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ORIGINAL -.

IN THE UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF GEORGIA FILER IN CLERK'S ORMEE
ATLANTA DIVISION U-S.D.C. Atarms %

DEC 1 200

SOUTHERN MILLS, INC. ) _
a Georgia Corporation, ) LgH’ER DAL 3, Clerk
) Depidy Gieek
Plaintiff, )
) Civil Action File
V. No.:
1 e3-CV-38 4%
SAFETY COMPONENTS FABRIC )
TRCENOLOGIES, ING. AL S
a Delaware Corporation, )
)
Defendant. )
)
COMPLAINT

Southern Mills, Inc. (“Southern™), Plaintiff in the above-captioned action,
for its Complaint against Defendant, Safety Components Fabric Technologies, Inc.

(“Safety Components™), alleges as follows:

JURISDICTION AND VENUE

1. This is an action for declaratory relief under the patent laws of the
United States. This Court has subject matter jurisdiction of this action pursuant to
28 U.S.C. §§ 1331, 1338, 2201, and 2202.

2. Venue is proper in this jurisdiction pursuant to 28 U.S.C. §§ 1391 and
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THE PARTIES

3. Southern is a corporation existing under the laws of the State of
Georgia. Southern has a principal place of business at 6501 Mall Boulevard, Union
City, Georgia.

4. On information and belief, Safety Components is a corporation
existing under the laws of the State of Delaware. Safety Components has a
principal place of business at 40 Emery Street, Greenville, South Carolina.

5. On information and belief, Safety Components regularly and
continuously conducts business in the State of Georgia, within this judicial district

and division, and elsewhere throughout the United States.

THE CONTROVERSY

6. On information and belief, Safety Components is the owner of United
States Patent Nos. 6,065,153, 6,192,520, and 6,606,749 (“the patents-in-suit”)
(attached as Exhibits “A,” “B,” and “C,” respectively).

7.  Southern manufactures, offers for sale, and sells water-repellent
fabrics that may be incorporated into, for example, fireman turnout coats.
Southern offers for sale and sells such water-repellent fabrics in the State of

Georgia, and throughout the United States.
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8. Safety Components has and continues to allege that Southern’s
manufacture, offers to sell, and sales of water-repellent fabrics infringe the patents-
n-suit.

9. Safety Components also has and continues to threaten to sue Southern
for its alleged infringement of the patents-in-suit.

10.  Southern has and continues to deny that any product that it makes,
uses, offers for sale, or sells in the United States infringes any valid and
enforceable claim of the patents-in-suit.

11.  Southern is under a real and reasonable apprehension that Safety
Compenents will bring suit against Southern with respect to Southern’s alleged
infringement of the patents-in-suit if Southern continues to manufacture, otfer for
sale, and/or sell such water-repellent fabrics.

12.  Southem intends to continue to manufacture, offer for sale, and sell
water-repellent fabrics to be incorporated into, for example, fireman turnout coats.

13.  An actual and justiciable controversy thus exists between the parties
regarding the non-infringement, invalidity, and/or unenforceability of the patents-
in-suit. Southern therefore seeks a judicial determination that Southern has not and

does not infringe any valid and enforceable claim of the patents-in-suit.
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CLAIM FOR RELIEF

14. Southern incorporates herein by reference paragraphs 1 through 13
above.

15.  An actual controversy has arisen and now exists between the parties
with respect to the alleged non-infringement, invalidity, and unenforceability of the
patents-in-suit.

16. Safety Components contends that Southern’s water-repellent fabrics
infringe the patents-in-suit. Safety Components further contends that the patents-
in-suit are valid and enforceable.

17.  In contrast, Southern contends that it has not and does not infringe any
valid and enforceable claim of the patents-in-suit. More specifically, Southem
contends that its water-repellent fabrics have not and do not infringe any valid and
enforceable claim of the patents-in-suit.

18.  On information and belief, Southern further contends that the patents-
in-suit are invalid and/or unenforceable for failure to meet one or more of the
conditions of patentability specified in the Patent Act, 35 U.S.C. §§ 1 et seq.,
including, but not limited to, sections 101, 102, 103, 112, and/or 282 of the Patent
Act.

19. Thus, Southern disputes Safety Components’ contentions and a

controversy exists.
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20.  Pursuant to 28 U.S.C. § 2201 and § 2202, a judicial determination of
the respective rights of the parties with respect to the non-infringement, invalidity,
and unenforceability of the patents-in-suit is necessary and appropriate under the

circumstances.

PRAYER FOR RELIEF

WHEREFORE, Southern prays for the following relief:

A.  For a judicial declaration that Southern has not and does not infringe
any valid and enforceable claim of U.S. Patent Nos. 6,065,153, 6,192,520, or
6,606,749,

B. For a judicial declaration that the claims of U.S. Patent Nos.
6,065,153, 6,192,520, and 6,606,749 are invalid,;

C. Forajudicial declaration that the claims of U.S. Patent No. 6,065,153,
6,192,520, and 6,606,749 are unenforceable;

D. For an order awarding Southern its costs and reasonable attorneys’
fees as provided by law; and

E.  For such other and further relief as the Court deems just and proper.
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JURY DEMAND

Southern demands a trial by jury on all issues so triable as a matter of right.

This 10th day of December, 2003.

StephenR-Risley ; /
Georgia State Bar No: 45
J. Scott Culpepper

Georgia State Bar No. 193081

Cynthia J. Lee
Georgia State Bar No. 442999

THOMAS, KAYDEN, HORSTEMEYER
& RISLEY, L.L.P.

100 Galleria Parkway

Suite 1750

Atlanta, Georgia 30339

Telephone: (770) 933-9500

Facsimile: (770) 951-0933

Attorneys for Plainttft,
Southern Mills, Inc.

(00098307)
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EXHIBIT / ATTACHMENT
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(To be scanned in place of tab)
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(37 ABSTRACT

A protective garment of the tvpe typically worn by fire
fighters with improved water resistance is disclosed. 1o
parlicular, the present invention is directed 10 an outer shell
maleria) for protective garments thal is made from a fire
resistanl malerial <oated with a durable waler resistanl
coating. The durable water resistant coating is applied 1o the
outer shell in a manoer so that the coatling will not degrade
when exposed 1o normal wear and tear and even afier ihe
garmeni has beca laundered repeatedly. Proteciive garments
constructed in the past typically lost most of their waler
repelleocy after being laundered as little as five cycles. It has
been discavered that water resislant coalings applied accord-
ing 1o Lhe process of the present inveation, on the other band,
cap survive al Jeast 30 laundry cycles, and in many appli-
cations al least 50 laundry cycles without significandy
degrading.

27 Clairs, 3 Drawing Sheets
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U.S. Patent May 23, 2000 Sheet 3 of 3 6,065,153

100 20
No sticking or wetting of upper surface Slight random sticking or wetting of upper surface
Figure 3A Figure 3B

80 70
Wetting of upper surface at spray points Partial wetting of whole of upper surface only
Figure 3C Figure 30

50 a
Completa wetting of whole of upper surface only Completa wetting of whale of upper and
i lower surfaces
Figure 3E Figure 3F
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WATER RESISTANT PROTECTIVE
GARMENT FOR FIRE FIGHTERS

RELD OF THE INVENTION

‘The present inveniion peperaly relates 1o protective gar-
ments such 25 the type womn by fire fighters. More
particularly, the preseat invenlioa is directed 10 a protective
garment having a walcr resisiaat ouer shell. in particular, an
ouler shell made according 10 the present invention bas
proven lo be able o relaig its primary waler resistany
properties eveg after uadergoing 30 laundry cycles.

BACKGROUND OF THE INVENTION

Protective garments worn by fire fighters are designed to
perform several funcijons. Of these, protection from heat
and flame are perhaps the most importan! characteristes of
the garmeuts. In addition o providing protection from beat
aod flame, 1he garments, however, should be as light as
possible, showld provide some breathabiity and sbould
encumber the wearer as little as possible,

Coaventional fire fighter garments are gengrally con-
structed having a number of discrele layers. Typically, these
favers include an outer shell, 2 moisture barrier layer, a
thermal barrier laytr, and an inoer lining. The layers ase
geaerally made from appropriate thermally-resistant mate-
rials 10 provide prolection agaiest heat apd Aame.

In the past, one difficulty that has been encountered in
designing protective gurmens 10 be worn by fire fighers is
to prevent the garments from absorbing and retaining mois-
wre. For instance, prolective garments wora by Bre fghters
usually become wet during use due o exiernal exposure o
exiingnishing water or rain. Also, fire fighter parments can
become wet due 1o the absorption of pesspicatioa given off
by the wearer. Unfortunate)y, whep the protective garmen(
absorbs moisture, the characleristics and propenies of the
garment cap be adversely affected. For example, when
relaining moistere, the protective garment can become sig-
nificanl)y heavier.

Besides increasing in weighi, the presence of moisiure
within a prineciive garment also adversely affecis the ther-
mal properties of the garment making the garment less
effective in shiclding its wearer from thermal heat. In
panticular, since waler is a much betler bieal conducier than
air, the 7ate of beal transfer through the garment wnereases.
Also, it has beea discovered that as waier heats up in a
protective garment, the water can lurp 10 steam uoder
exposure 10 heat and actually bum a person wearing the
garment.

Ultimately, when protective ganments as deseribed above
become wel or snaked with water or other fluids, the
garmepts become hot and uncomfortable to work in due 10
the increased weight and due 1o {he increased rate of beal
traasfer thmuegh the parment. As a consequence, a wearer
can only spend a limited amovnt of time working or per-
forming tasks in the parment due 1o the possibility of heat
Stress.

fn the past, in order to prevent water from being absorbed
by protective garments worn by firemen, the garments bave
been treated wilh a water resisiant composirion. The water
Tesistant treatments applied to convestionally made prolec-
live garments, however, have not proven lo be durable and
have been found to become ineffective 2fter the garment bas
been placed in use for a pericd of jime. In particular, it has
been discovered that conventionally applied water resistant
reaiments hecome significantly degraded whea the protec-
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tive garment is washed. Specifically, it has been found that
the water resistant treatments begin 10 degrade only after
five (5) laundry cycles and typically lose most of their
effectiveness afier ven (10) Javndry cycles.

As such, a need curreatly exists for an jmproved water
resistant fabric and proflective garment fo be wormn by fire
fighters. Maore particulacly, 2 need exists for a method of
applying ¢ waler resistani treatmeni 1o a prolective garment
that will pot degrade over 8 period of ime and tbai can
withsiand normal Jaundering,.

SUMMARY OF THE INVENTION

The present invenlion recognizes and addresses the fore-
poing disadvantages, and oihers of prior an constructions
and methods.

Accordingly, an objeci of the present invention is to
provide ag improved protective gatment suitable for use by
a fbre fpghter.

It is another obiject of the present inveation is 10 provide
a protective fabric for making garmenis that has been trealed
with a durable waier resisiant treaiment.

S1ill another object of the present invention is to provide
a protective {abric baving a waler resistant treatment (hat can
withstand normal laundering.

h is apother abiect of the present invention 1o provide a
protective garment for fire fighters that contains & durable
water resistant ireaiment applied 10 an exterior shell that
allows the garment 10 maintaia ¢ spray rating of at least 70
even afler 30 laundry cycles.

These and other objects of the prescol invention are
achieved by providing a fabric for constructing a protective
garment suitable {or use by a fire fighter. The prolective
garment includes an ipoer lining configured to cover a
predetermined portion of a wearer's body. The inner Uning
15 posihoned 50 as 1o be placed adjacent 1o the weaser’s body
during use, An outer shell made from the above fabric covers
the taner lining and is made from a fire resistant maleria).

10 accordance with the presepl iovenlion, a dufable water
esisiant ireatment is incorporated into the outer shell. The
durable water resistant treatment 5 afixed (o the owder sheld
such that the ouler shell mainlains a spray rating of at least
70 even aficr 30 Jaundry cycles, 2ad, in sume applicaiions,
maintains 2 spray rating of at least 70 even afier 50 laundry
cycles. In an alternative pre ferred embodimeat of the preseat
invenlien, the outer shell is constructed so as 10 maintain a
spray rating of at least &3 afier 20 laundry cycles.

in ope embndimeny, the outer shell can be made from a
woven {abric, such as having a plain, twill ar rip stop weave.
The material used (o make 1he outer shell can be an aramid
polymer or can be a mixiure of ap ararmid poiyroer and
polybenzimidazole. The woven fabric used to make the
outer shell can have a weight of from about 5.5 ounces per
square yard 1o about & ounces per square yard, and particu-
lafly at 2 weight of about 7.5 ounces per square yard.
Further, a thermal barriey layer cap be posilicaed betwecn
the owter shell and the 1oper lining.

The durahle waler resistant treatmenl applied to the outer
shell can comain a flusrocarbon polymer. The water resistant
treaiment can be applied (o the outer shell as a solution and
then later cured ar dried by bealiog, the ower shell fabric.

These and other abjects of the present iovention are also
achieved by providing a process for producing a waer
resistant fabric panicularly well adapted for use as ap
exterior covering for a fire fighters protective garment. The
process includes the sleps of providing a fGre resistant

EXHIBIT
PAGE

OF 3%
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malerial. For instance, the fire resistant material can be a
woven fabric made from a fire resistant polymer, such as an
aramid polymer. In one embodiment, the fire resistanl mate-
rial is scoured, such as by being exposed lo an alkaline
soluticn. Afler scouring, the material is dried.

Once dried, a durable water resistant treatment, such as 2
fluorocarbon polvmer solution, is then applied Lo at least cne
side of the fire resistant material. Ooce the water resistant
treaimeml is applied 10 the malerial, the material is heated
until the treaiment is dried and cured. In particular, accord-
ing 1o the presenl invention, the durable water resistant
trealment is affixed (o the fire resislanl material such that the
material maintains 2 spray raling of al least 70 even after 30
laundry cycles.

Other objects, features and aspects of the present inven-
tion are discussed in greater detail below.

BRIEF DESCRIFTION OF THE DRAWINGS

A [uil and enabling disclosure of the presen! inveation, ,

including the besi mode thereof, 10 one of ordinary skill in
the an, is sel forth more particularly in the remainder of the
specification, iocluding reference 10 the accomparying
figures, o which:

F1G. 1 is a perspective view of one embodiment of a
protective gameant made according lo the present invention;

FIG. 2 is a cross-sectional view of the garment illusirated
in F1G. 1; and

FI1GS. 3A-3F are diagrammatical views of illustrative
examples of spray ratings for a standardized fabric spray
test.

Repeal use of reference characlers in the presen! specifi-
calion and drawings is intended to represent same or analo-
gous features or elements of the iovention.

Definitions and Stndardized Procedures

The following definitions and procedures are offered in
order 1o beller describe and quantify the performance of
protective garments and fabrics made according 10 the
present invention [0 ¢omparison Lo prior arl construclions.

Spray Tesl

As used herein, a fabric spray rating refers 1o a rating a
fabric or a malterial receives according to AATCC SPRAY
TEST METHOD 22-1965. In general, a spray les! measures
the resisiance of a material 1o welling by water.

According lo the present invention, the following is the
procedure used 1o delermine the spray rating of a malerial.

1. An 8"x8" sample of the malerial to be tested is firsi
conditioned al 65 plus or mious 2% relative humidity and al
70 plus or minus 2° F. for a minimum of four hours prior to
lesLing .

2. The fabric sample is fastencd securcly on a ¢" mctal or
plastic hoop so thal the fabric is wrinkle free. The hoop is
suppurted on a tester's stand so that the fabric is {acing up.
Twills, pabardines, piques or similar fabrics of ribbed con-
struction are positioned oo the stand so that the ribs are
diagonal 1o the Bow of water running off the fabric. A [unnel
attached 10 a nozzle for holding water is placed 6" above the
cenler of the fabric,

3. 250 milliliiers of water at 80 plus or mious 2° F, are
poured from a cup or other coplainer into the funnel,
allowiog the waler Lo spray omlo Lhe fabric.

4. Once 1he water has run through the funoel, one edge of
the hoop is held and the opposite edge is firmly rapped once
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against a solid object with the fabric facing ihe object. The
hoop is then rotated 180° and i is rapped once more al the
poiat previcusly held

5. The welted or spolled fabric sample is then compared
with the standards shown in FIGS. 3A-3F. The fabric is
assigned a spray ratiog thal corresponds to Lhe aearesl
standard. As shown on FIGS. 3A-3F, the fabric ¢an be rated
from ( 10 100 wherein O indicates that the entire fabric is
wetled with the water, while a rating of 100 indicales that
none of the fabnic was wetled by the waler.

Water Repellency Test

The following slandardized waier repellency test deler-
mines a malerial’s resistance 1o wetting by aqueous liquids,
In general, drops of a waler-alcohol mixture of varying
surface lensions are placed on Lhe surface of the maierial and
the extent of surface weniog is determined visuvallv. The
higher the rating a material receives s an indication of the
malerial's resistance to staining by water-based substances.
The composition of standard test liquids is as follows:

TABLE 1
Standargd Test Liquids

Composilion

Watcr Repellency

Raling Number lsopropanal, % Distilled Water, %
1 2 o8
2 5 95
3 10 90
4 20 80
5 30 70
[ 40 60
7 0 50
8 60 40

The water repellency procedure is as follows:

1. A 2"x8" sample of malerial is first conditioned at 65
plus or minus 2% relative humidity and at 70 plus or minus
2° F. for a mirimum of four bours. The fabric is placed
horizonally face up oo whiie blotting paper.

2. Beginning with test liquid number 1, one drop of the
liquid is placed at three locations on the material. Each drop

placed oo the material should be 2" apan.

3. The maiterial 1s ohserved for 10 seconds from an
approximale 45° angle.

4. If two of the 1hree drops have no1 wet the fabric or do
nol show leaking into the fabric, drops of test liquid number
2 are placed on an adjacent site and step oumber 3 is
repealed.

5. This procedure is cootinved uatil 2 of the 3 drops have
wel or show wicking into the fabric. The waler repeliency
raling is the highest oumbered liquid for which 2 of the three
drops do not wet or wick into the fabric.

il Repellency Test

The following oil repellency tesi determines how well
finished fabrics resisi oily slains and wetung by organic
liquids. In this test, drops of eight liquid hydrocarbons of
various surface lensions sre placed on the surface of the
maienal aod the extent of surface welling is delermined
visually. The standard test liquids used are as follows:

EXHBIT A

PAGE
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TABLE 2

Qil Repellency Swmndard Tes! Liquids
Hyidrocarbon

Raiog Number

Refined Miners! Oif
Refined Mineral
Oilfn-texadecane 65/35%
by volume 2l 217 C.
n-Hexagecune
n-Teteagecane
n-Dodenne

0-Decaze

o-{ietant

o-Hepeaae

(]

BT A

1. A 2"x8" sample of malenal is conditivned a1 65 plus or
minus 2% relative humidity and a1 70 plus or minus 2° F. for
2 migimum of four howrs before iesting, The fabric s placed
in 2 borizontal position face up on white blotting paper.

2, Beginning with liquid number 1, drops approgimately
5 milliliters in dizmeler ar 0.05 microliters in volume are
placed on the tes| sample in several locations.

