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(57) Abstract: An elongated flow-through degassing apparatus includes an elongated gas and liquid impermeable outer tube (512)
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AXTIAL TRANSFER LINE DEGASSING
Field of the Invention

The present invention relates genérally to systems for
degassing fluids utilized in a wide variety of applications,
including the degassing of chromatographic fluids, inks,
semiébnductor processing fluids, beverages, and laboratory-
grade fluids, and more particularly to a flow-through
transfer line degassing apparatus wherein transfer lines
extending between respective components in systems
incorporating such an apparatus simultaneously act to
operably degas fluids passing therethrough.‘

Background of the Invention

There are many chemical applications, particularly
analytical applications involving the wuse of liquid
solvents, reactants or the like in which the presence of
dissolved.gases, and particularly air, is undesirable. A
prime example of such an application relates to the fluids
utilized in liquid chromatography where the presence of even
small amounts of dissolved gases interferes with the
accuracy and sensitivity of the results obtained. For
example, air dissolved in the mobile phase can manifest
itself in the form of bubbles which causes noise and drift
as the mobile phase passes through the chromatographic
detector. In situations where the dissolved gases are
chemically active, unwanted modifications or deterioration
in the chromatographic fluids can occur. Therefore,lit is
desirable to remove such species through a degassing
process.

The degassing of liquid materials has been necessary to
the success of many processes, and, consequently, various

degassing methods have been employed for some time.
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Techniques have included heating or boiling the fluid to be
degassed, exposing the material to a reduced pressure
environment or vacuum, and using combination of heat and
vacuum to reduce the amount of dissolved gases in the fluid.
Ultrasonic energy has also been employed for such degassing
purposes. As conventionally applied, Thowever, these
traditional techniques have generally fallen short of the
desired degree of separation efficiency.

Vacuum degassing through a membrane apparatus has long
been known, and generally utilizes a length of relatively
small diameter, thin-walled, semi-permeable synthetic
polymer resin material contained within an enclosed chamber
held under a reduced pressure or vacuum in which the fluid
to be degassed is caused to flow through the tube. One such
apparatus is shown by Sims in U.S. Patent No. 5,340,384,
assigned to the same Assignee as in the present invention.
Other such devices are shown in U.S. Patent Nos. 5,183,486;
4,430,098; and 3,668,837.

While each of these devices employ a vacuum degassing
approach, there remains a need, particularly with devices
associated © with liquid chromatography instruments, to
provide a fluid degassing capability in fluid transfer lines
operably coupling respective components of such
chromatographic instruments. In conventional degassing
systems, chromatographic fluids are routed into a distinct
vacuum chamber for performing the degassing function
thereat. ITn such a manner, a separate and distinct
component must Dbe incorporated into the chromatographic
instrument assembly. Moreover, fluid transfer lines must be
routed from respective fluid reservoirs to a distinct vacuum
chamber prior to such fluid flow through the chromatographic

instruments.
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It 1is therefore a principle object of the present
invention to provide fluid transfer lines as axially-
disposed individual degassing chambers.

It is another object of the present invention to
provide chromatographic fluid transfer lines which are
operably coupled to vacuum sources so as to enable vacuum-
type degassing upon the fluids passing therethrough.

It is a yet further object of the present invention to
provide an elongated flow-through vacuum degassing apparatus
having an outer impermeable tube and one or more semi-
permeable inner tubes disposed therewithin, with fluids
passing either through or around the inner semi-permeable
tubes in a relatively low-pressure environment between the
outer tube and the inner tubes so as to effect a vacuum
degassing characteristic upon the semi-permeable inner
tubes.

Tt is a still further object of the present invention
to provide an elongated flow-through transfer line wvacuum
degassing apparatus having an outer tube and one oOr more
inner tubes disposed therewithin, and wherein the inner
tubes are formed sclely from an amorphous perfluorinated
copolymer material.

It is another object of the present dinvention to
provide an elongated transfer 1line vacuum degassing
apparatus that is sufficiently flexible so as to be readily
manipulatable into desired configurations.

It is a further object of the present invention to
provide a transfer line fluid degassing apparatus having an
outer impermeable tube and one or more semi-permeable inner
tubes disposed therewithin, and wherein the one or more
inner tubes are formed solely from amorphous perfluorinated

copolymers.
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It is another object of the present invention to
provide a transfer line apparatus having an outer
impermeable tube and one or more semi-permeable inner tubes
disposed therewithin, with the transfer line apparatus

preventing regassing of fluids passing therethrough.

