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(57) Abstract: A pipe joint is disclosed and can include a first pipe (102) having a flange (124) and a second pipe (104) having a
flange (134). A first sleeve (142) can be installed within the first pipe and a second sleeve (144) can be installed within the second
pipe. Moreover, an annular ring (150) can be disposed between the flange of the first pipe and the flange of the second pipe. The
annular ring is configured to engage the first sleeve and the second sleeve and create a sealing engagement between the annular ring,
the first sleeve and the second sleeve when a compressive force is applied to the first sleeve, the second sleeve, or a combination
thereof along a longitudinal axis of the pipe assembly.
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PIPE COUPLING

TECHNICAL FIELD

The present disclosure relates generally to pipe joints or pipe couplings.

BACKGROUND ART

Traditionally, seals are used to prevent fluids from flowing between joints of rigid components.
In particular examples, seals can be installed between flanges to limit fluid flow out of containment
regions, e.g., pipes. Resilient seals can be used in between flanges of pipes to seal the pipes and

prevent the pipes from leaking. However, resilient seals are typically not corrosion resistant.

Accordingly, there exists a need for an improved seal for a pipe joint.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and advantages

made apparent to those skilled in the art by referencing the accompanying drawings.

FIG. 1 is a cross-section view of a pipe system,

FIG. 2 is a cross-section view of a first embodiment of a pipe joint in the pipe system,;

FIG. 3 is a detailed view of the pipe joint taken at circle 3 in FIG. 2;

FIG. 4 is a cross-section view of a second embodiment of a pipe joint;

FIG. 5 is a detailed view of the second embodiment of the pipe joint taken at circle 5 in FIG. 4;

FIG. 6 is a cross-section view of a third embodiment of a pipe joint;

FIG. 7 is a detailed view of the third embodiment of the pipe joint taken at circle 7 in FIG. 6;

FIG. 8 is a cross-section view of a fourth embodiment of a pipe joint;

FIG. 9 is a detailed view of the fourth embodiment of the pipe joint taken at circle 9 in FIG. §;

FIG. 10 is a cross-section view of a fifth embodiment of a pipe joint;

FIG. 11 is a detailed view of the fifth embodiment of the pipe joint taken at circle 11 in FIG. 10;

FIG. 12 is a cross-section view of a sixth embodiment of a pipe joint;

PCT/US2008/081869
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13 is a detailed view of the sixth embodiment of the pipe joint taken at circle 13 in FIG.

14 is a cross-section view of a seventh embodiment of a pipe joint;

15 is a detailed view of the seventh embodiment of the pipe joint taken at circle 15 in FIG.

16 is a cross-section view of a eighth embodiment of a pipe joint;

17 is a detailed view of the eighth embodiment of the pipe joint taken at circle 17 in FIG.

18 is a cross-section view of a ninth embodiment of a pipe joint;

19 is a detailed view of the ninth embodiment of the pipe joint taken at circle 19 in FIG.

FIG. 20 is a cross-section view of a tenth embodiment of a pipe joint;

FIG. 21 is a detailed view of the tenth embodiment of the pipe joint taken at circle 21 in FIG.

FIG. 22 is a cross-section view of an eleventh embodiment of a pipe joint;

FIG. 23 is a detailed view of the eleventh embodiment of the pipe joint taken at circle 23 in

FIG. 24 is a cross-section view of a twelfth embodiment of a pipe joint;

FIG. 25 is a detailed view of the twelfth embodiment of the pipe joint taken at circle 25 in FIG.

FIG.
12;
FIG.
FIG.
14;
FIG.
FIG.
16;
FIG.
FIG.
18;
20;
FIG. 22,
24; and

FIG. 26 is a flow chart illustrating a method of repairing, or modifying, a valve.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In general, a pipe joint is disclosed and can include a first pipe having a flange and a second

pipe having a flange. A first sleeve can be installed within the first pipe and a second sleeve can be

installed within the second pipe. Moreover, an annular ring can be disposed between the flange of the

first pipe and the flange of the second pipe. The annular ring is configured to engage the first sleeve

and the second sleeve and create a sealing engagement between the annular ring, the first sleeve and the

second sleeve when a compressive force is applied to the first sleeve, the second sleeve, or a

combination thereof along a longitudinal axis of the pipe assembly.
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In another embodiment, a seal assembly is disclosed and can include a first sleeve and a second
sleeve. An annular ring can be installed between the first sleeve and the second sleeve. The annular
ring and the first sleeve can include a first complementary engagement structure. Also, the annular ring
and the second sleeve can include a second complementary engagement structure. The first
complementary engagement structure is configured to establish a first seal interface within a pipe and
the second complementary engagement structure is configured to establish a second seal interface

within a pipe.

In yet another embodiment, a method of modifying a pipe assembly that has a first pipe with a
flange and a second pipe with a flange is disclosed. The method can include disassembling the pipe
assembly, installing a first sleeve within the first pipe, installing a second sleeve within the second
pipe, and installing an annular ring between the flange of the first pipe and the flange of the second

pipe. The annular ring engages an end of the first sleeve and an end of the second sleeve.

Referring to FIG. 1, pipe system is shown and is generally designated 100. As shown, the pipe
system 100 can include a first pipe 102, a second pipe 104, a third pipe 106 and a fourth pipe 108.
Further, the pipe system 100 can include a first pipe joint 110 between the first pipe 102 and the second
pipe 104, a second pipe joint 112 between the first pipe 102 and the third pipe 106, and a third pipe
joint 114 between the second pipe 104 and the fourth pipe 108.

As shown in FIG. 1, the first pipe 102 can include a first end 120 and a second end 122. A first
pipe flange 124 can be formed on, or extend from, the first end 120 of the first pipe 102. A second pipe
flange 126 can be formed on, or extend from, the second end 122 of the first pipe 102. The second pipe
104 can include a first end 130 and a second end 132. A first pipe flange 134 can be formed on, or
extend from, the first end 130 of the second pipe 104. A second pipe flange 136 can be formed on, or
extend from, the second end 132 of the second pipe 104.

FIG. 1 further shows that a first sleeve 142 can be disposed within the first pipe 102. A second
sleeve 144 can be disposed within the second pipe 104. A third sleeve 146 can be disposed within the
third pipe 106. Further, a fourth sleeve 148 can be disposed within the fourth pipe 108. A first annular
ring 150 can be installed within the first pipe joint 110 between the first sleeve 142 and the second
sleeve 144 and between the first pipe 102 and the second pipe 104. A second annular ring 152 can be
installed within the second pipe joint 112 between the first sleeve and the third sleeve 146 and between
the first pipe 102 and the third pipe 106. Additionally, a third annular ring 154 can be installed within
the third pipe joint 114 between the second sleeve 144 and the fourth sleeve 148 and between the

second pipe 104 and the third pipe 108.

As illustrated in FIG. 1, the first sleeve 142 can include a first end 160 and a second end 162.
Also, the second sleeve 144 can include a first end 170 and a second end 172. Also, as shown in FIG.
1, the first pipe joint 110 can include a plurality of threaded fasteners 180 that can extend through the
flanges 124, 134 of the pipes 102, 104 and the first annular ring 150. The threaded fasteners 180 can
compress the first annular ring 150 between the first flange 124 of the first pipe 102 and the first flange

_3.
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134 of the second pipe 104. In a particular embodiment, the second pipe joint 112 and the third pipe

joint 114 are similarly constructed.

FIG. 2 illustrates additional details of the first pipe joint 110. It can be appreciated that the
second pipe joint 112 and the third pipe joint 114 can be configured in a manner similar to the first pipe

joint 110,

In general, as illustrated in FIG. 2, the first pipe joint 110 can include the first pipe flange 124
of the first pipe 102, and the first pipe flange 134 of the second pipe 104, the first end 160 of the first
sleeve 142, the first end 170 of the second sleeve 144, the first annular ring 150, and the threaded

fasteners 180.