3. The drops are observed for 30 «wcoods from an approx-
mate 45° aogle. Wetting of the fabric is normalty shown by
darkening a1 \be lquid/abric interface. On black or dark
fabrics, wetling can be detected by a foss of sparkie within
the drop.

4. ¥ tiguid pumber 1 does ool penetrate of wel the fabric
or show wicking around the drops, drops of figquid number
2 are placed on adjacent portions of the fabric and observed
fur 30 seconds.

5. This procedure is contpued uaril the fabrc shows
welting under or arcund the drops of test liquid withia 30
seconds. A sample’s AATCC oil repellency rating is the
pumber of the highes! pumbered 1est tiquid that will not wet
ibe fabric or show wicking within 30 seconds.

Laundering Test

Laundering, is preferably performed in a KENMORE
aulomalic washer, fcllowed by dryimng ia a3 KENMORE
auiomatic dryer. The following laundering test is used 10
determine tbe fabric’s ability to withstaod Jaunderiog.
Typically, after laundering, ihe fabric is then subjecied 1o 1be
abave-described spray tesi, water repellency fest, amd oil
repellency test.

1. 8"x10" test specimens are combioed with load fabrics
{hermrmed picces af cottoa sheeting, or 30:50¢ fabric shees
having 2 size of 36"x36") 1o give a 1olal dry load of 4
pouads.

2. The dials oa the washer are set as follows:

Waet Level High
Wash Cyele Noral, 12 muaues
Temperatiue Pensm $eash, 105° £, Cold Rinse

The test pieces and dummy iead are placed i the wastrer and
the machine t5 started. Ooe ounce of TIDE (Procior &
Gameble) detergent is added while the washer is filling wiih
soft water. I the waler bardness is grealer than 5 ppm,
CALGON water softeqer (Nalco) in the amount specified by
the maoufacturer is added 1o soften the waler.

3. Afier the washing, is complete, the wer fabric including
the durpmy load is placed io the antomatic dryer. The dryer
tetoperanre dial is set to the proper point under bigh beai o
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give a maximum venl lemperature of from abour 155° F. 1o
about 160° F. The 1ime dial is 361 Jor “Normmaat Cycle” for 43
minufes, The machioe & started and drying 15 allowed to
confinue uniil the cycle is complete. The abave represeals
one {aundry cycle.

4, The fabrics are thep rewashed and redricd uniil 10
cycles have been completed. Optionally, the st fabrics can
he pressed with a haad iron, or the equivaleat, at 280° F. to
about 3207 F. for 30 seconds oo each side with the face side
pressed last. The fabrics are then caaditioned before tesling,
for water repellency, od repelleacy, or spray raling. As used
berein, water repeilency, oil repellency and spray ratings are
2)] deteripiped withowi ironing the fabric after being
laundered, uniess otherwise denoted.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

11 is o be vaderstood by one of ordinary skill in the act that
the present discussion is a description of exemplary ebad;-
meats qaly, and s oat inleaded as lmiting che broader
aspecls of the present inveolion, which broader aspecls are
embodied in the exemplary construclion.

1m general, the preseat inveation is directed to a fabric and
a proteclive parment for fire fighters that has improved waier
resislant properties. fn particular, the present invention is
directed 1o a fire fighters garment having ap owter shell fabric
that has begn treated with a dursble waler resistant compao-
silico. The waler resislagl treatmmen! prevems water and
moisture from being sbsorbed by the garmenl. In compari-
Son 1o prior an constructions, the water resistant treatment as
applied according 1o the process of tbe preseni ipvenlion is
much more durable in that the treatment will pof signifi-
canly degrade or wear off the garment when exposed ta
normal wear and tear. [ particular, it has been discovered
that waler resistant treatments applied scconding to the
present invenlion can witbs1and a1 fzast 30 laundry cycles as
defined above without losing a substantial amount of effec-
Liveness.

Referring 1o F1G. 1, ooe embodiment of an improved
proteciive garment generally 10 coasumcted in acoordance
with the preseal invention is illustrated. Garmem 10
includes a relatively tough outer shell 12 having a liner
assembiy 14 located therein. Ouer sbell 12 and Viper assem-
bly 14 together funciion o protect a wearer from heal and
flame such as may be encountered during fire fighting
activities.

In the illustrated embodiment, liner assembly 14 15 con-
slructed as a separale unit ihat may be removed from ouler
shell 12. A zipper 16 is provided for removably securing
lincr assemby 14 1o ovicr shel) 12, 1 should be appreciated,
however, that other suitable means of antachmeni, including
2 more permanent tvpe of attachment such as stitches, may
also be used between liner assembly 14 and outer shell 12

The copstrycuion of protective parment 10 is more par-
ticularly illusirated in FIG. 2. As showg, liger assembly 14
includes & plurality of malerial lavers quilted ogetber. The
outermost layers, t.e. liming layers 20 and 22, are connected
together about Lheir respective peripheries 10 form an ipper
cavity. A thermal barrier layer 24 and a moisture barner jayer
26 arc located within the inper cavity, as shown. Typicaily,
living Jayer 20 will be adjaceot the wearers body during use,
whereas lining laver 22 will be adjaceat auter shell 12.

Thermal barcier layer 24 can be made {rom wvarious
matedals. For iastance, ag aramid felt, such as a fel pro-
duced from NOMEX fibers obtained from DuPoot cag be
used. The felt functions as an insulator to inhibitl transfer of
heat from the ambient covirvament to the wearer.

EXHIBIT _A——--
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Moisture barrier 26 is preferably a suitable polymeric
membrane thal is impermeable 1o higuid water but js per-
meable ta water vapor, Moisture barrier layer 26 is designed
1o prevent water conlacting the exterior surface of garment
1% frata reaching the wearer while at the same time pertnil-
ung the escape of perspiration from the wearer.

Chater shell 12, which can be positioned loosely adjacent
to liger assemobly 14, includes & woven Tabric 28 reatsd with
& durable water resistant cornposition M io accordance with
1be present invention. o generad, woven fabric 28 should be
made from a mechanical resistant, flame resistant, and
therma) resistant maierial. For iosiance, woven fabric 28 can
be made from aromatic polyamide pofvmers, such s avamid
fibers. For example, KEVLAR pars-aramid fibess, NOMEX
meta~-aramid fibers, and mixtures of KEVLAR fbers aad
NOMEX fibers commercially available from DuPont are
panticulany well suited for use e coostructiog woven fabric
28, Besides KEVLAR fibers and NOMEX fibers. other
fibers that may be used to produce the woven {abric include
melamine fibers, such as BASOFIL fihers commercially
available from BASF, or P-4 aramid fibers also available
from Lenzing. It shou)d be vadersiood, however, that any
swilable fire resistam fiber may be used 10 consiruct the
fabric of the prosent invention.

In one ewbodiment, ihe yarns vsed io make woven fabnc
25 cag be made from a mixiure of aramid polymer Gbers,
such as KEVLAR or NOMEX fibers, aad polybenzimida-
zole {PBI) fibers. In one preferred embodiment of the
presem invention, woven faoric 28 is made from a 60/40
blend of KEVIAR para-arumid fibers and PBI fibers.

The warns used to produce woven f{abric 28 can be
assembled in varivus different constructions and is generally
got critical. For instapes, woven fabric 28 can have a twill
weave, 2 plzia weave or any otber suitable type of weave. In
one preferred embodiment, woven fabric 2B has 2 rip stop
weave, In general, fabrcs baving a tighter weave will
geoerally bave beller spray ralings.

The weipht of woven fabric 28 generally can vary from
about 5.5 ocunces per square yard (o aboul § ounces per
square yard. Prefecably, the weight of woven fabric is from
about § ounces per square yard (o aboul 7.5 cunces per
stuare yard.

in accordapce with the present invenuon, as showan io
FYG. 2, woven fabric 28 is treated with a durable water
resisiant composition 30, When applied according 10 the
process of the preseat invention, it has been discovered that
waler resistanl lreaument 3 is much more durable thaa
many prior afi consiructions. Thus, garmens made accord-
ing 1o the preseat ovention cag be routioely faundered and
used for an exiended period of time without Josing their
ability ta repel water. As described above, should a protec-
uve garment absorb waler, the garment hecomes much
heavier and the thermat properies of the garment becomne
adversely affecied.

Besides making prineciive garment 10 ippermeable 1o
waler, durable waier resistant treatment 30 is also preferably
resistant 1o oil apd organic solvents, is pol flammable, and 1s
abrasion resistant. 1o ooe preferred embodiment of the
present inveatiop, dwsble waler resislant trcaiment 38 is
made from a solution comaining a lusrocarbon potymer thar
is applied to woven fabric 28. For example, durable water
resistant composition 30 can be made from TEFLON poly-
mers which are commercially available from DuPont. Flue-
rocarbon polymer solutions containing TEFLON polymers
are commercialiy available from purmerous sources.

Ino order 19 produce a liquid resisiant fabric in accordapce
withi ihe present joventioa, first, @ woven fabric is con-
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structed or obtained t1hat is snitable for use as ao ouler shell
muerial in a prowective ganpen! for fire fighters. As
described above, the fabric should be made from flame
resistagt polymers or atber suitable materials.

Prior 10 applying a dusable water resisfant (reatmeant, the
fabric can be first scoured, although scouring way aol be
necessary for all applications. When scoured, the waterial
can be scoured with ap alkaline solmion.

After being scoured, the fabric is thep put 0n a lenler
frame, dried and heal set. Specifically, it has been discovered
by the present inventors that it is important that the fabric be
substantially dry and free of moisture prior 1o being treated
with the durable water fesistant composition. For {astance,
after scaurtag, the fabeic shadd be dried <o that the moisture
leve] is substantially equivalenl 1o 1he patural meisiure level
of the fibers used 1o make the fabric. For instance, for most
fibers, the moisture Jevel should be Jess than about 10%, and
partivufarly {ess than about 7%.

Afier the fabric has been dried and beat sei, a durable
walgr resistapt composilion according to the preseat inven-
tion 15 applied (o at least one stde of the fahric. Although the
composition can be sprayed og the fabric or prioed oo (he
Tabric, preferably the [abric is dipped ipto a bath conlaining
the durable water resislant treatment o solution form.

As stated abave, the durable water resistanl composition,
in one embodiment, can be a soluwiion copiaining 3 Buoro-
carbon polymer. The Suorocarbon polvmer cao be combined
in 1be splution with waler, a drying agent such as an alcobual,
and an emufsifier. The amount of (he water-tesistaot ¢com-
position applied 1o the Fabric will depend upon the particular
formuiation and the particular application.

After the durable water resistant treatment is applied lo
the fabric, the fabric is then heated 0 a temperature sufficient
for ibe coating 1o dry apd/or cure, Once the dusable waier
resistant treatment (S cured and affixed to the woven fabric,
the fabric can then be used ip copslructing prolective gal-
ments w accordance with the present invention.

It has been discavered that the above-described process
securely affixes (he water resistanl treatment o the fabric
such thal the treaiment hecomes much more durable than
PTiOF an construclions.

By applving waler resislagl realments according 10 the
process of the present invention, it bas been discovered that
the treaitments can withsland sumerous lauadry cycles. For
example, in oue embodiment, the outer garment of the
presenl inveation has shown to exhibit a spray rating of at
least 8(r after 20 1avndry cycles, More particularly, even after
30 taundry cycles 1t has been discovered that fabrics made
according io the present ipveation have @ spray rating of a1
least 70 and in some applicatioos at least 80, llusirating that
the watcr resistant treatment daes aot degrade and does not
lose its effectiveness. Further, afier undergoing thiny (30)
laundry cycles, fabrics made according to the present inven-
oD have also been found Jo retain a waler repellency rating
of at least 4 and an otl repellency rating of at feast 3.

The present ipvention may be better undersiood with
reference 1o the {ollowing cxamples.

EXAMPLE NO. 1

The fvllowing tests were performed ia order o deman-
slrate the superiority in performance of fabrics made accord-
ing 10 the present ipvention io comparisoo to coaventionally
mate Tabrics.

A woven Iabric sunable for use as an ouler shell maerial
for a fire fighter's protective garment was woaied with a

exHBT A
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durable waler resistant composition according 1o the above-
described process of the present inveation. Specifically, the
fabric that was realed bad the following characieristics and
properties:

Material: 50%/40% inlimate blend of
KEVLAR aramid polymer fibers
and PBI fibers

Denier: L8

Count: 44 yarns/inch

Pick: 39 yamsiinch

Weave: Rip siop

Weight 7.5 orfsq. vard

Afier the above material was scoured, dried and heat set,
a durable water resistant composition was applied 1o the
fabric. The durable waler resistant composilion was an
agueous soluticn containing a Juorecarbon polvmer, ap
emulsifier, and ap alcohal

The above-wealed fabric was then tested for waler
repellency, oil repellency, and spray tested initially and afier
10, 20, 30, 40 and 50 laundry cycles. All the tesls were

conducted according 10 the above-described procedures. The :

sample was tesied both before and after being pressed with
a hand beld iron. The following results were obiained:

TABLE 3

Watcr Repellency, Oil Repellcncy aad Sprav Test
Results of the Fabric Made According
1o the Present lovention

Before Afler
Pressing Pressing
Launderings Waler Oil  Spray Wawer 0l Spray
Tnilial 6 5 100 — — -
12 1 s B0 6 5 80
20 6 5 0 6 ] &0
a0 45 L) 70 3 4 70-80
40 45 a4 T [ 4 040
50 45 3= 70 6 4 70

Commercially available fabrics desigoed 1o be used as
ouier shell materials for protective garments were also
similarly tested afier 10 and 30 laundry cycles. Of particular
importance, the commercial fabrics tested had similar weave
characieristics 1o the above-described fabric. Specifically,

one of the products tested was NATURAL PBI obtatned -~

from Southern Mills and the other fabric tested was PBI
SOFT HAND obtained from Dominion Industrial Textiles.
The following results were oblained:

TABLE 4

Water Repellency, Oil Repellency, aad Spray Test
Resuhs of NATURAL PBI Favnc Obuained
from Southern Mills

Before Pressing Afer Pressing
Laundcrings Water o Sprey Waler Ot Spray
lniua] [ 5 100 —_ — —
10 3 0 50 4 0 50
] 2 o} a 2 0 0

73

20

a0

a5

40

45

50

10

TABLE 5

waier Repelleacy, Ou Repellency, and Spmy Test
Resuls of PBI SOFT HAND Fabric Obiained
lrom Dominiog_[ndusirial Tealiles

Before Pressing After Pressing

Laupderings Water Qi Spray Water Gil  Spray
Laitial 6 5 100 — — —
10 1-2 a 50 3 0 50
Ll 0 i} Q 0 a q

As shown above, the current commercially available
fabrics lost half of their water resistancy only afier 10
laundry cycles. Afier 30 laundry cycles, the [abrics com-
pletely lost their water repellency.

In comparison, the fabric made according to the present
iovention maimained a spray rating of at leasy 70 afier 30
laundry cvcles and even after 50 laundry cvcles. As shown
above, the fabric made according 10 the process of the
present iovention also had much better waler repellency
ratings and ot repellency ralings afier being laundered. 1t is
ool believed that prior 10 1he present invention an ouler shell
material was made that contained a waler resistant treatment
that could maintain a spray rating of al least 70 after 30
laundry cycles.

EXAMPLE NO. 2

A woven fabric similar 10 the one described in Example
No. 1 above was coated with a water Tresislant composilion
as described in Example 1. In this example, however, 1he
composilion applied to the fabric did nol contain an emul-
sifier bul contained more fluorocarbon polymer.

The treated fabric was tesied for water repellency, oil
repellency and spray tested initially and afler 10, 20 and 30
laundry cycles. All the 1esis were conduced according 1o the
procedures described above. A sample was lested both
before and after being pressed with a hand beld iron. The
following resulis were obtained:

TABLE o

Water Repellency, Oil Repellency and
Spray Test Results of a Fabric Made
According w Lhe Presen jovemion

Before Afler
Pressing Pressing
Launderings waLer uil spray waler ol spray
Initial 6 6§ 100 — — -
10 [ 5 %0 [} 5 100
20 & 5 80-90 6 6 100
20 5-6 5 - 6 5 100

As shown above, the treated fabric preduced according 10
this example performed excepiionaliy well. in parucular, the
fabric bad a spray rating of a1 least 80 afier 20 laundry
cycles, and a spray rating of 80 evenp afier 30 laundry cycles.
Further, the fabric was found well suited (o repelling water
and ail, kaving a waler repellency rating of at least 5 and an
oil repellency rating of at least 4 after 30 laundry cycles.
Even betier results were oblained after pressing.

These and other modifications and variations 10 the
present iavention may be praciiced by those of ordinary skill
in the art, without departing from the spirit and scope of the

EXHBIT A
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present ipvention, which is more particularly set forth in the
appended claims. In addilion, it should be voderstood 1bat
aspects of the various embodiments may be interchanged
both in whole or in part. Furthermare, those of ordinary skill
in the art will appreciate that 1he foregoing description is by
way of example only, and is pot intended to limit the
invention so further described in such appended claims.

What is claimed is:

1. A proteclive garment suitable for use by a fire fighter,
said proteclive garmenl comprising:

an ioper lining configured 1o cover a predetermined

portion of a wearer’s body, said nper lining being
positioned so as 1o be adjacent said wearer's body
during use; and

an outer shell covering said inner lining, said ouler shell

being made from a fire resislant material, said outer
shell being impregnated with a durable waler resistant
treatment, said durable water resistant treatment being
incorporated into said outer shell such that said outer
shell mainlains a spray ratiog of at Jeast 70 afier being
laundered 30 laundry cycles and then pressed.

2. A protective garment as defined in claim 1, wherein said
durable water resistant treatment comprises a fluorocarbon
polymer.

3. Aproleclive garmenl as defined ip claim 1, wherein said
outer shell maintains a spray rating of at least 70 afier 30
laundry cycles without being pressed.

4. A protective garment as defined in claim 1, wherein said
durable waler resistant freatmenl is incorporaled into said
outer shell such that said ouler shell maintains a spray raling
af at Jeast 80 after 30 laundrv cycles without being pressed

5. A protective garment as defined in claim 1, wherein said
outer shell is a woven fabric comprising polybenzimidazole
and an aromalic polyamide polymer.

6. A protective garment as defined in claim 1, wherein said
outer shell is made from an aramid polymer.

7. A protective garment as defived in claim 1, wherein said
outer shell also mainlains a waler repellency rating of at lcast
4 and an oil repelleacy rating of at least 3 afier 30 laundry
cycles.

B. A proteclive garment as defined in claim 1, wherein said
nuter shell weighs from about 6 ounces per square yard 1o
aboul 10 ounces per square yard.

9. A protective garment as deficed in claim 1, further
comprising a thermal barrier layer positioned between said
inner lining and said outer shell.

