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G C NG C M

IECHNICAL FIELD

The present invention relates to a system for
separating components. More particularly, the present
invention relates to removing liquid from a condensing
surface used for separating components.

BACKGROUND OF THE INVENTJON

Condensation is a common separation mechanism for
many industrial processes. It is typically used with a
heat transfer surface that is controlled at a
temperature that will remove specific vapors from a gas
stream. When vaporSucoﬁdenéé:on theéé_sﬁrfaces they
form a combination of a liquid film,”rivu}ggs, or
droplets that drain by gravity to the lowest point of
the surface and then typically fall from the surface in
droplet form. In most cases the heat transfer surface

.must be remote from the original high concentration

source of the vapor to prevent the droplets from being
reintroduced to the process. Locating the surface at a
distance from the original source genera11§ requires
that the condensing operation occurs at a lower vapor
concentration. This leads to inefficiencies that
require colder operating femperatures, more surface
area, or reduced rates of condensation.

In some processes, active systems remove the
condensed liguid from the surface. For example a
rotating surface with a scraping blade to remove the
condensed liquid film. These systems can be located
close to the process since the ligquid is removed by
mechanical means and will not be reintroduced to the
process. However, these systems are complex,
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expensive, and have limited design flexibility to fit a
particular process. '

One example of a componeht separation system are
the conventional dryers of coated substrates which
direct large volumes of gas to the coated surface to
evaporate the liquid and remove it in vapor form. 1In
many cases, due to environmental or economic reasons,
the vapors in the gas stream must be removed before
exhausting to the atmosphere. Condensation is a common
method of removing these vapors from the gas stream.

Systems using condensation typically are large
heat exchangers or chilled rolls with wiping blades.
They are located away from the web in the bulk gas flow
stream. Typically a heat exchanger is placed in the
bulk gas flow stream and the surface temperature is
reduced to a point where the vapors condense, removing
them from the process. .

The vapor concentration in the bulk gas flow
stream must be kept below flammable limits, typically
1-2% of the gas stream. To obtain acceptable recovery
efficiencies with low vapor concentration, the heat
transfer surface must be large and the operating
temperatures must be very low, on the order of -30°C -
0°C. This is very expensive and there are numerous
process problems such as ice formation on the heat
transfer surfaces. Significant effort has been
expended in raising the vapor concentration to improve
the efficiency of this process. An example is the use
of inert gas as the gas flow stream which allows the
vapor concentration to be increased, because the
flammability limit is removed. However, these methods
are also very expensive and create additional process
problems that have limited their use in the industry.
The vapor concentration at the surface of the coating,
or gas/liquid interface, is very'high and it drops off
rapidly within several centimeters of the surface.
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It would be ideal for maximum recovery efficiency
to locate the heat transfer surface within several
centimeters of the gas/liquid interface. Condensing

- surfaces generally cannot be located this close to the

surface as the condensed liquid would drain by gravity
back onto the coating surface. Active systems such as
a rotating roll with a scraping blade could be close to
the process but their shape does not fit the flat
surface characteristic of the moving substrate and they
are relatively complicated and expensive. There is a
need for a system of removing the liquid from
condensing surfaces in a component separation systenm.

OF NV [ON
The invention is a method and apparatus for
separating components'from a mixture. A source of
evaporated ligquid is provided and a condensing surface
is located in a high vapof concentration region above

- the source of evaporated liguid. The evaporated liquia
~ is condensed on the condensing surface, and the

condensed liquid is removed from the condénsing surface

while the condensed liquid remains in the liquid state.

This removal uses substantially only capillary forces.
The method and apparatus can also include

evaporating liguid from the mixture, and recovering and

collecting any liquid removed from the mixture.

The condensing mechanism used for this component
separation system includes the condensing surface which
receives evaporated liquid from the mixture, and a
plurality of open grooves formed on the condensing
surface. The grooves channel the condensed liquid on
the condensing surface away from the mixture. The
condensing surface can have a length of less than 2 m.

The grooves can be capillary grooves which satisfy
the Concus~Finn Inequality, and can be parallel to each
other. The condensing surface shape can be selected to
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correspond to the physical contour required by the
component separation process.

