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TUBING AND METHOD FOR
MANUFACTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. patent application Ser. No. 12/441,401 which was the
National Stage of International Application PCT/US07/
078613, filed Sep. 17, 2007, which claims benefit of U.S.
Provisional Patent Application No.60/816,121, filed Sep. 19,
2006. The application is incorporated by reference herein in
its entirety.

BACKGROUND OF THE INVENTION

[0002] This invention relates to tubing and methods of
making tubing for conveying liquids. More specifically,
embodiments of the present invention are directed to narrow
internal diameter tubing. Embodiments of the present inven-
tion have particular utility for use in chromatographic equip-
ment which use tubing to convey fluids under precise flow
regimes.

[0003] It is difficult to make very small narrow internal
diameter tubing, with an internal diameter in the region of
about 0.002-0.005 inches (0.0508-0.127 mm).

[0004] Many known types of narrow tubing exhibit a poor
internal finish, which can lead to wide internal diameter fluc-
tuations, a lack of internal diameter/external diameter con-
centricity and possibly flow obstructions. These problems are
due to the rigours of the manufacturing process using multiple
drawings. Multiple drawings are required to make tubes of
such small internal diameter. The resulting tubing is undesir-
able to use because it results in a reduced efficiency of the
chromatographic equipment.

[0005] It is preferable that the tubing is robust in use. It is
preferable that the tubing can bend without becoming kinked.
[0006] It is preferable to have tubing with a better internal
finish, that is sufficiently robust.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention are directed
to an apparatus having precision control of internal diameter
and internal finish and methods of making and using such
apparatus.

[0008] One embodiment of the present invention directed
to the apparatus for conveying fluid. The apparatus comprises
a first tube and a second tube. The first tube has a first end and
a second end, an inner wall and an outer wall. The inner wall
defines a passage for fluid and an outer wall has at least one
first receiving section for receiving an inner wall from the
second tube. The second tube has a first end and a second end,
an inner wall and an outer wall. The inner wall defines a
chamber for receiving the first tube and has at least one
second receiving section for receiving the outer wall of the
first tube wherein at least one of the first tube and the second
tube are drawn down such that the first receiving section and
the second receiving section of the first tube and the second
tube are in close proximity to each other and sealed.

[0009] As used herein the term “tube” is used to denote, a
conduit, pipe, capillary, or open ended substantially cylindri-
cal structure.

[0010] As used herein the term “drawn down” is used to
denote pulled or pressed into a deformed and compressed
state.
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[0011] As used herein the term “sealed” is used to denote
being drawn down and compressed to be substantially fluid
tight, or closed by laser welding, electron beam welding,
brazing or soldering.

[0012] Embodiments of the present apparatus are well
suited for applications which require a small internal passage.
Embodiments of the present invention can receive standard
fittings. Embodiments of the present invention have particular
utility at the pressures within chromatography instruments.
[0013] Preferably, the first tube and the second tube are
sealed at least one of the ends, even more preferably at both
ends.

[0014] Preferably, at least one of the first tube and the
second tube is made of metal. Even more preferably the metal
is selected from the group consisting of: copper, stainless
steel, stainless steel alloys, steel, iron, nickel, nickel alloys,
cobalt alloys, nickel/cobalt alloys, brass, copper alloys, alu-
minium or aluminium alloys.

[0015] Preferably, the inner wall of the first tube has a
diameter in the range of 0.002-0.005 inch (0.0508-0.127
mm). Preferably, the inner wall of the first tube has a diameter
below 0.125 inch (3.175 mm).

[0016] Preferably the first tube is a thin walled tube made of
304 or 316 grade stainless steel. This grade of stainless steel
is commonly used for hypodermic needles.

[0017] Preferably the first tube and the second tube are
sealed by laser welding, electron beam welding, or brazing.

[0018] A further embodiment of the present invention
directed to a method of manufacture of an apparatus for
conveying fluid. The method comprises the steps of providing
a first tube and a second tube. The first tube has a first end and
a second end, an inner wall and an outer wall. The inner wall
defines a passage for fluid and an outer wall has at least one
first receiving section for receiving an inner wall from the
second tube. The second tube has a first end and a second end,
an inner wall and an outer wall. The inner wall defines a
chamber for receiving the first tube and has at least one
second receiving section for receiving the outer wall of the
first tube. The method further comprises the step of drawing
down the second tube so that the first receiving section and the
second receiving section are in close proximity to each other.
Next the method comprises the step of sealing the receiving
sections of the tubes to form an apparatus for conveying fluid.
[0019] Preferably, the first tube and the second tube are
sealed at both ends.