10. A proteclive garment suitable for use by a fire fighter,
sajd protective garmenl comprising:

an ioper lining configured lo cover a predelermined

portion of a wearer's body, said inner lining being
positioned so as 1o be adjacenl said wearer’s body
during use;

an outer shell covering said inner lining, said outer shell

comprising a woven fabric made from fire resistant
yaros;

a thermal barrier laver posilioned belween said inoer

lining and said outer shell; and

a durable water resistant reatment impregaaled into said

outer shell, said durable waler resisiapl trealment com-
prsing 2 fuorocarbon polymer, said durable water
resistan! Wreatment being incorporated into said ouler
shell such that said outer shell maintaios a spray rating
of at least 70 sfier 30 lavndry cycles.

11. A protective garmenl as defined io claim 10, wherein
said durable water resistant treaiment is incorporated inlo
said outer shell such that said outer shell maintains a spray
rating of at least 80 after 30 laundry cycles.
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12. A prolective garmeanl as defiped in claim 10, wherein
said durable water resistapl lreatment is incorporaled into
said outer shell such that said outer shell maintains a water
repeilency rating of al leasi 4 and an oil repeliency rating of
al least 3 after 30 laundry cycles.

13 A water and fire resistant fabric particularly well
suited for producing protective garments for use by a fire
fighter, said water and fire resistant fabric comprising:

a woven fabric substrate, said weven fabric substraie

being made from a fire resislanl material; and

a durable water resistant treatment impregnated into said

fabric substrale, said durable waler resistant Ureatment
being incorporated into said fabric subsirate such that
said fabric substrate maintains a spray rating of at least
70 after 30 laundry cycles.

14. A water and fire resistani fabric as defined in claim 13,
wherein said durable water resislant irealment comprises a
Aucrocarben polymer.

15. A water and fire resistanl fabric as defined in claim 13,
wherein said fire resistanl material is made from a polymernic
malerial comprising an aramid polymer.

16. A water and fire resistant fabric as defined ip claim 15.
wherein said polvmeric malerial used o make said fire
resistapt material further comprises polybenzimidazole.

17 A water and fire resistant fabric as defined in claim 13,
wherein said fabric substrate also maintains a water repel-
lency rating of at least 4 and an oil repellency of at least 3
after 30 laundry cycles.

18. A process for producing & waler resistant [abric
particularly adapied for use as an exierior covering for a fire
fighters prolective garment, said process comprising the
sleps of:

providing a fire resistant naterial, said fire resistanl mate-

rial comprising a woven fabric, said fire resislanl mate-
rial being substantiallv free of moisture;

applying a durable waler resistani lreatment lo said fire

resistant material, and

lhereafier heating said fire resistant material so as to affix

said durahle walcr resistant treaiment lo said fire resis-
tant material, said durable waler resistani treatment
being affixed Lo said fire resistant malerial such that said
fire resistani material maiotains a spray rating of at leasl
70 after 30 laundry cycles.

19. A process as defined in claim 18, wherein said fire
resislant materjal is made from yarns comprised of an
aramid polymer.

20. A process as defined in claim 18, wherein said fire
resistanl matenal is made from varns comprising & mixture
of aramid polymer fibers and polybenzimidazole fibers.

21. A process as defined in claim 18, wherein said durable
water resislanl realment comprises a fluorocarbon polymer.

22 A process as defined in claim 18, further comprising
the sieps of:

scouring said fire resislant material prior 1o applying said

durable water restslant trealment; and

drying said scoured fire resistanl material such thal sail

fire resistant malerial is substantjally free of moisture.

23, Aprocess as defined in claim 18, wherein said durable
waler resislant Ireatment is affixed 1o said fire resisiant
material so that said fire resistant material also maintains a
waler repellency rating of al feasl 4 and an oil repellency
rating of at least 3 afier 30 laundry cycles.

24. A process as defined in claim 18, wherein said durable
waler resistant treatmenlt that is applied o said fire resistant
material comprises an aguecus sclution contaiping a Huo-
rocarbon polymer and an alcohol.
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25. A protective garmeot suitable for use by a firefighter,
said proleclive garment comprising:

an ioper lining configured 10 cover a predelermined
portion of the wearer’s body, said inner lining beiang
positioned so as 10 be adjacent said wearer’s body
during use; and

an outer shell covering said inner lining, said outer shell
being made from a fire resisianl material, said culer
shell being impregnated with a durable water resistant
lreatment, said durable water resislant treatment being
incorporaled into said ouler shell such that said ouler

14

shell maintains 2 spray rating of ai least 8O afier 20
laundry cycles.

26. A proleclive ganmen! as defined in claim 25, wherein
said durable water resistant treaiment comprises 2 Suoro-
carbon polymer and wherein said outer shell comprises a
woven fabric,

27. A prolective garment as defined in claim 25, wherein
said outer shell further maintains a spray rating of at least 70
after 30 laundry cycles.
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WATER RESISTANT PROTECTIVE
GARMENT FOR FIRE FIGHTERS

RELATED APPLICATIONS

This application is a2 Continuation Io Part applicatico of
U.S. Ser. No. 09/016,097 filed Jan. 30, 1998.

FIELD OF THE INVENTION

The preseat invention generally relates to prolective gar-
ments such &s the type woro by fire fighters. More
particularly, the presenl invealion is directed 1o a prolective
garmenl having a water resislant outer shell. In panicular, an
ouler shell made according 10 the present invention has
proven o be able 10 retain its primary waler resistanl
properiies even afier undergoing 30 laundry cycles.

BACKGROUND OF THE INVENTION

Protective garments worn by fire fighters are designed to
perform several fuactons. Of these, prolection from heat
and Bame are perbaps the mos! important characteristics of
the garments. In addition w providing protection from heal
and flame, the garments, however, should be as light as
possible, should provide some breathability and should
encumber the wearer as little as possible.

Coaventiona] fire fighter garments are generally con-
structed having a number of discrete layers. Typically, these
layers include an outer shell, a moisture barrier layer, a
thermal barrier layer, and an ioner lining. The layers are

gencrally made from appropriate thermally-resistant mate- -

rials to provide proleclion against heat and flame.

In the pasi, one difficulty thal has be¢n eocounlered in
designing protective garments (0 be worn by fire fighiers is
10 prevent the garments from absorbing and retaining mois-
ture. For instance, protective garmenls woro by fire fighters
usually become wet during use due 10 exlernal exposure lo
extinguishing waler or rain. Also, fire fighter garmeats can
become wel duc to the absorption of perspiration given off
by the wearer. Unfortunalely, when the protective garment
absorbs moisture, the characterislics and properties of 1he
garmen! can be adverscly affected. For example, when
relaining moisture, the protective garment can become sig-
pificantly heavicr.

Besides increasing in weight, the presence of moisture
within a protective garment also adversely affects the ther-
mal properties of the garment making the garment less
effective in shielding its wearer from thermal beat. In
particular, since water is a much better heat conductor than
air, the rate of heat transfer through the garmeat increases.
Also, it has been discovered that as water beats up in a
protective garment, thc waler can lwn Lo steam under
exposure o heal and actually burn a person wearing the
garmenl.

Ultimately, when proleclive garmenls as described above
become wel or spaked with water or other fluids, the
garments become bot and uncomfortable to work io due o
the increased weight and due 10 1he increased rate of heat
transfer through the garmenl. As a consequence, a wearer
can oaly spend a limited amoun! of time working or per-
forming 1asks in the garment due 1o the possibility of beat
sIress,

In the past, in order lo prevent waier from being absorbed
by protective garments wom by firemen, the garmenis bave
becn Ireated with a walcr resisiant compasition. The water
resistanl treatments applied o conventionally made protec-
live garments, however, have ool proven Lo be durable and
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have been found to become ineffective afler the garment has
been placed in vse for a period of time. In particular, it has
been discovered that conventionallv applied waler resistant
reatments become significantly degraded when the proiec-
tive garmenl is washed. Specifically, it has been found thal
the water resistant Ireaiments begin (o degrade only afier
five (5) laundry cycles and typicallv lose most of their
eflectiveness afier 1en (10} laundry cycles.

As such, a need currently exisits for an improved water
resistant fabric and proteclive garment 1o be worn by fire
fighters. More particularly, a peed exists for a method of
applying a waler resislanl lrealmenlt 10 & proteclive garmeni
that will not degrade over a period of Lime and that can
withstand normal laundering,

SUMMARY OF THE INVENTION

The present invention recognizes and addresses the fore-
going disadvantages, and others of prior art constructions
and methods.

Accordiogly, an abject of the present invention is Lo
provide an improved protective garment suitable for use by
a fire fighter.

I is another object of the present invention is lo provide
a protective fabric for making garments thar has been treated
with a durable water resislant treatment.

Siil! another object of the present inveation is to provide
a proteclive fabric having a water resistant treatment that can
withstand normal laundering.

It is another object of the present invenlon o provide a
protective garment for fire fighters that contains a durable
waler resistant (reaiment applied to an exterior shell that
allows the garment lo mainlain a spray rating of al least 70
even afier 30 laundry cycles.

These and otber objecis of the present invention are
achieved by providing a fabric for consiructing a protective
garmen! suitable for use by a fire fighter. The proteclive
garmenlt includes an inner lining configured o cover a
predetermined portion of a wearer’s body. The 1nner lining
is positioned so a5 (o be placed adjacent lo the wearer’s body
during use. An ouler shell made from 1he above fabric covers
the inoer lining and is made from a fire resislani material.

In accordance with the present invention, a durable water
resistanl treatment is incorporaled into the outer shell. The
durable waler resistant treatment is affixed to the outer shell
such that the outer shell maintains a spray rating of a1 least
70 even after 30 laundry cycles, and, in some applications,
maintains a spray rating of al leasl 70 even afier 50 laundry
cycles. In ap aliernative preferred embodiment of the present
invention, the outer shell is conslructed so as 10 maintain a
spray rating of ai least 80 afier 20} laundry cycles.

Besides maintaining a high spray rating, an outer shell
comstructed in sccordance with the present invention also
mainlains very good water absorption ratings and dypamic
water absorption ratings after being laundered. For instance,
after five laundry cycles, the ouler shell has beer found to
maintain a water absorption rating of less than about 8%,
particularly less than about 6%, and in a preferred embodi-
ment less than about 4%. The ouier shell can have a dynamic
waler absorption rating of less iban about 15% afier ten
laundry cycles, particularly less than aboul 12% after ten
laundry cycles, and more particularly less than about 10%
afier 1en laundry cycles. After twenty laundry cycles, the
outer shell maintaios & dynammic water absorption rating of
less than sbout 18%, more particularly less about 15%, and
preferably less than about 12%.
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[o one embodiment, the ouler shell can be made from a
woven fabrie, such as having a plain, twill or rp stop weave.
The material used t0 make the outer shell cap be an aramid
polymer or can be a mixture of an aramid polymer and
polybenzimidazole. The woven [abric used 10 make the
outer shell can have a weight of from about 5.5 ounces per
square yard 1o about 8 ounces per square vard, and particu-
larly at a weight of about 7.5 ounces per square vard.
Further, a thermal barnier layer can be positioned berween
the outer shell and the inper lining.

The durable water resistant treatment applied 1o the ouler
shell can contain a Auorocarbon polymer. The waler resistant
reatment can be applied 1o the outer shell as a solution and
then later cured or dried by heaiing the outer shell fabric.

These and other objects of the present invention are also
achieved by providing a process for producing a water
resistant fabric particularly well adapted for use as an
exierior covering for a fire fighters protective garment. The
process includes ipe sleps of providing a fire resistant
material. For instance, the fire resistast material can be a
woven fabric made from a fire resistant polymer, such as an
aramid polymer. In one embodiment, the fire resistant mate-
rial is scoured, such as by being exposed 10 an alkatioe
solution. Afler scouring, the material is dred.

Ounce dried, a durable water resistant reatment, such as a
fluorocarbon polymer solution, is then applied to at least one
side of the fire fesistant materal. Once the water resistant
treaiment is applied 10 the material, the material is heaied
until the treatment 15 dried and cured. [e particular, accord-
ing o the preseni iovention, the durable water resislant
treatment is affixed 1o the fire resistani material such that the
malenal mainlains a spray raling of at least 70 even after 30
laundry cycles.

Other objects, features and aspects of the present inven-
tjon are discussed in greater delail below.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present nvention,
including the best mode thereof, w0 one of ordinary skill in
the art, is set forth more particularly in the remainder of the
specificatiop, including reference o the accompanying
figures, io which:

F1G. 1 is a perspective view of one embodiment of a
prolective garmenl made according 1o the present invention;

FIG. 2 is a cross-sectiopal view of tbe garmeat illustraled
in F1G. 1; and

FIGS. 3A-3F are diagrammatical views of illustrative
examples of spray ratings for a standardized fabric spray
test.

Repeat use of reference characiers in the present specifi-
cation and drawings is intended 10 represent same or analo-
gous features or elements of (be iovention.

DEFINITIONS AND STANDARDIZED
PROCEDURES

The following definitions apd procedures arc offered in
order 1o better describe and quantify the performance of
prolective garments and fabrics made according 1o the
present ivenlion in comMparisod 10 pricr arl consiruclions.

Spray Test

As used herein, a fabric spray rating refers 10 a rating a
fabric or a material receives according to AATCC SPRAY
TEST METHOD 22-1996. In general, a spray test measures
the resisiance of 2 material 1 welting by water.
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According o Lhe presemt lnvention, the following is the
pracedure used to determine the spray rating of a material,
1. An 7"x7" sample of 1be maleral 1o be lested is first

conditioned a1 65 plus or minus 2% relative humidity and

at 70 plus or miaus 2° F. {or & mininum of four hours
prior lo iesting.

2. The fabric sample is fasiened securely oo a 6" metal boop

s0 that the fabric is wrinkle free. The boop is supponied on
a tesler’s stand so that the fabric is faciog up. Twills,
gabardioes, piques or similar fabrics of ribbed construc-
tion are positoned on the siand so thal the ribs are
diagonal 1o the flow of water running off the fabric. A
funnel attached 10 a nozzle for holding waler is placed 6"
above the center of the fabric.

. 250 milliliwers of water at 80 plus or minus 2° F. are

poured from a cup or other container into the funuel,
altowing the water to spray onto the fabric.

4. Once 1he water has run through the funpel, one edge of the
tnop 1s held and the oppesite edge is firmly rapped once
agains! a solid object with the fabric factng the object. The
hoop is then rotated 180° and iI is rapped once more at the
point previously beld.

5. The weited or spotted fabric sample is ihen compared with
the slandards shown in FIGS. 3A-3F. The fabric is
assigned a spray raiing thal corresponds o the neares
standard. As shown on FIGS. 3A-3F, the fabric cap be
rated from O 1o 100 wherein O indicates that the eniire
fabric is wetled with the water, while a rating of 100
indicales that none of the fabric was welled by the waler.
Water Repellency Tesi
The following standardized water repellency test detes-

mines a malerial’s resistance 10 welling by aqueous liquids.

o general, drops of a waler-alcobol mixture of varying

surface tensions are placed on the surface of the material and

the extent of surface wetting is determined visually. The
higher the raling a material receives is an indication of the
material's resistance Lo staining by waler-based subslances.

The composition of slandard test lignids is as follows:

[FY]

TABLE 1

Standsrd Test Liguids

Water Repellency Composijion

Rating Number 1sopropanal, % Distilled Waler, ®

1 2 98
F 5 95
3 16 0
4 i) 80
5 30 %
(] 40 60
7 So 50
3 60 40

The water repeliency procedure is as [ollows:

1. A 2"x8" sample of matenial is first conditioned m 65 plus
or minus 2% relative humidily and al 70 plus or minus 2°
F. for a minimum of four hours. The fabric is placed
honzoatally face up on white bloting paper.

2. Beginning with {est liquid number 1, one drop of the
liquid is placed at three locations on the material. Each
drop placed on the maierial should be 2" apart.

3. The roaterial 1s abserved for 10 seconds from an apprexi-
mate 45° angle.

4. If two of the 1kree drops have nol wet the fabric or do not
show leaking into the fabric, drops of test liquid number
2 are placed on an adjacent site and siep number 3 is
repealed.

ExHBIT_Q
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5. This procedure is conunued vnill 2 of the 3 drops have wel
or show wicking inlc the fabric. The water repellency
rating is the highest numbered Liquid for which 2 of the
three drops do oot wet or wick inlo the fabric.

Oil Repellency Tesi

The following oil repellency test determines how well
finished fabrics resist oily stains and werning by organic
liquids. In this test, drops of eight liquid bydrocarbons of
vanious surface lensions are placed on the surface of the
material and the extent of surface wetling is determined
visually. The standard resi liquids used are as follows.

TABLE 2
Oil Repellegcy Standard Test Liguids

Rating Number

Hydrocarhon

Refined Mieeral Ol 1
Refined Minesal 2
(nlin- Hexadecane 65/35%
by velume at 21° C.
n-Hexadecane

- Teurndecane
n-Dodecans

o-Decane

o-Octane

o-Hepuane

[ R L RN

1. A 2"x8" sample of maienal is conditioned at 65 plus or
minus 2% relative humidity and at 70 plus or minus 2° F,
for a minimum of four hours before 1¢sting. The fabric is
placed in a horizoantal position [ace up on white blotling
paper.

. Beginning with liquid number 1, drops approximately 5
milliliters 0 diameter or (.03 microliters in volume are
placed on Lhe test sample in several locations.

3. The drops are observed for 30 seconds from an approxi-
wate 457 apgle. Wening of the fabric is nermally shown
by darkening at the liquid/fabric interface. On black or
dark fabrics, welting can be detected by a Joss of sparkle
within the drap.

4. If liquid number I does mol penetrale or wet the fabric or
show wicking around the drops, drops of liquid oumber 2
are placed on adjacent porlions of the {abric and observed
for 30 seconds.

5. This procedure is continved until the fabric shows welling
under or around the drops of 1est liquid within 30 seconds.
A sample’s AATCC oil repellency rating is the number of
the highest numbered test hiquid that will not wet the
fabric or show wicking within 30 seconds.

Laundering Test
Laundering is preferably performed in a KENMORE
aulomatic washer, followed by drying in a KENMORE

automartic dryer. The following laundering lest is used 1o

delermine the fabric’s abilily lo wiihstaod lsupderiog.

Typically, after laundering, 1be fabric is then subjecled o the

above-described spray 1est, waler repellency test, aod oil

repellency test.

1. 8"x10" 1est specimens are combined with load fabries

[ )

(bemmed picces of cotlon sheeling or 50:50 fabric sheets -

having a size of 36"x36") to give a tolal dry load of 4
pounds.
2. The djals on the washer are set as follows:

Water Level High
Wash Cycle Normel, 12 minutzs
Tempetsnure ‘Warm Wash, 105" F; Cold Rinse

The test pieces and dummy load are placed ia the washer and
the machine is stared. One ounce of TIDE (Proclor &

Kl
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Gamble) detergent is added while the washer is filling with

soft water. 1F the water hardness is greater than 5 ppm,

CALGON water softeper (Nalco) in the amount specified by

the manufacturer is added 1o soften the waler.

3 After the washing is complele, the wet fabric includiog the
dummy load is placed in the aulomatic dryer. The dryer
temperature dial is sct (o the proper point under high heat
10 give a maximum ven! lemperature of from aboul 155°
F. 1o about 160° F. The time dia] is set for *Normal Cycle”
for 45 minutes. The machine is started and drymng is
altowed 1o continue uniil the cycle is complete. The above
represents one laundry cycle.

