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(57) Abstract: A multi-layer protective fabric includes a thin urethane film, a flame-retardant fibrous layer, and a flame-retardant
O micro-porous layer. The film includes flame retardant additives, blocks a liquid chemical from passing through it, and breathes by
an adsorption/de-sorption process to permit water vapor to pass through it. The fibrous layer is bonded on one surface of the film.

The urethane layer 1s bonded on the other surface of the film.
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MULTI-LAYER PROTECTIVE FABRICS
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Background

This invention relates to multi-layer protective fabrics.

Garments used 1n fire fighting, for example, are made of fabrcs that not
only protect the fire fighter from the heat and flame of the fire, but also are waterproof

and allow water vapor to pass from nside to outside the garment.

One such fabric is a laminate of a first layer comprising rayon and
NOMEXx M(a fire-retardant, high-strength woven or non-woven fibrous material
available from duPont) and a second layer of a micro-porous urethane film (e.g.,
P55FR available from Porvair of King's Lynne, UK). A micro-porous material is, for
example, one that has pores sized to permit vapor molecules to pass, while blocking
water molecules. The urethane film, which is normally flammable, is made fire
retardant by loading it with fire retardant components dﬁn’ng manufacture by a solvent

process.

The National Fire Protection Agency (NFPA) recently changed 1ts
published standards to require fire fighting garments also to resist penetration by any

of a list of chemicals sprayed in a specified way against the surface of the garment.

One attempt to meet the new standard involved coating the micro-porous

urethane film of the fabric described above with a chemical resistant coating.

Summary

In general, in one aspect, the invention features a multi-layer protective
fabric m which a breathable barrier film blocks a liquid chemical while permitting
moisture vapor to pass through it. The film is thinner than 1 mil and contains a fire

retardant component. Layers are bonded on both sides of the film by fire retardant

adhesive.

In general, in another aspect of the invention, a multi-layer protective
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fabric includes a thin urethane film, a  fire-retardant fibrous layer, and a fire-
retardant micro-porous layer. The film includes - fire retardant additives, blocks a
liquid chemical from passing through it, and breathes by an adsorption/de-sorption
process to permit water vapor to pass through it. The fibrous layer 1s bonded on one

s surface of the film. The urethane layer is bonded on the other surface of the film.

Implementations of the invention may include one or more of the
following features. The urethane film may have a thickness in the range of 0.1 to 1
mils, preferably 0.15 to 0.25 mils, e.g., about 0.2 mils thick. Adhesive may bond the
urethane film to at least one of the fibrous layers or the micro-porous layer. The
10 adhesive may be distributed in a pattern in which at least 75%, preferably at least
85%, most preferably at least 90% of the film is free of adhesive. The adhesive may
contain fire-retardant components. The fibrous layer may include NOMEXT:' Kevlar,

™
or PBI. The micro-porous urethane layer (e.g., PORVAIR"; may include fire-

retardant components.

15 In general, in another aspect of the invention, a multi-layer fabnc includes
a sandwich that has a core and layers bonded on the core. The core has a weight per
square meter less than 2 1/2 grams and s impenetrable by a liquid chemical and
breathable to water vapor. The fire-retardant layers are bonded on each side of the
core, at ileast one of the fire-retardant layers being penetrable by the liquid chemical,

20 mpenetrable by water, énd breathable to water vapor.
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Another aspect of the invention relates to a

multi-layer protective fabric comprising a breathable

barrier film that blocks a liguid chemical from passing

through i1t and breathes by an adsorption/de-sorption process

that permits water vapor to pass through 1t, the film being

thinner than 1 mil and contalning a fire—retardant

component, and fire-retardant layers bonded on both sides of

n

the film by fire-retardant adhesive.

F

A further aspect of the i1nvention relates to a

multi-layer protectlve fabric comprising a urethane fillm

that includes one or more fire retardant additives, blocks a

ligquid chemical from passing through 1t, and breathes by an

adsorption/de-sorption process to permit water vapor to pass

through 1t, a fire-retardant fibrous layer bonded on one

r=

surface of the film, and a fire-retardant micro-porous layer

bonded on the other surface of the film.

