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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] This invention pertains to a multilayered sheet
comprising a carrier layer and an inorganic refractory lay-
er and a method of making the multilayered sheet. Pref-
erably, the carrier layer is a paper.

2. Background of the Invention

[0002] United States patent 6,322,022 to Fay et al. dis-
closes burnthrough resistant systems for transportation
especially aircraft.
[0003] United States patent 6,670,291 to Tomkins and
Vogel-Martin describes a laminate sheet material for
flame barrier applications.
[0004] United States patent 5,667,886 to Gough et al
describes a composite sheet having a substrate layer, a
coating layer and a flexible adhesive layer. The substrate
layer is preferably a polyester film. The coating layer con-
tains a mineral, preferably vermiculite.
[0005] Layered sheets are known from KR 2012
0004063 A (corresponding to DATABASE WPI, Week
201240, AN 2012-B05400), US 2002/0182967 A1, WO
2012/082180 A1 and EP 0 774 604 A1 which are used
as fire blocking materials (KR ’063 and US ’967), electri-
cal insulation material (WO ’180) or sealing material (EP
’604). However, none of these references describe the
layered sheet of the subject invention with its various
features.
[0006] There remains an ongoing need for methods to
provide a thin inorganic refractory layer in a form that
may be safely handled and subsequently processed into
a multi-layer composite for use as a flame barrier com-
ponent in a thermal and acoustic blanket for aircraft struc-
tures.

SUMMARY OF INVENTION

[0007] This invention is directed to a layered sheet
comprising a flame resistant high strength fiber wet-laid
nonwoven paper carrier having a first and second surface
and an inorganic refractory layer adjacent to at least one
surface of the paper wherein the refractory layer has a
dry areal weight, measured according to ISO 536 (1995),
of from 15 to 50 gsm, the bond strength between the
refractory layer and the surface of the paper is at least
0.25 lb/in (0.044 N/mm), preferably at least 0.8 lb/in
(0.141 N/mm), wherein the carrier

(i) comprises from 40 to 70 weight percent of aramid
fibers and from 30 to 60 weight percent of polymeric
binder,
(ii) is hydrophilic
(iii) has a wet tensile strength, measured according

to TAPPI T456 om-10, of at least 3 lb/in (0.53 N/mm)
in a first direction and at least 2 lb/in (0.35 N/mm) in
a second direction, the second direction being trans-
verse to the first direction,
(iv) has a dry tensile strength, measured according
to TAPPI T494 om-06, of at least 7 lb/in (1.23 N/mm)
in a first direction and at least 3 lb/in (0.53 N/mm) in
a second direction, the second direction being trans-
verse to the first direction,
(v) has an air permeability, measured according to
TAPPI T460 om-11, of no greater than 600 Gurley
Air Resistance (sec/100cc, 20 oz. (567 g) cyl.),
(vi) has a smoothness, measured according to TAP-
PI T538 om-08, on at least one surface of no less
than 250 Sheffield units.
(vii) has a thickness, measured by TAPPI T411 om-
10, of from 0.025 to 0.175 mm,
(viii) has a density of from 0.25 to 0.60 g/cc, and
(ix) has a basis weight, measured according to TAP-
PI T 410, of from 20 to 70 gsm,

wherein the refractory layer comprises inorganic plate-
lets selected from clay, preferably montmorillonite; ver-
miculite; mica; talc and combinations thereof, and where-
in at least 85% of the layer comprises platelets.
[0008] The above-describes methods for determining
the various parameters similarly apply to the following
description.
[0009] This invention also pertains to a method of form-
ing a layered sheet followed by subsequent treatment
comprising the steps of

(i) depositing an aqueous slurry of inorganic refrac-
tory platelets, comprising inorganic platelets select-
ed from clay, preferably montmorillonite; vermiculite;
mica; talc and combinations thereof, wherein at least
85% of the layer comprises platelets, onto one sur-
face of a carrier to form a layered sheet wherein the
refractory platelets

- comprise from 7 to 13 weight percent of the slur-
ry,

- have a particle thickness of from 5A to 5000A
(5 to 5000 10-10 m),

- have an average diameter of from 15 to 25 mi-
crometers,
wherein the carrier has

(a) a wet tensile strength of at least 3 lb/in
(0.53 N/mm) in a first direction and at least
2 lb/in (0.35 N/mm) in a second direction,
the second direction being transverse to the
first direction,
(b) a dry tensile strength of at least 7 lb/in
(1.23 N/mm) in the first direction and at least
3 lb/in (0.53 N/mm) in the second direction,
(c) a surface smoothness on at least one
surface of no less than 250 Sheffield Units,
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(d) a thickness of from 0.025 to 0.175 mm,
(e) a density of from 0.25 to 0.60 g/cc, and,
(f) has an air permeability no greater than
600 Gurley Air Resistance (sec/100cc, 20
oz. (567 g) cyl),
(g) has a basis weight of from 20 to 70 gsm,
and

wherein the carrier comprises from 40 to 70
weight percent of aramid fibers and from 30 to
60 weight percent of polymeric binder, and

(ii) drying the layered sheet at a temperature of from
80 to 110 degrees C until the residual moisture con-
tent in the refractory layer is no greater than 10 per-
cent by weight and the bond strength between the
refractory layer and the surface of the carrier is no
less than 0.25 lb/in (0.044 N/mm).

Brief Description of Drawings

[0010] Figure 1 is a schematic cross section through
a multilayered sheet of this invention.

Detailed Description of the Invention

[0011] Figure 1 shows a section through a multilayered
sheet 10 comprising a carrier or substrate layer 11 and
an inorganic refractory layer 12 deposited onto the carrier
layer. A preferred carrier material is a flame resistant high
strength fiber wet-laid nonwoven carrier. A preferred car-
rier is a paper. As used herein, the terms "carrier’
and "paper" are used interchangeably.