Summary of the Invention

By means of the present invention, fluids may be
operably degassed in distinct transfer lines extending
between respective components in an associated fluid flow
system. The transfer lines of the present invention are
preferably configured as axially-disposed individual
degassing units having an elongated outer tube fabricated
from liquid and gas impermeable material, and one or more
semi-permeable inner tubes disposed therewithin. The outer
and inner tubes, in combination, are preferably sufficiently
flexible so as to be readily manipulatable into desired
configurations.

In a particular embodiment of the present invention,
the elongated flow—-through fluid treatment apparatus
includes an elongated outer tube that is gas and liquid
impermeable, and has an inlet end, an outlet end, and a
vacuum source coupling aperture formed in a side wall
thereof. The degassing apparatus further includes an
elongated inner tube extending within the outer tube, with
the inner tube being formed of a gas-permeable, liquid-
impermeable polymeric material, and which has an inlet
portion and an outlet portion corresponding to the inlet. and
outlet ends of the outer tube. In addition, a vacuum source
adaptor extends from the side wall of the outer tube and co-
extensively with the wvacuum source coupling aperture such

that a hollow channel extending through the wvacuum source
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adaptor provides for fluid connection from a space defined
between the outer tube and the inner tube to locations
external to the vacuum source adaptor. The apparatus of the
present invention further includes an inlet connection
épparatus operably coupled to the inlet end of the outer
tube and the inlet portion of the inner tube, and an outlet
connection apparatus operably coupled to the outlet end of
the outer tube and the outlet portion of the inner tube.
The apparatus is preferably sufficiently flexible so as to
be readily manipulatable into desired configurations. The
inner tube is preferably fabricated from an amorphous
perfluorinated copolymer material, while the outer tube is
selected from the group consisting of Tefzel®, FEP, PEEK and
the like.

Another embodiment of the invention provides for a
method for treating a fluid involving a transfer line
apparatus having an outer tube defining a first chamber that
includes é length, an inlet, and an outlet, with the outer
tube being substantially gas and liquid impermeable. The
apparatus further includes one or more inner tubes extending
within the outer tube and at least partially through the
first chamber, with the one or more inner tubes each being
formed solely of a gas-permeable, liquid-impermeable
material. FEach of the one or more inner tubes have an open
end and a substantially opposed closed end. The method
further provides for operably coupling the open end of each
of the one or more inner tubes into communication with a
vacuum source so as to substantially evacuate respective
second chambers that are defined within the one or more
inner tubes. The fluid is transported through the first
chamber from the inlet through the outlet so as to effect a
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vacuum degassing or regassing prevention operation on the
fluid.

In a still further aspect of the present invention, a
method of treating a fluid includes providing a transfer
line apparatus having an outer tube defining a first chamber
which has a length, an inlet, and an outlet, with the outer
tube being substantially gas and liquid impermeable. The
apparatus further includes one or more inner tubes extending
within the outer tube and at least partially through the

first chamber, with the one or more inner tubes each being

formed solely of a gas-permeable, liquid-impermeable
material. Each of the one or more inner tubes have first
and second substantially opposed open ends. The method

further includes operably coupling respective first open
ends of the one or more inner tubes to a first fluid source
such that the first fluid is transported through respective
chambers that are defined within the one or more inner
tubes. Additionally, a second fluid is operably transported
through the first chamber from the inlet through the outlet.
Where the second fluid has a lower target gas concentration
then the first fluid, the target gas is accordingly caused
to operably pass through respective walls of the one or more
inner tubes from the first fluid to the second fluid. By
contrast, where the second fluid has a higher target gas
concentration than the first fluid, the target gas is
correspondingly caused to operably pass through respective
walls of the one or more inner tubes from the second fluid

to the first fluid.

