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IN THE UNITED STATES DISTRICT COURT 
NORTHERN DISTRICT OF GEORGIA 

ATLANTA DIVISION 

JURY TRIAL 
DEMANDED 

Defendant. 

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

1400. 10~ aECE~ ' ~ 
finw~~t To US IAA, li /" 
ihetrlal In :tnuetjwy ~ 
Irk VA 1m 

ORIGINAL 

SOUTHERN MILLS, INC. 
a Georgia Corporation, 

Plaintiff, 

SAFETY COMPONENTS FABRIC 
TECHNOLOGIES, INC . 

a Delaware Corporation, 

Civil Action File 
o . : 903-CV-3844 

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. 
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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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S. Safety Components has and continues to allege that Southem's 

manufacture, offers to sell, and sales of water-repellent fabrics infringe the patents- 

in-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 

Components will bring suit against Southern with respect to Southern's alleged 

infringement of the patents-in-suit if Southern continues to manufacture, otter for 

sale, and/or sell such water-repellent fabrics. 

12 . Southern 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 

15 . An actual controversy leas 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, Southern 

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 sea ., 

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 . For a judicial 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 . 

4<7~ - 
Stephen . Risley ~~~ 
Georgia State Bar N~G176-545 
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 Plaintiff, 
Southern Mills, Inc . 

(00098307) 
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NINN1I10NdIIN11II1aI11 
US006065153A 

[if] Patent Number; 6,065,153 
~as~ Dace of Patent: shay 23, 2000 

United States Patent tigi 
Underwood et al . 

154] WATER RESISTANT PROTECTIVE 5,024,&51 611?9l Goad et e1 . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 4272 
GARMENT FOR FIRE FIGHTERS 5,026.591 6;1991 He" et al . . 

5,187.005 2/1093 Stable el al. . 
[761 Inventors: Joey [S. Underwoed, 106 River Forest 5,259,459 ll!1993 Allewart at s1 . . . .. . .. . . .. . . . . . . . . . . . . . 5;Si1M 

La ., Greenville, S.G 29615; T. Doyle 5310.614 5,1994 Aurch el al . .. . . . . .. . . .. . . . . .. .. . . .. . . . 515;481 

Kelley, 1623 E. Saluda Lake Rd ., 5,514,45v .5,7u96 Blauer et al . . . . . . . . . .. . . . . . . . . .. . .. .. . 4:B246 

Gretnville, S.C 29611 
5?-u`.3Ct4 7;1996 Cuppens et al . . . . . . . . . ... . . . . . . . . . .. 2,2,8.57 
594,061 1/1997 Sharma al al. . 
5.b30,8463) x'1997 Her. el al . . 

Notice : 'This patent issued on a continued pros- 5,674,951 l0/L997 Hugis a at . . 
ecutioo application filed under 37 CFR 5,721,3[5 27998 Sharma a al. . 
1.53(d), and is subject w the twenty year S,8a3,<t 12/1998 Grchren . 
parent term provisions of 35 U.S .C. 5,876,792 311999 Csldwell . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . 4P11'1 
7 54(ax_). 

27 Claims, 3 Drawing Sheets 
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[21] Appl . No. : 09/016,097 

[2'_J Filed : Jan . 30, 1998 

[51j InL CI,' . . . . . . . . . . . . . . .. . . . . . .. . . . .. . . . A41D 1/00 ; C14C 9/00; 
B3.'.8 7;(X1 

152] us . a. . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . _ . zro-1 ; aa7;z; an;in ; 
428846; 5254=0; $251104; 252/8.57 

[SK] Field of Search . . .. . . . . . . . . . . . . . . . . . . . .. . . . _ JR2, 87, 93, 97 ; 
4.8/694, 296.7, 246; 4271501, 27, 513, 
557, 314, 366. 370, 171; 442/107, 2_26, 

19, 43, 70, 80. 82; 5254220, 104; 252;8 .57 

[56] References Cited 

U.S . PATENT DOCUMENTS 

3.068,187 12/1962 Bolded of al . . 
3,'32,932 54uti6 &Astsd v al . . 
3,329,lb1 7;1967 Smith el al . 
3.330,812 711967 Smith et al. . 
3356,628 12'1967 Smith al al. . 
3,476,583 I1p969 ElFind v al . . 
4.483,900 11/1984 GoINarb . 
9,?65.dWf IUi1990 C6epman rl al . . 

Primary Examiner-john 1. Calved 
Assistant Examiner-2obcn Muromoio, Jr. 
Attorney, Agem, or Firm-Uciriiy & Manning, P.A . 

[57] .ABSTRACT 

A protective garment of the hype typically wom by fire 
fighters with improved water rtsisiance is disclosed . In 
particular, the present invention is directed w in auger shell 
material for protective garments that is made from a fire 
resistant material .oared with a durable water resistant 
coating. The durable water resistant coating ¢ applied to the 
outer shell iu a manner so that the coating will not degrade 
when exposed to normal wear anti tear and even after the 
garment has liun laundered repeatedly . Protective garments 
constructed in the past typically lost most of their water 
repelleocy after being laundered as little as five cycles . It has 
been discovered that water resistant coatings applied accord-
ing to the process of We present invznlioo,on the other hand, 
can sunive at least 30 laundry cycles, and in many appli-
cations al least 50 laundry cycles without signili"ritly 
degrading. 
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Figure 3B Figure 3A 

Figure 3D Figure 3C 

Figure 3E 

EXHIBI7 ---Id!~~--~~~-~ 
PAGE ~A -- OF 11 

100 
No sticking or wetting of upper surfed 

so 
Wetting of upper surface at spray points 

so 
Complete wetting of whole of upper surface only 

90 
Slight random sticking or wetting of upper surface 

70 
Partial wetting of whole of upper surface only 

0 
Complete averting of whole of upper and 

lower surfaces 
Figure 3F 

Case 1:03-cv-03844-WSD   Document 1    Filed 12/10/03   Page 11 of 47



6,065,153 

Protective garments worn by &c lighten are desired to 
perform several functions OF those, protection from deal 
sad game are perhaps 16e most important characteristics of 
the garmeum In additim to providing protection from beat 
and flame, the garments, bov,ever, should be as light as 
possible, should provide some hreatAabdily and should 
encumber the wearer as little ax possible . 

Conventional fire fighter garments am generally coo-
swclad having a number of discrete layers . Typically, Ihae 
layers include an outer shell. a moisture barrier layer, a 
thermal battier layer. and an inner lining . The layers am 
generally made from appropriate, lhermelly-resistant male-
riaLs b provide protection against heat and Dame . 

In the past, one difficulty that has been encountered in 
designing protective garments to be worn by fire fighicrs is 
to pr<venl the garments from absorbing and retaining mois-
mre. For instance, protective garments, worn by fire fighmrs 
usually become wee during use dot to external exposure to 
extinguishing water or rain . Also, fire fighter garments can 
become wet due to the absorption of perspiration given off 
by the wearer. Unfortunately, when the protective garment 
absorbs moisture, the characteristics and properties of The 
gxfmeoi can he aversely affected . Far example. when 
retaining moisture, the protective garmep[ can become sig-
nibcan0y heavier. 

Besides increasing in weight, the presence of moisture 
within a protective garment also adversely affcets the ihtt-
mal properties of the garment making the garment less 
effective in shielding its wearer from thermal heat . In 
particular, since wager is a much better heat conductor than 
au, the rate of beat transfer through the garment increases. 
Also, il has bcea discovered that as water beats up in a 
protective garment, the wager can turn to dram annex 
exposure la heal and actually bum a person wearing the 
Farmeot. 

Ultimately, when protective garments as described above 
become wet or soaked with water or other fluids, the 
§armeots become hot end uncomfortable to work iv clue IQ 
the increased weight and due to (he increased rage of heap 
transfer through the garment . As a csiosequeam, a wearer 
can only spend a limited amount of time working or per-
forming task, in the garment clue it) the possibility n( heal 
stress. 

in the pest, in order b prevent water from befog absorbed 

by protective garments; worn by firemen, the garments have 
been treated wiih a water resistant composition. "Ibe water 
resistant treatments applied to conventionally made prolec-
uvc gumeols, however, have not proven to he durable and 
have been (noon to become ineffective after The garment has 
been placed in use far a period of time . In particular, h has 
loan discovered that conventionally applied water resistant 
keatmeuis become signihcsotly degraded when the protu- 

EXHIBIT 
PAGE OF-20- 

WATER RESISTANT PROTECTIVE 
GARMENT FOR FIRE FIGHTERS 

FIELD OF TtiE INVEh-I70N 

'the present invention generally reams to protective gar-
ments such as the type worn by hoe fighters . More 
particularly, the present invention is directed to a protective 
garment having a water resistant outer shell. In particular, an 
outer shell made according to the presem invention has 
proven !0 6e able to retain its primary wafer resistant 
properties even after undergoing 30 laundry cycles. 

BACKGROUN'D OF THE IN4'ENi10N 

tivc garment is washed . Specifically, it has been found that 
the water resistant treatments begin a degrade poly abet 
five (S) laundry cycles and typically Jose moss of their 
effecuvcoess after ten (10) laundry cycles . 

As such, a need currency exists far an improved water 
rcsisum fabric and protective garment to be worn by tom 
fighters. Mom particularly, a need miss for a method of 
applying a water resistant treatment to a protective garment 
chat oil) not degrade over a period of time and that can 
withstand 10 normal laundering . 

SUMMARY OF THE IhYENI'fON 

The present invention recognizes and addresses The fore-

IS 
going duad%'aolages, and others of prior an constructions 
and methods. 

Accordingly, an object of the present invenlino is to 
provide an improved protective garment suitable for use by 
a foe figh(e[. 

zo It is another object of the present invention is to provide 
a protective fabric for malting garments that has been treated 
with a durable wager resistant treatment . 

Still another object of We present invention is to provide 
a protective fabric having a wnlu raislaot treatment that can 

:s withstand normal laundering . 
It is another object of the present invention to provide a 

protective garment for fire fighters that contains a durable 
water resistant vestment applied m an exterior shell that 
allows the garment w maintain a spray rating of a( (cast 70 

31) even after 30 laundry cycles. 
73ese and usher objects of 16e present invention are 

achieved by prodding a fabric lot constructing a protective 
garment suitab(c for use by a fire fighter. Tle protective 

35 
garment includes an inner lining configured to cover a 
predetermined portion of a wearer's body . The inner lining 
is positioned so as io be placed adjacem to the weacer's fwdy 
during use. Au outer shelf made from the above fabric covers 
the imer lining and is made from a fire resistant material . 

ao In accordance with the present invention, a durable wager 
reaisuoi treatment is incorporalrd into the outer shell. The 
durable water retistant treatment is affixed to the outer shell 
such that the outer shell maintains a spray rating of a( lead 
70 even after ?0 laundry cycles, and, m some applications, 

45 maintains z spray rating of ac least 70 eves after 50 laundry 
cycles. In an alternative preferred embodiment OfLbe Present 
invention, the over shell is matiimcied so u to maintain a 
spray rating of a1 feast 80 after ZO laundry cycles, 

Iv one embodiment, the outer shell can he made from a 

so woven fabric, such as having a plain, Miller rip slop weave. 
The material used in make the outer shell can be an aramid 
polymer or can be a mimure of an afarrod polymer and 
polyhenzimidazole . The woven fabric used to male Ibe 
outer shell can have a weight of from about 5-5 ounces per 

55 square yard to about 8 ounces per square yard, and particu-
lar]y al a weight of about 75 ounces per square yard . 
Father, a thermal boxier layer can be positioned between 
the outer shell and the toner lining. 
7Le durable wafer resistaut treatment applied to the outer 

by shell caumouinal3uorocartroopolymer .7'hewaterresistant 
treatment can be applied to the outer shell as a solution and 
then later cures err dried by healing the outer shell fabric . 

These and other objects of the present invention are also 
achieved by providing a process for producing a u"aier 

ns resistant fabric particularly well adapted fog use as an 
exterior covering fir a fire fighters promcdve garment. The 
process includes the steps of providing a fire rrsisIanl 
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As used herein, a fabric spray rating refers to a rating a 
fabric or a material receives according to AATCC SPRAY 
TEST METHOD 221955, [n general, a spray leg measures 
the resisiauct of a material to wetting by water. 

According to the present invention, the following is the 
procedure used to determine the spray ruling of a Material . 

1 . An 8"xR" sample of the material to be tested is firs 
conditioned al 65 plus or minus 2% relative humidity and at 
70 plus or minus .° F. for a minimum n( tour hours prior to 
testing . 

2. The fabric sample is fastened securely on a 6' metal or 
plastic hoop so that the fabric is wrinkle Gee . The hoop is 
supported on a tester's stand so that the fabric is facing up . 
TWills, gabardines, piques or similar fabrics of ribbed con-
struction tie positioned no the stand so that the ribs are 
diagonal W 16e flow of water running off the fabric . A funnel 
attached to a nozzle for holding wafer is placed 6" above the 
center of the fabric . 

3. 2>0 milliliters (if water at RO plus or minus 2° F. are 
poured from a cup or other container into the funnel, 
allowing the wafer to spray onto the fabric . 

4. Once the water has run Through the funnel, oat edge of 
the hoop is held and the opposite edge is firmly rapped once 

EXHIBIT A 
PAGE... OF-17&- 

material . For instance, the &e resistant material can he a 
woven fabric made from a fire resistant polymer, such as an 
aramid polymer. In one embodiment, W< fire resistant mate-
rial is scoured, such as by being exposed to an alkaline 
solution . After stowing, the material is dried. 
Once dried, a durable wafer resistant treatment, such as a 

fluorocarbon polymer solution, u then applied to at Icast one 
side of the fire resistant material . Once she water resistant 
treatment is applied to the material, the material is healed 
until the treatment is dried and cured . In particular. accord-
ing to the present invention, the durable wafer resistant 
treatment is affixed to the fire resistant material such That the 
material maintains a spray rating of al least 70 even after 30 
laundry cycles. 

Older objects, Ceatures and aspects of the present inveu-
Gon arc discussed in greater detail below. 

BRIEF DESCRIP770N OF THE DRAWINGS 
A Cull and enabling disclosure of the present invention, 

including the best mode thereof, 10 one of ordinary skill in 
the art, is set forth more paniculady in the remainder of the 
specification, including reference to the accompanying 
figures, in which : 

FIG. 1 is a perspective view of one embodiment of a 
protective garment made according to the present invention; 

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

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

Repeal use of reference characters in the present specifi-
cation and drawings is iumnded to represent same or aoalm 
gnus features or elements of The invention . 

Definitions and Standardized Procedures 

The follouwg defiuhioas and procedures are offered in 
order to better describe and quantify the performance of 
protective garments and fabrics made according to [he 
present invcotioo in comparison to prior tit moslruciioos. 

Spray Test 

4 
against a solid object wish the fabric facing the object . The 
hoop is then rotated 1H0° and his rapped once more at the 
point previously held . 

5 . The wetted or spotted fabric sample is then compared 
s with the standards shown in FIGS . 3A-3f. The fabric is 

assigned a spray rating that corresponds to the neared 
standard . As shown on FIGS . 3A-3F, the fabric can be rated 
from n to 100 wherein U indicates that the entire fabric is 

o wetted with the wafer, while a rating of 100 indicates that 
none of the fabric was "Tied by !he water. 

Water Repelleocy Test 

The following standardized water repellency Test deter-
mines a material's resistance to wetting by aqueous liquids . 
!o general, drops of a water-alcohol mixture of varying 
surface tensions are placed on the surface of the material and 
the extent of surface wetting is determined visually . The 

:p higher the rating a material receives, is an indication of the 
material's resistance to staining by water-bated substances . 
The composition of standard test liquids is as follows: 

TABLE 1 

Sundard Tcsi fiwids 

qbmr Repdlenry Covsemaioo 

Rew,g Number Isoprvpaool, T Distilled Weier.'F 

30 1 7 98 
5 95 

3 70 90 
4 .0 80 
5 ?0 70 
6 40 60 

75 7 50 50 
8 60 a0 

The water repellency procedure is as follows: 

<0 1 . A ="x8" sample of material is first conditioned a( 65 
plus or minus 2% relative humidify and al 70 plus or minus 
2° F. for a minimum of four hours. The fabric is placed 
horizontally face up on while blowing paper. 

2. Beginning wild lest liquid number 1, one drop of the 45 liquid is placed at three locations no the material . Each drop 
placed on the material should be _" apart . 

3 . The material is observed for 10 seconds from en 
approximate 45° angle. 

so y. If two of the ihrce drops have not wet [be fabric or do 
ool show leaking into the fabric, drops of test liquid number 
2 are placed or, au adjacent site and step number 3 is 
repeated . 

cc 5. This procedure is continued until = of the 3 drops have 
wet or show wicking into the fabric . Tic water rcpellency 
raving is the highest numbered liquid for which 2 of the Three 
drops do not wet or wick into the fabric . 

60 Oil Reptllency Test 

The following of repe0eocy test determines how well 
finished fabrics resist oily gains and wetting by organic 
liquids . In this test, drops of eight liquid hydrocarbons of 

es various surface ieasioos are placed on the surface of the 
material and the extent of surface welting is deie`mined 
visually . The standard test liquids used tie as follows : 
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73e test pieces sari dummy load are placed in the washer and 
the machine is staved . One Ounce of 77DE (proctor & 
Gamble) detergent is added while the washer is filling with 
soft water. It the Water hardness is greaier than 5 ppm, 
CALGON waiec wfteote (Nalco) in the amount specified by 
the manufacturer is added to soften the water. 

3. After the washing is wmpieie, the wet fabric including 
the dummy load is placed in the automatic dryer. The dryer 
temperature dial is set to the proper point under high heal to 

EXHIBIT ._.&~-
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TABLE 3 

J Reorllevcv Sunda'd 7L ~ Lmi0.s . 

Hynruiarbm W ;;vg Number 

RefinW Minem70il 7 
RefinW Mineral .. 
Oilln~f)cludtpoe e5n5} 
by va:uma ni ] :" C. 
n-HcnOeonc 1 
n-Tenedravc 4 
n-[wdccsm 5 
ii-Dec+x s 
n Onane 7 
o-Nqwaoc h 

7. A 2"x8" sample Of material is eOnditiuned al 6$ plus or 
minas 2% relative humidity and al 70 plus or minus 2° F. for 
a minimum of (our hours before lestiog.lhe fabric is placed 
in a horizontal position race up on white blotting paper. 