An edge plate can be used to contact the
condensing surface and facilitéte removal of the
condensed liquid from the condensing surface. _

The condensing apparatus can be a condensing plate
and can include passageways for receiving a heat
transfer fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of the apparatus of
the invention.

Figure 2 is a front view, partially in
crosssection of the apparatus of Figure 1.

Figure 3 is a partial cutaway view of the plate of
the apparatus of Figure 1.

D I S .

This invention is a method and apparatus which can
be used for various. procedures including component
separation. For example, drying a coating with solvent
recovery is one operation that can be performed by the
system. Distillation and liquid éeparation are other
operations. The system is used to separate components
from a gas mixture but can be used to separate liquid
components from gas or non~-gas mixtures by first
converting the liquid to gas or vapor form. The method
and apparatus can remove ligquid from a condensing
surface using capillary surfaces to control and direct
the liquid that forms on the condensing surface.

This system eliminates the disadvantages of known
condensation component separation methods. It uses
simple, passive, capillary surfaces to remove liquid
from a condensing surface to prevent reintroducing the
liquid to the process. The capillary surfaces can be
designed to fit any physical contour which provides
flexibility to design for whatever physical shape the
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process requires. This allows the heat transfer
surface to be located close to a high concentration
process source of vapor for maximum efficiency. This
permits providing a passive, flexible, inexpensive way
to improve the condensation rates in processes for a
given surface area and temperature differential.

Any kind of condensing structure can be used, such
as plates of any type, whether flat or not, finms,
tubes, or other structures.. Plates, as described in
this application, include fixed or moving platens and
similar devices. Figures 1-3 show an apparatus using
one platen. The platen has a condensing and liquid-
removal surface located close to a vapor source of a
mixture to be separated. o

The apparatus operates on various mixtures. These
mixtures can be a substrate with liquid coating, a

_fluid bath'having a mixture of components, or any other
combination of components from which a liquid or

gaseous component can be separated.

As shown in Figures 1 and 2, the apparatus 10
includes a condensing platen 12 which has a condensing
surface 14. The condensing surface may be placed at

" any distance from the mixture 16, shown in container

17, which serves as a process vapor source and which
has an evaporating surface 18 - a surface from which
liquid evaporates to separate that liguid from the
other components in the mixture. Vapors from the
mixture 16 travel to the condensing surface 14 where
they condense. The condensing surface can be located
in a region of higher vapor concentration, such as
within 1 m of the evaporating surface.

The condensing platen 12, which can be stationary
or moving, is placed above but near the mixture 16.
The condensing platen 12 can be at any orientation.
The condensihg platen 12 can be above the mixture 16,
below the mixture, and the system can operate with the
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platen vertical or at any other angle, as long as the
mixture permits such an orientation.
The illustrated condensing surface 14 is located

above an evaporating surface 18 that is flat. The

5§ condensing sufface 14, however, can be of any shape and
can be designed to fit the process as required. The
condensing surface 14 may be placed at any distance
from the mixture 16. Vapors from the mixture 16 travel
to the condensing surface 14 where they condense.

10 As shown, the condensing surface 14, which serves
as a capillary surface, is flat, but it is not smooth.
It has open'capillary channels or grooves 20 which are
designed to deliver the condensed liquid laterally to
both edges of the platens 12. Edge plates 22 are ‘

15 located on both sides of the condensing surface 14, as
shown in Figure 1. These edge plates 22 are shown as
perpendicular to the cdndensing surface 14, although
they can be at other angles with it. The edge plates
22 can be smooth,. capillary surfaces, porous media, br

20 other surfaces. . . . L
: Liquid froﬁ-tﬁe mixture 16 is evéﬁbrated'ﬁsing ahy
type of heat source, such as a heater placed on the
side of the mixture opposite the condensing platen 12.
The evaporated 1iquid from the mixture 16 travels

25 across the gap 24 between its evaporating surface 18
and the condensing platen 12 and condenses on the
condensing surface 14 of the condensing platen 12. The
grooves 20 on the condensing surface 14 use capillary '
forces to move the condensed liquid to edge plates 22.