Brief Description of the Drawings

Figure 1 is a cross-sectional view of a transfer line

degassing apparatus of the present invention;
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Figure 2 is a partial cut-away view of a degassing
apparatus of the present invention incorporating a
particular configuration for the inlet and outlet connection
means;

Figure 3 is a partial cut-away view of a degassing
apparatus of the ©present invention incorporating a
particular configuration for the inlet and outlet connection
means;

Figure 4 is a partial cut-away view of a degassing
apparatus of the ©present invention incorporating a
particular configuration for the inlet and outlet connection
means;

Figure 5 is a cross-sectional view of a transfer line
degassing apparatus of the present invention;

Figure 6 1is an enlarged 'view of a portion of the
degassing apparatus illustrated in Figure 5;

Figure 7 is a cross-sectional view of a sealing
mechanism of the present invention;

Figure 8 1is a cross-sectional view of a sealing
mechanism of the present invention;

Figure 9 is a cross-sectional view of a transfer line
degassing apparatus of the present invention; and

Figure 10 is a cross-sectional view of a transfer line

degassing apparatus of the present invention.

Detailed Description of the Preferred Embodiments

The objects and advantages enumerated above together
with other objects, features, and advances represented by
the present invention will now be presented in terms of
detailed embodiments described with reference to the

attached drawing figures which are intended to Dbe



WO 2005/046835 PCT/US2004/037306

10

15

20

25

30

representative of various possible configurations of the
invention. Other embodiments and aspects of the invention
are recognized as being within the grasp of those having
ordinary skill in the art.

With reference now to the drawings, and first to Figure
1, a transfer line degassing apparatus 10 of the present
invention includes an outer tube 12 and an inner tube 14
disposed within outer tube 12. Outer tube 12 preferably
forms an elongated sealed chamber through which inner tube
14 extends.

As illustrated in Figure 1, outer tube 12 includes an
inlet end 22 and an outlet end 24, with inner tube 14 having
a corresponding inlet portion 32 and outlet portion 34.
Inlet and outlet connection devices 41, 43 are preferably
operably coupled to respective inlet and outlet ends 22, 24
of outer tube 12, and to inlet portions 32, 34 of inner tube
14. Inlet., and outlet connection devices 41, 43 are
preferably configured so as to operably provide a gas-tight
coupling at respective inlet and outlet ends 22, 24 of outer
tube 12, as between outer tube 12, respective connection
devices 41, 43 and inner tube 14 thereat. As such, the
portion of outer tube 12 between inlet end 22 and outlet end
24 forms a sealed chamber 18 through which inner tube 14
passes.

A vacuum source coupling aperture 48 is preferably
formed in the sidewall of outer tube 12 and extends
therethrough, such that the space between outer tube 12 and
inner tube 14 1s fluidly connected to an environment
external to apparatus 10 via aperture 48. In preferred
embodiments of the present i1nvention, a vacuum source
adapter 52 extends from the sidewall 13 of outer tube 12 and

coextensively with aperture 48. Vacuum source adaptor 52 is
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preferably configured so as to be operably coupled to a
vacuum source, whereby open space with chamber 18 may be
substantially evacuated during use. In such a manner,
fluids flowing through inner tube 14 at locations within the
chamber 18 are caused to be degassed, as governed by Henry’s
Law of partial pressure. As such, gas entrained within
fluids passing through inner tube 14 will have the tendency
to be drawn through the gas-permeable, liquid-impermeable
material forming inner tube 14, and into the relatively low
pressure environment within chamber 18. Gas that 1is so
drawn from the fluid within inner tube 14 is consequently
removed from chamber 18 via aperture 48, which is operably
coupled to a vacuum source.

It is also contemplated by the present invention that
the apparatus described herein for degassing one or more
fluids may also be utilized in preventing the regassing of
such fluids. For example, a fluid that has previously been
substantially degassed may be directed through apparatus 10
such that, for the length of apparatus 10, the fluid paésing
therethrough does not absorb gaseous components. Such an
aspect 1is important where pre-degassed fluids must be
transferred from a source to a destination without absorbing
gaseous components therein. The apparatus of the present
invention, therefore, enables such transportation of pre-
degassed fluids without risk of regassing due to the fact
that the vacuum prevents gaseous components from entering
into the fluid stream. In such a manner, the apparatus of
the present invention may be termed a fluid treatment
apparatus which may be wutilized to degas fluids and/or
prevent the regassing of such fluids in a transfer line

device.
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In another embodiment of the present invention, and as
illustrated in Figure 9, the fluids to be degassed may
instead be directed through chamber 518, as defined between
inner tubes 514 and outer tube 512, while a low pressure
environment is obtained within inner tubes 514. In such a
manner, the degassing function operates in the reverse
direction, with target gas entrained within the fluid being
drawn by partial pressure through inner tubes 514, and into
the relatively low pressure environment within  the
respective chambers defined by inner tubes 514.