Carrier

[0012] A flame resistant high strength fiber carrier has
a first and a second surface shown respectively at 13
and 14 in FIG 1.
[0013] In one embodiment, the carrier comprises from
40 to 70 weight percent of aramid fibers and from 30 to
60 weight percent of binder. In another embodiment, the
carrier comprises from 40 to 55 weight percent of aramid
fibers and from 45 to 60 weight percent of binder. A pre-
ferred binder is meta-aramid.
[0014] The thickness of the carrier used in this inven-
tion is dependent upon the end use or desired properties
of the laminate but, to provide an overall high flexibility
and the lowest possible weight, is typically from 1 to 7
mils (0.025 to 0.175 mm) or even from 3 to 7 mils (0.075
to 0.175 mm) thick. The carrier thickness may even be
from 4 to 6 mils (0.100 to 0.150 mm). A carrier thickness
below 1 mil (0.025 mm) would result in undesirable fea-
tures such as a weaker and less dimensionally stable
sheet, especially when saturated with water. A carrier
having a thickness greater than 7 mils (0.175 mm) would
add undesirable weight and stiffness.
[0015] In some embodiments, the carrier has a density

of from 0.25 to 0.6 g/cc or from 0.25 to 0.45 g/cc or even
from 0.30 to 0.40 g/cc. A carrier density of below 0.25
g/cc would result in undesirable features such as a weak-
er fluffy and excessively open structure. For papers with
over 30 weight percent of polymeric binder, a carrier den-
sity of greater than 0.6 g/cc would require an excessive
densification that would alter both surface properties (i.e.
higher smoothness) and air permeability of the densified
paper. Increased surface smoothness of the densified
carrier would result in a lower release value potentially
leading to inorganic refractory layer peeling off the den-
sified carrier with a risk of breaks in the refractory layer.
Lower air permeability would hinder the drying process
of the coated paper.
[0016] In some embodiments, the basis weight of the
carrier is from 0.59 to 2.06 ounces per square yard (20
to 70 grams per square meter).
[0017] The carrier has a surface smoothness on the
surface that is in contact with the refractory layer of no
less than 250 Sheffield units, Smoothness is concerned
with the surface contour of paper. It is the flatness of the
surface under testing conditions which considers rough-
ness, levelness, and compressibility. This test is an indi-
rect measure of paper smoothness or roughness. The
Sheffield test method is a measurement of air flow be-
tween the test specimen (backed by flat glass on the
bottom side) and two pressurized, concentric annular
lands that are impressed in to the sample from top. Such
a procedure is described in TAPPI T-538 om-08. In some
embodiments, the carrier has a surface smoothness on
at least one surface of from 300 to 400 Sheffield units.
[0018] The bond strength between the refractory layer
and the surface of the paper is at least 0.25 lb/in (0.044
N/mm), preferably at least 0.8 lb/in (0.141 N/mm), If the
bond strength is less than 0.25 lb/in (0.044 N/mm), the
inorganic refractory layer can peel off the carrier with a
risk of breaks in the refractory layer. A bond strength of
at least 0.8 lb/in (0.141 N/mm) ensures that the inorganic
refractory layer does not separate from the carrier either
during subsequent process steps or, once put in service,
during the life span of the intended application. Bond
strength is sometimes referred to as Release Value. In
this instance, it is the Release Value between the surface
of the paper and the intumescent coating applied to the
paper.
[0019] The carrier has a wet tensile strength of at least
3 lb/in (0.53 N/mm) in a first direction and at least 2 lb/in
(0.35 N/mm) in a second direction, the second direction
being transverse to the first direction. In another embod-
iment, the paper has a wet tensile strength of at least 5
lb/in (0.875 N/mm)in a first direction and at least 2 lb/in
(0.35 N/mm) in a second direction, the second direction
being transverse to the first direction. In a preferred em-
bodiment the first direction is the long direction within the
plane of the paper, that is, the direction in which the roll
of paper has been made. This is also known as the ma-
chine direction. The second direction is sometimes
known as the cross direction. By wet tensile strength we
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mean the tensile strength of the paper after saturation
with water. If the wet tensile strength is less than 3 lb/in
(0.53 N/mm) in a first direction, there is a high risk of
frequent sheet breaks during the coating process due to
the weight being deposited on the paper and the tension
applied to the paper.
[0020] The paper has a dry tensile strength of at least
7 lb/in (1.24 N/mm) in a first direction and at least 3 lb/in
(0.53 N/mm) in a second direction, the second direction
being transverse to the first direction. By dry tensile
strength we mean the tensile strength of a paper that has
been conditioned at ambient temperature and humidity,
typically 48 - 52 % Relative Humidity and 22 - 24 degrees
C. TAPPI T-402 sp-08 is an example specification defin-
ing ambient conditions for paper, board and pulp prod-
ucts.
[0021] A dry tensile strength of at least 7 lb/in (1.24
N/mm) in a first direction is required to ensure proper
handling of the coated web through the subsequent proc-
ess steps, in particular, to ensure tight roll formation dur-
ing winding to prevent roll sagging and telescoping.
[0022] In some embodiments, the carrier has a dry ten-
sile strength of at least 10 lb/in (1.77 N/mm) in the first
direction and at least 5 lb/in (0.88 N/mm) in the second
direction.
[0023] The carrier is hydrophilic. This feature aids the
drying process. As the majority of the water from the re-
fractory coating dispersion is absorbed by the carrier, this
allows more efficient drying and forming of the inorganic
refractory layer as well as preventing drying defects such
as blisters in the refractory layer.
[0024] The carrier has an air permeability no greater
than 600 Gurley Air Resistance (sec/100cc, 20 oz. (567
g) cyl). An air permeability of greater than 600 Gurley Air
Resistance would adversely affect the drying process of
the coated paper. In some embodiments, the paper has
an air permeability of from 250 to 350 Gurley Air Resist-
ance (sec/100cc, 20 oz. (567 g) cyl.).
[0025] The aramid fibers of the paper may be meta-
aramid, para-aramid or a combination of the two.
[0026] The high temperature properties of the aramid
fibers ensures thermal and mechanical stability of the
carrier during processing steps when the carrier can be
exposed to a temperature of 150 degrees C for at least
10 minutes, that is to say, that the paper will not change
dimensions when subjected to a temperature of 150 de-
grees C for at least 10 minutes.
[0027] The aramid fibers of the paper can be in the
form of floc, pulp, or a combination of thereof. As em-
ployed herein the term aramid means a polyamide
wherein at least 85% of the amide (-CONH-) linkages are
attached directly to two aromatic rings. Additives can be
used with the aramid. In fact, it has been found that up
to as much as 10 percent, by weight, of other polymeric
material can be blended with the aramid or that copoly-
mers can be used having as much as 10 percent of other
diamine substituted for the diamine of the aramid or as
much as 10 percent of other diacid chloride substituted

