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CONTAINMENT CONNECTOR

BACKGROUND OF THE INVENTION

Semi-conductor manufacturing systems, for example only, include pipes where toxic
gases flow, and joints that connect such pipes. Even though pipe joints are designed to
avoid any gas leakage, some failures that lead to gas leaks do occur. Thus, there is a
need to further secure the joints by additional means to keep teams and equipment from

exposure to toxic or hazardous gases.

BRIEF SUMMARY OF THE INVENTION

According to one aspect, a containment connector for containing a joint joining
at least one first fluid pipe and at least one second fluid pipe is provided. The connector
comprises at least one female part, and at least one male part. The female parts each
have a coupling end for hermetic coupling to the first pipe, and a female mating end
with an internal thread for mating with at least one male part. The male parts each have
a coupling end for hermetic coupling to the second pipe, and a male mating end with
an external thread for mating with at least one female part. A circular groove in the
female mating end receives an O-ring for sealing the connector by forcing the O-ring
against a flat smooth surface on an opposite male mating end. Alternatively, a circular
groove in the male mating end receives an O-ring for sealing the connector by forcing
the O-ring against a flat smooth surface on an opposite female mating end. Also, there
is a space between an interior of the connector and a portion of an external surface of
the joint. The space receives a fluid leaking out of the joint. The connector further

includes at least one port connecting the space with an exterior of the connector.

According to one aspect, a containment connector is provided for containing a joint
joining at least one first fluid pipe and at least one second fluid pipe, the connector
comprising:

a. at least one female part, each having a coupling end for hermetically coupling the
respective female part to one of the at least one first pipe, and a female mating

end having an internal thread for mating with one of at least one male part;
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b. each of said at least one male part having a coupling end for hermetically coupling
the respective male part to one of the at least one second pipe, and a male mating
end having an external thread for mating with one of said at least one female part;

c. a circular groove in each female mating end for receiving an O-ring for sealing
the connector by forcing the O-ring against a flat smooth surface on an opposite
male mating end, and/or a circular groove in each male mating end for receiving
an O-ring for sealing the connector by forcing the O-ring against a flat smooth
surface on an opposite female mating end;

d. a space between an interior of the connector and at least a portion of an external
surface of the joint, the space being configured for receiving a fluid leaking out
of the joint; and

e. at least one port allowing connecting the space with an exterior of the connector.

In some embodiments the coupling ends have threads for respective nuts pressing

sealing elements upon the respective coupled pipes.

In some embodiments the sealing elements are conic ferrules, O-rings, or a combination

thereof.

In some embodiments said space has of a volume of at least / cm®.

In some embodiments a port is installed in each of said at least one male part and/or
each of at least one female part allows connecting the space with an exterior of the

connector.

In some embodiments said port is connected to at least one of a pressure gauge, a leak
detector, a closed reservoir configured for safe receiving of a leaked fluid, and a

stopper.

In some embodiments each of the at least one female part and each of the at least one

male part has the mating end wider than the coupling end.

In some embodiments each of the at least one female part and each of the at least one

male part has a rectangular part in between the mating end and the coupling end.

2
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In some embodiments each of the at least one female part and each of the at least one

male part has knurling on the mating end and/or on the coupling end.

In some embodiments the pipes and the joint are configured to withstand a
predetermined maximal fluid pressure, and the connector is configured to withstand

a pressure larger than said maximal fluid pressure by at least 30%.

In some embodiments each of the at least one male and at least one female parts of the

connector include metallic or polymer materials.

According to another aspect, a method is provided for installing a containment
connector over a joint joining a first fluid pipe and a second fluid pipe, the method
comprising:

a. inserting an O-ring into a circular groove in a mating end of a male part and/or of
a female part of the connector, wherein said O-ring allows sealing the connector
by coupling a mating end to a flat smooth surface on an opposite mating end of a
respective female part or a male part of the connector;

b. inserting an end of the first pipe through a first ordered series including a nut, at
least one sealing element, and a coupling end of a female part of the connector
having a thread for receiving the nut, or through said first ordered series in
reverse;

c. inserting an end of the second pipe through a second ordered series including a
nut, at least one sealing element and a coupling end of a male part of the connector
having a thread for receiving the nut or through said second ordered series in
reverse;

d. screwing said male part into said female part, wherein the male part having an
external thread and the female part having a corresponding internal thread, and
said O-ring being pressed on said flat smooth surface, wherein a space is formed
between an interior of the connector and at least a portion of an external surface
of the joint allowing receiving a fluid leaking out of the joint;

e. screwing nuts over the respective sealing elements and over threads of the
coupling ends of the connector parts for hermetic coupling the female or male

part to the respective pipes; and



10

15

20

25

30

WO 2024/184883 PCT/IL2024/050240

f. installing at least one receiving element on at least one port allowing connecting

the space with an exterior of the connector.

