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The rate of penetration of a liquid hydrocarbon or an alcohol into a glass capillary is more rapid
if the capillary has been outgassed, than if its surface is covered with a duplex film of the liquid. The
increase in rate is as large as 109, If the pore walls are covered by an adsorbed film, the thickness of

which is comparable to the pore radius, this leads to

under vacuum, !

INTRODUCTION

It was recently shown (1, 2) that, for the
penetration of a fluid into cylindrical pores of
radius r, if the pore surfaces are initially not
covered with an equilibrium adsorbed film of
the penetrating liquid, then the rate of pene-
tration can be faster than that predicted by
the Washburn equation (3, 4, 5). In the absence
of gravity,

rywcos 8y d(x?) r
< <

2y di 2y

X (y1scos by + 7, — w0). [1]
Here, x is distance penetrated, v, is the liquid-
vapor surfgce tension, 7 is the viscosity, 8y is
the equilibrium contact angle, and = is the

' Part of this work was reported at the 48th National
Colloid Symposium, Austin, Texas, June, 1974. The
fact that the excess driving force for penetration could
be expressed in terms of the free energy of immersion
was brought“but in the open discussion of that paper.
1f the party who made the suggestion will identify
himself to the senior author, due credit will be given
in the next paper in this series.
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an accelerated rate of penetration in comparison

to systems in which the pore radii are large. In the systems studied, there was a notable difference
hetween hydrocarbons and octyl alcohol, which appeared when the glass was outgassed at 200°C

spreading pressure:
2]
£3]

where v, is the surface free energy of the solid
in the absence of adsorption of molecules of
the penetrating liquid, +,, is the solid surface
free energy in equilibrium with the saturated
vapor, and v,q-0 is the solid surface free
encrgy at zero time; va Z You=n Z Yo Lot
the systems reported in this paper, the ad-
vancing contact angle was indistinguishable
from zero. Setting 8y = 0, we write

e = Y2 — Yany

TO= Ve — Ya(t=0),

ryie  d(x?) r
< S_—'('Ylv+fc_"0)
2y di 2n
[
r
= — (Yotwor.— var). [4]
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The left equality (which is the Washburn
equation) holds provided that the solid surface
is covered with a duplex ilm of the penetrating
liquid, or that dissipative transport mechanisms
maintain such a film, advancing well ahead
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of the liquid front. An example of a dissipative
transpert mechanism, which in many cuascs
may proceed rapidly enough to maintain such
4 lilm, is evapaoration from the liquid, followed
by diffusion or flow down a pore, and finally,
adsorption or condensation on the walls of
the pore. The left relation holds as an in-
cquality if the additional free energy, associated
with the wetting of the solid in the absence of
a duplex film, can contribute in a nondissi-
pative manner to the effectual driving force
for flow. The free energy change during flow
of a liquid into a cylindrical tube may be
identified as the free energy of immersion [6]:
Il the walls are covered with a film that is in
cquilibrium with the saturated vapor, we have

AGit = Yer ™ Vai+ [5]

If the walls are devoid of adsorbed film,
we have
AGT = Y — Yaty [6]

AGi — AG'm) = x,, [7]

If the walls are initially covered with a film
such that the surface free energy i8 y.(-q),
the free energy change is given by

AG® = vygmty = Ta1, 8]
AG‘ —_ AG‘“ = o [9]

The purpose of this study was to establish
whether  appreciable  deviations from  the
Washburn cquation, as indicated by Eqgs. [1]
and [4], are observable.

THEORY

The following theoretical considerations,
hevond those in (2), weresdeveloped for the
purpose of testing the new equations.

It is quite general to assume that only a
fraction, a, of the excess driving force, v, — mo
in Eqs. [1] and [4], is used in a nondissipative
manner, Then, we can write Eq. [4] in the
form -

I](.‘::) _ I'[:‘)’ll + a('l — 70)]
] 2y

0<a<l. [10]
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Since deviations from the Washburn equation
have not been reported before, it is to be
expected that a s commonly small, The
maximum conceivable rate would be given by
Eq. [10] witha = 1,

We have set out to test these equations in
perbaps the simplest possible system: vertical
glass capillary tubes. Vertical orientation has
an advantage over harizontal in that small
deviations from horizontal can cayse quite
appreciable errors. Tor & vertical tube of
radius r, the rate, when the meniscus is at
height x above the liquid surface, is given by:

dx r? {2[‘7{. + al(x, — 7!’0)]

4

~pgry, [11]

wherc p is the density of the Nyid.
Integrating Eq. [11] between clevations x,
and x,, we obtain

Ip = lz - /1
_ 8’7 [2I:'Yll + Q(T. - Tu)]
pgrt ogr
X In [2[71- + C!(Te - Tu)]"pgf -_ .‘\‘l}
v+ alore — x0) Y/ pgr — 32

—m—m][m

The thickness, 3, of the film on the solid is a
variable that was found to be important. It
may be assumed that there is some limiting
thickness, 3¢ for a duplex film, such that for
8 < b4, the vapor pressure of the adsorbed
film is appreciably less than the saturation
pressure po; and for 8 > &, the \&por pressure
is not experimentally different from ps. We
consider, here, only capillary or pore radii in
the range large enough that Kelvin equation
corrections to the vapor pressure need not be
taken into account. For clarity of the quali-
tative argument regarding 8, we discuss only a
horizontal tube (sce Fig. 1).

Ii 84 is compurable to the radius 7, then at
saturation, the effective radius will be r — 8y,
with respect to the driving force for pene-
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The statements, "there are complications in this study because th apparen:
porosity correlation is based on the assumption" and "we have not yet
examined the effect of glassy particles in a systematic manner" defin in
the authors' own words part of the deficiencies in this manuscript. The
study examines only four resins which vary so extensively in particle size
distribution (one bimodal and another excessively high in fines) and
glagsy particle characteristics that no definitive conclusion can b made
about the mechanism(s) of vinyl chloride monowmer removal. Characterizatior
and interpretation of the particla's porosity and glassiness by the IPTU
and density tests are questionable even when such measurements are applied
to a series of resins with only minor variations in properties. The tests
are totally inadequate in supporting the authors preconceived ideas on the
mechanism(s) of monomer removal. '

™ .| The authors should re-evaluate the merits of the submitted mapuscript with
LreSpect to their previous pubIMcation and the disclosures in numerous
patents on the subject of monomer removal, e.g. NL 7,507,385, BE 830,689,
NL 7,507,527, DT 2,429,776, U.S. 3,926,927 and DT 2,451,988, LIt is diffi-
cult for this reviewer to findsany novel or contributive value in the
'submitted paper. L
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‘There are several minor inconsistancies and inaccuracies in th manuscript.
For example, the first three parameters in Section B approximately define
the limits of the added solvent's soiubility parameter; therefor , it is
not a required fourth parameter, by definition. In Sgction C, diluting
the slurry with increased amounts of water doe® n ange the polymer to
water interfacial area, etc. .
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