[0020] Preferably, at least one of the first tube and the
second tube is made of metal. Even more preferably the metal
is selected from the group consisting of: copper, stainless
steel, stainless steel alloys, steel, iron, nickel, nickel alloys,
cobalt alloys, nickel/cobalt alloys, brass, copper alloys, alu-
minium or aluminium alloys.

[0021] Preferably, the first tube is made of stainless steel
and the second tube is made of copper.

[0022] Preferably, the inner wall of said first tube has a
diameter in the range of 0.002-0.005 inch (0.0508-0.127
mm). Preferably, the inner wall of said first tube has a diam-
eter below 0.125 inch (3.175 mm).

[0023] Preferably the first tube is a thin walled tube made of
304 or 316 grade stainless steel.

[0024] Preferably, the first tube and said second tube are
sealed by laser welding, electron beam welding, brazing or
soldering
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[0025] One embodiment features at least two second tubes.
More preferably the at least two second tubes are positioned
at the first end and the second end of the first tube.

[0026] Preferably the first tube and the second tube are
co-drawn.
[0027] A further embodiment of the present invention

directed to a method of fluid conveyance comprising provid-
ing an apparatus with a first tube and a second tube.

[0028] The first tube has a first end and a second end, an
inner wall and an outer wall, the inner wall defines a passage
for fluid and the outer wall has at least one first receiving
section for receiving an inner wall from the second tube. The
second tube has a first end and a second end, an inner wall and
an outer wall, the inner wall defines a chamber for receiving
said first tube and has at least one second receiving section for
receiving the outer wall of the first tube where the receiving
sections of the first tube and the second tube are drawn down
in close proximity to each other and sealed. A fluid is directed
into the passage at the first end and removed at the second end
of the passage.

[0029] Thus, embodiments of the present invention are
directed to apparatus, and methods providing fluid conveying
conduits with internal finishes with greater uniformity. These
and other benefits will be apparent to those individuals skilled
in the arts upon viewing the drawings and reading the detailed
description

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 depicts an apparatus in accordance with the
invention.
[0031] FIG.2depicts across section view of an apparatus in

accordance with the invention

[0032] FIG. 3 depicts an apparatus embodying of the inven-
tion attached.
[0033] FIG. 4 depicts an apparatus being made in accor-

dance with the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0034] Embodiments of the present invention will be
described with respect to chromatography instruments with
the understanding that the invention has broad application in
other fields and apparatus as well.

[0035] Turning now to FIG. 1, such figure depicts an appa-
ratus designated by the numeral (10) embodying features of
the present invention. The apparatus comprises a first tube
(12) and a second tube (26). The first, inner tube (12) has a
first end (14) and a second end (16), an inner wall (18) and an
outer wall (20). The inner wall defines a passage (22) for fluid.
The outer wall (20) has a receiving section (24) for receiving
an inner wall (28) from a second tube (26).

[0036] The second tube (26) has a first end (30) and a
second end (32), an inner wall (28) and an outer wall (34). The
inner wall (28) defines a chamber (44) for receiving said first
tube (10). The second tube (26) has at least one second receiv-
ing section (36) for receiving the outer wall (20) of the first
tube (12).

[0037] The second tube (26) is drawn down so that the
receiving section of the first tube (24) and the receiving sec-
tion of the second tube (36) are in close proximity to each
other and sealed (38) by welding.

[0038] Preferably the second tube (26) is drawn down along
the whole length of the apparatus. In the case where the
second tube (26) is drawn down along the whole length of the
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apparatus, the receiving section of the first tube (24) and the
receiving section of the second tube (36) may be the whole
length of the first tube (12) and the second tubes (26).

[0039] The first tube (12) and the second tube (26) may be
in contact with each other, or just in close proximity to each
other. Preferably, the first tube (12) and the second tube (26)
are in the range 1/100 to 1/2000 inch (0.254-0.0508 mm)
apart. Most preferably, the tubes should be approximately
1/1000 inch apart (0.0254 mm).

[0040] The first, inner tube (12) can be made from one of
many different materials, typically the tubes will be made of
metal. There are a large variety of different metals that can be
used. These include:—copper, stainless steel, stainless steel
alloys, steel, iron, nickel, nickel alloys, cobalt alloys, nickel/
cobalt alloys, brass, copper alloys, aluminium or aluminium
alloys. Most preferably, the metal is 304 grade stainless steel
or 316 grade stainless steel.

