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GASKET MATERIAL, GASKETS, AND RELATED METHODS

BACKGROUND

IB0BY] A gasket, in certain aspects, is a material or combination of
muterials clamped between two separable members or flanges of a mechanical joint.
The gasket functions to effect a seal between the flanges and maintain the seal for an
extended period of time. The flanges may be secared together with bolts to form a
joint. Commoen forces that may affect the joint inciude bolt load, hydrostatic end

force, and blowout pressure. A cet, i many applications, must bhe capable of

sealing the mating surfaces. and be impervious and resistant to the sealed media,

which may be referved to as chemically inert. The gaskets alzo must be able o
withstand the application of elevated temperature and pressure in many applications,
{0692]  Piping in corrosive applications, such as encountered in chemical
plants, frequently gse g\i istic like polyvinyl chioride (PVC), fiber reinforced plastic
(FRP), and glass lined piping. It wil] be appreciated that piping systems using these
materials are somewhat fragile and reguire a gasker that will effect a seal at
refatively low bolt toads because high bolt foads may crack or otherwise damage the
flanges. The gasket also must be dimensionally stable so as to maintain g seal

during a range of possible thermal changes in the provess (f.c., generalty known as

\ o

creep resistance) and have broad chemical compatibility (fe. generally known as

i&@ﬁ%} Prior attempts to address the problems associated with gaskets for

ase in fragile joints have included, for example, envelope gaskets, rabber gaskets,
rubber/polytetrafiourccthylene (FIFE) paskets, filled PTFE sheet gaskets, reduced

¢h as expanded PTFR)L microcellular PTFE gaskets and composite PTFE

sheet gaskets to name but a few. PTFE is commonly emploved for sasketing in
Ro%y 4 2 -

e
%
2z

ere Qf corrosive chemical environments as it has a number of desirable properties

FE is inherently tough, chemically

for use gs a gasketing material. For exampie, P1
inert; has good tensile strengih, and is stable over a broad range of temperatures

owever, pure PITE polvmer is not highly compressible {which also means PTFE

T
C'
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gaskets typically require higher bolt foads), and also is prone to creep, both of which

)

wmay result in the formation of leak paths.

{6884]  Envelope gaskets are a composite structure where a PTFE envelope
s filied with & move compressible filler, such as compressed fiber or felt. The PTFE
envelope provides chemisal resistance while deformability is provided by the fitler

material. However, FTEFE envelopes are refatively thin (0.010 to 0.029 inch) and can

3 ]

develop pin holes during manufaciure or while in service, therehy exposing the filler
to incompatible corrosive media, which may result in the formation of a leak path as
the filler s frequently not as resistant to the vorrosive environment. The & wciapc
gaskets also have the least compressible component, Le., the PTFE envelope as |
cutermost gasket surface,

[0683]  Ruobber gaskets are used routinely in plastic and FRP flanges
because of thelr compressibility and resiliency, and their ability to seal at relatively

fow bolt loads. However, rubber gaskets have limited chemical and temperature

b
b

resistance, and the proper compound must be specified for each application. Thus,
multiple process streams that ase the same piping are Hkely o require a time-

i

W

consuming and somewhat o

e
L

change of gaskets. Some envelope gaskets use a
rubber/PTFE combination that bonds a PTTE envelope at the inner dimension of a
rubber gasket. The envelope enhances the chemical resistence while the rebber
subsirate provides compressibility and deformability. Again however, the PYRE

envelopes are thin (0.010 to 0.020 inch) and can develop pin holes during

manufacture or while o service, thereby exposing the rubber substrate to

Lo
bt
oF
-
%
i
ey
o
et

ncompatible covrosive media, Likewise, the PTFE envelope, which is no

compressible, is the outermost layer in a rubber/PTFE envelope gasket.
[0886]  Filled PTFE sheets with good compressibility can be achieved by

incorporating microbalioons into the PTFE sheet material. Although PTFE
4 by -

material offers the fHexibility to be trimmed and modified by an end user, filled

bBait loads to seal.

34

FIFE sheet material typically requires relatively hig
Microcethdar PIVE sheets can be produced using & number of technigues, one of
which involves adding a filler 1o the PTFE prior to forming the sheet and then
removing the filler after the sheet is formed. Thas, voids remain in the PTFE sheet
material which give it a desired porosity (fe., microceliular PTFE). Asother method

2

A
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involves a particular sequence of extruding, stretching. and then heating to form a
product known as expanded PTFE. However, microceliular and porous PTFE are
generally very soft and flexible and can be difficalt to install in sitoations where

By

limited flange separation is possible. Further, because microceiiuiar and expanded

o

PTYE sheets are porous, @ gasket et from either must be fully compressed 1o clos

off the voids to prevent leakage through the gasket, and paskess cut from these
sheets typically require relatively high bolt loads to seal. In order to address the
vigidity issues associated with microcelinlar PTVE material, @t has been propesed to
taminate layers of microcellular PYTE and/or expanded PTFE sheets to full density
PTYE substrate, but testing has shown that these materials Hkewise require relatively
high bolt loads to seal.

{8007)  In view of the foregoing, improved gaskst material, gaskets

elated methods would be desirable.

SUMMARY
{B808] I one aspect of the disclosure. a method of manufaciuring 2 gasket
material may comprise inseriing a polyvmer sheet into a press.

{00891 In a further aspect of the technology, & sheet or prefabrication of the

b4

asket material may be formed by a sintering process and cold coining the sheet o

ﬂ

;:)rea“ahs‘icai‘,%en of the gasket material fnto the final form. The sintering procesy may
¢ used to form filled or anfilled restroctured or skived PTFE for cold coining. The

cold coiping provess may plastically deform the sheet material into the desired form

[0818]  in a further aspect, which may be combined with any other aspect,
the method may further comprise heating the polymer sheet prior to pressing the
polvmer sheet.