In some embodiments the method includes a step of joining the first fluid pipe and the
second fluid pipe, wherein the step of joining the pipes is executed before or after
the step of inserting an end of the first pipe through a first ordered series and the

step of inserting an end of the second pipe through a second ordered series.

In some embodiments the method includes inserting an end of the first pipe through an
ordered series including a nut, at least one sealing element, and a coupling end of a

female part of the connector having a thread for receiving the nut.

In some embodiments the method includes inserting an end of the first pipe through an
ordered series including a female part of the connector having a thread for

receiving, at least one sealing element, and a nut.

In some embodiments the method includes inserting an end of the second pipe through
an ordered series including a nut, at least one sealing element and a coupling end

of a male part of the connector having a thread for receiving the nut.

In some embodiments the method includes inserting an end of the second pipe through
an ordered series including a coupling end of a male part of the connector having a

thread for receiving a nut, at least one sealing element and a nut.

In some embodiments the method includes inserting an O-ring into a circular groove in
a mating end of a male part of the connector, wherein said O-ring being configured
for sealing the connector by coupling to a flat smooth surface on an opposite mating

end of a female part of the connector.

In some embodiments said at least one port is installed in said male part and/or in said

female part.
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In some embodiments the method includes connecting said port to at least one of a

pressure gauge, a leak detector, a closed reservoir configured for safe receiving of a

leaked fluid, or a stopper.

Some embodiments further comprise subsequent to steps a)-e) sucking via the at least

one port air out of the connector and subsequently leaving the connecter under sub-

pressure relative to atmospheric pressure outside the connector..

According to another aspect, a containment connector is provided for containing a joint

joining at least one first fluid pipe and at least one second fluid pipe, the connector

comprising:

a. at least one female part, each having a coupling end for hermetically coupling the
respective female part to one of the at least one first pipe, and a female mating
end for mating with one of at least one male part;

b. each of said at least one male part having a coupling end for hermetically coupling
the respective male part to one of the at least one second pipe, and a male mating
end for mating with one of said at least one female part;

c. means for urging each female mating end against an opposite male mating end, in
a direction essentially parallel to the length of a pipe coupled to the male part of
the male mating end or the female part of the female mating end, and for sealing
a gap between female mating end against an opposite male mating end;

d. a space between an interior of the connector and at least a portion of an external
surface of the joint, the space being configured for receiving a fluid leaking out
of the joint; and

e. at least one port allowing connecting the space with an exterior of the connector.

In some embodiments means for urging each female mating end against an opposite
male mating end are selected from a group consisting of: threads, clamps, clasps,

and a combination thereof.

In some embodiments means for sealing a gap between female mating end against
an opposite male mating end are selected from a group consisting of: O-rings,

gaskets and a combination thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and distinctly

claimed in the concluding portion of the specification. The invention, however, both as

to system organization and method of operation, together with features and advantages

thereof, may best be understood by reference to the following detailed description when

read with the accompanied drawings in which:

Fig. 1A is a perspective view of a containment connector for containing a joint joining
two pipes according to a preferred embodiment.

Fig. 1B is a cross-section of the connector shown in Fig. 1A.

Fig. 2A is a schematic perspective view of a female part of the connector.

Fig. 2B is a cross section of the female part shown in Fig. 2A.

Fig. 2C shows a segment of a thread on a coupling end of the female or male parts.

Fig. 2D shows a segment of an internal thread of a mating end of the female part shown
in Fig. 2A.

Fig. 3A is a perspective view of a male part of the connector shown in Fig. 1A,
exhibiting a port.

Fig. 3B is a cross section of the male part shown in Fig. 3A along a plane which bisects
the port.

Fig. 3C is a cross section of the male part shown in Fig. 3D along a plane perpendicular
to the bisection plane of Fig. 3B.

Fig.3D shows a segment of an external thread of a mating end of the male part shown
in Fig. 3A.

Fig. 4A is a perspective enlarged view of the coupling end of the male part shown in
Fig. 3A, or of the female part shown in Fig. 2A.

Fig. 4B is a cross section view of the coupling end coupled to a pipe by a hexagonal
nut, a conic ferrule and an O-ring.

Fig. 4C is an expanded view of the coupling end, showing the conic ferrule, an O-ring
holder, and the hexagonal nut.

Fig. 5 is a flowchart of a method for installing a containment connector over a joint

joining two pipes.

DETAILED DESCRIPTION OF THE INVENTION
The present invention will now be described in terms of specific example embodiments.

It is to be understood that the invention is not limited to the example embodiments

6
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disclosed. It should also be understood that not every feature of the methods and
systems is necessary to implement the invention as claimed in any particular claim of
the appended claims. Various elements and features of devices are described to fully
enable the invention. It should also be understood that throughout this disclosure, where
a method i1s shown or described, the steps of the method may be performed in any order
or simultaneously, unless it is clear from the context that one step depends on another
being performed first.

