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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
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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
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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.
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ANOMALOUS DESORPTION*
Grove C. Nooney
Lawrence Berkeley Laboratory -

University of California

Berkeley,. California

April 12, 1973
ABSTRACT

Diffusive desorption from certain films and
fibef-é has been reported to proceed anomaloﬁ'sly faster
w1th increased external surface concentration. Such’
desorption requires a singular surface w1th1n the medium
wher_é_‘the diffusion coefficient becomes ze.r.d_"c}r infinite
over a certain range of concentration, 'fhis" surface
is 1.6Ci’«.\ted independently of external concénﬂtfa_,tion and
m.a_.y"be dnterpreted as delimiting a fixed :ékiri_with |

singular diffusion properties.

*Work done under the auspices of the U, S. Atom1c
Energy Commlssmn.
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ANOMALOUS DESORPTION

Grove C. Nooney

“The b'ériffusive r_emo&al of a substance froi‘r_l. 'a:mediﬁm under
the condition of 'c:onstafnt exterior concerlrtrationv-vbf. :t_ir}e substance
ordihariiii .ﬁr_bcéed‘s faster with a lower exterior 'éonéentraﬁon. Contrary
beha\}iour has been reportedi, in which the rate of -r.émoval is anoma-
loﬁsly i1~1Cr‘e__.a_svedv w1th iriérez;lsed exterior concent»rah.t_‘ién. This note

shows that such anomalous desorption from a planéf sheet requires

the existence of a singular surface within the sh_eétﬁwhere the diffusion

coefficient 'of the sheet becomes zero or infinite over a certain range

" of concentration. The location of this surface in the sheet is independent

of exterior concentration within the range evoking the anomalous de-
sorption. The singular surface may be taken aé,vth_e: interior limit of a
superfi(:_i_al."_svkin on the sheet, confirming earlieri'intliitive conjectures

about the ahomaly;

Consider diffusive desbrption from a pla_ri,é.‘r ‘sheet extending in

. thickness from x = 0 to x = 1, and let cy(x,t) and'i_c‘j:_Z(x, t) be the

respective concentrations of diffusing substance 'within the sheet at

point x and time t, continuous for t > 0, with the_“_birii'tijal condition

cy(x,0) = cp(x,0) = 1 for 0 = x <1 and the bound‘al:sr"vconditior:ls of no
flow th_rough the point x = 0 and cq(1,t) = ay > czb('.i‘,'f) = ap fort=0.

" These a?e _the .simplest boundary conditions, and the;"r describe one-

half of a sheet that is symmetrical about x = 0 with ‘s'vurfaces maintained

'a_t the same constant concentration. Suppose cif." a’._'ri’d'éz to be piece-

wise twice continuously differentiable and to depen__a'continuously on

their boﬁ_hda_. ry values.
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The amount of d1£fus1ng substance rema1n1ng 1n the sheet
, between X = 0 and x = y at time t is prOportmnal to
S y
Mj(y, t) = [ cj(x, t)dx, i= 1,24
The es se;tion of anomalous desorption is that
My(1.6) < Mp(1,) R (1)

during some '_p_eriod of time. This implies that there is an x = x(t)
for which cq(x,t) = c2(x,t). Let x' = x (t) be the greatest such x,

'Nevcessati';ilyj(v) <x' <1, .

cy(x,t) > cy(x,t) for x' <x= 1, (2)
and
LBy (x',t) dc,(x', t) |
) = . (3)

9x 9x

Here and in the sequel functions are defined by continuity from the
- right-hand side.

