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Description

TECHNICAL FIELD

[0001] The invention generally relates to tubing used
in analytical instruments and other systems, and meth-
ods for making such tubing.

BACKGROUND INFORMATION

[0002] Various instruments utilize conduits for trans-
portation of process fluids and sample compounds and/or
for separation of sample compounds. For example,
chemical-analysis instruments that utilize liquid chroma-
tography (LC), capillary electrophoresis (CE) or capillary
electro-chromatography (CEC) perform separation of
sample compounds as the sample passes through a col-
umn. Such instruments include conduits or have connec-
tions to conduits that transport a variety of materials, such
as solvents and sample compounds.
[0003] In addition to tubing, including separation col-
umn(s), liquid-chromatography instruments typically in-
clude reservoirs, pumps, filters, check valves, sample-
injection valves, and sample compound detectors. Typ-
ically, solvents are stored in reservoirs, and delivered as
required via reciprocating-cylinder based pumps. Sam-
ple materials are often injected via syringe-type pumps.
[0004] In some cases, separation columns include one
or more electrodes to permit application of a voltage to
a sample-containing fluid passing through and/or exiting
from the conduit. CEC, for example, utilizes an electro-
osmotic flow (EOF) to propel a mobile phase through a
chromatographic column. In contrast, liquid chromatog-
raphy, such as high-performance liquid chromatography
(HPLC), relies on pressure to propel a fluid through a
column.
[0005] Suitable analytical-instrument tubing with-
stands pressures encountering during fabrication and
use, is reliable through repeated use, and has physical
and chemical compatibility with process and sample
compounds. Generally, a tube material should not cor-
rode or leach, and sample compounds should not adhere
to the tube (unless required for a separation process.)
[0006] For HPLC and higher-pressure applications,
tubing is typically made from stainless steel or fused silica
to provide suitable strength and cleanliness. Such tubing
is typically joined to other components via stainless steel
connectors.
[0007] Stainless steel, however, has disadvantages in
some applications due to its biocompatibility limits in
comparison to some other materials; some organic mol-
ecules tend to adhere to the inner walls of steel tubing,
and components of a steel alloy at times leach into fluid
passing through the tubing. Because organic molecules
generally are less likely to stick to glass than to steel,
steel tubing can be lined with glass to improve biocom-
patibility, but such tubing is vulnerable to breakage.
[0008] For good biocompatibility, tubing can be fabri-

cated from suitable polymeric materials. To compensate
for relatively poor strength, some polymer tubes have
relatively thick walls with a fluid lumen produced by ma-
chining and polishing. Such columns are typically costly
to manufacture. Moreover, the lumen surface is unsuit-
able for some applications.
[0009] Typically, tubing must also be compatible with
connectors that provide fluidic connections to other com-
ponents of an instrument. Problems associated with the
design and use of connector fittings are particularly dif-
ficult for high-pressure fabrication and operation. For ex-
ample, pressures in the range of 1,000-5,000 pounds per
square inch (psi) or higher are often utilized in liquid chro-
matography.
[0010] US4152817A discloses a method of joining a
plastic pipe to other pipe, a method and apparatus for
joinder of plastic conduit to a second conduit character-
ized by forming a holding by means on the end of the
second conduit with which the plastic conduit is to be
connected, emplacing about a tubular end of plastic con-
duit a fitting that is adapted to be fitted against the holding
means and having an interiorly protruding annular flange,
or shoulder, for pulling a washer and the tubular end into
sealing engagement with the end of the second conduit,
heating the tubular end of the plastic conduit to its sof-
tening temperature, forming a washer on the plastic con-
duit such that the washer fits concentrically interiorly of
the fitting, the washing having shoulders stronger than
the walls of the conduit, and tightening the fitting onto the
holding means with the washer disposed interiorly of the
fitting and with the end of the second conduit embedded
in compressed, tight, sealing relationship with the wash-
er. Ina preferred embodiment the washer is formed as a
shaped piece by compressing and accordioning the heat-
ed, softened tubing walls back over and reinforcing the
heating line between the heated and cold tubing wall.
This preferred embodiment thereby prevents breaking of
the tubing along a line of weakness adjacent the heating
line.
[0011] WO97/10941 A1 discloses oriented polymeric
products. A continuous method of extruding an oriented
plastics article of improved strength. A chemically reac-
tive polymer (33a, 33b), monomer or other compound is
included in the matrix material(s) and a (multilayer) pari-
son (34) is extruded or melt-formed having built-in ther-
moplastic orientation caused by shear or caused by elon-
gational flow. A reaction can be activated in the molten
state thereof by additional heat resulting in a cross-linked
structure or at least the mobility of the molecules being
reduced, resulting in a longer relaxation time which
makes the freezing of permanent orientation possible.
The soft matrix can be stretched while still hot in the hoop
and/or axial direction. Then, the product thus obtained is
calibrated and cooled in an oriented state.