4, The fabrics are then rewashed and redried until 10 cycles
have beee completed. Optionally, the test fabrics can be
pressed with a band iron, of the equivaleat, a1 280° F. 10
about 320° F. for 30 seconds on each side with the face
side pressed lasl. The fabrics are then conditioned before
testiog for water is, repellency, ofl repellency, or spray
rating. As used herein, water repellency, oil repellency
and spray ratings are all determined without ironing the
{abric afier being laundered, unless otherwise denoted.
Waier Absorption Test
The following water absorplion tes! is for delermining the

resisiance 10 waler absorption of a fabric or matcrial. The

test is based upon NFPA 1971, 6-26. 1o paricular, the water
absorption test is conducled according lo the abave-
identified test method after the fabric or material has hecn
subjected 1o five laundry cycles in accordance with NFPA

1971, 6-1.2.

According 1o the presen! inveniocn, Lhe following is the
procedure used o delermine the waler absorption ratng of
a malerial,

1. Three §"x8" samples of the material 10 be tesied are
subjecied 1o five laundry cvcles in accordance with NFPA
1971, 6-1.2. Test method NFPA 1972, 6-1.2 is subslan-
tially similar |o the laundering test described above. In
this test. however, the specimens are conditioned in an
atmosphere of 70 pius or minus 2° F. and 65 plus or minus
2% relative humidity before and after being washed.
Further, the machine seltings and parameters are as {ol-
fows:

waler level oormal

wash cycle normalrcotton sturdy
wash lemperarure 141 + or - 5° F.
drying cycle lwmble/cotton sturdy
delergen: 66 + ar - 1 g of 1993

AATCL siandard Reference
Tielergent

[

Each sample is sccurely mounted, with lhe coaled side of
the materiaj up, to embroidery boops with sufficient
lension o eaosure a uniformiy smooth surface. The hoop is
supported 0o a lesler 's stand. The material is positioned 50
that the direction of the flow of waler down the sample
shall coincide with the warpwise direction of the sample
s placed on the stand. A funnel attached 10 a nozzle for
holding water is placed 24" above the center of the
malerial. The plane of the surface of the sample is placed
al a 45° angle with the bonzontal.

3. 500 ml of water at a lemperaure of 80 + or = 2° F. are
poured quickly into the fugnel and allowed to spray onlo
the specimen.

4. As rapidly as possible, the sample is removed from 1he

hoops and placed between 1wo sheets of blottung paper on

a flav horizontal surface. A melal roller approximately 414"

long and weighiog 2% pounds is rolled quickly forward

—_—
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and back cne time over the paper withoul application of
any pressure other than the weight of the roller

5. A square having dimensions of 4"x4" is cut out of the
cenler of the sample and weighed 1o the nearest 0.05
grams. Not more than 30 seconds shall elapse between the
time the water has ceased fowing through the spray
nozzle and the siart of the weighing.

6. The same 4"x4" square sample is then lefl in a conds-
tioning room umil it has dried apd reached moisture
equilibrivm with the surrounding atmosphere. The sample
is then weighed again.

7. The water absorbed shall be calculzied as follows:

w-0
Q

waler 2bsorblion. percent = x 100

berein W is the weight of the wet sample and O is the weight

of the dried sample. The waler absorplion rating of the

sample is the average of the results obtained from the three
specimens lesied.

Dynamic Waler Absorption Test

The following lest also measures the resistance of mate-
rials o wetlng by water. It is particularly suilable for
measuring the waler-repellent efficacy of finishes applied (o
fabrics, because the lest subjects the wealed fabrics to
dypamic conditions similar lo those ofien encountered dur-
ing acrual use. The test conforms 10 AATCC Tesl Method
Na. 70-1997.

According 10 the prescnt invention, the following is the
procedure used 1o determine the dynamic waler absorplion
raling of a material.

1. During the tesl, two specimen sels are lesled. Each
specimen set consists of five 8"x8" pieces of the matenal.
For each piece that is cul, the corner yarns are removed
and, if necessary, a drop of liquid latex or rubber cement

is placed al the corpers lo prevent raveling. Prior 1o 3

testing, each piece of malterizl is conditioned at 65 + or -
2% relative humidity aond at 70+ or - 2° F. for 2 minimum
of four bours. Blotiing paper 1o be used laler is also
conditioned.

2. The five pieces of each specimen set are rolled iogether
and weighed 10 the nearesi 0.1 gram.

3. Two liters of distilled water a1 80 + or - 2° F. is poured
into the mmble jar of a dynamic absorplion lesier. The
dynamic absorplion lester should consist of a molor
driven, 6 liter cylindrical or hexagonal-shaped jar
approximalely 6" in diameter and 12" in lengih, mounted
1o rotate end over eod a1 55 + or - 2 rpm with a constant
tangenuial velocity. The jar may be of glass, corrosion
resistanl metal, or chemical stoneware.

4. Both specimen sets are placed into the jar and the jar Is
rotaled in the fesier for 20 minutes.

5. A piece of one specimen sel is then immediately passed
through a ringer a1 a raie of 1" per second with the edge
of the piece parallel 1o the rolls. The piece is sandwiched
between two pieces of unused blotler paper and passed
through the ringer again. The piece is left sandwiched
between the wet blotiers. The process is then repeated for
the rematning four pieces of the specimer set. The blotiers
are removed and the five pieces are rolled logelber, put in
a tared plastic conlainer or gallon-sized zippered plastic
bag and the wet specimen sl is weighed 1o the pearest 0.1
gram. The mass of the wet specimen set should not be
more than twice its dry mass.

. Step number five is repeated for he second specimen sel.

7. The dvnamic water absorption for each specimen set is
calculated 1o the pearest 0.16 using the following equa-
tiom:

15
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WA =(W-C)/Cx 100

where

WA=waler absorbed, percent

Wewel specimen weight, g

Ce=conditioned specimen weight, g.
8. The dypamic waler absorplion of the malerial is deler-
mined by averaging logelher the waler absorbed by each
of the 1wo specimen sels.
According 1o the prescnl invention, the dynamic water
absorption rating of the material can be deiermined afier
laundering the samples in accordance with NFPA 1971,
6-1.2. For instance, the samples can be tesicd afier 10
laundry cycles and afier 20 laundry cycles 10 delermine
the durability of the water resistant coating.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

it is 1o be understood by ooe of ordinary skill in the art that
the present discussion is a descniption of exemplary embodi-
ments only, and is nol intended as Limiting the broader
aspects of 1the present iavenuion, which broader aspects are
embodied in the exemplary construclion.

In geweral, the present inventjon js directed Lo a fabric and
a proteclive garment for fire fighiers that bas improved water
resistant properties. In particular, the present invention is
directed to a fire fighters garmeni having an outer shell fabric
that has been treated with 2 durable waier resistant compo-
sition. The warter resislant treatment prevents waler and
moisture from being absorbed by the parment. 1o compari-
500 1o prior arl constructions, the waler resistant reatmenl as
applied according 1o the process of the present iovention is
much more durable in that the wreatment will not signifi-
cantly degrade or wear off the garmeni when exposed 1o
normal wear and lear. In particular, it has been discovered
that water resistaml Ireatments applied according lo Lhe
present invention can withstand at least 30 laundry cycles
withoul lasing a substantial amouni of effectiveness.

Referring 10 FIG. 1, one ¢mbodiment of an improved
proteclive garmenl generally [0 constructed in accordance
wilh the presepnl invention is illustraled. Garment 10
includes a relatively tough outer shell 12 having a liner
assembly 14 localed therein. Quter shell 12 and liner assermn-
bly 14 together funciion 1o protect a wearer from heat and
flame such as may be encounlered during fire fighting
aclivities.

In the illustrated embodimeat, liner assembly 14 js con-
strucled as a separale unit that may be removed from outer
shell 12. A zipper 16 is provided for removably securing
liner assembly 14 to outer shell 12. Ii should be appreciated,
however, that other suitable meaons of attachment, including
a more permanent tvpe of atlachmeni such as stitches, may
also be used between liner assembly 14 and outer shell 12.

The construclion of prolective garmenl 10 is more par-
licularly illustrated in FIG. 2. As shown, liner assembly 14
tocludes a plurality of maierial layers quilied togetber The
oulermost layers, i.e. lining layers 20 and 22, are connected
logether about their respective peripheries to form an inoer
cavity. A thermal barrier layer 24 and a maisture barmier layer
26 are located within 1he inner cavity, as shown. Typically,
lining layer 20 will be adjacem the wearers body during use,
whereas limng laver 22 will be adjacent outer shell 12.

Thermal barrier layer 24 can be made from various
materials. For inslance, an aramid feli, such as a felt pro-
duced from NOMEX fibers obtained from DuPont can be
used. The felt funciions as ag insulator o inhibil transfer of
heat from the ambient environment to the wearer.
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Moisture barrier 26 is preferably a suilable polvmeric
membrane that is impermeable to liquid waler bul is per-
mezble [0 waler vapor. Moisture barrier [ayer 26 is designed
lo preven! waler conlacling the exterior surface of garment
10 from reaching the wearer while at the same time permit-
ling the escape of perspiration from the wearer.

Outer shell 12, which can be positioned loosely adjacent
to liner assembly 14, includes a woven fabric 28 treated with
a durable water resistant composition 30 in accordance with
lhe present invention. In general, woven fabric 28 should be
made from a mechanical resistani, flame resistant, and
thermal resistant material. For instance, woven fabric 28 can
be made from aromaric polyamide polvmers, such as aramid
fibers. For example, KEVLAR para-aramid fibers, NOMEX
meta-aramid fibers, and mixtures of KEVLAR fibers and
NOMEX fibers commercially available from DuPont are
particularly well suited for use in construcling woven fabric
28. Besides KEVLAR fibers and NOMEX fibers, other
fibers that may be used to produce the woven fabric include
melamine fibers, such as BASOFIL fibers commercially
available from BASF, poly(p-phenylene-2,6-
bezabisoxazole} (PBO) fibers commercially avaliable as
ZYLON fibers from Toyobo Co., Lid. or P-84 aramid fbers
alse available from Lenzipg. 11 should be undersiood,
however, that any suitable fire resistant fiber may be used to
construet the fabric of the preseni inveotion.

In one embodiment, the yamns used to make woven fabric
28 can be made from a mixture of aramid polymer fibers,
such as KEVLAR or NOMEX fibers, and polybenzimida-
zole (PBI) fibers. In one preferred embodiment of the
present inveniion, woven fabric 28 is made from a 60/40
blend of KEVLAR para-aramid fibers and PBI fibers.

The yarns used lo produce woven fabric 28 can be
assembled in various different constructions and is gencrally
not critical. For instance, woven fabric 28 can have a twill
weave, a plain weave or any other suitable 1ype of weave. In
one preferred embodiment, woven fabric 28 has a rip slop
weave. In general, [abrics baving a tighier weave will
penerally have better spray ratings.

The weight of woven fabric 28 generally can vary from
about 5.5 ounces per square yard lo about 8 cunces per
square yard. Preferably, the weight of woven fabric is from
aboul 6 ounces per square vard lo abow 7.5 ounces per
square yard.

In accordance with the present invention, as shown in
FIG. 2, woven fabric 28 is trealed with a durable waler
resistant composition 30. When applied according to the
process of the presen! invention, it has been discovered ihat
waler resistant Ireaiment 30 is much more durable than
many prior art constructions. Thus, garments made accord-
ing fo the presenl iovention can be routinely laendered and
used for an extended period of time without losing their
ability 10 repe] waler. As described above, should & protec-
live parment absorb waler, the parment becomes much

heavier and the thermal propenies of the garment become s

adversely affected.

Besides making proleclive garment 10 impermcahble (o
waler, durable water resistant treatment 30 is also preferably
resislant 1o ofl and organic solvents, is not Aammable, and is
abrasion resistanl. Io one preferred embodiment of the
present invention, durable water resistapt treaiment 30 is
made from a solution containing a fuorocarbon polymer that
is applied to woven fabric 28. For example, durable water
resislant composition 30 can be made from TEFLON paly-
mers which are commercially available from DuPoni. Fluo-
rocarbor polymer soluttons containing TEFLON polymers
are commercially available from aumerous sources.
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In order 1o produce a liguid resistani fabric in accordance
with the present iovention, first, a woven fabric is coon-
structed or obiained that is suitable for use as an outer shell
malenal in a protective garment for fire fighters. As
described above, the {abric should be made from Aame
resistant polymers or other suitable materials.

Prior to applying a durable waler resistan! treatment, the
fabric can be first scoured, although scouring may not be
necessary for all applicalions. When scoured, the malerial
can be scoured wilh an alkaline solution.

Afler being scoured. the fabric is thea put on a tenter
frame, dried and heat sel. Specifically, it has been discovered
by the present inventors that it is imporiant that the fabric he
substantially dry and free of moiswre prior to being treated
with the durable waler resisiant composition. For inslance,
afier scouring, the fabric should be dried so 1hat the moisture
level is substantially equivalent 1o Ibe namural moisture Jevel
of the fibers used 10 make 1he fsbnc. For instance, for mosi
fibers, the moisture Jevel should be less than aboul 10%, and
particularly less than about 7%.

After the fabric has been dried and heat set, a durable
waler resistanl composition according to the presenl inven-
tion is applied 1o at least one side of the [zbric. Although ihe
composition can be sprayed on the fabric or printed on the
fabric, preferably the fabric is dipped into a bath containing
the durable waler resislanl (reatment in solution form.

As stated above, the durable water resistant composition,
in one embodiment, can be a solution conlaining & fuoro-
carbon polymer. The Auorocarbon polymer can be combined
in the solution with waler, a drving agent such as an alcohol,
and an emulsifier. The amouot of the water-resislant com-
posilion applied 1o the fabric will depend upon the particular
formulation aod the particular application.

After the durable waler resistanl Ireatment is applied o
the fabric, the fabric is then heated 1o a lemperature sufficient
for the coaling to dry and/or cure. Once the durable water
resisiant trealment is cured and aflixed Lo the woven fabric,
the fabric can then be used in conslructing prolective gar-
ments in accordance with the present invenlion.

It bas been discovered that the above-described process
securely affixes the water resistant trealment 1o the fabric
such that 1he treatment becomes much more durable than
prior arl conslructions.

By applying waler resislam Ueatments according lo lhe
process of the present invention, it has been discovered (hat
the treatmenis can withstand numerous lauodry cycles. For
example, in one embodimeat, the outer garment of the
present invention has shown 1o exhibit 2 sprav rating of a1
least 80 afier 20 laundry cycles. More particularly, even after
30 laundry cycles it has been discovered that fabrics made
according to 1he present invention have a spray raling of at
least 70 and in some applications a1 least 80, illustraling that
the water resistant lreatment does not degrade and does nol
lose its effectiveness. Further, after undergoing thirty (30)
laundry cycles, [abrics made according o the present ipven-
tion have also becn found 10 relain a water repellency rating
of al leasi 4 and an oil repellency rating of at least 3,

Outer garments made according to the present invention
have also demonsirated superior waler absorption and
dynamic water absorption ratings. For instance, garments
made according lo the presenl invention can have a water
absorption rating of less than about 8% afier five laundry
cycles, particularly less than about 6% afler five laundry

s cycles and more particularly less than about 4% afier five

laundry cycles. After ten laundry cycles, garments made
according lo 1he present invention can have a dynamic water
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absorplion rating of less than about 15%, particularly less
than about 12%, and preferably less than about 10%. The
dynagric waler absorption rating of garments made accord-
ing to the present invention afier twenty lauadry cycles, on
the other hand, 1s preferably less than about 18%, particu-
larly less than about 15%, and more particularly less than
about 12%,

The presem inventicn may be betier understood with
reference to the following examples.

EXAMPLE NO. 1

The following tests were performed in order 10 demon-
sirate the superionity in performance of {abrics made accord-
ing 1o the presenl invention in comparison (o conventionally
made fabrics.

A woven fabric suitable for use as an outer shell material

for a fire fighter's prolective garment was coaled with a 2

durable waler resistant composition according 1o the above-

described process of the present invention. Specifically, the

fabric that was treated bad the following characieristics and

properties:

Maienial: 60%,/40% intimale blend of KEVLAR aramid
polymer fibers and PBI fibers

Denier: 1.5

Count: 44 vams/ioch

Pick: 39 yarns/inch

Weave: Rip slop

Weight: 7.5 oz/sq. yard

After the above maierial was scoured, dried and heat set,

durable water resistant composition was applied 1o the

o

fabric. The durable waler resistapl composilion was an -~

agueous solution containing a fluorocarbon polymer, an
emulsifier, and an alcobol.

The above-treated fabric was then tested for water
repelleacy, oil repellency, and spray tesied ininally and afier
10, 20, 30, 40 aod 50 laupdry cycles. All the (csis were
conducted according to the above-described procedures. The
sample was 1esied boi before and after being pressed with
a hand held irva. The {ollowing resuits were oblained:

TABLE 3

Water Repellency, Oil Repellency and Spray Test
Resulis of the Fabric Made According to the Present Invention

Before Pressing Afler Pressing

Laupderings ~ Water il Spray  Water Oi Spray
[aitin] 6 5 100 — — —
10 b 5 &0 6 5 20
20 [ 5 LY b 5 &
0 £-5 34 u 6 4 080
4D A5 4 i) 6 4 80
50 &5 k] T ] 4 i)

Commercially available fabrics designed to be used as
omer shell materials for prolective garments were also
sirailarly tested afier 10 and 30 Jaundry cycies. Of paricular
importance, the commercial fabrics tested had similar weave
characienstics lo the above-described fabric, Specifically,
one of the products lesied was NATURAL PBI oblained
from Southern Mills and the other fabric 1sied was PBI
SOFT HAND obtained from Dominiog lndusirial Textiles.
The following results were obtained:
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TABLE 4

Water Repellency, Oil Repeliency, and Spry Test
Resuiis of NATUIRAL PBL Fabric Obtained from Soulhern Mills

Recfore Pressing Afer Pressing

Lavndesings  Waler il Spray  Water oil Spry
Laitial 6 5 100 — - -
10 2 4] 50 4 a 50
30 z J a 2 0 50
TABLE 5

Water Repellency, Oit Repetiency, nod Spray Test Resulls of
PBI SOFT HAND Fabric Oblained from Dominign lodusiis! Textiles

Before Pressing After Preeging
Launderings Waler Ol Spray  Water ol Spray
Laitial 6 5 100 — — —
10 1-2 0 50 2 ¢} 50
0 4] a 4] 0 0 0

As shown above, the current commercially available
fabrics lost balf of their water cesistancy omly afier 10
laundry cycles. Afier 30 laundry cycles, the fabrcs com-
pletely lost their water repellency.

o comparison, the fabric made according to the present
invention maintained a spray rating of at least 70 afier 30
laundry cycles and even after 50 laundry cycles. As shown
above, the fabric made accordipg to the process of the
present inveniion also had much better walter repellency
ratings and oil repellency ratings after being laundered. I is
not believed thal prior 1o the present invenlion an outer shell
maicrial was made thal contained a waler resistant treatment
that could maintain a spray rating of at least 70 after 30
laundry cycles.