for the diacid chloride of the aramid.
[0028] Floc is generally made by cutting continuous
spun filaments into specific-length pieces. If the floc
length is less than 2 millimeters, it is generally too short
to provide a paper with adequate strength; if the floc
length is more than 25 millimeters, it is very difficult to
form uniform wet-laid webs. Floc having a diameter of
less than 5 micrometers, and especially less than 3 mi-
crometers, is difficult to produce with adequate cross-
sectional uniformity and reproducibility; if the floc diam-
eter is more than 20 micrometers, it is very difficult to
form uniform papers of light to medium basis weights.
[0029] The term "pulp", as used herein, means parti-
cles of fibrous material having a stalk and fibrils extending
generally therefrom, wherein the stalk is generally co-
lumnar and 10 to 50 micrometers in diameter and the
fibrils are fine, hair-like members generally attached to
the stalk measuring only a fraction of a micrometer or a
few micrometers in diameter and 10 to 100 micrometers
long. Aramid fiber floc is of a similar length to carbon fiber
floc. Both meta and para aramid fibers are suitable and
are available from E.I. DuPont de Nemours, Richmond,
VA under the tradenames Kevlar® and Nomex® and
from Teijin Twaron, Conyers, GA under the tradename
Twaron®.
[0030] A preferred pulp material is p-aramid. However,
a blend of p-aramid with other synthetic or natural fibers
such as liquid crystal polyester, polyareneazole, meta-
aramid, and cellulose can be utilized. One illustrative
process for making aramid pulp is disclosed in United
States Patent No. 5,084,136 to Haines et al.
[0031] Different thermoset and thermoplastic resins
can be used as a polymeric binder in the paper of this
invention. These resins can be supplied in the form of
fibrids, flakes, powder, and floc. The term "fibrids" as
used herein, means a very finely-divided polymer product
of small, filmy, essentially two-dimensional, particles
known having a length and width of 100 to 1000 microm-
eters and a thickness of 0.1 to 1 micrometer. Preferable
types of binder resins are aramids, polyimides, phenolics,
and epoxies. However, other types of the resins can also
be used.
[0032] Fibrids are typically made by streaming a poly-
mer solution into a coagulating bath of liquid that is im-
miscible with the solvent of the solution. The stream of
polymer solution is subjected to strenuous shearing forc-
es and turbulence as the polymer is coagulated. The fibrid
material of this invention can be selected from meta- or
para-aramid or blends thereof. More preferably, the fibrid
is a meta-aramid.
[0033] The paper can include small amounts of inor-
ganic particles including mica, vermiculite, and the like;
the addition of these performance enhancing additives
being to impart properties such as improved fire resist-
ance, thermal conductivity, dimensional stability, and the
like to the paper and the final laminate.
[0034] In one preferred embodiment, the fiber and the
polymer binder in the form of fibrids can be slurried to-
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gether to form a mix that is converted to paper on a wire
screen or belt. Reference is made to United States Pat-
ents 4,698,267 and 4,729,921 to Tokarsky; 5,026, 456
to Hesler et al.; 5,223,094 and 5,314,742 to Kirayoglu et
al. for illustrative processes for forming papers from ar-
amid fibers and aramid fibrids.
[0035] Once the paper is formed, it may be calendered
to the desired void content/apparent density.

Inorganic Refractory Layer

[0036] The inorganic refractory layer is adjacent to at
least one surface of the carrier. The refractory layer has
a dry areal weight of from 15 to 50 gsm and a residual
moisture content of no greater than 10 percent by weight.
In some embodiments, the refractory layer has a dry areal
weight of from 20 to 35 gsm and a residual moisture con-
tent of no greater than 3 percent by weight. The layer is
shown as 12 in FIG 1.
[0037] The refractory layer comprises platelets select-
ed from clay, preferably montmorillonite; vermiculite; mi-
ca; talc and combinations thereof. At least 85% of the
layer comprises platelets, more preferably at least 90%
and most preferably at least 95%. In some embodiments,
platelets comprise 100% of the layer. The refractory layer
may comprise some residual dispersant arising from in-
complete drying of the platelet dispersion during manu-
facture.
[0038] The refractory layer has a thickness of from 7.0
to 76 micrometers and more preferably from 7.0 to 50
micrometers. Preferably, the layer has a UL 94 flame
classification of V-0. The function of the refractory layer,
in which adjacent platelets overlap, is to provide a flame
and hot gas impermeable barrier. The inorganic platelets
are clay, such as montmorillonite, vermiculite, mica, talc
and combinations thereof. Preferably, the inorganic ox-
ide platelets are stable (i.e., do not burn, melt or decom-
pose) at about 600 degrees C, more preferably at about
800 degrees C and most preferably at about 1000 de-
grees C. Vermiculite is a preferred platelet material. Ver-
miculite is a hydrated magnesium aluminosilicate mica-
ceous mineral found in nature as a multilayer crystal.
Vermiculite typically comprises by (dry) weight, on a the-
oretical oxide basis, 38-46% SiO2, 16-24% MgO, 11-16%
Al2O3, 8-13% Fe2O3 and the remainder generally oxides
of K, Ca, Ti, Mn, Cr, Na, and Ba. "Exfoliated" vermiculite
refers to vermiculite that has been treated, chemically or
with heat, to expand and separate the layers of the crys-
tal, yielding high aspect ratio vermiculite platelets. Suit-
able vermiculite materials are available from W. R. Grace
of Cambridge, MA, under the trade designations Micro-
Lite 963 and MicroLite HTS-XE.
[0039] The thickness of an individual platelet typically
ranges from 5 Angstroms to 5,000 Angstroms (5 to 5000
10-10 m), more preferably from about 10 Angstroms to
about 4,200 Angstroms (10 to 4,200 10-10 m). The mean
value of the maximum width of a platelet typically ranges
from 10,000 Angstroms to 30,000 Angstroms (10,000 to

30,000 10-10 m). The aspect ratio of an individual platelet
typically ranges from 100 to 20,000.
[0040] Preferably, the platelets have an average diam-
eter of from 15 to 25 micrometers. In some other embod-
iments, the platelets have an average diameter of from
18 to 23 micrometers.
[0041] In a preferred embodiment, the refractory layer
further comprises cations arising from contact, at a tem-
perature of from 10 to 50 degrees C, with an aqueous
cationic rich solution at a cation concentration of from
0.25 to 2N. The contact with the cationic solution occurs
prior to assembling the refractory layer into a composite
laminate. This cationic treatment provides enhanced sta-
bility to the refractory layer on exposure to fluids.
[0042] In some embodiments of this invention, the in-
organic platelet layer is reinforced by a lightweight open
weave fabric scrim either laid onto a single platelet layer
or placed between two layers of platelets so as to provide
additional mechanical strength to the layer. The scrim
can be made from natural, organic or inorganic fibers
with glass, cotton, nylon or polyester being typical exam-
ples. A glass fiber scrim is particularly preferred. The
scrim may be a woven or knit structure and has a typical
areal weight not exceeding 40 grams per square meter.
[0043] In some embodiments, the refractory layer is
perforated to enhance bonding to an adhesive layer dur-
ing subsequent processing. The extent of perforation is
determined by experimentation. Preferably, in order to
prevent compromising flame barrier properties, an indi-
vidual perforation should not exceed 2 millimeters in max-
imum dimension. In a preferable embodiment, individual
perforations should be spaced at least 10 millimeters
apart. The shape of the perforations is not critical, Suit-
able perforations include circles, squares, rectangles,
ovals and chevrons.