SUMMARY OF THE INVENTION

[0012] Aspects of the invention are set out in the ac-
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companying claims.
[0013] One exemplary embodiment of the invention
arises from the realization that tubing suitable for oper-
ation at pressures up to about 10,000 psi to 15,000 psi
or greater and providing relatively good biocompatibility
can be fabricated by inserting a polymeric tube in a high-
strength outer tube, and melt bonding the polymeric tube
to the outer tube. In one alternative, a portion of a poly-
meric inner tube is melted to form a bond between the
inner tube and an outer metallic tube. In some embodi-
ments, the bond prevents sliding movement of an inner
tube relative to an outer tube and/or provides a leakage
barrier for the interface between the inner and outer
tubes.
[0014] Some embodiments of such tubing have a va-
riety of advantages over some conventional tubing. For
example, some embodiments are relatively easy and in-
expensive to manufacture. Some of these embodiments
do not require injection molding to dispose a polymeric
inner tube inside a high-strength outer tube. Some em-
bodiments are compatible with commonly available me-
tallic-based high-pressure connectors. Some of these
embodiments are fabricated from standard stainless
steel or titanium tubing that is suitable for operation at
relatively high pressures.
[0015] Thus, as one example, a relatively high-pres-
sure compatible and relatively biocompatible conduit is
constructed at a relatively low cost from readily available
components and integrated with other components of an
analytical instrument by utilizing standard analytical-in-
strument connectors.
[0016] Accordingly, one embodiment of the invention
features a method for making analytical-instrument tub-
ing. At least one inner tube and at least one outer tube
are provided for making the analytical-instrument tubing.
The inner tube includes a polymeric material and the out-
er tube includes a material having a greater yield strength
than the polymeric material. The inner tube is inserted
into the outer tube and bonded to the outer tube. Bonding
is accomplished by, in part, melting a portion of the pol-
ymeric material of the inner tube.
[0017] A second embodiment of the invention features
an analytical-instrument tube. The tube includes inner
and outer tubes. The inner tube is formed from a poly-
meric material, and the outer tube is formed from a ma-
terial, such as a metallic material, that has greater yield
strength than the polymeric material. A portion of the in-
ner tube has a melt-bonded fixed contact to a portion of
the interior surface of the outer tube. The fixed contact
optionally provides a fluid-tight seal to impede fluid from
leaking along the interface between the inner and outer
tubes.
[0018] Another embodiment of the invention features
an analytical instrument. The instrument includes a sep-
aration column, a transport tube, a solvent reservoir and
pump, a sample injector, a detector to observe an eluent
of the separation column, and a control unit that supports
operation and data analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In the drawings, like reference characters gen-
erally refer to the same parts throughout the different
views. Also, the drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrat-
ing the principles of the invention.

FIG. 1 is a flow diagram of a method for fabricating
analytical-instrument tubing, in accordance with one
embodiment of the invention;

FIG. 2a is a cross-sectional diagram of tubing at an
intermediate stage of fabrication, in accordance with
one embodiment of the invention;

FIG. 2b is a cross-sectional diagram of the tubing of
FIG. 2a at a later stage of fabrication;

FIG. 3 is an angled end view of a tube, in accordance
with one embodiment of the invention;

FIG. 4 is a cross-sectional diagram of a portion of a
connector and a tube, in accordance with one em-
bodiment of the invention; and

FIG. 5 is a block diagram of an analytical instrument,
in accordance with one embodiment of the invention.