FIG. 3 illustrates details concerning the first pipe joint 110. As indicated in FIG. 3, the first
annular ring 150 can include a first sealing element 192 and a second sealing element 194. Ina
particular embodiment, the first sealing element 192 can be a groove formed in a first face of the first
annular ring 150. The second sealing element 194 can be a groove formed in a second face of the first
annular ring 150 — opposite the first face. FIG. 3 also shows that the first end 160 of the first sleeve
142 can include a sealing element 196. Moreover, the first end 170 of the second sleeve 144 can
include a sealing element 198. The sealing element 196 on the first end 160 of the first sleeve 142 can
include a tongue that can extend from the face of the first end 160 of the first sleeve 142. The tongue
can be configured to extend into and engage a groove, e.g., the first sealing element 192 of the first
annular ring 150. Similarly, the sealing element 198 on the first end 170 of the second sleeve 144 can
include a tongue that can extend from the face of the first end 170 of the second sleeve 144. The
tongue can be configured to extend into and engage a groove, €.g2., the second sealing element 194 of

the first annular ring 150. As shown, the tongues and grooves can be generally rectangular.

As shown in FIG. 2 and FIG. 3, the sealing element 196 on the first end 160 of the first sleeve
142 can engage the first sealing element 192 of the first annular ring 150. Also, the sealing element
198 on the first end 170 of the second sleeve 144 can engage the second sealing element 194 of the first
annular ring 150. A compressive force can be applied to the sleeves 142, 144 and the first annular ring
150 along a longitudinal axis 200 and the sealing elements 192, 194 of the first annular ring 150 can
cooperate with the sealing elements 196, 198 of the sleeves 142, 144 to create a seal and prevent the

pipes 102, 104 from leaking at the first pipe joint 110.

In a particular embodiment, the sealing element 196 on the first end 160 of the first sleeve 142
and the first sealing element 192 of the first annular ring 150 can form a first complementary
engagement structure that is configured to provide a first seal interface within the first pipe joint 110
when the sleeves 142, 144 and the annular ring 150 are compressed. The sealing element 198 on the
first end 170 of the second sleeve 144 and the second sealing element 194 of the first annular ring 150
can form a second complementary engagement structure that is configured to provide a second seal
interface within the first pipe joint 110 when the sleeves 142, 144 and the annular ring 150 are

compressed.

PCT/US2008/081869
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In a particular embodiment, the seal provided by the engagement of the first annular ring 150
with the first sleeve 142 and the second sleeve 144 can provide a sealing pressure, or withstand a
pressure, of at least ten (10) bars. In another embodiment, the seal provided by the engagement of the
first annular ring 150 with the first sleeve 142 and the second sleeve 144 can provide a sealing
pressure, or withstand a pressure, of at least fifteen (15) bars. In yet another embodiment, the seal
provided by the engagement of the first annular ring 150 with the first sleeve 142 and the second sleeve
144 can provide a sealing pressure, or withstand a pressure, of at least twenty (20) bars. In still another
embodiment, the seal provided by the engagement of the first annular ring 150 with the first sleeve 142
and the second sleeve 144 can provide a sealing pressure, or withstand a pressure, of at least twenty-
five (25) bars. In yet still another embodiment, the seal provided by the engagement of the first annular
ring 150 with the first sleeve 142 and the second sleeve 144 may not provide a sealing pressure, or

withstand a pressure, greater than thirty (30) bars.

In a particular embodiment, the first sleeve 142, the second sleeve 144, and the first annular
ring 150 can be made from a substantially rigid corrosion resistant polymer. The corrosion resistant
polymer can be a fluoropolymer. An exemplary fluoropolymer includes a polymer formed from a
fluorine substituted olefin monomer or a polymer including at least one monomer selected from the
group consisting of vinylidene fluoride, vinylfluoride, tetrafluoroethylene, hexafluoropropylene,

trifluoroethylene, chlorotrifluoroethylene, or a mixture of such fluorinated monomers.

An exemplary fluoropolymer may include a polymer, a polymer blend or a copolymer including
one or more of the above monomers, such as, for example, fluorinated ethylene propylene (FEP),
ethylene-tetrafluoroethylene (ETFE), poly tetrafluoroethylene-perfluoropropylvinylether (PFA), poly
tetrafluoroethylene-perfluoromethylvinylether (MFA), polytetrafluoroethylene (PTFE), polyvinylidene
fluoride (PVDF), ethylene chlorotrifluoroethylene (ECTFE), polychlorotrifluoroethylene (PCTFE), or
tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride (THV).

In particular, the fluoropolymer may be polytetrafluoroethylene (PTFE), such as a modified
PTFE. In an example, the modified PTFE is a copolymer of ethylene-tetrafluoroethylene and a vinyl
ether, such as perfluoropropylvinylether (PPVE). In an embodiment, the modified PTFE includes at
least about 0.01wt% perfluoropropylvinylether (PPVE). In another example, the modified PTFE
includes not greater than about 5.0wt% PPVE, such as not greater than about 3.0wt% or not greater
than about 1.5wt% PPVE. While particular embodiments of modified PTFE that include PPVE are
melt processable, a particularly useful modified PTFE includes a small amount of PPVE such that the
modified PTFE is not melt processable and instead is typically solution deposited and sintered.
Particular examples of modified PTFE are commercially available, such as TFM1700 available from

Dyneon, Teflon® NXT available from DuPont®, and M1-11 available from Daikon.

Referring now to FIG. 4 and FIG. 5, a second embodiment of a pipe joint is shown and is
generally designated 400. As shown in FIG. 4 and FIG. 5, the pipe joint 400 can include a first pipe
402 and a second pipe 404. The first pipe 402 can include an end 410 and a flange 412 can be formed
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on, or extend from, the end 410 of the first pipe 402. The second pipe 404 can include an end 420 and
a flange 422 can be formed on, or extend from, the end 420 of the second pipe 404.

FIG. 4 and FIG. 5 further shows that a first sleeve 430 can be disposed within the first pipe 402.
The first sleeve 430 can include an end 432. A second sleeve 440 can be disposed within the second
pipe 404. The second sleeve 440 can include an end 442. Further, as illustrated in FIG. 4 and FIG. 5,
an annular ring 450 can be installed within the pipe joint 400 between the first sleeve 430 and the
second sleeve 440 and between the first pipe 402 and the second pipe 404. Specifically, the annular
ring 450 can be sandwiched between the flange 412 of the first pipe 402 and the flange 422 of the
second pipe 404. The pipe joint 400 can also include a plurality of threaded fasteners 460 the flanges
412, 422 of the pipes 402, 404 and the annular ring 450. The threaded fasteners 460 can compress the
annular ring 450 between the flanges 412, 422,

FIG. 5 depicts additional details of the pipe joint 400. As shown in FIG. 5, the annular ring
450 can include a first sealing element 470 and a second sealing element 472. In a particular
embodiment, the first sealing element 470 can be a tongue that can extend substantially perpendicular
from a first face of the annular ring 450. The second sealing element 472 can also be a tongue that can

extend substantially perpendicular from a second face of the annular ring 450 — opposite the first face.

FIG. 5 further shows that the end 432 of the first sleeve 430 can include a sealing element 480.
Moreover, the end 442 of the second sleeve 440 can include a sealing element 482. The sealing
element 480 on the end 432 of the first sleeve 430 can include a groove formed in the face of the end
432 of the first sleeve 430. The groove can be configured, i.¢., sized and shaped, to receive and engage
a tongue, e.g., the first sealing element 470 of the annular ring 450. Similarly, the sealing element 482
on the end 442 of the second sleeve 440 can include a groove formed in the face of the end 442 of the
second sleeve 440. The groove can be configured, i.e., sized and shaped, to receive and engage a

tongue, ¢.g., the second sealing element 472 of the annular ring 450.

