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(57) Abréegée/Abstract:

The seal can be used at high temperature. It iIs composed of a central flexible graphite core (10) maintained In its shape by two
metal cups (12) that do not touch. It is all surrounded by a tight sheath (15) enabling the flexible core (10) to be maintained in a

neutral atmosphere such as a partial vacuum or a neutral gas.
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DESCRIPTIVE SUMMARY

The seal can be used at high temperature.
It i1s composed of a central flexible graphite core (10)
maintained in 1ts shape by two metal cups (12) that do
not touch. It 1s all surrounded by a tight sheath (15)
enabling the flexible core (10) to be maintained 1in a
neutral atmosphere such as a partial wvacuum or a

neutral gas.

Figure 6.
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SEAL IN FLEXIBLE GRAPHITE AND WITH METAL SHEATH FOR

HIGH TEMPERATURE

DESCRIPTION

Scope of the invention

The invention relates to the field of
statlic tightness, particularly for pipe flanges likely

to convey fluids at very high temperatures.

Previous technology and problem posed

With reference to figures 1, 2, 3, 4 and 5,
several types of seal are known that use several
materials such as metal and graphilte.

Figure 1 shows the first, «fluted» type of

seal, where a metallic core 1B 1s surrounded by two

thin lavers of graphite 1A. The metallic core 1B has
flutes on 1ts surface so that the graphite layers 1A
can penetrate slightly into the metallic core 1B so as
to result in the tightening of the joint.

Figure 2 shows a second, «wavy» type of
seal where a central metal layer 2B with a wavy shape
is covered on its two surfaces by a graphite laver Z2A,
also adopting the wavy shape.

Figure 3 shows a third, «spiralled» type of
seal where a graphite spiliral 3A 1s wrapped together

with a metal spiral 3B.

B 14145.3 JB
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Figure 4 shows a fourth, «metalloplastic»
type of seal where the central core 4A 1s 1n graphite
and 1s wrapped in a metal envelope 4B, 1n two parts.

Finally, a fifth, <«all graphite» type of
seal 1s represented in figure 5 where a central core 524
square or rectangular section 1s wrapped on each side
by two massive metal rings 5B.

In all these types of metalloplastic seals,
the asbestos has gradually given way to flexible
graphite, also called «expanded graphite». This 1s used
directly as a sealing material 1.e. 1t 1s 1n direct
contact with the components between which the seal must
be provided i.e. flanges. This 1s the case for example
with spiral, wavy and fluted seals with a lining. It 1is
also used indirectly as a lining element, particularly
with metalloplastic seals.

Replacing the asbestos with the graphite

has nevertheless not solved a problem relating to the
variety of performance levels observed with these
«composite» seals, 1.e. 1n connecting graphite and
metal. This 1s why 1in very difficult applications the
«all graphite» wvery quickly dominated because not only
does it show a high reproducibility of performance, but
it also allows metal/metal contact between the flanges
on the rings that demarcate the wvolume occupied by the
graphite.

The limits of use of these new matrixed
graphite seals are therefore closely linked to those ot

the material itself 1.e. the flexible graphite.

However, the essential parameter characterising the

expanded graphite is 1its level of purity 1.e. 1ts

B 14145.3 JB
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maximum ash content. The risk of corrosion and speed of
oxidation are therefore linked to this purity factor so
that a limit temperature of 550°C is widely accepted
for the purest graphites 1n the presence of oxygen.

The aim of the invention 1s to remedy this
drawback by proposing a different type of seal using
graphite and metal and able to resist temperatures

higher than 550°C.

Summary of the invention

For this purpose, the main object of the
invention 1s a seal 1n flexible graphite with a metal
envelope for high temperatures, consisting among other
things of a flexible graphite core and a metal envelope
surrounding the flexible core.