DESCRIPTION

[0020] The phrases "chromatographic system," "chro-
matographic module," "chromatographic instrument,"
and the like herein refer to equipment used to perform
chemical separations. Such equipment is a portion of an
instrument that includes other components or is a stan-
dalone unit. Chromatographic equipment typically moves
fluids under pressure and/or electrical forces.
[0021] Depending on context, the description provided
herein of some illustrative embodiments of the invention
interchangeably uses the words "tube," "conduit," "cap-
illary," and/or "pipe." Depending on context, the word
"capillary" refers to fused-silica tubes and/or refers to rel-
atively narrow tubes. Tubes define an interior passage-
way, herein also referred to interchangeably as a lumen,
bore, or channel. The word "column" herein refers to a
tube that is used for separation of compounds in a sam-
ple, or is used to propel fluids in an electrokinetic pump.
[0022] The word "biocompatiblity" herein relates to the
tendency of some organic materials to adhere to a par-
ticular tube material, as would be understood by one of
ordinary skill. For example, fused silica is generally con-
sidered to be more biocompatible than is steel because
organic molecules are typically less likely to adhere to
fused silica than to a steel alloy.
[0023] Some embodiments of the invention involve in-
struments that include both chromatographic and mass-
spectrometric components. In some of these embodi-
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ments, a chromatographic component is placed in fluid
communication with a mass-spectrometric component
through use of an appropriate interface, such as an elec-
trospray-ionization interface. Some appropriate interfac-
es at times create or maintain separated materials in an
ionic form and typically place a stream of fluid containing
the ions into an atmosphere where the stream is vapor-
ized and the ions are received in an orifice for mass-
spectrometric analyses.
[0024] FIG. 1 is a flow diagram that illustrates a method
100 for fabricating tubing for use in an analytical instru-
ment, in accordance with one embodiment of the inven-
tion. The method 100 includes providing (Step 110) an
inner tube that is formed at least in part from a polymeric
material, providing (Step 120) an outer tube that is
formed at least in part from a material having a greater
yield strength than the polymeric material, inserting (Step
130) the inner tube into the outer tube, and bonding (Step
140) the inner tube to the outer tube by melting at least
a portion of the polymeric material. Upon solidification of
the melted portion, a fixed contact is formed between the
inner and outer tubes.
[0025] Now also referring to FIGS. 2a and FIG. 2b, the
method 100 optionally includes extracting (Step 145)
heat from an interior surface of the inner tube during melt-
ing, and/or includes trimming (Step 150) one or more
portions of the inner tube after bonding the inner tube to
the outer tube. FIGS. 2a and FIG. 2b illustrate cross-
sectional views of a tube 200 as it appears during heat
extraction (Step 145) and after being trimmed (Step
150), in accordance with one alternative implementation
of the method 100.
[0026] The tube 200 includes an outer tube 210 and
an inner tube 220. As described in more detail below, the
outer tube 210 is formed of a material that provides suit-
able strength and reliability while the inner tube 220 is
formed of a material that provides melt-bonding capability
and/or suitable biocompatibility. Upon completion of fab-
rication, the tube 200 is suitable for use as, for example,
a transport conduit or column in a chromatographic sys-
tem.
[0027] As illustrated in FIG. 2a, optionally, the inner
tube 220 is initially selected to have a greater length than
the length of the outer tube 210. In some embodiments
of the method 100, the inner tube shrinks in length during
bonding. Hence, selection of an inner tube 220 having a
greater length in some cases avoids shrinkage of the
inner tube 220 to a length less than that of the outer tube
220.
[0028] Subsequent to bonding of the inner tube 220 to
the outer tube 220, if desired, the inner tube is trimmed
(Step 150). In the illustrated example, the inner tube 220
is trimmed flush with the outer tube 210. In alternative
embodiments of the invention, inner and/or outer tubes
are trimmed and/or otherwise shaped as desired for com-
patibility with other components of an analytical system.
Trimming (Step 150) in support of compatibility with con-
duit connectors is described below, in part with reference