EXAMPLE NO. 2

A woven fabric similar 1o the one described in Example
No. 1 above was coated with a waler resistanl composition
as described in Example 1. In this example, however, the
composition applied 1o the fabric did not conilaio an emul-
sifier but contained more Suorocarbon polymer.

The 1reated fabnc was tested for water repellency, oil
repellency and spray tested initially and after 10, 20 and 20
laundry cycles, All the tests were conducted according to the
procedures described above. A sample was tesied both
before and afier being pressed with 2 haed held iron. The
following resulls were obtained:

TABLE 6

Waler Repeliency, Oil Repellency and Spray Test
Resulls of a Fabric Mede According o the Present loveaotion

Before Pressing Afier Pressing

Launderings watef oil sprav  water oil spray
luitial ] 6 100 — - —

10 1) S 90 6 5 100

20 6 5 80-90 6 ] 100

30 56 4-5 30 [ s 100

As shown above, the treated fabric produced according to
this examnple performed exceptionally well. [o pasticular, the
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fabric bad a spray rating of at least 80 after 20 laundry
cycles, and a spray rating of 80 even after 30 laundry cycles.
Further, the fabric was found well suited 10 repelling water
and oil, haviog a water repellency rating of al least 5 and an
oil repellency rating of ar least 4 after 30 laundry cycles
Even betier results were obtained after pressing,

EXAMPLE NO. 3

The following tests were performed in order 10 compare
the performance of a fabric made according to the present
invention in comparison lo commercially available fabrics
with respect 10 water absorption.

A woven fabric similar 1o the one described in Example
Ne. 1 above was coated with a waler resisiant composilion
as described in Example No. 1. The composition coniained
a fluorocarbon polymer, isopropauol, acetic acid and waler.
The flurocarbon polymer used was a dispersion of per-
fluroalkyl and polyisocyanale polymers.

The treated fabric was Lested {or water absorbtion initially
and after five laundry cycles. All the lesis were conducied
according 10 1he procedures described above.

Besides a fabric made in accordance with the present
invention, commercially avaliable fabrics were also lested.
Specifically, the commercially avaliable [abrics tesied
included STANDARD PBI GOLD obiained from Sourhern
Mills, NOMEX OMEGA obtained from Springs Industries,
and ADVANCE fabric also obfained from Southero Mills.
The following results were obtained:

TABLE 7
Waiet Absorption Resuits

[nilial Water Adler Five

Absothion Laundry Cycles
Sample Rating (r) (%)
No. 1 0.55 2.9
STANDARD PBI .77 984
GOLD
NOMEX OMEGA 1.01 16.59
ADVANCE 0.4% 1269

As shown gbove, (he trealed fabric produced according to
the present imvention (desigonated Sample No. 1 above)
oulperformed the commercially avaliable fabrics. in
particular, the results above indicate thal fabrics made
according 1o the present invenlion have waler absorpuon
characieristics that are more durable than the commerically
avaliable products.

EXAMPLE NO. 4

The following tests were performed in order 10 compare
the dynamic water absarption characleristics of a fabric
made according to the present invention in comparison 10
commercially avaliable fabrics.

The trealed fabric described in Example No. 3 above was
tested for dynamic water absvrplion according 10 the Lests
described in he specification. Specifically, the sample was
tested initially, afier ten laundry cycles, and afier tweaty
laundry cvcles. STANDARD PBI GOLD fabric and
ADVANCE fabric obtained from Southern Mills were also
tested. The following results were oblained:
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TABLE 8§
snemic Water Absorption Resnlis
[niuisl
Drvoamic Water After Ten After Twenty

Absorption Lauadry Laundry
Sample Raling (%) Cycles (%) Cycles (%)
Nao, 1 8.3 A 10.5
STANDARD 10.8 228 YD
PRi GOLD
ADVANCE 6f 20.8 229

As shown above, the sample made according 1o the
present oveotion {designated Sample No. 1 above) bad
better dynamic waler absorption characieristics than the
commercially avaliable fabrics.

EXAMPLE NO. 5

The woven treated fabric described in Example No. 3 was
once again tested for waler absorption. In this example, two
other fabrics were coaled as described in Example No. 3 and
also tested. The other iwo fabrics coated according to the
present invention had the following characteristics:

Sample No. 2

Material: 60%/40% intimate blend of KEVLAR aramid

polymer fibers and PBI fibers

Count: 59 yams/inch

PMick: 46 yarns/inch

Weave, Rip stop

Weight: 7.4 oz/sq. yard

Sample No. 3

Material: NOMEX Z-200/OMEGA aramid polymer fibers

Count: 41 yaros/ioch

Pick: 39 yarns/inch

Weave: Rip stop

Weight: 7.75 oz/sq. vard

Sample No. 3 abeve is a commercially available fabnic
markeled under the name OMEGA by Springs Jndustries.

Besides testing ibe above wreated fabrics for waler
absorption, various commencally avaliable fabrics were also
similarly tesied. In particular, OMEGA fabric withoul betag
trealed in accordance with the present invention was lesled
for water absorption along with STANDARD PBI GOL.D
fabric, TAN ADGVANCE fabric, BLACK ADVANCE fabric,
and TAN NOMEX fabric, all obtained from Soutbern Mills,
The following results were obtained:

TABLE ¢

Water Absorpticn Results

Inilial Vyater Alier Five

Absomtion Laupdry Cycles
Sample Raling, (%) {5
Ne. 1 Q.55 zu?
Ne. 2 207 142
No. 3 153 ]
OMEGA (untreated) 101 16.59
STANDARD PBI GOLD 0.77 Q.64
TAN ADVANCE 149 1263
BLACK ADVANCE G.84 47.40
TAN NOMEX 137 16,94

As shown abave, all of the fabrics made according w the
present iovention oulperformed the other commercially
avaliable fabrics.

exniiT— 8
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These and other modifications 2and variations to the
presem invenlion may be practiced by those of ordinary skill
in the art, withowt depaning from the spirit and scope of the
present invention, which is mose particularly se1 forth in the
appended claims. In addition, it should be understood that
aspects of lhe various embodiments may be interchanged
both in whole or in part. Furthermore, those of ordinary skill
in the art will appreciate that 1he foregoing descripiion is by
way of example only, and is not intended 10 limit the
invention so further described in such appended claims.

What is claimed is:

1. A protective gatment suitable for use by a fire fighter,
said protective garmenl comprising:

an inoer lining configured 10 cover a predetermined

portion of a wearer's body, said inner lining being
positioned so as to be adjacemt said wearer’s body
during use; and

an ouler shell covering said inner lining, said outer shell

being made from a fire resistant material, satd outer
shell being impregnated with a durable waler resisiant
wreatment, said durable water resistant treatment being
incorporated inta said owier shell such thal said ouler
shell mainlaigs a spray rating of at least 80 after being
laundered 20 laundry cycles and then pressed and
maintains a water absorption Tating of at least 8% after
five laundry cycles.

2. A protective garment as defined in claim 1, wherein said
durable waler resistan! treatment cormprises a Juorocarbon
polymer.

3, A protective garment as defined in claim 1, wherein said
outer shell maintains a water absorption rating of at least 6%
afier five laundry cycles.

4. A protective garment as defined in claim 1, wherein said
durable water resistan! Ireatment is incorporated inlo said
outer shell such that said ouler shell maintains a water
absorption rating of at least 4% afler five laundry cycles.

5. A protective garmen! as defined in claim 1, wheretn said
outer shell is a woven fabric comprising polybenzimidazole
and an aromatic polyarnide polymer.

6. A protective garmeni as defined in claim 1, wherein said
auter shell is made {rom an aramid polymer.

7. A proteciive garmeat 8s defined in claim 1, wherein said
ouler shell also maintains a dynamic waler absarption rating
of at least 18% afier rwenty iaundry cycles.

8§. A protective garment as defined in claim 1, wherein said
ouler shell weighs from about 6 ounces per square vard
aboul 10 ounces per square yard.

9. A protecijve garmenl as defined in claim 1, further
comprising a thermal bamcer layer positoned between said
inner lining and said outer shell

10. A protective garmen! suilable for use by a fice fighter,
said prolective garment comprising.

ap inoer lining configured 1o cover a predetermined

portion of a wearer's body, said inoer lining beiog
positioned 5o as to be adjacent said wearer's body
during use;

ap outer shell covering said inner lining, said ouler shelf

comprising a woven fabric made Fom fire resislant
yaros;

a thermal barrier layer positioned between said inoer

lining and said outer shell; and

a durable waler resislant treatment impregnated into said

outer shell, said durable waler resistant treatment corm-
prising a fluoracarbon polymer, said durable water
resistant lrealmen! beiog incorporated into said outer
shell such thai said outer shell maintains a waler
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absorplion rating of a1 least 8% after five laundry cycles
and a dynamic water absarption rating of at least 18%
after twenty laundry cycles.

11. A protective garment as defined in claim 10, wherein
said durable waler resistant treatment is incorporated into
said ouler shell such that said cuter shell mainiains a water
absorption rating of at least 4% afier five laundry cyvcles and
a dynamic water absorption rating of at least 12% afier
ewenty laundry cycles.

12. A prolective garment as defined in claim 19, wherein
said durable waler Tesislani treatment is incorporaied into
said outer shell such thal said ower shell also maintajos a
spray raiing of at least 80 after twenty laendry cycles.

13. A waler and fire resistanm fabric particularly weil
suiled for producing protective garments for use by a fire
fighter, said waler and fire resistant fabric comprising:

a woven fabnic subsirate, said woven fabric substrate

being made from 2 fire resistant material; and

a durable water resistani treatment impregnated into said

fabric substrale, said durable water resistant weaimeni
being incorporated into said fabric subsirale such that
said fabric subsirale maintains a spray rating of ai least
80 afier 20 laundry cycles and raimains a dynamic
water absorplion rating of at least 15% after ten laundry
cycles.

14 A water and fire resistant fabric as defined in claim 13,
wherein said durable waler resislant (realmenl comprises a
fluorocarbon polymer,

15. A water and fire resistang fabric as defined in claim 13,
wherein said fire resistant malerial is made from a polymeric
material comprising an aramid polymer.

16. Awaler and fire resistant fabric as defiped in claim 15,
wherein said polyvmeric material used 10 make said fire
resistanl material funther comprises polybenzimidazole.

17. A waler and fire resislant fabric as defined in claim 13,
wherein said fabric subsirate also maimains a water absorb-
tion ratiog of at least 655 afier five laundry cycies.

I8 A process for producing a wailer resisiant fabric
particularly adapted for use as an exterior covering for a fire
fighters prolective garment, said process comprising the
steps of:

providing 2 ftire resistani material, said fire resistaol male-

rial comprising a woven fabric, said fire resistant mate-
nal being substanmially free of moisiure;

applymng a durable waler resistant treatment 1o said fire

resistant material; and

thereafier heating said fire resisiant maierial so as 10 affix

said durable water resislant treatment to said fire resis-
tant malerial, said durable water resistanl Lreaiment
betng affixed to said fire resistant material such that said
fire resistanl maierial mainlains a water absorption
rating of ar . least 6% after five laundry cycles and a
dynamic water absorplion rating of at least 12% after
ten lauodry cycles.

19. A process as defined in claim 18, wherein said fire
resisiant malerial is made from yams comprised of an
aramid polymer.

20. A process as defined in claim 18, wherein said fire
resistanl malterial is made [rom varns comprising a mixiure
of aramid polymer fibers and polybenzimidazole fibers.

2]. A pracess as defined in claim 18, wherein said durable
waler resistan! treatmenl comprises a fluorocarbos polymer.

22. A process as defined in claim 18, further comprising
lhe sieps of:

scourng said fire resistant material prior o applying said

durable water resistant tresiment; énd
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drving said scoured fire resistanm material such that said

fire resistant material is substaniially free of moisture.

23. A process as defined in claim 18, wheretn said durable
water resistanl treatment is affixed w0 said fire resistam
malerial so thal said fire resistanl malerial also maintains a
spray rating of at least 8 afier twenty laundry cycles.

24. A process as defined it claim 18, wherein said durable
waier resislanl treatment that is applied 1o said fire resistant
malerial comprises an aqueous solution containing a fluo-
rocarbon polymer and an alcohol.

25. A proteclive garment suilable for use by a firefighter,
said protective garment comprising.

an ioper lining configured 1o cover a predeiermined

portion of the wearer's body, said ioner lining being
positioned so as 0 be adjacent said wearer's body
during use; and

an outer shell covering said inner lining, said ouler shell

being made from a fire resistanl malerial, said outer

10
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shell being impregnated with a durable water resistan
treatment, said durable waier resistant treatment being
incorporated into said outer shell such that said ouer
shell mainlains & spray rating of at least 80 afier 20
laundry cycles, maintains a waler absorption rating of
a1 least 4% afier {ive laundry cycles and maintains a
dynamic walter absorption rating of a1 lcasi 12% after
twenty laundry cycles.

26. A pratective garment as defired in claim 25, wherein
said durable water tesistant weaiment compnses a fuoro-
carbop polymer and wherein said outer shell comprises a
woven fabric.

27. A protective garmert as defined (o claim 25, wherein
said outer shell further maintains & dynamic waier absorp-
tion rating of at least 10% afler 1en lauodry cycles.

* * L] * »

R
Zaaruod |l

PAGEML _OF \Z

8




Case 1:03-cv-03844-WSD Document1 Filed 12/10/03 Page 33 of 47

EXHIBIT / ATTACHMENT

&

(To be scanned in place of tab)



Case 1:03-cv-03844-WSD Document 1 Filed 12/10/03 Page 34 of 47

United States Patent

0 0 0 A e 1 A
US006606749B2

(12) (10) Patent No.: US 6,606,749 B2
Underwood et al. #5) Date of Patent: Aug. 19, 2003
(54) WATER RESISTANT PROTECTIVE 2‘3?2‘3820 A I;ﬂggg gﬁlﬂ.lfag r
4 uu“ IRI, - v avis -
G ENT FOR F FIGHTERS 4965408 A 10/1990 ﬁhapman lcl al.
6/1991 1 al.
(75) laventors: Joey K. Underwood; T. Doyle Keiley, §;‘,’329,-33_.1, ,’:: 2}'1993 Stiﬂj]]ccﬂaal_
hoth of Greenville, SC (US) 5310824 A * 5/1994 Burchetal ... . 525420
5,504,061 A 171997 Sharma et al.
(73) Assignee: Safety Components Fabric 5,630,846 A 5/1997 Hara et al.
. . 5674951 A 1071997 Hargis et al.
Tecknologies, Inc., Greeoville, SC (US) 3721300 A 271998 Sharma ef al.
. . . . . 85 12/1998 Cochr
(*) Notice:  Subject 10 any disclaimer, the ferm of this g’gﬂ;g,ggé ,‘: . :%/,'1993 Caliiwaellll PR 1. 74 W)
patenl is extended or adjusted under 35 6.065.153 A * 572000 Underwood et al. ... 2193
U.S.C. 154(b) by 0 days. 6,171,983 Bt * 172001 Coppens el al. ....... 442/82
6,192,520 B1 * 22001 Underwood el al. e 2193
6194329 Bl * 22001 Nelsonetal ... 44277]
(21) Appl. No.: 09/925,014 ) .
FOREIGN PATENT DOCUMENTS
(22) Filed: Aug. 8, 2001
DE 2737759 3/1979
65 Prior Publi
(65) or Publicatlon Data OTHER PUBLICATIONS
US 2002/0026663 Al Mar. 7, 2002
0 ’ Abstract, DT Publication No. 2,737,759 (Jan. 30, 1979).
Related U.S. Application Data Declaration of Experimental Use (Aug. 6, 1999).
- - * cited by examiner
(63) Conlinuation of applicalion No. 09/734,374, filed on Dec.
11. 2000, which is a continuation of application No. 09/188, Primary Examiner—John J. Calvert
635, filed on Nov. 9, 1998, now Pal. No. 6,192,520, whick 4 ssistamt Examiner—Robert H. Muromoto, Jr.
is a conlinuation-in-part of application No. 09/016.097, filed ; i i
on Jan. 30, 1998, now Pat. No, 6,065,153, (74) Anorney, Agert, or Firm—Dorily & Manning, P.A.
(513 Int.CL7 o A41D 1/00; A41D 3/02 G7) ABSTRACT
(52) US.CL ... 2/93, 2/97; 2/87, 442/80 A proiective garment of the type 1ypically worn by fire
(58) Fleld of Search .................... 2/82, 87, 93,97, fighters wilh improved water resistance is disclosed. Tn
2/DIG. 5; 427/366, 370, 372.2, 171, 2; particular, the present invention is directed Lo an outer shell
428/296.7, 694, 920, 921, 246, 131, 442,226, material for proteclive garments that is made from a fire
19, 43, 79, 80, &2, 107 resistanl materjal coated with a durable water resistant
coating. The durable water resistant coating is applied to the
(56) References Cited outer shell in a manner so that the coating will not degrade

U.S. PATENT DOCUMENTS

3,068,187 A 12/1962 Bolstad et al.

3,252032 A 5/1966 Bolslad et al.

3320661 A 71967 Smith et al.

3,330,812 A 7/1967 Smith et al.

3,356,628 A 12/1967 Smith e al.

3,476,583 A 11/1969 Ellkind et al.

3,852.090 A * 121974 Lecoard el al. e 442/63
3896251 A * 7/1975 Landucci ... 442/80
3949112 A * 4/1976 Pallison ... e 442/80
3995085 A * 11/1976 McCown ....cccovvee e 44294

when exposed lo normal wear and 1ear and even after the
garment has been laundered repeatedly. Protective garments
constructed in the past typically lost most of their water
repellency afier being Jaundered as Little as five cycles. It has
been discovered that waler resistant coatings applied accord-
ing Lo the process of the present invention, on the other hand,
can survive at least 30 laundry cycles, and in many appli-
calions al Jeast 50 laundry cycles without significanily
degrading.

93 Claims, 3 Drawing Sheets

EXHIBIT__&
PAGE__1__orF M4

This PDF of U.S Utilty Patent 6506749 provided by Patent Fetcher™, a product of Patent Logistics, LLC - Page 1 of 14



Case 1:03-cv-03844-WSD Document1 Filed 12/10/03 Page 35 of 47

U.S. Patent Aug. 19,2003  Sheet 1 of 3 US 6,606,749 B2

.