{6811} Ina further aspect, which may be combined with any other aspect,
heating the polymer sheet prior 1o pressing the polymer sheet may comprise heating
the polviner sheet to a gel point,

{80121 v a further aspect, which may be combined with any other aspect,

'.-L

heating the polymer sheet prior to pressing the polymer sheet may comprise heating

the polymer sheet to a temperature of about 371°C.
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{8131 In a further aspect, which may be combined with any other aspest,
the nmethod may further comprise heating the polymer sheet within the mold.

180141 In a further aspect, which may be corabined with any other aspect,
the method may further comprise heating the polvmer sheot for abowt 15 minutes,

{BEIS]  In a further aspect, which may be combined with any other aspect,
the method may further comprise cooling the polvmer sheet within the mold

16016]  In a further aspect, which may be combined with any other aspect,
cooling the polymer sheet within the mold may comprise cooling the polvmer sheet
within the mold for ebout 10 minute,

(88171 Ina further aspeet, which may be combined with any other aspecs,

;}rcﬁsing the polymer sheet with the mold may further comprise forming indented

[9818]  In a further aspect, which may be combined with any other aspect,
inserting the polymer sheet into the press may further comprise inserting a sintered
and/or yngintered, restructured and/or skived PTFE sheet into the press,

160191 lo s further aspect, which wmay be combined with any other aspect,

inserting the PIFE into the press may further comprise inserting a sintered andfor

¢ i
ansiniered vestructured and/or skived PTFE sheet filled with at least ane of
microballoons, barfum sylfate, and crystalline silica and other polymeric/organic

(PPS, Ekonol, PPRQL, P

K, ete) andfor inorganic fillers {silicone carbide, glass
fiber, alumi ¢} into the press.

§§H§M} in a further aspect, which may be combined with any other aspect,
the method may further comprise drying the PTFE sheet to substantially remove any
solvent within PTFE sheet prior to {nserting the PTFE sheet into the press.

16023] o a further aspect, which may be combined with any other aspect,
drying the PTVE sheet may comprise heating the PTFE sheet to & temperature of
about 167> (.

{86221 In a further aspect, which may be combined with any other aspect,
the method may further comprise applying an average pressure of between about

1
¥

13.8 mpa and about 20.7 mpa to the polvmer sheet with the press.
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{0823]  In another sspect of the disclosure, a gasket material mav comoprise
3 K D= w

N

a polymer sheet comprising a Hirst major surface and a second major surface, the

e

second major surface opposing the first major serface.

{80241 In a fusther aspect, which may be combined with any other aspect,
interconuected sealing ridges may define an array of Indentations on the first major
surface of the polymer sheet,

FH025}  Ina further aspect, which may be combined with any other asp
interconnected sealing ridges may define sn array of indentations on the second
major surface of the polymer sheet, substantially symmetric to the first major
surface,

(8026] oo further aspect, which may be combined with any oiher aspect,
ihe polymer sheet may comprise @ sintered andfor unsintered, restructured andfor
skived PTFE sheet.

{0827]  Ina further aspeet, which may be combined with any other gspect,
the PTFE sheet may comprise PTFE filled with with at least one of microhalioons,
barium suifate, and crystalline silica and other polymeric/organic (PP, Ekonol,
PPSOZ, PEEK, gto) and/or inovganic fillers {siticone carbide, glass fiber, alumina,
gie .
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indented regions of the polymer sheet may be more dense than the interconnected

$329 in a further aspeet, which may be combined with any other aspest,
_ i 3 i

For

the interconnected sealing ridges in the first major surface may define an arvay of

rectangular or syuare or circular or honeyeomb indentations on the first major
sarface of the palvmer sheet and the interconnected sealing ridges in the second

~

major surface may define an array of rectangular or square or circular or honeveomb

mdentations on the second major surface of the polymer sheet,

BRIEF BDESCRIPTION OF THE DRAWINGS

{88301  The accompanying drawings illastrate a number of exemplary

gh

embodiments and are a part of the specification.  Together with the following

,‘;
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description, these drawings demonstraie and explain varfous principles of the instant

(B831]  FIG. 1 is an isometric view of a pasket material sheet that includes
interconnected sealing ridges forming a honeycomb pattern, according 1o an

embodiment of the present disclosure.

{88321 FIG. 2 is an isometfric view of a gasket cut from a gasket magerial

§§’.§.€}33} FiG. 3 i a side view of a flange joint including a gasket, such as

{0834]  FIG. 4A i a cross-sectional detall view of a portion of the flange
joint shows in FIG. 3 wherein the flange joint Is in an open position and the gasket

.y b

i in dn uneom

,,)

"23
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et
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{B835]  FIG. 48 shows the cross-sectional view of the flange joint shown in
FE3. 44 in a fully closed position with the gasket in a compressed state.

[B0361  FIG. 5 s an isometric view of a mold assembly for preparing a
gasket material sheet, such as shown in FIG. |

{80371 FIG. 619 an sometric detatl view of the mold shown in FIG

{8038  FIG. 7 is an isometric view of & platen press for use with a mold,
such as shown in FIG, 5.

(6639}  FIG. 8 is an isometric view of a roller pross for use in

. such as shown in FIG. L.

[2nes)
v.,,a

M

manulacturing a gasket material shee

{B940]  FIG. 9 s an isowmetric detail view of a mold plate for preparing a
gasket material sheet that inclodes rectangular protrusions, according to an
embadiment of the present disclosure.

{8041} FIG. 10 is an ixometric detail view of s gasket material sheet
including interconnected ridges defining rectangular indentations such as prepared
by the mold shown in FIG. 8, according to an embodiment of the present disclosure,

{00421 FIG. 11 s an isometrie detal] view of a mold for preparing a gasket

sheet that includes civcular shaped protrusions, sccording to an embodiment

ol

materia

55
Vi

of the present disclosure.
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(0431 FIG. 12 fs an isometrie detad] view of a gasket material shest
prepared by a meld, such ag shown fu FIG. 1, secording to an embodiment of the
present disclosure.