[0041] Thesecond, outertube (26) can be made from one of
many different materials, typically the tubes will be made of
metal. There are a large variety of different metals that can be
used. These include:—copper, stainless steel, stainless steel
alloys, steel, iron, nickel, nickel alloys, cobalt alloys, nickel/
cobalt alloys, brass, copper alloys, aluminium or aluminium
alloys. Most preferably, the metal is stainless steel or copper.

[0042] Copper is malleable and capable of being drawn
down. Copper also would have particular application in ther-
mally sensitive systems, where the temperature of the liquid
inside the tubing needs to be regulated by that of the external
environment.

[0043] Stainless steel is unreactive and durable. Stainless
steel would be the preferred metal in most standard chroma-
tography equipment

[0044] The first tube (12) and the second tube (26) can be
sealed in a variety of ways. It would be apparent to a person
skilled in the art that the method of sealing the receiving
sections of the pipes may be by laser welding, electron beam
welding, brazing, soldering, or one of many other suitable
methods. Methods of laser welding, electron beam welding,
brazing or soldering are well known to a person skilled in the
art.

[0045] Once the apparatus (10) is formed, the apparatus is
used by connecting to a fluid source (not shown). The meth-
ods of attachment are well known to a person skilled in the art.
The apparatus (10) is attached to a port using standard fittings
within a liquid chromatography device. One type of standard
fitting is a steel compression screw with a metal feral attach-
ment to attach the tubing to the port. A second standard fitting
may include a steel compression screw, a collett and a PEEK
feral to attach the tubing to the input port.

[0046] Turning now to FIG. 2, which depicts an end view of
an apparatus (10) the first, inner tube (12) has an inner wall
(18) and an outer wall (20). The original shape of the second
outer tube (26) before sealing is shown by dotted lines. The
outer tube (26) had an inner wall (28) and an outer wall (34).
Once sealed the inner wall of the outer tube (40) is now
attached to the outer wall of the inner tube (20). The outer wall
of the outer tube after sealing also has a reduced diameter
(42). The first tube (12) and the second tube (26) can be sealed
in a variety of ways. The method of sealing the pipes may be
by laser welding, electron beam welding, brazing, soldering,
or one of many other suitable methods. Methods of laser
welding, electron beam welding, brazing or soldering are
well known to a person skilled in the art.
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[0047] FIG. 3 shows an apparatus (10') in accordance with
an alternative aspect of the invention. In this aspect of the
invention, the inner tube (12) extends between a liquid pro-
duction means (50) and a liquid analysis means (52). In this
embodiment two outer tubes (26 and 26') are provided. One
outer tube (26) is positioned next to the liquids production
means (52). The inner tube (12) and the first outer tube (26)
are sealed (38). The first end of the first tube (14) and the first
end ofthe second tube (30) are attached to the liquid produc-
tion means (50) at a port using standard fittings (not shown) at
the junction (54). Similarly the second outer tube (26') is
positioned next to the liquid analysis means (54). The inner
tube (12) and the second outer tube (26') are sealed (38). The
second end of the inner tube (16) and the second end of the
outer tube (32) are attached to the liquid analysis means (52)
at a port using standard fittings (not shown) at the junction
(56).
[0048] FIG. 4 shows amethod of manufacture ofa tube (10)
in accordance to one aspect of the invention. It shows a tube
in which an outer tube (26) is being drawn onto an inner tube
(12). Before being passed through a die (60) the inner tube has
the desired external diameter (62). The outer tube, has an
internal diameter (64) and an external diameter (66). Upon
being passed through a die (60) in the direction shown by the
arrows, the inner tube has the same desired external diameter
(62). The outer tube now has an internal diameter (68) and an
internal diameter (70).
[0049] In this example, the outer tube (26) has been over-
drawn so that the internal diameter (68) of the outer tube is
approximately the same as the external diameter (62) of the
inner tube (12).
[0050] Inthis example it is important to provide a die of an
appropriate size in order to draw the outer tube down to the
exact desired size. A die is made of a hard material; typically
this may be Tungsten Carbide.
[0051] The tubing is propelled through the die by being
pushed with a mandrel, or more preferably by being pulled
through the die on a draw carriage system in the direction
shown by the arrow. The propulsion system is known in the
art.
[0052] The inner tube may have been drawn using a similar
process, or may have been manufactured as hypodermic tub-
ing, which can be purchased from standard suppliers. Typi-
cally the internal diameter of the inner tube is in the range
0.02-0.05 Inch (0.508-1.27 mm).
[0053] The tubing is suitable for use in any part of a Chro-
matography system in which there is a need for robust, low
internal diameter tubing. The tubing may also be used in any
other apparatus where there is a similar need for robust, low
internal diameter tubing that is capable of withstanding high
pressures.
We claim:
1. Apparatus for conveyance of fluid comprising:
afirsttube having a first end and a second end, an inner wall
and an outer wall, said inner wall defining a passage for
fluid and said outer wall having at least one first receiv-
ing section for receiving an inner wall from a second
tube wherein said inner wall of said first tube has a
diameter in the range of between about 0.002 to 0.005
inch (0.0508 to 0.127 mm); and
a second tube having a first end and a second end, an inner
wall and an outer wall, said inner wall defining a cham-
ber for receiving said first tube and having at least one
second receiving section for receiving said outer wall of
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said first tube wherein at least one of said first tube and
said second tube are drawn down such that said first
receiving section and said second receiving section of
said first tube and said second tube are in the range about
17100 to 1/2000 inch (0.254 mm to 0.0127 mm) apart
and sealed by welding.