2. Beginning with liquid numF,et 1, drops Zliproximalcly 
5 milliliters in diameter or 0.05 miaolilers in volume are 
placed on the yea sample in several locations 

3. The drops are obxrved for 3(I xceods Gom an approu-
mat< 45° angle, N'c« ing of the fabric is normally shown by 
darkcrtirig al the lic[uidffaMic interface. On black of dark 
fabrics, welding can be detected by a loss of sparkle within 
the drop . 
A. I( liquid number 1 does nut prnevam of wet the fabric 

or show wicking around the drops, drops of liquid number 
2 ate placed on adjacent portions of the fabric and observed 
for 30 seconds. 

5 . lltis procedure is continued until the fabric shows 
wetting under or around the drops of test liquid within 30 
Seconds. A sample's AATCC oil repellency rating Lt the 
number of the highest numbered test liquid that u~ll nor wet 
the fabric or show wicking within 30 see m& . 

Laundering Test 

Laundering is peeCerabty performed in a KENMORE 
automatic washer, followed by drying in a KENMORE 
automatic dryer. The following laundering test is used to 
determine the fabric's ability to withstand laundering. 
Typically, after laundering, the fabric is then subjected to the 
above-described spray rose, water ropellency less, and oil 
reptllency test . 

I . 8"x10" test Specimens ate combined with load fabrics 
(hemmed pieces of anon Sheeting or 50:50 fabric sheets 
having a sloe n( 36"x36") to give a total dry load of A 
pounds. 

3 .'I ire dials on the waster are set as follows: 

Wnn le,cl Ftdgh 
Wub Cgcle Normal, 7, miaums 
Txmpemsuc 0.'um wash, 105` 6. CbId Ri sc 

give a maximum vent temperature of from about 155° F. to 
about 1 h0° F.'Ihe time dial is art for "Normal Cvz1c" for-05 
Divinities, 'Me machine is started and drying is a0owed to 
continue until the cycle is complefc . The above represents 

g one laundry cycle. 
4. The fabrics are Then ICwS56e(3 aid redricd until 10 

cycles have been completed. Opiionidly, the, test fabrics can 
he pressed with a hand iron, or the equivalent, at 280' F. to 
about 320° F. for :i(1 seconds no each side with the face side 
passed last . The Cabdcs are rhea conditioned before testing 
for wader repcllency, nil apellency, or spray rating . As used 
herein, water rcpeileocy, oil repelleocy and spray ratings are 
a)1 determined without ironing the fabric after being 
laundered, unless otherwise dtnoltd . 

15 UET'AII_Ef) DESCRIPTION OF PRUERRED 
EMBODIMENTS 

II is lobe understood by oncof ordinary skill is the an that 
the present diuuccion is t, description of exemplary embodi-
ments only, arid is oat intended as limiting the broader 
aspects of the present invention, which broader aspects am 
embodied in the exemplary construction . 

In central, present invention is directed to a fabric and 
a protective garment for fire fighters that has improved water 
resistant propertxs. ID particular, the present invention is 
directed toefire &ghtersgarment havipganouter shell fabric 
that has been treated with a durable water resistant compo-
sition . The water resutaoi treatment prevents wager and 
moisture from being absorbed by the garment. In wmpari-
sOO to prior art constructions, the water resistant treatment as 
applied according to the process of the pte~ent invention is 
much mom durable in that the treatment will no( signi6-
caotly degrade. or wear off the garment when exposed to 
¢ormal wear and teat [n particular, it has been discovered 

35 that water resistant treatments applied according to the 
present invention can withstand at toast 30 laundry cycles as 
defined above without losing a substantial amount of edec-
tiVeness . 

Retorting to FIG, 1, one embodiment of an improved 
ao protective garment generally 10 mnsttucted in aav+dance 

with the present invention is illustrated . Garment 10 
includes a relatively tough outer shell 12 having a liner 
asumblv 14 located therein . Outer shill ]2 and liver assem-
bly 14 together function to protect a weattr from heal and 

45 Same such as may be encountered dining fire fighting 
activities . 

In the illustrated embodiment, liner assembly 14 is wn-
slructed at a Separate unit that may be removed (mm outer 
shell 12, A zipper 16 is provided for eemovably securing 
liner assembly ld m outer She)) 12. 1 should 6e appreciated, 
however, that other suitable means of attachment, including 
a more permaneol Iypw of aitachmeot such as stitches, may 
also be used between liner assembly 14 and cuter shell 12 . 
The conswcooo of protective garment 10 is more par-

5 .i ticularly illustrated iv FIG. 2. As shown, liner assembly 14 
includes a plurality of material layers quilted logether. the 
omermnst layers . ie . lining layers 20 and 22, am connected 
together about (heir respective peripheries to form im inner 
cavity. A thermal harrier layer 24 and a moisture barrier layer 

ep 26 arc located within line inner cavity, as Shown. Typically, 
lining layer 2A9 will he adjacent the weacecs body during use, 
whereas lining layer 23 will be adjacent outer shall u. 

Thermal barrier layer 24 can he made tom various 
materials . Fur instance, au aramici fell, such as a felt pro-

6S duced from NOMEX fibers damned from DuPont can be 
used . The fell functions as an insulator to inhibit transfer of 
heat from 16e ambient ea,in>nmeot to the wearer. 
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Moistwe harrier 26 is preferably a suitable polymeric 
membrane that is impermeable to liquid wafer but is pcr-
mea6le to water, ~apur . Moisture harrier layer 26 tis designed 
to present wager contracting The exterior surface of garment 
20 from marching the wearer while at the sane time pertnit-
tiog the escape of perspiration from the wearer. 

Outer shell 12, which can be positioned loosely adjacent 
to liner assembly 14, includes 5 woven fabric 28 vested with 
a durable water rexufant composition 30 in accordance with 
the present invention . In general, woven fabric 28 should be 
made from a mechanical resistant, flame resistant, and 
Thermal resistant material . Forinstsnce, woven fabric :9 can 
ht matte from aromatic polyardde polymers, a-uch as aramid 
fibers. Fir example, KEVIAR para-aramid fibers, NOMEX 
mesa-anmid fibers, and minutes of KEVI.AR fibers and 
NOMEX fibers commercially available from DuPont are 
paniculady well suited fur use is constructing woven fabric 
28. Besides KEV[.,qli fibers and NOMEX fibers. other 
fibers that may be used to produce the woven fabric include 
melamine fibers, such ac BASORL fibers commercialiv 
available (mm BASF, or PFJ aramid fibers also available 
from Len<ing. Il should be understood, however, That an)' 
suitable fire resittam fiber may he used to construct the 
fabric of the present invention . 

In one embodiment, the yarns used to make wmen fabric 
2(t can he made (tom a mixture of aca¢iW polymer fibers, 
such u KEVL.4R or NOMEr fibers, and pcrlybeozimida-
zole (ei) fibers . Io one preferred embodiment of the 
present invention, woven fabric .'A is made from a b0,40 
blend of k'F',VCAft para-aramid fibers and PBi fibers. 

The yaruc used to Product woven fabric 28 can he 
assembled in various difiereni constructions and is generally 
ant critical For instance, woven fabric Z8 can have a twill 
weave, a plain weave or any ot6crsuitable type of weave. In 
one preferred embodiment, woven fabric. 28 has a rip stop 
weave. In general, fabrics having a tighter weave will 
generally have better spray ratings . 

The weight of woven fabric 28 generally can vary from 
about 5.5 ounces per square yard (v about 8 notices per 
square yard . Preferably, the weight of woven fabric is from 
about 6 ounces per square yard to about 75 ounces per 
square yard . 

(o accordance with the present invention, as shown in 
FIG. 2, woven fabric 28 is treated with a durable water 
resistant composition M. When applied according 10 the 
process. of the prcuot invention, it has been discovered that 
water resistant treatment 30 is much more durable than 
many prior an coaswcGoas . 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 w repel water. As described above. should a p[otec-
trve garment absorb water, the garment becomes much 
heavier and tLe thermal properties of the garment become 
adversely affected . 

Resides making protective garment 10 impermeable )a 
water, durable water resistant treatment 30 Ls aLw preferably 
reslctant so oil and organic solvents, is nor flammable, and is 
abrasion resistant. In out preferred embodiment of the 
present invention, durable ivaier resistant treatment 34D is 
made from a SGIUIi00 containing a fluorocarbon polymer That 
is applied to woven fabric 28 . For example, datable water 
resistant composition 30 can be mach from TfLFLON poly-
mers which are commercially available from DuPont . Fluo-
rocarbon polymer darters containing TEFLON polymers 
arc commercially available from numerous sources. 

to order to produce a liquid resistant fabric in accordance 
with the present invention, &s4 a woven fabric is con- 

EXHIBIT 
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strutted or obtained that is suitable for use as an outer shell 
material in a protective garment for fire lighters . As 
descsit+cA above, the fabric should he made from flame 
resistant polymer or other suitable materials 

s Poor w applying a durable water M%islarit treatment, (he 
fabric can be first scoured, although scouring may not be 
necessary For all applications . When scoured, the material 
am he secured with an alkaline solution . 

After being scoured, the fabric is then put on a leoler 
10 Cramc, dried and heal set. Specifically, it has been discovered 

by the prcsew inventors that it is imponann that the fabric be 
substantially dry and firm rat moisture prior to being treated 
with the durable water resistant composition . for wislaacep 
a(tec scouriug, (he fabric shunld he dried so that the moisture 
level is substantially equivalent In the uaiura) moisture level 
of the fiber used w make the fabric For instance, !or mist 
fibers, the moisture level should 6e less than about 10%, and 
puticvlar(y less than about 7'7u . 

20 After the fabric has been dried and heal set, a durable 
water resistant composition according to the present inven-
tioa is applied to at least one side of We fabric Although the 
composition can be sprayed oa the fabric or printed o0 the 
fabric, preferable the fabric is dipped trio a balb containing 

25 the durable water 
resistant treatment in sniutioo form . 

As stated above, the durable water resistant composition. 
in one embodiment, can be a solution containing a 8uoro-
carboo polymer. The fluorocarbon polymer can he combined 
in the . solmioo with water, a drying agent such as an alcohol, 

,p and an emulsifier. The amount of the water-resistant Cow-
position applied to !he fabric will depend upon the pant viar 
formulation and the particular application, 

After the durable water resistant treatment is applied to 
the fabric, the fabric is then heated to a temperature suffident 

?5 for the coating to dry andbr cure . Once the durable water 
resistant treatment is toted and armed to the woven fabric, 
the fabric can their he used in constructing Rrotecdve gar-
ments in accordance with (he present invention . 

It has been discovered (hat (be above-des, :ribed process 
+o suurdy affixes the water resistant tre~imeoi to the fabric 

such that the treatment hea:omes much more durable then 

Prior an constructions. 

$y applying water resistant treatments according to the 
process of We present invention, it bas been discovered that 

es the treatments can wilhsland numerous laundry cycles. Fur 
example, is one embudimeol, the outer garment of the 
present iuaeatioa hay shown w exhibit a spray rating of at 
least SO abet 20 laundry eyries . More particularly, even after 
30 laundry cycles it hat been discovered that fabrics made 

3° according to The present invention have a spray wring of at 
(east i0 and in some applications al least &1, illuxtratipg that 
the water resistant treatment dries not degrade and does nor 
lose its effectiveness . Further, after undergoing thirty (3ff) 
laundry cycles. fabrics made according to the present inven- 

ss lion have also hero found 10 retain a water repellency rating 
of a( leas( S and an of wepeilency raring of at least 3. 

The present invention may be beret understood with 
reference to the following examples . 

re EXAMPLE NO . 

TLe following tests were performed is order to de¢iaa-
ctrate the superiority in performance of fabrics made accord-
ing to the present invention in compadsoo w cvoveotiooally 

65 Made fabric . 
A woven fabric suitable for use as an ruler shell material 

for a fire fighter's prolecuve garment was wated with a 
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durable water resisiaut composition according to the above- 

described process of the prcseul invention . Specifically, the T48LH 5 

fabric that was treated had the following characteristics and 
Water nuueocy, of a 

properties : l or fill soFr r~KO F. h~~ eu ~ ids 
Gom Cbvtiuioo Indmuul icxWes 

BcFOre Prczsw¢ Alicr Preuiu¢ 
Al. 60%/M7% inLinnare blend of 

KF,\'IAR ., . .id polymer fibers leundawys water q7 Sprry water Oil Spay 
a 

Denier : i . 
nd Put Grant 

10 mind 6 5 100 - - - 

Co . .[ : M veins mcL 10 J= 0 50 3 0 50 
Pid : 39 yemUiuch !U 0 0 0 0 0 0 

Weave : Rip soat 
Weigbi75 oLSq. rord 

As shown above, the current commercially available 
1s fabrics lost half n( they water resisiancy only after 10 

After the above material was scoured, dried and heat set, laundry cycles. After ?0 laundry cycles, the fabrics com-

a durable water resistant composition was applied to the Plelely lost their water repelleocy . 

fabric The durable wafer resistant composition was an Iv comparison, the fabric made according to the present 
aqueous solution containing a fluorocarbon polymer, an invention maintained a spray rating of at least 70 after 30 

emulsifier, and an alcohol . '0 laundry cycles and even after SO laundry cycles . As shown 
above, the fabric made according to the process of the 

The above-treated fabric was then tested for water present invcouoo also had much better wafer repelleocy 
repclleocy, oil repellcncy, and spray tested initially and after ratings and nil repellency ratings after being laundered . L is 
10, 20, 30, 40 and 50 laundry eyries . All the tests were not believed iLal prior to the present invention au outer shell 
conducted according to the above-described procedures . The 'S material was made that contained a water resistant treatment 
sample was tested both before and after being pressed with that could maintain a spry rating of at least 70 after 30 
a hand held iron . 7Le following results were obtained : laundry cycles . 

TABLE 3 o EXAMPLE NO . 2 

Water Rcpeucocy, od nepeftor em spay Test A woven fabric similar to the one described in Example 
l of me Rbric Made According No . 1 above was coated with a water resistant composition 

to mc Present Invcvuoo a5 described in Example 1 . In this example, however, the 

e~ro .. Arm, composition applied to the fabric did not contain au emW- 
P~e>~i~ PRS~~e s5 sifter but contained more fluorocarbon polymer. 

The treated fabric was tested for water repellency, oil 
leuodc.in, Water Oil Spiny w.mr Oil Spray repellency and spray tested initially and after ln, ?A and 30 

Iawi s s goo - - - laundry cycles . All [he iests were conduced according to the 
33 s 5 eo 5 5 5u procedures described above. A sample was tested both 
20 s 5 'o s 5 so ao before and after being pressed with a hand held iron . The 
?0 ~5 t-1 70 6 I 70-80 
ao tis a-t 70 s a 7fyyo following results were obtained : 
so s a 7o 

TABLE 6 

Commercially available fabrics designed in he used as 4s 
w.ar l Oil Re,ueocy ead 
Spray Tell ResWts of . Fabric Made 

outer shell materials for protective garments were also sn:o,,l a m., l twcrniov 
similarly tested after 10 and 30 laundry cycles . Of particular 
importance, the commercial fabrics tested had simile weave 

Bern" 'um` 
Prtssiee Prtssm¢ 

characteristics to the abovedesedbed fabric . Specifically, 

one of the products tested was NATURAL PHI obtained s~ i,attrdnrire, wa~~ ~,it " pray ~rt,r o .i spar 

from Southern Mills and the other fabric tested was PBI irvtiel 6 6 ]W - - - 
SOFT BAND obtained from Dominion Industrial Textiles . io 6 s 4p a s Boa 
The following results were obtained- =o a s ao-9o s s goo 

70 5_6 ~5 ~5 NO 6 5 100 
55 

TABLE 4 

Water n~p~nr~~~, Oil aep~uercy, and So ., 'res, 
As shown above, the treated fabric produced according to 

Resul. of 1:Nl~RAL PBI Fa'onc Obtained ih~ tKamplt performed CXcepilDOdlly well . 10 particular, the 
room s~mhcrn MM, fabric bad a spray rating of at teed 80 after .0 laundry 

eo cycles, and a spray retiog of RO even after 30 laundry cycles . 
Before ra .,eitte Arm' Prvam . Furlhu, the fabric was found well suited to repelling water 

tauoa«vnes water o-1 Spay w.v 0;i Sl and oil, having a water repelleocy ratting of at lent 5 and an 
oil repelleucy rating of at lent 4 after 30 laundry cycles . 

Iwiul 6 5 100 - - - Even better results were obtained after pressing. 
70 3 0 50 a 0 50 
,u o o _ o so o5 These and other modifications and variations to the 

present invention may he practiced by those of ordinary skill 
in the an, without departing from the spirit and scope of the 
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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 pan. Furthermore, those of ordinary skill 
in the an will appreciate that the foregoing description is by 
way of example only, and is not intended to limit the 
invention so Cunher desabed in such appended claims . 
What i5 claimed is : 
1. A protective garment suitable for use by a fire fighter, 

said protecaive garment comprising : 
an inner lining configured to cover a predetermined 

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

an outer shell covering said inner lining, said outer shell 
being made from afire resistant material, said outer 
shell being impregnated with a durable water resistant 
trealmeo4 said durable water resistant treatment being 
incorporated into said outer shell such that said outer 
shell maintains a spray rating of at lain 70 after being 
laundered 30 laundry cycles and then pressed . 

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

outer shell maiuuius a spray rating of at least 70 after 30 
laundry cycles without being pressed. 
4. A proicctive garment as defined in claim 1, wherein said 

durable water resistant treaimeol is incorporated into said 
outer shell such that said owers6e11 maintains a spray rating 
of at least SO after 30 laundry eyries without being pressed . 
5. A proiecuve garment u dcficed in claim 1, wherein said 

outer shell is a woven fabric comprising polybeozimidazole 
and au aromatic po]yamide polymer. 
6. Aproiecuve garment as defined in claim 1, wherein said 

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

outer shell also Maintains a water repellcucV rating n( al least 
4 and an oil repelleocy rating of at least 3 after 30 laundry 
cycles . 
8. A protective garment as defined in claim 1, wherein mid 

outer shill weighs from about 6 ounces pee squaw yard to 
about 10 ounces per square yard . 
9. A protective garment as defined in claim 1, further 

comprising a thermal barrier layer positioned between said 
inner lining and said outer shell. 