to FIG. 4.
[0029] The inner tube 220 defines a lumen through
which material - such as solvent and/or sample material
- flows. As described in more detail below, the outer tube
210 provides, in part, mechanical support while the inner
tube 220 provides, in part, compatibility with a material
flowing through the tube.
[0030] In various embodiments, the polymeric material
is selected for its ability to form a melt bond to the outer
tube and/or for its biocompatibility. For example, biocom-
patibility with proteins and peptides is important in some
applications. In some embodiments, the inner tube is at
least partially formed of any suitable meltable polymer,
including known thermoplastic polymers.
[0031] The polyaryl-ether-ketones, for example, pro-
vide one class of thermoplastic polymers that also has
good biocompatibility. One of the suitable polymeric ma-
terials of this class is polyether-ether-ketone, such as
PEEK polymer (available from Victrex PLC, Lancashire,
United Kingdom.)
[0032] Some embodiments utilize other polymers, for
example, fluoropolymers such as polytetrafluorothylene
(available as TEFLON polymer from Dupont Engineering
Polymers, Newark, Delware), chlorotetrafluoroethylene,
polychlorotrifluoroethylene (available as NEOFLON
PCTFE fluoropolymer from Fluorotherm Polymers, Inc.,
Fairfield, New Jersey), and modified copolymer fluor-
opolymers (for example, a modified copolymer of
tetrafluoroethylene and ethylene available as DUPONT
TEFZEL fluoropolymer, which is resistant to concentrat-
ed nitric acid or sulfuric acid), and other polymers, such
as polyimide (available as DUPONT VESPEL polyimide.)
[0033] In some embodiments, the inner tube is formed
of a composite material. For example, in some of these
embodiments, the inner tub is formed of a mixture of a
polymer, such as polyether-ether-ketone, and about 5%
by weight of glass, fiberglass, carbon, and/or or other
particles and/or fibers.
[0034] The material of the outer tube is selected from
any suitable materials, including known materials, to pro-
vide, for example, a sufficient level of mechanical
strength to support fabrication and/or operating condi-
tions. In one embodiment, a desired level of mechanical
strength is obtained by the combination of an outer
tube(s) and an inner tube(s). For example, the materials
and wall thicknesses of the inner and outer tubes are
selected to perform HPLC (at, for example, about 2 kpsi
to about 5 kpsi,) or to operate at higher pressures up to
about 10 kpsi to 15 kpsi or higher.
[0035] Steel and titanium, for example, have relatively
high yield strength, and are thus suitable for high-pres-
sure operation of a transport tubing, column tubing, etc.
For outer tubing, some embodiments utilize standard tub-
ing known to those having ordinary skill in the high-pres-
sure chromatographic arts. One suitable standard tubing
is 1/16 inch outer diameter (OD) 316 alloy stainless steel
tubing. The inner diameter (ID) of the steel tubing is se-
lected as desired from, for example, standard available
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IDs. Standard IDs are available as small as about 4 mil
(about 100 mm.)
[0036] In some embodiments, an OD of an inner tube
is selected to provide a slidable fit within the selected
outer tubing. An ID of an inner tube is selected as desired.
For example, an ID can be selected to be as small as
about 2 mil (about 50 mm) or less.
[0037] After inserting (Step 130) the inner tube, bond-
ing is initiated by heating (Step 140) sufficiently to melt
at least a portion of the inner tube adjacent to the inner
surface of the outer tube. Upon cooling, the melted por-
tion solidifies and forms a fixed contact between the inner
and outer tubes.
[0038] The inner tube is heated in any suitable manner.
In one embodiment, the inner tube is heated indirectly
by heating an adjacent portion of the outer tube. For ex-
ample, the inner tube is heated by heating the outer tube
sufficiently to raise the temperature of portions of the in-
ner tube to at least a melting point temperature.
[0039] For example, in some embodiments, the entire
outer tube is heated, uniformly or non-uniformly. In other
embodiments, heat is directed only to one or more por-
tions of the outer tube. As illustrated in FIG. 2a., in one
embodiment, heat is directed to end portions of the outer
tube 210. In one alternative of this embodiment, two
bonded regions are formed to restrict movement of the
inner tube 220 within the outer tube 210 and to restrict
leakage of fluid past the bonded regions into the non-
bonded interfacial space between the inner and out tubes
210, 220.
[0040] Heat is directed at the outer tube in any suitable
manner, including known heating methods. For example,
the inner and outer tubes, or portions of the tubes, are
placed in one or more ovens or in cavities of heatable
blocks of aluminum or steel. Such blocks are heated by,
for example, resistive heaters or a heated platten. Other
options for heating, such as induction heating, are avail-
able and any suitable method may be used. Various em-
bodiments utilize any method of heat transfer that pro-
vides the desired bonding temperature and environment.
[0041] The portion of the inner tube that is melted (Step
140) has its temperature profile controlled as desired.
For example, the temperature is raised gradually to a
desired temperature over a period of seconds or minutes
or hours. Alternatively, the portion of the inner tube is
melted nearly instantaneously. In some embodiments, a
suitable temperature profile that supports a good bond
is empirically or theoretically determined.
[0042] In some embodiments, heating over a period of
several minutes is helpful to obtain a good bond. It is
desirable in some cases to controllably heat and melt the
portion of the inner tube to obtain repeatable results and
to avoid incorporation of bubbles or voids within a bonded
region.
[0043] In some embodiments, it is undesirable to over-
heat the polymeric material of the inner tube when ther-
mal breakdown or decomposition is possible. One em-
bodiment utilizes a non-oxidizing atmosphere during