Method of Forming the Multilayered Sheet

[0044] A method of forming a layered sheet followed
by subsequent treatment comprises the steps of

(i) depositing an aqueous slurry of inorganic refrac-
tory platelets, comprising inorganic platelets select-
ed from clay, preferably montmorillonite; vermiculite;
mica; talc and combinations thereof, wherein at least
85% of the layer comprises platelets, onto one sur-
face of a carrier to form a layered sheet wherein the
refractory platelets

- comprise from 7 to 13 weight percent of the slur-
ry,

- have a particle thickness of from 5A to 5000A
(5 to 5000 10-10 m),

- have an average diameter of from 15 to 25 mi-
crometers,
wherein the carrier has

(a) a wet tensile strength of at least 3 lb/in
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(0.53 N/mm) in a first direction and at least
2 lb/in (0.35 N/mm) in a second direction,
the second direction being transverse to the
first direction,
(b) a dry tensile strength of at least 7 lb/in
(1.23 N/mm) in the first direction and at least
3 lb/in (0.53 N/mm) in the second direction,
(c) a surface smoothness on at least one
surface of no less than 250 Sheffield Units,
(d) a thickness of from 0.025 to 0.175 mm,
(e) a density of from 0.25 to 0.60 g/cc, and.
(f) has an air permeability no greater than
600 Gurley Air Resistance (sec/100cc, 20
oz. (567 g) cyl),
(g) has a basis weight of from 20 to 70 gsm,
and

wherein the carrier comprises from 40 to 70
weight percent of aramid fibers and from 30 to
60 weight percent of polymeric binder, and

(ii) drying the layered sheet at a temperature of from
80 to 110 degrees C until the residual moisture con-
tent in the refractory layer is no greater than 10 per-
cent by weight and the bond strength between the
refractory layer and the surface of the carrier is no
less than 0.25 lb/in (0.044 N/mm).

[0045] When the refractory platelets comprise from
11.5 to 13 weight percent of the slurry, it is preferable
that the slurry is de-aerated (de-gassed) prior to deposi-
tion on the carrier. This will reduce defects due to trapped
air.
[0046] Preferably, when the platelet content of the slur-
ry is from 7.0 to 8.5 percent and the desired coat weight
is 27 gsm or higher, then the coating is applied in multiple
steps. For example, a 30 gsm total coat weight could be
achieved by two applications of slurry each providing 15
gsm of refractory material or by three applications at 10
gsm.
[0047] In some embodiments, the layered sheet is
dried at a temperature of from 80 to 110 degrees C until
the residual moisture content in the refractory layer is no
greater than 3 percent by weight. In some other embod-
iments, the method comprises an optional step of in-
creasing the drying temperature in step (ii) to from 150
to 180 degrees C after the residual moisture content in
the refractory layer is less than 10 percent.
[0048] In some embodiments, the refractory platelets
comprise from 10 to 11 weight percent of the slurry.
[0049] Preferably the layered sheet, when wet, has a
shrinkage of no greater than 2 percent.
[0050] Prior to coating the carrier with refractory ma-
terial, the carrier may optionally be treated to promote
better wetting. An example of such a treatment is plasma
or corona treatment.

Use of the Refractory Layer

[0051] The layered sheet may be used as a component
in a flame barrier layer for a thermal insulation and acous-
tic blanket. An example of such a blanket is described in
United States patent application publication
2011/0094826.

Test Methods

[0052] The wet tensile strength of the carrier was
measured according to TAPPI T456 om-10 Tensile
Breaking Strength of Water-saturated Paper and Paper-
board ("Wet Tensile Strength").
[0053] The dry tensile strength of the carrier was meas-
ured according to TAPPI T494 om-06 Tensile Properties
of Paper and Paperboard (Using Constant Rate of Elon-
gation Apparatus).
[0054] The surface smoothness of the carrier was
measured according to TAPPI T538 om-08 Roughness
of Paper and Paperboard (Sheffield Method),
[0055] The thickness of the carrier was measured by
TAPPI T411 om-10 Thickness (Caliper) of Paper, Paper-
board, and Combined Board.
[0056] The density of the carrier is a calculated value
based on the measured values of carrier thickness and
basis weight.
[0057] The air permeability of the carrier was meas-
ured according to TAPPI T460 om-11 Air Resistance of
Paper (Gurley Method, sec/100cc, 20 oz. (567 g) cyl.).
[0058] The dimensional stability of the carrier was rat-
ed based on its ability to hold flat (i.e. no moisture related
wrinkles or creases) for at least 2 minutes when exposed
to one-sided wetting.
[0059] The dry areal weight of the refractory layer was
measured according to ISO 536 (1995) Determination of
Grammage and TAPPI T 410 Grammage of Paper and
Paperboard (Weight per Unit Area).
[0060] The moisture content of the refractory layer was
measured according to ISO 287 (1985) Determination of
Moisture Content - Oven Drying Method.
[0061] Two-layer composite sheets were subjected to
a flame test that replicated the temperature and air mass
flux test conditions of test method FAA FAR 25.856(b),
App. F, Part VII. The somewhat lower heat flux was com-
pensated with a higher air mass flux to replicate a re-
quired thermomechanical stress level to be exerted on
the flame barrier composites during the burn-through
test.

Examples

[0062] In the following examples, all parts and percent-
ages are by weight and all degrees in centigrade unless
otherwise indicated. Examples prepared according to the
current invention are indicated by numerical values. Con-
trol or Comparative Examples are indicated by letter
[0063] The vermiculite used was a high solids version
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of an aqueous dispersion of Microlite® 963 having an as
supplied solids content of 7.5 percent. The dispersion
was obtained from W.R. Grace and Co, Cambridge, MA.