10 . A protective garment suitable for use by afire fighter, 
said prolettive garment comprising : 

an inner lining cooGgured to cover a predetermined 
portion of a wearer's body. said inner lining befog 
positioned so u to be adjacent said wearer's body 
during use ; 

an outer shell covering said inner lining, said outer shell 
comprising a woven fabric made from fire resistant 
yarns; 

a thermal barrier layer positioned between said inner 
lining and said outer shell; and 

a durable wafer ¢sisiam treatment impregnated info said 
outer shell, said durable water resistnol treatment com-
prising a fluorocarbon polymer, said durable water 
resistant treatment befog incorporated into said outer 
shell such that said outer shell maintains a spray rating 
of at least 70 after 30 laundry cycles . 

ll . A protective garment a defined in claim 10, wherein 
said durable water resistant treatment is incorporated into 
said outer shell such that said over shell maintains a spray 
rating of at least &n after 30 laundry cycles . 

EXHIBIT 
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12 . A protective garment u defined in claim 10, wherein 

said durable water resistant treatment is incorporated into 
said outer shell such that said outer shell maintains a water 
repeilency rating of at leasl4 and au oil repellency rating of 

s at least 3 attar 30 laundry cycles. 
13 . A water and fire resistant fabric particularly well 

suited for producing protective garmeuis for use by a fire 
fighter, said water and fire resistant fabric comprising : 

a woven fabric substrate, said woven fabric substrate 
10 being made born a fire resistant material ; and 

a durable water resistant treatment impregnated into said 
fabric substrate, said durable wafer resistant urcauncut 
befog incorporated into said fabric substrate such that 
mid fabric substrate maintains a spray rating of at least 

15 70 after 30 laundry eyries . 
la . A water end fire resistant fabric as defined iv claim 13, 

wherein said durable wafer resistant treatment comprises a 
fluorocarbon polymer. 

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

16 . A water and fire resistant fabric as defined in claim 15 . 
wherein said polymeric material used to make said fire 
resisuot material Further comprises polybenzimidawlc . 

'S 17 . A water and fire resistant fabric as defined in claim 17 . 
wherein said fabric subsume also maintains a water repel 
Icocy rating of al least 4 and an ail repellcucy of at least 3 
after 30 laundry cycles. 

18 . .4 process for producing a water resistant fabric 
particularly adapted fur use as an exterior covering for a fire 
fighters protective garment, said process comprising the 
steps of: 

providing afire resistant material, said fire resistant mate . 

35 
rial comprising a woven fabric, said fire resistant mate . 
oal befog substantially free of moisture ; 

applying a durable water resistant treatment to said fire 
resistant material ; and 

thereafter heating said fire resistant material so as to ads 

40 said durable water resistant treatment to said fire resu-

fanl material . Said durable water resistant treatment 

being effixed to said fire resistant material such that said 

fire resistant material maimainca spray raiingof at least 

10 after 30 laundry eyries . 

4s 19 . A process as defined in claim 18, wherein said fire 
resistant material is made from yams composed of an 
aramid polymer. 

20 . A process as defined in claim 18, wherein said fire 
resistant material is made from vans comprising a mixture 

,p of eramid polymer fibers and polybcuzimida>nle fibers. 
21 . A process as defined i o claim 18, wherein said durable 

water resistant treatment comprises a Puorocarbou polymer. 
22 . A process u defined in claim 18, further comprising 

the steps of: 
ss scouring said fire resistant material prior to applying said 

durable wafer resistant treatment ; and 
drying said scoured fire resistant material such that said 

fire resistant material is substantially free of moisture . 
23 . A process as defined is claim 18, wherein said durable 

ao water resistant Ircaimeut is axed to said fire resistant 
material so that said fire resistant material also maintains 5 
wafer repelleocy rating n( al lead 4 sod au oil repelleocy 
rating of at least 3 after 30 laundry eyries. 
24 . A process as defined is claim 19, wherein said durable 

as water resistant treatment that is applied to said fire resistant 
material comprises au aqueous solution containing a Buo-
mcubou polymer and an alcohol. 
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23. A protective gumeol suitable (or use by a firefighter, 
said protective garment comprising: 

au inner lining configured to ewer a predetermined 
portion of the wearer's body, said inner lining being 
positioned so u to he adjacent said wearer's body 
during use; and 

an outer shell covering said inner lining, said outer shell 
being made from a fire resistant material, said outer 
shell being impregnated wish a durable water resistant 
treatment, said durable water resistant treatment being 
incorporated into said outer shell such that said nuke 

PAGE II._ OF-'7" 

14 
shell maintains a spray rating of at least FO after 20 
laundry cycles . 

26 . A protective garment as defined in claim 25, wherein 
said durable water resistant treatment comprises a 9uoro-
cuboo polymer and wherein said outer shell comprises a 
woven fabric . 

27 . A projective garment as dCBOCd in claim 25, wherein 
said older shell funkier maintains a spray rating of at lead 70 
after 30 laundry cycles. 
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(57) ABSTRACT 

A projective garmcnl of the type typically worn by fire 
fighters with improved water resistance is disclosed. In 
puiialar, the present invention is directed to an Outer shell 
material for protective garments that is made from a fire 
`esislam material coated with a durable water resistant 
coating. Me durable water resistant coating is applied to the 
outer shell in a manner so that the coating will not degrade 
when exposed to normal wear anti Icar and even after the 
garment has been laundered repeatedly. Protective garments 
wnswcted in the put typically lost most of their wader 
repellency after being laundered as little as five cycles . It has 
been discovered Thai water resistant coatings applied accord-
ing to the process of the present invention, on the usher hand, 
can survive at least 30 laundry cycles, and in many appli-
cations al least 50 laundry cycles without sigoifican9y 
degrading. 

27 Claims, 2 Drawing Wheels 
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Protective garments worn by fire fighters are designed to 
perform several functions . Of these, protection (mm heat 
and flame are perhaps the moss imporrarn 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 breaihabiliiy and should 
encumber the wearer as lisle as possible . 

Conventional fire fighter garments are generally con-
swcled having a number of discrete layers . Typically, these 
layers include an outer shell, a moisture barrier layer, a 
thermal barrier layer, sari an inner lining . The layers are 
generally made from appropriate Thermally-resistant maie-
rials to provide protection against heal arid flame . 

In the past, one difficulty that has been encountered in 
designing protective garments to be worn by fire fighters is 
to prevent the garments from absorbing and retaining mois-
ture . For iastance, protective garments worn by fire fighters 
usually become wet during use due to external exposure to 
extinguishing water or rain . Also, fire fighter garments can 
become wet due to the absorption of perspiration given off 
by the weuer. Unfortunately, when the protecuve garment 
absorbs moisture, the charaaerisGcs nod properties of the 
garment can be adversely affected . For example, when 
retaining moisture, the protective garment can become sig-
oificanlly heavier. 

Besides iuaeasiug in weight, the presence of moisture 
within a protective garment also adversely affects 16e ther-
mal properties n( We garment making the garment less 
effective in shielding its wearer from thermal heal . Iv 
particular, since water is a much better hens conductor (ban 
air, the rage of heat transfer through the garment increases . 
Also, it has been discovered that as water beats up in a 
protective garment, the water can mrn to seam under 
exposure to heat and actually bum a person wearing the 
garment . 

Ultimately, when protective garments, as de%cribed above 
become wet or soaked with water or other fluids, the 
garments become hot and uncomfortable to work in due in 
the increased weight and due to the increased rate of heat 
Iraasfer through the garment . As a Consequence, a wearer 
can only spend a limited amoum of time working or per-
forming tasks in the garment due to the possibility of heat 

stress. 
10 the pass, in order to prevent water from befog absorbed 

by protective garments worn by firemen, the garments have 
been bested wish a water resistant composition. The water 
resistant treatments applied to conventionally made protec-
tive garments, however, have not proven to be durable and 

c:�tiloll~~~ 
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WATER RESISTANT PROTECTIVE 
GARMENT FOR FIRE FIGHTERS 

RELATED APPLICATIONS 

This application is a Continuation In Put application of 
U .S . Set . No . 091016,097 filed Jan. 30, 1998 . 

FIELD OF 771E INVENTION 

The present invention generally relates to protective gu-
meois such ss the type worn by fire fighters . More 
particularly, the present invention is directed to a protective 
gumeol having a water resistant outer shell . ID particular, au 
outer shell made according to the present invention has 
proven to be able to retain its primary water resistant 
properties even after undergoing 30 laundry eyries . 

BACKGROUND OF THE INVENTION 

have been found to become iueHecove after the gumcm has 
been placed in use for a period of time . In particular, it has 
been discovered [bat conventionally applied water resistant 
treaumwLS became significantly degraded when the prolec- 

s live garment is washed . Specifically, it has been found that 
the water resistant treatments begin to degrade only after 
five (5) laundry cycles and typically lose most of their 
effectiveness aHer ten (10) laundry cycles . 
As such, a need currently exists for an improved water 

resistant 10 fabric and protective garment to be worn by fire 
fighters . More particularly, a need exists for a method of 
applying a water resistant treatment to a protective garment 
That will tint degrade over a period of time and that can 
withstand normal laundering . 

]5 

SUMMARY OF THE INVENTION 

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

.o and methods. 
Accordingly, an object of the present invention is to 

provide an improved protective garment suitable for use by 
a fire fighter. 

1t is another object of the present invention is to provide 
=s a protective fabric for making garments that has been vested 

with a durable water resistant treatment. 

Still auoWcr object of the present invention is to provide 
a protective fabric having a water resistant treatment f hat eau 
withstand normal laundering . 

30 11 is another objet of the present invention to provide a 
projective garment for fire fighters that contains a durable 
water resistant treatment applied to au exterior shell that 
allows the garment to maintain a spray rating of al lezcl 70 
even after 30 laundry cycles. 

7Lese and older objects of the present invention are 
achieved by providing a fabric for constructing a protective 
garment suitable for aye by a fire fighter. The protective 
gumenl includes an inner lining configured to cover a 

4o predetermined portion of a wearer's body. The imer lining 
is positioned so as to be placed adjacent l0 16e wearer's body 
during use. An outer shell made from The above fabric covers 
the iuuer lining and is made from a fire resistant material . 

In accordance wish the present invention, a durable water 
49 resistant treatment is incorporated into the outer shell. The 

durable water resistant treatment is axed to the outer shell 
such that the outer shell maintains a spray rating of at leas 
70 even after 30 laundry cycles, and in some applications, 
maintains a spray rating n( al least 70 even after 50 laundry 

so cycles . In an alternative preferred embodiment of the present 
invention, the outer shell is Constructed so as to maintain a 
spray rating of at least 80 after .0 laundry eyries . 

Besides maintaining a high spray rating, en older shell 
constructed in aceordaoce with the present invention also 

55 maintains very good water absorption ratings and dynamic 
water absorption ratings after being laundered . For instance, 
after five laundry cycles, the outer shell has been found m 
maintain a water absorption rating of less than about 8%, , 
particularly less than about b°4, and in a preferred embodi-

eo mentless than about 4"/o .Theouter shell cauhave adynamic 
water absorption rang of less Than about 15% a&r ten 
laundry cycles, particularly less than above 12% after ten 
laundry cycles, and more particularly less than about lU°.o 
after ten laundry cycles . After twenty laundry cycles, the 

as outer shell maintains a dynamic water absorption rating of 
less than shout 18%, more particularly less about li°.6, and 
preferably less than about 1=io. 
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The following definitions and procedures are offered in 
order to barter describe and quantify the performance of 
protective garments and fabrics made according to the 
present invention in comparison to prior srl couslruclions. 

Spray Test 
Ac used herein, e fabric spray rating refers to a rating a 

fabric or a material receives according to AATCC SPRAY 
TEST ME7"f10D 22-1996. to general, s spray Tesi measures 
the resistance V( a material to wailing by water. 

EXHIBIT 6 
PAGE 5 OF 

to one embodiment, [he outer shell can be made from a 
woven fabric, such u having a plain, twill or rip stop weave. 
The material used to make the outer Shell can be an aramid 
polymer or can lx a mixture of an aramid polymer and 
polybeu7imidazo]e . The woven fabric used to make the 
abler shell eau have a weight of from about 5.5 ounces per 
square yard to about 8 ounces pee square yard, and pudcu-
lady at a weight of about 7.5 ounces per square yard . 
Fuller, a thermal boner layer can be positioned be rncen 
the outer shell and the tuner lining . 
The durable water msisunt treatment applied to We outer 

shell eau contain a fluorocarbon polymer. The wafer resistaoi 
treatment can be applied to the outer shell as a solution and 
Then later cured or dried by heating the over shell fabric . 
nest and other objects of the present invention are also 

achieved by providing a process for producing a water 
resistant fable particularly well adapted for use u an 
exterior covering for a Hre fighters protective garment. The 
process includes the steps of providing a fire resistant 
material . For instance, the fire resistant material can be a 
woven fabric made from afire resistant polymer, such as an 
aramid polymer. In one embodiment, the fire resistant mate-
rial is scoured, such as by being exposed to an alkaline 
solution . After scouring, the material is dried. 

Once dried, a durable water resistant treatment, such as a 
fluorocarbon polymer solution, is then applied to at least one 

side of the lire resistant material. Once the water resistam 
treatment is applied to the material, the material is heated 

until the treatment is dried and cured . In particular, accord . 
utg to the present invention, the durable water resistant 
treatment is affixed to the (1st resistant material such that the 
material maintains a spray sung of at least 70 even after 30 
laundry cycles . 

Other objects. features and aspects of the present inveu-
tiuo are discussed in greater delnil below. 

BRIEF DESCPJPT70N OF THE DRAWINGS 

A full and enabling disclosure of the present invention, 
including the best mode thereof, to one of ordinary s511 in 
the art, is set forth more particularly in the remainder of 16e 
specification, including reference to the accompanying 
figures, in which: 
FIG. 1 is a perspective view of one embodimeul of e 

pmleciive gumenl made according to 16e present invention ; 
FIG. 2 is r crow-sectional view of the garment illuu;lrated 

in FIG. 1 ; and 
FIGS. 3A-3F arc diagtammatical dews of illustrative 

examples of spray ratings for a standardized fabric spray 
lest . 

Repeal use of reference chuaaers in the present specifi-
calioa and drawings is intended In represent same or analo-
gous features or elements of the invention. 

DEFINITIONS AND STANDARDIZED 
PROCEDURES 

4 
According to the present invention, 16e following is the 

procedure used to determine the spray sling of a material . 
1. M 7"x7" sample of the material to be tested is first 
condhioned at 65 plus or minus 2%- relative humidity and 

y at 70 plus or minus 2° F. for a minimum of four hours 
prior In testing . 

2. The fabric sample is fastened securely on a 6" metal hoop 
w that the fabric is wrinkle free . 7M hoop is supported on 
a Iesier's stand so that the fabric is (acing up . Twills, 

10 
gabardines, piques or similar fabrics of ribbed coaswc-

tioo are positioned no the stand so that the ribs are 

diagonal a the Bow of water running off the fabric A 
funnel coached to a nozzle fur holding water is placed 6" 
above the center of the fabric . 

3. 250 milliliters of water at 80 plus or minus 2° F. are 
poured from a cup or other container into the funnel, 
allowing The water to spray onto the fabric . 

4. Once the water has run through the C~wrel, one edge o(Ihe 
hoop is held and the opposite edge is firmly rapped once 

20 against a solid object with the fabric facing the objec~.7Le 
hoop is then rotated 180° and L is rapped once more at the 
point previously held . 

5.7'he wetted or spotted fabocsampk is then compared with 
the standards shown in FIGS. 3A-3F. 'Me fabric is 

25 assigned a spray raring that corresponds to The nearest 
standard . As shown on FIGS . 3A-3F, the fabric can be 
rated from n to IIX) wherein U indicates that the entire 
fabric is wetted with the water, while a rating of 100 
indicates that none of the fabric was waned by the water. 

10 Water Rcpellency Test 
7Le following standardized water repelleucy test deter-

mines a material's resistance to wetting by aqueous liquids . 
In general, drops of a water-alcohol mixture of varying 
surface tensions are placed em the surface of the material and 

35 the extent of surface welling is delemlioed Visually . ILe 
higher the rating a material receives is an indication of the 
material's resistance to staining by water-based substances . 
The composition of standard test liquids u as follows: 

w TABLE 1 

s,odem rm uavtm 

wamr ecpeucvcy comouwon 

,5 Raung Numvcr Isopropewl, °n DuiJIcd Wamy % 

1 98 
5 95 

> >a co 
a BG 
5 30 70 

5p fi <0 60 
7 SD GO 
N 60 10 

me wnler mpe0eocy procedure is u follows: 
5s 1 . A 2"xR" sample of material is fast conditioned at 65 plus 

or minus 2T, relative humidity and al 70 plus or minus 2° 
F. for a minimum of four hours. 71ie fabric is placed 
horizontally face up no white blotting paper. 

2. Hegionuig with Iesl liquid number I, ore drop of the 
nu liquid is placed at three locations On the material . Each 

drop placed on the material should be 2" apart. 
3. The material is observed for 10 seconds from an approzi-

maie 45° angle. 
4. IC two of the three drops have nor wet the fabric or do not 

o5 show leaking into the fabric, drops of lest liquid number 
2 are placed on au adjacent site and step number 3 is 
repealed . 
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The Lest pieces and dummy load are placed io thew zsher and 
the machine is staved . One ounce of TIDE (Proctor d 

_. \ .~ .I .ll I 
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5 
5 . This procedure is continued until 2 of the 3 drops have wet 

or show wicking into We fabric . The water repellency 
raring is the highest numbered liquid for which 2 of the 
three drops do not wet or wick into the fabric . 
Oil Repellency Test 
71m following oil repellency test determines how well 

finished fabrics reset oily stators and weniog by organic 
liquids . In this test, drops of eight liquid hydrocarbons of 
various surface mnsions are placed on the surface of the 
material and the extent of surface welling is determined 
visually. 7be standard test liquids used are as follows. 

TABLE 2 

OJ Rnsllcocv SuoduE Test liquids 

Hydmceboo Rating Number 

Refined OiJ 
lofted Mimnai 
W/nHesaJecene 65n5% 
by volume n 27° C 
vHendecme 
o-TcuWccenc 
n-Dodeoue 
p-Dcooc 
o-Ocune 
v-Hcpuoc 

1 . A Y'x3" sample of material is conditioned at 65 plus or 
minus 2°,E relative humidity and a1 70 plus or minus 2° F. 
(or a minimum of four hours before testing. The fabric is 
placed in a horizontal position face up on white blowing 
paper . 

2. Beginning with liquid number 1, drops approximately 5 
milliliters in diameter or 0.05 microlimrs in volume are 
placed on the test sample in several locations . 