heating.
[0044] After heating, the inner and outer tubes are ei-
ther passively or actively cooled to ambient temperature.
Cooling is accelerated by, for example, any suitable
method that maintains the chemical and structural integ-
rity of the bond and components.
[0045] Some alternative implementations of extracting
(Step 145) heat during melting (Step 140) are now de-
scribed. To extract heat, a fluid, such as a gas or liquid,
is directed through a lumen defined by the innermost
tube. In some embodiments, the fluid is a substantially
inert gas, such as nitrogen or argon.
[0046] The fluid is used, for example, to ensure that
melting remains localized and does not extend to the
inner surface of the polymeric-material tube. The fluid is
thus used, in some cases, to maintain a passageway
through the inner tube during melting (Step 140).
[0047] In one embodiment, the flow of a gas through
the tube is controlled by monitoring the pressure drop of
the gas across the tube (i.e., the difference in pressure
between an inlet end and an outlet end of the tube.) De-
sirable pressure drops are, for example, in a range of
about 10 psi to about 100 psi. An increase in the selected
pressure drop is often desirable for greater lengths of
tubing and/or for smaller diameters of a passageway.
[0048] A suitable pressure drop is determined, for ex-
ample, empirically. For particular selected materials and
tube dimensions, a suitable pressure is determined at
which the passageway through the tube remains open
during bonding.
[0049] In one embodiment, gas is directed into the tube
at one end of the tube while a portion of the tube adjacent
to the opposite end of the tube is heated to form a bond
adjacent to that end. Gas is then directed into the bonded
end of the tube, and the now opposite end is heated to
form a bond adjacent to that end. In this manner, a pas-
sageway is maintained through a lumen having an ID of
as small as about 50 mm or less.
[0050] The remaining description, below, is directed
primarily to some embodiments that utilize a steel outer
tube and a polyether-ether-ketone inner tube. One hav-
ing ordinary skill will understand, however, that principles
of the invention are applicable to a broader range of ma-
terials and processing conditions.
[0051] Melting (Step 140), in one illustrative case, is
obtained by heating portions of the inner tube to a tem-
perature somewhat above the melting point temperature.
In one embodiment, for example, the polyether-ether-
ketone portion is heated to a temperature of between
about 385°C to about 405°C. The polymer is heated at
the desired temperature for a period of time of about 1
to about 3 minutes, although the invention is not limited
to such. It is often desirable to heat neighboring portions
of the inner and outer tubes to a similar or same temper-
ature during melting (Step 140) to obtain a good bond
between the inner and outer tubes.
[0052] In one illustrative embodiment, an analytical-in-
strument tube includes an inner tube and an outer tube
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of the following dimensions and composition. The outer
tube is formed of drawn 316 stainless steel and the inner
tube is formed of extruded polyether-ether-ketone. The
inner tube has an inner diameter (ID) of 2 mil (50 mm) or
2.5 mil (60 mm). The outer tube has an outer diameter of
1/16 inch, and has an ID selected to be compatible with
the OD of the inner tube. The word "compatible" is herein
used to mean that the inner tube can be inserted into the
outer tube. Preferably, during insertion, the inner tube is
not damaged and there is some contact around the cir-
cumference of the inner tube, i.e., there is a minimal gap
between the inner and outer tubes. One having ordinary
skill will understand this example is merely illustrative
and non-limiting.
[0053] Optionally, more than one inner tube and/or
more than one outer tube are utilized to fabricate tubing.
For example, some embodiments entail fabrication of a
conduit including two or more outer tubes disposed in a
row (along the conduit) and/or disposed within one an-
other. For example, in one embodiment, multiple inner
tubes are inserted serially, one after another, into an outer
tube. In another embodiment, multiple inner tubes are
disposed side-by-side, so that the inner tubes provide
multiple passageways through the completed tubing.
Portions of one or more of the inserted inner tubes are
then melted to bond the tubes to each other and/or to the
outer tube or tubes.
[0054] In another embodiment, inner tubes are insert-
ed within one another. In still another embodiment, outer
tubes are inserted within one another. Thus, some em-
bodiments include more than two concentrically dis-
posed tubes. One such embodiment is described in more
detail with reference to FIG. 3.
[0055] FIG. 3 illustrates a three-dimensional angled
end view of a tube 300, in accordance with another illus-
trative embodiment of the invention. The tube 300 in-
cludes an outer tube 310, an inner tube 320 and a second
inner tube 330 (herein also referred to as a liner tube.)
[0056] The outer, inner, and liner tubes 310, 320 330
are each fabricated in any desired dimensions in any
suitable manner from any suitable materials, including
known fabrication methods and materials. For example,
the outer tube 310 and the inner tube 320 optionally have
some or all of the compositional and dimensional fea-
tures, respectively, of the inner tube 210 and the outer
tube 210 described above.
[0057] The liner tube 330 optionally is a fused-silica
capillary. The inner tube 320 optionally is melted bonded
to the outer tube 310 and/or the liner tube 330. Thus, as
one example, the tube 300 has a steel outer tube 310, a
thermoplastic-polymer inner tube 320 and a fused-silica
liner tube 330. The example tube 300 provides the high-
pressure reliability and durability of steel tubing in con-
junction with the biocompatible properties of a fused-sil-
ica capillary for contact with fluids passing through the
tube 300.
[0058] In view of the description provided herein of il-
lustrative embodiments fabricated from two or more inner