Relations (1) and (2) imply
My(x',t) < Mp(x',t). (4)

Let 1 be the greatest lower bound of those t for wh1ch relation (4)

holds, and let R be the 11m1t1ng value of x'(t) as t tends to 1. Then

.M1($‘<,’1‘;) = Mp(®,%) . . (5)

v



3. o | LBL-1770

The concentrations C_i. satisfy the diffusio"n‘efquation,

dcy 9 dcy IR
- = (D ) ‘ S i=d,2,
at ox ox S

where D = D(x, ‘c:) is the non-negative diffusion coeff_icient, .assumed
piece_-’Wisé_ continuous in x, Then the rate of change of Mj(x', t) with

‘respect to t is

dMi(x', t) dx! dcy(x',t
-—’-—1—(-5—;——)— = cy(x', t) -dti- + D[ x' , cy(x', t)] __‘3_1(5___) , 1=1,2.

This yields

dAMy(x', 1) dMp(x', t) dcy(x',t) - Bca(x',t)
LA L = D(t) ——— - D() ——— ,
d’_c _ dt ax , ox

where D(t) - D[ x! ci(x' t)] = D[ x', ca(x!, t)]. If D(t) were neither
zero nor 1n.f1n1te, ‘then relat1on (3) would allow the conclusmn,
dMy(x', t) aMZ(x', t)

N ‘ . -. : .
dt - dt ' ' (©)

Howev'é:'r,ﬂ:: rdlations (5) and (6)-are incompatible"wifl_‘l_‘vrelation (4), and .
it foliows fﬁat D(t) is zero or infinite over some .i'ﬁterval in t beginning
att: t <‘.t < ty, say. Both % and to depend on a1 and ag.

To show x' constant in that time period, apply the foregoing
afgument_ to cyq(x, t) and cp(x,t + At) with the pos;t;ve At chosen small
| enough so“tl‘lat. My(1,t) < Mz(i, t+ VAt). The argnment then proceeds
: V‘ivrtually.unchanged to the conclusion that the common value,
D[ ,z,ci'(z,t)] = D[ z‘,cz(zb,t + At)], is zero .or iﬁfiﬂité, with z = x' 1+ Ax!,
»sajr, ’.'sta'nding for the new value of #'. Since D i.s".yi_)iece’- wivse continuous

and Ax' may be made arbitrarily small by small.‘_le"r_i-oiigh At, it follows
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’ that D[ x,.ci(x, t)] is zero or 1n_f1n1te over some 1nterva1 XxSx<%x x + A;\c.
Since the flow, -D gﬁi, through %X must be .pos1t1ve and finite, the piece-
- wise cont1nu.1ty of both -g?{ and D implies that A_x_ =_ -»O. Therefore,

x'(t) = %, and x' is constant over a time intervlai_:-tha.tfmay be extended
tovthe i.ni'_:er\.ra'-l t=t < t, by repeating the argum:erixt'-.._w‘ith succeseively
inc rease_'d valrles .of At, _Independeoce of X from:,‘r}re' boundary values
rnay.be‘obvtai:ned in a similar way, by applying the 'orig'inal argument to
the concentrat1ons with boundary values a  and a2 + Aaz and then

_ repeut1ve1y extend1ng the conclusion of 1ndependence to all boundary
values w1th1n the range evoking the anomaly. |

The temporal constancy means that D(x, _c) 1s zero or infinite

overr some (perhaps degenerate) interval in c, max vci(x t) 2 ¢ 2 min
cq(X, to)s where the extrema are determined with respect to a11 ag

vand az t}rat evoke the anomalous desorpuon. B A

Thus is establrshed as a necessary condif_io,n”'for .anomalous

desor_ption from a sheet that the diffusion coevffi;:i’erl-tin(x, c) become
zero or ‘inﬁnite for ¢ within a certain interval anda ':fixed x. This
result extends to time-dependent diffusion the egiéfé?lce of a singular
surface in.'_ sv'fteady-_ state anomalous flow, 2 The same _tnecessary condition
holds forb anomalous sorption, analogous_ly definec.l,b‘iand for anomalous
éorption and desorption from a circular cylindevr (.fc_h.‘e'_._ca se of filaments
or fibre s‘)‘. f‘inally, the immediate extension tol-}r_ea_;c conduction a.llows.

conclusions about the anomalous effects of insulatihg-laye rs.
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