3. 7'6c drops are observed for 30 seconds from an appmrzi-
mal< 45° angle. Wetting of the fabric is normally shown 
by darkening at the liqwd'Cabric interface . On black or 
dark fabrics, welling can he deterred by a loss of sparkle 
within the drop . 

4. If liquid number 1 does no( penetrate or wet the fabric or 
show wicking armiud the drops, drops of liquid number 2 
arc planed on adjacent portions of the fabric and observed 
for 30 seconds. 

5.'ILis procedure iswotioued until the fabric shows writing 
under or around the drops of test liquid within 30 seconds. 
Asample'sAATCC oil repelleucy rating is the number of 
the highest numbered test liquid that will nut wet the 
fabric or show wicking within 30 seconds. 
Laundering Test 
Laundering is preferably performed in a KENMORE 

automatic washer, followed by drying in a KENMORE 
automatic dryer . The following laundering test is used to 
determine the fabric's ability to wilbstaod laundering. 
Typically, after laundering, the fabric is then subjected to the 
above-described spray lest, water repellency Lest, and oil 
repellency test . 
l. 8"x10" lest specimens are combined with load fabrics 
(hemmed pieces of cotton shading or SO:SU fabric sheets 
having z sin of 36"x36") to give a total dry load of 4 
pounds . 

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

wvn l.e "ci Mitt, 
Wmh Cyde Norms], 12 minutes 
Tempnenare Wer,n Wash . 105' F. : Cold Ride 

Gamble) detergent is added while the washer is filling with 
soft water. IF the wafer hardness is gorier than 5 ppm, 
CAL.GON water softener (Nalw) in the amouN specified by 
the manufacturer is added to soften the water. 

S 3. After the washing is complete, the wet fabric including the 
dummy load is placed in the automatic dryer. the dryer 
temperature dial is scl to the proper point under high beat 
to give a maximum vent temperature of from about 155° 
B In about 160° F. The time dial is set for "Normal Cycle" 
for 45 minutes. The machine is shoed and drying is 
allowed to continue until the cycle i< complete . "The above 
represents one laundry cycle . 

4 . The fabrics are then rewmshed and fedried until 10 cycles 
have been completed. Optionally, the test fabrics corn be 
proud with a hand iron, o[ the equivalent, at 260° F. to 
about 3,U° F. for 30 seconds on each side with the face 
side pressed last . The fabrics are then coodiiioued before 
testing for water is, `epclleocy, oil rqelleocy, or spray 
raring . As used herein, water repellency, nil repellency 
and spray ratings art all determined without ironing the 

-~ fabric after being laundered, unless otherwise denoted. 
Water Absorption Test 
The Colluwuig mater absorption test is for determining the 

resistance to water absorption of a fabric or material . -Me 
Lest is bared upon NFPA 1971, 6-:b . In particular, the water 

=` absorption test is conducted according to the abme-
ideotificd pest method after the fabric or material has been 
subjected w fire laundry eyries in accordance with 1-FPA 
1971, (r11 . 
According to the present invention, the following is 16e 

10 procedure used to determine the water absorption rating of 
a material . 
1 . Three F"x8" samples of the material to he lured tie 
subjected to five laundry eyries in accordance with NFPA 
1971, 6-12 . Ten method NFPA 1972, 6-1 .2 is subsfan- 

35 tially similar to the laundering test described above. In 
this lest. however, the specimens are conditioned in an 
atmosphere of 70 plus or minus 2° F. and 65 plus or minus 
Jm relative humidity before sod after being washed . 
Further, the machine settings and parameters tie as fol-
lows: 

wmer level normal 
't .esh qelc oermeLmuun shard, 

wash mmperems 141 . m - 5° F. 
dryivg rycle mmblc.kouno sturdy 
acmrgcm nn . or - t g of 1993 

AaTCC ntaodard Re(crrns 
rtiogaoi 

50 
2 . Each sample is securely mounted, with the coated ride of 

the material up, to embroidery hoops with sufficient 
tension to ensure a uniformly smaiih surface . The hoop is 
supposed on a Isstei's suud.lLe material ispositioued w 

5s that the direction of the flow of water down me sample 
shall coincide with the waqrw;se direction of the sample 
as placed on the stand. A funnel attached to a nozzle for 
holding water is placed ?4" above the center of the 
material . The plane of die surface of the sample is placed 

nn at a 45° angle with The horizontal 
3. 5(q ml of wager at a temperature of fi(1 i or - 2° F. are 

poured quickly into the funnel and allowed to spray onto 
the specimen . 

4. As rapidly a possible, the sample is removed from the 
55 hoops and placed between two sharer of blotting paper nn 

a flay horizontal surface . A moral roller approximately 4'n" 
long and weighing 24: pounds is rolled quickly forward 
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herein W is the weight n( the wet sample and 0 is the weight 
of the dried sample . The water absorption rating of the 
sample is the average of the results obtained from the three 
specimens paled . 

Dynamic Water Absorption Test 
7Ue following test also measures the resistance of male . 

rials to wetting by water. II is particularly suitable for 
measuring the walervrepclleut eBcacv of finishes applied to 
taboos, because the test subjects the located fabric to 
dynamic conditions simile to Thaw often encountered dur-
ing actual use. 7'he test conforms to AAf'CC Test Method 
Na 70-1997. 

According to the present invention, the following is the 
procedure used to determine the dynamic water absorption 
rating of a material . 
1 . During the test, Two specimen sets are tested. Each 

specimen set consists of fire 8"x8" pieces of the material . 
For each piece that is cw, the comer yams are removed 
and, S necessary, a drop of liquid latex or rubber cement 
is placed at the comers to prevent raveling . Prior to 
Testing, each piece of material is conditioned at 65 + or -
2% relative humidity and at 7n+or-2° F. for a minimum 
of four hours. Blotting paper to be used later is also 
modidooed. 

2. The five pieces of each specimen set arc rolled together 
and weighed to the nearest 0 .1 gram . 

3. Two liters of distilled water at 80 + or - .° F. is poured 
into the tumble jar of a dynamic absorption tester. Me 
dynamic absorption Tester should consist of a motor 
driven, 6 liter cylindrical or hexagonal-shaped jar 
approximately 6" in diameter and 12" in length, mounted 
to rotate end over end at 55 + or - 2 rpm with a constant 
Tangential velocity . The jar may be of glass, corrosion 
resistant metal, or chemical stoneware. 

4 . Beth specimen sets ere placed info the jar and the jar is 
Totaled in the Tester for 20 minutes . 

5. A piece of one specimen set is then immediately passed 
through a anger at a rate of 1" per second with ihc edge 
of the piece parallel to the rolls . "1'he piece is sandwiched 
between coo pieces of unused blotter paper and passed 
Through the ringer again . The piece is lets sandwiched 
between the wet blotters . The process is Then repealed for 
the remaining four pieces u( the specimen set. The blowers 
art removed and the five pieces are rolled together . put in 
a rued plastic container or gallon-stud zippered plastic 
hag and the wet specimen set is weighed to the nearest 0.1 
gram . 7Le mass n( the wet specimen set should not be 
more than twice its dry mass. 

fi . Step number five is repealed for the second specimen set. 
7. 7Le dynamic water absorption for each specimen set is 

calculated to the nearest 0.1% using the following equa-
uoo: 

zo 

.$ 

.3o 

35 

ao 

as 

so 

5s 

60 

es 
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and back one time over the paper without application of 
any pressure other than [be weight of she roller. 

5 . p square having dimensions of 4"x4" is cut out of the 
center of the sample and weighed to the nearest 0.05 
grams. Not more than 30 seconds shall elapse between the 
time the water has ceased flowing through 16e spray 
nozzle and the start of the neighing. 

6 . The same 4"x4" square sample is then left in a condi-
tioning room until it has dried and reached moisture 
equilibrium with Wesurrounding almosp6ere ."Ibesample 
is 

~o 
then weighed again. 

7 . The water absorbed shall be calculated u follows: 

where 
WA-waler absorbed, percent 
W-wet specimen weight, g 
C=conditioned specimen weight, g . 

8. TLe dynamic water absorption of the material is deicr-
mincd by averaging together the water absorbed by each 
of the two specimen sets . 

9. According to the present invention, the dynamic water 
absorption rating of the material can be determined after 
laundering the samples in accordance with NFPA 1971, 
6-12 . For instance, the samples can be tested after 10 
laundry cycles and after 20 laundry cycles to determine 
the durability of the water resistant coating. 

DETAILED DESCRIP770N OF PREFERRED 
EMBODIMENTS 

It is to be understood by one of ordinary skill in the an Way 
the present discussion is a description of exemplary embodi-
ments only, and is not intended u limiting the broader 
aspects of the present invention, which broader aspects arc 
embodied in the exemplary construction . 

In general, the present invention is directed to a fabric and 
a protective garment for fire fighters that has improved water 
resistant properties . In particular, the present invention is 
directed to a fire fighters garment having au outer shell fabric 

that has been vented with a durable water resistant compo-
sition . The mater resistant vealmtoi prevents water and 
moisture from being absorbed by the garment . Iv oompari-
sou to pfioran ConSWC(ioRt, the waierresistarn treatment as 
applied according to the process of the present invention is 
much mom durable in that the treatment will not signifi-
cantly degrade or wear off the garment when exposed to 
normal wear and tear . In particular, it has been discovered 
shat water resistam treatments applied according m the 
present invention cm withstand at lent 30 laundry cycles 
without losing a substantial amount of effectiveness . 

Referring To FIG . 1, one embodiment of an improved 
protective garment generally lU constructed in accordance 
with the present invention is illustrated . Garment 10 
includes a relatively tough outer shell 12 having a liner 
assembly 14 located Therein . Outer shell 12 and liner assem-
bly 14 together function to protect a wearer from heal and 
Same such as may be encountered during fire fighting 
activities . 

In the illustrated embodiment, liner assembly 14 is mo-
sWCled as a separate unit Thai may he removed from outer 
shell L. A zipper 16 is provided for removably securing 
liner assembly 14 to outer shell 12 . It should be appreciated, 
however, Thai other suitable means of attachment, including 
a more permanent Type of attachment such as stitches, may 
also be used between liner assembly 14 and outer shell 12 . 
The construction of protective garment In is more par-

iiculady illustrated in FIG. 2. As shown, liner assembly 14 
includes a plurality of material layers quilted Together -flic 
outermost layers, i.e . lining layers 20 and 22, are connected 
together about their respective peripheries to form an imer 
cavity. A thermal barrier layer .4 and a moisture barrier layer 
_'6 are located within the inner cavity, as shown. 7Vpically, 
lining layer 20 will be adjacent the wearers body during au, 
whereas lining layer 22 will he adjacent outer shell 12 . 

7Lermal barrier layer =4 can be made from unions 
materials. For instance, an aramid felt, such as a fell pro-
duced from NOME)C fibers obtained from DuPont can be 
used . ibe fell functions as an iosulaior to inhibit transfer of 
heat from the ambient environment to the wearer. 
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Moisture bartier 26 is preferably a suitable polymeric 
membrane [bat is impermeable to liquid water but is per-
meable to water vapor. Moisture barrier layer 26 is designed 
to prevent water contacting the exterior surface of gamerli 
lU from reaching the wearer while at the same time permit-
iing the escape of perspiration from the wearer. 

Outer shell 12, which can be positioned loosely adjacent 
to liner assembly 14, includes a woven fabric ?8 treated with 
a durable water resistant composition 30 in accordance with 
the present invention . In general, woven fabric ?A should be 
made from a mechanical resestarli, flame resistant, and 
thermal resistant material . For instance, woven fabric 38 can 
he made from aromatic polysmide polymers, such a aramid 
fibers. For example, KEVLAR paraaramid fibers, NOMEX 
mesa-aramid fibers, and mixtures of KE%'IAA fibers and 
NOMEX fibers commercially available from DuPont are 
particularly well suited for use in constricting woven fabric 
:li . Resides ICHVCAR fibers and NOMEX fibers, other 
fibers that may be used to produce The woven fabric include 
melamine fibers, such as BASOFIL fibers commerciaflv 
available from BASF, polyp-pheuylenc-2,6-
bezobisoxazole) (PBO) fibers commercially avaliable as 
ZYLON fibers from Toyobo Co ., Lid. or P-84 aramid fibers 
also available from Leozing . L should be understood, 
however, that any suitable fire resistant fiber may be cued to 
construct the fabric of the present invention. 

In one embodiment, the yams used to make woven fabric 
.8 can be made from a mirnre of aramid polymer fibers, 
such u F:E\'l.AR or NOMEX fibers, and polybenzimida-
zole (PHI) fibers . ID one preferred embodiment of the 
present invention, woven fabric ?$ is made from a 60/40 
blend of KEVL4R para-aramid fibers and PBI fibers . 
The yarns used to produce woven fabric ?P can be 

assembled in veriousdidertoi coastrucuons and is generally 
not critical . Far instance, woven fabric 28 can have a twill 
weave, a plain weave or any other suitable type n( weave. In 
one preferred embodiment, woven fabric ?13 has a rip stop 
weave. ID general, fabrics having a lighter weave will 
generally have better spray ratings. 

The weight of woven fabric 28 generally eau vary [Tom 
about 5.5 ounces per square yard to about 8 ounces per 
square yard . Preferably, the weight of woven fabric is from 
about 6 ounces per square yard to above 7.5 ounces per 
square yard . 

In accordance with the present invention. as shown iv 
FIG. 2, woven fabric :A is treated with a durable water 
resistant composition 30. When applied according to the 
process of the present invention, it has been discovered that 
water resistant Ireaimeui 30 is much more durable than 
many prior art conswctioos. 77ms, garments made accord-
ing to the present invention can be routinely laundered and 
used for an extended period of time without losing (heir 
ability to repel water. As described above, should a proieo 
five garment absorb water, the garment becomes much 
header and the thermal properties of the garmem become 
adversely affected . 

Besides making protective garment 10 impermeable to 
water, durable water resistant treatment 30 is also preferably 
resistant to oil and organic solvents, is not flammable, and IS 
abrasion resistant . Iv one preferred embodiment of the 
present invention, durable water resistant treatment 30 is 
made from a solution containing a fluorocarbon polymer that 
is applied to woven fabric .S . For example, durable water 
resistant 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 (Tom numerous sources. 
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In order to produce a liquid resislani fabric in accordance 

with the present im"eolioq first, a woven fabric is coo-
slmcltd or obtained that is suitable for use as an outer shell 
material in a protective garment for fire fighters . As 

s described above, 16e fabric should be made from game 
resistant polymers or other suitable materials. 

Prior to applying a durable water resistant treatment, the 
fabric eau be fvst scoured, although scouring may not he 
necessary for all applications. When scoured, the material 

10 can be scoured With an alkaline solution . 
After being scoured . the fabric is then put on a Teoter 

frame, dried and heap set. Specifically, h has been discovered 
by the present inventors that it is important that the fabric he 
substamially dry and free of moismrc prior to being treated 

1s with the durable water resiclam composition. For instance, 
after scouring, We fabric should be dried so Thai the moisture 
level is substantially equivalent to the natural moisture level 
of the fibers used to male the fabric . For instance, for most 
fibers, The moisture level should he less than about 10°h, and 

20 particularly less than about 7%. 
After the fabric has been dried and heat set, a durable 

water resistant composition according to the present inven-
tion is applied to al lead one side of the fabric . Although the 
composition can he sprayed on the fabric or printed on the 

'` fabric, preferably the fabric is dipped into a bath containing 
the durable water resistant Treatment in solution form . 
As staled above, the durable water resistant composition, 

in one embodiment, can be a solution mowining a Huoro-
cubon polymer. The Buomcafbon polymer can be combined 
m the solution with wafer, a drying agent such a an alahol, 
and an emulsifier. ILe amount of the water-resistant com-
position applied to the fabric will depend upon the particular 
formulation and the particular application . 

31 After the durable water resistant treatment is applied to 
the fabric, the fabric is then heated m a temperature sufficient 
for the coating to dry and/or cure . Once the durable water 
resistant treatment is cured and axed to the woven fabric, 
the fabric eau then be used in constructing protective gar-

,n meats in accordance with the present invention . 
II has been discovered that the above-desrnbed Amass 

securely axes the water resistant treatment to the fabric 
such that the Veaimenl becomes much more durable than 
prior an conslruclious . 

ns By applying water resistant treatments according to the 
process of the present invention. ii has been discovered that 
the treatments eau withstand numerous laundry eyries . For 
example, in one embodimeo4 the outer gartucnl of the 
present invention has shown to exhibit a spray rating of al 

so least 80 after 20 laundry cycles . More particularly, even after 
30 laundry cycles ii has been discovered that fabrics made 
according to the present invention have a spray rating of at 
least 70 and in same applications at teed 80, illustrating that 
16c water resistant treatment does not degrade and does not 

5s lose its effectiveness . Further, after undergoing thirty (30) 
laundry cycles. fabrics made according to the present inven-
tion have also been found to retain a water mpeHcocv rating 
of at least 4 and an oil repelleocy rating of at least 3. 

Outer garments made according to the present invention 
eo have also demonstrated superior water absorption and 

dynamic water absorption ratings . For instance, garments 
made according to the present invention can have a water 
absorption raring of less than about 8% after five laundry 
cycles, particularly less than about b% after five laundry 

ss cycles and more particularly less than about 4% after five 
laundry cycles. After ten laundry cycles, garments made 
according to the present invention can have a dynamic water 
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The following tests were pcdortned to order to demoo-
straie the superiority in performance of fabrics made accord- 15 
ing to the present invention in compar-ison to conventionally 
made fabrics . 

w,«. a~u~n~, ai aep,nm~r. ma spay rug aswo~ or 
PEW SOFT FIM7l Fabric Obuined Gem Dominwv Induu,u! Teciles 

Before PRSSine Aflcr Pressing 

Commercially available fabrics designed to be used as 
outer shell materials (or proactive garments wart 

also 
nu 

similarly tested after 10 and 3() laundry cycles . Of particular 
importance, the commercial fabrics tested had simile weave 
charaaeustics to the above-described fabric Specifically, 
one of the products tested was NA7"URAj. PHI obtained 
from Southern Milts and the other fabric tested was PI31 c5 
SOFT HAND obtained Iron Dominion Industrial Textiles . 
'Me following insults were obtained : 

PAGE.- OF t' 70 

11 
absorption rating of less Than about 15%n, particularly less 
than about 12%, and preferably leis [Iran about 1(1'x . The 
dynamic water absorpueo rating of garments made accord-
ing to the present ioveotioo after twenty laundry cycles, o0 
the other hand, is preferably less than about 1890, particu- s 
larly less than about 15%, and more particularly less than 
about 12%. 