As shown in FIG. 4 and FIG. 5, the sealing element 480 on the end 432 of the first sleeve 430
can engage the first sealing element 470 of the annular ring 450. Also, the sealing element 482 on the
end 442 of the second sleeve 440 can engage the second sealing element 472 of the annular ring 450.
A compressive force can be applied to the sleeves 430, 440 and the annular ring 450 along a
longitudinal axis 490 and the sealing elements 470, 472 of the annular ring 450 can cooperate with the
sealing elements 480, 482 of the sleeves 430, 440 to create a seal and prevent the pipes 402, 404 from
leaking at the pipe joint 400.

In a particular embodiment, the sealing element 480 on the end 432 of the first sleeve 430 and
the first sealing element 470 of the annular ring 450 can form a first complementary engagement
structure that is configured to provide a first seal interface within the pipe joint 400 when the sleeves
430, 440 and the annular ring 450 are compressed. The sealing element 482 on the end 442 of the

second sleeve 440 and the second sealing element 472 of the annular ring 450 can form a second
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complementary engagement structure that is configured to provide a second seal interface within the

pipe joint 400 when the sleeves 430, 440 and the annular ring 450 are compressed.

Referring now to FIG. 6 and FIG. 7, a third embodiment of a pipe joint is shown and is
generally designated 600. As shown in FIG. 6 and FIG. 7, the pipe joint 600 can include a first pipe
602 and a second pipe 604. The first pipe 602 can include an end 610 and a flange 612 can be formed
on, or extend from, the end 610 of the first pipe 602. The second pipe 604 can include an end 620 and
a flange 622 can be formed on, or extend from, the end 620 of the second pipe 604.

FIG. 6 and FIG. 7 further shows that a first sleeve 630 can be disposed within the first pipe 602.
The first sleeve 630 can include an end 632. A second sleeve 640 can be disposed within the second
pipe 604. The second sleeve 640 can include an end 642. Further, as illustrated in FIG. 6 and FIG. 7,
an annular ring 650 can be installed within the pipe joint 600 between the first sleeve 630 and the
second sleeve 640 and between the first pipe 602 and the second pipe 604. Specifically, the annular
ring 650 can be sandwiched between the flange 612 of the first pipe 602 and the flange 622 of the
second pipe 604. The pipe joint 600 can also include a plurality of threaded fasteners 660 the flanges
612, 622 of the pipes 602, 604 and the annular ring 650. The threaded fasteners 660 can compress the
annular ring 650 between the flanges 612, 622,

FIG. 7 depicts additional details of the pipe joint 600. As shown in FIG. 7, the annular ring 650
can include a first sealing element 670 and a second sealing element 672. In a particular embodiment,
the first sealing element 670 can be a wedge-shaped groove that can extend into a first face of the
annular ring 650. The second sealing element 672 can also be a wedge-shaped groove that can extend

into a second face of the annular ring 650 — opposite the first face.

FIG. 7 further shows that the end 632 of the first sleeve 630 can include a sealing element 680.
Moreover, the end 642 of the second sleeve 640 can include a sealing element 682. The sealing
element 680 on the end 632 of the first sleeve 630 can include a wedge-shaped tongue that can extend
from the face of the end 632 of the first sleeve 630. The wedge-shaped tongue can be configured to
extend into and engage a similarly shaped groove, e.g., the first sealing element 670 of the annular ring
650. Similarly, the sealing element 682 on the end 642 of the second sleeve 640 can include a wedge-
shaped tongue that can extend from the face of the end 642 of the second sleeve 640. The wedge-
shaped tongue can be configured to extend into and engage a similarly shaped groove, e.g., the second

sealing element 672 of the annular ring 650.

As shown in FIG. 6 and FIG. 7, the sealing element 680 on the end 632 of the first sleeve 630
can engage the first sealing element 670 of the annular ring 650. Also, the sealing element 682 on the
end 642 of the second sleeve 640 can engage the second sealing element 672 of the annular ring 650.
A compressive force can be applied to the sleeves 630, 640 and the annular ring 650 along a
longitudinal axis 690 and the sealing elements 670, 672 of the annular ring 650 can cooperate with the
sealing elements 680, 682 of the sleeves 630, 640 to create a seal and prevent the pipes 602, 604 from
leaking at the pipe joint 600.
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In a particular embodiment, the sealing element 680 on the end 632 of the first sleeve 630 and
the first sealing element 670 of the annular ring 650 can form a first complementary engagement
structure that is configured to provide a first seal interface within the pipe joint 600 when the sleeves
630, 640 and the annular ring 650 are compressed. The sealing element 682 on the end 642 of the
second sleeve 640 and the second sealing element 672 of the annular ring 650 can form a second
complementary engagement structure that is configured to provide a second seal interface within the

pipe joint 600 when the sleeves 630, 640 and the annular ring 650 are compressed.

Referring now to FIG. 8 and FIG. 9, a fourth embodiment of a pipe joint is shown and is
generally designated 800. As shown in FIG. 8 and FIG. 9, the pipe joint 800 can include a first pipe
802 and a second pipe 804. The first pipe 802 can include an end 810 and a flange 812 can be formed
on, or extend from, the end 810 of the first pipe 8§02. The second pipe 804 can include an end 820 and

a flange 822 can be formed on, or extend from, the end 820 of the second pipe 804.

FIG. 8 and FIG. 9 further shows that a first sleeve 830 can be disposed within the first pipe 802.
The first sleeve 830 can include an end 832. A second sleeve 840 can be disposed within the second
pipe 804. The second sleeve 840 can include an end 842. Further, as illustrated in FIG. 8 and FIG. 9,
an annular ring 850 can be installed within the pipe joint 800 between the first sleeve 830 and the
second sleeve 840 and between the first pipe 802 and the second pipe 804. Specifically, the annular
ring 850 can be sandwiched between the flange 812 of the first pipe 802 and the flange 822 of the
second pipe 804. The pipe joint 800 can also include a plurality of threaded fasteners 860 the flanges
812, 822 of the pipes 802, 804 and the annular ring 850. The threaded fasteners 860 can compress the
annular ring 850 between the flanges 812, 822.

FIG. 9 depicts additional details of the pipe joint 800. As shown in FIG. 9, the annular ring 850
can include a first sealing element 870 and a second sealing element 872. In a particular embodiment,
the first sealing element 870 can be a generally K-shaped groove that can extend into a first face of the
annular ring 850. The second sealing element 872 can also be a generally K-shaped groove that can

extend into a second face of the annular ring 850 — opposite the first face.

FIG. 9 further shows that the end 832 of the first sleeve 830 can include a sealing element 880.
Moreover, the end 842 of the second sleeve 840 can include a sealing element 882. The sealing
element 880 on the end 832 of the first sleeve 830 can include a generally K-shaped tongue that can
extend from face of the end 832 of the first sleeve 830. The K-shaped tongue can be configured to
extend into and engage a similarly shaped groove, e.g., the first sealing element 870 of the annular ring
850. Similarly, the sealing element 882 on the end 842 of the second sleeve 840 can include a
generally K-shaped tongue that can extend from the face of the end 842 of the second sleeve 840. The
K-shaped tongue can be configured to extend into and engage a similarly shaped groove, e.g., the
second sealing element 872 of the annular ring 850. In a particular embodiment, the K-shaped tongues

can snap into the K-shaped grooves.
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As shown in FIG. 8 and FIG. 9, the sealing element 880 on the end 832 of the first sleeve 830
can engage the first sealing element 870 of the annular ring 850. Also, the sealing element 882 on the
end 842 of the second sleeve 840 can engage the second sealing element 872 of the annular ring 850.
A compressive force can be applied to the sleeves 830, 840 and the annular ring 850 along a
longitudinal axis 890 and the sealing elements 870, 872 of the annular ring 850 can cooperate with the
sealing elements 880, 882 of the sleeves 830, 840 to create a seal and prevent the pipes 802, 804 from
leaking at the pipe joint 800.