A sti1ill further aspect of the invention relates to

the aforesaid multi-layer fabric wherein the urethane film

F

has a thickness 1n the range of

0

.15 to 0.25 mils, the fire-

P

retardant fibrous layer 1s bonded on one surface of the film

by a first fire-retardant adhesive arranged in a pattern 1in

which at least 75% of the film 1is

i

free of adhesive, and the

fire-retardant micro-porous layer 1s bonded on the other

F

surface of the film by a second fire-retardant adhesive

arranged 1n a pattern 1n which at least 75% of the film 1is

free of adhesive.

P

Yet another aspect of

multi-layer fabric comprising a

having a thickness 1n the range

the 1nvention relates to a

sandwlch comprising a core

O

F

f 0.1 to 1.0 mil, the core

being 1mpenetrable by a liquid chemical and breathable to

water vapor, the liquid chemical beling distinct from water,

and fire-retardant layers bonded one on each side of the

- Za
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core, at least one of the fire-retardant layers being
penetrable by the liquid chemical, 1mpenetrable by water,

and breathable to water vapor.

g

A yet further aspect of the i1nvention relates to a

fire fighting garment comprising the aforesaid multi-layer

fabric being impenetrable layers bonded one on each side of

the core.

F

Among the advantages of the invention may be one

P

or more of the following.

The fabric meets NFPA standards for fire-

retardancy and chemical resistance while being waterproof

and breathable. A fabric of the required characteristics
can be produced repeatedly and predictably. The fabric 1s
relatively inexpensive to make. The polyethylene-backed

film i1is easily stored and shipped and manipulated during the

lamination process. The barrier properties of the film are

maintained prior to the laminatlon process.

_2b_
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Other advantages and features will become apparent from the following

description, and from the claims.

Description

Figure 1 is an enlarged, not-to-scale, cut-away perspective view of a multi-

layer fabric.
Figure 2 is a sectional side view of a laminating process.

Figure 3 is a schematic view of a processing line.

Description

As seen in Figure 1, a multi-layer protective fabric 10 is  fire-retardant,
chemical-resistant, waterproof, and breathable. Fabric 10 includes a breathable,
chemical resistant bammer film 12 laminated between a high-strength, fire-resistant
woven or non-woven material 14 (e.g., NOMEXL"product REVEF24 3:Mavailable from
Freudenberg, of Weinheim, Germany), and a fire-resistant micro-porous layer 16
(e.g., PS SFR")‘, using 2 fire retardant adhesive 18. The thickness of the space in
which the adhesive lies may be somewhat exaggerated in figure 1. Also, the micro-

porous structure of layer 16 1s not illustrated.

Film 12 may be a urethane film extruded from a breathable urethane stock
(available as TX1535F R from Omniflex of Greenfield, MA). Because film 12 would
otherwise be highly flammabile, a fire retardant additive is included as part of the

urethane stock used to load the extruder.

The resulting extruded film by itself would still be sufficiently flammable
to fail a vertical flame test (e.g., flame test method 5903.1 specified in NFPA 701
Standard on Protective Ensemble for Structural Fire-Fighting). The flammability of
the film is reduced by making the film thin and by using fire retardant adhesive to
bind the layer to other layers of the multi-layer protective fabric. Consequently, the

multi-layer protective fabric meets the NFPA flame retardancy requirements.
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By making the film 12 thin, the weight of flammable material per square
yard 1s relatively small, e.g., as little as 2 1/2 grams/square meter. To reduce the
flammable mass, it would be desirable to make film 12 as thin as possible while
retaining its behavior as a barrier to liquid chemaicals, 1ts breathability, its

5  extrudability, and 1ts ability to be laminated after extrusion. (A breathable film 1s, for
example, one that provides a continuous barrier to liquids but allows moisture vapor

to pass by an adsorption/de-sorption process on the surface of the film.)

If the film were made too thin, it would lack the strength needed during the
next processing step, described below, and would be characterized by gaps and holes

10  that would prevent it from serving as a barrier to chemicals.

Although 0.2 mils has been found to be a useful thickness, other thickness
in the range of 0.1 to 0.5 mils (2.5 to 12.5 microns), preferably 0.15 to 0.25 mils (3.75
to 6.25 microns), are also believed to exhibit a useful combination of the desired
properties. It is likely that an even thicker film could be used, e.g., as thick as 15 to

15 20 microns (0.6 to 0.79 mils) or even 25 microns (1 muil).