16044]  FIG. 13 is a plane, elevation, and perspective view of a mold for a
rectanguiar pattern where the mold forms egailateral triangular ridges

(68431 PIG. 1415 an tsometrie view of a rectanguiar mold where the
profrusions are beveled,

100467 FIG. 15 is an isometric view of a hexagonal pattern mold where the
protrysions are beveled.

(8847} FUG. 16 is an isometric view of a civeular or elliptical patiern where
the protrusions are hevelad.

{6048]  FIG. 17 is an isometric view of a circular or elliptical pattern where
the protrusions are not beveled,

(98497 FIQ. IR s an sometrie view of a rectanguiar gasket sheet,

iﬂ-ﬁﬁ@} FIG. 19 1s an isometric view of a honevcomb mold with beveled or

FIG. 20 15 a top view of a honeveomb gasket sheet material.

H
Eﬁ@iz} FiG. 21 is a view of a honeyeomb gasket for g flanged connection

{8083]  FIG. 22 is @ view of a honeycomb gasket for a flanged connection

0%

including & muetal insert for rigidity

{0834} PG 23 is @ view of the gasket of FIG. 27 showing the metal insert
core.

{8058} FIG. 24 18 2 honeyecomb ring gasket

BUS6] FIGS. 25 and 26 are honeycomb gaskets for a flange.

1.

(V)

|
[8837]  FIG. 27A-B are molds for a rectangular gasket she

]

838]  FIG. 28 s shows g plurality of gasket sheets and a gasket cut fromw a

[

¥

gasket sheet made from the mold of FIGS. 27A-B,

feet,

7

B8589 FIGL 292 shows a rectangular gasket

&

FR068]  FIGS, 384 and 30B show gaskets having rectangular indentations

installed on a flange of a flanged connection.
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108611 FIGS, 31A-B show a test rig to pressure tost the gaskets of FIG, 30
and 31.
{6662

|
IGL 32,

FIG. 32 shows the gasket installed between flanges {u the test rig of

=

pre)

7y

06637 FIG) 33 fs e view of a cold colning moeld.
[8664]  FIG. 34 is an isometric view of a cold coining mold
{6868]  FICGS, 35 and 36 show views of a gasket sheet having a dimpled
pattern formed by the cold coining mold.
b6} PHGS. 37 and 38 shows views of a ring gasket cut from the gasket
sheet of FIGK, 35 and 36

18867  TIG. 39

*f‘ crs

is & cross-sectional view of a vomposite gasket consistent

with the technology of the present application.
{6668  While the embodiments described herein are susceptible to vasious
modifications and alternative forms, specific embodiments have been shown hy way
of example in the drawings and will be described in detail herein. However, the
exemplary embodiments deseribed hercin are not intended 1o be limited to the
particular forms disciosed. Rather, the instant disclosure covers all modifications,
sguivalents, and alternatives falling within the scope of the appended claims,

a2

"i‘im_mghcsut the ciraw;ings, identical reference numbdery designate stmilar, but not

DETAILED DESCRIPTION
{8868]  Some embodiments of the present disclosure relate to gaskets for
gasketed joints in pressurized fhuid systems: for example, gaskets for use in joints

between pipes in g fluld pipeline. Many fluid systems, such as industrial plants, use
F-a o v

plastic {e.g., PV or FRP piping} or glass Hued piping In order 1o handle chemicals
that ave highly corrosive or otherwise might react with other pipes, such as meta

=
pipes, One difficulty in utilizing PVC or FRP piping. or similar fragile piping. is

that low bolt foads at the joiats, such as flange joints, are reguired to keep from
cracking, breaking, oy otherwise damaging the flanges at the joint, Addressing these

difficulties, gaskets, according to embodiments of the present disclosure, may

&

o]
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T

provide an effective seal ot a flange joint under a relatively low holt foad: for
example, at bolt loads of § ft-Ibs. or less in certain applications.

1607481 In some smbodimenss, as shown in FIG. 1, a gagket material 10 may
comprise a sheet comprised of a polvmer, such as a full density
pobytetrafluovoethylene (PTFE). Full density PYFE is sometimes referred 1o as
restructured PTFE. Full density PTYE {or restructured PTFE) is distinguishable
fromt expanded PTFE {or ¢-PTFE) as full density PTPE is non-porous, such s full
densi tj PTFH is currently available as GYLON® sheet material from Garlock

Commerciaily

and other full density, filled/untilied gasket sheets,

B3

(86717 Full density PTTE sheets also may be formed by compressing a
granular filled, or unfitled, PTFE powder to product a sheet of prefornisd PTFE
material, typically the perform is a press molding process al ambicnt temperaiures,
the press generally operates at about 3,000 to 5,000 psi {pounds per sguare inch},
The preform is next sintered in g baking oven, The baking over first raises the

i S
A2

temperature of the preform from ambient temperatures to approximaiely 356°C to

390°C for a period of time, typically sufficient such that the voids in the preform gre

filled, aund second towers the tamg}e;ai e back to ambicnt tepiperatures. The full

technodog

eiv pmvidr a wicrocetiular (or porous) materials that may

¥

be used o low boll foad applications when such microcellular materials are

combined 11 a layered composite, for example, with a core sheet of full density

material as shown in FIG. 39, o other words, a palr of poroas PTFE lavers 1, 2,

such as microceliular and expanded-PTFE may be provided on opposing sides of a
no-porous, full density PTFE laver 3. The porous PTFE {s more compressible than

fall density PTFE and provides a seal that operates with low bolt loads whils the full

density PTFE provides a relatively [uld lmpervious layer so the pores in the

microceliniar and expanded-PTFE layers do not need ta be fully compressed. The

+ ™o

outer poreus lavers may have ridges 4 consistent with the techuology of the presem
application.