EXHIBIT e

PAGE_ 2 OF.ML__



Case 1:03-cv-03844-WSD Document 1 Filed 12/10/03 Page 36 of 47

U.S. Patent Aug. 19, 2003 Sheet 2 of 3 US 6,606,749 B2

<&

RSN Ry o
;‘.\‘\“‘{...., - ——
S T AT T ) Z
Tl ORI
T T LN -

ExHBIT &
PAGE_3__OF 14

This PDF of U.S. Uility Patent 6606749 provided by Patent Felcher™, a product of Patent Logistics, LLC - Page 3 of 14



Case 1:03-cv-03844-WSD Document 1 Filed 12/10/03 Page 37 of 47

U.S. Patent Aug. 19, 2003 Sheet 3 of 3 US 6,606,749 B2

100 . 1]
Na sticking or wetting of upper surface Slight randam sticking or wetting of upper surface
Figure 3a Figure 3B

) a0 7C
Wetting of upper surface at spray points Partial wetting of whale of npper surface anly
Figure 3C Figure 3D

50 0
Camplets wetting of whole of upper surface orly Completa wenting of whole of upper and
] lower surfaces
Figure 3E Figure 3F

EXHIBIT— <
PAGE_H__oF 14

This PDF of U.S. Utility Patent 6606749 provided by Patent Fetcher™, a preduct of Patent Logistcs, LLC - Page 4 of 14



Case 1:03-cv-03844-WSD Document 1 Filed 12/10/03 Page 38 of 47

US 6,606,749 B2

i

WATER RESISTANT PROTECTIVE
GARMENT FOR FIRE FIGHTERS

RELATED APPLICATIONS

This application is & continuation of U.S. Ser. Mo 09/734,
374, Hled Bee. 11, 2000 which is » continuation of U.S. Ser.
No. 09/138,635, fled Nov. 9, 1998, now .S Pat. Ne.
6,192,520 which is 2 continuation in pan applicaiion of Ser.
No 05/16,007, fited Jan. 30, 1998, pow U3 Pat No
6,065,153,

FIELD OF THE INVENTION

The present invention generally relates 1o profeclive gar-
menls such ss the 1ype worn hy fire fghers. More
particularly, the pressat toventica is dirscted to 3 protective
garment having a water resisiant outer shell. In particular, an
outer shell made zccording to the present itveotion has
proven 1 he able Vv relsin 5 primary waler resistant
propertics even sfter undesgoiog 30 laundry cycles,

BACKGROUND OF THE INVENTION

Pratective garments wors by tire Gighters are desigred to
perform several functions. OFf these, protection from heat
angd Bame are perhaps the mos! important characierstics of
e garmens. tn addition o providing protection from heat
and flame. the garments, bowever, should be as light as
possible, should provide some breathsbility and should
epcumber the wearer as little as possible,

Copventional fire fghter garments are pgeoerally con-
structed having a purober of discreie layers. Typically, these
lavers include an ovier shell, @ mosmre barrier Jayer, a
thermal barricr layer, and an inoer Hoing. The layers are
genenally made from sppropriste thecmaliy-resistant mate-
rials o provide protection against heat aod flame.

In the past, ooe difficulty that has been encountered jn
designipg proteciive ganments to be worn by fire fghters is
o preveat the parments from absoriviep and retaining mois-
tyre, For instance, pratective garmeais wom by fire fighters
vsually become wet during use due 1o extemal expasurs 10
extinguishing waler of 12ip. Also, fise fghter garments can
becurae wet due 1o the absorption of perspiration given off
by the wearer. Unfortunately, when the protective gatment
shsorbs maisture, the charzcleristios aad prapertics of the
parmemt can be adversely affected. For example, when
retaining moisture, the prolective garment tan become $ig-
aificanlly heavier

Besides increasiog in weight, the presence of moisture
within a protective garment also adversely affecis whe ther-
mal properies of the garmenl makdog the garmem less
cffective in shielding its wesrer from thermal heat. To
particular, since water ts a much betier heat conductor than
air, the e of hewt wansier Warrogh the parmem mortases.
Also, it has been discaovensd that a5 water heats up o a
protective garment, the waler can tarn lo sleam uader
exposure to beat and actually burn 3 person wearing the
garment.

Ultimately, wher protective garments as described above
become wel or soaked with waier or other fuids, the
gaccals beoome hat and uncaefuttahle 1o waork in due to
the increased weight and due to the increased rate of heat
ransfer through the garoienl. As 3 CouSeqUEnce, § wearer
can coly spend a himited amount of tme working or per-
faramting tesks o the gacccat due ta the passibility of beat
stress.

in the past, in order 1o prevent water from being absorbed
by profective garmeats worn by tircmen, the garnents have
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been treated with a water resistam compasiion. The water
resistant {restments applied o cotventionally made protec-
live garments, however, bave not proven to be durable and
have beeg found 1o becore inefzctive alier 1he garment has
been placed i use for 8 period of me. fn pacicalar, it has
been discovered that conventienally applied water resistant
treatmients become significanily degraded when the protec-
tve garmen is washed. Specifically, 1 bas been found 1bat
the Wwater resisanl treatments begin to degrade only after

5 five (5) laundry cycles and typically Jose most of their

efiectiveness afier ten (10} taundry cycles.

As such, a need curremly cxists for an improved water
resistanl fabric and prowciive garment o be woms by fire
fghiers. More paticularly, & aced exists for & method of
applying a waler resistant ieatment (0 a proteclive garmenl
that will not degrade over a period of time aod that can
withslzad errmal lavadsring,

SUMMARY OF THE INVENTION

The prescnt invenlion recognizes and addresses the fore-
going disadvestages, and others of prior art constructions
and methods,

Accordiogly, an object of the presest invention & fo
provide an improved protective garment suitable for use by
a fire fghter,

It is agothec abject of the present invention is to provide
1 protective fabnie for making garments that has been treated
with a durable waicr resistant treaimen.

548] another objecs of the present igvention 8 to provide
& protective fabric having a water résistaot treatment thal can
withstand normal lsundening,

I &5 anoibet ohjeat of the presem mvenuon to provide 3
protective parmenl for fire fighters that contains a durable
water resistanl treatrent applied 10 aw exterior shell that
allows the garment 1o maintain a spray sating of af least 70
even after My lwandey cycles.

These and other objecis of the present wvention are
achieved by providiag a fabeic fur constructing 2 protective
sarmen! suitable fur use by a fire fighter. The prosective
garmeni ineludes an inser lining covofigured o cover a
preduetermined portion of 2 wearer's body. The inper lintag
is positinoed 5o 45 10 be placed adjzcent to the wearer’s body
during use. Aa outer shell made from the above fabric covers
the inner lining and is made from 8 B resistams watesial.

1o accontance with the present iavention, 4 durable waisr
resislant treatmest 35 incorporated it the outer skell. The
Gurable water resistant freatment is affined to the ower shell
such that the outer shell muintaios a sprey raung of at keast
70 even after 30 laundry cycles, and, in sowme applications,
mainiains 4 spray rating of ac Jeast 70 even after 30 laundry
cycles. In ap alierpative prefesed embodiment of the present
inventicon, Lhe outer shell is consinicted so as 10 mainfain a
spray rating of at least 80 efer 20 laundoy cyeles,

Besides muintaining & bigh spray ratiog, an outer shell
construcied 0 accordance with the present invantion also
mainains very good wates shsnrpiion ratings and dysamic
wiler absorplion ratings afier being laundered. For iostance,
afee ftve laundry cyeles, the outer shell has been found io
maintain a water asbsormion rating of less than abowt 8%,
particularly less than shout &%, and io 8 preferred embodi-
men fess than abowt 4%, 'The outer shell cap have a dypamic
water absorplinn rating, of less than abovt 15% afier fep
lauadey cycles, pacticularty less thag sbowt 123% aficr wn
lzundry cycles, and more particularly less than about 10%
after ten laundry cycles. After twenty laundry cycles, ihe
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outer shell maintains a dypamic water absorption rating of
less than about 18%, more particularly less about 15%, and
preferably less thar about 12%.

In coe embodiment, the outer shell ¢can be made from a
woven fabric, such as having a plain, twill or rip siop weave.
The malenal used 10 make the ouler shell can be an aramid
polymer or can be a mixmre of an aramid polymer and
polybenzimidazole. The woven fabric used 10 make the
ovter shell can have a weight of [rom about 5.5 ounces per
square yard to about 8 ounces per square yard, and particu-
larly at a weight of about 7.5 ounces per square yard.
Further, a thermal barrier layer can be positioned between
the culer shell and the inner lining.

The durable water resistant treaiment applied 1o the outer
shell can contain a fluorocarbon polymer. The water resistant
treaiment can be applied 1 the outer shell as a solution and
then later cured or dried by beating the outer shell fabric.

These and other objects of the present invention are also
achieved by providing a process for produciog a water
resistanl fabric particularly well adapled for use as an
exterior covering for a fire fighters protective garment. The
process includes the sieps of providing a fire resistant
maleria]. For instance, the fire resistant material can be 3
woven fabric made from a fire resistant polymer, such as an
aramid polymer. Io one embodiment, the fire resistant male-
rial is scoured, such as by being exposed to an alkaline
solmion. Afier scouring, the material is dried.

Once dried, a durable water resistant trealment, such as a
fuorocarbon palymer solution, is then applied 10 at least one
side of the fire resisiant material. Once the water resistant
reatment ts applied to the material, the malerial is healed
until the treaiment is dried and cured. In particular, accord-
ing 1o the present invention, the durable water resistant
treatment is affixed 10 the fire resisiant malenial such that the
malerial mainlains a spray rating of at least 70 even afier 30
laundry cycles.

Other objects, features and aspects of the present inven-
1ion are discussed in greater detail below:

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present inveaotion,
including 1he best mode thereof, 10 one of ordinary skill in
the art, is sel forth more particularly in the remainder of 1he
specification, iocluding reference 1o the accompanying
figures, in which:

FIG. 1 is & perspeciive view of ope embodiment of a
prolective garmenl made according 10 the present iovention;

FIG. 2 is a cross-sectional view of the garment illustrated
in FIG. 1; and

FIGS. 3A-3F are diagrammatical views of illustrative
examples of spray ralings for a standardized fabric spray
1est.

Repeat use of reference characters in the presem specifi-
cation apd drawings is intended [0 represeat same or analo-
gous features or elements of the invention.

DEFINITIONS AND STANDARDIZED
PROCEDURES

The following definitions and procedures are offered in
order to better describe and quanufy the performance of
prolective garments and fabrics made accordiog lo the
present iovenlion in comparison 1o prior art construclions.
Spray Test

As used berein, a fabric spray rating refers to a rating a
fabric or a material receives according 1o AATCC SPRAY
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TESTMETHOD 22-1996. In general, a spray lest measures
the resistance of a maierial to wering by waler.

According 1o the present inveation, the following is the
procedure used to determine the spray rating of a malerial.

1. An 7"x7" sample of the malerial to be tested is first
condilioned al 65 plus or minus 2% relative humidity and at
70 plus or minus 2° F. for a minimum of four hours prior lo
tesling.

2. The fabric sample is fastened securely on a 6" metal
hoop so that the fabric ts wrinkle free. The hoop is supported
on a lester's stand so thai the fabric is faciog up. Twills,
gabardines, piques or similar fabrics of ribbed construction
are posilioned on the stand so that the ribs are diagonal to the
Aow of water ninning off the fabric. A funnel attached 10 a
nozzle for holding water is placed 6" abave the center of the
fabric.

3. 250 milliliters of waler a1 80 plus or minus 2° F. are
poured from a <up or other coniaiper inte the funmel,
allowing the water to spray onto the fabric.

4. Once the waler has run Lhrough the funnel, one edge of
the hoop is held and the opposite edge is firmly rapped once
apainsl & solid object with the fabric facing the object. The
hoap is then rolated 180° and it is rapped once more at the
point previously held.

5. The wetted or spotied fabric sample is then compared
with the siandards shown in FIGS. 3A-3F The fabric is
assigped a spray rating that corresponds 10 the nearest
standard. As shown on F1GS. 3A-3F, the fabric can be rated
from 0 to 100 wherein Q indicates that the entire fabric is
welled with the water, while a rating of 100 tndicates (hat
none of the fabric was weited by the water.

Water Repellency Test

The following standardized waler repellency lest deter-
mines a material’s resistance to wetting by aqueous Liquids.
[o general, drops of a water-alcobol mixture of varying
surface lensions are placed on the surface of the material and
the extent of surface wening is determined visuaily. The
higher the raling a material receives is an indication of the
malerial's resistance Lo staining by waler-based subslances.
The composition of siandard test liquids is as follows:

TABLE 1

Standard Test Liquids

Composilion

Water Repellency Isapropanol, Dristilled
Rating Number % Waler, %

1 2 98

2 5 95

2 10 S0

4 20 80

5 30 0

] 40 o0

? 0 50

8 60 40

The waler repellency procedure is as follows:

1. A 2"x8" szmple of malerial is first conditioned at 65
plus or minus 2% relative humidity and at 70 plus or minus
2° F. for a minimum of four hours. The fabric is placed
horizontally face up on white blotlng paper.

2. Beginning with tesl liquid number 1, one drop of the
liquid is placed ai three locations oo the material. Each drop
placed on the malerial should be 2™ apart.

3. The material is observed for 10 seconds from an
approximale 45° angle.

4. If two of the three drops have nol wel the [abric or do
ool show leaking ipto the fabric, drops of test liquid number
2 are placed on ao adjacent site and step number 3 is
repeated.

EXHIBIT < .
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5. This procedure is continued until 2 of the 3 drops have
wel or show wicking into the fabric. The waler repellency
rating is the highest numbered liquid for which 2 of the three
drops do not wet or wick iaoto the fabric.

Oil Repellency Test

The following il repellency test delermines how well
finished fabrics resist oily stains and wetting by organic
liquids. In this 1est, drops of cight liquid bydrocarbons of
various surface tensions are placed op the surface of the
material and the exlent of surface welling is determined
visually. The standard tes! liquids used are as follows:

TABLE 2
OQil Repellency Swandard Tesl Liguidg

Rating Number

Hydrocarbon

Refined Mineral Oil
Refined Mineral
Oilfo-Hexadecane 65/35%
by volume at 21° C.
n-Hezadecane
n-Tetradecane
1-Dodecane

1-Decane

0-Ocuane

o-Heplzne

[

LR = NP R N

1. A2"x8" sample of material is conditioned at 65 Elu_s or
minus 2% relative humidity and at 70 plus or minus 2° F. for
2 minimum of four bours before 1esting. The fabric is placed
in a herizontal position face up on white bloiting paper.

2. Beginning with liquid oumber 1, drops approximalely
5 milliliters in diameler or 0.05 microlilers in volume are
placed on the Lest sample in several locations.

3. The drops are observed for 30 seconds from an approxd-
maie 45° angle. Welling of lhe fabric is normally shown by
darkening at the liquid/fabric interface. Oo black or dark
fabrics, wetting can be delected by a loss of sparkle within
the drop.

4. If liquid number 1 docs pot penetrate or wet the fabric
or show wicking around the drops, drops of liquid oumber
2 are placed on adjacent ponions of the fabric and observed
for 30 seconds.

5. This procedure is contpued uvatil the fabric shows
weilting under or around the drops of test liquid within 30
seconds. A sample’s AATCC oil repellency rating is the
number of the highest numbered iest liquid that wilt oot wet
the fabric or show wicking within 30 seconds.

Laundering Test

Laundering is preferably performed in a KENMORE
automalic washer, followed by drying in 2 KENMORE
automatic dryer. The following laundering lest is used lo
determine the fabric’s ability lo withstand laundering.
Typicaliy, after laundering, the fabric is then subjected 10 1he
above-described spray lest, waler repellency lesl, and wil
repellency test.

1. 8"x10" test specimens are combined with load fabrics
(hemmed pieces of cottor sheeting or 50:50 fabric shects
having a size of 36"x36") to give a total dry load of 4
pounds.

2. The dials oa the washer are set as follows:

Water Level High
Wagh Cycle Narmal, 12 minules
Temperature Warm Watk, 105" F.;, Cold Ripse

The test pieces and dummy load are placed ip the washer and
the machine is starlied. One ounce of TIDE (Procior &
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Gamble) detergent is added while the washer is filling with
soft water. If the water bardness is greater than 5 ppm,
CALGON water soficner (Nalco) in 1he amount specified by
the mapufacturer is added to sofien 1he waler.

3. After Lbe washing is complete, tbe wet fabnc including
the dummy load is placed in the automatic dryer. The dryer
temperature dial is set 1o the proper point under high beat to
give a maximum vent (emperature of from about 155° F. lo
about 160° F. The time dial is sel for “Nommal Cycle” for 45
minutes. The machine is staried and drying is allowed o
conlinue untd the cycle is complete, The above represents
one laundry cycle.

4. The fabrics are then rewasbed and redried until 10
cycles have been completed. Opuonally, the lest fabrics can
be pressed with a hand iron, or the equivalent, at 280° F. to
about 320° F. for 30 seconds on each side with the face side
pressed last. The fabrics are then conditioned before testing
for water repellency, oil repellency, or spray raling. As used
herein, water repellency, oil repellency and spray ratings are
all delermined withoul iroping the fabric after being
laundered, unless otherwise denoted.

Water Absorption Test

The following water absorptior test is for determining the
resistance 1o waler absorption of a fabric or material. The
lest is based upon NFPA 1971, 6—26. In particular, the waler
absorplion tes! is conducted according to the above-
identified test method after the fabric or material bas been
subjected 10 five laundry cyeles in accordance with NFPA
1971, 6-1.2.

According 10 the present invention, the following is the
procedure used 1o determine the water absorption rating of
a material.

1. Three 8"x8" samples of the malerial to be lesied are
subjected to five laundry cycles in accordance with NFPA
1971, 6-1.2. Test method NFPA 1972, 6-1.2 is substantially
similar to the laundering test described above. In this lesl,
however, the specimens are conditioned in an atmosphere of
7¢ plus or minus 2° F. and 65 plus or minus 2% relative
bumidity before and after beipg washed. Further, the
machipe sellings and parameters are as follows:

water level normal

wash cyele normalfcolton smirdy
wash lemperature 140+ or - 5 F.
drying cyele tumble/cotion sturdy
detergent 68 + or - 1 g of 1993

AATCC standard Reference
Detergent

2. Each sample js securely mounied, with the coated side

- of the material up, 10 embroidery hoops with sufficiem

tenston 1o ensure a uniformly smooth surface. The hoop is
supporied on a lester's stand. The matenal is positioned so
that the direction of the low of waler dowa the sample shall
coincide with the warpwise direction of the sample as placed
on the sland. A funnel auached 1o a nozzle for holding water
is placed 24" above the center of the material. The plane of
the surface of the sample is placed at a 45° angle with the
berizontal.

3. 500 ml of water 2t a temperature of 80+ or ~2° F. are
poured quickly into the funnel and allowed spray omo the
specimen.
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4, As rapidly as possible, the sample is removed from the
hoops and placed berween two sheets of bloting paperon a
flat horizontal surface. A metal roller approximately 4'4"
long and weighing 2% pounds is rolled quickly forward and
back one lime over the paper without application of any
pressure other than the weight of the roller.

5. A square having dimensions of 4"x4" is cut out of the
center of the sample and weighed to the pearest 0.05 grams.
Not more than 30 seconds shall elapse berween the time the
waler has ceased flowing through he spray nozzle and the
start of the weighing.

6. The same 4"x4" square sample is then lefl in a
condilioning room until it has dried and reached moisture
equilibrium with the surrounding atmosphere. The sample is
then weighed again.

7. The water absorbed shall be calculated as follows:

waler absorbdon, percent =

x 100

herein W is the weight of the wet sample and O is the
weight of the dried sample. The waler absorplion rating,
of the sample is the average of the resulis obtained from
Lthe bhree specimens tested.