Example 1

[0064] Vermiculite dispersion concentrated to a solids
content of 10.6% weight percent was coated on 5 mil
(0.125 mm) thick meta-aramid paper using a slot die coat-
ing system to form a refractory layer on the paper. The
paper was 5 mil (0.125 mm) Nomex® paper from DuPont.
The paper comprised from 45 to 50 weight percent of
meta-aramid fiber floc and from 50 to 55 weight percent
of polymeric binder in the form of fibrids.
[0065] The paper had a basis weight of 1.23 oz/sq. yd.
(41.70 gsm), an average thickness of 4.9 mil (0.123 mm),
a density of 0.34 g/cc, a Gurley Air Resistance of 316
sec / 100cc, 20 oz. (0.125 mm) cyl., a smoothness of 325
Sheffield units, a dry tensile strength of 10.7 lb/in (1.87
N/mm). in the machine direction and 5.5 Ib./in (0.97
N/mm) in the cross direction. The wet tensile strength
was 5.1 lb/in (0.90 N/mm) in the machine direction and
2.95 lb/in (0.52 N/mm) in the cross direction. The coated
paper was dried for 15 minutes in an air flotation oven at
a temperature not exceeding 110 degrees C until the
inorganic refractory layer had moisture content below
5%. Differential drying temperatures were applied to the
top (vermiculite side) and the bottom (paper side). The
drying profile on the top side was 5 minutes at 49 degrees,
5 minutes at 60 degrees and 5 minutes at 71 degrees.
The drying on the bottom side was maintained for 15
minutes at 99 degrees. The refractory layer had a dry
coat weight of 37 gsm. The two layer composite of paper
and refractory layer was wound up on a roll.
[0066] The inorganic refractory layer on the aramid pa-
per formed an effective lightweight and flexible 2-layer
composite. There were no practical ways to remove any
substantial sections of the refractory layer from the paper
base without the aid of a reinforcing substrate bonded to
the exposed side of the refractory film layer, and even
this could only be achieved with difficulty. The inorganic
refractory material remained attached to the surface of
the aramid paper even after substantial flexing.
[0067] The 2-layer composite was subjected to a flame
test that replicated the temperature and air mass flux test
conditions of test method FAA FAR 25.856(b), App. F,
Part VII. When exposed to a flame on the inorganic re-
fractory layer side, the sample showed a good resistance
to flame propagation, with the inorganic refractory layer
acting as an effective flame barrier.

Comparative Example A

[0068] Vermiculite dispersion concentrated to a solids
content of 10.6 weight percent was coated on 2-mil (0.05
mm) thick metallized polyester film using a slot die coat-
ing system to form a refractory layer on the film. The film
was metalized on one side. The coating was applied to

the metalized side of the film. The film was obtained under
the tradename Mylar® from E.I. DuPont de Nemours and
Co., Wilmington, DE. The coated film was dried in an
oven at a temperature not exceeding 110 degrees C until
the inorganic refractory layer had moisture content below
5%. The total drying time exceeded 75 minutes compris-
ing a staged drying of 15 minutes at 60 degrees, 15 min-
utes at 71 degrees, 15 minutes at 82 degrees, 15 minutes
at 93 degrees, and over 15 minutes at 99 degrees. The
refractory layer had a dry coat weight of 35 gsm. The
paper and refractory layers were wound up on as sepa-
rate rolls.
[0069] From inspecting a sample of the two layer com-
posite, it was observed that the dried refractory layer
spontaneously peeled away from the metallized side of
the film. Although the peel characteristics were good, with
0.5 lbs/in (0.09 N/mm) tensile strength, the unsupported
inorganic refractory film-like material was extremely dif-
ficult to handle and extra care had to be taken to further
process the material.

Comparative Example B

[0070] Vermiculite dispersion concentrated to a solids
content of 13 weight percent was coated on a 6 micron
thick polyetheretherketone (PEKK) film using a slot die
coating system to form a refractory layer on the film. The
film was grade DS-E obtained from Cytec Industries,
Woodland Park, NJ. The coated film was dried in an oven
at a temperature not exceeding 110 degrees C until the
inorganic refractory layer had moisture content below
5%. The drying time exceeded 45 minutes comprising a
staged drying of 9 minutes at 71 degrees, 6 minutes at
82 degrees, 6 minutes at 93 degrees, and 25 minutes at
96 degrees. The refractory layer had a dry coat weight
of 33 gsm. The two layer composite of film and refractory
layer was wound up on a roll.
[0071] The coating process proved to be very difficult
due to tendency for the film to wrinkle and crease. Fur-
ther, the film had to be surface treated by a process such
as corona treatment to promote wetting and give a uni-
form coating, Although relatively continuous refractory
layer coating was obtained the refractory layer was highly
non-uniform and affected by streaks and light spots re-
lated to excessive air bubbles trapped in the high viscos-
ity solution.

Comparative Example C

[0072] Vermiculite dispersion concentrated to a solids
content of 7.5 weight percent was coated on 0.5 mil
(0.0125 mm) thick polyimide film using a knife over roll
coating system to form a refractory layer on the film. The
film was obtained under the tradename Kapton® from
E.I. DuPont de Nemours and Co.,Wilmington, DE. The
coated film was dried in an oven at a temperature not
exceeding 110 degrees C until the inorganic refractory
layer had moisture content below 5%. The drying time
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exceeded 75 minutes comprising a staged drying of 20
minutes at 71 degrees, 20 minutes at 82 degrees, 20
minutes at 93 degrees, and over 25 minutes at 96 de-
grees. The refractory layer had a target dry coat weight
of 33 gsm. The two layer composite of film and refractory
layer was wound up on a roll.
[0073] The coating process proved to be very difficult
due to an extremely low viscosity of the coating solution
combined with tendency for the film to wrinkle and crease.
Further, the film had to be surface treated by a process
such as corona treatment to promote wetting and give a
uniform coating, A uniform and continuous refractory lay-
er coating was not obtained.