In a particular embodiment, the sealing element 880 on the end 832 of the first sleeve 830 and
the first sealing element 870 of the annular ring 850 can form a first complementary engagement
structure that is configured to provide a first seal interface within the pipe joint 800 when the sleeves
830, 840 and the annular ring 850 are compressed. The sealing element 882 on the end 842 of the
second sleeve 840 and the second sealing element 872 of the annular ring 850 can form a second
complementary engagement structure that is configured to provide a second seal interface within the

pipe joint 800 when the sleeves 830, 840 and the annular ring 850 are compressed.

Referring now to FIG. 10 and FIG. 11, a fifth embodiment of a pipe joint is shown and is
generally designated 1000. As shown in FIG. 10 and FIG. 11, the pipe joint 1000 can include a first
pipe 1002 and a second pipe 1004. The first pipe 1002 can include an end 1010 and a flange 1012 can
be formed on, or extend from, the end 1010 of the first pipe 1002. The second pipe 1004 can include
an end 1020 and a flange 1022 can be formed on, or extend from, the end 1020 of the second pipe
1004.

FIG. 10 and FIG. 11 further shows that a first sleeve 1030 can be disposed within the first pipe
1002. The first sleeve 1030 can include an end 1032. A second sleeve 1040 can be disposed within the
second pipe 1004. The second sleeve 1040 can include an end 1042. Further, as illustrated in FIG. 10
and FIG. 11, an annular ring 1050 can be installed within the pipe joint 1000 between the first sleeve
1030 and the second sleeve 1040 and between the first pipe 1002 and the second pipe 1004,
Specifically, the annular ring 1050 can be sandwiched between the flange 1012 of the first pipe 1002
and the flange 1022 of the second pipe 1004. The pipe joint 1000 can also include a plurality of
threaded fasteners 1060 the flanges 1012, 1022 of the pipes 1002, 1004 and the annular ring 1050. The
threaded fasteners 1060 can compress the annular ring 1050 between the flanges 1012, 1022.

FIG. 11 depicts additional details of the pipe joint 1000. As shown in FIG. 11, the annular ring
1050 can include a first sealing element 1070 and a second sealing element 1072. In a particular
embodiment, the first sealing element 1070 can be formed in a first face of the annular ring 1050 and
the first sealing element 1070 can include a generally wedge-shaped groove that is circumscribed by a
generally wedge-shaped tongue. The second sealing element 1072 can be formed in a second face of
the annular ring 1050, opposite the first face of the annular ring 1050, and the second sealing element
1072 can include a generally wedge-shaped groove that is circumscribed by a generally wedge-shaped

tongue.
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FIG. 11 further shows that the end 1032 of the first sleeve 1030 can include a sealing element
1080. Moreover, the end 1042 of the second sleeve 1040 can include a sealing element 1082. The
sealing element 1080 on the end 1032 of the first sleeve 1030 can be a tongue/groove arrangement that
is sized and shaped to fit into, and engage, an opposing tongue/groove arrangement, e.g., the first
sealing element 1070 of the annular ring 1050. Accordingly, as shown in FIG. 11, the sealing element
1080 on the end 1032 of'the first sleeve 1030 can be a generally wedge-shaped tongue that is

circumscribed by a wedge-shaped groove.

As shown in FIG. 11, the sealing element 1082 on the end 1042 of the first sleeve 1040 can be a
tongue/groove arrangement that is sized and shaped to fit into, and engage, an opposing tongue/groove
arrangement, e.g., the second sealing element 1072 of the annular ring 1050. Accordingly, the sealing
element 1082 on the end 1042 of the second sleeve 1040 can be a generally wedge-shaped tongue that

is circumscribed by a wedge-shaped groove.

As shown in FIG. 10 and FIG. 11, the sealing element 1080 on the end 1032 of the first sleeve
1030 can engage the first sealing element 1070 of the annular ring 1050. Also, the sealing element
1082 on the end 1042 of the second sleeve 1040 can engage the second sealing element 1072 of the
annular ring 1050. A compressive force can be applied to the sleeves 1030, 1040 and the annular ring
1050 along a longitudinal axis 1090 and the sealing elements 1070, 1072 of the annular ring 1050 can
cooperate with the sealing elements 1080, 1082 of the sleeves 1030, 1040 to create a seal and prevent

the pipes 1002, 1004 from leaking at the pipe joint 1000.

In a particular embodiment, the sealing element 1080 on the end 1032 of the first sleeve 1030
and the first sealing element 1070 of the annular ring 1050 can form a first complementary engagement
structure that is configured to provide a first seal interface within the pipe joint 1000 when the sleeves
1030, 1040 and the annular ring 1050 are compressed. The sealing element 1082 on the end 1042 of
the second sleeve 1040 and the second sealing element 1072 of the annular ring 1050 can form a
second complementary engagement structure that is configured to provide a second seal interface

within the pipe joint 1000 when the sleeves 1030, 1040 and the annular ring 1050 are compressed.

Referring now to FIG. 12 and FIG. 13, a sixth embodiment of a pipe joint is shown and is
generally designated 1200. As shown in FIG. 12 and FIG. 13, the pipe joint 1200 can include a first
pipe 1202 and a second pipe 1204. The first pipe 1202 can include an end 1210 and a flange 1212 can
be formed on, or extend from, the end 1210 of the first pipe 1202. The second pipe 1204 can include
an end 1220 and a flange 1222 can be formed on, or extend from, the end 1220 of the second pipe
1204.

FIG. 12 and FIG. 13 further shows that a first sleeve 1230 can be disposed within the first pipe
1202. The first sleeve 1230 can include an end 1232. A second sleeve 1240 can be disposed within the
second pipe 1204. The second sleeve 1240 can include an end 1242. Further, as illustrated in FIG. 12
and FIG. 13, an annular ring 1250 can be installed within the pipe joint 1200 between the first sleeve
1230 and the second sleeve 1240 and between the first pipe 1202 and the second pipe 1204,
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Specifically, the annular ring 1250 can be sandwiched between the flange 1212 of the first pipe
1202 and the flange 1222 of the second pipe 1204. The pipe joint 1200 can also include a plurality of
threaded fasteners 1260 the flanges 1212, 1222 of the pipes 1202, 1204 and the annular ring 1250. The
threaded fasteners 1260 can compress the annular ring 1250 between the flanges 1212, 1222,

FIG. 13 depicts additional details of the pipe joint 1200. As shown in FIG. 13, the annular ring
1250 can include a first sealing element 1270 and a second sealing element 1272. In a particular
embodiment, the first sealing element 1270 can be a groove that can extend substantially perpendicular
into a first face of the annular ring 1250. The second sealing element 1272 can also be a groove that
can extend substantially perpendicular from a second face of the annular ring 1250 — opposite the first

face.

FIG. 13 further shows that the end 1232 of the first sleeve 1230 can include a sealing element
1280. Moreover, the end 1242 of the second sleeve 1240 can include a sealing element 1282. The
sealing element 1280 of the first sleeve 1230 can be a generally curved flange that can extend from the
face of the end 1232 of the first sleeve 1230. As shown in FIG. 13, the sealing element 1280 on the
first sleeve 1230 can be fitted into a groove, e.g., the first sealing element 1270 of the annular ring
1250. Further, the sealing element 1280 of the first sleeve 1230 can be slightly deformed, i.e., slightly
flattened, by the first sealing element 1270 of the annular ring 1250 as the sealing element 1280 of the
first sleeve 1230 is inserted into the first sealing element 1270 of the annular ring 1250.