9
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4

N

(88731 Types of microcelular materials that may be used within the

technology of the present applcation include, for example, GYLON® gasket

materials with refe o microceihular style 3540 and 3345, One type of [ull

density sheet material is deseribed fn US Patent 4,913 951, which is incerporated
herein by reference as if set out in full. Gasket materials deseribed 1o US Patent &
4,913,951 are reinforced with perforated steel sheets for strength. Exemplary gasket

materials with steel sheet inserts {as shown in FIG. 23) include GYLON® styles

-

F,aﬁ
oy
s
P

35360 and 3361 referenced above. [t should be noted that the full dens 53

material described in US Patent 4,913,951 is a flay sheet of fuil density PTPE
material that is relatively non-compressible that does not form a good seal in low
toad flange sealing application. In some embodiments, the gasket material 10 may

¢ g PTYE that has undergone processing and that incorporates fillers to provide a
material that 18 compressible andfor less susceptible to creep (Le., the tendency to

slowly move or permanently deform under siress).

{8874]  The type of filler may include glass microbslioons, silica, bartum
sulfate, graphite, mica, stainless steel, polymeric fiilers (PPS, Ekonol, PFSO,
PEEK, ele) and/or other inorganie fillers {silicone carbide, glass fiber, aluming, ete).

ie‘},@?ﬁ} The technology of the present spplication may be implemented
using pure full density PYTE, conventional humapcﬁy&ner or modified PTFE. Ous
example of pure full density PTFE {s GYLON® Styie 3322 as mentioned above.,

(8876} The technology of the present application alse may be implemented

using composite andfor layered structures polymer sheets for the gasket materiad,

sach as, for example; a sheot of full density filled and/or unfiiled PTFE sheets, such
as those deseribed in US Patents # 4,961 861 and 4,800,629, both of which are
incorporated hervein by refevence as W set out in full, One such a gasket material

deseribed 15 currently commercially available ay GYLON® Style 3565, alse known

I

16077 All the above GYLONE and other gasket materials can be gsed in
both sintered and/or unsintered form sccording to the technology of the present
patent application.

{8078]  Furthermore, gasket materials deseribed in this disclosure can be

are manufaciored

(ol

produced from conventional full density PTFE sheets, Soch sheet

ig



WO 2014/003807 PCT/US2012/060989

from compression molded granular PTFE powder into a billet and skiving the hiflet

into sheets with various thicknesses. The skived full density PTVE sheets are

~ .

commercially available from different supplicrs in filled and unfilled versions.
inveative gaskets from skived PTYFE sheets can be prodeced with the processes

1 >

described in this disclosure.

{6079 Assbown in FIG. 1, the gasket sheet material 10 may have a first

major surface 14 and a second major surface 16, The second major surface 16

opposes the fivst major surface 14, The opposing first and second major surfaces 14

o

and 16 of the gasket sheet material 10 may provide sealing surfaces for a gasket 38
R

~

{see FIG. 2) formed {rom the sheet of gasket material

.. gasket 30 cut from

]

e

s

the sheet of gasket material 10).
[6884]  The first major surfsce 14 may comprise interconnected sealing
vidges 18 defining an array of indentations 200 The sealing ridges 18, as shown in

FI0G, 48, form a mating surface 19 with a flange furface. in some envhodiments, as

",”}

110G 1, the interconnected sealing vidges 18 may define generally

shown in
honeycomb {¢.g.. hexagonal} indentations 20 arranged in a pattern or an array {€.¢.,
a grid}. iu certain aspects, the sealing ridges I8 may have different geometries,

heights, and angles. For example, the ridges 18 may be trigngular, saw tooth,

trapezoid, rectanguiar, elliptical or the like, The interconnection of the ridges define
arrays of indentations that, as deseribed more fully below, in certain aspects, may

torm other geometric shapes or even no discernible pattern,

m

{088} The gasket miaterial has a density at the sealing ridge 18 reglons

o Py

I3

that i¢ less than the density at the indentation regions 38, Accordingly, the
indentation 20 regions of the gasket material may be relatively rigld compared to the

o

sealing vidge 18 regions, Because the sealing ridges 18 have a inwer density than

the indentations 29, the sealing ridges 18 may be more casily comprossed than the
indentations 20 and may deforny under a relatively low compression force. In other
words, the sealing ridges 18 may have a durometer that s lower than a durometer of
the jodentations 20,

{0821  While shown as a solid, homogeneous material, it may be possibie
to provide a compeosite or lavered gaskel material, In certain aspects, the gasket

material 18 may be molded or formed with anr insert, such as a metal insert, to

ey
ey
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provide strength to the sheet material, see for example the mets! insert associated
with the gaskets of FIG, 23, Additionally, instead of a homogenous material, it may
be possible to provide a gasket matertal 10 with an cuter poroas laver and & central
core of non-porous matertal, such as, for example, full density PTFE. In certain
aspeets, such a layered or composite structure may include, for example. a
microceilular or expanded PTFE 1op and bottom laver about a full density PTFE core
as shown in FIG, 39, The microcellvlar or expanded PTFE provides & compressible
outer laver to facilitate low bolt foads whereas the full density PTFE core provides
enhanced sealing characteristics. The composite may further tnclude a metal ingert
similar to he metat nsert of FIGL 23,

‘l

{09831  In some embodiments, s shown in FHG, 2, & gasket 30 may be cut

zm

from the sheet of gasket material 10, For example, the gasket 30 may be cut from

o]
=

the sheet of gasket material 10 utilizing a stesl rule die, a laser, a knife, or another

equivalent cutting device.

{06841 The gasket 30 may be sized and configared for a specific Hange
joeint. in view of the repeated pattern of sealing ridges 18 and indentations 20 in the
sheet of gasket material 10, a plurality of sizes and shapes of gaskets may be cat

from a sheet of gasket material 18, As can be seen, contrary to alternative gaskels,
the sealing ridges 18, which form the scaling surfages, are generally oriented at
random mg§es to a tluid conduit 32 {or central aperture 32} of the gasket material.