Before explaining an embodiment of the invention in detail, it is to be understood
that the invention is not limited in its application to the details of construction and the
arrangement of the components set forth in the following description or illustrated in
the drawings. The invention is capable of other embodiments or of being practiced or
carried out in various ways. Also, it is to be understood that the phraseology and
terminology employed herein is for the purpose of description and should not be
regarded as limiting.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The systems, methods, and examples provided herein are illustrative
only and not intended to be limiting.

In the description and claims of the present application, each of the verbs
"comprise”, "include" and "have", and conjugates thereof, are used to indicate that the
object or objects of the verb are not necessarily a complete listing of members,
components, elements or parts of the subject or subjects of the verb.

Semi-conductor manufacturing systems, for example only, include pipes where
toxic gases flow, and joints that connect such pipes. Even though pipe joints are
designed to prevent any gas leakage, some failures that lead to gas leaks do occur. Thus,
there is a need to secure the joints by additional means to keep teams and equipment
protected from toxic or hazardous gases. Such means is a containment connector 10,
shown in the perspective view of Fig. 1A and in the corresponding cross-section
drawing of Fig. 1B. The connector 10 contains a joint 15 joining two pipes 20 and 25
and thus enables control of the leak from the joint 15, if it occurs. The connector 1§
comprises & female part 3¢ and a male part 35 which mate with each other to close the

vicinity of the joint.
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{ne of the advantages of this kind of containment connector is gasy adaptation of
the connector’s structure for more complex flow systerns.  For example, some
ernbodiments comprise more than one female part and/or more than one male part, to
allow connecting more than two pipes to each other and containing their joints. Une or
wmore of such parts e.g., two {emale parts, may have a structure exactly hike, or simoilar
to, the structures described below. Other corresponding parts, e.g., a single male part,
may be appropriately adapted in their structure to allow for such connecting, as will be

clear to skilled in the art, but will generally be faithful to the structures described below.

Fig. 2A is a perspective schematic view of the female part 30, and Fig. 2B is a
cross section thereof. The female part 30 has a relatively narrow coupling end 40 for
hermetically coupling the female part to the pipe 20, a relatively wide mating end 45
for mating with the male part 35, and a hexagonal part 50 in between. A thread 55 in
the coupling end 40, shown in Figs. 2B and 2C [not shown in Figure 2A], enables
receiving a nut 60 shown in Fig. 1A for coupling the female part 30 to the pipe 20, as
further detailed below.

The mating end 45 has an internal thread 65, as shown in Figs. 2B and 2D, for
mating with a corresponding external thread of the male part 35.

Referring now to the male part 35, it is illustrated in Figs. 3A-3D. Fig.3Bisa
cross section of the male part 35 along a plane P1 which bisects port 70. Fig. 3C is a
cross section of the male part 35 along a plane perpendicular to the plane of Fig. 3B.
The male part 35 includes a relatively narrow coupling end 40" for hermetically
coupling the male part to the pipe 25, a relatively wide mating end 75, from which an
external mating thread 80 protrudes, and a rectangular e.g., hexagonal part 50', between
the coupling end 40' and the mating end 75. The external mating thread 8§ is engaged
by rotation with the internal mating thread &5 of the female part 30 around axis Y. The
hexagonal parts S8 and 536 in the female and male parts, respectively, facilitate mutual
rotation using a corresponding hexagonal key, a wrench or other suitable tool (not
shown).

In alternative embodiments the coupling ends and/or the mating ends and/or nuts
comprise knurling, which may facilitate tightening by hand of the parts. With knurling
on the mating ends there may be no hexagounal part 48 or other rectangular part for
tightening with a tool. Other means can be used to facilitate or enable the tightening,
depending upon the amount of required or optimal force.

8
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For further hermetic sealing, a circular groove 83 in the male mating end 75
reccives an O-ring 94, shown in Fig. 1B, Thus, the rotation of the female relative to the
male parts ju a closing direction forces the O-ring 90 against a {lat smooth surface 95
on an opposite female mating end 45, shown in Fig. 2B.

Referring to Fag. 1B, there 1s a space 10 between an 1nterior of the conoector 14
and a portion of an external surface 16 of the joint 15. In some cmbodiments, the space
106 has a volume of at least 5 e, at least 2 om® or at feast 7 cm”. The space 188 can
receive a fluid leaking out of the joint 13, if such a leak occurs. The port 78 allows to
safely connect the space 100 with an exterior of the connector 10 in order to safely
remove leaked fluid. The port 76 may be connected {or example o a pressure gauge,
a leak detector, a closed reservoir configured for safe receiving of a leaked {luid, or to
a stopper 183, or a combination thereof.

Referring back to Fig. 1A, the outer diameters B28E and D25E of the respective
pipes 28 and 23 are substantially the same. Also, the oner diameters D281 and D251 of
the respective pipes 20 and 25 are substantially the same. Alternatively, in some
ernbodiments the two pipes 28 and 25 have a different inner diameter, or different outer
diameter, or both.

