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"BACKGROUND OF THE | NVENTI ON Chemi cal protective coverings are intended to
prevent harnful |evels of chemcals existing in an external environnent
from reaching the user or wearer or contents of said nateri &ftJUneRROA cal
protective L9 IS worn when the surroundi ng environnent nmay present a
pot enti al r‘{gégltrlﬂkgf exposi ng an individual to harnful or Pﬁb’ﬂsﬁl@g""
chemcals. Historically the materials used in protective clothing have had
to- trade off protection for confort.?¥That is, those offering nore
protection were wunacceptably unconfortable, and those bei ng of :
satisfactory confort did not f protection. For exanple, one
~approach which is known in t%ﬂ{%@%‘rﬂ@?@@é@ﬁb@r pose what s generally.
referred to as an "inperneabl e" material between the wearer and the

hazar dous environment. A SHEM@ALPROtERITIG cOlVERNG type will exhibit |ow
perneability to harnful chem cals and yet be pliable enough to be enpl oyed
in a garnent or other article of clothing application. An exanple of this
approach WoEEUDI®F SHEWOENTION! | zi ng butyl rubber as the barrier to harnful
chem cal's. Al though such materials may provide. adequate protection from
harnful  cheni cal™s iBYEnEpnyisiatesde phamjcal prstactive soverindse Mosss spagiically, such agent s,
these mat erthalweatiohoelatea icrastendisiideidias tRite¥e BE utdoR@ssRge of water
vapor- A matef 10 tent prev t he, t.ransm ssi on of

“wat er vapor ‘?étbt@&ec}nn%E%%%'ﬁls-or%?fgéﬁﬁgr%'ﬁé?x' e‘% hﬁgﬁeﬂa} ‘%‘S"“Ef‘[ﬁ"é "% coveri ngs
“for people, HEARLBFS5I979| ¥ Padicdateal The ghemipabprotectivesoveringsdy’ s process of
heat di ssi pgroudedionomkdayicaait m&eﬁexﬁtlah'@b%&rﬁdﬁﬁ%&%ﬁ f§.HFET (RULE 26) 14 -
June 2004 7 e _evaporation of perspiration.
Wihout si gnPPICant Lears g ohoaig frky SegiRebedt oeingiani 1 1y,

prol onged use of such materials can result in intolerable disconfort and
even deat h @BACKEGROUNDAE THEBMNVENTGORT ort will initially result from high

| evel s of m)i'st(%rrhe %gnerat ed by the wearer building up within the
protective coveRYCKRIPIEHINR GoYsYIngsRse Hdanded to revast harmbd wvgisiwbon -t he wear er
due to the Icherkicek egwtingon at externaiealiranghentlions re@hing tHRQIsBE & dardreat st roke,

and _event ugf kont&l@abisaidliiiisnad hese types of materials may offer
satisfactory protection, but unsatisfactory confort. This problenmatic

characteristic &hemisalprifediae bating ipwanhedien e waveddimgervabenerdl s makes t hem
unsui tabl e ey pRashit PlentiEPRRakiRBxp68hY af RdfviaudHb ALl H$896.0" 11 m ted

areas of co age. . .
: YA SdSs. Historically the materials used in protective clothing have had to
trade off protection for comfort. That is, those offering more protection were
unacceptably uncomfortable, and those being of satisfactory comfort did not

offer acceptable protection.

For example, one approach which is known in the art, is to interpose what
is generally referred to as an “impermeable” material between the wearer and
the hazardous environment. A suitable material of this type will exhibit low
permeability to harmful chemicals and yet be pliable enough to be employed in
a garment or other article of clothing application. An example of this approach
would be a glove utilizing butyl rubber as the barrier to harmful chemicals.

Although such materials may provide adequate protection from harmful
chemicals by significantly restricting the passage of such agents, these
~materials also characteristically prevent the passage of water vapor. A material

that to a great extent prevents the transmission of water vapor is termed non-
breathable.

When used as protective coverings for people, non-breathable materials
retard the human body’s process of heat dissipation normaity achieved through
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Conversely, many covering materials that possess significant water vapor
transm ssion rates, for instance many woven textiles or non\/\ﬁ%ﬁn eﬁfdcé(r)l efin
materials, will not provide desired |levels of protection to

noxi ous okewl/adirs. That is, these types of materials maypchtiERB3s1e
satisfactory confort, but wunsatisfactory protection. Various efforts have
been made to address in nore favorable ternms the trade-off between
protection and confort. One such effort, well known in the art, involves
the use of adsorptive materials which are interposed between the wearer
and t he conth@rfivaearaiipn of perepitsiipRnYVithad isigaificant ansntissipri of vat®. Pat ent

4,519, 193 byarﬂr e BEHathaBihlv C[ﬂ@lbngeu&ﬂ#é o gudﬁl#hétéﬁais éﬁ'ﬁ@ﬁtﬁtt ih %ﬁol&la@lm cal

protective rhing h ous vapors into
sor bant s, ﬁus | g’ﬁaﬁéﬁ?"&" dgf' ‘ﬁeri ‘?ﬁg g‘i‘ﬁfjﬁﬁor?fﬁgtw"aiﬂ'i"ﬂ@ e systens are
i nt ended toffamdi‘tgéd@Ve'SGﬁ@Otsiw gewjatéﬂav thetwaerestoutding umwitthmties i s  that they

possess a fbféléc@.lecdbpé«ﬁigt ﬁén&uﬁbd&q{&ﬁé Heﬁ@&@&s@@irﬁposéﬂ ﬁS&PtHQ webfd t i ng
characteristic nts i,s crim telci’ adsorb
e

chenical sP&iPd e'F@‘r%%Ha c’lﬁatlﬁ’?@f’%ﬁ@ﬁ 3ﬁ¥ ican Brr?ﬁ@é%gms"? u@% educi ng t he
avai | abl e egphual eatinr Thuddbesst typrs Afimateriglsahamifeabatistastami ch they were

i ntended t Oprléfth(drﬁ But Lﬂ&ﬂisfé@fokﬁ&bmfgﬁeﬁlh ProbRnfafP 8kdrhdtefitE of AH-SCr i M nat e