~ As shown in Figure 9, outer tube 512 preferably has an
inlet end 523 a substantially opposed outlet and 525.
Similarly to apparatus 10 described with reference to Figure
1, outer tube 512 is preferably substantially gas and liguid
impermeable, and most preferably is less permeable than the
combined permeability’s of inner tubes 514. Example
materials useful in outer tube 512 include Tefzel®, PEEK,
FEP, PFE, Tygon®, and the like. In addition to having a
relatively low permeability characteristic, outer tube 512,
as well as all other outer tubes described in this
application, preferably exhibit inertness and physical
flexibility, such that the transfer line apparatus of the
present invention is relatively flexible so as to allow
ready manipulation of the transfer line apparatus with
relatively 1little effort. As such, the transfer line
apparatus of the invention may be manipulated by the user
into a wide variety of configurations to best conform to the
desired application.

Inner tubes 514 of transfer line apparatus 510 extend
within outer tube 512 and at least partially through chamber
518. In the embodiment illustrated in Figure 9, inner tubes

514 each have an open end 515 and a substantially opposed
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closed end 517. Vacuum line coupler 592 1s preferably
engaged with f£luid dinlet coupler 594, which itself is
engaged with outer tube 512. Vacuum coupler 592 forms a
gas—-tight plenum 508 adjacent to respective open ends 515 of
inner tubes 514. Such a plenum 508 is gas-tight only with
respect to chamber 518, in that ferrule 509 sealingly
engages with second end 595 of fluid inlet coupler 594 when
vacuum coupler 592 is firmly seated upon fluid inlet coupler
594. Vacuum coupler 592 is preferably operably coupled to a
vacuum source (not shown) at first end 593, which is in
fluid connection with plenum 508 via passage 505 in vacuum
coupler 592. Through such an arrangement, plenum 508 is
operably coupled into communication with the vacuum source
so as to substantially evacuate respective chambers 513
defined within inner tubes 514.

The fluid to be degassed is preferably directed into
chamber 518 via inlet coupler 594, which is sealingly
engaged with outer tube 512. Fluid entering chamber 518 at
inlet 524 through fluid inlet coupler 594 is directed by
fluid pressure about inner tubes 514, and eventually out
from'chamber 518 at outlet 522 through fluid outlet coupler
596. By passing fluid around the semi-impermeable inner
tubes 514, which are substantially evacuated as described
above, entrained gas within the fluid is drawn by Henry’s
Law of partial pressure through respective inner tubing
walls and into the respective chambers 513 defined by inner
tubes 514. The vacuum source acts to remove gas from within
chambers 513 that permeate through the sidewalls of inner
tubes 514.

As further illustrated in apparatus 510, baffles 503
may be disposed in chamber 518 to direct and/or redirect

fluid flow through chamber 518 from inlet 524 to outlet 522.
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Applicants have determined that by placing structure such as
baffles 503 in the fluid path through chamber 518, laminar
flow of the fluid through chamber 518 may be disrupted.
Such a laminar flow disruption assists in mixing entrained
gas throughout the fluid flow volume, thereby enhancing the
degassing efficiency of apparatus 510.

Certain advantages are incorporated into the degassing
system when the fluid to be degassed is directed through
chamber 518 between outer tube 512 and inner tubes 514. For
instance, the fluid to Dbe degassed is exposed to a
relatively larger gas-permeable separation media surface
area, in that the outer diameter of inner tubes 514 is
greater than the inner diameter thereof. By directing the
fluid about the outer surfaces of the inner tubes 514,
therefore, a relatively higher degassing efficiency for a
particular system is achieved. In addition, the degassing
toward the inner tubes 514 may be used to counteract influx
of gases through outer tube 512, where outer tube 512 is not
completely gas-impermeable.

In other embodiments of the present invention, fluids
may be degassed by interaction with a sweep fluid. Such a
sweep fluid may be in a gaseous or liquidous form, and
preferably flows adjacent to the fluid to be degassed but
separated by the gas permeable, liquid impermeable walls of
the inner tubes of the present invention. In some
embodiments, such sweep fluid flows counter to the flow
direction of the liquid being degassed, such that the
efficiency of liquid degassing is enhanced. To effectively
degas the 1liquid, the sweep fluid preferably has a
relatively 1low partial pressure (gas) or concentration
(liquid) with respect to the target gaseous species being

operably removed from the liquid.
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A particular example of an apparatus,arranged to degas
a fluid through the use of a sweep fluid is illustrated in
Figure 10. As shown therein, apparatus 610 includes an
outer substantially impermeable tube 612 and a gas-
permeable, liguid-impermeable tube 614 extending therewithin
and at least partially through chamber 618 defined within
outer tube 612. First and second end portions 623, 625 of
outer tube 612 are each preferably sealingly engaged with
respective inlet and outlet couplers 694, 696, which each
include an open channel 688, 689 axially formed
therethrough. As such, chamber 618 is open through inlet
and outlet couplers 694, 696.