For later use below, proximal ends 20N and 23N of respective pipes 20 and 25,
which are coupled by joint 15, as well as distal ends 20F and 28F, are designated on
Fig. 1B.

Usually, the pipes 28 and 25 and the joint 15 are designed and made for
withstanding a predetermined maximal floid pressure. Accordingly, the connector is
contigured to withstand a pressure larger than the predetermined maximal fluid pressure
by most preferably at least 60%, less preferably by at least 30%, or least preferably by
at least 20%.

The male and female parts of the connector ¢ may include metallic or polymer
materials or combinations thereof. Preferably, these materials include elastomers. The
materials are preferably inert to the finids that nught leak from the joint.

For further discussion of the hermetic sealing of the coupling ends 40 and 40' to
the respective pipes 20 and 25, reference is made to Figs. 4A, 4B, and 4C which
respectively present a perspective enlarged view, a cross section view and an expanded
view of the coupling end 40. The coupling end 40 includes a conic termination 107 for
receiving a compatible conic ferrule 110. A conic ferrule 110, and an O-ring 115 held

by O-ring holder 120 are inserted into the coupling end 40, and a hexagonal nut 60 is

9
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screwed over thread 55 to ensure hermetic sealing and affixation of the connector to the
pipes.

Alternative arrangements of sealing means incorporated in the containment
connector can be used to hermetically seal and affix the connector as will occur to the
skilled in the art.

Fig. 5 is a flowchart of a method 200 for installing a containment connector 10
over a joint 15 joining two pipes 20 and 25. The method comprises a step 205 of
inserting an O-ring 99 into a circular groove in a mating end 75 of a male part 35, a step
210 of inserting an end of the pipe 28 through a series of clements, a step 218 of
inserting an end of the pipe 25 through a series of elements, a step 225 of screwing the
male part 35 into the female part 30, a step 238 of screwing nuts 64 over sealing
elements 114 and 115 and over threads 55 and 535' of the respective coupling ends 48
and 48" of the female and male parts for hermetic coupling to the respective pipes 26
and 253, and the step 235 of installing a receiving element 185 on an exit of a port 78
comnecting a space 100 between the connector 18 and the joint 15 with an exterior of
the connector 10

The (G-ring 88 seals the connector 14 by {orcing it to a flat smooth surface 95 on
an opposite mating end 48 of the female part 33, An end of the pipe 20 is nserted
through a f{irst ordered series which includes a hexagonal nut 68, a conic ferrule 116,
an O-ring holder 28, and a coupling end 40 of a female part 3¢ which has a thread 55
for receiving the nut 68, or through the first ordered series in reverse. An end of the
pipe 28 is inserted through a second ordered series, substantially the same as the first
ordered series or through the second ordered series in reverse.

A mating end 75 of the male part 35 has an external thread 80, while a mating
end 48 of the {emale part 38 has a corresponding internal thread 65, The space 106 is
formed between an interior of the connector 18 and an external surface of the joint 15,
and is ready to receive a floid leaking out of the joint 15, The nuts 68 arc screwed over
the respective conic ferrules 118 and O-ning holders 128, and over respective threads
55 of the coupling ends 40 and 48’ of the connector male and female parts for hermetic
coupling to the respective pipes 28 and 25.

The method may include a step 220 of joining the fluid pipes 28 and 258, Usually,
the siep 228 1s executed after the step 218 of inserting an end of the pipe 2{¢ through a
first ordered series and the siep 235 of inserting an end of the pipe 25 through a sccond
ordered series. In such a case, the proximal ends 28N and 23N of the respective pipes

10
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24 and 25, which the joint 5 couples to cach other, are still available for the respective
steps 214 and 215 of inserting. The order of inserting 1S a nut 6§, a ferrule 119 an O-
ring holder 128, and a coupling end 48 or 44" which has a thread 35 for receiving the
nut 6.

In case that there is an access to the distal ends 20F and 25F of the respective
pipes 20 and 25, the step 220 of joining the pipes may be executed before the steps 216
and 215, and the order inserting of the first and second ordered series is reversed.

In some embodiments, after assembling the containment connector, but before
flowing fluid via the pipes, a sub-pressure is created within the connector relative to the
environment outside the connector, for example by operationally and fluidically
connecting a vacuum pump to the port, opening the port and sucking air out of the
connector, and closing the port while the vacuum pump is sucking. This sub-pressure
can help prevent build-up of pressure within the connector and allow for time to safely

fix the contained leak out of the pipes.