The present invention may be better understood with 
reference to the following examples . io 

EXAMPLE Nn . 1 

12 

TABLE 4 

Wa¢r Rcpellco;y, OJ Repclleur~, and Spray Teo 
Resulu of N.Vl1FAL Put Fabric Ob~wed from SnuWmu MJIs 

Pc(ore Pmcsinc Afin Prcsdme 

leundeiwp Wamr rid Spnv w.:. 0J Spn 

16¢W 6 5 100 - - - 
10 ? o so a n sa 
30 0 0 _ J 50 

TABLE 5 

eRaa~sa 
A woven fabric suitable fur use as an outer shell material &toa rassM wk, 

for a fire fighter's protective garment was cowed with a :p laum«mg. wsm' oil spray wam. of spray 
durable water resistant composition according to 16e about- kiwt s 5 too - - -
described process of the present invention. Specifically, W< W 1: o so ? o so 
fabric that was [mated had the following characteristics and ?o o 0 0 0 0 0 
properties : 

Material : (i09r�140% intimate blend of KEVLAR aramid 'S As shown above, the current commercially available 
polymer fibers and PHI fibers fabrics lost half of their water cesislaory only after 10 

Denier : 1 .5 laundry cycles . After 30 laundry cycles, the fabrics eom-

CounP. 44 yaraslinch pletely lost their water repelleocy. 

Pick : 39 yarns/inch ~o In comparison, the fabric made according to [be prc:ent 
invention maintained a spray rating of at least 70 after 30 

Weave: Rip stop laundry cycles and even after Sn laundry cycles . As shown 
Weighs : 7.5 ozlsq. yard above, the fabric male awarding to the process of the 
After the above material was wowed, dried and beat set, present invention also had much better water repelleocy 

a durable water resistant composition was applied to the ratings and oil repelleucy ratings after being laundered . It is 
fabric . The durable water ssislanl composition was an as rant treGcved that prior to The present iuyenuon au outer shell 
aqueous solution containing a fluorocarbon polymer, an material was made that contained a water rcsivanl vcaimeui 
emulsifier, and as alcohol . that could maintain a spray rating of at least 70 after 30 
The above-trcafed fabric was then tested (or water laundry cycles. 

repctlency, oil cepellcncy, and spray tested ioiGally and after 
10, 20, 30, 30 end 50 laundry cycles. All the tests were °° EXAMPLE NO . 2 
conducted according to the above-described procedure. The p woven fabric similar to the one described in Example 
sample was jested both before and after being pressed with No . 1 above was coated with a water resistant composition 
a hand held iron . The following results were obtained : as described in Example 1 . In this example, however, the 

es composition applied to the fabric did not contain an emW-TABLf: 3 sifter but contained more fluorocarbon polymer. 

w,a, rt.pdieory, OJ Repdlency sod spray T.i 7be vented fabric was tested (or water rep:lltocy, oil 
RnWU of she Fobnc Made nccoaine to me Prcum Invention repel]eocy and spray tested initially and after 10, 20 and ?0 

laundry cycles. All the tests were conducted according to the 
lid.., rRSS~.e nr~, r..ui~c to procedures described above. A sample was tested both 

U.aedngs wnmr od spray wamr Ul Spr.,y before and after being pressed with a hand held iron. 'Ibe 
following results were obtained : 

1oiWl 6 5 100 - - -
10 ti 9 30 fi 5 

TABLE 6 2D h 5 '0 b 5 M 
30 4-1 J-a 70 6 4 1OyS0 55 
rip ~5 a-4 70 6 a 7(1-80 W'eier Rcpclleeq', OJ Acpellcncy end Spray Tce( 

SD a-5 3-4 70 6 4 70 RuW~ of a Fnbric Mete A¢o"dioe m 16r Prreen~ InacvGOo 

Isuudcrw, wa¢t oil spray wa¢r oil spray 

1v6d 6 6 200 - - -
in s s so n s too 
20 6 5 80-90 6 6 100 
?o s~ as so n s too 

As shown above, the treated fabric produced according to 
this example performed exceptionally well . In particular, the 
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'lUe following lest were performed in order to compare 
the dynamic water absorption characteristics of a fabric 
made according to the present invention in comparison to 
commercially avaliable fabrics 

The treated fabric described in Example No . 3 above was 
lasted for dynamic water absorption according w the pests 
de5crihed in the specification . Specifically, the sample was 
tested initially, after ten laundry cycles, soil after twenty 
laundry cycles. STANDARD PHI GOLD fabric and 
ADVANCE fabric obtained from Southern Mills were also 
jested . The following msulis were obtained : 

EXHIBIT . 
PAGE SO OF ~ 

13 
fabric had a spray rating of at lead 80 after ?A laundry 
cycles, and a spray rauog of RO even after 30 laundry: :ycles . 
Further, the (able was found well suited w repelling wager 
and oil, having a water repellency rating of at least 5 and an 
oil repeueocy rating of at least 4 after 30 laundry cycles . 
Even better results were obtained after pressing. 

EXAMPLE NO . -1 

the following facts were performed in order to compare 
the performance of s fabric made according to the present 
invention in comparison to commercially available fabrics 
with respect to water absorption . 

A woven fabric similar to the one described in Example 
Nn . 1 above was crated with a water resistant composition 
as described in Example No . 1 . The composition contained 
a (iuomcarbuu polymer, isopwpead, acetic acid end water. 
The 6urocarboo polymer used was a dispersion of per-
fiumalkyl and polyiwcyaoale polymers . 

The treated fabric was tested for water absorbwn initially 
and after five laundry cycles . All 16e tests were concluded 
according to the procedures described above . 

Resides a fabric made in accordance with the present 
invention commercially avaGable fabrics were also lasted . 
Specincally, the Commercially avaliable fabrics tested 
included STANDARD PBI GOLD obtained from Southern 
Mills, NOMEX OMEGA obtained from Springs Industries, 
and ADVANCE, fabric also obtained from Southern Milk . 
The following results were obtained : 

TABLE 7 

N`nIu AbsoMiov Acswl 

iviwi wm~~ . um, F,, 
A~uo Uund, Cjelcs 
RnYnH (-T) (°t) 

No. 1 0.55 IN 
STANDARD Put 0.77 9.1% 
GOLD 
KOMIXOMEGA 1 .0] 7659 
ADVANCE OAY 12 69 

As shown above, the treated fabric produced according to 
the present invention (designated Sample No . 1 above) 
outperformed the commercially avaliable fabrics . In 
particular, the results shove indicate Wag fabrics made 
according to the present invention have water absorption 
characteristics that ere more durable than the cnmmerically 
avsliablc prcwiuas . 

EXAMPLE NO . 4 

14 

TABti 9 

Uoamic Wmcr Ahsomuoo Pcaul~v 

5 loiiiul 
Dyoemic Wamr Ale, Tcn Aft" TWcoq 
qFsorptiov Icundry Lauodrv 

SmPle Riling f°r) Cycles ('I-1 Crclu (~) 

No I S ., 7 .0 10.5 
73 SEAWARD 10 .8 .2 .8 77.1 

PBI GOfD 
ADVANCE 68 70 .8 22 .7 

As shown above, the sample made according to the 
15 present iuven4on (designated Sample Na 1 above) bad 

better dynamic water absorption characteristics than the 
commercially avaGable fables . 

EXAMPLE NO . 5 
zo The woven treated fabric described in Example No . 3 was 

once again tested for water absorption . In this example, two 
olLer fabrics were waged as described in Example No . 3 and 
also taunt. The other two fabrics cowed according to the 
present invention had the following characteristics: 

25 Sample No . 3 
Material' 609c,40%. intimate blend of FEVIAR aramid 
polymer fibers and PHI fibers 

Count: 59 yams/inch 
'a Pick: 46 yannsdrich 

Weave'. Rip stop 
Weighs : 7.4 oz/sq . yard 
Sample No . 3 
Material : NOMHX Z20(1.'OMEGA aramid polymer fibers 

35 
Count: 41 ydlp5,llpGh 

Pick'. 39 yarusliuch 

Weave : Rip scup 

Weight : 7]$ OZ/5q . yard 

40 Sample Ho . 3 above is a commercially available fabric 
marketed under the name OMEGA by Springs Industries. 

Besides testing the above treated fabric for water 
absofpuon, variouscummericaLly avaliable fabrics were also 
simduly tested . Iv particular, OMEGA fabric without being 

qs treated in accordance with the present invention was tested 
for water absorption along with STANDARD PHI GOLD 
fabric, TAN ADVANCE fabric, BLACK ADVANCE fabric, 
and TAN NOMEX fabric, all obtained from Southern Mills. 
The following results were obtained : 

50 
TABLE 9 

Weie, AbeamGov RnWu 

loitial Water After Fiv c 

55 Abenryuuo fauodn Cvcla 
Semplc RaiinB (%) 

No . ] 0 .55 '.N 
No . 2 2.07 1.5] 
N. .3 1 .53 2_V 
OMEGA(unvoiW) 1 .01 7459 

6G STANDARD PEI GOID 0.77 9.84 
TAN ADVANCE OA9 11-69 
BUCK AD\'AVCE 0 .89 Q.dJ 
rn.I Nome 1 . ;-r 26.04 

55 As shown above, all of the fabrics mode according to the 
present invention outperformed the other commercially 
aveGable fabrics. 
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7Uesc and other modifications and va.riaiions to the 
present invention maybe practiced by those of ordinary skill 
in the art, without departing from the spirit and scope of the 
present invention, which is more particularly set forth in the 
appended claims. In addition, it should he uuderuood that 
aspects of the various embodiments may be interchanged 
two in whole or in part . Furthermore, those of ordinary skill 
in the art will appreciate that the foregoing descopdoo is by 
way of example only, and is not intended to limit the 
invenuon so further described in such appended claims . 
What is claimed is : 
l . A protective garment. suitable for use by a fire fighter, 

said protective garment comprising; 
an inner lining cou5gwed to cover a predetermined 

portion of a wearer's body, said inner lining being 
positioned w as to be adjacent said wearer's body 
during use; mid 

an outer shell covering said inner lining, said outer shell 
being made from afire resistant material . said tinier 
shell being impregnated with a durable wafer resistant 
treatment, said durable water resistant treatment being 
incorporated into said outer shell such that said outer 
shell maintains a spray rating of al lout 80 after being 
laundered 20 laundry cycles and then pressed and 
maintains a water absorption rating of at least 8% after 
five laundry cycles . 

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

timer shell maintains a water absorption rating of al loin 6% 
after five laundry cycles . 
4. A protective garment u defined in claim 1, wherein said 

durable wader resistant treatment is incorporated into said 
outer shell such that said outer shell maintains a water 
absorption rating of at least 4% after five laundry eyries . 

5. A protective germeui as defined iv claim 1, wherein said 
outer shell is a woven fabric comprising polvhenzimidazole 
and an aromatic polyamide polymer. 

6. A protective garment as defined in claim I, whereto said 
outer shell is made from en aramid polymer. 
7. A protective garment u defined iv claim 1, wherein said 

outer shell also maintains a dynamic water absorption rating 
of at least 1N%n after twenty lauudry eyries . 
B.Aprolectice garment as defined i0 claim 1, wherein said 

outer shell weighs from about 6 ounces per square vud to 
about 10 ounces per square yard . 
9. A protective garment as defined in claim 1, further 

comprising a thermal homer layer positioned between said 
inner lining and said outer shell . 

10. A protective garment suitable for use by a five Hghl<r, 
said protective garment comprising . 

au inner lining configured to giver a predetermined 
portion of a wcuec's body, said inner lining being 
positioned so u to he adjacent said wearer's body 
during use; 

an outer shell covering said inner lining, said timer shell 
comprising a woven fabric mode from fire resistant 
yarns; 

a thermal bonier layer positioned between said inner 
fining sod said outer shell; and 

a durable water resistant treatment impregnated into said 
outer shell, said durable water resistant treatment com-
prvsing a fluorocarbon polymer, said durable water 
resistant treatment being incorporated into said outer 
shell such that said outer shell maintains e water 

sxNiair~ 
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absorption tafing of at least S'7o after five laundry cycles 
and a dynamic water absorption rating of at least 18% 
after twenty laundry cycles. 

11 . A protective garment u defined iv claim 10, whereto 
5 said durable water resistant treatment i5 Incorporated into 

said outer shell such that said outer shill maintains a water 
absorption rating of al least 4'7e after five laundry cycles and 
a dynamic water absorption raring of at least 12% after 
twenty laundry cycles . 

t0 12 . A protective garment as defined in claim 10, wherein 
said durable water resistant treatment is incorporated into 
said outer shell such that said timer shell also maintains a 
spray rating of at least SU after twenty laundry cycles. 

l3 . A water and fire resistant fabric particularly well 
i5 suited for producing protective garments for use by a fire 

fighter, said water and fire resistant fabric comprising : 
a woven (oboe substrate, said woven fabric substrate 

being made from a fire resistant material ; and 
a durable water resistant treatment impregnated into said 

20 fabric substrate, mid durable water resistant treatment 
being incorporated into said fabric substrate such that 
said fabric substrate maintains a spray rating of at ]cast 
30 after 7.0 laundry cycles and maintains a dynamic 
water absorpiioo rating of al least l5'7o after ten laundry 

`s cycles . 
74 . A water and fire resistant fabric as defined is claim 13, 

wherein said durable water resistant treatment comprises a 
fluorocarbon polymer. 

I5. A water and fire resistant fabric as dzfined in claim 13, 
30 wherein said fire resistant material is made from a polymeric 

material comprising an aramid polymer. 
16 . A water nail fife resistant fabric as dcfioed in claim 15, 

wherein said polymeric material used to make said fire 
resistant material further comprises polybenximidazole. 

35 17 . A Water and fire resistant fabric as defined in claim 13, 
wherein said fabric substrate also maintains a water sbsorb-
Iiuo rating of al least 6% after five laundry cycles . 

I8 . A process for producing a water resistant fabric 
particularly adapted for use as an exterior covering for a fire 

40 fighters protective garment, said process comprising the 
steps of. 

providing a fire resistant material, said rim resistant mate-
rial comprising a woven fabric, said fire resistant mate-
rial being subsianually free of moisture; 

applying a durable water resistant treatment w said 5u 
resistant material ; and 

thereafter heating said fire resistant material so as to affix 
.mid durable water resistant treatment to said fire rcsis-

h taut material, said durable water resistant treatment 
being affixed lo said fire resistant material such that said 
fire resistant material maintains a water absorption 
rating of at . ]cast 6% after five laundry cycles and a 
dynamic water absorption rating of at Ieu1 12% after 

55 too laundry eyries. 
19 . A process as defined in claim 18, wherein said fire 

resistant material is made from yams comprised of an 
aramid polymer. 
20 . A process as defined in claim 18, whereto said fire 

su resistant material is made from guns comprising a mixture 
of aramid polymer fibers and polybeuzimidamle fibers . 
21 . Aprocess asdefioed in claim 18, whereto said durable 

water resistant treatment comprises a ftuorocar6oo polymer. 
22 . A process u defined in claim 18, further comprising 

bg the steps Of: 
scouring said fire resistant material prior to applying said 
durable water resistant treatment. soil 
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drying said scoured fire resistant material such Thai said 
fire resistant material is subslamially free of moisture . 

73 . Apmcess as defined in claim 18, wherein said durable 
water resistant treatment is axed to said Bye resistant 
material so that said fire resistant material also maintains a 
spray rating of at Icasi 80 after twenty laundry eyries. 

24. A pmccss,rs defined in claim 18, wherein said durable 

water resistant trcatrneui 16a1 is applied to said fire resistant 
manual comprises au aqueous solution containing a fluo-

rocarbon polymer and an alcohol . 
25 . A protective garment suitable for use by a fimfighter, 

said protective garment comprising . 
an inner lining configured m rover a predetermined 

portion of the wearer's body, said tuner lining being 
positioned w as m be adiaceut said wearer's body 
during use; and 

an outer shell cowering said inner living, said outer shell 
being made from a fire resistant material, said outer 

PAGE 11 OF-17~_ 
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shell being impregnated with a durable water resis=t 

treatment, said durable water resistant treatment being 
incorporated into said outer shell such that said outer 
shell maintains a spray raLing of at least 80 after 20 

s laundry cycles, maintains a water absorption rating of 
at least 4% aGer five laundry cycles and maintains a 
dynamic water absorption rating of at lest 12% after 
twenty laundry cycles . 

io 26 . A protective garment as defined in claim 25, wherein 
said durable water resistant treatment comprises a Huorn- 
C2(1700 polymer and wherein said outer shell comprises a 
woven fabric . 

27 . A protective garment as defined in claim 25, wherein 
said outer shell further maintains a dynamic water ab.+ofp- 
tioo raring of al least 10% after ten laundry cycles . 
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(57) ABSTRACT 

A protective garment of the type typically worn by fire 
fighters with improved water resistance is disclosed. In 
particular, the present invention is directed to an outer shell 
material for protective garments that is made from a fire 
resistant material coated with a durable water resistant 
coating. The durable water resistant coating is applied to the 
outer shell in a manner so that the coating will not degrade 
when exposed to normal wear and tear and even after the 
garment has been laundered repeatedly . Protective garments 
constructed in the past typically lost most of (heir water 
repellency after being laundered as little as five cycles . It has 
been discovered that water resistant coatings applied accord-
ing to the process of the present invention, on the older hand, 
can survive at least 30 laundry cycles, and in many appli-
cations al least SU laundry cycles without significantly 
degrading. 
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zu 
The preseot invention recungnizes and addresses the fore- 

going disadvantages, and others of prior an constructions 
and methods, 
Accordingly, an object of the present invention is !n 

:~ provide an improved protective garment suitable for use by 
a rim lighter. 

It is another object of the present invention is to provide 
a projective fabric for making garments that has been treated 
with a durable wader resistant treatment . 

`c 5sill another ubjen of the present invention is to provide 
n protective fabric having a water recistam treatment that can 
withstand normal laundering . 

It is sauttv:t nhyen of the present invention to provide a 
protective garment tar fire fighters that contains a durable 
water resistant treatment applied to an exterior shelf chat 
allows the garment to maintain a spray rating of at least 70 
even after 30 Woodry cycles . 