According to the 1nvention, this unit
composed of a flexible core surrounded by a metal
envelope 1s 1itself enclosed 1n a hermetically sealed
sheath, so that this c¢losed unit can work 1n a
controlled atmosphere. In fact 1t has been noted that,
in an 1nert atmosphere, 1.e. without oxygen, the
functioning temperature of the graphite can climb to
2. 000°C without changing 1ts physical properties. In
addition, the metal envelope 1is benefited by being
produced in two cups that do not completely surround
the flexible core.

For this reason an 1initial i1mplementation
of the invention provides for imposing a partial wvacuum

inside the sheath.

B 14145.3 JB
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Another ©possible 1mplementation provides
for putting a neutral gas i1nside the sheath.

Flexible graphite 1s preferably used to
constitute the flexible core.

In the main 1implementation the sheath 1is
meant to be of metal.

As far as 1ts shape 1s concerned, the
sheath can, when 1nitially 1mplemented, be 1n two
welded parts in a mid plane of the seal.

In a second i1mplementation, the sheath can

be produced, still 1n two parts, with the welds on

opposed edges, when the sheath section 1S
quadrilateral.

Finally, a third implementation of the
sheath provides that 1t 1s 1n four parts, two lateral,
one higher, one lower, all welded together.

The sheath will preferably be a square or
rectangular section.

It 1s a good 1dea to make sure that the
cups have projections on the sides where the sheath

must be under load when the seal 1s tightened.

List of figures

The 1nvention and 1its different technical
features will be Dbetter understood on reading the
followling description accompanied by several figures of
which the first have already been described.

These figures represent respectively:

B 14145.3 JB
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Figure 1, in section, a first type of
«fluted» seal, using the previous

technology;

Figure 2, 1in section, a second type of
KWwavy» seal, using the previous

technology

Figure 3, 1in section a third type of
«spiralled» seal, wusing the previous

technology;

Figure 4, in section a fourth type of
«metalloplastic» using the pPrevious

technology;

Figure 5, 1in section a fifth type of
«all graphite» seal using the previous

technology;

Figure 6 in section, a first
implementation of the seal according to

the invention:

Figure 7 in section, a second
implementation of the seal according to

the invention;

Figure 8 in section, a third
implementation of the seal according to

the invention:

Figure S 1n section, a fourth
lmplementation of the seal according to

the i1nvention.

30

Detailed description of four

implementations of the invention

B 14145.3 JB
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With reference to figure 6, the seal
according to the 1nvention 1s therefore a composite
seal linking a flexible internal core 10, composed of
expanded graphite or a material that 1is roughly

5 equivalent. It 1s specified that, to preserve 1its
elastic properties beyond 550°C the expanded graphite
must be mailintained 1n an atmosphere free of oxygen.
This 1S why, according to the invention, an
hermetically sealed sheath 15 1s produced, so as to

10 prevent any migration of corrosive gas towards the
graphite. It 1s anticipated that it may be possible to
extract oxygen 1f necessary and replace 1t by a neutral
gas like argon for example.

Thus the sheath 15 constitutes a metal box

15 that obstructs any transfer of gas from the outside of
this box thus constituted towards the inside, and wvice
versa. The flexible core 10 1n expanded graphite 1is
conditioned between the two metal cups 12 constituting
the metal envelope, the volume of this core being thus

20 demarcated to prevent any extrusion of the graphite,
during 1ts densification while being compressed during
the tightening phase. It 1s noted that a space 13
exlsts between these two cups 12 before tightening and
that it 1s reduced to a minimum at the end of

25 tightening.

The cups 12 have on their surfaces opposite
the part of the sheath 15 that must receive the parts
between which the seal must be established, several

projections 14. This in fact enables a concentration of
30 effort to be provided at the level of contact between

the seal and the raised face 1.e. the part to be

B 14145.3 JB
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sealed. This contributes to maintaining the seal. These
projections 14 are represented in the form of rounded
bosses but can also be triangular and rectangular.
Their height 1s dimensioned so as to prevent shearing
of the sheath 15 during the functioning of the sheath
at high temperature.