The following are some aspects and embodiments that contribute to the definition of

the invention contemplated herein:

AA. A containment connector for containing a joint joining at least one first fluid pipe
and at least one second fluid pipe, the connector comprising:

a. at least one female part, each having a coupling end for hermetically coupling the
respective female part to one of the at least one first pipe, and a female mating
end having an internal thread for mating with one of at least one male part;

b. each of said at least one male part having a coupling end for hermetically coupling
the respective male part to one of the at least one second pipe, and a male mating
end having an external thread for mating with one of said at least one female part;

c. a circular groove in each female mating end for receiving an O-ring for sealing
the connector by forcing the O-ring against a flat smooth surface on an opposite
male mating end, and/or a circular groove in each male mating end for receiving
an O-ring for sealing the connector by forcing the O-ring against a flat smooth
surface on an opposite female mating end;

d. a space between an interior of the connector and at least a portion of an external
surface of the joint, the space being configured for receiving a fluid leaking out

of the joint; and

11
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e. at least one port allowing connecting the space with an exterior of the connector.

AB. The connector of AA wherein the coupling ends have threads for respective nuts

pressing sealing elements upon the respective coupled pipes.

AC. The connector of claim AB wherein the sealing elements are conic ferrules, O-

rings, or a combination thereof.

AD. The connector of any one of AA-AC wherein said space has of a volume of at least

3

1 cm’. Preferably, the space has a significantly larger volume, for example, at

least 10 cm?>.

AE. The connector of any one of AA-AD wherein a port installed in each of said at
least one male part and/or each of at least one female part allows connecting the

space with an exterior of the connector.

AF. The connector of any one of AA-AE wherein said port is connected to at least one
of a pressure gauge, a leak detector, a closed reservoir configured for safe receiving

of a leaked fluid, and a stopper.

AG. The connector of any one of AA-AF wherein each of the at least one female part
and each of the at least one male part has the mating end wider than the coupling

end.

AH. The connector of any one of AA-AG wherein each of the at least one female part
and each of the at least one male part has a rectangular part in between the mating

end and the coupling end.

Al The connector of any one of AA-AG wherein each of the at least one female part
and each of the at least one male part has knurling on the mating end and/or on the

coupling end.

AJ. The connector of any one of AA-AI wherein the pipes and the joint are configured

to withstand a predetermined maximal fluid pressure, and the connector is

12
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configured to withstand a pressure larger than said maximal fluid pressure by at least

30%.

AK. The connector of any one of AA-AJ wherein each of the at least one male and at

least one female parts of the connector include metallic or polymer materials.

BA. A method for installing a containment connector over a joint joining a first fluid
pipe and a second fluid pipe, the method comprising:

a. inserting an O-ring into a circular groove in a mating end of a male part and/or of
a female part of the connector, wherein said O-ring allows sealing the connector
by coupling a mating end to a flat smooth surface on an opposite mating end of a
respective female part or a male part of the connector;

b. inserting an end of the first pipe through a first ordered series including a nut, at
least one sealing element, and a coupling end of a female part of the connector
having a thread for receiving the nut, or through said first ordered series in
reverse;

c. inserting an end of the second pipe through a second ordered series including a
nut, at least one sealing element and a coupling end of a male part of the connector
having a thread for receiving the nut or through said second ordered series in
reverse;

d. screwing said male part into said female part, wherein the male part having an
external thread and the female part having a corresponding internal thread, and
said O-ring being pressed on said flat smooth surface, wherein a space is formed
between an interior of the connector and at least a portion of an external surface
of the joint allowing receiving a fluid leaking out of the joint;

e. screwing nuts over the respective sealing elements and over threads of the
coupling ends of the connector parts for hermetic coupling the female or male
part to the respective pipes; and

f. installing at least one receiving element on at least one port allowing connecting

the space with an exterior of the connector.

BB. The method of BA wherein the method includes a step of joining the first fluid pipe

and the second fluid pipe, wherein the step of joining the pipes is executed before
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or after the step of inserting an end of the first pipe through a first ordered series

and the step of inserting an end of the second pipe through a second ordered series.

BC. The method of BA or BB wherein the method includes inserting an end of the first
pipe through an ordered series including a nut, at least one sealing element, and a

coupling end of a female part of the connector having a thread for receiving the nut.

BD. The method of BA or BB wherein the method includes inserting an end of the first
pipe through an ordered series including a female part of the connector having a

thread for receiving, at least one sealing element, and a nut.

BE. The method of any one of BA-BD wherein the method includes inserting an end of
the second pipe through an ordered series including a nut, at least one sealing
element and a coupling end of a male part of the connector having a thread for

receiving the nut.

BF. The method of any one of BA-BD wherein the method includes inserting an end of
the second pipe through an ordered series including a coupling end of a male part of
the connector having a thread for receiving a nut, at least one sealing element and a

nut.

BG. The method of any one of BA-BF wherein the method includes inserting an O-ring
into a circular groove in a mating end of a male part of the connector, wherein said
O-ring being configured for sealing the connector by coupling to a flat smooth

surface on an opposite mating end of a female part of the connector.