These and other objects of ibt present invention are 
achieved by providing a Fabric fur couswcaing a protective 
garment suitable for use by a fire fighter. lIze protective 
garment includes an inner lining configured to cover a 
predetermined portion of a wearer's body. The inner lining 
is pucitioced ~o as to he placed a8js:em to the wearer's body 

y ., during use . M outer shell made from the above fabric covers 
the inner living anti is made from a fire rasistant material . 

in acwn3ancc with the present invention, a durable water 
resistant treatment is incorporated ins the outer shell .'I"6e 
durable wares resistant trcatmcns is affixed so sty'. oancs shell 

s~ such that the outer shell maintains a spray rating of at least 
70 even after :+0 laundry cycles . anti, in Some applications, 
maintains a spray rating of ac least 70 even after 50 laundry 
cycles. fn an aStemative preferted emkwx3imcnt of .he present 
invention, the Outer shell is mnswcted so as to maintain a 

ss spray rating of ac (eau £,0 after 20 laundry cycles, 
Besides maintaining a high Y7.+rsy rating, an outer shell 

constructed in Accordance with the present invention also 
maintains very gcx'd water absorption twinge and dynamic 
water absorption ratings after being laundered . For onsumce, 

u.L after five laundry cycles the outer shell fins been found to 
maintain a water absorption rating of less than about 8%, 
particularly leis than about b%, and in a prefenecJ embculi-
mcm less than about 4~i, The outer shell can have a dynamic 
water xFnnrQtinn rating of leas than about 75%r, after fen 

05 laundry cycles, patticviscty tree than about I_'R, after ten 
laundry cycles, anti more particularly less than above lOR+ 
after ten laundry cycles . After twenty laundry cycles, Flit 

Pro[cctivz garments worn by fire fighters are designed to 
perform several functions . Of these, protection from best 
sad flame are perhaps she mast important Characteristics Of 
the garments . In addition to providing pmtzaion from heat 
anti flame . the garments. however, should be AS light as 
possible, should provide Some brcathabiWy and should 
encumber the wearer as little as possible . 

Conventional fire Fighter garments arc geacratiy con-
sweled having a number of discrete layers. Typically, these 
layers include an ester shell, s moiSmre barrier layer, r 
dzersnak Carrier layer, and as inner lining. The layers are 
generally made from appropriate ihccmalSy-s :siuusi mate-
rials to provide protection against bean anti flame . 

In the past, one difficulty teal has been encountered in 
designing protective garments us be worn by fire fighters, is 
to prevent the garments from absorbing and retaining mois-
cure . For instance . protective garments wom by fire fighters 
usually become wet during use due to external exposure to 
exiingiusbing wafer or rain . Also, fire fighttr garments can 
become wet clue to the absorption of perspiration given uH 
by the wearer . Unfortunately, when the protective garment 
absorbs Moisture . the characteristics anti properties of the 
garment can be adversely affected . For example, when 
retaining Moisture, the projective garment can become sig-
oificmtty heavier. 

Besides increasing in weight, 16c presence of moisture 
within a protective garment also adversely affects the il:er-
mal properties of the garment Making she garment fees 
effective in shielding its wearer tram thermal heal to 
particular, since water is a much better hen[ conductor than 
air, the ran of heal transfer ittough the garment itcltaseN . 
Nsa, it hag hero discovered that as water heats up in x 
protective garment, oho water can turn to steam under 
exposure 10 hear and actually bum a person wearing the 
garment . 

Ultimately, when protective garments sx described above 
become wee or waked wid6 wrier or odicr fluids, the 
gacmcn :s. become hoc and +.ina~mtunxhte m work in due to 
the increased weight and due co the increased ran of heat 
transfer through The garment. A.c a consequence, a wearer 
can only spend a limited amount of time working or pzr-
fQ :rssng (es4~ in the garmeae due to the possibility u( heat 
crease . 

In the vast, in order to prevent water from being absorbed 
by protective garments worn by fircme¢, the garments have 

tms PaF or us . uiaay Paten! 6606749 pray-dad by Patent Fetc1bcl`, a Product or rateqt .o~vs~ ca, sic - sae 5 or ,a EXHI817__._C-
PAr,E-,5- OF 

WA'CER RESISTANT PROTECTIVE 
GARMENT FOR FIRE FIGHTERS 

REI-ATED APPLICATIONS 
This application is a continuation of U.S . Sec No . (197734, 

374, filed Dcc . 11, 3IXD0 which is a continuation v( U.S, Ser . 
No . tY9;78f3,635, filed Nov. 9, 1499, now U .S. Pad . Nom . 
6,19?.SA which is a continuation in pan application Of Set 
NV D911)16,097, filed J»n . 317, 1998, now U_S . Pal No . 
6,065,153 . 

FIELD OF TFIE INVENTION 
The present invention generally relates to protective gar -

menus such as the type worn by fire figbirTs . More 
particularly, the present invention is directed to a projective 
garment having a wager resistant outer shell. In particular, an 
outer shell made according to [be present iawmion has 
proven in he able it) rosin its primary water resistant 
properties even after undergoing 10 laundry cycles . 

BACKGROUND OF THE IN'%T"ON 

2 
been treated with a water resistant composition. Tht water ce 
resistant tremmeos applied co waventiooally made proiec-
tLve garments, however, have out proven to be durable anti 
have bean found to become ineffective after the garment has 

s been placed in use for a period of time . In particular, it has 
been 3iccn,errd Thai conventionally applied water resistant 
iteafmenis become sigoificaody degrzdrd when the pmtec-
pve gameat is washed . Specifically, it has been found that 
IN, water resisraot treatments begin to degrade, only after 

m five (5) laundry cycles and typically fast must o! their 
eScctiveness At? ten oil) Saundr} cyclxe. 
As Such, a need currently exists for as improved war" 

resistant fabric and promaivc garment to be wam by fire 
lighters . Mare particularly, a aced exists far n method of 

i5 applying a wager resistant treatment to a protective garment 
that will not degrade over a period of time anti that can 
withstand normal Foundering . 

SUMMARY OF THE thNENTICIN 
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The following definitions and procedures are offered in 
order to bailer describe and quantify the performance of 

protective garments and fabrics made according to the 

present invention in comparison to prior art constructions . 

Spray Test 
As used herein, a fabric spray rating refers to a rating a 

fabric or a material receives according to AATCC SPRAY 

EXHIBIT L 
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outer shell maintains a dynamic wafer absorption rating of 
less than about 18`0, more particularly less about 159e, and 
preferably less than about 12%v . 

In one embodiment, the outer shell can be made from a 
woven fabric, such as having a plain, twill or rip stop weave. 
The material used m make the outer shell eau be an aramid 
polymer or can be a mixture of an aramid polymer and 
polybenZimidamle . The woven fabric used to make the 
outer shell can have a weight of from about 5.5 ounces per 
square yard to about 8 ounces per square yard, and panicu-
larly at a weight of about 7.5 ounces per square yard . 
Further, a thermal barrier layer can be positioned between 
the outer shell and the tuner lining . 
The durable water resistant treatment applied to the outer 

shell can contain a fluorocarbon polymer. lbe water resistant 
treatment can be applied to the outer shell as a solution and 
then later awed or dried by healing the outer shell fabric . 

7Lese and other objects of the present invention are also 
achieved by providing a process for producing a water 
resistant fabric parlicululy well adapted for use as an 
exterior covering (or a fire fighters protective garment The 
process includes the steps of providing a fire resistant 
material . For instance, the Cue resistant material can be a 
woven fabric made from a fire resistant polymer, such as au 
aramid polymer. Iv our embodiment, the fire resistant mate-
rial is scoumd, such as by being exposed to an alkaline 
solution . After scouring, the material is dried. 
Once dried, a durable water resistant treatment, such as a 

fluorocarbon polymer solution, is then applied to at lent one 
side of the fire resistant material . Once the water resistant 
treatment is applied to the material, the material is healed 
until the treatment is dried and cured. In particular, accord-
ing to the present invention, the durable wafer resistant 
treatment is affixed to the fire resistant material such that the 
material maintains a spray rating of at least 70 even after 30 
laundry cycles. 

Older objects, features and aspects of the present iuveu-
tiuo tic discussed in greater detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A Cull and enabling disclosure of the present invention, 
including the best mode thereof, to one of ordinary skill in 
the an, is set forth more particularly in the remainder of the 
specification, including reference to the accompanying 
figures, in which . 

FIG . l is a perspecdve view of one embodiment of a 
protective garment made according to the present invention; 

FIG. 2 is a cross-suuoual view of the garment illustrated 
in FIG . l; and 
FIGS . 3A-3F are diagrammatical views of illustrative 

examples of spray ratings (or a standardized fabric spray 
test. 

Repeal use of reference characters in the present specifi-
cation and drawings is intended to represent same or analo-
gous features or elements of the invention. 

DEFINITIONS AND STANDARDIZED 
PROCf:DURES 

4 
TEST METHOD 2?-1996 . In general, a spray test measures 
the resistance of a material to wetting by water. 

According to the present invention, the following is the 
procedure used to determine the spray rating of a material . 

S 1. ,40 7"x7" sample n( the material to be tested is first 
conditioned at 65 plus or minas 2% relative humidify and at 
70 plus or minus .° F. for a minimum of four hours prior to 
Testing . 

2. The fabric sample k fastened securely on a 6" metal 
hoop so that the fabric is wrinkle free. The hoop is supported 

m on a tester's stand so that the fabric is facing up . Twills, 
gabardines, piques or simile fabrics of ribbed cooswctiou 
arc positioned on the stand so that the ribs arc diagonal to [be 
flow of water running off the fabric . A funnel anached to a 
nozzle for holding water is placed 6" above the center of the 

15 fabric . 
3. .50 milliliters of water at 80 plus or minus 2° F. are 

poured from a cvp or other container role the funnel, 
allowing the water to spray onto the fabric . 

4. Once the water has run through the funnel, one edge of 
We hoop is held and the opposite edge is firmly rapped once 

~0 against a solid object with the fabric (acing the object . The 
hoop is rhea rotated 180° and it is rapped once more at the 
point previously held . 

5. 'The welled or sported fabric sample is then compared 
with the standards shown in FIGS . 3A-3F. 'The fabric is 

=s assigned a spray rating That corresponds to the netted 
standard . As shown on FIGS . 3A-3F, the fable can he rated 
from 0 to 100 wherein 0 indicates that the eoure fabric is 
wetted with the water, while a rating of 100 indicates that 
none of the fabric was wetted by the water. 

;p Water Repellency Test 
The following standardized water repelleocy test deter-

mines a material's resistance to wetting by aqueous liquids . 
In general, drops of a wateralco6ol mixture of varying 
surface tensions are placed on the surface of the material and 

v5 We extent of surface waning is determined visually . The 
higher the rating a material receives is an indication of the 
material's resistance to staining by water-based substances . 
"lbe composition of standard test liquids is as follows: 

40 
TABLE I 

Siavdnrd Test Ucrodis 

Comooi 

wager Repelleery Isopmpevol, DiaW1cE 
45 Retwg Number `b Wi ̀d 

7 
5 95 

? 10 90 
4 '_0 80 

50 5 30 70 
6 40 a0 
7 50 50 
8 60 40 

55 Tit water repelleocy procedure is as follows: 
1 . A 2"x8" simple of material is first conditioned at 65 

plus or minus 2% relative humidity and al 70 plus or minus 
2` F. for a minimum of four hours. 7Ue fabric is placed 
horizontally (ace up on white blotting paper. 
2. Beginning with teal liquid number 1, one drop of the 

60 liquid is placed a1 three locations on the material . Each drop 
placed on the material should be 2" apart. 
3. The material is observed for 10 seconds from au 

approximate 45° angle. 
4 . IC two n( the three drops have not wet We fabric or do 

as not show leaking into the fabric, drops of teal liquid number 
2 arc placed on an adjacent site and step number 3 is 
repeated. 
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2. Deb sample is severely connoted, with We coated side 
Ss of the material up, to embroidery hoops with sufficient 

tension to ensure a uniformly smooth surface. The hoop is 
supposed on a tester's stand. The material is positioned so 
that the direction of the flow of water down the sample shall 
coincide with the warpwise direction of the sample as placed 

~~ no the stand. A funnel attached to a nozzle for holding water 
is placed 24" above the center of the material . The plane of 
the surface n( the sample is placed al a 45° angle with the 
horizontal . 

Water l<vel High 
wash Cydc Normal, 13 minuets 
Tcmpcnmm warm Wect, 105" F . ; Cold K. 

CVUIGIT 
This PDF of U 5 . Utility Patxnl 66067.79 provided by Patent Felchei', a product of Patens Logist,cs, LLC - Page 7 of 14 rt 

nF 
' 

oenc 1 ~ ,, 

5. This procedure is Continued anal 2 of the 3 drops have 
wet or show wicking into the fabric . The water repellency 
rating is the highest numbered liquid for which 2 of the three 
drops do not wet or wick into the fabric. 
Oil Repellency Test 

The following oil repellency lest determines how well 
finished fabrics resist oily stains and wetting by organic 
liquids . ID this test, drops of eight liquid hydrocarbons of 
various surface tensions are placed on the surface of the 
material and the extent of surface welting is determined 
visually . The standard lest liquids used are as follows: 

TABLE 2 

OJ Reoellevcv Suedud Tai liauida 

H7dma,bon Rating Number 

Related Mivcrel Oil 1 
Refined! Mineral 
OJ/n-HcxWcmoc 65.E?5°.0 
by volume et :7` C . 
o-Henaecme ? 
D-Tctndeone a 
v-Dod.oc 5 
e-Deave 6 
v-Ocuee 7 
o-Hepboe 8 

1. A 2"x8" Sample of material is conditioned at 65 
"s or minus 29o relative humidity and a170 plus or minus 2 F. for 

a minimum of four hours before testing . The fabric is placed 
in a horizontal position (ace up no white blotting paper. 

2. Beginning with liquid number 1, drops approximately 
5 milliliters in diameter or 0.05 microlilers in volume are 
placed on the test sample in Several locations. 
3. The drops arc observed for 30 seconds from an approxi-

mate 45° angle . Wetting of the fabric is normally shown by 
darkening at the liquid/fabric interface . On black or dark 
fabrics, wetting eau be detected by a loss of sparkle within 
the drop . 
4. If liquid number 1 does not penetrate or wet the fabric 

of show wicking around the drops, drops of liquid number 
2 tie placed on adjacent portions of the fabric and observed 
for 30 seconds. 
5. This procedure is continued until the fabric shows 

welling under or around the drops of test liquid within ?0 
seconds. A sample's AATCC oil repellency rating is the 
number of the highest numbered test liquid that will not wet 
the fabric or show wicking within 30 seconds. 
laundering Test 

Laundering is preferably performed in a KENMORE 
automatic washer, followed by drying in a KENMORE 
automatic dryer. The following laundering test is aced to 
determine the fabric's ability to withstand laundering. 
Typically, after laundering, the fabric is then subjected to the 
above-described spray lest, water repellency test, and oil 
repelleocy test . 

1 . 8"x10" test specimens are combined with load fabrics 
(hemmed pieces of cotton sheeting or 50:50 fabric sheets 
having a size of 36"xl6") m give a total dry load of 4 
pounds . 
2. The dials on the washer are set u follows: 

6 
Gamble) detergent is added while the washer is filling with 
soft water. If the water hardness is greater than 5 ppm, 
CAI.GON water soNener (Nalco) in the amount specified by 
the manufacturer is added to wfleo the water . 

3. After the washing is complete, the wet fabric including 
the dummy load is placed in the automatic dryer. The dryer 
temperature dial is set to the proper point under high heat to 
give a maximum vent temperature of from about 155° F. to 

10 about 160° F. The Lime dial is set for "Nofmal Cycle" for 45 
minutes. 73e machine is started and drying is allowed to 
continue until the cycle is complete . The above represents 
one laundry cycle. 
4. The fabrics are then rewuhed and redried until 10 

15 cycles have been completed. Optionally, the lest fabrics can 
be pressed with a hand iron, or the equivalent, at 280° F. to 
about 320' F. for 30 seconds no each side with the face side 
pressed last. The fabrics are then conditioned before Testing 
for wager repellency, oil repellency, or spray rating . As used 

=0 herein, water repelleocy, oil repellency and spray ratings are 
all determined without ironing the fabric after being 
laundered, unless otherwise denoted. 

Water Absorption Test 

:s The following water absorption lest is for determining the 
resistance to water absorption n( a fabric or material . The 
lest is based upon NFPA 1971, (r26 . ID particular, the water 
absorption test is conducted according to the above-
identified test method after the fabric of material has been 

'0 subjected to five laundry cycles in accordance with NFPA 
1971, G12. 

According to the present invention, the following is the 

procedure used to determine the water absorption rating of 

35 
d material . 

1 . Three S"xS" samples of the material to be tested are 
subjected to five laundry cycles in accordance with NFPA 
1971, b-1.2 . Test method NFPA 1972, 6-1 .2 is substantially 
similar to the laundering test described above. In this lest, 

ao however, the specimens we conditioned in an atmosphere of 
70 plus or minus 2° F. and 65 plus or minus 2% relative 
humidity before and after being washed . Further, the 
machine settings and parameters arc as follows: 

4! 

water level vormil 
rash ryde oormalicaiav emrdy 
rash mmpemmte ]<0 r or - 5` F. 
dr7ivgcyJe mmbl4couavsmrdy 

50 detergent 60 + or - 1 g of 1997 
AA7'CC steudnrd Rdcrtvtt 
Dctergmt 

as 3. 5(q ml of water of a temperature of R0+ or -2° F. are 
The test pines and dummy load are placed in the washer and poured quickly into the funnel and allowed spray onto the 
the machine is staled . One ounce of TIDE (Proctor & specimen . 
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hereto W is the weight of the wet sample and O is the 
weight of the dried sample . The water absorption rating 
of the sample is she average of the resullsobtained from 
the three specimens tested . 

Dynamic Water Absorption Test 
The following test also measures the resistance of mate-

rials to welling by water. 11 is particularly suitable for 
measuring the waleo-repelleol efficacy of finishes applied to 
fabrics, because the test subjects the treated fabric to 
dynamic conditions simile to those often encountered dur-
ing actual use. The test conforms to AATCC Test Method 
No . 70-1997. 

According to the present invention, the following is the 
procedure used to determine the dynamic water absorption 
rating of a material . 