The sealing element 1282 of the second sleeve 1240 can be a generally curved flange that can
extend from the face of the end 1242 of the first sleeve 1240. As shown in FIG. 13, the sealing element
1282 on the second sleeve 1240 can be fitted into a groove, e.g., the second sealing element 1272 of the
annular ring 1250. Further, the sealing element 1282 of the second sleeve 1240 can be slightly
deformed, i.e., slightly flattened, by the second sealing element 1272 of the annular ring 1250 as the
sealing element 1282 of the second sleeve 1240 is inserted into the second sealing element 1272 of the

annular ring 1250.

As shown in FIG. 12 and FIG. 13, the sealing element 1280 on the end 1232 of the first sleeve
1230 can engage the first sealing element 1270 of the annular ring 1250. Also, the sealing element
1282 on the end 1242 of the second sleeve 1240 can engage the second sealing element 1272 of the
annular ring 1250. A compressive force can be applied to the sleeves 1230, 1240 and the annular ring
1250 along a longitudinal axis 1290 and the sealing elements 1270, 1272 of the annular ring 1250 can
cooperate with the sealing elements 1280, 1282 of the sleeves 1230, 1240 to create a seal and prevent

the pipes 1202, 1204 from leaking at the pipe joint 1200.

Referring now to FIG. 14 and FIG. 15, a seventh embodiment of a pipe joint is shown and is
generally designated 1400. As shown in FIG. 14 and FIG. 15, the pipe joint 1400 can include a first
pipe 1402 and a second pipe 1404. The first pipe 1402 can include an end 1410 and a flange 1412 can
be formed on, or extend from, the end 1410 of the first pipe 1402. The second pipe 1404 can include
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an end 1420 and a flange 1422 can be formed on, or extend from, the end 1420 of the second pipe
1404.

FIG. 14 and FIG. 15 further shows that a first sleeve 1430 can be disposed within the first pipe
1402. The first sleeve 1430 can include an end 1432. A second sleeve 1440 can be disposed within the
second pipe 1404. The second sleeve 1440 can include an end 1442. Further, as illustrated in FIG. 14
and FIG. 15, an annular ring 1450 can be installed within the pipe joint 1400 between the first sleeve
1430 and the second sleeve 1440 and between the first pipe 1402 and the second pipe 1404.
Specifically, the annular ring 1450 can be sandwiched between the flange 1412 of the first pipe 1402
and the flange 1422 of the second pipe 1404. The pipe joint 1400 can also include a plurality of
threaded fasteners 1460 the flanges 1412, 1422 of the pipes 1402, 1404 and the annular ring 1450. The
threaded fasteners 1460 can compress the annular ring 1450 between the flanges 1412, 1422.

FIG. 15 depicts additional details of the pipe joint 1400. As shown in FIG. 15, the annular ring
1450 can include a first sleeve pocket 1470. A first O-ring groove 1472 can be formed in the annular
ring 1450 around the first sleeve pocket 1470. Further, a first O-ring 1474 can be disposed within the
first O-ring groove 1472. FIG. 15 shows, that the annular ring 1450 can also include a second sleeve
pocket 1480. A second O-ring groove 1482 can be formed in the annular ring 1450 around the second
sleeve pocket 1480. Also, a second O-ring 1484 can be disposed within the second O-ring groove

1482.

As depicted in FIG. 15, the end 1432 of the first sleeve 1430 can be fitted into the first pocket
1470 formed in the annular ring 1450. Further, the first O-ring 1474 can circumscribe the end 1432 of
the first sleeve 1430. The first O-ring 1472 can also engage the end 1432 of the first sleeve 1430 and
form a seal interface with the end 1432 of the first sleeve 1430.

FIG. 15 further shows that the end 1442 of the second sleeve 1440 can be fitted into the second
pocket 1480 formed in the annular ring 1450. Further, the second O-ring 1484 can circumscribe the
end 1442 of the second sleeve 1440. The second O-ring 1484 can also engage the end 1442 of the

second sleeve 1440 and form a seal interface with the end 1442 of the second sleeve 1440.

Referring now to FIG. 16 and FIG. 17, an eighth embodiment of a pipe joint is shown and is
generally designated 1600. As shown in FIG. 16 and FIG. 17, the pipe joint 1600 can include a first
pipe 1602 and a second pipe 1604. The first pipe 1602 can include an end 1610 and a flange 1612 can
be formed on, or extend from, the end 1610 of the first pipe 1602. The second pipe 1604 can include
an end 1620 and a flange 1622 can be formed on, or extend from, the end 1620 of the second pipe
1604.

FIG. 16 and FIG. 17 further shows that a first sleeve 1630 can be disposed within the first pipe
1602. The first sleeve 1630 can include an end 1632. A second sleeve 1640 can be disposed within the
second pipe 1604. The second sleeve 1640 can include an end 1642. Further, as illustrated in FIG. 16
and FIG. 17, an annular ring 1650 can be installed within the pipe joint 1600 between the first sleeve
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1630 and the second sleeve 1640 and between the first pipe 1602 and the second pipe 1604.
Specifically, the annular ring 1650 can be sandwiched between the flange 1612 of the first pipe 1602
and the flange 1622 of the second pipe 1604.

As shown, the annular ring 1650 can include a first hub 1652 that can extend from annular ring
1650 into the first pipe 1602 and a second hub 1654 that can extend from the annular ring 1650 into the
second pipe 1604 — opposite the first hub 1652. The pipe joint 1600 can also include a plurality of
threaded fasteners 1660 the flanges 1612, 1622 of the pipes 1602, 1604 and the annular ring 1650. The
threaded fasteners 1660 can compress the annular ring 1650 between the flanges 1612, 1622.

FIG. 17 depicts additional details of the pipe joint 1600. As shown in FIG. 17, the annular ring
1650 can include a first sealing element 1670 and a second sealing element 1672. In a particular
embodiment, the first sealing element 1670 can be a groove that can extend into a face of the first hub
1652 of the annular ring 1650. The second sealing element 1672 can also be a groove that can extend

into a second face of the second hub 1654 of the annular ring 1650.

FIG. 17 further shows that the end 1632 of the first sleeve 1630 can include a sealing element
1680. Moreover, the end 1642 of the second sleeve 1640 can include a sealing element 1682. The
sealing element 1680 on the end 1632 of the first sleeve 1630 can include a tongue that can extend
from the face of the end 1632 of the first sleeve 1630. The tongue can be configured to extend into and
engage a Groove, e.g., the first sealing element 1670 of the annular ring 1650. Similarly, the sealing
element 1682 on the end 1642 of the second sleeve 1640 can include a tongue that can extend from the
face of the end 1642 of the second sleeve 1640. The tongue can be configured to extend into and

engage a groove, e.g., the second sealing element 1672 of the annular ring 1650.

As shown in FIG. 16 and FIG. 17, the sealing element 1680 on the end 1632 of the first sleeve
1630 can engage the first sealing element 1670 of the annular ring 1650. Also, the sealing element
1682 on the end 1642 of the second sleeve 1640 can engage the second sealing element 1672 of the
annular ring 1650. A compressive force can be applied to the sleeves 1630, 1640 and the annular ring
1650 along a longitudinal axis 1690 and the sealing elements 1670, 1672 of the annular ring 1650 can
cooperate with the sealing elements 1680, 1682 of the sleeves 1630, 1640 to create a seal and prevent

the pipes 1602, 1604 from leaking at the pipe joint 1600.