~adsorption ter i cs of t their duration of
=ise and stog'ggtéatﬁ? P ec&i 09’3?"?9\/'83&5?}5{"@%&5 @%W|"“B%'§Lﬁ%@%%b vari ous

" chenmi cal var.ﬂeietbmeamhvarﬂusaﬂpnesigﬂonhmltedWeaaofrmsghwe upon exposure, thus
progressively r dl&é:rlﬁeg thelcgvéinva 33 ith \Pg)am ty. ou me. This limts
their duration Br gaa” MY SORFIesatena hal Fessesssen| ﬁ?ﬁg’aﬁ—iﬁﬁﬁor( RULE 26) WO
01/ 41877 3 Hapspisaien 28@es for PERNOSMENG MRS @xtidecermoniveven faiyoledis or pt i ve syst ens
are kept Wﬁbﬂeﬂa@&ﬁllﬁﬂpﬂﬁﬁk@ﬁ@iﬁedﬂ&@is ch%Pd]ect@ﬁﬁﬁﬁan@nf‘u! bt ABdouthi s limts the

storagellf u terials n|te ity and

i ndi scrini na e E sglr":|lal i these éarsé’g: #engﬁlr?:ag cﬁ%c%ag'g aftz?fy 'S?ngorporat i on of
relatively ll"l‘ai?@éa%fhﬁ@m’% of sorptive elenents within a chenical '
pr ot ective coveiiat d3nOh R ndoR AEALS YRR, BOLOLpAlSRALE | evels Of

protection. This can resu Fier sys%‘em; that can
have hi gh r‘é%"ieﬂﬁé}%’@"tp@t%%a%ﬁorﬂfﬁﬁsture transfer and can inpose

undesirabl e physjeQl,a0LR wel kRIFGS b BRMEARE Lse JfWRopadisOr PLi ve
materiais which are interposed between the wearer and the contaminated | '
. environment such as described in U.S. Patent 4,510,193 by Blucher, Biucher,
and de Ruiter.

oy Adsorptive chemical protective systems work by adsorbing hazardous
liquids and vapors into sorbants, thus inhibitfng them from reaching that which
the systems are intended to'protéct. One limiting characteristic of sorbants is
that they possess a finite capacity to adsorb chemicals. A second limiting
characteristic of sorbants is that they will indiscriminately adsorb chemical
species for which protection is unnecessary, thus reducing the availabie
capacity for adsorption of the chemicais to which they were intended to provide
protection.

The finite capacity and indiscriminate adsorption characieristics of
'adsorptive systems limit their duration of use and storage life. Adsorptive
'systems will begin to adsorb various chemical vapor contaminants present in
the atmosphere upon exposure, thus progressively reducing their available
capacity over time. This limits their duration of use. This process can even
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systens are also restricted by a trade-off between protection and confort.
Furthernore, increased bulk and wei ght are al so undesired characteristics

for the pag‘ﬁﬂg storage, handling, and transportation_of i dune 2004
mat eri al s. n‘g?glqpr ef erred approach to creating chem cafcﬁlpg‘f"@ﬁl?ve

coverings that provide satisfactory confort and protection relies on the
use of selectively perneable materiafs. Materials that are selectively
perneabl e exhibit a significant preferential perneability to specific

chemi cal spegdcaswhetths adRINE 8Fdlerkddte RbAtWNNIRaRH sa&ﬁag&cﬂfgh B(F:.glt egltoia\éiees

coverings that facilitate.t transm ssion of desire

while restri %rfaf'fﬁaﬁfrﬂee ﬁ"éss’g'ggzh%?tora%%é’??% "(‘ﬁ%%’fﬁ?scal species. Particularly
folr a{_tic: es of ;Qhﬂfﬁhéll@]t{\@ﬁlﬂfe%_ {aédr anmneismrﬁisateiaasd?l&wnd be d_e|5! [ab{e foa a
sel ectively perneable material to have preferential perneapility towards
wat er vapor rgfagzﬁel"\gléé%tngcerfgf)tﬁt hhg R Bl re{a@‘é%%faéqe RS Q%) t he

per meabi | i t ysorRiveglegienizapiin 4 ehemicabrrotedivetcareringlin grdgr teatisieve dridan t he

per meabi | i t Vs Qi W1el@is 1e061s BAsrblettonY FRRCEN rebllit i thidk akd AV Batibe basis for
protective csovﬁ%rl thaigg hﬁatve\é\;Lngltr bei corg} olaéq?blcﬁmv\h{ I er%%{trhe sanme time being
hi ghl'y prot €€t TV&. T PID BT PURES {UNRA! POHMEPILER TS #BF Bber neabl e
mat eri al s i gmpete urdepebigahysiolpaical strsses omthefweateenTTine, sdsordtiey are not bound

Lby the 1im tspbiems Sre A15Y febiSted b Q radS ok BLiwLEn SVRIBIPand Witke adsorptive
~systens, which rely upon a significant mass and thickness of appropriate

‘materials to préuithismaetogesed buficandaighit aeschisgsrwidesitsidon, sel ectivel y

per meabl e nehafab@tistics for @R pakkddiRS Stordgk MdndlidgO BRI trdRPorkRioNBlRegXt remel y thin
and lightweight. This facilitates the creation of nmuch | ess bul ky and

l'i ghter prot ec?'?a}ilsé garnents and accessories. Regardless of the type of
protective coveRninige pRi@fddApp@EEH @)ashting thdrficat bidi@kive tvehifysanstosed in use

to differin Eﬂgf- rvin ondi.tions of um di and

t enper at ure.%r or 58@%‘?2%%“@8%8@%&%’%‘?% "et(?:\ iu\%og‘cfet'efcheyof SUBSTI TUTE
SHEET ( RULE Pe@jeable malgtialy ddateriajghgtarg seeqtivelg Prusstle3abibad cl othing wil |-
gener at e Vvarighifigara prindstiaDferinestiinandpBEfictHefcal fieieBalrniko the protective

covering de%?ﬂ%%z&ﬂca‘d%ﬂ&u 1A RS bA erQ&R,%!co%r{ng%ﬁ%?fathfé%ﬁg upon the
wearer. External to the protective covering, the conditions will vary due
to natural "ABITIvHN desitedhenical fpgeipewhilegRelTietingdle passagagtan i nfl uenced

condi ti ons usdssivedishetied! spesies! uttiduliiyt foi aticles/ efthemeairoteBtemade structure.
Thus, 10 TS cloflingd® w86 uESrablaFhr AsdBbAT bl Wikdillfrotald P exposed to a

wi de range . - . .
. preferential permeability towards water vapor relative to noxious or harmful
vapors. That is, the permeability to water vapor is to be substantially greater
than the permeability to noxious or harmful vapors. This can provide the basis
for protective coverings that will be comfortable while at the same time being

highly protective.