2. Apparatus for conveyance of fluid as claimed in claim 1
where said first tube and said second tube are sealed at least
one of said first end and said second end.

3. Apparatus for conveyance of fluid as claimed in claim 1
where said first tube and said second tube are sealed at both
said first end and said second end.

4. Apparatus for conveyance of fluid as claimed in claim 1
wherein at least one of said first tube and said second tube are
made of metal.

5. Apparatus for conveyance of fluid as claimed in claim 4
where said metal is selected from the group consisting of:
copper, stainless steel, stainless steel alloys, steel, iron,
nickel, nickel alloys, cobalt alloys, nickel/cobalt alloys, brass,
copper alloys, aluminum or aluminum alloys.

6. Apparatus for conveyance of fluid as claimed in claim 5
where said first tube is made of stainless steel and said second
tube is made of copper.

7. Apparatus for conveyance of fluid comprising:

a first tube made of stainless steel having a first end and a
second end, an inner wall and an outer wall, said inner
wall defining a passage for fluid and said outer wall
having at least one first receiving section for receiving an
inner wall from a second tube; and

a second tube made of copper having a first end and a
second end, an inner wall and an outer wall, said inner
wall defining a chamber for receiving said first tube and
having at least one second receiving section for receiv-
ing said outer wall of said first tube wherein at least one
of said first tube and said second tube are drawn down
such that said first receiving section and said second
receiving section of said first tube and said second tube
are in the range about 1/100 to 1/2000 inch (0.254 mm to
0.0127 mm) apart and sealed by welding, where said
inner wall of said first tube has a diameter in the range of
between about 0.002-0.005 inch (0.0508-0.127 mm).

8. Apparatus for conveyance of fluid comprising:

afirsttube havinga first end and a second end, an inner wall
and an outer wall, said inner wall defining a passage for
fluid and said outer wall having at least one first receiv-
ing section for receiving an inner wall from a second
tube wherein said inner wall of said first tube has a
diameter below 0.125 inch (3.175 mm); and

a second tube made of copper and having a first end and a
second end, an inner wall and an outer wall, said inner
wall defining a chamber for receiving said first tube and
having at least one second receiving section for receiv-
ing said outer wall of said first tube wherein at least one
of said first tube and said second tube are drawn down
such that said first receiving section and said second
receiving section of said first tube and said second tube
are in the range about 1/100 to 1/2000 inch (0.254 mm to
0.0127 mm) apart and sealed by welding, where said
first tube is a thin walled tube made of 304 or 316 grade
stainless steel.

9. Apparatus for conveyance of fluid as claimed in claim 1

where said first tube and said second tube are sealed by Laser
welding.
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10. Apparatus for conveyance of fluid as claimed in claim
1 where said first tube and said second tube are sealed by
Electron beam welding.

11. Apparatus for conveyance of fluid as claimed in claim
1 where there are at least two second tubes.

12. Apparatus for conveyance of fluid as claimed in claim
11 where said at least two second tubes are at least at said first
end and said second end of the first tube.

13. A method of fluid conveyance comprising:

providing an apparatus having a first tube, and a second

tube, said first tube having a first end and a second end,
an inner wall and an outer wall, said inner wall defining
apassage for fluid and said outer wall having at least one
first receiving section for receiving an inner wall from
said second tube, said second tube having a first end and
a second end, an inner wall and an outer wall wherein
said inner wall of said first tube has a diameter below
0.125 inch (3.175 mm), said inner wall defining a cham-
ber for receiving said first tube and having at least one
second receiving section for receiving said outer wall of
said first tube where said receiving sections of said first
tube and said second tube are drawn down such that they
are in the range about 1/100 to 1/2000 inch apart and
sealed by welding; and, directing a fluid into said pas-
sage at said first end and removing said fluid at said
second end for conveying said fluid.
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