Inlet and outlet couplers 694, 696 are each engaged
with inlet and outlet manifolds 672, 674, respectively. In
the embodiment illustrated in Figure 10, inlet manifold 672
includes a first fluid inlet bore 673 and a second fluid
inlet bore 675. Inner tube 614 preferably sealingly engages
within fluid inlet adapter 652, such that the first fluid
entering fluid inlet adapter 652 dis transported without
leakage into open end 617 of chamber 613 defined within
inner tube 614. Fluid pressure within chamber 613 operably
directs the first fluid through inner tube 614 through first
fluid outlet bore 681 in outlet manifold 674.

A second fluid is brought into apparatus 610 via second
fluid inlet bore 675, which enables fluid connection with
chamber 618 within outer tube 612. An open plenum 677
within inlet manifold 672 operably directs the second fluid
into open channel 688 in inlet adapter 652, which leads to
chamber 618. Fluid pressure in plenum 677 directs the
second fluid through chamber 618, and ultimately through
second fluid outlet bore 679 in outlet manifold 674.
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The target gas concentration that is to be operably
decreased in a designated one of the first and second fluids
should be higher in the designated removal fluid than in the
receiving fluid in order for transfer of the target gas
through the one or more semi-permeable tubes to efficiently
take place. For example, where target gas is to be removed
from the first fluid passing through inner tube 614, the
second fluid passing about inner tube 614 in chamber 618
should have a target gas concentration lower than that of
the first f£fluid. When such conditions are present, the
second fluid acts as a sweep fluid removing at least a
portion of the gas entrained within the first fluid.

The gas transfer between the two fluids can, of course,
be opposite of that described above, wherein the first fluid
has a target gaé concentration less than that of the second
fluid. In this case, the target gas will be caused to
transfer through respective walls of inner tube 614 from the
second fluid passing about inner tube 614 to the first fluid
passing through chamber 613 within inner tube 614.

The present invention further contemplates that the
flow directions of the first and second fluids can be
opposite with respect to one another. In fact, such an

arrangement is preferred, wherein the first or second fluid

‘enters apparatus 610 through outlet manifold 674, and the

other of the first or second fluid enters apparatus 610
through inlet manifold 672. Such a “counterflow”
arrangement has been found to increase the rate of gas
transfer between the first and second fluids across the
walls of inner tube 614.

In a particularly preferred mode of the invention, one
of the first and second fluids is a liquid to be degassed,

with the other of the first and second fluids being a gas or
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ligquid having a target gas partial pressure or concentration
substantially less than the target gas concentration in the
liquid to be degassed. Since gases typically have a higher
capacity to receive gaseous materials, a particular
embodiment of the invention incorporates a liquid to be
degassed with a sweep gas flowing counter to the flow
direction of the liquid.

An important aspect of the present invention, such as
is shown in Fig. 1, is in providing the transfer line
degassing apparatus of the present ‘invention with a
flexibility characteristic that is sufficient so as to be
readily manipulatable into desired configurations. To be
effectively used as a transfer line for operably
transporting, i.e., chromatographic fluids from one point to
another within a respective chromatographic system, the
apparatus 1is preferably flexible and conformable, whereby
inlet connection device 41 may be operably coupled to an
upstream component such as a fluid reservoir, and the outlet
connection device 43 operably coupled to a downstream
component, such as a blending valve apparatus or
chromatographic column. Since connections between such
components  vary by manufacturer as well as by
chromatographic system type, the apparatus of the invention
may preferably conform to a particular user’s
configurational needs. Accordingly, for example, outer tube
12 may be fabricated from a variety of materials, so long as
the material exhibits a substantial flexibility, relatively
low gas and liquid impermeability, and is formed 1in a
caliber thickness so as to obtain the above-stated
characteristics. Outer tube 12 may therefore be fabricated