Also, the seali 18 and indentations 20 form an area 21 having that is

sim;r‘:,,mii lgss than the arca 31 defined by the central aperiare 32, This allows for
a pluralilty of sealing ridges 18 between the fhuld modium and the outer surfuce 33 of
the cut gasket 30, The width of gaskel 30, defined by the difference between an

outer radius Ry and an inner radius By generally should be greater than the

v

»

maximum diptension of the indentations 26, The plurality of sealing ridges 18
provide for improved resistance to leak paths.

{0685]  In the embodiment shown in FIG. 2, the gasket 30 includes a central
aperture 32, fastener apertures 34, and an alignment tab 36, The central aporture 3
nay be sized and co.nfigufeé to correspond to an opening in opposing pips ﬂangas.
MNotably, the sealing ridges 18 are not configured 1o correspond radially 1o the

o

central aperture 32, but rather cut across the gasket, which allows the sheet of gasket

12
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material 10 to allow for @ variety of piping sives and dimensions. Additionally, the

gs in a

fe

fastever apertures 34 may be positioned and sized to correspond o openin

flange joint in which bolts or other fasteners may be inserted. The alignmens tab 36
may be sized to extend beyond the outer diameter of a flange joint when instalied.
{89861 FIG. 3 shows the gasket 30 instalied at a joint 40 &t & view where

“

the alignment tab 36 is not observable. As shown, g first pipe 42 may comprise a
tirst flange 44. A sccond pipe 46 may comprise a second flange 48, opposing the
first flange 44 of the first pipe 42, Each of the first and second {langes 44 and 48
may comprise apersures for the insertion of fastencrs. For example, each of the first

and second flanges 44 and 4% may comprise four circumferentially spaced apertures

10087F  To form the joint 40, a face 50 of the {irst flange 44 of the first pipe

may be positioned proximate to g face 52 of the sccond flange 48 of the second

o

A
=

P

pipe 46, The apertures of the first flange 44 may be substantially aligned with the
apertures of the second {lange 48. The first and second flanges 44 and 48 may be

sufficiently spaced apart to faciiitate the insertion of the gasket 38 between the faces

-

'j!

§ and 32, and the gaskel may be installed between the first flangs 44 and the second

flange 48, as shown in FIG. 44

{0088  When the gasket 30 is positioned belween the faces 30 and 32 of the

Py X

first and second flanges 44 and 48, the alignment ab may be opsed to rotate the
gasket 30 1o align the fasteper apertures 34 of the gasker 30 with the fastener

aperlures of the first and second flanges 44 and 48, Bolts 54 may then be inseried

s

into the aligned apertures of the fivst and second flanges 44 and 48 and the fastene

I
o]

apertures 34 of the gasket 30, Note 56 and washers 38 may be instalied on each bolt

.

08 As shown in FIG. 4A, prior to tightening the fasteners {e.g.,
_ i

b

fighiening the nuts 56 onto the bolts 54} the gasket 30 may be in an uncompressed

(‘;
pa
s
’2€: Lsz

state. In the uncompressed state, the sealing ri ﬁg £ the pasket 30 may exhibit a

gengraily Ve-shaped crossesection: the side sur

P

aces of the sealing ridges 18 meeting
at a refatively sharp peak. Allernative geometries are possible as explained above

[O69¢]  As the fasteners are tightened, the peaks of the scaling ridues 18 of

Pes]

the gasket 30 are compressed by the faces 50 and 52 of the first and second flange

13
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44 and 48. As the fasteners are further tightened, the sealing ridges 18 may deform
and seal against the faces 50 and 32 of the first and second flanges 44 and 48 under a
relatively fow bolt load to form sealing surfaces 19, as shown in FIG. 4B, Due (o

es 18, the

f5o)

1

the relatively low density and the geometric shape of the sealing vid
gasket 30 effectively seals the joint 40 under a relatively low bolt load, when
compared to a bolt load required fo seal a similar joint using a gasket with
substantially planar sealing surfaces. As can be appreciated, the ridges 18 deform by
compressing towards the indented surface 20 and bulge outwardly., The deformation
of ridges 18 forms a sealing surface 19, which is a strface to surface conlact with
the flange face.

108911 The pressure applied fo the gasket 38 by the faces 30 and 52 of the
first and second flanges 44 and 48 muay be calcuiated by the equation: P = F/A

Wherein P ix the pressute applied to each major surface 14, 16 {e.g., each scaling

surface} of the gasket 38, F is the foree aipp:fie-d 10 the gasket 36 by the faces 30 and
52 of the first and second flanges 44 and 48 via the bolts {f.e., the bolt load), and A
is the area of the respective major surface 14, 16 of the gasket 30 in contact with a
respective flange face 5, 52, Accordingly, as the surface area A is decreased under

a specitic force F, the pressare P will correspondinaly increase
{08921 The geometry of the szaling ridges 18 of the gasket 30 may provide
reduced sutface arca in contact with the faces 58 and 37 of the first

res 44 and 48, compared o a planar geometry. Thus, the geometry

e,

£

pos
A

s
9
ok
[
[
i
et
et
[
Ly
v
o

of the sealing ridges 18 may factlitate a significant pressure on the gaske

refatively low bolt load.

{@@1‘}‘3} A mold 60 for manufacturing a sheet of gasket material, such as the

ket matertal 19 shown in FIG. L is shown in FIG 5. As shown, the

comprise an upper plate 62 and a lower plate 64, BEach of the apper

and the lower plate &4 wmay comprise an array of protrusions 66 and
sarrounding interconnected valleys 68,

{0894]  As may be observed in the detail view of FIG. 6, the protrusions 66

may sach he shaped generally as a base of & hexagonal pyramid, with a hexagonal
shaped upper surface surrounded by six tapered side surfaces. Meanwhile, each of
the valleys 68 may be generally Veshaped, extending in g grid-Hke arrangement.