As the protective function of selectively permeabie materials is not
dependent upon sorption of chemicals, they are not bound by the limitations
intrinsic to adsorptive systems. Unlike adsorptive systems, which rely upon a
. significant mass and thickness of appropriate materials to provide adequate
and sustained protection, selectively permeable materials, free of these
limitations, can be made extremely thin and lightweight. This facilitates the
_ creation of much less bulky and lighter proteétive garments and accessories.

Regardiess of the type of protective covering material employed, it is
' likely to be exposed in use to differing and frequently varying conditions of
humidity and temperature. For example, a wearer of a protective article of
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conditions during its use, which nust be considered in the design and
application of any protective covering material. These conditions can

i nfluence the performance of selectively perneable materi al 44 Japg 2044 vel y
per neabl e wetoeniszi s t hat possess the desirable quality wefrisoghssamt er vapor
transm ssion are generally hydrophilic polyners. As such, their noisture
content will be influenced by the relative humdity of their surroundi ngs-
As the surrounding relative humdity of such a selectively perneable

mat eri al changes, the noisture level within the selectively perneable

mat eri al wi I9otRinGwil GRBETGIE Vanvinggeraeniglof heat andmoisties iptechal todhe t hese material s

are nor el perpmacbiuecbmiﬁ@aypelabiaguﬁ@{ th&@ﬁ%‘o‘ﬁqg&bi shﬂegskhsfitﬁb@éeh;ﬂﬁon humi dity, - and
conversely are many chem.cal vapors. at low relative
P di ty. ) TSRS SET R ol Re R b BV Son PR BBl wte ot ect  ve
coveri ng appeiEsmograiions suchasiwegther eanditioes, eohmandniiueheedmonpditiensi ve

char act er i stsugsadouldesBuitligii Aléhicky miMRadedgensd Tekatikye hum dities
use. articul ) |rrportant to

which are tQ be exnected during i rl i t
consi der t htge eﬁ%erc%edg_?toz_’npr?)?curYSng‘(’)eﬁ'gg(‘f‘i" e XRESTH T AWHEIAIE Yndor condi i ons
of hi gh huspeaditidng guirgits usp gihishesiisi barorsidered intheptesigeatnd on of cheni cal

vapors at  GeARblidnISnPprotctivé doRbmig MAtedym dity may not be representative
.of performance at elevated conditions of relative humdity. For the

appl i cati ons undkasecondtionscan infuence thepsrfoandnee oissiactitslyparmeatleluce t he
per meabi | i t ynatetiaRO Setidtvely pdAntatid naehB tHaBposESRANS dedtbib lgGalinar | Y at  hi gh
relative hum{ﬁl@g Yu y\q',t %(PH% s?‘nQSsF%derSiéaballe r(ﬁdthclt i 0{1 I n gjgse LlEer nmeat i on of
wat er vapor. 3i r_ntiearﬁ'py, iy vvo_u°| Foe 'E?ééf’F“é fpe'fcém}'ﬂ‘@fse SUFre per neati on
of water vHgEmoisiireredentyil banledncedbethe rriativa Semidiy eftbeiper meabi lity to
oni gus or ba&dﬁnuhgs_CNemb@adroufﬂmlgrr@ativaauﬁhtcﬂylbﬁduku adbieftivaly T el Flt ive |

umdity. T t. useful i.n protective coverings, selectively
per neabl e Eé’t%eera F%I"an?r%gﬁfaﬁﬁ%svﬁhc?em%ggp '%"Feg"‘e‘_{{t_ B |els|e'te§/t"'§ d rmust provide | ow
per meabi | i t fermeablgmatebydl alsaeharagt 40 ggneraliitde pegeryeddhatthesedi ffi cul t
condi ti on ofmakdrigh afeinatd peemedtidliodhdny.cndelidhitvapdia bt bhigh iclativé desirable to
| nprove the 1. f ' Lt hout sianificantly
di ni ni shi ngh{?rhfgu@' ng?&’i‘%%ﬁ@@*%@%%?ﬁ%%@é?"qj'é%'yvﬁt“%’“. §??_‘1g’t3’rf‘:""’SHEET (RULE 26)
14 June 200%atiypherpidiy. gThws peimnsycymatialy as emglexeddn ehestieal prot ect i ve
per f or manceptechaidovsiirgdpplications, it ismpbitdrs b ddgsitidrand profeedat habi lity. A
number of S gk RLIAEY oM IHARLRISTRESHL Hrde RANRRSAnbiRYSRALPat ed Tor

are to be expected during use. Particularly, it is important to consider the

permeation of noxious or harmful chemicais under conditions of high

humidification. High resistance to the permeation of chemical vapors at
. conditions of mild relative humidity may not be representative of performance

at elevated conditions of refative humidity.

For the applications under consideration, it would be desirable to reduce
the permeability to noxious or harmfut chemical vapors, particularly at high
relative humidity, without an undesirable reduction in the permeation of water
vapor. Similarly, it would be desirable to increase the permeation of water
vapor, without an undesirable increase in the permeability to noxious or harmful
chemical vapors, particularly at high relative humidity.

