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Montgomery, 3513 . August 3,
Moyers, 515
Eisenhour, 515 nating Dept R/D

Bryant e Proposed Publication on
sMonomer Removal From PVC
Resins

Gentlemen:

Enclosed is a copy of an article, "Phenomenological Studi s
of Vinyl Chloride Monomer Removal Fror. Suspension PVC Resin" which is
being submitted to the J. of Appl. Po.ym. Sci. for publication. Do
you recognize any of the authors, Cheng, Langsam or Mantell as an

mployee of one of our competitors? Surprisingly the manuscript do s
not identify the authors' industrial or academic association. I do
not have a lot of time to review this manuscript, so it will be bri £
and sent back soon. If you have any comments you would like to mak
conc rning the paper, please let me know within two weeks. Since the
manuscript has just arrived and not read, I am not sure that it off rs
anything not discussed in the eight or so patents issued on this sub-
ject. I am forwarding it on the assumption that it may be helpful to
your efforts.

I am also enclosing the summary page of a recent article on
th Washburn equation in J. Coll. Int. Sci. The equation was used
in the porosimetry-plasticizer work (1969). Since you have recently
received your porosimetry you may be interested in this work.

In association with new additions to our staff to work on
Enhanced 0il Recovery program, I would appreciate having my surface
With warmest personal regards to all,

ch mistry books returned.

J. E. Glass

. -
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Editarisl Office: Polytechnic Institute of New York, 333 Jay Strest, Brookiyn, New York 11201

Dr. J.E. Glass

Research & Development Dept.
Union Carbode Corp.

Chemicals and Plastics

South Charleston, West Virginia

Dear Sir:

We are enclosing with this letter a manuscript
(author and title given below) which has been submitted
for publication in the JOURNAL OF APPLIED POLYMER SCIENCE.

We would appreciate receiving your comments on
this manuscript and your opinion regarding its suitability
for publication in the JOURNAL OF APPLIED POLYMER SCIENCE.

Q Since we are trying to hold the interval between submission
g and publication dates down to a minimum, I should be very
grateful if you could kindly return this manuscript,
together with two copies of your comments (one unsigned),
to me within the next three weeks. A self-addressed stamped
envelope is also enclosed for your convenience.

Very sincerely yours,

Al Yot '

H. Mark
Editor

John T. Cheng, Michael Langsam, Gerald J. Mantell

AUTHOR(S) :

PHENOMENOLOGICAL STUDIES OF VINYL CHLORIDE MONOMER REMOVAL FROM
TITLE: SUSPENSION PVC RESIN
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Rate of Penetration of a Fluid into a Porous Body

Il, Verification of the Generalization of the Washburn Equation,
for Organic Liquids in Glass Capillaries?

ROBERT J. GOOD axp N. =, LIN

Depurtment of Chemical Engineering, Stule University of New York ul Butfalo, Bugfulo, Neaw Fork [H214

Received February 14, 1974 aceepted Nugust 31, 1975

The rite of peoelration ot hoguid hydeosarbon or ancaleobol Bt glass capillary s more rapid
if the capillary bas ween owigassed, than if its suriace is covered with aduples fdm of the liquid, The

i rease in rate is s large as 100 L0 the pore walls are covered by an adsorbed film, the thic ness of
which is comparable to the pore radius, this feads (o an accelerated rate of penetration in cor parison

under vacuum,

INTRODUCTION

It was recently shovn (1, 2) that, for the
penetration of a fluid into cylindrical pores of
radius r, if the pore surfaces are initially not
vovered 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,

ryie CuS By lI(.\'g) r
<

2 dt T 2

(1l

Here, v is distance penetrated, vir is the liguid-
vapor surface tension, 9 is the viscosity, 8y is
the equilibrium contact angle, and = is the

X {y1scos 0y + m¢ — 1a).