In theory, if the urethane film were too thick, the fire retardant properties
of the film would be lost. Attempting to compensate by increasing the proportion of

fire retardant components in the urethane stock would degrade the breathability of the

extruded film.

20 Because film 12 is thin, it would be relatively weak and difficult to handle
and to laminate without temporarily casting it onto a pre-formed 2 mils thick
polyethylene backing material 20, as seen in Figure 2. The warm, soft, just extruded

film 12 1s continuously cast onto the backing material 20.

The urethane film is made by horizontal or vertical casting extrusion. The
25 film is extruded onto the polyethylene layer while thermoplastic. The extruder melts
the urethane granules and forms the urethane layer by passing the molten urethane
through a sheet die. The thickness of the urethane film is controlled by adjusting the

speed of production or varying the die opening. In the sheet die, the temperature of
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the urethane 1s about 400 degrees F. The polyethylene backing layer is relatively cool
and 1s fed from a roll.

From a position that lS near to the sheet die, the two layers are
simultaneously pulled by a set of nip rolls, including a rubber roll and a steel roll. The

two rolls press the two layers together while the urethane 1s still relatively wamm. The

- two layers of the resulting sheet are lightly bonded together so that the polyethylene

layer can later be peeled. The steel roll may have a matte finish or a simple
polytetrafluoroethylene release coating. The resulting two-layer sheet 1s tnmmed at
the edges and wound on a take up roll. Alternately, the urethane film may be

produced from a casting die by being drawn vertically downward and pressed to the

polyethylene layer by calendar rolls.

The micro-porous layer 16 is 2.25 mils thick and (it is believed) cannot

easily be made thinner because the fire retardant additive (ammonium oxide and

brominated compounds) cannot be ground fine enough to make a functional thinner
film. '

As seen 1n Figure 3, in the first pass of a two-pass sequence for

™
manufacturing the multi-layer fabric, the NOMEX web 14 is pulled from a supply
roll 63 at the front end of the line to a station 55 where the fire retardant adhesive 1s

applied by a gravure roll 60 in a 65 quads per square inch quad pattern (discussed

below). The pattem on the roll 1s 5 mils deep.

At a laminating station 70, the adhesive bearing side of the NOMEmeeb |
meets the po'lyethylcne backed brcathab_le urethane film 13 that has been withdrawn
from a feed roll 56. The backed film and the NOMEXT:web are nipped at station 70 to
form a pre-laminate. The pre-laminate passes over a large roll 71 and is held against
the surface of roll 71 by a re-circulating blanket 73. The pre-laminate is fed onto a

take-up roll 75 at the back end of the line. The pre-laminate is then allowed to sit for

at least twelve hours at room temperature for curing.

After the first pass and prior to a second pass, the polyethylene backing is
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stripped from the pre-laminate. The second pass is done on essentially the same
processing line shown in figure 3 with the polyethylene-stripped pre-laminate loaded
on feed roll 63, the micro-porous layer loaded on feed roll 56, and the final multi-
layer fabric taken up on roll 75. The fabnic 1s then allowed to sit for 18 hours to cure

at room temperature before shitting and inspection.

The multi-layer fabric may be covered with additional outer layers (for
- . T ™
example, a stitch bonded thermal barrier of woven or non-woven Nomex or Kevlar) to

produce a finished fabric that can be patterned, cut, and stitched to form a finished

garment, e.g., a fire fighter's coat.

The adhesive that bonds the layers may be a cross-linking, fire retardant
adhesive available from Soluol of Warwick, Rhode Island. Altemative adhesives
could include epoxies and hot melts. The adhesive is made fire retardant by mixing
in, e.g., a 9% concentration of fire retardant additive (such as a brominated

compound) to the total by weight of the cross-linking adhesive. The adhesive cures

by cross-linking at room temperature.

The pattern of the adhesive is, for example, 65 quads per square inch at a
depth of about 6-7 mils. The quad pattern is a pattern of three-dimensional squares of

adhesive. The squares are open so that only a small portion of the area treated is

covered with adhesive while a large portion of the area remains clean.