14
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(885 When the upper plate 62 is positioned over on the lower plate 64, a
cavity 70 may be defined between the upper pime 62 and the lower plate 64
orrespomting to the shape of the sheet of gasket material 18, Accordingly, the
array of profrusions 86 in the upper and lower plates 62 and 64 may correspond 1o
the asrray of indenfations 28 in the first and sgcond major surfaces 4 and 16,
gasket material 100 Likewise, the valleys 68 may
correspond to the sealing ridges 18 of the first and second major surfaces 14 and 16,
respectively, of the sheet of gasket matevial 100 As explained for the above, the
mold may atlow for variances in the geometry of the sealing ridges.

(08961  To form the sheet of gasket material 18 {see FIG. 1}, a polymer
sheet having substantially planar major surfaces may first be formed.  in some

X

embodiments, a sheet of PTFE of proper thickuess may be formed using known

processing techniques.  For certain unsintered {uil density sheets of PTFE may

S

VE may be drisd

o

~

for six

am
%

pooit

Co,

require the use of a solvent. In these cases, the shesti of PV

1

hours al about 228°F {about 107°C) {o remove any solvent that may be remaining in

the formed shegt

7H0°F  {about 37VCY} for about fifteen minutes in 3 ventilated bateh oven.
Thereafter, the heated sheet of PTFE may be transferred from the batch oven o the
mold 80 (see FIG. 5} that may be at room temperature. The transter should be rapid
to prevent significant coaling prior to placgment in the mold, The mold 60 may be
closed and the sheet of PTFE way then be cooled under a pressure befween abowt
000 pounds per square iach {psi) {about 13.8 megapascals (M¥Pa)) and about 3800
pai fabout 20.7 MPa) in a hydranlic press 88 for approximately one minute. The
mold 60 may then be opened and the gasket material 10 baving the desived shape
removed therefrom.
{6098]  The foregoing process, known gs hot coining, fogether with the

o

geametry of the mold 60 creaiex regions o

oy

diffeving compressibility, density,

=

{j

hardness andfor derometer rating within the sheet of pasket material 10, While huot

&0

o

coining the gasket material 18 is satisfactory, the gasket material 10 may be formed
by cold coining as well, as will be explained with reference to FIGS. 34-39. The

areas of the sheet of gasket material 10 wherein the indentations 20 are formed are

freel
¥
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compressed to a greater extent than the arcas wherein the sealing ridges 18 are
formed during the coining process, resulting in higher densification of the filled

PTFE in the arcas of the indentations 20, These regions may impart strength and

rigidity 1o the portions of sheet of gasket matersal 10, and thus gaskets 30 formed
therefrom.  In the regions of the sealing ridges 18, 5 reduced level of densification

rosults, vielding regions of relatively high compressibility.

{88981  In some embodiments, suitable fillers, such &s one or maore af

L5

bariuny sulphate, silica, graphite, and microballoons, can be utilized to provide

.y

desired mechanical properties and/or chemical resistance of the PTFE for varions
appHeations. Further embodiments may include metal and/or other material that is
incorporated info the shest of gasket material 10, and thus the gasket 30,

&

0188] 1

et

further embodiments, 8 heated polvmer sheer 96 having
substantially plavar major surfaces may be fed into and pressed by a roller prass 90,
as shown in FIG. B, o form the sheet of gasket material 10, The roller press 90 may
comprise opposing dront-shaped rollers 92 and 94, An upper roiler 92 may be
positioned adiscent to & fower roller 94, the space between the roflers 92 and 84
selocted according to the desived final dimensions of the sheet of gasket material 14
fach of the upper voller and the lower rolier way comprise an array of profrusions

and surrounding valleys positioped and configused 1o fmpsrl corrgsponding

indentations 20 and secaling ridges 18 in the heated polymet sheet 96 to form the
sheet of gasket material 10, In order to cool the heated polymer sheet 96 within the
roiler press @, the rollers 92 aund 94 may be cooled to a temperature below an

ambient temperature {e.¢., below about 70°F {below abount 2103,

{08181} As shown in FIGL 9, in some enthodiments, 8 mold 100 may be used

ot

that may fmpart a polygonal geometry other than a hexagonal geometry, such as

2

rectangular cells {e.g., a grid geometry). The mold 100 may comprise an

[

guare o

el
e

are or rectanguiar protrusions 102 surrounded by interconnected valloys

ot

wray of sgu
134, Each protrusion 102 may comprise a surface surrounded by six tapered side
surfaces, and cach of the intercounected vallevs 104 may be generally Ve-shaped,
which forms a beveled or tapered sheet (as shown below).  Alternatively, the

profrasions may be a surface surrovnded by vertical side sorfaces that do net taper

18
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(63821 As shown in FUG. 10, a sheet of gasket material 110 manufactured
using the mold described with reference to FIG, 9 may comprise a first major surface
114 and a secend wmajor surface 116 ecach comprising & plusslity of square
indentations 120 surrcunded by imtereonnecied sealing ridges 118, Sheels of gaskst
material comprising polygonal geometsic patterns of polygonal shapes, in addition to
squares and hexagons, may be manufactired and utilized to provide gaskeis

according to additional embodiments of the present disclosure,

H88183] in additional embodiments, non-polygonal shaped protrusions also
may be utilized in a mold. For example. as shown in FIG. 11, in some embodiments,
s mold 130 may be utilized that may impart an array of generally circular

indentations.  The meold 130 may comprise an arvay of ctreslar protrusions 132

"

¥
%

by intercounectec

[
oy

sarrounded

valleys 134,  Bach circular protrusion 132 may

comprise a cireular surface surrounded by a tapered side surface. For example, each

circuilar protrusion 132 may be shaped as a fruncated cone {{e., a fustrum). The

interconnected vaileys 134 may include a generally flat surface, substantially

arallel to the cireolar surfaces of the circular protrusions 132, and a plurslity of
sio;\a\i side surfaces. Alternatively, instead of a truncated cone, the protrusions 132

may be cvlindrical.