from, for example, Tefzel®, FEP, PEEK, PFE, Tygon®, and the
like.
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In preferred embodiments of the present invention, the
one or more inner tubéEﬁare fabricated from a gas-permeable,
liquid-impermeable material that is relatively inert and is
relatively flexible. A particularly preferred material for
use in fabricating the inner tubes is an amorphous
perfluorinated copolymer, such as that marketed by DuPont
under the trade name Teflon® AF. Such materials have gas
permeabilities of up to about 2 or 3 orders of magnitude
higher than conventionally-utilized PTFE. Due to the
relatively higher gas-permeabilities of the Teflon® AF
material, greater gas mass transfer rates may be achieved
with tubes of Teflon® AF having increased wall thicknesses,
thereby permitting the undertaking of applications requiring
relatively high pressure differentials. Advantageously,
tubes of smaller internal diameter and shorter length offer
reduced internal volumes, which thereby assist in reducing
system startup times. Moreover, such amorphous
perfluorinated copolymers are sufficiently flexible so as to
abide by the flexibility characteristics desired in the
present invention.

A further important aspect of the inner tubes of the
present invention is in the fact that such tubes are
preferably solely fabricated from one or more gas-permeable,
liquid impermeable materials, such as the amorphous
perfluorinated copolymers described above. Due to the
permeability and strength characteristics of the Teflon AF®
material, the inner tubes may be extruded or otherwise
formed as monolithic, free-standing elements that do not
require support structures along their length to remain
viable in a wide range of operating conditions, including
those involved in vacuum degassing. In preferred

embodiments of the present invention, each of the inner
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tubes of the present invention have a wall thickness of
between about 0.003 and about 0.015 inches, with smaller or
larger tubing calipers being envisioned by the Applicants as
useful in certain applications. Additionally, the inside
diameter of such inner tubes is preferably between about
0.01 and about 0.5 inches in dimension. Applicants,
however, contemplate the use of smaller or larger inside
diameter tubing, as required.

A variety of configurations for inlet and outlet
connection devices 41, 43 are contemplated by the present
invention. In the embodiment illustrated in Figure 1, inlet
and outlet connection devices 41, 43 include dual-shrink
tubing 71, 73 disposed in surrounding relationship to
respective inlet and outlet portions 32, 34 of inner tube
14. Such tubing sections 71, 73 are preferably heat shrunk
about respective portions of inner tube 14, while inlet and
outlet ends 22, 24 of outer tube 12 are preferably sealingly
engaged with an outer surface of respective tubing sections
71, 73 so as to obtain a sealed engagement between outer
tube 12, respective tubing sections 71, 73, and inner tube
14. Inlet and outlet connection devices 41, 43 further
include nuts 45, 47 in conjunction with a pair of ferrules
49, 50 and which, in combination, are formed in surrounding
relationship to tubing sections 71, 73 for connecting
apparatus 10 between respective chromatographic system
components.

Figures 2-4 illustrate alternative configurations for
the inlet and outlet connection means of the present
invention. Specifically, apparatus 110 in Figure 2
illustrates a female-type fitting comprising inlet and
outlet connection means 141, 143. As shown in the enlarged

view of outlet connection means 143 in figure 2, nut 147
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operably engages a seat 150, which seat 150 acts as an
intermediary object to transmit force against double sided
ferrule 152. Progressive threaded engagement of nut 147
within receptacle 154 results in compressive contact between
nut 147 and seat 150, which, in turn, results in compressive
contact between seat 150 and first end 158 of double ended
ferrule 152. Such compressive contact forces ferrule 152
against a tapered base of receptacle 154, so as to form a
liquid and a gas-tight seal surrounding inner tube 114 at
both sides of double ended ferrule 152. Receptacle 154
further includes a threaded opening 156 that is specifically
configured for threadably receiving a fluid transfer line
connector component (not shown) therein.

Apparatus 210 and apparatus 310 illustrated in Figurés
3 and 4 depict male fittings of various configurations for
respective inlet and outlet connection means 241, 243 and
341, 343. Such configurations illustrated in Figures 2-4
are exemplary only, and do not in any way restrict the scope
of the present invention in its utilization of connection
means having various known configurations. Preferably,
however, the respective connection means utilized in a
particular degassing apparatus of the present invention
operably correspond and engage with respective components of
an associated chromatographic system.

