P

LR

ELSEVIER

Available online at www.sciencedirect.com

SCIENCE@DIREGT"

Journal of Colloid and Interface Science 280 (2004) 537-538

JOURNAL OF
Colloid and
Interface Science

www.elsevier.com/locate/jcis

Note

Comment on “Dynamic wetting

by liquids of different viscosity,”

by T.D. Blake and Y.D. Shikhnmurzaev

Jens Egger%’, Robert Evang

@ School of Mathematics, University of Bristol, University Walk, Bristol BS8 1TW, UK
P H.H. Wils Physics Laboratory, University of Bristol, Bristol BS3 1TL, UK

Received 30 December 2003; accepted 8 July 2004
Available online 3 August 2004

Abstract

We comment on a recent theory of dynamicttiviy that is based directly upon a model for interface formation, introduced by
Shikhmurzaev. We argue that the treatment of surface tension and its relaxation, inherent in the original model, is physically flawed.

0 2004 Elsevier Inc. All rights reserved.

In a recent papefl], Blake and Shikhmurzaev uti-
lize a model for interface formation, proposed initially by
Shikhmurzae\2,3], to interpret their measurements of the

velocity dependence of the dynamic contact angle at a mov-

and the liquid—solid interface, but we will focus on the for-
mer, so there is no need for an index en Equation(1)
makes no physical sender a pure liquid. Firstly, as ex-
plained in[4, p. 31 ff], surface density as introduced by

ing contact line. They determine some of the parametersGibbs cannot be an intrinsic property of the surface of a

contained in the model, in particular, their viscosity depen-

pure liquid. It depends solely on the definition of what Gibbs

dence. In this comment, we point out that the key quantities calls thedividing surface between the two phases. Conven-

upon which this model is based have no well-defined phys-

ical meaning. More specifitly, the treatment of surface

tionally, for a pure liquid, one defines the dividing surface
in such a way that the surface densignishes [4, p. 31}

tension which underlies the theory does not correspond toa choice which is called thequimolar surface. Secondly,
any known physical mechanism. As a result, the model leadsthe surface is not an independent thermodynamic system that

to consequences which are physically unrealistic.

The model in Ref[1] is based on the fundamental as-
sumption that the surface tension opare liquid is deter-
mined by a ‘surface equation of state,” which fixes its value
as function of surface parameters (see fs&ection 2.1).

As an approximation, the surface tensions assumed to
depend on the ‘surface densify’ alone, cf. Egs. (1) and (4)
of [1]:

(1)

where y and p; are phenomenological constants. [li],
Shikhmurzaev’s model is applied to both the free liquid—gas

o =v(po—r"),
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would allow relations between its extensive and intensive pa-
rameters to be defined, as is donglir3], and as is implied

by (1). As pointed outirf4, p. 33] the surface exists only by
virtue of the bulk phases that surround it; it does not form an
autonomous phase. Hence an expression such=as (p*),

as given in[1], is meaningless as regards surface thermody-
namics, no matter how* is defined.

We illustrate our criticism further by pointing out two of
the consequences of the angdtz which we believe contra-
dict basic principles of surface physics. Equation (13)1of
states that the surface tension is proportional to the surface
thicknessi. This is well known not to be the case, Jéé.

Of course,h is not really an independent quantity, rather,
it is determined by the conditions of thermodynamic equi-
librium at the surface. However, by considering, for exam-
ple, different temperatures, different interface density pro-
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files can effectively be realized. Given the interface profile, ~ One might argue that as the authors’ estimates are based
the surface tension can be calculated essentially by mechanen their own measurements a moving contact line, they

ical argumentd4]. (For a slowly varying profile, treated should provide independent evidence for the consistency of
in the square-gradient approximation of Rayleigh and van the assumptions of the model. Unfortunately, we do not be-
der Waals, the result is Eq. (1.43) or (3.11)[4].) If any- lieve this to be the case. The reason is that the authors’ theory
thing, the surface tension will Harger for a sharp interface  refers to what they term the dynamic contact argledeter-

(h = 0) than for the real smooth one. The reason is that mined solely by a balance of surface tensions, cf. Eq. (7)
the real interface shape is one timanimizes the total free ~ of [1]. Viscous forces and, therefore, interface bending does
energy (grand potential) of the inhomogeneous fluid (see not enter their description. Theeasurement of the interface

[4, p. 54 ff]). Indeed, at high temperatures, when the inter- angle was, however, performed on a macroscopic scale (say,

face becomes more diffuse, surface tensieoreases (cf. 10~4 m). It is well known that the interface near a moving

Figs. 1.5, 1.6, and 6.5 ¢4]). contact line is highly curvefb], which is the result of vis-
Next, we consider Eq. (14) §f] for the typical ime scale  cous forces which therefore cannot be ignored. This effect

7, ‘required for the interfacial structure formatioj2]. This is best appreciated in the case of a perfectly wetting fluid,

is supposed to be the timescale over which the surface ten-Where the contact line is preceded by a precursor f§n
sion changes from its liquid—vapor value to its solid—liquid Hence no interface formation is taking place, yet on macro-
value, as fluid elements are swept from the liquid—vapor SCOPIC scales measured contangles have a speed depen-

interface onto the solid. In Eq. (14) ¢1] the timer is Qence con_sistent vv_ith Tanner’s Ie[@].Thus we suggest that
claimed to be proportional to the viscosity of the fluid, in the partially wetting case, considered here, any effects of
and a specific estimate is given for= 672 mPas, for which interface bending should be carefully subtracted for a correct
the value is supposed to lie between= 2.5 x 10°6 and  INterpretation of experimental data.

8.3 x 10°%s. We in fact believe that the timescale needed

to establish the surface tension of a liquid—vapor or solid— References
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