Thus, to be most useful in protective coverings, selectively permeable
materials must provide good breathability and must provide iow permeability to -
- hazardous chemicals, particularly at the difficult condition of high relative
humidity. Additionally, it is desirable to improve the breathabiiity of such
materials without significantly diminishing their protective performance, and to
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" general use in these applications. These include a variety of filns using
cel | ul ose-based pol ynmers such as described in U S. Pat 5,743,775 by Urich
Baur nei ster and assigned to Al do Nobel NV as well as porous '&’?Pné/ filns
as detai | gobi4esS. Pat 5, 824,405 by Uoyd Steven Wiite q;g% gped to
WR Gace & Co. It has al so been taught that good breath ty and good
resi stance to hazardous chem cals calg be achi eved under 'sonme conditions
usi ng a pol yal kyl enei mine protective material as described in U S. Pat
5,391,426 by Huey S Wi. However, the chem cal perneation characteristics:
of each of tTgee thgk protegtive %ﬁ@"mﬁwah@m&gnﬂ@nﬂr@hmamelﬂyelt ow rel ative
hum di ties bidagtabllg. Nnot represent the range of conditions that would be
encountered in use. The performance of these materials will be limted by
t hei r conpromi s nupkes splegfively ermeshlearrieriabiifave beerpavestigatedifory at el evat ed

rel ative hughrﬁhramseﬁumpﬁ&éuaﬂiﬂh%hﬂib@\é wRIHeRTof fillfddlsihg @S taught herein,

It has been erf. tively perneabl e
chem cal pr 6 ‘é’?zot%fg_éggeﬁoy%trs g"Ease esc" e éf %(fp %3&1’@?’%@[9 can be

consi der abl 93W'ﬁ5ﬁ7@ﬁﬁé§%’@@ﬂ§° éﬂ@d‘iﬂbew\bys Wellmqmsmlmgu@rﬂlm aci d |
noi eti es W ailidtardaan p. y:a{rs emmyagrm d@mépemtgqmasg, negqo's been di scovered

that the wa 0, ra substantial ly better
S Without a c{(ir)\}eﬁ(&;&r/a(%a£Cfg ggna,s tﬁlﬂ%‘?g@'{m‘iﬁg ?ﬁ?}%%?fylaé‘g B‘ért icularly at
: el evat ed reteatsranee FRJWGWGPVS Cfﬁmqahe?aﬂ be acitienedivoder sogiesondiionsd t hat the -
‘resi stance hsmgw@yblwﬁﬂe%mméﬁFBté&m@Mr@ésSdes%édhﬁulsﬁ%v at conditions of

el evated re tantiall better W t hout a
conpar abl e. é?“ %%?umeyné V\)(’/g“f erélvffaY oﬂ'at F'f’i fﬁf@gpﬁ' S surprisingly,
it has beencf¢iask ofbeseometadals @fﬁ@vald@afﬂ ursien reiatively hmeebdvefﬂnemsd'hes both the
vat er vaporthharcmsdnaﬁésént th@?&gé@ﬂc&hﬁoﬁs&ﬁétmm dnotRerb@Wsuser  har nf ul

chem cal s con 1.t on Ive humdity may be inproved
si mul t aneous %ogﬁ%%% eSenmé'e 2R f?&%“%‘ﬂ%@%%“ﬂﬁ?‘&ﬁ al s capabl e of

concur r ent IV%‘?W@‘P#@’W%P@W@@ wmnv aiplevatddrplativedtimpidityt ect i on.
Accordingly, it is an object of this invention to provide |ightweight and
pliable selectively perneable materials that exhibit high degrees of
br eat habi | iSWMWRYdDherEaNVMTmNt h protection over a w de range of

condi tions. an obj of SUBSTI TUTE SHEET (RULE 26) WO 01/41877 6 14

ect
June 2004 PCT/ 7“@‘35%“9‘3?%“5’?5‘5%?5 besp P et 18atdbovi de a sel ectivel y
per neabl e pregfoauarice of & esiedlively permeable chemical protective covering based

upon a polyamine polymer can be considerably and unexpectedly enhanced by

incorporating amine-acid moieties within the polyamine polymer.

: ' Unexpectedly, it has been discovered that the water vepor transmission rate
may be made substantially better without a comparable trade-off in-protective
qualities, particularly at elevated refative humidity. Further, it has been
discovered that the resistance to noxious or harmful chemicals, particularly at
conditions of elevated relative humidity, may be made substantially better
without a comparable trade-off in water vapor transmission. And most
surprisingly, it has been discovered that the ideal can be achieved wherein

. both the water vapor transrmission rate and the resistance to noxious or harmful
chemicals even at elevated conditions of relative humidity may be improved
simultaneously, resuiting in selectively permeable materials capable of
concurrently providing improved comfort with improved protection.

Accordingly, it is an object of this invention to provide lightweight and
p!iabIAe selectively permeable materials that exhibit high degrees of breathability
in conjunction with protection over a wide range of conditions. It is an object of
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capabl e- of transmtting high quantities of water vapor while also being
capabl e of adequately restricting the passage of noxi ous or harm‘ul
chem cal sig77 EVEN under conditions of high hum di f| cfib

chemi cal protective covering of this invention may be use o c enci aI
protective articles of clothing that are confortable because of their
ability to allow the efficient evapor®tion of perspiration via

transm ssion of water vapor and are suitable for application in a broad

range Of O pha0R islihto biovke aSBRBHIAL LA Al BRLLALgeige Scenarios. In

Its broadest aspect em ca per meabl e
covering of aRpRe PH{ANTNG wﬁsﬁar@&Oéwgf@réap@rw@le;ﬂ'wmpéb'gheet of - a
pol yam ne poifydequadierestictingtthd easigeld Hogibud drenapniulginial vupbyser anines are

e ok Rl bt RS B G ALHLRIoRD AL SRnfla BRIATLIERAC § TV ©11 €9

have a pKa |.ess are ed via
exper i nent at9f #us Peendiemmay be ysedfanshegiciahprtastivg W'%scﬁfémwmﬁﬁ ch has a water
_vapor transrdrs sorfortataé Beqgusnbfetieit duility 13,2060 ty dffitichel@yspoaifich af per meabi lity to

b1 5~ 2- o1 of Gtk 4 ERioh 8 koD P TSR o SRl f IR ont . e

pol yam ne p ectively

per meabl e cd'ﬁ?ﬁS’er“EQ? of perditionp birely tohe eperyfigeshi rseiqsgqme SCERAIPE- a
_sSubstantially Cﬂﬁ{s'tf? tb S?&ﬁrmé\Aﬁé"qhﬁ%a&é%@g%ﬂv&&@& of he surface of a
e su 0