Another embodiment of the present invention is
illustrated in figures 5-6, wherein . an apparatus 410
incorporates a plurality of semi-permeable inner tubes 414
extending through outer tube 412. In such a manner, a
relatively higher surface area of semi-permeable tubing is
exposed to the low pressure environment within the interior
space defined by outer tube 412. As may be seen more

clearly in figure 6, connection means 443 incorporates first



10

15

20

25

30

WO 2005/046835 PCT/US2004/037306

19

nut 447 having a first barbed end 449 and a second threaded
end 451 extending divergently with respect to first end 449.
First nut 447 includes a central bore 453 through which
semi-permeable tubes 414 extend.

In preferred embodiments, outlet end 424 of outer tube
412 is preferably operably press fit about first barbed end
449 of nut 447 so as to obtain a gas-tight seal
therebetween. Barbed end 449 of nut 447 assists in
retaining outer tube 412 in a fixed engagement therewith, in
that annular barb 450 inhibits movement of outer tube 412
with respect thereto. Second threaded end 451 of first nut
447 is preferably threadably engageable with second nut 463.
In particular, threaded end 451 of nut 447 is threadably
engégeable with threaded opening 465 of second nut 463. As
shown in figure 6, threaded engagement of first nut 447 into
nut 463 results in compressive contact between end 452 of
nut 447 and ferrule 470. Such compressive contact operably
forces ferrule 470 against first inner boss 482 of second
nut 463 so as to obtain a fluid-tight seal therebetween. As
such, fluid exiting respective inner tubes 414 flows through
second open end 485 of second nut 463, and does not leak
into and out from threaded opening 465 thereof. Preferably,
a fluid transfer line connector (not shown) may be operably
coupled to second open end 485 of second nut 463 so as to
maintain fluid containment throughout the associated
chromatographic system. Preferably, first and second nuts
447, 463 and ferrule 470 are fabricated from relatively
durable and inert materials such as stainless steel and the
like. Ferrule 470 is also preferably fabricated so as to
moderately deform under contact pressure generated through

the progressive threaded engagement of nut 447 into nut 463.
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Such deformation of ferrule 470 accommodates the fluid-tight
engagement to first bossed portion 482 of second nut 463.

A  further aspect of +the ©present invention is
illustrated in Figures 7 and 8, wherein a sealing apparatus
710 may be utilized to operably crimp outer tube 712 against
inner tube 714 so as to create a gas and/or liquid tight
seal therebetween. Apparatus 710 preferably includes a
ferrule 718 that may be operably installed about outer tube
712 by sliding ferrule 718 over the outer diameter of outer
tube 712 to a desired sealing position. In the embodiment
illustrated in Figure 7, first and second clamping rings
722, 724 are brought into engagement with respective first
and second sides 719, 720 of ferrule 718. Since each of
first and second clamping rings are tapered with a minimum
inside diameter less - than the outside diameter of first and
second: sides 719, 720 of ferrule 718, the operation of
engaging first and second clamping rings 722, 724 onto
ferrule 718 causes at least first and second sides 719, 720
of ferrule 718 to compress inwardly against outer tube 712.
Such compression acts to displace a portion of outer tube
712 against inner tube 714, and with a force sufficient to
create a gas and/or liquid tight seal therebetween. '

To effectuate the displacement of ferrule 718, first
and second clamping rings 722, 724 are preferably a
relatively strong and rigid material such as stainless
steel.

Apparatus 810 illustrated in Figure 8 is similar to
that described with reference to apparatus 710, except that
ferrule 818 includes only a first side 819 such that only a
first clamping ring 822 need be employed. Apparatus 810,
therefore, obtains only a single sealing point between outer

tube 812 and inner tube 814, while apparatus 710 operably
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obtains two sealing points between outer tube 712 and inner
tube 714. It is contemplated by the Applicants that
apparatus 710 may preferably be employed in applications
having a need for a relatively high level of assurance that
sealing between outer tube 712 and inner tube 714 has been
accomplished.