1. During the test, two specimen sets are tested . Each 
specimen set consists of five 8"x8" pieces of the material . 
For each piece that is cut, the comer yarns are removed sod, 
J necessary, a drop of liquid latex or rubber cement is placed 
at the comas to prevent raveling . Prior to testing, each piece 
of material is conditioned al 65+ or -2%n relative humidity 
and al 70+ or -2° F. (or a minimum of four hours. Blotting 
paper b be used later is also conditioned . 
2. The five pieces of each specimen set are rolled together 

and weighed to the nearest 0.1 gram . 
3. Two liters U( distilled water at R0+ or .° F. is poured 

into the tumble jar of a dynamic absorption tester. The 
dynamic absorption tester should consist of a moor driven, 
6 liter cylindrical or hexagonal-shaped jar approximately (i 
in diameter and 12" in length, mounted to rotate end over 
cod at 55+or-'_ rpm with s constant tangential velocity . T'he 
jar may be of glass, corrosion resistant metal, or chemical 
stoneware. 

4. Both specimen sets arc 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 al a rate of 1" per second with the edge of 
the piece parallel to the rolls. the piece is saodwic6ed 
between two pieces of unused blotter paper and passed 
through the ringer again . The piece is left sandwiched 
between the wet blouers.7'he process is then repealed for the 
remaining four pieces of the specimen set . 711e blotters are 
removed and the five pieces are rolled together, poi in a fared 
plastic container or gallon-sized zippered plastic bag and the 
wet specimen set is weighed to the nearest 0.1 gam. 7be 
mass of the wet specimen set should not he more than twice 
its dry mass . 

II is to be understood by one of urdiuary skill in the an that 
`s the present discussion is a description of exemplary embodi- 

meois only, and is no( intended as limiting the broader 
aspects of the present invention, which broader aspects are 
embodied in the exemplary construction . 

In general, the present invention is directed to a fabric and 

30 a protective garment for fin fighters that has improved water 
resistant properties . ID particular, the present invention is 
directed to a fire fighters garment having an outer shell fabric 
that has been treated with a durable water resistant compo-
sition . 711e water resistant treatment prevents water and 

,5 moisture from being absorbed by the garment. In compari-
son to prior art construclions, the water resistant treatment as 
applied according to the process of the present invention is 
much more durable in that the treatment will not signifi-
cantly degrade or wear off the garment when exposed to 
normal wear and mar. In particular, it has been discovered 
that water resistant treatments applied according to the 
present invention can withstand al lent 30 laundry cycles 
without losing a substantial amount of effectiveness . 

Referring to FIG. 1, one embodiment of an improved 
qc protective garment generally 10 construcled in accordance 

with the present invention is illustrated . Garment 10 
includes a relatively rough outer shell 12 having a liner 
assembly 14 healed thereto . Outer shell 12 and liner assem-
bly 14 Together Fuocdoo to protect a wearer from heal and 

so game such as may be encountered during fire fighting 

activities . 

In the illustrated embodiment, liner assembly 14 is con-
structed as a separate unit that may he removed from outer 
shell 12 . A zipper 16 is provided for removnbly securing 

55 liner assembly 14 to outer shell u. It should he appreciated, 
however, that other suitable means of attachment, including 
a more permanent type of attachment such as stitches, may 
also be used between liner assembly 14 and outer shell 12 . 
The construction of protective garment 10 a more par-

60 Gwlady illustrated in FIG. 2. As shown, liner assembly 14 
includes a plurality of material layers quilted together . The 
outermost layers, i.e . lining layers 20 and 212. are connected 
together about their respective peripheries to form an inner 
cavity . A thermal barrier layer 24 and a moisture barrier layer 

as 26 are located within the inner cavity, as shown. Typically, 
lining layer 20 will he adjacent the wearers body during use, 
whereas lining layer u will he adjacent outer shell 12 . 
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4. As rapidly as possible, the sample is removed from the 

hoops and placed between two sheets of blotting paper on a 
flat horizontal surface . A metal roller approximately 4'h" 
long and weighing 2'G pounds is rolled quickly forward and 
back one time over the paper without application of any 
pressure other thin the weight of the cotter . 
5. A square having dimensions of 4"x4" is cut out of the 

center of the sample and weighed to the nearest 0.05 gams . 
Not more than 30 seconds shall elapse between the lime ~6e 
water has mused flowing Through the spray mule cod the 
sun of the weighing. 
6. The same 4"x4" square sample is then left in a 

conditioning 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: 

w-o 
water absorbdo¢ Percmi= O x 100 

6 . Step number five is repealed for the second specimen 

set . 
7. The dynamic water absorption for each specimen set is 

calculated to the nearest 0.1% using the following equation : 
5 

wA-ia-c-uc.1ao 

where 
WA=water absorbed, percent 
W=wet specimen weight, g 

10 Gmnditiooed specimen weigh, g. 
8 . The dynamic water absorption of the material is deler-

mined by averaging together the water absorbed by each of 

the two specimen sets . 

is 9. According to the present invention, the dynamic water 
absorption rating of the material can be determined after 
laundering the samples in accordance with NFPA 1971, 
6-1 .2 . For instance, the samples can be tested after 10 
laundry cycles and after 20 laundry cycles to determine the 

_o durability of the water resistant coating. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 
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Thermal barrier layer 21 can he made from various 
materials. For instance, an aramid felt, such as a felt pro-
duced from NOMF.X fibers obtained from DuPont can be 
used . Tie (ell functions u an insulator to inhibit transfer of 
heat from the ambient environment to the wearer. 

Moisture barrier 26 is preferably a suitable polymeric 
membrane that is impermeable to liquid water but is per-
meable to water vapor. Moisture barrier layer26 is designed 
to prevent water aiolacLing the exterior surface of garment 
10 from reaching the wearer while al the same time permit-
tiog the escape of perspiration from the wearer. 

Older shell 12, which can he positioned loosely adjacent 
to liner assembly 14, includes a woven fabric 28 treated with 
a durable wader resistant composition 30 in accordance with 
the present invention. In general, woven fabric 28 should be 
made from a mechanical resistant, flame resistant, and 
thermal resistant material. For instance, woven fabric 28 can 
be made form aromatic polyamide polymers, such as aramid 
fibers . For example, KEVLAR para-aramid fibers, NOMEX 
m<ta-aramid fibers, and mixtures of ICEVL.AR fibers and 
NOMHX fibers commercially available from DuPont are 
particularly well suited for use in construct] og woven fabric 
28 . Besides KEVLAR fibers and NOMEX fibers, other 
fibers [bat may be used to produce the woven fabric include 
melamine fibers, such as BASOFIL fibers commercially 
available from BASF, polyp-pheoyleoe-2,6-
bezobisoxuolt) (P80) fibers commercially avaliable as 
ZYLON fibers from Toyobo Co ., Ltd. or P-84 aramid fibers 
also available from Leoziug. II should he understood, 
however, that any suitable fire resistant fiber may be used to 
construct the fabric of the present invention. 

In one embodiment, the yams used to make woven fabric 
28 can he made from a mixture of aramid polymer fibers, 
such u KEVI.AR or NOMEX fibers, sod polybenzimida-
zolc (PBI) fibers. In one preferred embodiment of the 
present invention, woven fabric 28 is made from a 60/40 
blend of KEVfAR para-aramid fibers and FBI fibers. 

The yarns used to produce woven fabric 28 can be 
asembled in eariousdiffereotcoaswcGoas and is generally 
not critical. For instance, woven fabric 28 eau have a (will 
weave, a plain weave or any other suitable type of weave. In 
one preferred embodiment, woven fabric 28 has a rip stop 
weave. In general, fabrics having a tighter weave will 
generally have better spray ratings . 

The weight of woven fabric 28 generally can vary from 
about 5.5 ounces per square yard to about 8 ounces per 
square yard . Preferably, the weight n( woven fabric is from 
about 6 ounces per square yard to about 7.5 ounces per 
square yard . 

ID accordance with the present invention, as shown iv 
FIG. 2, woven fabric 28 a treated wild a durable water 
resistant composition 30. When applied according to the 
process; n( the present invention, it has been dismvered that 
water resistant Treatment 30 is much more durable than 
many prior art constructions. 7lma garments made accord-
ing to the present invention eau be routinely laundered and 
used for an extended period of time without losing their 
ability w repel water. As described above, should a prolec-
uve garment absorb water, the garment becomes much 
heavier and the thermal properties of the garment become 
adversely affected . 

Besides making protective garment 10 impermeable to 
water, durable wager resistant treatment 30 is also preferably 
resistant to oil and organic solvents, is not flammable, and is 
abrasion resistant. Iv one preferred embodiment of the 
present invention, durable water resistant treatment 30 is 

10 
made from a solution containing a fluorocarbon polymer that 
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 . Fluo- 

s rocarboo polymer solutions containing TEFLON polymers 
are commercially available from numerous sources. 

In order to produce a liquid resistant fabric in accordance 
with the present invention, first, a woven fabric is con-
strucled or obtained that is suitable (or use as an outer shell 

10 material in a protective garment for fire fighters . As 
described above, the fabric should be made from flame 
resistant polymers or other suitable materials. 

Prior to applying a durable water resistant treatment, the 
fabric can be first scoured, although scouring may ooh he 

15 necessary for all applications . When scoured, the material 
can he scoured with au alkaline solution . 

After being scoured, the fabric is then put on a renter 
Game, dried and heat set. Specifically, it has been disan"ered 
by the present inventors that it is important that the fabric he 

-0 substantially dry and free of moisture prior to being treated 
with the durable water resistant composition . For instance, 
after scouring, the fabric should be dried so that [be moisture 
level is substantially equivalent to the natural moisture level 
of the fibers used to make the fabric . For instance, for most 

's fiMrs, the moisture level should be less than about 10%, and 
particularly less than about 7% . 

After the fabric has been dried and heat set, a durable 
water resuaani composition according to the present invert . 

30 Lion is applied to at least one side of the fabric . Although the 
composition can M sprayed on the fabric or printed on the 
fabric, preferably the fabric is dipped into a hatto containing 
the durable water resistant treatment in solution form . 

As stated above, the durable water resistant composition, 
}s in one embodiment, eau be a solution containing a fluoro-

carbon polymer. The fluorocarbon polymer eau be combined 
in the solution with water, a drying agent such as au alcohol, 
and an emulsifier. The amount of the water-resistant com-
position applied to the fabric will depend upon the particular 

40 formulation and the particular 
application. 

After the durable water resistant treatment is applied m 
the fabric, the fabric is then healed to a temperature sufficient 
for the coating to dry and/or cure . Once the durable water 
resistant treatment is cured and axed to the woven fabric, 

41 the fabric eau then he used in constructing protective gar-
ments in accordance with the present invention. 

11 hay been discovered that the above-described process 
securely axes the water resistant treatment m the fabric 
such that the treatment becomes much more durable than 

so prior art constructions. 
By applying water resistant treatments according to the 

process n( We present invention, it 6u been discovered that 
the treatments can withstand numerous laundry eyries. For 
example, in one embodimeo4 the ouler garment of the 

55 present invention has shown to exhibit a spray rating of al 
least BO after 20 laundry cycles . More particularly, even after 
30 laundry cycles ii has been discovered that fabrics made 
according to the present invention have a spray rating of at 
least 70 and in some applications at least 80, illustrating that 

eo the water resistant treatment does not degrade and does not 
lose its effectiveness. Further, after undergoing thirty (30) 
laundry cycles, fabrics made according to the present inven-
tioo have also been found to retain a water repelleocy rating 
of at least 4 and au oil repelleocy voting of al leaf 3. 

us Outer garments made according to the present invention 
have also demonstrated superior water absorption and 
dynamic water absorption ratings. For instance, garments 
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TABLE 3 

wa¢i Rcpcllcocy, Oil Rcpclkory and Spey iW 
RevWU of the Fabric M .d, According 

in ibe Present invention 
EXAMPLE NO. 2 

55 
Before Aflar A woven fabric similar to the one described in Example 
Pressing- Pre.., No . 1 above Was coated with a water resistant composition 

water of Spnv wemr oil spray as described in Example 1 . In this example, however, the 
composition applied to the fabric did not contain an emul-

C 5 100 
s s so 5 5 so uo sifter but contained more fluorocarbon polymer. Iatid 

10 
20 
30 
as 
;0 

6 5 70 6 5 PO 
¢g J. .¢ 70 6 4 70-30 
a< t , 70 D 4 70-80 
4-5 3-4 70 ti 4 70 

7'he vested fabric was tested (or water repelleucy, of 
repellency and spray jested initially and after 10, 20 and 30 
laundry cycles . All the cesiswere conducted according to the 

,5 procedures described above. A sample was tested berth 
before and after being pressed with a hand held imn . The 
following results were obtained : 

Commercially available fabrics designed to be used as 
outer shell materials for protective garments were also 
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made according to the present invention can have a water 
absorption rating of less than about 85'o after five laundry 
cycles, particululy less than about 6% after five laundry 
cycles and more panicululy less Than about 4% after five 
laundry cycles. After ten laundry cycles, garments made 
according to the present invention can have a dynamic water 
absorption rating of less than about 15%n, particularly less 
than about 12%, and preferably less than about 10%. 'no 
dynamic water absorption rating of garments made accord-
ing fu the present invention after twenty laundry cycles, o0 
the other hand is preferably less Ihan about 1Sib, parlicu-
larly less than about 15%q and more particularly less than 
about 12°,6 . 

The present invention may be better understood with 
reference to the following examples . 

EXAMPLE NO . I 
The following tests were performed in order to demon-

strate the superiority in performance of fabrics merit accord-
ing to the present invention in comparison to conventionally 
made fabrics. 
A woven fabric suitable for use u au outer shell material 

for a fire fighter's protective garment was coated with a 
durable water resistant composition according to the above-
described process of the present invention. Specifically, the 
fabric that was treated had the following characteristics and 
properties : 

Mn¢ruP. 60°T/40'k ivGmaa bleoE of 
ICEVIAR aremid polymer fibers 
end Put fibcn 

Denier 1 .5 
Couec rid y .../.eh 
Pict : 19 yeme/inch 
W<eva Rip rtop 
Weight: 7 .5 oVsq. yard 

After the above material was scoured, dried and heat set, 
a durable water resistant composition was applied to the 
fabric . "no durable water resistant composition was an 
aqueous solution containing a fluorocarbon polymer, an 
emulsifier, and an alcohol. 

The above-treated fabric was then tested for water 
rcpellency, oil repellcocy, and spray tested initially and after 
10, .0, 30, 40 and 50 laundry eyries . .411 16e tests was 
conducted according to the above-described procedures . The 
sample was tested both before and after being pressed with 
a hand held iron . The following results Overt obtained : 

12 
similuly tested after 10 and 30 laundry cycles . Of particular 
imponsuce, the commercial fabrics tested had similar weave 
characteristics to the abo,cdescribed fabric . Specifically, 
one of the products tested was NATURAL PBI obtained 
from SouWem Mills and the other fabric tested was YBI 
SOFT IWID obtained from Dominion Industrial Textiles. 
The Following results were obtained : 

10 TABLE 4 

wiser Repellency, Oil Repellency, end Spay Tug 
Resuls of NATURAL Put Fabric Oburwcd 

from Snmhcrn Mills 

Be fore Prcesw¢ After Pmsirg 
1s 

lsuudcrinps Watc' Oil Sprey Wnicr Oil Spny 

IeiGd 6 5 100 - - -
]0 7 0 SD 4 0 50 
w o o z a sa 

za 

TABLE 5 

Wamr Repellence, OJ Rcpcllcory, and Spray Tug 
"t ResWis of Put SOFT HAND Fabric ObtuveE 

from Dominion ludwvul TcxWes 

Before Psss~ Aher Prusine 

leundcrieg wetcr Oil Sprey WaWr Oil Spray 
?0 

Iniliel b 5 700 
10 3-2 0 50 7 0 50 
JO 0 0 0 0 0 0 

3s As shown above, the current commcsially available 
fabrics lost half of their water resisiaocy only after 10 
laundry cycles. After 30 laundry cycles, the fabrics com-
pletely lost their water repellency. 

m 
to comparison, the fabric made according to the present 

invention maintained a spray rating of at lent 70 after 30 
laundry cycles and even after 50 laundry cycles. As shown 
above, the fabric made according to the process of the 

<s present invention also had much Fever water repelleocy 

ratings and oil repellency ratings after being laundered . It is 

not believed that prior to the present invention an outer shell 

material was made that contained a water resistant treaurricni 

Thai could maintain a spray rating of at least 70 after 30 

laundry cycles . 

launderings 
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14 
made according to The present invention in comparison to 
commercially avaliable fabrics. 

As shown above. We healed fabric produced according to 
the present invention (designated Sample No . 1 above) 
outperformed the commercially avaliable fabrics. ID 
particular, the results above indicate that Fabrics made 
according to the prcscm invention have water absorption 
characteristics that are more durable than the commerically 
avaliable products 

EXAMPLE NO . 4 
The following tests were performed in order to compare 

the dynamic wale absorption characteristics n( a fabric 

en Besides testing the above veered fabrics for water 
absorption, vuious commerically avaGable fabrics were also 
similarly lasted . to partiwlu, OMEGA fabric without being 
treated in accordance with the present invention was tested 
(or water absorption along with STANDARD PBI GOLD 

Se fabric, TAN ADVANCE fabric, BLACK ADVANCE fabric, 
and TAN NOMEX fable, all obtained from Southern Mills. 
The following results were obtained : 
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TABLE 6 

Water Rcpclleocy, Oil Rcpclleocy and 
Spray Tev Rcaulu of a Fabric Made 
Acmulwe io the Psscoi lo,cuuco 

se[o2 Attar 
Pressing peoing 

laundering wager oil spray water oil spmv 

initial 6 6 100 
]0 6 5 90 6 5 7m 
20 6 5 80-96 6 6 100 
30 Sfi 4-5 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 al least 80 after ?A laundry 
cycles, and a spray rating of RO even after 30 laundry cycles . 
Further, the fabric was found well suited to repelling water 
and oil, having a water rcptllency rating of a[ least 5 and an 
oil repellency rating of at least 4 after 30 laundry cycles . 
Even better results were obtained after pressing . 

EXAMPLE NO . 3 
7Le following tests were performed in order to compue 

the performance of a fabric made according to the present 
invention in comparison to commercially available fabrics 
With respect to water absorption . 
A woven fabric simile to the one described in Example 

No . 1 above was coated with a water resistant composition 
u described in Example No . 1 . The composition contained 
a fluorocarbon polymer, isopropauol, acetic acid and water. 
ILe Hurocubon polymer used was a dispersion of per-
Huroalkyl and polyisocyaoate polymers . 
The yawed fabric wutested for water absofbtiou initially 

and after five laundry cycles . All the tests were conducted 
according to the procedures described above. 