{00134} As shown in FIG. 12, a sheet of gasket material 140 manufacturcd

asing the mold described with reference to FIG. 11 may comprise a first major
surface 144 and a second major surface 145 each comprising a plurality of

PR

frustoconical indemiations 130 surrounded by interconnected sealing ridges 148, As
sitown, the interconnected sealing vidges 148 may have a substantially pimmf upper
surface, rather than, or in addition to, an extending sharp peak {see FIGS. 1, 2, 4 and

co
16}, Sheets of gasket material comprising polygonal geometric patterns of shapes in

addition to polvgons, circles, and conical sections may be manufactured and wtilized

to provide paskets according to sdiditional embodiments of the present disclossre.
(61831 One half of a mold 1300 is shown in FIG. 13 and an isometric view
of part of the mold 1300 is shown in FIG. 14 The mold 1300 is a square mold
having prowrusions 1302 with & flat surface 1304 and tapered sidewalls 1306
termingting at an edge {368, FIG. 18 shows a sheet 1800 formed using the square

neodd, As shown the tapered sidewalls 1306 form an angle g, which is 60° degrees in

b=

-3
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this exemplary embodiment, bot could be anywhere from about 43° 1o 90° degre

At 907 degr

o

oy

C”f

308 that would be

P

7]

ces, angled sidewalls would terminate in & floor |

r,1
r/x
54
[
b
i
rd
L6)]
g
wr
@]
o~
~
P
»]

grface rather than an edge as pre Terminating the sidewalls 1308 at a

line or edge contact, forming a triangolar cross-section 1310 reduces the bolt lcad

squired (o Torm a sealing surface on the final gasket. When the angle is less than

oy

9¢° degrees, the protrustons form a trapezoidal cross-section 1313, I the angle is
90° degrees, the protrusion forms a roctanguiar cross-section. While shown

13086 may be asymmetrical in

(€3]
pe
£
i1
je
)
hese
b7y ]

symunetrical, protrusion 1302 and tapered

A

certain aspecis of the technology.

e

[001861 FIG. 15 shows a part of one half of &8 mold 1300 for a gasket having

bed

beveled hexagonal ridges. The meld 1560 15 provided with protrusions 1502 having a

T

-

half of 3 mold

i)

flat surface 1504 and six tapered sidowalls 1306, FIG. 16 shows one
1600 for a gasket having heveled circular ridges. The mold 1680 15 provided with
protrusions 1602 having a fat surface 1604 and 2 tapered sidewall 1606 forming a
frustoconical shape, If the sidewall 1606 was not tapered, it would be cyhndrically
shaped. Unlike other molds, the frustoconical skape mold produces a gasket that has
ridges of varying thickness as the separation 1608 bepween the various protrusions
varies. FIG. 17 shows oug half of a mold 1708 with oylindrical sidewalis.

f0167] FIG. 19 shows a portion of a mold 1900 for forming a honeycontb
or hexagonal sheet 2000 of gasket material, shown in FIG. 20, The hexagonal shest

20080 can be cut into a plurality of gaskets 2002, 2004, which are shown m FiGs. 21

and 22, The plurality of paskets 2002, 2004 have a plurality of fastener apertures
2006 and a fluid aperture 2008, generally shown at the geometric center of the

gaskets 2002, 2004, A plerality of ridges 2010, forming the hexagonal pattery,

forms 3 plurality of seals when arranged between connecting flanges, FIG. 23 shows
the gasket 20604 where a metal jnsert 2012 is wolded into the gasket 2004, 'The

id

2082

Py

insert provides structural integrity to the gasket 2004 and facilitates creep
resistance. FIG. 24 provides a ring gasket 2014, which is simailar to gaskets 2002
and 2004 without the plurality of fastener aperfures. Ring gasket 2614 may be

provided with the metal insert 2012, FIGS. 25, 26, 27A, 278, and 28 provide suli
more gaskets of difference sizes and materials, which may reselt in different
coloring of the gaskets, bot similar functionality.

18
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[06368] With reference to FIGS. 31A, 3IB and 32, a test rig 2700 ¢
sample gasket 2702 s provided. With reference fiest to FIGS, 274, 278, 28
30A, and 308, 8 gasket 2702 W formed using mold 2700, which in this case 8 a
square pattern mold having square protrustons 2704 surrounded by sidewails 2786,
Using the mold, gasket sheet material may be formed using a variety of materials
meluding restructured PTFE gasket sheot materigl 2708, 2710, or metal inserted

estructured PTFE gasket sheet matertal 2712, 2714, 2716, The paskel showt
material may be cut to form a gasket 2702, which is similar 1o gasket 106 deseribed

above. In the example, the gasket 2702 s formed using restructured PTFE without ¢

metal ingsert. FIG. 29 shows restructured PTFE gasket sheet matertal 2708 in move

FiGs, 38-31 show aligning the gasket 2702 such that the fluid aperture 2718
ghing £ i

aligns with the fluid apertare 2720 of a pipe in the test rig 2768, As shown in FIGL

33, the gaskes 2702 is oriented between two Loqnccmg flanges 2722 and a low
torque bolt load is provided by connecting bolte/nuts 2724, One end of the tewt
2700, which may be deadheaded, is conneeted 1o a pressure source 2726, The test

o
’5’1
e
~
o
Pt
]
o
oy
.
]
=
=
w

rig 2700 may be g flnid loop or have an infet and outlet to simuelate fic

108189]  Asg can be appreeiated, the above gaskets and gasket sheet material
ware fornred wsing @ hot method in which the gasket shest material is heatod to a2 gel
or activetion state, semi-fluid, and molded. However, it has been vecenlly
discovered that it is possible to cold torm the gasket sheet material deseribed herein.

gasket

P

MNow, with reference to FIGS. 33-38, an exemplary method for forming a

(]

¥

sheet material is described using a cold coining method.