P Part of this work was reported at the 381h Nationad
Calloid Sy mpemium, Austin, Teaas, June, 1974 The
fact that the excess driving foree {oe penetration coubd

. T eapresserd in terms of the free energy of immersion
was brought out in the apen discussion of that paper,
If the party who made the supgestion will identify
himsell 1o the senior author, due credit will be given
in the next paper in this series.
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10 systems in which the pore radii are large. [n the sysiems studied, there was a notable  fTerence
lwiween hydeocarbons and oayl alwhol, which appesred when the glass was outgassed .t 200°C

spreqding pressure:
(2]
(3]

where v, is the surface free energy of the solid
in (he absence of adsorption of molecules of
the penetrating liquid, v,. is the solid surface
free energy in equilibrium with the saturated
vapor, and Y,e-m s the solid surface free
energy at zero 1G] Ya 2 Ye(mm &= Yoo Lor
the svstems reported in this paper, the ad-
vancing contact angle was indistinguishable
from zero. Sctting 9y = (1, we write

e = Ye — Yury

o= Yo ™ Yarmi)y

ryiy A0 r
— L — L =yt e — M)
I dt 2n

r
= - (7.(:-n) - 7.1)- [4]
29

The left equality (which is the Washburn
cyuation) holds provided that the solid surface
is covered with a duplex film of the penetrating
liquicl, or that dissipitive transport mechanisms
maintain such a Gim, advancing well abhead
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of the liquisd Tront \n Cuampic of @ diasigntive
transport mechanison, which I many eises
may procecd capidly enotgh to maintain such
£ty i evaporation from the liguid, followed
by difusion o dow dewn o pore, and finally,
asarption or condensation on the walls of
the pore. The left relation holds as an in-
vquality i the additional free energy, associated
with the wetting of the solid7in the absence of
4 duplex Blm, can contribute in a nondissi-
pative manner to the effectnal driving force
for flow. The free energy change during flow
of @ liquid into @ cvlindrieal tube may be
identitied as the free energy of immersion [67:
e walls wre covered with a Glm that s in
cputhibrivm with the saturated vapor, we have

LA =y, =y 051

I the walls are devoid of adsorbed film,
we llave
AG = 5, = 1y, (6]
G = 3G = oy, [7]

I the walls are indtially covered with a hilm
such that the surface free energy 18 ¥u(r-w,
the free encrgy change is given by

AGY = Y, 0mm = Vs [3:]
AGH = AGT® = 7y, {93

The purpose of this study was to cstablish
whether  appreciable  deviations  from  the
Washburn equation, as indicated by Eqgs. (1]
cnd T4, are observable,

THEORY

The following  theoretical  considerations,
levond those in (2), were developed for the
purpose of testing the new equations.

It is quite general to assume that only a
feanction, a, of the veeess driving foree, . — my
in Egs, (1] and {47, is used in o nondissipative
wanner, Then, we can write Eq. (4] in the
{orm ‘

J(x¥) r['.yu + a(r, = 74} ]

—

i 2y

H

NS {10]

since deviitions Do the Wasbharn cqution
have not heen reported before, 1L is to be
enprated that a is commonly smalle. The
mansimum concedy e rate would be given by
Fap (0] with a = 1,

We have set oat to test these cquations in
perhaps the simplest -ossible system: vertical
glass capillary tubes. Vertical orientation has
an advantage over horizontal in that small
deviations from horizontal can cause quite
appreciable errors, For & vertical tube of
radius 7, the rate, when the meniscus is at
height v above the liguid surfice, is given by :
de ‘.ZC',':\ + olme— 10l ]

1
—puvy, 11
dlt S & r oe } [ :

where p is the density of the fid.
Integrating Kq. [11] between ddevations xy
and xi, we obtain

[,,=/:"'/1

[ QY

‘Q" [2[7[1 + u(fq - l’n)]

pyrt agr
Ayvee + alr. — )] pgr — x4
®in ; - }
L ves Falw, = wo) ] ogr — x2

- (e —= .\-,)]. (123

The thickness, §, of the il on the solid is a
variable that was found to he impartant. Tt
may be asswmed that there is some limiting
thickness, §q for a duplex film, such that for
5 < 84, the vapor pressure of the adsorbed
fitm is appreciably less than the saturation
pressure po; and for § > §,, the vapor pressure
is not experimentally different from pa. We
consitler, here, only capillary or pore radii in
the range Lirge enough that Kelvin equation
correctiong (o the vapor pressure need not he
tuken into account. Foe clarity of the quali-
tative argument regarding 8, we discuss only a
horizontal tube (see Fig, 1.

1f 8, is comparable to the radius 7, then at
saturation. the eifective radius will be r — 8.,
with respect to the driving force for pene-
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