and outer tubes, numerous alternative configurations will
be apparent to one having ordinary skill in the chemical
separation arts. For example, some embodiments in-
clude two or more concentric outer tubes and/or two or
more concentric inner tubes. Inner and outer concentric
tubes are alternated, in some embodiments, such that,
for example, an inner tube is disposed between two outer
tubes and/or an outer tube is disposed between two inner
tubes.
[0059] Returning to FIG. 1, the method 100 is useful
for fabricating tubing of a great variety of lengths. For
example, tubing having a length of about 1 inch or less
up or a length of up to 6 feet or greater is amenable to
relatively easy fabrication via the method 100. Although
not required, standard lengths of commercially available
tubing are amenable for use with the method 100. A spe-
cific desired final length is obtained in some embodi-
ments by cutting outer and/or inner tubes prior to inserting
(Step 130) or by cutting the tubing after inserting (Step
130).
[0060] The method 100 is used to fabricate both
straight and curved tubing, or other desired configura-
tions. For example, in one embodiment a length of me-
tallic tubing is bent at one or more sections to provide a
desired configuration for use in a particular analytical in-
strument. An inner tube is inserted (Step 130) before or
after bending of the outer tube. Alternatively, an outer
tube is manufactured with a non-straight configuration
so that bending is not required.
[0061] Tubes according to many embodiments of the
invention are well suited for use with tubing connectors,
such as standard connectors known to those having or-
dinary skill in the separation arts. It should also be un-
derstood that the above-described and below-described
and illustrated configurations are not intended to limit ap-
plication of the invention to any particular type of connec-
tor presently available or envisioned or yet to be devel-
oped. Moreover, end portions of tubes, according to
some embodiments of the invention, are configured to
mate with desired types of connectors. For example, in
some embodiments, an inner or outer surface of an end
portion of the tube is threaded to mate with a threaded
connector.
[0062] Merely as one illustrative example, convenient
use of a tube with a standard connector is described with
reference to FIG. 4.
[0063] FIG. 4 illustrates a cross section of a tube-and-
connector assembly, in accordance with one embodi-
ment of the invention. The assembly includes a tube 200a
and conventional connector components that include a
fitting body 410, a ferrule 420, and a fitting nut 430. The
tube 200a is, for example, fabricated according to the
method 100 and/or is similar in construction to the tubes
200, 300 described above. A threaded portion of the fit-
ting nut 430 mates with a threaded portion of the fitting
body 410. The fitting nut 430, when tightened into the
fitting body 410, compresses the ferrule 420 against the
tube 200a to provide a seal against leaks.
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[0064] Only the proximal end of the fitting body 410 is
shown in FIG. 4. The distal end of the fitting body 410
has any desired configuration, including standard con-
figurations. For example, the distal end may be config-
ured as is the proximal end, i.e., to connect to a second
tube. Thus, the connector is used, for example, to con-
nect the tube 200a to another tube of similar or different
OD, to a separation column, or to another component of
an analytical instrument.
[0065] In view of the above description, one having or-
dinary skill in the separation arts will understand that the
tubes 200a, 200, 300 may be used in conjunction with
any suitable connectors, including known connectors.
[0066] In view of the description contained herein, it
will be apparent to one of ordinary skill that many other
connectors are usable with various tubing embodiments
of the invention. For example, some suitable connectors
utilize a two-ferrule system. Such connectors have ap-
plications, for example, in high-pressure environments,
for example, at pressures up to about 15,000 psi and
greater.
[0067] One example of a connector that is suitable for
use at very high pressure is the Swagelok gaugeable
SAF 2507 super duplex tube fitting (available from the
Swagelok Company, Solon, Ohio.) This connector in-
cludes front and back ferrules formed from different steel
alloys. The back ferrule drives the front ferrule into a fitting
body and onto the surface of a tube to create a seal.
[0068] FIG. 5 is a block diagram of an analytical instru-
ment 500, in accordance with one embodiment of the
invention. The instrument 500 includes a separation col-
umn 510, a solvent reservoir 550, a solvent pump 540,
a sample injector 560, a detector 580, tubing 500b con-
necting the pump 540 to the reservoir 550 and the injector
560, tubing 200b connecting the column 510 to the in-
jector 560 and the detector 580, and a control module
570. Some or all of the tubing 200b has features similar
to those described above with reference to FIG. 1., FIG.
2a, FIG. 2b and/or FIG. 3.
[0069] In some implementations, the instrument 500
is a known high-pressure chromatographic instrument,
though modified to include tubing 200b in accordance
with the above described features.
[0070] The control module 570 - including, for example,
a personal computer or workstation - receives data
and/or provides control signals via wired and/or wireless
communications to, for example, the pump 540, the in-
jector 560, and/or the detector 580. The control module
570 supports, for example, automation of sample analy-
ses. The control module 570, in various alternative em-
bodiments, includes software, firmware, and/or hardware
(e.g., such as an application-specific integrated circuit),
and includes, if desired, a user interface.
[0071] Variations, modifications, and other implemen-
tations of what is described herein will occur to those of
ordinary skill in the art without departing from the scope
of the invention as claimed. For example, though the em-
bodiments of tubes illustrated herein have circular cross

sections, the invention encompasses tubes that have
non-circular cross sections. Accordingly, the invention is
to be defined not by the preceding illustrative description
but instead by the scope of the following claims.

Claims

1. A method for making tubing, comprising:

providing an inner tube (220) comprising a pol-
ymeric material;
providing an outer tube (210) comprising a ma-
terial having a greater yield strength than the
polymeric material;
inserting at least a portion of the inner tube (220)
into the outer tube (210); and
bonding the inner tube (220) to the outer tube
(210),

wherein bonding comprises

melting at least a first portion of the polymeric
material of the inner tube (220) after inserting
and
extracting heat from an interior surface of the
inner tube (220) during melting, wherein extract-
ing heat comprises
extracting sufficient heat to maintain a passage-
way through a lumen defined by the interior sur-
face of the inner tube (220) by flowing a fluid
through the lumen of the inner tube (220), with
the fluid being an inert gas.

2. The method of claim 1, wherein the melted first por-
tion of the polymeric material of the inner tube is ad-
jacent to an end of the outer tube.

3. The method of claim 2, wherein the melted first por-
tion of the polymeric material forms a bond that sub-
stantially prevents fluid leakage along an interface
between the outer and inner tubes.

4. The method of claim 2, wherein the melted first por-
tion of the polymeric material substantially surrounds
the inner tube (220).

5. The method of claim 1, wherein bonding comprises
melting the first portion and a second portion of the
polymeric material, wherein the first and second por-
tions are adjacent to opposite ends of the outer tube
and bound an unmelted portion of the inner tube
(220).

6. The method of claim 1, wherein melting comprises
heating portions of the outer tube (210) adjacent to
opposite ends of the outer tube (210) without sub-
stantially heating an intermediate portion of the outer
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tube (210).