“Water vapor perneab re substrate, a
cl osed por e R&{IRRAleffoxeringof this pyeqtion %“%B%?FQ'FQ'VBIN werpgableethegibodi nent s of
the inventi ana pbigsmipe byigminenddeih yhiastIOYof tiRnpohema shiyidreiiies is part of a

sel ectivel ¥ DELRAGER (FATROSHLEnEBIGNLLLL A SRSRAROLE AUBRT 2l e, uhere

at |east a portion zam ne g e substrate.
I n anot her d@¥RBAPKLRES ‘B?"@HeT fFeirriaEre selectedhand aditstegvia ecti ve covering
is conpri seéxnénntemmmtoafchiea@athmm&&:&eawepmm@wauclpﬁhsyﬁ eiatenf | uor oet hyl ene

substrates. bR g&&ﬁé&ﬁ}@é@hﬂ& 5008 8l RAL ¥ BA-AGCRRI YT W LH am ne-

acid noieties | ca "’H’a‘? % of the
pol yami ne ;S’&r%/ '°ea‘ﬁ¥'ﬁé"§ e 5filessdhant- 8% rafseC-ar e made to form a sel ectively

per nmeabl e COW%nE%n%@%nM%r YaPfhe ViR anﬂleyeﬁﬁ{ mélgﬁégﬁs

subst anti al I\é nt |I L1 \é? re5|d| ng between t strates, with at
| east a portp R deiehee bB‘FW 'RECMBYTY ?Etr"‘@?fedtf‘ﬁa"'ﬁrf"ﬁ? ROW®EH substrat e.
The i nventi émmis2 sphsténtialiy eantipuous &yet reaiding ressartihliyronang swiagg obd ¢l ot hi ng such

as gar ment Quater 9h5Y B8meaBRNERMate WHith ltng? bk bk @penmbdpodbokiie, $HEET (RULE 26)
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closed pore substrate, or a void-free su strate

In further embodiments of the invention, the polyamine polymer with
amine-acid moieties is part of a selectively permeable composite sheet with an
open pore substrate, where at least a portion of the polyamine polymer resides
within the substrate.

I another embodiment of the invention, the chemical protective covering
_is comprised of two water vapor permeable open pore polytetrafluoroethylene
substrates and a polyalkyleneimine-containing polyamine polymer with amine-

" acid moieties specifically involving H,SO, and at least 25% of the polyamine
polymer amines. These materials are made to form a selectively permeable
composite sheet where the polyamine polymer forms a substantially continuous

layer residing between the substrates, with at least a portion of the polyamine
polymer residing within each substrate.

The invention is particularly useful as or within articles of clothing such as
garments, gioves, footwear, and the like.

SUBSTITUTE SHEET (RULE 26)



7 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows an exanple of an infrared
spectra of a polyam ne polyner conposite sheet with open pore expanded
PTFE substrates Fig. 2 shows an exanple of an infrared spect?“ad‘éffe%% same

mat eri al fwomwaaigrgure 1 after the incorporation of am nepagadeomBieti es by
the addition of sulfuric acid. Fig. 3 depicts an enbodi nent of a sheet of
t he pol yani ne polyner. Fig. 4 depicts-an enbodi nent of a conposite sheet of
t he pol yam ne polynmer on a void-free substrate. Fig. 5 depicts an

enbodi ment of a conposite sheet of the polyam ne polynmer on a closed pore
substrate. FBRIEFEDESORIATIOROFSTHEOORAWIIGST a conposite sheet of the

pol yam ne polynmer on an open pore substrate. Fig. 7 depicts another -
enbodi ment  of 9a1 EBWPY P@TBisE £n BfratedsPpera Rl pinelyamingl RoBIEron an open pore
substrate, Fignpdsiteeipet with apengithodipanadd PIFEsubenResi t e sheet of the

pol yam ne po}z, rTng,r and an o(%en pore substrate wherein a portion of the

pol yani rie po é FRMBANRXemPIR;of AR iNrered SpRER 9h SiecsampyBeiedaldomy g. 9 depicts
anot her enboéigoent aftef the icompeogion ef shieetacidimdidiies pe theadddiien opol yner and an
open pore subsifaLggwherein a portion of the polyanine polyner resides

wi thin the open pore substrate Fig. 10 depicts an enbodi nent of a conposite
sheet of t heFigo3 gepiitsan pobydireent ofiadhas obihe poipahiae pulpsier.at e wherein
~essentially El I ,8f .t he go{ﬁﬁm ne ol%mar, resides within and partially
“Fills the opef pOTRCISHHED '8‘“7‘“*@(8?" Rosie sheet of tha SP@PInePBMERent of a
~conposi t e shees vof-freheulpshtganmi ne  pol yner and an open pore substrate
wherei n esse tigll al | o%%ﬁ he pg!ggam’ ne resides within and

e 'pol yner (

partially fil'Ps feRCHRAmbsiment oha tormpasite ?‘Feg?.t ohtbe paisarpine Pal¥Menbodi nent of a
conposi t e sheea clo$ed fce pblsyatai ne pol yner and an open pore substrate
wherein essentially. all of the | yam n ol resides wthin and
subst anti al | g'ffflﬁpld":t HLee e"égp? Boﬁg?lgll?ﬁilg?éﬁB%W?‘H'ﬂ@PO'ﬁ“@’_ 13 depicts
an enbodi nentn ¥f openPerepBdbtrate.sheet of the pol yam ne pol yner and an open
pore substrat. | rtion qf .the polyam ne, pol r.resides wthin
and subst anf‘%‘i‘l%ﬁ% "F“s?ﬁ}eﬁgmé%@'ﬁ‘e'%c?rf%%ﬁ S Sheet LB et SHEET (RULE 26)
14 June 2004POlHeY PN AN QPN PET FURSTBE33519

Fig. 8 depicts an embodiment of a composite sheet of the polyamine polymer

and an open pore substrate wherein a portion of the polyamine polymer resides

within the open pore substrate.