Dynamic Water Absorplion Test

The following lest also measures the resistance of mate-
rials 1o welling by water. It is particularly suitable for
measuring the waler-repellent efficacy of finishes applied 1o
fabrics, because the lest subjects the treated fabrics 1o
dynamic conditions similar to those ofien encountered dur-
ing actual use. The test conforms to AATCC Test Method
No. 70-1997.

According to the present invention, (be following s Lbe
procedure used 1o delermine the dynamic waler ahsorption
rating of a material.

1. During the 1est, two specimen sets are tesied. Each
specimen sel consists of five 8"x8" pieces of the material.
For each picce thal is cul, the corner yarns are removed and,
if necessary, a drop of liquid latex or rubber cement is placed
al Ihe corners Lo prevenl raveling. Prior fo testing, each piece
of material is cooditioned al 654 or -2% relative bumidity
and al 70+ or =2° F. for a minimum of four hours. Blotting
paper (o be used later is also conditioned.

2. The five pieces of each spectmen set are rolled together
and weighed 10 the nearest 0.1 gram.

3. Two liters of distilled water at 80+ or -2° F. is poured
into the wmble jar of a dynamic absorplion tester. The
dynamic absorplion tester should consist of a motor driven,
6 liter cylindrical or hexagenal-shaped jar approximalely 6"
in diameter and 12" in length, mounted 1o rotale end over
end a1 55+ or =2 rpm wilh a conslant tangetial velocity. The
jar may be of glass, comosion resislant melal, or chemical
sloneware.

4. Both specimen sels are placed into the jar and the jar
is rotated in the tester for 20 minutes.

5. A piece of one specimen set is then immediately passed
through a ringer at a rate of 1" per second with the edge of
the piece parallel to the rolls. The piece is sandwiched
between two pieces of unused blotter paper and passed
through the ringer again. The piece ts lefi sandwiched
helween the wet blollers. The process is then repeated for the
remaining four pieces of the specimen set. The blotters are
removed and the five pieces are rolled together, put in a tared
plastic container or gallon-sized zippered plastic bag and the
wel specimen set js weighed 1o the pearest 0.1 gram. The
mass of the wet specimen sel should not be more (haa twice
its dry mass.
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6. Step number five is repeated for the second specimen
set,

7. The dynamic waler absorption for each specimen sel is
calculated to the oearest 0,1% using the followiag equalion:

RA={W-C)Cx100

where

WA=walcr absorbed, percent

W=wel specimen weight, g

Cw=condilioned specimen weight, g.

8. The dynamic water absorption of the material is deter-
mined by averaging together the water absorbed by each of
the 1wo specimca scls.

9. According (o the present invention, the dynamic water
absorption rating of the material can be delermined after
laundering the samples in accordance with NFPA 1971,
6-1.2. For instance, lhe samples can be tested afier 10
laundry cycles and after 20 laundry cycles 10 determine (he
durability of 1be water resistant coating,

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

It is 1o be undersiood by one of ordinary skill in the art that
the present discussion is a description of exemplary embodi-
ments only, and is ool intended as limiting 1he broader
aspects of the present invention, which broader aspects are
embaodied in the exemplary construction.

In general, the present invention is directed 10 a fabric and
a prolective garment for fire fighters that bas improved water
resistant properties. In particular, the present invenlion is
directed 10 a fire fighters garment having an outer shell fabric
that has been treated with a durable water resistant compo-
sition. The water resistanl treatment prevents water and
moisture from being abscrbed by the garment. In compari-
son 1o prior art constructions, the water resistanl lreatment as
applied according 1o the process of the presenl invention is
much more durable (o that the treatment will not signifi-
cantly degrade or wear off the garment when exposed 1o
normal wear and tear. la particular, it bas been discovered
thal waler resistanl treatmems applied according o the
present inventicn can withstand at jeast 30 laundry cycles
without losing a substantial amount of effectiveness.

Referring to FIG. 1, one embodiment of an improved
protective garment generally 10 construcled in accordance
with the presenl iovention is illustrated. Garment 10
includes a relatively 1ough ouler shell 12 having a liner
assembly 14 lacaled therein. Outer shell 12 and liner assem-
bly 14 10gether function o prowect a wearer from heal and
flame such as may be encountered during fire fighting
activilies.

Io the illustrated embodiment, liner assembly 14 is con-
strucled as a separate unil that may be removed from outer
shell 12. A zipper 18 is provided for removably securing
liner assembly 14 1o outer shell 12. T1 should be appreciated,
however, that other suitable means of attachment, including
a more permanenl type of antachment such as stilches, may
also be used between liner assembly 14 and outer shell 12.

The construction of protective garmenl 10 is more par-
Licularly illustrated in FIG. 2. As shown, liner assembly 14
includes a plurality of material layers quitied together. The
oulermost layers, 1.e. lining layers 20 and 22, are connecled
together ahoul their respective peripheries to form an inner
cavity. Athermal barrier layer 24 and a moisntre barrier layer
26 are located within the inner cavily, as shown. Typically,
lining layer 20 will be adjacent the wearers body during use,
whereas lining layer 22 will be adjacent ouler shell 12.
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Thermal barrier layer 24 can be made from various
materials. For instance, an aramid felt, such as a felt pro-
duced from NOMEX fibers obtained from DuPont can be
used. The fell functions as ap insulator 1o inhibit transfer of
beat from the ambient environment 10 the wearer.

Moislure barrier 26 is preferably a suitable polymeric
membrane that is impermeable Lo liquid water but is per-
meable to waler vapor. Moisture barrier layer 26 is desigoed
1o prevent waler conlacting the exterior surface of garmeni
10 from reaching the wearer while al the same time permit-
ting the escape of perspiration from the wearer.

Outer shell 12, which can be positioned loosely adjacent
to liner assembly 14, includes a woven fabric 28 treated with
a durable water resistant composition 30 in accordance with
the present invention. [o general, woven fabric 28 should be
made from a mechanical resistant, flame resistant, and
thermal resistant malterial. For instance, woven fabric 28 can
be made from aromatic polyamide polymers, such as aramid
fibers. For example, KEVLAR para-aramid fibers, NOMEX
meta-aramid fibers, and mixrures of KEVLAR fibers and
NOMEX fibers commerciafly available from DuPonl are
particularly well suited for use in constructing woven fabric
28 Besides KEVLAR fibers and NOMEX fibers, other
fibers that may be used (o produce the woven fabric include
melamine fibers, such as BASOFIL fibers commercially
available from BASF, poly(p-phenylene-2,6-
bezobisoxazole) (PBO) fibers commercially avaliable as
ZYLON fibers from Toyobo Co., Lid. or P-84 aramid fibers
also available from Lenzing. Tt should be undersiood,
however, thal any suilable fire resisiant fiber may be used to
construct the fabric of the present invention.

In one embodiment, the varns used Lo make woven fabric
28 can be made from a mixture of aramid polymer fibers,
such as KEVLAR or NOMEX fibers, and polybenzimida-
zole (PBI) fibers. Tn one preferred embodiment of the
present invention, woven fabric 28 is made from a 60/40
blend of KEVLAR para-aramid fibers and PBI fibers.

The yarns used o produce woven fabric 28 can be
assembled 10 various different copsiructions and is generally
not critical. For instance, woven fabric 28 can have a rwill
weave, a plain weave or any otber suitable Lype of weave. In
cne preferred embodiment, woven fabric 28 has a rip stop
weave. Ip general, fabrics having a tighter weave will
generally have betler spray ratings.

The weight of woven fabric 28 penerally can vary from
about 5.5 ounces per square yard to aboul 8 ounces per
square yard. Preferably, the weight of woven fabric 1s from
about 6 ounces per square yard to about 7.5 ounces per
square yard

In accordance with the present invention, as shown in
FIG. 2, woven fabric 28 is Ureated with a durable waler
resistant composition 3. Wheno applied according 10 the
process of the present invention, it has been discovered that
water resistant treatment 30 is much more durable than
many prior arl constructons. Thus, garments made accord-
ing to the present invention can be routinely laundered and
used for an extended period of time without losing their
ability 10 repel water. As described above, should a protec-
tive garmenl absorb water, the garmen! becomes much
beavier and the thermal properties of the garment become
adversely affected.

Besides making prolective garment 10 impermeable to
water, durable water resistant treatment 30 is also preferably
resistant 10 oil and organic solvents. is oot lammable, and is
abrasion resistanl. Tn onc preferred embodiment of the
presenl invention, durable water resistant treatmeant 30 is
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made from a solulion containing a fluorocarboo polymer that
is applied 10 woven fabric 28. For example, durable water
resistanl composition 30 can be made from TEFLON poly-
mers which are commercially available from DuPont. Fluo-
rocarbon polymer solutions containing TEFLON polymers
are commercially available from nurnerous sources.

T order 1o produce a liquid resistant fabgic in accordance
with 1he present invention, firsl, a woven fabric is con-
structed or oblained that is suitable for use as an outer shell
material in a prolective garmenl for fire fighters. As
described above, the fabric should be made from flame
resisiant polymers or cther suitable malerials

Prior 1o applying a durable waler resistant treatment, the
fabric can be first scoured, although scouring may not be
necessary for all applications. When scoured, the material
can be scoured wilh an alkalipe solution.

Afier being scoured, the fabric is then put on a tenter
frame, dried and heat set. Specifically, it has been discovered
by the present inventors Lhat it is important Lthat Lthe fabric be
subslantially dry and free of moisture prior lo being trealed
wilh the durable water resislantl composition. For instance,
afier scouring, the fabric should be dried so that the moisture
level is substantially equivalent 10 the natural moisture level
of the fibers used 10 make the fabric. For instance, for most
fibers, the moisture level should be less than about 10%, and
particularly less than about 7%.

After the fabric bas been dried and heat sel, a durable
waler resistant composition according o the present inven-
Lion is applied 1o al least one side of the fabric. Although the
composilion can be sprayed on the fabric or printed on the
fabric, preferably the fabric is dipped inlo & bath containing
the durable water resistant treatment in solution form.

As sialed above, the durable waler reststant composiuon,
in one embodiment, can be a solution conteining a Auoro-
carbon polymer. The fluorocarbon polymer can be combined
in the solution with water, a drving agent such as an aleohol,
and an emulsifier. The amount of the water-resistant com-
position applied 1o the fabric will depend upon the particular
formulation and the particular application.

After the durable water resislant treatment is applied to
the fabric, the fabric is then heated 10 a temperature sufficient
for the coating to dry and/or cure. Once the durable water
resislanl ireatment is cured and affixed 10 the woven fabrie,
the fabric can then be used in consiructing protective gar-
ments in accordance with the presenl invention.

It has been discovered 1hat the above-described process
securely affixes the water resistanl trealment to the fabric
such that the treatment becomes much more durable than
prior an coostructions.

By applying waler resistant treatments according to the
process of the present invention, it bas been discovered that
the trealments can withstand numerous Jaundry cycles. For
example, in one ¢mbodimeny, the ouler garment of 1be
preseni invention has shown 1o exhibit a spray raung of at
least 80 after 20 laundry cycies. More particularly, even afier
30 laundry cycles it bas been discovered that fabrics made
according 1o Lbe present invention have a spray rating of at
least 7¢ apnd in some applications at least 80, illustrating that
the water resistant treatment does not degrade and does not
lose its effectiveness. Furtber, afler undergoing thirty (30)
laundry cycles, fabrics made according to the present inven-
tion have also been found to retain a waler repelleacy raling
of at least 4 and an oil repellency ratiog of al least 3.

Outer garments made according 1o the present invenlion
bave also demonstrated supenior water absorptlion and
dvonamic water absorplion ratings. For instance, garments

EXHIBIT
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made according 1o the present inveption can have a water
absorption rating of less than about 8% after five laundry
cycles, particularly less than about 6% after five laundry
cycles and more particularly less than about 4% after five
laundry cycles. After ten laundry cycles, parments made
according 1o the present invention can have a dynamic waler
absorplion rating of less than about 15%, particularly less
than about 12%, and preferably less than about 10%. The
dynamic water absorplion rating of garments made accord-

12

similarly tested after 10 and 30 laupdry cycles. Of particular
imporiance, the commercial fabries tesied bad similar weave
characleristics 10 the above-descnibed fabric. Specifically,
one of the products tested was NATURAL PBI obtained
from Southern Mills and the other fabric lested was PBI
SOFT HAND obtained from Dominion Industrial Textiles.
The following resulis were obtained:

ing to the prescal invention after twenty laundry cycles, oo 10 TABLE 4
the other hand, is preferably less than about 18%, particu- Water Repelleacy, Oil Repellency, so¢ Spry Tew
larly less than about 15%, and more parlicularly less than Results of NATURAL PBI Fabric Obtained
about 12%. from Southern Mills
The presenl ioveotion may be betler understood with Before Pressia Afier Pressin
- —cTOrE 'rEssing SINE
reference 1o the following examples. 15
EXAMPLE NO. 1 Launderings Water Oil  Spray Walcr Cil  Spray
The following tests were performed in order to demcn- Tnitial 6 5 160 — - -
=L - 10 3 0 5o 4 0 50
strate the superiority in performance of fabrics made accord- 30 > 0 o 2 9 50
ing 10 the present invention io comparison to conventionally 4y
made fabrics.
A woven fabric suitable for use as an outer shell malerial
for a fire fiphter’s proteclive garmenl was coaled with a TABLE 5
durable waler resisianl composition according o the above- Waler Repellency, Oil Repellency, and Spray Test
described process of Lbe present iovention. Spcci.ﬁcal.ly, the 25 Resulls of PBI-.SOFI' HAND Fa'bric Obtained
fabric that was treated had the following characleristics and from Deominion [ndustria) Textiles
roperties:
pro — Before Pressing Afier Pressing
Launderings Water Oil  Spray Waler Qil  Spray
30
Material: 60%/40% intimate blead of Lnilisl 6 5 100 — — -
KEVLAR sramid polymer fibers 10 1-2 0 50 3 0 50
and PBI Gbers k] 0 0 Q I+) a 0
Denicr: 1.5
Count: 44 yams/iach
Pick: 39 yarns/inch 35
x‘."’:' _P;i;llﬂp ’ " As shown above, lbe current commercially available
e 2 owsq. yar fabrics losl half of their water resistancy only after 10
laundry cycles. After 30 laundry cycles, the fabrics com-
Afier the above malerial was scoured, dried and heat set, pletely lost their water repellency.
2 durable waler resistanl composilion was applied to the
fabric. The durable water resistant composilion was an Io comparison, the fabric made according o the present
aqueous solution conlaining a fluorocarbon polymer, an invention maintained a spray rating of at least 70 after 30
emulsifier, and an alcobol. ) Jaundry cycles and even after 50 laundry cycles. As shown
The above-trealed fabric was then tested for water above, the fabric made accarding 1o the process of the
repellency, oil repellency, and spray tested initially and after ¢ prescnt invention also had much beuer water repellency
]
10, 20, 30, 40 ax_]d 50 laundry cyc]es.. All the tests were ratings and oil repellency ralings after being laundered. It is
conducted according lo the above-described procedures. The believed that prior 16 th . ; ter shell
samplc was lested both before and after being pressed with oot believed that priof 1o (e present lnvention an outer she
a hand held iron. The following results were obtained: malerial was m.ade_ thal conlamcc! a waler resislant treaiment
< that could maintain a spray rating of at jeast 70 after 30
TABLE 3 " laundry cycles.
Water Repellency, Oil Repellency and Spray Test
Resulis of the Fabric Made According EXAMPLE NO. 2
lo the Present lavention
s L .
Before After 53 A woven fabric similar 10 the one described in Example
Pressing Pressing No. 1 above was coated with a waler resistant composition
Laugderings  Water Ol  Spray  Waler Ol Spray as dCSCI:It.)Cd in E_xamplc 1. In fms.cxamp]c, b9wcvcr, the
composilion applied lo the fabric did not contain an emul-
Iaitial 6 51000 — — — o .
10 . P 20 6 < a0 so sifier bul contained more fluorocarbon polymer.
20 6 5 0 6 5 80 . .
30 45 g 70 6 4 70-80 The wreated fabric was tested for waler repellency, oil
40 4-5 s 70 6 4 70-80 repellency and spray tested initially and afier 10, 20 and 30
30 45 4 70 N 4 7 lauadry cycles. All the 1ests were conducted according 1o the
ss procedures described above. A sample was lested both

Commercially available fabnes designed 1o be used as
outer shell materials for protective gaments were also
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TABLE 6

Water Repelleacy, Ol Repellency and
Spray Tesl Resulis of a Fabric Made

Avoordiog 10 the Presenl [ovention

Before After
Pressing Pressing
Launderings water oil spray waler oil spray
leitial 6 6 100 — — —_
10 6 5 90 6 5 100
0 ] 5 80-9C 6 & 100
ao 55 45 80 6 5 100

As shown above, the treated fabric produced according to
this example performed exceptionally well. In particular, the
fabric had a spray rating of at least 80 afier 20 laundry
cycles, and a spray rating of 80 even after 30 laundry cycles.
Further, the fabric was found well suited to repelling water
and oil, having a water repellency rating of al least 5 and an
oil repellency rating of at least 4 after 30 laundry cycles.
Even betier results were obtained afier pressing.

EXAMPLE NO. 3

The following tests were performed in order 10 compare
the performance of a fabric made according 1o Ihe present
invention in comparison to commercially available fabrics
with respect to water absorption.

A woven fabric similar to the one described in Example
No. 1 above was coated with a waler resistant composition
as described in Example No. 1. The compostition contained
a fuorocarbon polymer, isopropanol, acetic acid and water.
The flurocarbon polymer used was a dispersion of per-
fluroalkvl and polyisocyanate polymers.

The treated fabric was tested for waler absorbtion initially
and afier five laundry cycles. All the tests were conducled
according to the procedures described above.

Besides a fabric made in accordance with the present
invention, commercially avaliable fabrics were also tested.
Specifically, the commercially avaliable [abrics tested
included STANDARD PBI GOLD obtained from Southern
Mills, NOMEX OMEGA obtained from Springs [ndustries,
and ADVANCE fabric also obtained from Southern Mills.
The following results were obtained:

TABLE 7

Walcr Absorption Resulls

Initial Wales After Five
Absorbtion Laundry Cycles
Sample Rating (%) (%)
No. 1 0.55 2.09
STANDARD PBI 0.77 9.84
GOLD
NOMEX OMEGA 1.01 16.59
ADVANCE 0.a9 12.69

As shown above, the treated fabric produced according to
the present invention (designaied Sample No. 1 above)
outperformed the commercially avaliabie fabrics. In
particular, the resulis above indicate that fabrics made
according 10 the prescol iovention have water absorption
characteristics that are more durable thano the commerically
avaliable producis.

EXAMPLE NO. 4

The following lests were performed in order 1o compare
lhe dynamic waler absorption characteristics of a fabric

This PDF of U S Utility Patent 6606748 provided by Patent Fetcher'™, a product of Patent Logrstics, LLC - Page 11 of 14
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made according 1o lhe present invention in comparison 10
commercially avaliable [abrics.