7. The method of claim 1, wherein providing the inner
tube (220) comprises selecting a length of the inner
tube to be greater than a length of the outer tube
(210).

8. The method of claim 7, wherein the length of the
inner tube (220) is selected to accommodate shrink-
back of the inner tube (220) during bonding.

9. The method of claim 7, wherein inserting comprises
disposing the inner tube (220) in the outer tube (210)
so that opposite end portions of the inner tube (220)
extend beyond associated ends of the outer tube.

10. The method of claim 9, further comprising trimming
the end portions of the inner tube (220) substantially
flush with the ends of the outer tube (210) after bond-
ing.

11. The method of claim 1, wherein bonding comprises
maintaining an unmelted portion of the polymeric
material of the inner tube (220) in a substantially solid
state while melting the first portion of the polymeric
material of the inner tube (220).

12. The method of claim 1, wherein a combined mechan-
ical strength of the bonded outer and inner tubes is
sufficient to perform liquid chromatography at a pres-
sure of about 15 Kpsi or greater.

13. The method of claim 1, wherein providing the inner
tube comprises providing a plurality of inner tubes,
and inserting comprises inserting the plurality of in-
ner tubes in a serial or a parallel arrangement.

14. The method of claim 1, wherein the material of the
outer tube (210) comprises a material selected from
the group of materials consisting of steel, titanium,
and silica.

Patentansprüche

1. Verfahren zur Herstellung von Verrohrungen, das
Folgendes beinhaltet:

Bereitstellen eines Innenrohrs (220), das ein po-
lymeres Material umfasst;
Bereitstellen eines Außenrohrs (210), das ein
Material mit einer höheren Streckgrenze hat als
das polymere Material;
Einführen wenigstens eines Teils des Innen-
rohrs (220) in das Außenrohr (210); und
Bonden des Innenrohrs (220) an das Außenrohr
(210),

wobei das Bonden Folgendes beinhaltet:

Schmelzen wenigstens eines Teils des polyme-
ren Materials des Innenrohrs (220) nach dem
Einführen und
Extrahieren von Wärme von einer Innenfläche
des Innenrohrs (220) während des Schmelzens,
wobei das Extrahieren von Wärme Folgendes
beinhaltet:
Extrahieren von genügend Wärme, um einen
Kanal durch ein durch die Innenfläche des In-
nenrohrs (220) definiertes Lumen zu halten,
durch Leiten eines Fluids durch das Lumen des
Innenrohrs (220), wobei das Fluid ein Inertgas
ist.

2. Verfahren nach Anspruch 1, wobei sich der ge-
schmolzene erste Teil des polymeren Materials des
Innenrohrs neben einem Ende des Außenrohrs be-
findet.

3. Verfahren nach Anspruch 2, wobei der geschmolze-
ne erste Teil des polymeren Materials eine Bindung
bildet, die Fluidaustritt entlang einer Grenzfläche
zwischen dem Außenrohr und dem Innenrohr im We-
sentlichen verhindert.

4. Verfahren nach Anspruch 2, wobei der geschmolze-
ne erste Teil des polymeren Materials das Innenrohr
(220) im Wesentlichen umgibt.

5. Verfahren nach Anspruch 1, wobei das Bonden das
Schmelzen des ersten Teils und eines zweiten Teils
des polymeren Materials beinhaltet, wobei sich der
erste und zweite Teil neben gegenüberliegenden
Enden des Außenrohrs befinden und an einen un-
geschmolzenen Teil des Innenrohrs (220) gebondet
sind.

6. Verfahren nach Anspruch 1, wobei das Schmelzen
das Erhitzen von Teilen des Außenrohrs (210) neben
gegenüberliegenden Enden des Außenrohrs (210)
beinhaltet, ohne einen Zwischenteil des Außenrohrs
(210) wesentlich zu erhitzen.

7. Verfahren nach Anspruch 1, wobei das Bereitstellen
des Innenrohrs (220) das Auswählen einer Länge
des Innenrohrs so beinhaltet, dass es länger ist als
das Außenrohr (210).

8. Verfahren nach Anspruch 7, wobei die Länge des
Innenrohrs (220) so gewählt wird, dass ein Zurück-
schrumpfen des Innenrohrs (220) beim Bonden auf-
genommen wird.

9. Verfahren nach Anspruch 7, wobei das Einführen
das Anordnen des Innenrohrs (220) im Außenrohr
(210) so beinhaltet, dass gegenüberliegende End-
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teile des Innenrohrs (220) über assoziierte Enden
des Außenrohrs hinaus verlaufen.

10. Verfahren nach Anspruch 9, das ferner das Ab-
schneiden der Endteile des Innenrohrs (220) im We-
sentlichen bündig mit den Enden des Außenrohrs
(210) nach dem Bonden beinhaltet.

11. Verfahren nach Anspruch 1, wobei das Bonden das
Halten eines ungeschmolzenen Teils des polymeren
Materials des Innenrohrs (220) in einem im Wesent-
lichen festen Zustand beim Schmelzen des ersten
Teils des polymeren Materials des Innenrohrs (220)
beinhaltet.