Comparative Example D

[0074] Vermiculite dispersion concentrated to a solids
content of 10.8 weight percent was coated on 2 mil (0.05
mm) thick polyimide (Kapton®) film using a slot die coat-
ing system to form a refractory layer on the film. The
coated film was dried in an oven at a temperature not
exceeding 110 degrees C until the inorganic refractory
layer had moisture content below 5%. The drying time
exceeded 75 minutes comprising a staged drying of 9
minutes at 71 degrees, 6 minutes at 82 degrees, 6 min-
utes at 93 degrees, and 60 minutes at 96 degrees. The
refractory layer had a dry coat weight of 33 gsm. The two
layer composite of film and refractory layer was wound
up on a roll.
[0075] Once dried to below 5% moisture content, a
very uniform and continuous refractory layer resulted.
The layer remained on the surface of the film with enough
adhesion to allow for smooth roll winding and post-
processing. Refractory layer was easily peeled off the
polymeric film base with a help of a reinforcing substrate
that was bonded to the exposed side of the refractory
film. It was also possible to peel substantial sections of
the refractory layer off the polymeric film base without
the aid of a reinforcing substrate; however extreme care
has to be taken to prevent premature breaks of the film-
like refractory layer.
[0076] When exposed to a flame on the inorganic re-
fractory layer side, the sample showed a good resistance
to flame propagation, with the inorganic refractory layer
acting as an effective flame barrier.
[0077] However, the drying time for a coating process
in excess of 75 minutes was too long to be of practical
value. Further, the inorganic refractory material showed
signs of localized delamination/detachment from the pol-
ymeric film base when flexed.

Comparative Example E

[0078] This was as Example A except that the film layer
did not have a metalized surface. The findings were the
same as for Comparative Example D, with the exception
for flame propagation properties. When exposed to a
flame on the inorganic refractory layer side, an inorganic

refractory layer acted as an effective flame barrier, how-
ever the overall 2-layer composite propagated fire on the
polymeric film side.

Comparative Example F

[0079] Vermiculite dispersion was coated on 5.6 mil
thick reinforced polyethylene sheet using a doctor blade.
The polyethylene sheet was Tyvek® grade 1056D from
DuPont. The coated sheet was dried in an oven at 90
degrees C until the refractory layer had moisture content
below 5%. The drying time was 30 minutes. The dry basis
weight of of the refractory layer was 37 gsm.
[0080] The dried refractory layer could not be removed
from the sheet even with the help of a reinforcing sub-
strate bonded to the exposed side of the refractory layer.
Cohesive bond failure within the refractory layer was ob-
served. The polyethylene sheet was unsuitable for use.

Comparative Example G

[0081] Vermiculite dispersion concentrated to a solids
content of 10.8% weight percent was coated on 11 mil
(0.275 mm) thick hydrophilic gray RagKraft paper using
a slot die coating system to form a refractory layer on the
paper. The paper comprised a blend of 50 weight percent
of cellulose fibers and 50 weight percent of cotton fibers
and was obtained from Crocker Technical Papers.
[0082] The paper had a basis weight of 8.1 oz/sq. yd.
(275 gsm), an average thickness of 11.0 mil (0.275 mm),
a density of 1.0 cc, a Gurley Air Resistance of 714 sec /
100cc, 20 oz. (567 g) cyl., a smoothness of 103 Sheffield
units, a dry tensile strength of 122.0 lb/in (21.55 N/mm)
in the machine direction and 40.0 lb/in (7.07 N/mm) in
the cross direction. The wet tensile strength was 6.4 lb/in
(1.13 N/mm) in the machine direction and 2.5 lb/in (0.44
N/mm) in the cross direction.
[0083] The coated paper was dried for 15 minutes in
an air flotation oven at a temperature not exceeding 110
degrees C until the inorganic refractory layer had mois-
ture content below 5%. Differential drying temperatures
were applied to the top (vermiculite side) and the bottom
(paper side). The drying profile on the top side was 5
minutes at 49 degrees, 5 minutes at 60 degrees and 5
minutes at 71 degrees. The drying on the bottom side
was maintained for 15 minutes at 99 degrees. The re-
fractory layer had a dry coat weight of 33 gsm. The two
layer composite of film and refractory layer was wound
up on a roll.
[0084] Once dried to below 5% moisture content, a
very uniform and continuous refractory layer resulted.
The layer remained on the surface of the paper with
enough adhesion to allow for smooth roll winding and
post-processing. The refractory layer was easily peeled
off the paper base with a help of reinforcing substrate
that was bonded to the exposed side of the refractory
film. With extreme care it was also possible to peel short
sections of the refractory layer from the paper base with-
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out the aid of a reinforcing substrate.
[0085] When exposed to a flame on the inorganic re-
fractory layer side, the refractory layer acted as an effec-
tive flame barrier, however the overall 2-layer composite
propagated fire on the paper side.

Claims

1. A layered sheet comprising a carrier having a first
and second surface and an inorganic refractory layer
adjacent to at least one surface of the carrier wherein
the refractory layer has a dry areal weight, measured
according to ISO 536 (1995), of from 15 to 50 gsm,
the bond strength between the refractory layer and
the surface of the carrier is no less than 0.25 lb/in
(0.044 N/mm), and wherein the carrier

(i) comprises from 40 to 70 weight percent of
aramid fibers and from 30 to 60 weight percent
of polymeric binder,
(ii) is hydrophilic
(iii) has a wet tensile strength, measured accord-
ing to TAPPI T456 om-10, of at least 3 lb/in (0.53
N/mm) in a first direction and at least 2 lb/in (0.35
N/mm) in a second direction, the second direc-
tion being transverse to the first direction,
(iv) has a dry tensile strength, measured accord-
ing to TAPPI T494 om-06, of at least 7 lb/in (1.23
N/mm) in a first direction and at least 3 lb/in (0.53
N/mm) in a second direction, the second direc-
tion being transverse to the first direction,
(v) has an air permeability, measured according
to TAPPI T460 om-11, of no greater than 600
Gurley Air Resistance (sec/100cc, 20 oz. (567
g) cyl.),
(vi) has a smoothness, measured according to
TAPPI T538 om-08, on at least one surface of
no less than 250 Sheffield units,
(vii) has a thickness, measured by TAPPI T411
om-10, of from 0.025 to 0.175 mm,
(viii) has a density of from 0.25 to 0.60 g/cc, and
(ix) has a basis weight, measured according to
TAPPI T 410, of from 20 to 70 gsm,

wherein the refractory layer comprises inorganic
platelets selected from clay, preferably montmorillo-
nite; vermiculite; mica; talc and combinations there-
of, and wherein at least 85 % of the layer comprises
platelets.

2. The layered sheet of claim 1 wherein the refractory
layer has a residual moisture content, measured ac-
cording to ISO 287 (1985), of no greater than 10
percent by weight.