Fig. 9 depicts another embodiment of a composite sheet of the polyamine
potymer and an open pore substrate wherein a portion of the polyamine
polymer resides within the open pore substrate.

Fig. 10 depicts an embodiment of a composite sheet of the polyamine polymer
and an open pore substrate wherein essentially all of the polyamine polymer
resides within and partially fills the open pore substrate.

Fig. 11depicts another embodiment of a composite sheet of the polyamine
polymer and an open pore substrate wherein essentially all of the polyamine
polymer resides within and partially fills the open pore substrate.

Fig. 12 depicts an embodiment of a composite sheet of the polyamine polymer
and an open pore substrate wherein essentially alf of the polyamine polymer
. resides within and substantially fills the voids of the open pore substrate.

Fig. 13 depicts an embodiment of a éomposite sheet of the polyamine polymer
and an open pore substrate wherein a portion of the polyamine polymer resides
within and substantially fills the open pore substrate.

SUBSTITUTE SHEET (RULE 26)



8 Fig. 14 depicts another enbodi ment of a conposite sheet of the polyam ne
pol ymer and an open pore substrate wherein a portion of the JIOO| yan ne
pol ymer resides within and substantially fills the open pore e.

Fig. 15 driéilagsran enbodi ment of a conposite sheet of thg-rRhydaione pol yner
bet ween two open pore substrates wherein essentially all of the polyam ne
polymer resides within the substratesg a portion within each. Fig. 16

depi cts an enbodi mrent of a conposite sheet of the pol yam ne pol yner

bet ween two open pore substrates wherein portions of the polyam ne pol yner
resi de w t hifig.ddclepiofs anbtheserhisddiragre of a Eongpositd siteepoithe palpareinbodi nent of a
composi t e sfinepbind HPoft! pACLARBR!WHIRIN  BEHUFSIndPoipfifiRe PO € SUDST rate

and a void-free substrate wherein essentia he pol yam ne pol yner

resides wit FPOIYAIET Br5idss wihia agd substagiially s fhe C‘Pé" geEitPe Al enbodi nent of a

conposi.te Shﬁ‘g?hs% f %n%ﬁibﬁéﬁﬂeﬂ?of@éo\ﬂb%&ute %&N@%@d} dh& substrate
and a void-free substrate erein m ne pol yner

resi des wit PeMRENEHR ﬂpe“d??f‘:és'étlfﬂ'@'te?&f‘greﬁﬁse%'g ’H@{)‘?qé'fegp"é%“g?ﬁ)odl ment of a
mul ti-1|ayer @diyh'@mesubemmnmemubatatag atpertton méthinleagler s. DETAI LED DESCRI PTI ON
OF THE | NVENTI The chem c rotecti ve eri of this invention

i ncl udes an'El'l;}rﬁl\‘r':lte%'ﬁ‘ts an EQPaF?P' 5'0‘?@%9‘?”’1?5%%%”%‘?8 | east 10% of
_its am nes d&etvaenhee apsnchorersitetrates wmmmmaatﬂwd|poiysrp@e|peb'm|envol ved have a
- PK, 1 ess t hagside dithind Bdch of Bl (BEHA&s, Pol ymer may be fornmed into a selectively
‘permeabl e sheet suitable for use in chenmical protective coverings.

Enbodi nent s Fid. 17 biegicts an entbiodimentiefia qogwasileysheetod tpopaiaminegolysrernor e wat er

vapor perm%ehﬁeeﬁlah%héf%&a shibadatd @4 ﬂﬂﬁ@s&%ﬂ@%e@ﬂﬁeé&é&bﬁ?t ion for the
pol yam ne p of water vapor

per meabl e s%h%ﬁﬁtpgga'ﬂﬁie@ﬂpbgﬂeéreéggﬁﬁ’{th IOFQQ/B?@ sf’E%'@te as well as the use of

porous subs tF‘gatlgﬁepiEﬁQQn a%aumeﬁu&%tdoatpeﬁtel sheétt theCddB@fiheNlyingubst r at e
mat eri al s ROLS su t L nv nr]fa&no& i ncl udes

ra
embodi rrents%ﬁﬁv&ere‘aat‘)p?'é r?s bs“@fetlon (?fJF%és" s{?agsﬁhﬁrée'"p% yier “may be nade
to at Ieast thsenaiiagingpaiyrar f@ﬂf\‘ées\mihdbe @ﬁe“w&ﬁ@ﬁ depore substrates. By

chem cal £98 d%&ctggngnﬁggﬂeﬁt JF%%I? é‘?@&‘?aﬁx’uﬁéte foafth n#ak.ﬁé, F‘eheQat

substanti aI res passage 0 KOXI OUS OF mcals, and is
SUBSTI TUTE SMETST (RULE 26) WO 01/41877 9

DETAILED DESCRIPTION OF THE INVENTION

The chemical protective covering of this invention includes an important
feature: a polyamine polymer having at least 10% of its amines as amine-acid
moieties where the acidic species involved have a pK, less than 6.4. This
polyamine polymer fnay be formed into a selectively permeable sheet suitable
for use in chemical protective coverings.