12. Verfahren nach Anspruch 1, wobei eine kombinierte
mechanische Festigkeit des gebondeten Außen-
und Innenrohrs ausreicht, um Flüssigchromatogra-
phie mit einem Druck von etwa 15 Kpsi oder höher
durchzuführen.

13. Verfahren nach Anspruch 1, wobei das Bereitstellen
des Innenrohrs das Bereitstellen von mehreren In-
nenrohren beinhaltet und das Einführen das Einfüh-
ren der mehreren Innenrohre in einer seriellen oder
parallelen Anordnung beinhaltet.

14. Verfahren nach Anspruch 1, wobei das Material des
Außenrohrs (210) ein Material umfasst, ausgewählt
aus der Gruppe von Materialien bestehend aus
Stahl, Titan und Kieselerde.

Revendications

1. Procédé de fabrication de tubes, comprenant les éta-
pes consistant à :

fournir un tube intérieur (220) contenant un ma-
tériau polymère ;
fournir un tube extérieur (210) comprenant un
matériau possédant une limite élastique qui est
plus grande que celle du matériau polymère ;
insérer au moins une partie du tube intérieur
(220) dans le tube extérieur (210) ; et
lier le tube intérieur (220) au tube extérieur
(210),

dans lequel la liaison comprend les étapes consis-
tant à

fondre au moins une première partie du maté-
riau polymère du tube intérieur (220) après l’in-
sertion et
extraire de la chaleur d’une surface intérieure
du tube intérieur (220) au cours de la fusion,
l’extraction de chaleur comprenant l’étape con-
sistant à

extraire suffisamment de chaleur pour le main-
tien d’un passage à travers une lumière définie
par la surface intérieure du tube intérieur (220)
en laissant passer un fluide à travers la lumière
du tube intérieur (220), le fluide étant un gaz
inerte.

2. Procédé selon la revendication 1, dans lequel la pre-
mière partie fondue du matériau polymère du tube
intérieur est adjacente à l’extrémité du tube exté-
rieur.

3. Procédé selon la revendication 2, dans lequel la pre-
mière partie fondue du matériau polymère forme une
liaison qui empêche substantiellement une fuite de
fluide le long d’une interface comprise entre les tubes
extérieur et intérieur.

4. Procédé selon la revendication 2, dans lequel la pre-
mière partie fondue du matériau polymère entoure
substantiellement le tube intérieur (220).

5. Procédé selon la revendication 1, dans lequel le rac-
cordement comprend la fusion de la première partie
et d’une deuxième partie du matériau polymère,
dans lequel les première et deuxième parties sont
adjacentes aux extrémités opposées du tube exté-
rieur et sont liées à une partie non fondue du tube
intérieur (220).

6. Procédé selon la revendication 1, dans lequel la fu-
sion comprend des parties chauffantes du tube ex-
térieur (210) adjacentes aux extrémités opposées
du tube extérieur (210) sans chauffer substantielle-
ment une partie intermédiaire du tube extérieur
(210).

7. Procédé selon la revendication 1, dans lequel la four-
niture du tube intérieur (220) comprend la sélection
d’une longueur du tube intérieur qui soit plus grande
qu’une longueur du tube extérieur (210).

8. Procédé selon la revendication 7, dans lequel la lon-
gueur du tube intérieur (220) est sélectionnée pour
prendre en compte le rétrécissement du tube inté-
rieur (220) durant la liaison.

9. Procédé selon la revendication 7, dans lequel l’in-
sertion comprend le positionnement du tube intérieur
(220) dans le tube extérieur (210) de sorte à ce que
des extrémités opposées du tube intérieur (220) se
prolongent au-delà d’extrémités associées du tube
extérieur.

10. Procédé selon la revendication 9, comprenant en
outre le sectionnement des parties d’extrémité du
tube intérieur (220) substantiellement en affleure-
ment avec les extrémités du tube extérieur (210)
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après la liaison.

11. Procédé selon la revendication 1, dans lequel la
liaison comprend le maintien d’une partie non fondue
du matériau polymère du tube intérieur (220) dans
un état substantiellement solide tout en fondant la
première partie du matériau polymère du tube inté-
rieur (220).

12. Procédé selon la revendication 1, dans lequel une
résistance mécanique conjuguée des tubes exté-
rieur et intérieur liés est suffisante pour la réalisation
d’une chromatographie en phase liquide à une pres-
sion d’environ 15 Kpsi ou supérieure.

13. Procédé selon la revendication 1, dans lequel la four-
niture du tube intérieur comprend la fourniture d’une
pluralité de tubes intérieurs, et l’insertion comprend
l’insertion de la pluralité de tubes intérieurs dans une
disposition en série ou parallèle.

14. Procédé selon la revendication 1, dans lequel le ma-
tériau du tube extérieur (210) comprend un matériau
sélectionné dans le groupe constitué d’acier, de ti-
tane et de silice.
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