3. The layered sheet of claim 1 wherein the inorganic
refractory layer comprises vermiculite.

4. The layered sheet of claim 1 wherein the aramid fiber
is meta-aramid, para-aramid or a combination there-
of.

5. The layered sheet of claim 1 wherein the layered
sheet, when wet, has a shrinkage no greater than 2
percent.

6. The layered sheet of claim 1 wherein the refractory
layer has a dry areal weight, measured according to
ISO 536 (1995), of from 20 to 35 gsm.

7. The layered sheet of claim 1 wherein the carrier has
a wet tensile strength, measured according to TAPPI
T456 om-10, of at least 5 lb/in (0.88 N/mm) in a first
direction and at least 2 lb/in (0.35 N/mm) in a second
direction, the second direction being transverse to
the first direction.

8. The layered sheet of claim 1 wherein the carrier has
a dry tensile strength, measured according to TAPPI
T494 om-06, of at least 10 lb/in (1.75 N/mm) in a first
direction and at least 5 lb/in (0.88 N/mm) in a second
direction, the second direction being transverse to
the first direction.

9. The layered sheet of claim 1 wherein the carrier has
an air permeability, measured according to TAPPI
T460 om-11, of from 250 to 350 Gurley Air Resist-
ance (sec/100cc, 20 oz. (567 g) cyl.).

10. The layered sheet of claim 1 wherein the carrier has
a thickness, measured by TAPPI T411 om-10, of
from 0.075 to 0.175 mm (3 - 7 mil).

11. The layered sheet of claim 1 wherein the carrier has
a thickness, measured by TAPPI T411 om-10, of
from 0.100 to 0.150 mm (4 to 6 mil).

12. The layered sheet of claim 1 wherein the carrier has
density of from 0.25 to 0.45 g/cc.

13. The layered sheet of claim 1 wherein the carrier has
a density of from 0.30 to 0.40 g/cc.

14. The layered sheet of claim 1 wherein the carrier is
thermally stable at 150 degrees C for at least 10 min-
utes.

15. The layered sheet of claim 1 wherein the bond
strength between the refractory layer and the surface
of the carrier is at least 0.8 lb/in (0.14 N/mm).

Patentansprüche

1. Geschichtete Folie, welche einen Träger umfasst,
welcher eine erste und eine zweite Oberfläche und
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eine anorganische, feuerfeste Schicht besitzt, wel-
che an mindestens eine Oberfläche des Trägers an-
grenzt, wobei die feuerfeste Schicht ein Trockenflä-
chengewicht, gemessen nach ISO 536 (1995), von
15 bis 50 gsm besitzt, die Verbundfestigkeit zwi-
schen der feuerfesten Schicht und der Oberfläche
des Trägers nicht weniger als 0,25 lb/Zoll (0,044
N/mm) beträgt, und wobei der Träger:

(i) 40 bis 70 Gewichtsprozent Aramidfasern und
30 bis 60 Gewichtsprozent Polymerbindemittel
umfasst,
(ii) hydrophil ist,
(iii) eine Nasszugfestigkeit, gemessen nach
TAPPI T456 om-10, von mindestens 3 lb/Zoll
(0,53 N/mm) in einer ersten Richtung und von
mindestens 2 lb/Zoll (0,35 N/mm) in einer zwei-
ten Richtung besitzt, wobei die zweite Richtung
quer zur ersten Richtung liegt,
(iv) eine Trockenzugfestigkeit, gemessen nach
TAPPI T494 om-06, von mindestens 7 lb/Zoll
(1,23 N/mm) in einer ersten Richtung und von
mindestens 3 lb/Zoll (0,53 N/mm) in einer zwei-
ten Richtung besitzt, wobei die zweite Richtung
quer zur ersten Richtung liegt,
(v) eine Luftdurchlässigkeit, gemessen nach
TAPPI T460 om-11, von nicht mehr als 600 Gur-
ley-Luftwiderstand (Sek./100 cc, 20 Unzen (oz)
(567 g) Zyl.) besitzt,
(vi) eine Glätte, gemessen nach TAPPI T538
om-08, an mindestens einer Oberfläche, von
nicht weniger als 250 Sheffield-Einheiten be-
sitzt,
(vii) eine Dicke, gemessen nach TAPPI T411
om-10, von 0,025 bis 0,175 mm besitzt,
(viii) eine Dichte von 0,25 bis 0,60 g/cc besitzt,
und
(ix) ein Basisgewicht, gemessen nach TAPPI T
410, von 20 bis 70 gsm besitzt,

wobei die feuerfeste Schicht anorganische Plättchen
umfasst, ausgewählt aus Ton, vorzugsweise Mont-
morillonit; Vermikulit; Glimmer; Talkum und Kombi-
nationen daraus und wobei mindestens 85 % der
Schicht anorganische Plättchen umfassen.

2. Geschichtete Folie nach Anspruch 1, wobei die feu-
erfeste Schicht einen Restfeuchtegehalt, gemessen
nach ISO 287 (1985), von nicht mehr als 10 Ge-
wichtsprozent besitzt.

3. Geschichtete Folie nach Anspruch 1, wobei die an-
organische feuerfeste Schicht Vermikulit umfasst.

4. Geschichtete Folie nach Anspruch 1, wobei die Ara-
midfasern Meta-Aramid, Para-Aramid oder eine
Kombination daraus sind.

5. Geschichtete Folie nach Anspruch 1, wobei die ge-
schichtete Folie im nassen Zustand eine Schwin-
dung von nicht über 2 Prozent besitzt.

6. Geschichtete Folie nach Anspruch 1, wobei die feu-
erfeste Schicht ein Trockenflächengewicht, gemes-
sen nach ISO 536 (1995), von 20 bis 35 gsm besitzt.

7. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger eine Nasszugfestigkeit, gemessen nach TAPPI
T456 om-10, von mindestens 5 lb/Zoll (0,88 N/mm)
in einer ersten Richtung und von mindestens 2 lb/Zoll
(0,35 N/mm) in einer zweiten Richtung besitzt, wobei
die zweite Richtung quer zur ersten Richtung liegt.

8. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger eine Trockenzugfestigkeit, gemessen nach TAP-
PI T494 om-06, von mindestens 10 lb/Zoll (1,75
N/mm) in einer ersten Richtung und von mindestens
5 lb/Zoll (0,88 N/mm) in einer zweiten Richtung be-
sitzt, wobei die zweite Richtung quer zur ersten Rich-
tung liegt.

9. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger eine Luftdurchlässigkeit, gemessen nach TAPPI
T460 om-11, von 250 bis 350 Gurley-Luftwiderstand
(Sek./100 cc, 20 Unzen (oz) (567 g) Zyl.) besitzt,

10. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger eine Dicke, gemessen nach TAPPI T411 om-10,
von 0,075 bis 0,175 mm (3 bis 7 mil) besitzt.

11. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger eine Dicke, gemessen nach TAPPI T411 om-10,
von 0,100 bis 0,150 mm (4 bis 6 mil) besitzt.

12. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger eine Dichte von 0,25 bis 0,45 g/cc besitzt.

13. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger eine Dichte von 0,30 bis 0,40 g/cc besitzt.

14. Geschichtete Folie nach Anspruch 1, wobei der Trä-
ger bei 150 Grad C mindestens 10 Minuten lang sta-
bil ist.

15. Geschichtete Folie nach Anspruch 1, wobei die Ver-
bundfestigkeit zwischen der feuerfesten Schicht und
der Oberfläche des Trägers mindestens 0,8 lb/Zoll
(0,14 N/mm) beträgt.

Revendications

1. Feuille stratifiée comprenant un support qui compor-
te une première et une seconde surface et une cou-
che réfractaire inorganique qui est adjacente à au
moins une surface du support, dans laquelle la cou-
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che réfractaire présente un poids surfacique à l’état
sec, mesuré conformément à ISO 536 (1995), de 15
à 50 gsm, la résistance d’adhésion entre la couche
réfractaire et la surface du support n’est pas infé-
rieure à 0,25 lb/in (0,044 N/mm), et dans laquelle le
support :

(i) comprend de 40 à 70 pour cent en poids de
fibres d’aramide et de 30 à 60 pour cent en poids
d’un agent de liaison polymérique ;
(ii) est hydrophile ;
(iii) présente une résistance à la traction à l’état
humide, mesurée conformément à TAPPI T456
om-10, d’au moins 3 lb/in (0,53 N/mm) dans une
première direction et d’au moins 2 lb/in (0,35
N/mm) dans une seconde direction, la seconde
direction étant transversale par rapport à la pre-
mière direction ;
(iv) présente une résistance à la traction à l’état
sec, mesurée conformément à TAPPI T494 om-
06, d’au moins 7 lb/in (1,23 N/mm) dans une
première direction et d’au moins 3 lb/in (0,53
N/mm) dans une seconde direction, la seconde
direction étant transversale par rapport à la pre-
mière direction ;
(v) présente une perméabilité à l’air, mesurée
conformément à TAPPI T460 om-11, non supé-
rieure à une résistance à l’air (Gurley) de 600
(sec/100 cc, 20 oz. (567 g) cyl.) ;
(vi) présente un caractère lisse, mesuré confor-
mément à TAPPI T538 om-08, sur au moins une
surface non inférieure à 250 unités de Sheffield ;
(vii) présente une épaisseur, mesurée confor-
mément à TAPPI T411 om-10, de 0,025 à 0,175
mm ;
(viii) présente une densité de 0,25 à 0,60 g/cc ; et
(ix) présente un poids de base, mesuré confor-
mément à TAPPI T 410, de 20 à 70 gsm,

dans laquelle la couche réfractaire comprend des
plaquettes inorganiques qui sont sélectionnées par-
mi l’argile, de préférence la montmorillonite ; la
vermiculite ; le mica ; le talc et des combinaisons de
ceux-ci, et dans laquelle au moins 85 % de la couche
comprend des plaquettes.

2. Feuille stratifiée selon la revendication 1, dans la-
quelle la couche réfractaire présente une teneur en
humidité résiduelle, mesurée conformément à ISO
287 (1985), non supérieure à 10 pour cent en poids.

3. Feuille stratifiée selon la revendication 1, dans la-
quelle la couche réfractaire inorganique comprend
de la vermiculite.

4. Feuille stratifiée selon la revendication 1, dans la-
quelle la fibre d’aramide est de la méta-aramide, de
la para-aramide ou une combinaison de celles-ci.

5. Feuille stratifiée selon la revendication 1, dans la-
quelle la feuille stratifiée, lorsqu’elle est humide, pré-
sente un retrait non supérieur à 2 pour cent.

6. Feuille stratifiée selon la revendication 1, dans la-
quelle la couche réfractaire présente un poids sur-
facique à l’état sec, mesuré conformément à ISO
536 (1995), de 20 à 35 gsm.

7. Feuille stratifiée selon la revendication 1, dans la-
quelle le support présente une résistance à la trac-
tion à l’état humide, mesurée conformément à TAPPI
T456 om-10, d’au moins 5 lb/in (0,88 N/mm) dans
une première direction et d’au moins 2 lb/in (0,35
N/mm) dans une seconde direction, la seconde di-
rection étant transversale par rapport à la première
direction.

8. Feuille stratifiée selon la revendication 1, dans la-
quelle le support présente une résistance à la trac-
tion à l’état sec, mesurée conformément à TAPPI
T494 om-06, d’au moins 10 lb/in (1,75 N/mm) dans
une première direction et d’au moins 5 lb/in (0,88
N/mm) dans une seconde direction, la seconde di-
rection étant transversale par rapport à la première
direction.

9. Feuille stratifiée selon la revendication 1, dans la-
quelle le support présente une perméabilité à l’air,
mesurée conformément à TAPPI T460 om-11, non
supérieure à une résistance à l’air (Gurley) de 250
à 350 e (sec/100 cc, 20 oz. (567 g) cyl.).

10. Feuille stratifiée selon la revendication 1, dans la-
quelle le support présente une épaisseur, mesurée
conformément à TAPPI T411 om-10, de 0,075 à
0,175 mm (de 3 à 7 millièmes de pouce).

11. Feuille stratifiée selon la revendication 1, dans la-
quelle le support présente une épaisseur, mesurée
conformément à TAPPI T411 om-10, de 0,100 à
0,150 mm (de 4 à 6 millièmes de pouce).

12. Feuille stratifiée selon la revendication 1, dans la-
quelle le support présente une densité de 0,25 à 0,45
g/cc.

13. Feuille stratifiée selon la revendication 1, dans la-
quelle le support présente une densité de 0,30 à 0,40
g/cc.

14. Feuille stratifiée selon la revendication 1, dans la-
quelle le support est stable thermiquement à 150
degrés C pendant au moins 10 minutes.

15. Feuille stratifiée selon la revendication 1, dans la-
quelle la résistance d’adhésion entre la couche ré-
fractaire et la surface du support est d’au moins 0,8
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lb/in (0,14 N/mm).
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