30 Alternatively, other'capillary mechanisms can be used
to remove the condensed liquid from the surface 14 of
the condensing platen 12 to prevent the condensed
liquid from returning to the mixture 16. Also, the
condensed liquid need not be removed from the platen at

35 all, as long as it is removed from the condensing

surface 14 to prevent it from returning to the mixture
16. '
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When the liquid reaches the end of the grooves 20
it intersects with another capillary surface formed at
the angle between the edge plates 22 and the grooves
20. The liquid collects at this interface and gravity
overcomes the capillary force and the liquid flows as
films or droplets 26 down the face of the edge plates
22. The droplets 26 fall from each edge plate 22 and
can be collected in a collecting device, which can be
located ocutside of the enclosure or within the
enclosure as long as they prevent separated liquid from
returning to the mixture. For example, a slotted pipe
28 can be placed around the bottom edge of each edge
plate 22 to collect the liquid and direct it to a
container. '

The condensing platen 12 can include internal
passageways, such as channels. A heat transfer fluid
can be cooled or heated by an external device and
circulated through the passageways in the condensing
platen 12.- . Coe :

There is no limitation in the platen width other
than the effective transporting rate of the capillary
grooves 20. The capillary grooves 20 can be designed

- as capillary surfaces. A capillary surface is defined

as a geometrically specific surface which satisfies the
Concus-Finn Inequality which is: o + 85 < 90°, where a

is half the included angle of any corner and 05 is the
gas/liguid/solid static contact angle. The static
contact ahqle is governed by the surface tension of the
liquid for a given surface material in gas. Capillary
surfaces are discussed in great detail in Lopez de
Ramos, A. L., "Capillary-Enhanced Diffusion of CO; in
Porous Media," Ph.D. Thesis, University of Tulsa
(1993). '

Using capillary surfaces to remove the condensed
liguid provides the ability to locate the condensing

- surface 14 close to the high vapor concentration source

just above the evaporating surface 18. As the
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evaporated liquid condenses on the surface, rather than
being reintroduced to the process by gravity, it can be
passively removed from the process. The invention is
an inexpensivé method of achieving greater operating

§ efficiencies that allow higher operating temperatures,
small surface areas, and high rates of condensation.

-8-




QLT

WO 97/10885 PCT/US96/13061

10

15

- 20

25

20

35

CLAIMS

1. A method of separating components from a
mixture 16 comprising:

providing a source 17 of evaporated liquid;

locating a condensing surface 14 above the source
17 of evaporated liquiq;

condensing the evaporated liquid on the condensing
surface 14; and

removing, using substantially only capillary
forces, the condensed liguid from the condensing
surface 14 while the condensed liquid remains in the
liquid state.

2. The method of claim 1 further comprising the
step of evaporating liquid from the mixture 16.

3. The method of claim 1 wherein the removing
the condensed 1iguid step comprises recovering and

collecting any liqﬁid removed from the mixture 16.

4. The method of claim 1 wherein the locating

- step comprises locating the condensing surface 14

within 1 m of an evaporating surface 18 of the source
of evaporated liguid.

5. A condensing mechanism for use in a component
separation system to remove one or more components from
a mixture 16 which serves as a source of evaporated
liquid, wherein the condensing mechanism comprises:

a condensing surface 14 locatable in a high vapor
concentration region above the source of evaporated
liquid to receive evaporated ligquid from the mixture;
and

a plurality of open grooves 20 formed on the
condensing surface 14 to channel the condensed liquid
on the condensing surface away from the mixture 16.
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6. The condensing mechanism of claim 5 wherein
the grooves 20 are parallel capillary grooves which
satisfy the Concus~-Finn Inequality.

7. An apparatus for separating components from a
mixture comprising:

the condensing mechanism of claim 5;

means for condensing the evaporated liguid from
the mixture 16 on the condensing surface 14; and

means for removing the condensed liquid from the
condensing surface 14 while the condensed liquid
remains in the liquid state..

8. The apparatus of claim 7 wherein the
condensing surface 14 has a length of less than 2 m and
satisfies the Concus-Finn Inequality.

9 The apparatus of claim 7 wherein the removing
the condensed liquid means comprises at least one edge

22 piate contactiﬁg the condensing surface 14.

10. The apparatus of claim 7 further comprising a
condensing plate 12 comprising passageways for
receiving a heat transfer fluid and located above the
mixture 16 wherein the condensing surface 14 is part of
the condensing plate 12.
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