating disk under qonditions where ohmic potential drop,
surface overpotential, and concentration variations near the electrode
must all be taken into account. The diffusion layer, which is then
characterized by a nonuniform éurrent density and concentration at the
surface, was handled by a power-series expansion in r, the radial distance

from the axis of x»otation:
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c = ey, [1 +-§: Am(r/ro)amem(C)] R (1)

m=0
where ¢ 1s the concentration of the reactant, ¢, 1s the bulk concentration,

rs is the radlus of the electrode, and Gm represents functions of

£
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y (aV/3D)l/3JQ/V, vhere y 1s the normal distance from the disk,

0.51023, v is the kinematic viscosity, D is the diffusion coefficient,
;nd ) 1is the rotation speed of the disk.

The.functions 6 and, in particular, the derivatives 9;(0) at the
surface were chtained by a finite-difference solution of the differen-
tial equations

2
6" + 3t76! - 6mte =0, (2)

subject to the boundary conditions
9 = = ] = .
=18t §=08nd 6 =0atl=x

Subsequent numerical difficulties were encountered which required accurate

o



values of the derivatives eé(o).
As suggested by the work of Rosner,2 one can use the equations in
section 58 of Levich's book3 to obtain the concentration at the surface

in terms of an integral over the concentration derivative at the surface:

r
J 1 1 H
c(r,0) = co(r) = P(é/3);/\ (rgir?§)23§ ’ (3)
o

where J(r) = -0¢/3 at ¢ = O. Substitution of a power-series expansion
for ¢ into equation (3) yields an expression for em(o):
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The gamma functiéns necessary to evaluate 9£(0) from equation (L) are
givenh to 15 significant figures. The values of 9;(0) are in satisfac-
tory agreement with those tabulated in table 1 of reference 1. At the
same time direct use of equation (3) or its inverse2 provides a possi-
bility of avoiding the numerical difficulties encountered in the earlier

work.l
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