The invention has been described herein in considerable
detail in order to comply with the patent statutes, and to
provide those skilled in the art with the information needed
to apply the novel principles and to construct and use
embodiments of the invention as required. However, it is to
be understood that the invention can be carried out by
specifically different devices and that various
modifications can be accomplished w%thout departing from the

scope of the invention itself.
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What is claimed is:

1. An elongated flow-through £fluid treatment
apparatus for treating one ©or more fluids passing
therethrough, said fluid treatment apparatus comprising:

(a) an elongated outer tube defining a first
chamber therewithin, and being relatively gas and liquid
impermeable;

(b) one or more elongated inner tubes extending
within said outer tube and at least partially through said
first chamber, said one or more inner tubes each being
formed solely of one or more gas-permeable, liguid-
impermeable materials, and having an inlet portion and an
outlet portion;

(c) one or more adapters extending from a side
wall of said outer tube and coextensively with one or more
apertures therein such that a hollow channel extending
through said one or more adapters provides for fluid
connection between said first chamber and locations external
to said one or more adapters;

(d) sealing means for mechanically creating gas-
tight junctions of said outer tube adjacent said inlet and
outlet portions of said one or more inner tubes;

(e) inlet connection means operably coupled to
said outer tube and said inlet portion of said one or more
inner tubes; and

(f) outlet connection means operably coupled to
said outer tube and said outlet portion of said one or more
inner tubes,

said fluid treatment apparatus being sufficiently
flexible so as to be readily manipulatable into desired

configurations.
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2. A fluid treatment apparatus as in Claim 1 wherein
said inner tubes are an amorphous perfluorinated copolymer
material.

3. A fluid treatment apparatus as in Claim 1 wherein
said outer tube is selected from the group consisting of
Tefzel® stainless steel, FEP, and PEEK.

4, A method for treating a fluid, comprising:

(a) providing a transfer line apparatus having an
outer tube defining a first chamber having a length, an
inlet, and an outlet, said outer tube being substantially
gas and liquid impermeable, and one or more inner tubes
extending within said outer tube and at leastipartially
through said first chamber, said one or more inner tubes
each being formed solely of one or more gas—permeable,
liquid-impermeable materials, each of said one or more inner
tubes having an open end and a substantially opposed closed
end;

(b) operably coupling said open end of each of
said one or more inner tubes into communication with a ‘
vacuum source so as to substantially evacuate respective
second chambers defined within said one or more inner tubes;
and

(c) transporting said fluid through said first
chamber from said inlet through said outlet.

5. A method as in Claim 4 wherein said inlet is
disposed at a first end of said outer tube, and said outlet
is disposed at a second substantially opposed end of said
second outer tube. ,

6. A method as in Claim 4 wherein said one or more
inner tubes extend along said length of said chamber.

7. A method as in Claim 4 wherein said one or more

inner tubes are amorphous perfluorinated copolymers.
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8. A method of treating a fluid, comprising:

(a) providing a transfer line apparatus having an
outer tube defining a first chamber having a length, an
iniet, and an outlet, said outer tube being substantially
gas and liquid impermeable, and one or more inner tubes
extending within said outer tube and at least partially
through said first chamber, said one or more inner tubes
each being formed solely of one or more gas-permeable,
liquid-imperable materials, said one or more inner tubes
each having first and second substantially opposed open
ends;

(b) operably coupling respective first open ends
of said one or more inner tubes to a first fluid source,
such that said first fluid is transported through respective
second chambers defined within said one or more inner tubes;
and

(¢) transporting a second fluid through said
first chamber from said inlet through said outlet, said
second fluid having a lower target gas concentration than
said first fluid, such that target gas is caused to operably
pass through respective walls of said one or more inner
tubes from said first fluid to said second fluid.

9. A method as in Claim 8 wherein said one or more
inner tubes are amorphous perfluorinated copolymers.
10. A method for treating a fluid, comprising:

(a) providing a transfer line apparatus having an
outer tube defining a first chamber having a length, an
inlet, and an outlet, said outer tube being substantially
gas and liquid impermeable, and one or more inner tubes
extending within said outer tube and at least partially
through said first chamber, said one or more inner tubes

each being formed solely of one or more gas-permeable,
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liquid-impermeable materials, said one or more inner tubes
each having first’and second substantially opposed open
ends;

(b) operably coupling respective first open ends
of said one or more inner tubes to a first fluid source,
such that said first fluid is transported through respective
second chambers defined within said one or more inner tubes;
and

(c) transporting a second fluid through said
first chamber from said inlet through said outlet, said
second fluid having a higher target gas concentration than
said first fluid, such that target gas is caused to operably
pass through respective walls of said one or more inner
tubes from said second fluid to said first fluid.

11. A method as in Claim 10 wherein said one ore more

inner tubes are amorphous perfluorinated copolymers.
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