Other patterns and numbers of quads per square inch could be used
including dot, diamond, tri-helical, or any other pattern that provides a desired lay-
down weight of adhesive and leaves a significant open area. A lay-down weight of,
for example, about 4 grams per square meter (dried adhesive weight) on each side of
the barrier layer works well. The depth of the pattern of applied adhesive should be
great enough to assure good bonding but not so great that the open space of the pattern

1s significantly reduced by excess adhesive flowing into the open parts of the pattern.

The non-adhesive (clean) portions of the pattern could range from 75 to

90%, preferably 85 to 90%, most preferably 90%. The benefit of using such a pattern

RS & AN A R AT SIS A A A A A, AL A A A ST el — . AN S«
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1s that it causes relatively little obstruction of the moisture vapor transmission
properties (breathability) of the bamier layer, while achieving a strong bond between
the fabnc layers. The pattemn should provide enough adhesive coverage to yield the
needed fire retardancy to the otherwise flammable barrier layer and yet be open

5 enough to maintain the breathability and washability of the finished fabric.

Examples of laminated fabrics follow:

1. A fire retardant and chemical protective composite fabric
consisting of a layer of 2.3 0z./sq. yd. Freudenberg Style REVF243“;nelamine non-
woven lamnated to an Omniflex 0.2mil TX1535FRwurethane film with an additional

10 layer of Porvair's PSSFIiMﬁIin laminated on top of the TX1535F Rm The matenals are
laminated together by applying an 1170 FRmadhesive from Soluol Chemical by way of
a 65 quad rotogravure print roll. The resﬁlting composite meets or exceeds

performance specifications as stated in NFPA 701 Standard On Protective Ensemble
for Structural Firefighting.

15 2. A fire .retardant and chemical protective composite fabric

consisting of a layer of 3.2 o0z./sq. yd. duPont Style 332 Nomex woven laminated to
an Omniflex .2 mil TX153 SFRn;lrethane film with an additional layer of Porvair's

™ ™
P55FR film laminated on top of the TX1535FR. The materials are laminated together
by applymng an 1170 Fliuadhesive from Soluol Chemical by way of a 65 quad
20  rotogravure print roll. The resulting composite meets or exceeds performance

specifications as stated in NFPA 701 Standard On Protective Ensemble for Structural
Firefighting.

3. A fire retardant and chemical protective composite fabric

consisting of a layer of 2.7 0z./sq. yd. duPont Style E89 non-woven laminated to an

25  Omniflex .2mil TX1535FR urethane film with an additional layer of Porvair's P55F RTM
film laminated on top of the 'I'X1535FRT.M The materials are laminated together by
applying an 1170 FR adhesive from Soluol Chemical by way of a 65 quad rotogravure

print roll. The resulting composite meets or exceeds performance specifications as

- eaaay m&&;‘be;ﬂ”ﬁ;_h\mﬁ—ﬁﬁgvﬂw&“w-m' PROMEC P, P Syl 1ok ez P e 1 . s .



{

. CA 02376270 2008-04-24

' 63266-68

stated in NFPA 701 Standard On Protective Ensemble for Structural Firefighting.

Other embodiments are within the scope of the following claims.

For example, a variety of other fabrication sequences would be possible

including ones in which the three layers are laminated simultaneously.

5 The N OMEchould be replaced by other similar matenals, including
Kevlaff PBIT,uor modacrylic. Suppliers include duPont, Southem Mills, Freudenberg,

and Burlington.
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CLAIMS:

1. A multi-layer protective fabric comprising

a breathable barrier film that blocks a liquid

chemical from passing through 1t and breathes by an

5 adsorption/de-sorption process that permits water vapor to

pass through 1t, the film being thinner than 1 mil and

containing a fire-retardant component, and

fire-retardant layers bonded on both sides of the

film by fire-retardant adhesive.

10 2. A multi-layer protective fabric comprising

a urethane film that includes one or more fire
retardant additives, blocks a liquid chemical from passing
through 1t, and breathes by an adsorption/de-sorption

process to permlt water vapor to pass through 1it,

15 a fire-retardant fibrous layer bonded on one

surface of the film, and

a fire-retardant micro-porous layer bonded on the

other surface of the film.

3. The fabric of claim 2 in which the urethane film

20 has a thickness 1n the range of 0.1 to 1 mils.

-

4 . The fabric of claim 2 in which the urethane film

is 0.2 mils thick.