{88118]  While any of the gasketing material previous described may be used
in the cold coiniyg method, one gasketing material that has been found to be
satisfactory inecludes filled or unfilied PTFE sheet made frowm gramupiar PTFE

powders, It

s

general, the granular PTFY sheets are produced by preparing a perform,

sinfering th perform, and then fabricating the parts, in this case the fingl sheets. The
granular PTYFE 15 placed in a mold under @ pressurve of 3,060 to 5,060 psi with dweli
times varying with the preform size.  The preform s pext sintered in a
programmable over. The temperature of the preform is slowly raised from room
femperature to between 330° o 390°C and the temperature {s held for a periad of
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time, depending on the part geometry, dimensions, and the like, allowing the void to
bo filled. The over is then slowly lowered back to ambient temperature. The full

density or restructure PTFE sheet is next skived from the carvier. The flat gasket

g
sheet is placed betwsen a pair of molding shoots, such as molds 3002 and 3004 aus

essentially ambient {femperatyre. Molding sheets 3002, 3004 have protrusions 3006
3

with flat surfaces 3008 that transition to a cvlindrizal sidewall 30190 over a beveled

edge 3012, The gasket sheet is then stamped, pressed, by the under sufficient force

pres

of approximately 2500 pst to 5000psi to plasticsly deform the gasket sheet unti] if

forms a dimpled gasket sheet 3014, Dimpled gasket sheet 3014 has a series of

indented regions 3018 of a first density surrounded by a ring 3818 having a second

N

1e first density. The first density being higher (because the gasket

o e

s

density less than t

is more compressed) provides strength and rigidity 1o the gasket and or dimpled

gasket sheot 3014 wheress the ring 3018 provides ingressed compressibility similar
tor the above gaskets. The sheets may be eut into gaskets, such as, ring gaskets 30249,
5022

G811} It should be recognized that the various embodiments described

herein ave werely Hlustrative, and not miting {o the scope of the inventios.

§

Mumercus modifications and adaptations of the gmbodimenis deseribed will be

readily apparent to those skilled in the art withowt departing from the seope of the

)
o
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hieet of gasket material

&

i & method of manufacturing a non-porous s
having a plurality of densitics therein, the method comprising:
inserting a polymer sheet into a press; and

pressing the polymer sheet with a mold comprising opposing arrays of profrusions to

P

e
ﬁ‘)

define interconnected sealing ridges surrounding an array of indentations on

fedeny

gach major surface of the polymer sheet, whereln the pressed polvmer sheet is

BOR-POTOUS,

2. The method of claim 1, further comprising heating the polymer shee

prior toy pressing the polymer sheet.

By

N

3. The muethod of claim 2, wherein heating the polymer sheet prior 1o

pressing the polymer sheet comprises heating the polymier sheet 1o a gel point o

Uﬁ

4. The method of claim 2, wherein heating the polvmer sheetl prior w

Lnaa

ivimer sheet to a temperature of

M»
L]
(]
=3

B
e
[
£4
(7
e
44
=
jovd
-
o
e
=1
it
g
[
=g
)

pressing the polymer shest

about 371°C.

5. The method of claim 4. further comprising heating the polymer shest

within the mold,

the polymer sheet

%
& ¥

3, turther comprising heating

=
o
o
A-l
|-¢\
m
porg
)
[
]
il
o,
r-"‘

&, 343

&’

for about 15 minutes,

7. The method of claim 2, further comprising coald

within the moid,

8. The method of claim 7, wherein cooling the polymer sheet within the

mold comprises cooling the polymer sheet within the mold for about ten minutes.

&

[
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prenty

8, The method of claim 1 whercin pressing the polvmer sheet with the

¢

mold further comprises forming indested regions having a first density and

interconnecied sealing ridges having a second density less than the first density.
0. The method of claim 2, wherein inserting the polymer sheet into the

press farther comprises mserting a polytetraflosrocthylens (PTFE) sheet into the

"r“

press heating the PITE sheet sufficiently heats the PTFE sheet to make the PTFE

ii. The method of clatm 10, wherein inserting the PTFE shest into the
press further comprises inserting a PTFE sheet fiiled with at least one of
microbatioons, barium sulphate, and crystalline silica into the press.

{2, The method of elaim 10, further comprizing dryving the PTFE shoot to
s-ubs"i'm"iiaii,‘ emove any solvent within the PTFE shest prior to inserting the PTFE

sheet into the press.

13, The method of claim 12, further comprising drving the PITE shest 1o
substantially remove any solvent within the PTFE shest prior to inserting the PTFE

sheet into the press.

{4, The meothod of clatm 13, wherein drving the PTFE cheet comprises

heating the PTFE sheet to a temperature of about 107°C.

15, The method of clam 1, further comprising applying an average

pressure of between about 13.8 MPa and about 26,7 MPa 1o the polvmer sheet with

b
B~
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t6. A pasket material, comprising:

a non-porons polymer sheet comprising a first major surface and a second
major surface, the second major surface opposing the first major surface;

interconnected sealing ridges defining an srray of indestations on the firs
major surface of the non-porous polymer sheet, the inmtercounected sealing ridges

1.

having a Orst density and the indentations having a sccond density greater than the
interconnected sealing ridges defining an array of indentations on the second
major surface of the non-porous polymer sheer, substantially symmetric to the first

major surface.

. The gasket material of ¢laim 16, wherein the polymer sheet comprises

Saf
&

a Tull density polytetrafiouroethyiene (PTFE} sheet

15,  The ';'Eﬁxix&t material of ¢laim 17, wheretn the PTFE sheet comprises

-.

full density PTFE filled with at least one of microballoons, barium suiphate, and

9. The gasket material of clatm 17, wharein the interconnected sealing

-~ 3
;

24, The sket material of claim 17, wherein the interconnected sealing

ridges in the fivst major surface define an array of rectangulsr indentations on the

ull density PTFE sheet and the interconnected sealing

[
L2
5
-
e’
et
B

As)
5
o
ool
=
beoe}
o
L]
el
i
-
o
o
oo
I
e

ridges in the second major surface define an array of rectangular indentations on the

second major surface of the full density PTFE sheet

3]
bk
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