The metal envelope constituted by the cups
12 1s a lot more rigid than the sheath 15 that is also
metal. When the seal 1s being crushed, 1.e. when the
two parts between which the seal must be provided are
brought together, the flexible graphite of the core 10
reduces 1n volume by densifving and therefore exerts an
increasing global reaction on the envelope 15. This
global reaction 1is concentrated on the projections 14
formed outside the two cups 12.

Figure 7 presents a second 1implementation
of the seal according to the 1invention, this being a
little more complete. In fact, the sheath 25 1is
composed of two distinct parts, a higher 26S and lower
26I part. These two parts are welded in a mid plane by
thelir respective ends 27 which project outwards
creating flexible lips, facilitating the implementation
of welding and also making the sheath 25 more flexible
when the seal 1s being compressed. The flexible core 10
and the cups 12 constituting the metal envelope are
identical to the preceding described in figure 6.

' The third implementation represented on
figure 8 shows that the sheath 35 can be composed of
four parts:a higher part 36S, a lower part 361 and two
lateral parts 36L. These four parts are welded two by

two 1n two planes of 1internal walls of the higher 368

B 14145.3 JB



10

15

20

25

30

CA 02488902 2004-12-08

and lower 361 parts. The flexible core 10 and the cups
12 can have the same shapes as for the previous
implementations.

The fourth 1mplementation represented by
figure 9 has a flexible core 40 which 1s no longer
square but rectangular. This results in the cups 42
being a 1little wider and having a larger number of
projections 44. In contrast, the sheath 45 1s in two
parts, a higher 46S and a lower 46T each with a
vertical side 46L. Thelr weldings are therefore
provided on opposite edges of the rectangular shape of
the unit.

As a result of their application, the
materials used to constitute the metal sheath and the
Cups are therefore chosen according to their
temperature resistance and their mechanical resistance
to heat. The sheath should preferably be a nickel or
lron-based alloy because these materials are capable of
forming a protective layer against corrosion at high
temperature which can be composed of aluminium oxide or
a chromium oxide. The material composing the cups 1is
more limited 1n choilice since 1t 1s protected from
corrosion by the sheath. Nickel/chrome/iron alloys
which are commonly used, can be used. Other materials,
like ceramic can also be used for reuse or lifecycle
purposes.

As a dimensional example, for a seal with
an average diameter of 50 to 150 mm a section of

graphite of 5 x 5 mm, linked with cups of 0.5 mm 1in

thickness can be used. The thickness of the sheath must

be voluntarily limited to 0.10 or 0.20 mm and 1in this

B 14145.3 JB
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case the height of the projections is 0.05 or 0.15 mm
respectively.

It can be thus be understood that, once
closed, the graphite core can preserve 1ts effective
properties at high temperature once 1t 1s enclosed in

the sheath that surrounds 1t.

B 14145.3 JB
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CLAIMS

1. A seal, comprising:

a flexible core comprising flexible
graphite;
wherein it comprises:

a metal envelope surrounding the flexible
core; and

a sheath hermetically sealed, 1nside of
which is placed a unit comprising the metal envelope
and the flexible core,

the sheath comprises at least two parts
welded in a mid plane of the seal and

the metal envelope comprises two cups not
completely surrounding the flexible core.

2. The seal according to claim 1, wherein
the flexible core is made of flexible graphite.

3. The seal according to claim 1, wherein
the ingide of the sheath is maintained 1in a relative
vacuum.

4., The seal according to c¢laim 1, wherein

the inside of the sheath is maintained in neutral gas.

5. The seal according to c¢laim 1, whereln

the sheath 1s metallic.

6. The seal according to c¢laim 1, wherein
the sheath comprises two additional parts, the four

parts including a higher part, a lower part and two

lateral parts welded together.

7. The seal according to claim 1, wherein
the two parts of the sheath include a higher part
and a lower part, welded at a level of two opposite
edges of a quadrilateral formed by the seal.

8. The seal according to claim 1, wherein

the seal 1s of a sguare section.

9. The seal according to claim 1, wherein
24334561
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the seal is of a rectangular section.

10. The seal according to claim 9, wherein
the cups have projections located at a side where the

sheath is under a load.

2433456.1
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