2. The fabric of claim 2 further comprising adhesive

that bonds the urethane film to at least one of the fibrous

25 layer or the micro-porous layer.
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distributed in a pattern 1n which at least 75% of the
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the adhesive 1s

The fabric of claim 5 1n which

film

1s free of adhesive.

comprises at least one of

arranged 1n a pattern in which at least 75% of the

the other surface of the

o
—a

fire-retardant

ﬁ

The fabric of claim 5 1n which the adhesive

components.

0.15 to 0.25 m1.

layer comprises one oOr more

P
—

e

adhesive,

r—

fabric of

The claim 2 1in which the fibrous layer

F

aramid

fibers or polybenzimidazole

The fabric of claim 2 1n which the micro-porous

fire-retardant components.

*

fabric of

The claim 2 in which the micro-porous

layer comprises urethane.

S~

The multi-layer fabric of wherein

claim 2,

the urethane film has a thickness 1n the range

Sy

the fire-retardant fibrous layer 1s bonded on one

the fire-retardant adhesive

film by a first

film 1is

and

the fire-retardant micro-porous layer 1s bonded on

fire-retardant

film by a second

adhesive arranged 1n a pattern in which at least 75% of the

film 1s free of adhesive.

7.

5 contalins
3 .
fibers.
9.

10
10.

11.

15 of
surface o3
free of

20
12.

25

of 0.1 to 1.0 mil,

A multi-layer fabric comprising

a sandwlich comprising

a core having a thickness 1n the range

the core being impenetrable by a liquid

10
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chemical and breathable
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to water vapor, the liquid chemical

peing distinct from water, and

fire-retardant layers bonded one on each side of

F

the core, at least one of the fire-retardant layers being

penetrable by the liquid chemilical, 1mpenetrable by water,

and breathable to water vapor.

13. A fire fighting garment comprising the multi-layer

fabric of claim 12.

14. The fabric of

claim 2 in which the urethane film

ﬁ

has a thickness in the range of 0.15 to 0.25 mils.

15. The fabric of

claim 5 in which the adhesive 1is

g— pr—- ¥

dlstributed 1n a pattern in which at least 85% of the film

pr—

1s free of adhesive.

10. The fabric of

claim 5 in which the adhesive is

distributed i1n a pattern in which at least 90% of the film

*

1s free of adhesive.

17. The fabric of
1s 0.2 mils thick.

18. The fabric of

claim 12 in which the core

claim 12 further comprising adhesive

that bonds the core to at least one of the fire-retardant

lavers.

19. The fabric of

claim 18 in which the adhesive is

P

distributed 1n a pattern in which at least 75% of the film

1s free of adhesive.

20 . The fabric of

contains fire-retardant

claim 18 in which the adhesive

components.
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21. The fabric of claim 12 in which the fibrous layer

P

comprises at least one of

aramld fibers or polybenzimidazole

fi1bers.

22. The fire-fighting garment of claim 13 wherein the

core I1ncludes a fire-retardant additive.

23. The garment of claim 13 in which the core

1s 0.2 mils thick.

F

24, The garment of claim 13 further comprising

adhesive that bonds the core to at least one of the fire-

retardant lavyers.

25. The garment of claim 24 in which the adhesive is

distributed 1n a pattern 1n which at least 75% of the film

18 free of adhesive.

F

20. The garment of claim 24 in which the adhesive

contains fire-retardant components.

F

27. The garment of claim 13 in which the fibrous layer

P

comprlses at least one of aramid fibers or polybenzimidazole

flbers.

28, The fabric of claim 1 wherein the barrier film has

a weight per square meter of less than 2.5 grams.

29, The fabric of claim 1 wherein the fabric meets the

NFPA flame retardancy requirements.

30. The fabric of claim 1 in which the barrier film

has a thickness 1n the range of 0.1 to 1 mils.

31. The fabric of claim 1 in which the barrier film

1s 0.2 mils thick.

_12_
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32. The fabric of claim 1 wherein the fire-retardant
layers comprise at least one of a fibrous layer and a micro-

porous lavyer.

33. The fabric of claim 32 1n which the adhesive 1is
5 distributed 1n a pattern 1n which at least 75% of the film

1s free of adhesive.

34, The fabric of claim 1 wherein the barrier film 1is

non-porous.

35. The fabric of claim 2 wherein the urethane film is

10 non-porous.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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