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

TABLE 7 

WelcrAbsorotioe Resulu 

initial Writer After Five 
Absakuov Uuvdry Cydcs 

Sample Rating (`b) (°o) 

Na . 1 0.55 2 .09 
STANDARD 1`131 0.77 9 .94 
CHID 
NOME% OMEGA 1 .0] 16 .59 
ADVANCE Rag 7? .69 

US 6,606,749 B2 

The treated fabric described in Example No . 3 above was 
5 tested for dynamic water absorption according to the lads 

describe) in the specificauoo . Specifically, the sample was 
tested initially, after ten laundry cycles, and after twenty 
laundry cycles . STANDARD PHI GOLD fabric and 
ADVANCE fabric obtained from Southern Mills were also 

30 
tested . The following results were obtained : 

TABLE 8 

Dynamic Watcr AMOmlicn Rcsvlu 
75 

Initial ARar 
DVOemic hevy 
Wa.r After Ten Laundry 

Absm'don laundry Cycle 
Sample Awing (°b) Cycles ('E') (%) 

.o 
No l 8 .7 7.0 705 
STANDARD 10 .5 2. .8 17 .7 
Put GOLD 
ADVANCE 6 .8 :A.8 

.5 

As s6nwn above, the simple made according to the 
present invention (designated Sample No . 1 above) had 
better dynamic water absorption characteristics than the 

;o commercially avaliable fabrics . 

EXAMPLE NO. i 

35 
The woven healed fabric described in Example No . 3 was 

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

m 

Sample Na. 

Me¢del : N7°q/s0°r wtimam brand r( fEV1AA enmid 

45 
polymer fibers avd PBI fhrs 

Cr,m~ : 59 yry/wch 
Pick : 46 wroa( ch 
Weave : Rip stop 
Weighe 24 aLsq . yaN 
Sample Na . 3 

50 Malarial : VOMEK Z-:PO/OA1EW aramid polymer fiFert 
Cnuec 4] ynrm'inch 
Pick : 39 yarns/wch 
weave : Rip stop 
Weight : 7.75 ovsq . Sara 

<c 

Sample Nn . 3 above is a commercially available fabric 
marketed under the name OMEGA by Springs Industries. 
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11 . A protective garment as defined in claim 1, wherein 
said fabric further comprises fire-resisiaot melamine fibers . 

12 . A projective garment as defined in claim 1, wherein 
said outer shell weighs from about 6 ounces per square yard 
to about 10 ounces per square yard . 

13 . A protective garment as defined in claim 1, further 
comprising a moisture barrier layer positioned between said 
inner lining and said outer 56e11, said moisture barrier layer 
being impermeable to liquid water bud permeable to water 
vapor. 

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

an inner lining configured to cover a predetermined 
portion of a wearer's body, the tuna lining being 
positioned so as to be adjacent said wearer's body 
during use; and 

a0 outer shell cowering said tuner lining, the outer shell 
comprising a woven fabric made from a fire resistant 
material, the woven fabric having a basis weight of at 
lent about 6 ounces per square yard, the woven fabric 
having fibers coated with a durable water resistant 
solution, the durable water resistant solution compris-
ing pcreuroalkyl and polyisocyanaic polymers. [be 
outer shell having a dynamic water absorption rating of 
less than about 15% after being laundered ten laundry 
cycles . 

15 . A protective garment u defined in claim 14, wherein 

the outer shell has a dynamic water absorption rating of less 
than about 12%u after ten laundry cycles . 

16 . A protective garment u defined in claim 14, wherein 
the outs shill has a dynamic water absorption rating of less 
than about ln% after ten laundry cycles . 

17 . A protective garment u defined in claim 14, wherein 
the outer shell has a dynamic water absorption rating of less 
than about 18%n after twenty laundry cycles . 

18 . A protective garment as defined in claim 14, whereto 
the outer shell has a dynamic water absorption rating of less 

than about 12% after twenty laundry cycles . 
19 . A protective garment as defined in claim 14, wherein 

said fabric has a rip stop weave. 
20 . A protective garment as defined in claim 14, whereto 

said fabric has a [will weave. 
21 . A projective garment as defined in claim 14, wherein 

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

said fabric comprises fife resislam aramid fibers . 
23 . A protective garment as defined in claim 14, wherein 

said fabric comprises fire-resistant polybenzimiJawle 
fibers . 
24 . A protective garment as defined in claim 14, wherein 

said fabric composes fire-resistant polyp-pheoyleoe-2,6-
bezobisoxuole) fibers. 

29 . q protective garment as defined in claim li, wherein 
said fabric comprises fire-resisunl melamine fibers . 

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

27 . A protective garment as defined in claim 14, further 
comprising a moisture barrier layer positioned between said 
tuner lining and said outer shell, said moisture barrier layer 
being impermeable to liquid wager but permeable to water 
vapor. 

28 . A protective garment as defined in claim 14, wherein 
the outer shell has a water absorption rating of less than 
about R°k after being laundered five laundry cycles. 

29 . A protective garment as defined in claim 14, whereto 
the outer shell has a wager absorption rating of less than 
about 6%r after being laundered five laundry cycles . 

]5 

As shown above, all of the fabrics made according to the 
present invention outperformed the other commercially 
avaliablc fabrics . 

These and other modifications and variations to the 
present invention may be practiced by those of ordinary skill 
in the an, without 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, those of ordinary %kill 
in the art will appreciate that the foregoing description is by 
way of example only, and is not intended to limit the 
invention so further described in such appended claims . 
What is claimed is : 
1. A protective garment suitable for use by fire fighters, 

said protective garment comprising: 

an tuner Lining configured to cover a predetermined 
portion of a wearer's body, the inner lining being 
positioned so as to be adjacent said weuer's body 
during use: and 

an outer shill covering said imer lining, the outer shell 
comprising a woven fabric made from a fire resistant 
material, the woven fabric having a basis weight of al 
least about 6 ounces per square yu$ the women fabric 
having fibers coated with a durable water resistant 
solution, the durable water resistant solution compris-
ing pereuroall:yl and polyisoeyaoale polymers, the 

outer shell having a water absorption rating of less than 
about 8% after being laundered five laundry cycles . 

2. A protective garment as defined in claim 1, wherein the 
outer shell has a water absorption rating of less than about 
6°k after five laundry cycles. 
3. A protective garment as defined in claim 1, whereto the 

outer shell has a water absorption sling of less than about 
4"/o after five laundry cycles . 
4. A protective garment as defined in chart 1, wherein the 

outer shell further has a dynamic water absorption rating of 
less than about 15% after ten laundry cycles. 

S . Aprolective garment m defined in claim l, wherein said 
fabric has a rip stop weave . 

6 . Aproiecdve garment as defined in claim 1, whereto said 
fabric bas a (will weave. 

7 . A prolec0ve garment u deft oed in claim 1, whereto said 
fabric has a plain weave. 
&. A protective garment ae defined in claim 1, whereto said 

fabric comprises fire resistant aramid fibers. 
9. A protective garment z~ defined in claim 1, wherein said 

fabric comprises fire-resistant polybeuzimidazole fibers. 
10 . A protective garment as defined in claim 1, whereto 

said fabric comprises fire-resistant polyp-phznyleoe-2,6-
bezobisoxuole) fibers . 

.o 

^S 

30 

75 

4S 

50 

55 

w 

65 

This PDF of U .S . Utility Patent 6606749 provided by Patent Fetcner", a product W Patent Logistics, LLC -Page 12 of 74 C : I lad I 

-PAGE III OF 14 

15 

TABLE 9 

water Abserotioo RenWu 

laid.] Wetcr After Five 
Abvarpdoo Izuodry C,lcs 

Sample Rain, (`F) ('"r) 

No . 1 0 .55 2.07 
No . 2 2 .07 152 
ho. J 753 :.18 30 
OMEGA (uvueu<d) 1 .D3 1659 
STANDARD PET GOLD 0.77 9.84 
TAN ADVANCE 0.49 1 ..69 
BLACK ADVANCE 0.84 47 .40 
TAN NOME% 1 .?7 16 .9a 
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an outer shell covering said inner lining, the outer shell 
comprising a woven fabric made from a fire resistant 
material, the woven fabric having a buffs weight of at 
lead about .5 .5 ounces per squaw yard ; and 

5 a durable water resistant composition incorporated into 
the woven fabric, the durable water resistant eomposi-
uoo being incorporated info 16e woven fabric such that 
the over 56e11 has a dynamic water absorption rating of 
less than about 15§'o after being laundered ten laundry 

10 cycles . 
49 . A protective garment u defined in claim 48, wherein 

the outer shell 6u a dynamic water absorption rating of less 
than about ]2% after ten laundry cycles . 

50 . A protective garment as defined in claim 49, whereto 
Is the over shell has a dynamic water absorption rating of less 

than about 10% after ten laundry cycles. 
5l . A protective garment as defined in claim 38, wherein 

the outer shell hu a dynamic water absorption rating of less 
than about 1R`7o after twenty laundry cycles . 

:0 52 . A protective garment as; defined in claim 48, wherein 
the outer shell has a dynamic water absorption rating of less 
than about 12% after twenty laundry cycles . 

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

=g 54 . Aprotettive garment as defined in claim 48, wherein 
said fabric has a twill weave. 
5$. A protective garment ac defined in claim 48, whereto 

said fabric has a plain weave . 
56 . A protective garment as defined in claim 48, whereto 

;p said fabric comprises fire resistant aramid fibers . 
57 . A protective garment u defined in claim 49, wherein 

said fabric comprises fire-resistant polyUenzimidatole 
fibers. 

58 . A protective garment as defined in claim 48, wherein 
Ac said fabric comprises fire-resistant Polyp-pheoyleoc-2,6-

bezobisoxazele) fibers. 
59 . A protective garment as defined in claim 48, wherein 

said fabric comprises fire-resistant melamiuc fibers . 
60 . A protective garment as defined in claim 48, further 

np comprising a moisture barrier layer positioned between mid 
tuner lining and said outer shell, said moisture barrier layer 
being impermeable to liquid water but permeable to water 
vapor. 

61 . A protective garment as defined in claim 48, further 
45 comprising a thermal barrier layer positioned in between the 

tuner lining sod the outer shell. 
62 . A protective garment u defined in claim 48, wherein 

the outer shell further has a wager absorption rating of less 
than about S% after being laundered five laundry cycles . 

sp 63 . A protective garment as defined to claim 48, wherein 
the outer shell further has a water absorption rating of less 
thin above 6% after being laundered five laundry cycles . 
64. A protective garment u defined in claim 48, wherein 

the durable water resistant composition comprices a Buuro-

ss carbon polymer. 
65 . A protective gameot as defined in claim 64, wherein 

the durable water resistant composition further comprises a 
polyisocyaoate polymer. 

66 . A protective garment as defined in claim 65, wherein 
so the fiuomcarbon polymer comprises a per6uroa0.yl poly-

mer. 
67 . A method of forming a protective garment suitable for 

use by a fire fighter, said method comprising : 
providing an inner fining configured to cover s predeier-

os mined portion of a wearer's body, said inner lining 
being configured to he adjacent said wearers body 
during use; 
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30 . A protective garment u defined in claim 14, further 

comprising a thermal barrier layer positioned in between the 
inner lining and the outer shell, the thermal barrier layer 
comprising a fell . 

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

an inner lining configured to cover a predetermined 
portion of a wearer's body, the inner lining being 
positioned w as to he adjacent said wearer's body 
during use; 

au outer shell covering said toner lining, the outer shell 
comprising a woven fabric made from a fire resistant 
material, the woven fabric hawing a basis weight of at 
least about 5.5 ounces per square yard ; sud 

a durable water resistant composition incorporated into 
the woven fabric, the durable water resistant compnsi-
uon being iucorporaled into the woven fabric such that 
the outer shell bas a water absorption rating of less than 
about 8°k after being laundered five laundry cycles. 

32 . A protective garment u defined in claim 31, wherein 
the outer shell has a water absorption rating of less than 
about 6'% after five laundry cycles . 

i3 . A protective garment as defined in claim 31, wherein 
the outer shell has a water absorption rating of less than 
about 4% after five laundry cycles . 

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

35 . A protective garment as defined in claim 31, whereto 
said fabric has a rip stop weave. 

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

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

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

39 . A protective garment as defined in claim 31, wherein 
said fabric comprises fire-resistant polybenzimidazole 
fibers. 

40. A protective garment as defined in claun 31, wherein 
said fabric comprises Care-resistant polyp-p6enyleoe -2,6-
bezobisoxazok) fibers . 

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

42 . A protective garment as defined in claim 31, further 
comprising a moisture barrier layer positioned between said 
tuner lining sod said outer shell, said moisture barrier layer 
being impermeable to liquid water buff permeable to water 
vapor. 

43 . A protective garment as defined in claim 31, further 
comprising a thermal barrier layer positioned between We 
inner lining and the outer shell. 

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

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

46 . A protective garment as defined in claim 45, wherein 
the durable water resistant composition further comprises a 
polyiwcpanale polymer. 

47 . A protective garment as defined in claim 46, whereto 
the fluorocarbon polymer comprises a perBwoaAyl poly-
mer. 

48 . A protective garment suitable for u,< by fire fighters, 
said protective garment comprising : 

an inner lining configured to cover a predetermined 
portion of a wearer's body, the tuner lining being 
positioned w u w be adjacent said wearer's body 
during use ; 
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positioning an outer shell adjacent to said inner lining, 
said onto shell being formed by a method that com-
prises: 
i) providing yens comprising firc-resi:Aaot fibers'. 
u) weaving said yens into a fabric having a twill 
weave, a rip slop weave, or a plain weave, said fabric 
haying a weight of al least about 5 .5 ounces per 
square yard ; 

u) scouring said fabric ; 
iv) dryiugsaid scoured Cabricso That the moisture level 

of said fibers is less than about 10%; 
w) applying a durable water resistant Composition to 

said substantially dried fabric, said composition con-
taining a fluorocarbon polymer; and 

vi) heating said treated fabric so as to affix said durable 
water resistant composition thereto, said durable 
water resistant composition being affixed to said 
fabric such that said outer shell maintains a wader 
absorption rating of less than about 8% after five 
laundry cycles . 

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

69 . A method as defined in claim 67, wherein said fibers 
comprise dro-resislanf polybeozimidawle fibers . 

70 . A method u defined i¢ claim 67, wherein said fibers 
comprise fire-resistant polyp-phenyleoe-2,6-
bczobisoxazole) fibers . 

71 . A method u defined to claim 67, wherein the fibers 
comprise five-cesuWnt aramid fibers . 
n. A method as defined iv claim 67, wherein the outer 

shell maintains a water absorption rating of less that/ about 
6% after fire laundry cycles. 

73 . A method as defined in claim 67, wherein the outer 
shell maintains a water absorption rating of lees than about 
-0%n after fire laundry cycles . 

74 . A method as defined in claim 67, wherein the outer 
shell further maintains a dynamic water absorption rating of 
less than about 15°.E after ten laundry cycles . 

75 . A method as defined in claim 67, wherein the outer 
shell further maintains a dynamic water abweplioo rating of 
less than about 12°.b after ten 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% after ten laundry cycles . 

77. A method u defined in claim 67, whereto the durable 
water resistant composition further comprises a poly isocy-
anale polymer. 

78 . A method as defined in claim 77, wherein the Buo-
rcearboo polymer composes a perfiuroallryl polymer. 

79 . A protective garment suitable for use by &e fighters, 
said protective garment comprising : 

an toner lining configiucd to cover a predelertnined 
portion of a wearer's body, 16c inner lining being 
positioned so as to he adjacent sail wearer's body 
during use; 

an outer shell covering said inner lining, the outer shell 
comprising a woven fabric made from a fire resistant 
material . the fire resistant material comprising a 
melamine polymer, a polybenzimidazole polymer, or 
an aramid polymer; and 

a durable wager resistant composition incorporated into 
the woven fabric, the durable water resistant composi- 
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tion being incorporated into the woven fabric, such that 
the outer shell has a water absorption rating of less than 
about 84Y after being laundered five laundry cycles . 

80 . q protective garment as defined in claim 79, wherein 
! We outer shell has a water absorption rating of less than 

about 6% after five laundry cycles. 
81 . A protective garment as defined in claim 79, wherein 

the outer shell has a water absorption rating of less than 
about 4%, after five laundry cycles . 

82 . q protective garment as defined in claim 79, wherein 
the outer shell further has a dynamic wader absorption raring 
of less than about 15% after ten laundry cycles . 

83 . A protective garment as defined in claim 79, wherein 

15 the durable water resistant composition comprises a 9uom-
carboo polymer. 

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

=p 85 . A protective garment as defined in claim 84, wherein 
the fluorocarbon polymer composes a pcrBuroalkyl poly-
mer. 

86 . A protective garment suitable (or use by firefighters, 
said protective garment comprising : 

=s au tuner lining configured to cover a predetermined 
portion of a wearer's body, the inner lining being 
positioned so u to be adjacent said wearers body 
during use; 

a0 outer shell covering said. inner lining, the outer shell o 
compost a woven fabric made from a fire resistant 
material, the fire resistant material comprising a 
melamiuz polymer, a polybeuzimidawle polymer, or 
an aramid polymer; and 

35 a durable water resistant composition incorporated info 
the woven fabric, the durable water resistant composi-
uou being incorporated into the woven fabric such that 
the outer shell has a dynamic water absorption rating of 
less Than about IS'7n after being laundered ten laundry 

40 cycles . 
87. A protective garment as defined in claim 86, wherein 

the outer shell bas a dynamic water absorption rating of less 
than about 12%n after ten laundry cycles . 
88 . A protective gartncm as defined in claim 86, wherein 

qt We outer shell has a dynamic water absorption raring of less 
than atom 10% after ten laundry cycles . 

89 . a protective garment as defined in claim 86, whereto 
the outer shell has a dynamic water absorption raring of lesc 
than about 18'70 after twenty laundry cycles. 

50 90 . A protective garment u defined in claim 86, wherein 
the outer shell has a dynamic water absorption radrigof less 
than about 12% after twenty laundry eyries . 

91 . a protective garment as defined in claim 86, wherein 
the durable water resistant composition comprises a Buoro-

ss carbon polymer. 
9'.. A protective garment as defined in claim 91, wherein 

the durable water resistant composition further comprises a 
polyisocyaoafc polymer. 

93 . A protective garment ass defined in claim 92, wherein 
ho the fluorocarbon polymer comprises a perBuroalkyl poly-

mer. 
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