As shown in FIG. 16, the pipe joint 1600 can include a central axis 1692 that can lie
approximately along the midpoint of the annular ring 1650. A first flange interface 1694 can be
established at a distance, Dy, from the central axis 1690. Further, a first sleeve interface 1696 can be
established at a distance, Dy, from the central axis 1692. In a particular embodiment, Dy, is equal to
1.25 x Dg;. In another embodiment, Dg; is equal to 1.5 x Dg;. In yet another embodiment, Dy, is equal
to 1.75 x Dg;. In another embodiment, Dyg is equal to 2.0 x Dg;. In still another embodiment, Dyg; is

not greater than 3.0 x Dy,.
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FIG. 16 further indicates that a second flange interface 1698 can be established at a distance,
Dr,, from the central axis 1692. Further, a second sleeve interface 1700 can be established at a
distance, Ds,, from the central axis 1692. In a particular embodiment, Ds; is equal to 1.25 x Dg,. In
another embodiment, Dg, is equal to 1.5 x Dp,. In yet another embodiment, Dg, is equal to 1.75 x Dg,.
In another embodiment, Dg, is equal to 2.0 x Dg,. In still another embodiment, Dy, is not greater than
3.0 X Dps.

In a particular embodiment, the sealing element 1680 on the end 1632 of the first sleeve 1630
and the first sealing element 1670 of the first hub 1652 of the annular ring 1650 can form a first
complementary engagement structure that is configured to provide a first seal interface within the pipe
joint 1600 when the sleeves 1630, 1640 and the annular ring 1650 are compressed. The sealing
element 1682 on the end 1642 of the second sleeve 1640 and the second sealing element 1672 of the
second hub 1654 of the annular ring 1650 can form a second complementary engagement structure that
is configured to provide a second seal interface within the pipe joint 1600 when the sleeves 1630, 1640

and the annular ring 1650 are compressed.

Referring now to FIG. 18 and FIG. 19, a ninth embodiment of a pipe joint is shown and is
generally designated 1800. As shown in FIG. 18 and FIG. 19, the pipe joint 1800 can include a first
pipe 1802 and a second pipe 1804. The first pipe 1802 can include an end 1810 and a flange 1812 can
be formed on, or extend from, the end 1810 of the first pipe 1802. The second pipe 1804 can include
an end 1820 and a flange 1822 can be formed on, or extend from, the end 1820 of the second pipe
1804.

FIG. 18 and FIG. 19 further shows that a first sleeve 1830 can be disposed within the first pipe
1802. The first sleeve 1830 can include an end 1832. A second sleeve 1840 can be disposed within the
second pipe 1804. The second sleeve 1840 can include an end 1842. Further, as illustrated in FIG. 18
and FIG. 19, an annular ring 1850 can be installed within the pipe joint 1800 between the first sleeve
1830 and the second sleeve 1840 and between the first pipe 1802 and the second pipe 1804.
Specifically, the annular ring 1850 can be sandwiched between the flange 1812 of the first pipe 1802
and the flange 1822 of the second pipe 1804. The pipe joint 1800 can also include a plurality of
threaded fasteners 1860 the flanges 1812, 1822 of the pipes 1802, 1804 and the annular ring 1850. The
threaded fasteners 1860 can compress the annular ring 1850 between the flanges 1812, 1822.

FIG. 19 depicts additional details of the pipe joint 1800. As shown in FIG. 19, the annular ring
1850 can include a first sealing element 1870 and a second sealing element 1872. In a particular
embodiment, the first sealing element 1870 can be a flared sleeve pocket formed in a first face of the
annular ring 1850. The second sealing element 1872 can also be a flared sleeve pocket formed in a

second face of the annular ring 1850 — opposite the first face.

FIG. 19 further shows that the end 1832 of the first sleeve 1830 can include a sealing element
1880. Moreover, the end 1842 of the second sleeve 1840 can include a sealing element 1882. The
sealing element 1880 of the first sleeve 1830 can be a flared tube formed on the end 1832 of the first
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sleeve 1830. As shown in FIG. 19, the sealing element 1880 on the first sleeve 1830 can be fitted into
a flared sleeve cavity, e.g., the first sealing element 1870 of the annular ring 1850. Further, the sealing
element 1880 of the first sleeve 1830 can be flared, or deformed, radially outward by the first sealing
element 1870 of the annular ring 1850 as the sealing element 1880 of the first sleeve 1830 is installed

around the first sealing element 1870 of the annular ring 1850.

The sealing element 1882 of the second sleeve 1840 can be a flared sleeve formed on the end
1842 of the second sleeve 1840. As shown in FIG. 19, the sealing element 1882 on the second sleeve
1840 can be fitted into a flared sleeve pocket, e.g., the second sealing element 1872 of the annular ring
1850. Further, the sealing element 1882 of the second sleeve 1840 can be flared, or deformed, radially
outward by the second sealing element 1872 of the annular ring 1850 as the sealing element 1882 of the

second sleeve 1840 is installed around the second sealing element 1872 of the annular ring 1850.

As shown in FIG. 18 and FIG. 19, the sealing element 1880 on the end 1832 of the first sleeve
1830 can engage the first sealing element 1870 of the annular ring 1850. Also, the sealing element
1882 on the end 1842 of the second sleeve 1840 can engage the second sealing element 1872 of the
annular ring 1850. A compressive force can be applied to the sleeves 1830, 1840 and the annular ring
1850 along a longitudinal axis 1890 and the sealing elements 1870, 1872 of the annular ring 1850 can
cooperate with the sealing elements 1880, 1882 of the sleeves 1830, 1840 to create a seal and prevent

the pipes 1802, 1804 from leaking at the pipe joint 1800.

Referring now to FIG. 20 and FIG. 21, a tenth embodiment of a pipe joint is shown and is
generally designated 2000. As shown in FIG. 20 and FIG. 21, the pipe joint 2000 can include a first
pipe 2002 and a second pipe 2004. The first pipe 2002 can include an end 2010 and a flange 2012 can
be formed on, or extend from, the end 2010 of the first pipe 2002. The second pipe 2004 can include
an end 2020 and a flange 2022 can be formed on, or extend from, the end 2020 of the second pipe
2004.

FIG. 20 and FIG. 21 further shows that a first sleeve 2030 can be disposed within the first pipe
2002. The first sleeve 2030 can include an end 2032. A second sleeve 2040 can be disposed within the
second pipe 2004. The second sleeve 2040 can include an end 2042. Further, as illustrated in FIG. 20
and FIG. 21, an annular ring 2050 can be installed within the pipe joint 2000 between the first sleeve
2030 and the second sleeve 2040 and between the first pipe 2002 and the second pipe 2004.
Specifically, the annular ring 2050 can be sandwiched between the flange 2012 of the first pipe 2002
and the flange 2022 of the second pipe 2004. The pipe joint 2000 can also include a plurality of
threaded fasteners 2060 the flanges 2012, 2022 of the pipes 2002, 2004 and the annular ring 2050. The
threaded fasteners 2060 can compress the annular ring 2050 between the flanges 2012, 2022.

FIG. 21 depicts additional details of the pipe joint 2000. As shown in FIG. 21, the annular ring
2050 can include a first sealing element 2070 and a second sealing element 2072. In a particular
embodiment, the first sealing element 2070 can be a flared sleeve formed in a first face of the annular

ring 2050. The first sealing element 2070 can extend beyond the first face of the annular ring 2050.
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The second sealing element 2072 can also be a flared sleeve formed in a second face of the annular ring
2050 — opposite the first face. As shown, the second sealing element 2072 can extend beyond the first

face of the annular ring 2050.

FIG. 21 further shows that the end 2032 of the first sleeve 2030 can include a sealing element
2080. Moreover, the end 2042 of the second sleeve 2040 can include a sealing element 2082. The
sealing element 2080 of the first sleeve 2030 can be a flared tube formed on the end 2032 of the first
sleeve 2030. As shown in FIG. 21, the sealing element 2080 on the first sleeve 2030 can be fitted
around a flared sleeve, e.g., the first sealing element 2070 of the annular ring 2050. Further, the sealing
element 2080 of the first sleeve 2030 can be flared, or deformed, radially outward by the first sealing
element 2070 of the annular ring 2050 as the sealing element 2080 of the first sleeve 2030 is installed

around the first sealing element 2070 of the annular ring 2050.

