Reply:

Taylor, Baur and Krishna' reviewed
the literature on residue curves that at-
tempt to incorporate mass transfer ef-
fects. The article of Silva et al.? was
shown to be fundamentally wrong. In
their letter to the editor Silva et al. have
questioned some of our arguments. Be-
low is our response to their letter.

There are so many inconsistencies in
the model described in their article (and
in their letter to the editor) that it is hard
to know where to begin and end with our
comments.

Silva et al. state that we used “an ar-
gument from Doherty and Malone where
it is stated that ‘the vapors are removed
from contact from the liquid as soon as it
is form’, that is, at infinite velocity, which
requires a very high-pressure difference
across the film to say the least.”

The latter part of this sentence is non-
sense. In the model used by Doherty and
Malone? (and scores of others) there is no
pressure difference across the film be-
cause there is no vapor film — because
there is no vapor (Silva et al. must have
forgotten that the vapor is instantly re-
moved)!

The authors go on to say that “the
correct question is: would the film theory
model apply to films where bulk motion
occurs?” They state that the answer is
yes, and provide a mathematical solution
of the diffusion equations to make their
point.

Unfortunately, the solution presented
in their letter (their Eq. 2) is wrong be-
cause it does not satisfy the boundary
conditions specified in their Eq. 1.

However, their question is not without
merit. It is most certainly true that the
film model applies when there is bulk
flow. The simplest approach to mass
transfer (not always meaningful for mul-
ticomponent systems) is to say that the
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molar fluxes in the vapor phase at a phase
interface may be written as

Ni'=c/ki(y) = y) +yiIN/ (1)

¢/ is the molar density of the super-
scripted phase, y, is the mole fraction in
the bulk vapor phase, and y! are the mole
fractions of species i at the phase inter-
face. N” is the total molar flux in phase p.
k) are the mass-transfer coefficients for
the vapor phase (with units of velocity).
The first term on the righthand side is the
diffusion flux; the second term is the con-
vective flux (due to bulk motion). The
total flux is defined by NY = ¢u" where
u" is the velocity of the vapor phase
through the film.

Normally, in applications of the film
model the convective velocity included in
the diffusion equations is normal to the
bulk flow velocity (see, for example, the
classic text of Bird et al. for a compre-
hensive treatment of the film model for
binary mass transfer in the presence of
convection). In the application of convec-
tive mass transfer theory by Silva et al.,
in the article in question, the velocity
through the film is in the same direction
as the flow out of the batch still (the
vapor is evolved at the boiling liquid sur-
face, passes through a vapor film, and
continues in the same direction until it
leaves the equipment). Thus, theirs is a
decidedly nonstandard application of the
film model. Furthermore, their approach
requires the total molar flux through the
vapor film be directly proportional to the
vapor flow rate out of the still. Specifi-
cally: ¢ = ¢/u"a = NYa where a is the
area of the interface.

It is important to note that the mass-
transfer rate equation used in the model
of Silva et al. does not include a “drift”
term to account for the convective con-
tribution introduced in their Eq. 1. Their
rate equation is valid only in the limit that
the fluxes are very low, and the total flux
approaches zero (clearly a contradiction
with their requirement of flow out of the
equipment). What they have done (in ef-
fect) is to drop (for no stated reason) the
convective term on the righthand side of
Eq. 1, change the mole fraction driving
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force in Eq.1 into a partial-pressure dif-
ference, and that driving force into one
that includes the total pressures at the
interface, and in the bulk vapor in order
to be able to perform any calculations
that lead to results that have the appear-
ance of physical sense. The second term
on the righthand side of Eq. 1 can be
dropped only if the total flux is identi-
cally zero, or for those components
whose bulk phase mole fraction is very
low indeed. The former is not satisfied
here since all nonzero fluxes have the
same sign. The latter possibility cannot
be satisfied by all components in a mix-
ture; at least one species must be present
in significant relative amounts. Thus, this
dilute solution approximation also is not
appropriate here. To the best of our
knowledge, the mass-transfer rate rela-
tion used by Silva et al. has never before
appeared in the entire literature on mass
transfer. Were their equations to be cor-
rect, then every article and every text on
mass transfer in gases would be wrong.

Silva et al. state that the mass-transfer
coefficients are not related by Eq. A10 in
our article, and refer to an alternative in
their own (Eq. A8 in our article). Equa-
tion A10 is derived from fundamentally
sound relationships for mass and energy
transfer, together with some simplifying
assumptions, such as those leading to Eq.
1 given earlier. It is important to empha-
size once more that not all of Eq. 1 are
independent. If we write Eq. 1 for all
species in the mixture and, in addition,
impose values of the mass-transfer coef-
ficients that are not all equal, then it is
completely certain that we will violate
the fundamental principle of mass con-
servation. Silva et al. cannot circumvent
this problem simply by insisting that Eq.
A10 does not apply. They need to dem-
onstrate that their relationship does not
violate fundamental conservation rela-
tionships.

We shall mention just one more prob-
lem here (this is in addition to the issues
documented earlier, and in our article).
Silva et al. may well be correct in saying
(in their letter) that a pressure gradient is
needed for the vapor to leave the equip-
ment, but there is no such pressure gra-
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dient in their model. In their model the
bulk pressure difference exists only over
the thickness of the film. This particular
inconsistency could be avoided by as-
suming that there is no bulk vapor phase,
only a vapor film, but that is surely not
their intention (see Figure 1 of their
article).

It is important for Silva et al. to rec-
ognize that we are talking about a
model. The standard model of residue
curves does not ask us to worry about
how the vapor is removed from contact
with the liquid, only that it is. With this
assumption we showed that the stan-
dard model is completely consistent
with itself. This does not mean that the
standard model is completely consistent

with physical reality. It is only impor-
tant that the model sufficiently reflects
reality in order to be useful. The vast
literature on residue curves (including
experimental studies) suggests that
there can be no doubt at all that the
standard model is useful. There should
also be no doubt that the standard
model lacks realism in some ways.
Silva et al. attempted to develop a
model of a simple distillation process
that is more realistic. Their calculations
(and findings) are wrong because their
model is completely without meaning.
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To the Editor:

I would like to inform you that there are
some typographical errors in an article en-
titled “Swelling and Erosion Affecting Fla-
vor Release from Glassy Particles in Water”
by Bouquerand et al. (pp. 3257-3270, Dec.
2004). These errors appeared in Egs. 1, 2, 4,
and 7, and the correct form of them are as
follows, respectively
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where ¢ is the volume fraction of water in
particle.
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Reply:

Thanks to the reviewer for his judicious
remarks concerning the Eqs. 1, 2 and 4.
These remarks are justified when the whole
particle is considered as it is the case.

I am more doubtful about the introduction
of R3in Eq. 7. However, this does not imply
conceptual nor numerical modifications in
the result section of the article as Eq. 7 was
resolved for Ro = 1. The article should gain
in rigor with the reviewer comments.

Pierre-Etienne Bouquerand
Firmenich S.A.

1217 Meyrin 2

Geneva, Switzerland

E-mail: pierre.bouquerand @ firmenich.com
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