Embodiments of this invention additionally incorporate one or more water
vapor permeable substrates that may provide support and protection for the
“polyamine polymer. These embodiments include the use of water vapor
permeable substrates which are essentially void—free, as well as the use of
porous substrates. The porous substrates include closed pore substrate
materials, as well as open pore substrates, and this invention includes
~ embodiments where at least a portion of the polyamine polymer may be made
to at least partially fill the voids of such open pore substrates. '

By chemical protective covering is meant a material or article that
substantially restricts the passage of noxious or harmful chemicals, and is
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14 June 2004 PCTIUSOO 33519 intended to be interposed between those
harnful chem cals and that which it is neant to protect- The chem cal -
protectivewgQ ,g{sr,pg of this invention is especially i ntg og\gjs"eﬁQﬂ“ect

peopl e, ani ma and plants. Such a material or artlcle rray e1n the form
.of, for exarrple films, liners, |lamnagtes, blankets, tents, sleeping bags,
sacks, footwear, gloves, garnents, and the |ike. The preferred chem cal
protective covering will be pliable- By pliable is nmeant supple enough to

bend freely aﬂ&rdém&@élrme*ﬁs&a& bag,eeﬂrroeéhﬁmrmfcﬁémeéeana’\rhhd wifig: ipgt ential ly
rotective articles of

suitable for use in a cations such-as c o
cl ot hi ng- I\/br“?aﬂr@fpe‘?‘%gdlnb? Fhagiea! BW&W‘E%@VE?'&‘ggT'? {;‘ee"ﬁ'B’\'}&rr ngs wWill have a
hand, as i ndespcEtly imendedHmmabtect@ehple canimassnd plaptst Suol almederiatvan 1000, and

wi.ll have Nno apRa3h& e .ﬂﬁ@gﬁnspeaeﬁénsuéaﬁﬁyr.ﬁérs%m,ﬁae@'ardnﬁ@tet br eakage
subsequent t?ﬂ eva uati on. %% r}g egre erred pliabl e chemcal protective

coveri ngs Wi 35aPag hagsys fh%!ﬂ‘ff?s@amgﬂfa M Pe b¥ve no apparent
cval uat o By 2??%2‘?’("5’2‘* B e il e it |
differing p&ﬁ‘é‘aﬁb’f’?’??f‘%@'ﬂggﬁﬁ @W@%"&%@Qeﬁ%ﬂ? 8’3 g‘ét ive to d
undesi r ed chwilibegiotenfiaivstitabie ©r useein spplisatidns suttvat dhemitesprotedtiygenet r ant s,
_-€.g. water Vameks ofdiibih§ R8re ;m.-ﬁhe@ rawéh@mrcer &B@%W@iﬂ#& iy to undesi red
BT ol B P 7S oo i B R, 0 et
per neabi | i t y180f. aad will havgpuy apparentidamage syok pefrattises bysigoficacki ous or har nf ul

cheni cal vap@r@gkad&heséaaeit% e@d’l@atto§eJ‘fﬁ‘é3$1bé4%t‘éfe O;rrsa@t:ﬁerneéreri al's whi ch
havea50to 100. tines.differe 1000 tinmes difference.

By pol yani ne PRV gsaaifiavg aﬁlﬁ'ﬂ@ﬁ&'ﬁ%‘ﬁ%ﬂ @ 3"?)1”[}@?"? P of amines. A

si gni fi cant prRarent A2$ge hush anifradyresior hihar sigréficend breakage syskyuadt of this

i nvention afpevhkatdne form of am ne-acid noieties. By amine-acid noiety is
meant the product which would result froma reaction between an am ne
group, which is Basflestiveiperegable isdnepnd apsseTting significaetlyatiffedingoi et i es coul d be
the result ofermaybiftiestedesttd emmabnéifan@h&ﬁinﬁé&b un@s@@@&%ﬁﬁcﬁum that the

oroduct s Bbud L P S sl PR GO S6LagT 0072 71

brought into associa one ano
but are not Mghfarerpredio the parmgability l‘h@fd’@é'fﬁtdcpeaetfw pameoyssiryner (e. g. ,
i ncor por at i awan®ful Sidntitdl vapdis.i U3sfulGeledtively pefifiddble MateRals WY@E AgCt of anot her

reaction (€. gigast 08 14 FihLHeler AHRSS P NatSN LA KK he
- permeability to noxious or harmful chemical vapors. More useful are
selectively permeable materials which have a 50 to 100 times difference, or
even a 500 to 1004 times difference.

By polyamine polymer is meant a polymer having a plurality of amines. A
- significant portion of the amines within the polyamine poiymer of this invention
are in the form of amine-acid moieties.

By amine-acid motety is meant the product which would result from a
reaction between an amine group, which is basic, and an acid group. The
amine-acid moieties could be the result of any number of chemical or physical
processes such that the product is that which would occur when amine groups
and acid groups are brought into association with one ancther. Such:

' processes would include, but are not limited to, free acids added to a _
polyamine polymer (e.g., incorporation of sulfuric acid), or as a. resuit or a
byproduct of another reaction (e.g., the reaction of amines with chioroalky}
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conpounds resulting in al kylation of am nes and HCl producti on) or by the
coval ent addition of acidic functionalities within the pol yah #&edi0¢ner

(e.g., theaAagiion of acrylic acid through its vinyl geprBeds8siohe
pol yam ne polyner). By acidic species is neant a nol ecul e or chem cal

-conpound with one or nore acidic fupgtionalities. By substrate is neant a

sheet-1like material which is conbined with the polyam ne polyner by any of
nunmer ous coating and | am nating techniques formng a selectively perneabl e
conposi t e slsempourgh gesyiting tnrakityiation pl aryees pddiCl praigctonp of h!ettbl e. By water

Vapor  per meablafeal SddIRAY! abiai Nt GhaNGHs Wi AR folj s FifdiBg T at e of at
eas an ‘i a anar
conbi nat i o%tmg?f ‘%BXZ?F_E’C% ng,;r' 19 Vé””ﬁ%{\?'l’%}jqﬁ%ﬁ‘é'}’a“?'ﬂe Pé s ur f gcg cont act

or Irrpregnatlonaywdxbypwes iPRehhtal thoteculf or@REMRAI o@ﬂ%@{dm&eaﬂot her. The .
substrate or_subst. & Cmnrr%%?prow de protection and support to the
e st

pol yam ne p(r)r]oreac: ' Tate or substrates nay provide physical

protection, SUCByé\ibsfrét@fﬁ ABAM S BBet ke Riatenigl widh iD UbRbinéEwitiphd May provi de
protection fr har m or