The treated fabric described in Example Ne. 3 above was
tested for dypamic waler absorption according to lhe tesls
described in the specification. Specifically, the sample was
tested initially, afier ten laundry cycles, and after twenty
laundry cycles. STANDARD PBI GOLD fabric and
ADVANCE fabric obtained from Southern Mills were also
lested. The following results were oblained:

TABLE 8

Dynamic Water Abxomliog Resulis

Initial After
Dyunamic Twenty
Water After Tea Laundry
Absorption Laundry Cycles
Sample Rating (%) Cycles (%) (%)
No. 1 &3 7.0 105
STANDARD 10.8 228 37.1
PBI GOLD
ADVANCE 8.8 20.8 22

As shown above, the sample made according 1o the
presenl iovention (designated Sample No. 1 above) had
better dynamic water absorplion characteristics than the
commercially avaliable fabrics.

EXAMPLE NO. 5

The woven trealed fabric described in Example No. 3 was
once again Lested for water absorption. Lo this example, two
other fabrics were coated as described in Example No. 3 and
also lesled. The other two fabrics coated according to (he
present invention bad the following characteristics:

SamEI: No. 2

MaLeral: 60%/40% intimate blend of KEVLAR aramid
polvmer fibers and PBI fibers

Count: 59 yvams/inch

Pick: 46 yaros/inch

Weave: Rip stop

Weight: 7.4 ozfsq. yard

SamEJc No. 3

Material: NOMEX Z-200/OMEGA aramid polymer fibers

Counl: 4] yartos/inch

Pick: 39 yarns/inch

Weave! Rip swop

Weight: 7.75 owssq. yard

Sample No. 3 above is a commercially available fabric
marketed under the name OMEGA by Springs Industries.

Besides testing Lhe above weated fabrics for water
absorption, various commerically avaliable fabrics were also
similarly tested. lo particular, OMEGA fabric without being
treated in accordance with the present invention was lesled
for waler absorption along with STANDARD PBI GOLD
fabric, TAN ADVANCE fabric, BLACK ADVANCE fabric,
and TAN NOMEX fabric, all obtained from Scuthern Mills.
The following results were obtained:
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TABLE 9
Water Absorption Resulis

Initia] Water Aller Five

Absarplion Laundry Cycles
Sample Raling {%) (")
No. 1 0.55 207
No. 2 2.07 252
No. 3 1.53 P
OMEGA (untreatec) 1m 1659
STANDARD PET GOLD 0.77 9.34
TAN ADVANCE 0.49 12.69
BLACK ADVANCE 0.84 47.40
TAN NOMEX 1.37 1654

As shown above, all of the fabrics made according to the
presenl invention outperformed the other commercially
avaliable fzbrics.

These and other modifications and variations to the
present invention may be practiced by those of ordinary skill
in the ar, withoul departing from the spirit and scope of the
present invention, which is more particularly set forth in the
appended claims. In addition, it should be understood that
aspects of the various embodiments may be interchanged
both in whole or in part. Furthermore, Lhose of ordinary skill
in the art will appreciale Lhai ihe foregoing description is by
way of example only, and is nol intepded Lo limit the
invention so further described in such appended claims.

Whal is claimed is:

1. A protective garment suitable for use by fire fighters,
said prolective garmen! comprising:

an ioner lining configured 1o cover a predelermined

portion of a wearer’s body, the inper lining being
positioned so as to be adjacent said wearer’s body
during use; and

an outer shell covering said inoer lining, the outer shell

comprising a woven [abric made from a fire resistant
malerial, the woven fabric having a basis weight of a1
lcast aboul 6 ounces per square yard, the woven fabric
having fibers coated with a durable waler resistant
solution, the durable water resistant solution compris-
ing perfluroalkyl and polyisocyanate polymers, the
outer shell baving a water absorption rating of less than
about 8% after being lavndered five laundry cycles.

2. A protective garment as defioed in claim 1, wherein the
outer shell has a waler absorpiion rating of less than about
6% afier five laundry cycles.

3. Aprotective garment as defined in claim 1, wherein the
outer shell has a waler absorption ratiog of less than about
49, afier five laundry cycles.

4. A prolective garment as defined in claim 1, wherein the
outer shell further has a dypamic water absorption rating of
less than about 15% afier Len laundry cycles.

5. A.protective garment as defined in claim L, whereia said
fabric has a rip stop weave.

6. A protective garment as defined in claim 1, wherein said
fabric bas a (will weave.

7. A protectjve garment as defioed ig claim 1, wherein said
fabric has a plain weave.

8. A protective garment as defined in claim 1, wherein said
fabric comprises fire resistant sramid fibers.

9. A prolective garment as defined in claim 1, wherein said
fabric comprises fire-resistant polybenzimidazole fibers.

10 A protective garment as defined in claim 1, whercin
said fabric comprises fire-resisiamt poly(p-pbenylene-2,6-
hezobisoxazole) fibers,
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11. A proteclive garmenl as defined in claim 1, wherein
said fabric further comprises fire-resistant melamine Bbers.

12. A protective garment as defined in claim 1, wherein
said ouler shell weighs from about 6 ounces per square yard
1o about 10 ounces per square yard.

13. A protective garmenl as defined in claim 1, further
comprising a moismure barrier layer positioned between said
inner lining and said outer shell, said moisture barrier layer
being impermeable 1o liquid water but permeable 1o waler
Vapo[.

14. A protective garment suitable for use by fire fighters,
said protective garment comprising:

an inper lining configured 1o cover a predelermined

portion of a wearer’s body, the inner lining being
positioned so as 10 be adjacent said wearer's body
during use; and

an outer shell covering said inoer lining, the ouler shell

comprising a woven fabric made from a fire resistant
material, the woven fabric having a basis weight of at
least ahout 6 ounces per square yard, the woven fabric
having fibers coaled with a durable water resisiant
solution, the durable waler resistant solution compris-
ing perfluroalkyl and polyisocyanale polymers, Lhe
outer shell having a dynamic water absorption rating of
less than aboul 15% afier being laundered ten laundry
cycles.

15. A protective garment as defined in claim 14, wherein
the outer shell has a dynamic water absorption rating of less
than about 12% after ten laundry cycles.

16. A proteclive garment as defined in ¢laim 14, wherein
the outer shell has a dynamic waler absorption rating of less
than about 10% after ten laundry cycles.

17. A prolective garment as defined in claim 14, wherein
Lhe cuter shell has a dynamic waler absorplion rating of less
than about 18% afier twenty laundry cycles.

18. A proleciive garment as defined in claim 14, wherein
the outer shell has a dynamic waler absorption rating of less
than about 12% afier twenly laundry cycles.

19. A protective garment as defined in claim 14, wherein
said fabric has a np stop weave.

20. A protective garment as defined in claim 14, wherein
said fabric has a twill weave.

21. A protective garment as defined in claim 14, wherein
said fabric has a plain weave.

22. A prolective garment as defined in claim 14, wherein

< said fabric comprises fire resistant aramid fibers.

23. A prelective garment as defined in claim 14, wherein
said fabric comprises fire-resistant polybenzimidazole
fibers.

24. A proleclive garment as defined in claim 14, wherein
said fabric comprises fire-resistanl poly{p-phenylene-2,6-
bezobisoxazole) fibers.

25. A prolective garment as defined in claim 14, wherein
sajd fabric comprises fire-resistant melamine fibers.

26. A prolective garment as defined in claim 14, wherein
said outer shell weighs from about 6 ounces per square yard
lo aboul 10 ounces per square yard.

27. A protective garment as defined in claim 14, further
comprising a moisture barrier layer positicned between said
inner lining and said outer shell, said moisture barrier layer
being impermesble o liquid water but permeable 10 water
vapor.

28. A protective garment as defined in claim 14, wherein
the outer shell bas a waler absorption raling of less thap
aboul 8% after being laundered five laundry cycles.

29, A protective garment as defined in claim 14, wherein
the outer shell bas a water absorption rating of less thap
aboul 6% after being laundered five laundry cycles.

s
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30. A protective garmenl as defined in claim 14, furiber
comprising a thermal barrier layer positioned in berween the
inner lining and the outer shell, the thermal barrier layer
comprising a fell.

31. A protective garment suilable for use by fire fighiers,
said proteclive garmenl comprising:

an inmer lining configured 10 cover a predetermined

portion of a wearer’s body, the inner lining being
positioned so as 1o be adjacent said wearer's body
during use;

an ouler shell covering said inner lining, the outer shell

comprising a woven fabric made from a fire resistant
material, the wovea fabric having a basis weight of at
least about 5.5 ounces per square yard; and

a durable water resistant composition incorporated inlo

the woven [abric, the durable water resislant composi-
tion being incorporated into the woven fabric such thal
the outer shell has a waler absorption rating of less than
about 8% afier being laundered five laundry cycles.

32. A protective garment as defiped in claim 31, wherein
the outer shell has a water absorption rating of less than
sbout 6% aficr five laundry cycles.

33, A protective garmen! as defined in claim 31, wherein
the ouler shell has a waler absorplion rating of less than
about 4% after five laundry cycles.

34. A protective garment as defined in claim 31, wherein
the outer she]] further has a dynamic water absorption rating
of less than about 15% after ten laundry cycles.

35. A prolective garment as defined in claim 31, wherein
said {abric has & rip slop weave.

36. A protective garment as defined in claim 31, wherein
said fabric has a twill weave,

37. A prolective garment as defined in claim 31, wherein
said {abric has a plain weave.

38. A prolective garment as defined in claim 31, wherein
said fabric comprises fire resistant aramid fibers.

39. A protective garmenl as defined in claim 31, wherein

said fabric comprises fire-resistant polybenzimidazole
fibers.

40. A protective garment as defined in claim 31, wherein
said fabric comprises fire-resistanl poly(p-pbenylene-2,6-
bezobisoxazok) fibers.

41. A protective garment as defined in claim 31, wherein
said fabric further comprises fire-resistant melamine fibers.

42 A protective parment as defined in clajm 31, further
comprising a moisture barrier layer positioned between said
inner lining and said outer shell, said moisture barrier layer
being impermeable to liquid water but permeable to water
vapor.

43, A protective parment as defioed in claim 31, further
comprising a lhermal barrier layer positioned between the
inper lining and Lhe cuter shell-

44. A protective garment as defined in claim 43, wherein
the thermal barrier layer comprises a fell.

45. A protective garmen| as defined in claim 31, wherein
the durable waler resistant composition comprises a fluoro-
carbon polymer.

46. A prolective garment as defined in ¢laim 45, wherein
the durable waler resistanl composition further comprises a
polyisocyanale pelymer.

47. A prolective ganmenl as defined in claim 46, wherein
tpe fluorocarbon polymer comprises a perfluroalkyl poly-
mer.

48. A protective garment suilable for use by fire fighters,
said proteclive garment comprising:

an inner lining configured to cover a predetermined

portion of a wearcr’s bady, the inoer lining being
positioned s0 as W be adjacent said wearer's body
during use;
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an ouler sbell covering said inper lining, the outer shell
comprising a woven fabric made from a fire resistant
material, the woven fabric having a basis weight of at
least about 5.5 ounces per square yard; and

a durable waler resistant composilion incorporated inlo

the woven fabric, the durable waler resistanl composi-
lion being incorporated into the woven fabric such that
the outer shell has a dynamic water absorption raling of
less than about 15% afier being laundered ten laundry
cycles.

49, A protective garmenl as defined in claim 48, wherein
the outer shell has a dynamic water absorplion raliog of less
than aboul 12% afler 1en laundry cycles.

50. A proteclive garment as defined in claim 48, wherein
the cuter shell has a dynamic water absorption rating of less
than about 10% afier ten laundry cycles.

51. A protective garmenl as defined in claim 48, wherein
tbe outer shell has a dypamic water absorption rating of less
than about 18% after twenty laundry cycles.

52. A protective garment as defined in claim 48, wherein
Lhe outer shell has a dynamic water absorption rating of less
than about 12% afier twenly laundry cycles.

53. A protective garmenl as defined in claim 48, wherein
said fabric has a rip slop weave.

£4. A protective garment as defined in claim 48, wherein
said fabric has a rwill weave.

58. A protective garmenl as defined in claim 48, whereio
said fabric has a plain weave.

56. A proteciive parment as defined in claim 48, wherein
said fabric comprises fire resistant aramid fibers.

£7. A protective gamment as defined in claim 48, wherein
said fabric comprises fire-resistant polybenzimidazole
fibers.

58. A proteclive garment as defined in claim 48, wherein
said fabric comprises fire-resisiant Poly(p-pbenylene-2,6-
bezobisoxazole) fibers.

59. A prolective garmenl as defined in claim 48, wherein
said fabric comprises fire-resistant melamine fibers.

60. A protective garment as defined in claim 48, furtber
comprising a moisture barrier layer positioned between said
inper lining and said outer shell, said moisture barrier layer
being impermeable to liquid water but permeable o water
vapor.

61. A protective garmeni as defined in claim 48, further
comprising a thermal barrier layer positioned in between the
inper lining and the outer shell.

62. A protective garment as defined in claim 48, wherein
the outer shell further has a waier absorption rating of less
than about 8% afier being laundered five laundry cycies.

63. A prolective garment as defined In claim 48, wherein
the outer shell further has a water absorption rating of less
than about 6% after being lavodered fve lavndry cyeles.

64. A proleclive garmenl as defined in claim 48, wherein
the durable waler resisiant composition comprises a Auoro-
carbon polymer.

65. A protective garment as defined in claim 64, wherein
the durable waler resistant composition further comprises a
polyisocyanate polymer.

66. A prolective garment as defined in claim 65, whercin
the fluorocarbon polvmer comprises a perfiuroalkyl poly-
mer.

67. A metbod of forming a protective garment suitable for
us¢ by a fire fighter, said method comprising:

providing an inner Hning configured to cover a predeter-

mined portion of a wearer's body, said inner lining
being configured to be adjacent said wearers body
during use;

C.
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posilioning an outer shell adjacent to said inner lining,
said outer shell being formed by a method that com-

Prises:

i) providing varns comprising fire-resistant fiberss:

i) weaving said yaros inlo a fabric having a twill
weave, a rip slop weave, or 2 plain weave, said fabnic
having a weight of at least aboul 5.5 ounces per
square vard;

iii) scouring said fabric;

iv) drying said scoured fabric so that the moiswre level
of said fibers is less than about 10%;

v) applying a durable water resisiant composition to
said subslantiallv dried fabric, said composition con-
taining 2 fluorocarbon polymer; and

vi) beatinp said treated fabric so as 10 affix said durable
waler resistant composition thereto, said durable
waler resislanl compositon being affixed to said
fabric such that said outer shell maintains a water
absorpiion raling of less than about 8% after five
laundry cycles.

68. A method as defined in claim 67, wherein said fabric
has a rip stop weave.

69. A method as defined in claim 67, wherein said fibers
comprise fire-resistant polybenzimidazole fibers.

70. A method as defined in claim 67, whercin said fibers 2

comprise fire-resistant polv(p-phenylene-2,6-
bezobisoxazole) fibers.

71. A method as defined in claim 67, wherein the fibers
comprise fire-resistant aramid fibers.

0
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tion being incorporated into the woven fabric, such that
the outer sheli has a water absorption rating of less than
about 8% afier being laundered five laundry cycles.

80. A prolective garment as defined in claim 79, wherein
the ouler shell bas a water absarption rating of less than
about 6% afier five laundry cycles.

81. A protective garment as defined in claim 79, wherein
the outer shell has a waler absorptiopn rating of less than
about 4% afier five laundry cycles.

82_ A proleciive ganment as defined in claim 79, wherein
the outer shell funher bas a dynamic waler absorption raling
of less than about 15% after ten Jaundry cycles,

83. A protective garment as defined in claim 79, wherein
the durable waler resistamt composition comprises a fluoro-
carbon polymer.

84. A protective garment as defined in claim 83, wherein
the durable water resistant composition further comprises a
polyisocyanate polymer.

85. A protective garment as defined in claim 84, wherein
the fluorocarbon polymer comprises a perffuroalkyl poly-
mer.

B6. A prolective garment suilable for use by firefighters,
said prolective garment comprising:

an inner lining configured to cover a predetermined

portion of a wearer’s body, (he imoer lining being
positioned so as lo be adjacent said wearers body
durng use,

an outer shell covering said inner lining, the outer shell

72. A method as defined in claim 67, wherein the outer 30 comprising 2 woven fabric made from a fire resistant
25’;“3;?“%‘:;”? :n\;alcz at?]izrpllon rating of less than about material, the fire resistant material comprisiog a
‘_’73 Armelhoi:j as?;cﬁ{;d i.n claim 67. wherein 1he ouler melamine polymer, a polybenzimidazole polymer, or
: . ' ’ id pol ; and
shell mainiains a water absorption rating of less than about a0 aramic po ymclr, o e .
4% after five lanndry cycles 3 A durable waler resistani composition m(_:orporalcd into
74. A method as defined in claim €7, wherein (he outer the woven fabric, the durable water resistant composi-
shell further maintains a dynamic water ;bsorplion rating of tion being incorporated ioto tbe woven fabric such that
Jess than about 15% after ten Laundev cyeles. the outer shell has a dygamic water absorption raling of
75. A method as defined in claim 67. wherein the outer less than abour 15% afier being laundered ten laundey
shell further maintains a dynamic water absorption raling of 40 cycles.

less than aboul 12% after len laundry cycles.

76. A method as defined in claim 67, wherein the outer
shell further maintains a dynamic water absorption rating of
less than about 10% gfier ten laundry cycles.

77. A method as defined in claim 67, wherein the durable
waler Tesislant composition further comprises a pulyisocy-
anale polymer.

78. A method as defined in claim 77, wherein the Auo-
rocarbon polymer coraprises a perfluroalkyl polymer.

79. A protective garment sujtable for use by fire fighters, :

said prolective parmenl comprising:

an ioper lining configured 10 cover a predelermined
portion of a wearer's body, the inner lining being
positioned so as 1o be adjacent said wearer’s body
during use;

an ouler shell covering said inner lining, the outer shell
comprising 2 woven fabric made from a fire resistam
material, the fire resistaol maulerial comprising a
melamine polymer, a polybenzimidazole potymer, or
an aramid polvmer; and

a durable water resistant composition incorporated oo
the woven fabric, the durable water resistanl composi-
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87. A protective garment as defined in claim 86, wherein
the outer shell has a dynamic water absorplion rating of less
than aboul 12% after len lzundry cycles.

88_ A proteclive garment as defined in claim 86, wherein
the ouler shell has a dynamic water absorption rating of less
thap abowt 10% after ten laundry cycles.

89. A protective garment as defiped in claim 86, wherein
the cuter shell has a dynamic water absorption ratipg of Jess
than abour 18% afier iwenty Jaundry cycles.

90. A protective garmen! as defined in clairn 86, wherein
the outer shell has a dynamic water absorption rating of less
thap about 12% afier twenty Jaundry cycles.

91. A protective gamment as defined in claim 86, wherein
the durable water resistanl composition comprises a fluoro-
carbon polymer.

92. A protective garment as defined in claim 91, wherein
the durable waler resistant composition furthes comprises a
polyisocyanate polymer.

93. A protective garment as defined in claim 92, wherein
the fluorocarben polymer comprises a perflurcalkyl poly-
mer.
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