BH. The method of any one of BA-BG wherein said at least one port is installed in said

male part and/or in said female part.
BI. The method of any one of BA-BH wherein the method includes connecting said

port to at least one of a pressure gauge, a leak detector, a closed reservoir configured

for safe receiving of a leaked fluid, or a stopper.
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BJ. The method of any one of BA-BI further comprising subsequent to steps a)-e)

sucking via the at least one port air out of the connector and subsequently leaving
the connecter under sub-pressure relative to atmospheric pressure outside the

connector..

CA. A containment connector for containing a joint joining at least one first fluid pipe

and at least one second fluid pipe, the connector comprising:

a. at least one female part, each having a coupling end for hermetically coupling the
respective female part to one of the at least one first pipe, and a female mating
end for mating with one of at least one male part;

b. each of said at least one male part having a coupling end for hermetically coupling
the respective male part to one of the at least one second pipe, and a male mating
end for mating with one of said at least one female part;

c. means for urging each female mating end against an opposite male mating end, in
a direction essentially parallel to the length of a pipe coupled to the male part of
the male mating end or the female part of the female mating end, and for sealing
a gap between female mating end against an opposite male mating end;

d. a space between an interior of the connector and at least a portion of an external
surface of the joint, the space being configured for receiving a fluid leaking out
of the joint; and

e. at least one port allowing connecting the space with an exterior of the connector.

CB. The containment connector of CA, wherein means for urging each female
mating end against an opposite male mating end are selected from a group
consisting of: threads, clamps, clasps, and a combination thereof.

CC. The containment connector of CA or CB, wherein for sealing a gap between
female mating end against an opposite male mating end are selected from a group
consisting of: O-rings, gaskets and a combination thereof.

CD. The containment connector of any one of CA to CC, further comprising any of

the features defined in AD-AK.
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CLAIMS:
1. A containment connector for containing a joint joining at least one first fluid pipe
and at least one second fluid pipe, the connector comprising:

a. at least one female part, each having a coupling end for hermetically coupling the
respective female part to one of the at least one first pipe, and a female mating
end having an internal thread for mating with one of at least one male part;

b. each of said at least one male part having a coupling end for hermetically coupling
the respective male part to one of the at least one second pipe, and a male mating
end having an external thread for mating with one of said at least one female part;

c. a circular groove in each female mating end for receiving an O-ring for sealing
the connector by forcing the O-ring against a flat smooth surface on an opposite
male mating end, and/or a circular groove in each male mating end for receiving
an O-ring for sealing the connector by forcing the O-ring against a flat smooth
surface on an opposite female mating end;

d. a space between an interior of the connector and at least a portion of an external
surface of the joint, the space being configured for receiving a fluid leaking out
of the joint; and

e. at least one port allowing connecting the space with an exterior of the connector.

2. The connector of claim 1 wherein the coupling ends have threads for respective nuts

pressing sealing elements upon the respective coupled pipes.

3. The connector of claim 2 wherein the sealing elements are conic ferrules, O-rings, or

a combination thereof.
4. The connector of claim 1 wherein said space has of a volume of at least / cm?.
5. The connector of claim 1 wherein a port installed in each of said at least one male

part and/or each of at least one female part allows connecting the space with an

exterior of the connector.
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6. The connector of claim 1 wherein said port is connected to at least one of a pressure
gauge, a leak detector, a closed reservoir configured for safe receiving of a leaked

fluid, and a stopper.

7. The connector of claim 1 wherein each of the at least one female part and each of

the at least one male part has the mating end wider than the coupling end.

8. The connector of claim 1 wherein each of the at least one female part and each of the
at least one male part has a rectangular part in between the mating end and the

coupling end.

9. The connector of claim 1 wherein each of the at least one female part and each of

the at least one male part has knurling on the mating end and/or on the coupling end.

10. The connector of claim 1 wherein the pipes and the joint are configured to withstand
a predetermined maximal fluid pressure, and the connector is configured to

withstand a pressure larger than said maximal fluid pressure by at least 30%.

11. The connector of claim 1 wherein each of the at least one male and at least one

female parts of the connector include metallic or polymer materials.

12. A method for installing a containment connector over a joint joining a first fluid
pipe and a second fluid pipe, the method comprising:

a. inserting an O-ring into a circular groove in a mating end of a male part and/or of
a female part of the connector, wherein said O-ring allows sealing the connector
by coupling a mating end to a flat smooth surface on an opposite mating end of a
respective female part or a male part of the connector;

b. inserting an end of the first pipe through a first ordered series including a nut, at
least one sealing element, and a coupling end of a female part of the connector
having a thread for receiving the nut, or through said first ordered series in
reverse;

c. inserting an end of the second pipe through a second ordered series including a

nut, at least one sealing element and a coupling end of a male part of the connector
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having a thread for receiving the nut or through said second ordered series in
reverse;

d. screwing said male part into said female part, wherein the male part having an
external thread and the female part having a corresponding internal thread, and
said O-ring being pressed on said flat smooth surface, wherein a space is formed
between an interior of the connector and at least a portion of an external surface
of the joint allowing receiving a fluid leaking out of the joint;

e. screwing nuts over the respective sealing elements and over threads of the
coupling ends of the connector parts for hermetic coupling the female or male
part to the respective pipes; and

f. installing at least one receiving element on at least one port allowing connecting

the space with an exterior of the connector.