The sealing element 2082 of the second sleeve 2040 can be a flared tube formed on the end
2042 of the second sleeve 2040. As shown in FIG. 21, the sealing element 2082 on the second sleeve
2040 can be fitted around a flared sleeve, e.g., the second sealing element 2072 of the annular ring
2050. Further, the sealing element 2082 of the second sleeve 2040 can be flared, or deformed, radially
outward by the second sealing element 2072 of the annular ring 2050 as the sealing element 2082 of the

second sleeve 2040 is installed around the second sealing element 2072 of the annular ring 2050.

As shown in FIG. 20 and FIG. 21, the sealing element 2080 on the end 2032 of the first sleeve
2030 can engage the first sealing element 2070 of the annular ring 2050. Also, the sealing element
2082 on the end 2042 of the second sleeve 2040 can engage the second sealing element 2072 of the
annular ring 2050. A compressive force can be applied to the sleeves 2030, 2040 and the annular ring
2050 along a longitudinal axis 2090 and the sealing elements 2070, 2072 of the annular ring 2050 can
cooperate with the sealing elements 2080, 2082 of the sleeves 2030, 2040 to create a seal and prevent
the pipes 2002, 2004 from leaking at the pipe joint 2000.

Referring now to FIG. 22 and FIG. 23, a eleventh embodiment of a pipe joint is shown and is
generally designated 2200. As shown in FIG. 22 and FIG. 23, the pipe joint 2200 can include a first
pipe 2202 and a second pipe 2204. The first pipe 2202 can include an end 2210 and a flange 2212 can
be formed on, or extend from, the end 2210 of the first pipe 2202. The second pipe 2204 can include
an end 2220 and a flange 2222 can be formed on, or extend from, the end 2220 of the second pipe
2204.

FIG. 22 and FIG. 23 further shows that a first sleeve 2230 can be disposed within the first pipe
2202. The first sleeve 2230 can include an end 2232. A second sleeve 2240 can be disposed within the
second pipe 2204. The second sleeve 2240 can include an end 2242. Further, as illustrated in FIG. 22
and FIG. 23, an annular ring 2250 can be installed within the pipe joint 2200 between the first sleeve
2230 and the second sleeve 2240 and between the first pipe 2202 and the second pipe 2204.
Specifically, the annular ring 2250 can be sandwiched between the flange 2212 of the first pipe 2202
and the flange 2222 of the second pipe 2204. The pipe joint 2200 can also include a plurality of
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threaded fasteners 2260 the flanges 2212, 2222 of the pipes 2202, 2204 and the annular ring 2250. The
threaded fasteners 2260 can compress the annular ring 2250 between the flanges 2212, 2222,

FIG. 23 depicts additional details of the pipe joint 2200. As shown in FIG. 23, the annular ring
2250 can include a first sealing element 2270 and a second sealing element 2272. In a particular
embodiment, the first sealing element 2270 can be a flared tube extending from a first face of the
annular ring 2250. The second sealing element 2272 can also be a flared tube that can extend from a

second face of the annular ring 2250 — opposite the first face.

FIG. 23 further shows that the end 2232 of the first sleeve 2230 can include a sealing element
2280. Moreover, the end 2242 of the second sleeve 2240 can include a sealing element 2282. The
sealing element 2280 of the first sleeve 2230 can be a flared sleeve formed on the end 2232 of the first
sleeve 2230. As shown in FIG. 23, the sealing element 2280 on the first sleeve 2230 can be fitted into
a flared tube, ¢.g., the first sealing element 2270 of the annular ring 2250. Further, the first sealing
element 2270 of the annular ring 2250 can be flared, or deformed, radially outward by the sealing
element 2280 of the first sleeve 2230 as the sealing element 2280 of the first sleeve 2230 is inserted

within the first sealing element 2270 of the annular ring 2250.

The sealing element 2282 of the second sleeve 2240 can be a flared sleeve formed on the end
2242 of the second sleeve 2240. As shown in FIG. 23, the sealing element 2282 on the second sleeve
2240 can be fitted into a flared tube, e.g., the second sealing element 2272 of the annular ring 2250.
Further, the second sealing element 2272 of the annular ring 2250 can be flared, or deformed, radially
outward by the sealing element 2282 of the second sleeve 2240 as the sealing element 2282 of the

second sleeve 2240 is inserted within the second sealing element 2272 of the annular ring 2250.

As shown in FIG. 22 and FIG. 23, the sealing element 2280 on the end 2232 of the first sleeve
2230 can engage the first sealing element 2270 of the annular ring 2250. Also, the sealing element
2282 on the end 2242 of the second sleeve 2240 can engage the second sealing element 2272 of the
annular ring 2250. A compressive force can be applied to the sleeves 2230, 2240 and the annular ring
2250 along a longitudinal axis 2290 and the sealing elements 2270, 2272 of the annular ring 2250 can
cooperate with the sealing elements 2280, 2282 of the sleeves 2230, 2240 to create a seal and prevent
the pipes 2202, 2204 from leaking at the pipe joint 2200.

Referring now to FIG. 24 and FIG. 25, a twelfth embodiment of a pipe joint is shown and is
generally designated 2400. As shown in FIG. 24 and FIG. 25, the pipe joint 2400 can include a first
pipe 2402 and a second pipe 2404. The first pipe 2402 can include an end 2410 and a flange 2412 can
be formed on, or extend from, the end 2410 of the first pipe 2402. The second pipe 2404 can include
an end 2420 and a flange 2422 can be formed on, or extend from, the end 2420 of the second pipe
2404.

FIG. 24 and FIG. 25 further shows that a first sleeve 2430 can be disposed within the first pipe
2402. The first sleeve 2430 can include an end 2432 and a groove 2434 can be formed around the end
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2432 of the first sleeve 2430. Further, a first annular ring 2440 can be disposed around the end 2432 of
the first sleeve 2430 within the groove 2434.

A second sleeve 2450 can be disposed within the second pipe 2404. The second sleeve 2450
can include an end 2452 and a groove 2454 can be formed around the end 2452 of the second sleeve
2450. Additionally, a second annular ring 2460 can be disposed around the end 2452 of the second
sleeve 2450 within the groove 2454.

Further, as illustrated in FIG. 24 and FIG. 25, a third annular ring 2470 can be installed within
the pipe joint 2400 between the first sleeve 2430 and the second sleeve 2450. Specifically, the third
annular ring 2470 can be formed with a first sleeve pocket 2472 and a second sleeve pocket 2474. The
first sleeve pocket 2472 can be formed to receive the end 2432 of the first sleeve 2430 and the first
annular ring 2440. The second sleeve pocket 2474 can be formed to receive the end 2452 of the second
sleeve 2450 and the second annular ring 2460. Further, as indicated in FIG. 24 and FIG. 25 the third
annular ring 2470 can be sandwiched between the flange 2412 of the first pipe 2402 and the flange
2422 of the second pipe 2404. The pipe joint 2400 can also include a plurality of threaded fasteners
2480 that can extend through the flanges 2412, 2422 of the pipes 2402, 2404 and the third annular ring
2470. The threaded fasteners 2480 can compress the third annular ring 2470 between the flanges 2412,
2422.

FIG. 25 depicts additional details of the pipe joint 2400. As shown in FIG. 25, the third annular
ring 2470 can include a first sealing element 2490 and a second sealing element 2492. In a particular
embodiment, the first sealing element 2490 can be a groove that can extend substantially perpendicular
into the third annular ring 2470 from the first sleeve pocket 2472. The second sealing element 2492
can also be a groove that can extend substantially perpendicular into the third annular ring 2470 from

the second sleeve pocket 2474.