13. The method of claim 12 wherein the method includes a step of joining the first fluid
pipe and the second fluid pipe, wherein the step of joining the pipes is executed
before or after the step of inserting an end of the first pipe through a first ordered
series and the step of inserting an end of the second pipe through a second ordered

series.

14. The method of claim 12 wherein the method includes inserting an end of the first
pipe through an ordered series including a nut, at least one sealing element, and a

coupling end of a female part of the connector having a thread for receiving the nut.

15. The method of claim 12 wherein the method includes inserting an end of the first
pipe through an ordered series including a female part of the connector having a

thread for receiving, at least one sealing element, and a nut.

16. The method of claim 12 wherein the method includes inserting an end of the second
pipe through an ordered series including a nut, at least one sealing element and a

coupling end of a male part of the connector having a thread for receiving the nut.

17. The method of claim 12 wherein the method includes inserting an end of the second
pipe through an ordered series including a coupling end of a male part of the

connector having a thread for receiving a nut, at least one sealing element and a nut.
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18. The method of claim 12 wherein the method includes inserting an O-ring into a
circular groove in a mating end of a male part of the connector, wherein said O-ring
being configured for sealing the connector by coupling to a flat smooth surface on

an opposite mating end of a female part of the connector.

19. The method of claim 12 wherein said at least one port is installed in said male part

and/or in said female part.

20. The method of claim 12 wherein the method includes connecting said port to at least
one of a pressure gauge, a leak detector, a closed reservoir configured for safe

receiving of a leaked fluid, or a stopper.

21. The method of claim 12 further comprising subsequent to steps a)-e) sucking via
the at least one port air out of the connector and subsequently leaving the connecter

under sub-pressure relative to atmospheric pressure outside the connector..

22. A containment connector for containing a joint joining at least one first fluid pipe
and at least one second fluid pipe, the connector comprising:

a. at least one female part, each having a coupling end for hermetically coupling the
respective female part to one of the at least one first pipe, and a female mating
end for mating with one of at least one male part;

b. each of said at least one male part having a coupling end for hermetically coupling
the respective male part to one of the at least one second pipe, and a male mating
end for mating with one of said at least one female part;

c. means for urging each female mating end against an opposite male mating end, in
a direction essentially parallel to the length of a pipe coupled to the male part of
the male mating end or the female part of the female mating end, and for sealing
a gap between female mating end against an opposite male mating end;

d. a space between an interior of the connector and at least a portion of an external
surface of the joint, the space being configured for receiving a fluid leaking out
of the joint; and

e. at least one port allowing connecting the space with an exterior of the connector.
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23. The containment connector of claim 22, wherein means for urging each female
mating end against an opposite male mating end are selected from a group

consisting of: threads, clamps, clasps, and a combination thereof.
24. The containment connector of claim 22, wherein means for sealing a gap between

female mating end against an opposite male mating end are selected from a group

consisting of: O-rings, gaskets and a combination thereof.
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-*- Continuation of Box |ll Observations where unity of invention is lacking -*-

The inventions listed as Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

'ghe invlf,mion of Group | includes the special technical feature of a connector comprising at least one port, not required by the claims of
roup Il.

The invention of Grogp Il includes the special technical feature of inserting an end of a first pipe through a first ordered series including a
nuf, at least one sealing element, and a coupling end of a female part of a connector having a thread for receiving the nut, or through
said first ordered series in reverse, not required by the claims of Group I.

COMMON TECHNICAL FEATURES

Groups |-Il share the common technical features of a system including:

a containment connector for containing a joint joining at least one first fluid pipe and at least one second fluid pipe;

at Ieastlone female part, each having a coupling end, and a female mating end having an internal thread for mating with one of at least
one male part;

each of said at least one male part having a coupling end, and a male mating end having an external thread for mating with one of said
at least one female part;

at least one of (i} a circular groove in each female mating end for receiving an O-ring for sealing the connector by forcing the O-ring
against a flat smooth surface on an opposite male mating end, and (ii) a circular groove in each male mating end for receiving an O-ring
for sealing the connector by forcing the O-ring against a flat smooth surface on an opposite female mating end;

a space between an interior of the connector and at least a portion of an external surface of the joint, the space being configured for
receiving a fluid leaking out of the joint;

at least one port connecting the space with an exterior of the connector, and

hermetically coupling the female or male part to the respective pipes.

However, this shared technical feature does not represent a contribution over prior art as being obvious over US 2023/0024126 A1 to
Fuijikin Incorporated (hereinafter “Fujikin”) in view of US 9,151,426 B2 to Spears Manufacturing Co., (hereinafter “Spears”).

Fujikin discloses, in the embodiment of Fig 1-3B, a system (1; Fig 1; para [0035]) including:

a containment connector (30, 40 collectively; Fig 1; para [0035]) for containing a joint (a joint between pipe members 10A and 10B that
includes the flange portion 11 of each of 10A and 10B; Fig 1; para [0035]-[0036]) joining at least one first fluid pipe (10B; Fig 1; para
[0035]-[0036]) and at least one second fluid pipe (10A; Fig 1; para [0035]-[0036]);

at least one female part (40; Fig 1; para [0035]), each having a coupling end (41; Fig 1; para [0044]), and a female mating end (a left end
of the female part 40 from the perspective of Fig 1-2) having an internal thread (43; Fig 1; para [0044]) for mating with one of at least one
male part (30; Fig 1; para [0044]);

each of said at least one male part (30; Fig 1; para [0035]) having a coupling end (36; Fig 1; para [0041]), and a male mating end (34;
Fig 1; para [0040]) having an external thread (37; Fig 1; para [0040)) for mating with one of said at least one female part (40; Fig 1; para
[0044));

a circular groove (groove 44, implied to be circular because male part 30 and female part 40 each have a generally cylindrical shape; Fig
1; para [0039]: “The male screw member 30, as shown in FIG. 3A and FIG. 3B, is a metal member formed in a cylindrical shape”; para
[0044]: “Returning to FIG. 1, the female screw member 40 is a so-cailed cap nut, which is formed in a cylindrical shape . . . A groove 44
for mounting the seal member 50 is formed at a position adjacent to the rear end portion 41 on the inner peripheral surface of the female
screw member 40") for receiving an O-ring (the seal 50, implied to be an O-ring having a generally circular shape corresponding to the
circular shape of the groove 44; para [0040], [0044]-[0046]) for sealing the connector (30, 40 collectively) by forcing the O-ring (50)
against a flat smooth surface (the flat smooth surface at the free end 30a, marked in Fig 2, of the male mating end 34 of the male part
30; para [0040], [0045]-{0046]) on an opposite male mating end (34; Fig 1; para [0045]-[0046]);

a space (gaps G1, G5, G6 and groove 35a collectively; Fig 1; para [0048]-[0049], [0053]-[0054], [0056]) between an interior {an interior
surface of 30, 40 collectively; Fig 1; para [0048]-[0049], [0053]-[0054], [0056]) of the connector (30, 40 collectively) and at least a portion
of an external surface (an external surface of the joint between pipe members 10A and 10B that includes the flange portion 11 of each of
10A and 10B; Fig 1; para [0035]-[0036], [0048]-[0049], [0053]-[0054], [0056]) of the joint (the joint between pipe members 10A and 10B
that includes the flange portion 11 of each of 10A and 10B; Fig 1; para [0035]-{0036], [0048]-[0049], [0053]-[0054], [0056]), the space
(gaps G1, G5, G6 and groove 35a collectively) being configured for receiving a fluid (a fluid that leaks from an internal path of the pipe
members 10A and 10B, out of the joint, and to the space that includes gaps G1, G5, G6 and groove 35a collectively; Fig 1; para [0035]-
[0036], [0058]) leaking out of the joint (the joint between pipe members 10A and 10B that includes the flange portion 11 of each of 10A
and 10B; Fig 1; para [0035]-[0036], [0058]);

at least one port (38; Fig 1; para [0058]) allowing a connection of the space (the joint between pipe members 10A and 10B that includes
the flange portion 11 of each of 10A and 10B; Fig 1; para [0035]-[0036], [0058]) with an exterior of the connector (an exterior of the
connector 30, 40 collectively; Fig 1; para [0035]-[0036], [0058]), and

hermetically coupling the female (40) or male part (30) to the respective pipes (10B and 10A, respectively, where the female part 40 is
hermetically coupled to the pipe 10B via the seal 50, and the male part 30 is hermetically coupled to the pipe 10A via the seal 60; Fig 1;
para [0035]),

but Fujikin fails to disclose:

the circular groove in each female mating end -- because Fujikin discloses that the circular groove is in a middle of a body of the female
part between the ends.

Spears disclose a connector (10; Fig 1, 3; col 2, In 69 to col 3, In 2) including a male part (22; Fig 3; col 3, In 3-5), and a female part (24,
38 collectively; Fig 3; col 3, In 3-5, 23-30) including a female coupling end (34; Fig 3; col 3, In 6-8) and a female mating end (32; Fig 3;
col 3, In 6-8, 23-30) that includes a circular groove (the circular groove in 32 for O-ring 41; Fig 2-3; col 3, In 23-30).

It would have been obvious to one having ordinary skill in the art that the system of Fuijikin could have been modified as claimed in view
of Spears in order to promote sealing at each end of components of the connector to prevent leakage of hazardous material.

-*- Continued on next extra sheet -*-
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As the common technical features were known in the art, these cannot be considered special technical features that would otherwise
unify the groups.

Therefore, Groups -l lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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