FIG. 25 further shows that the end 2432 of the first sleeve 2430 can include a sealing element
2494. Moreover, the end 2452 of the second sleeve 2450 can include a sealing element 2496. The
sealing element 2494 on the end 2432 of the first sleeve 2430 can include a tongue that can extend
from the end 2432 of the first sleeve 2430. The tongue can be configured, i.e., sized and shaped, to fit
into and engage a groove, €.g., the first sealing element 2490 of the third annular ring 2470. Similarly,
the sealing element 2496 on the end 2452 of the second sleeve 2450 can include a tongue that can
extend from the end 2452 of the second sleeve 2470. The tongue can be configured, i.e., sized and
shaped, to fit into and engage a tongue, e.g., the second sealing element 2496 of the third annular ring
2470.

As shown in FIG. 24 and FIG. 25, the sealing element 2494 on the end 2432 of the first sleeve
2430 can engage the first sealing element 2490 of the third annular ring 2470. Also, the sealing
element 2496 on the end 2452 of the second sleeve 2450 can engage the second sealing element 2492
of the third annular ring 2470. The threaded fasteners 2480 can compress the third annular ring 2470
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between the flanges 2412, 2422 and apply a compressive force on the sealing elements 2490, 2492,
2494, 2496 via the annular rings 2440, 2460.

In a particular embodiment, the sealing element 2494 on the end 2432 of the first sleeve 2430
and the first sealing element 2490 of the third annular ring 2470 can form a first complementary
engagement structure that is configured to provide a first seal interface within the pipe joint 2400 when
the sleeves 2430, 2450, and the annular rings 2440, 2460, 2470 are compressed. The sealing element
2496 on the end 2452 of the second sleeve 2450 and the second sealing element 2492 of the third
annular ring 2470 can form a second complementary engagement structure that is configured to provide
a second seal interface within the pipe joint 2400 when the sleeves 2430, 2450 and the annular rings
2440, 2460, 2470 are compressed.

Referring now to FIG. 26, a method of repairing, or modifying, a pipe joint is shown and
commences at block 2600. In a particular embodiment, the pipe joint being repaired can be a pipe joint
having a flange of a first pipe connected to a flange of a second pipe. At block 2600, fluid flow
through the pipe joint can be ceased. At block 2602, the pipe joint can be disassembled. For example,
the pipe joint can be disassembled by loosening and removing a series of bolts installed through the

flanges.

Moving to block 2604, a first sleeve can be installed within a first pipe. Thereafter, at block
2606, a second sleeve can be installed within a second pipe. At block 2608, an annular ring can be
installed between the sleeves. Further, at block 2610 the first sleeve and the second sleeve can be
engaged with the annular ring. At block 2612, the pipe coupling can be reassembled. Moreover, at
block 2614, fluid flow can be permitted through the pipe joint. The method can then end at block 2616.

One of more embodiments, described herein, can be installed within a pipe assembly in order to
seal the pipe assembly. Further, one or more embodiments can be used in corrosive environments in
which resilient seals cannot be used. Further, embodiments herein provide inner sealing interfaces
within a pipe joint that are distanced from flange sealing interfaces. Spacing the inner sealing
interfaces from the central axis can decrease leakage of the pipe assembly. Existing pipe assemblies
can be retrofitted in order to include one or more of the embodiments described herein. As such,
existing pipe assemblies that are not corrosion resistant can be made corrosion resistant. Further,
existing pipe assemblies that may be deteriorating can be retrofitted within one or more of the

embodiments described herein in order to prolong the life of the deteriorating pipe assembly.

The above-disclosed subject matter is to be considered illustrative, and not restrictive, and the
appended claims are intended to cover all such modifications, enhancements, and other embodiments,
which fall within the true scope of the present invention. Thus, to the maximum extent allowed by law,
the scope of the present invention is to be determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be restricted or limited by the foregoing detailed

description.
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CLAIMS:

1. A pipe joint, comprising:

a first pipe (102) comprising a first flange (124),

a second pipe (104) comprising a second flange (134);,

a first sleeve (142) installed within the first pipe (102), the first sleeve (142)

comprising a first complementary engagement structure including one of a protrusion

and recess at an end (160) of the first sleeve (142);,

a second sleeve (144) installed within the second pipe (104), the second sleeve (144)

comprising a second complementary engagement structure including one of a

protrusion and recess at an end (170) of the second sleeve (144); and

an annular ring (150) positioned between the flange (412) of the first pipe (102) and
the flange (422) of the second pipe (104) such that a first face of the annular
ring is directly contacting a surface of the first flange (124) at a first flange
interface (1694) and a second face of the annular ring is directly contacting a
surface of the second flange (134) at a second flange interface (1698),
wherein the annular ring (150) comprises one of a complementary
protrusion and recess at the first face extending in a direction parallel to the
longitudinal axis (200) for complementary engagement with the first
complementary engagement structure of the first sleeve, and one of a
complementary protrusion and recess at the second face, opposite the first
face, extending in a direction parallel to the longitudinal axis (200), for
complementary engagement with the second complementary engagement

structure of the second sleeve (144).

2. The pipe joint of claim 1, further comprising a plurality of threaded fasteners
installed through the flange (124) of the first pipe (102), through an opening extending longitudinally
within the annular ring (150), and through the flange (134) of the second pipe (104), wherein the
plurality of threaded fasteners secure and compress the annular ring (150) between the flange (124) of
the first pipe (102) and the flange (134) of the second pipe (104).

3. The pipe joint of claim 1 or 2, wherein the first complementary engagement structure
includes a tongue (196) extending from a surface at the end (160) of the first sleeve (142) along the
longitudinal axis (200) of the first pipe (102), and wherein the annular ring (150) comprises a groove
(192) at the first face extending into the annular ring (150) along the longitudinal axis (200) of the first
pipe (102) for complementary engagement of the tongue (196) therein.

4. The pipe joint of claim 3, wherein the tongue (196) is one of rectangular-shaped
(192), wedge-shaped (670), and K-shaped (870).
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5. The pipe joint of claim 4, wherein the first sleeve (142) is configured to snap into the

annular ring (150).

6. The pipe joint of 1, 2 or 3, wherein the first complementary engagement structure

includes a groove (1270) and a generally curved flange (1280).

7. The pipe joint of claim 6, wherein the groove (1270) is configured to deform the
flange (1280).
8. The pipe joint of claim 1, 2, 3 or 6, wherein the first complementary engagement

includes a flared tube (2270) and a flared sleeve (2280), wherein the flared tube (2270) fits around the
flared sleeve (2280).

9. The pipe joint of claim 1, 2, 3, 6 or 8, wherein the second complementary
engagement structure includes a tongue (198) extending from a surface at the end (170) of the second
sleeve (144) along the longitudinal axis (200) of the second pipe (104), and wherein the annular ring
(150) comprises a groove-(194) at the second face extending into the annular ring along the
longitudinal axis (200) of the second pipe (104) for complementary engagement of the tongue (198)

therein.

10. The pipe joint of claim 9, wherein the tongue (198) is one of rectangular-shaped
(194), wedge-shaped (672), and K-shaped (872).

11. The pipe joint of claim 1, 2, 3, 6, 8 or 9, wherein the annular ring (150) comprises a

generally rigid, corrosion resistant material.

12. The pipe joint of claim 11, wherein the generally rigid, corrosion resistant material

comprises a fluoropolymer.

13. The pipe joint of claim 1, 2, 3, 6, 8, 9 or 11, wherein the annular ring (150) comprises
an inner annular surface that extends into an interior of the first pipe (102) and the second pipe (104),
the inner annular surface of the annular ring (15) coterminous with an inner annular surface of the first

sleeve (142) and an inner annular surface of the second sleeve (144).

14. The pipe joint of claim 1, 2, 3, 6, 8, 9, 11 or 13, wherein the first sleeve (142) is

spaced apart from and not abutting an inner surface of the first flange (124).

15. The pipe joint of claim 1, 2, 3,6, 8,9, 11, 13 or 14, wherein the second sleeve (144)

is spaced apart from and not abutting an inner surface of the second flange (134).
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