el cul arl qu
ot herw se Iarnlume {Fgﬁ%ba?'& cP UT%rguspcya I%q,?mdiélgingg\hg[tﬁgw %)'éf’ em The
_.Substrate niymige aﬁ‘e%mﬁ@im@qsw shegt. cThgswilistrate willlpgtwatdral , or may be
““aAn essenti aldpory@idbableee material. By open pore is neant that a material
has continuous, interconnected pores, voids, cavities, or channels at
| east parti al | yBY WRBUGPOT Pymenble lsraeant hginachwalgs apepteansayssiodccessi bl e from
at | east onetsbideicabt S00gy/@Htdy).al - This access is inportant in the case of
open pore substrates, where it can be desirable to place at |east a
portion of the ByfomaesiRshest s maanka sybstastially slanpegampingtiempiiweRe  subst r at e
pores. The opemaenss akigf Gyt awsbm@rmnauudrabbnégmb@ueumter| al having

such open g.zg}ga, C&%ﬁé'oplaﬁdigpuﬁﬁsanﬁiﬁgt cavities, or channels, such as, for

exanpl e, a woven, nonwoven fabr | c, or a porous polymeric film-
Sui t abl e open Trersabgtdte oresubstrdted msy pmhmdmxecﬁmﬁ aratr @ippart tolthen t ed t o, open

pore films ohy, Qéé!aff}rﬁé/r' emssrmla &lstgsggges%gy[f95\ﬁo RpriySEar POl yam des,

pol ytetrafluoroeth ene erim si¢cs, .and the |i ke.
Preferably Qrﬁ@c érogrg $iop). dearipg, or punciure, and may provide
protection from chemicals, particularly liquids, which may harm or otherwise

detrimentally affect the performance of the system. The substrate may be an
open pore material, a closed pore matenial, or may be an essentially void free
matenal.

By open pore is meant that a material has continuous, interconnected
pores, voids, cavities, or channels at ieast partiaily through its thickness, which
are open and accessible from at least one side of the material. This access is
important in the case of open pore substrates, where it can be desirable to
place at ieast a portion of the polyamine polymer at least partiaily within the
substrate pores.

The open pore substrate can be any suitably porous material having such
open and accessible pores, voids, cavities, or channeis, such as, for example,
a woven, nonwoven, or knit fabric, or a porous polymeric film. Suitable open

pore holymeric films include, but are not limited to, open pore films of
polyethylene, polysulfone, polypropylene, potyamides, polytetraflucroethylene,
polyetherimides, cel{ulosicé, and the like. Preferably the open pore substrate is
expanded polytetrafluoroethylene (PTFE) that is composed of nodes
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- expanded pol ytetrafl uoroethyl ene (PTFE) that is conposed of nodes

SUBSTI TUTE SHEET (RULE 26) 14 June 2004 WD 01/41877 PCT/ US00/ 33519

i nterconnected by fibrils which formthe pores, as taught i n1dlee M No.
4,187, 390waroidig87 Pat. No. 3,953,566. O the substrate eafReB8e
essentially closed pore material such as a closed cell foamor porous film
wi th occl usive surfaces which, althoywgh having internal porosity, does not
have significant openings or accessibility to the porosity fromthe
exterior of the material. Preferred water vapor perneable closed pore

mat eri al s wiitércomectedby sibiils whicipfohm ditdymres) ab yamghtdn DR Paa No. pol yet her

pol yesters Qrigpaoyel D8 PRONYUS g83uHges. O the substrate can be an
essentially void-free material, that is, a generally continuous,

nonol i t hi c nat efr Hie substratengpndiegni dsserdialy qlased poteymatbiiad bastrasch  wat er vapor
permeabl e suRséd edugsark br Sdibut ik Bn WEdibsiRSuibER WRhELiRLSh ﬁévirﬁ;heet s or

films of cellulosics, polyether polyesters, and pol yet her polyurethanes.
Addi ti onal | Werf‘ﬂéméoﬁﬁ%tdf"é%/'éotg?‘ves%%ﬁlcﬁﬁft@§"‘ﬁ%§/°rr?&€%$%ﬂ'§‘ttPH?j's whi ch enhance
t he proper t persitf franthecotegosifthe raterdl. Predereshvangyiveportdeemewideer vapor
permeabl e Sylasdd 5Ure atEibisWAMIS: SoRiplobaBSt plybhBr pdERRAY Sudnls bond between the

pol yam ne poli}/rIFr agyd subst r at \%r&ieat |tqn?g a- stronger or nore durable
.conposi te. EPYEFYPY fﬁ'ﬁ'ﬁl%?‘_’lﬁ’_ SARREFERARBSr per meabl e substrates nmay have
- toatings which of @yistesirafithibe@nassdtiglyold- M miteddi@naed yam ne pol ymer from
such materials a@ 0|tls or ot I‘ﬁr@ E\g ential contam nants. Pa{?tlﬁul arly, the
open pore JEBERYSPTLUREY MPGRNG TS Sraodicant pggesty-iijetlemed U S| Pat ent
5, 539, 072 . Twetepwappa peameeable sybatratesiolf thistpmeewil be bedehatérigs asisheets '

m | | i equi vabefns bbce!iuBSied, gbipdthyt pRlyebBASAndpoletiEr PSydFkinkhggui val ents/ g, and
more preferably at least 6.5 amine m [T equi val en¥s/g. The am nes of the
pol yam ne pol ynidditipngiyp thesfibsiralg ef subsiratastnyayi have goatitgehichat t he ami nes are

subst ant i al kyhdaasine proger@e Bethalcohpaditd 8hakt PKEr dx8mplel thavatek4apdrnus
potentially Leactiy S I s, .U f ood that

h _aci.d ecies. Thus, .t der
ni t r ogen- cont ai ni ig cweaiﬁsgay MY B Su‘gﬁdé'?pé%ed%esb%ﬂ?c?el 683%3 woul d be
excl uded, aBolYafye BMEMFHRANI SUbBterRreating ¢ sarder or BaerduRRblt ¢ ani nes of the
pol ya(rjn ne pednygtite. obr, tdr@xamme thé @bteAB3pobpemieable s@mﬂwh s@na F}falvémay, ]
secondary, . . . - nat.i on re and may be
connect ed t%[agﬁ%%:g{ %rogigésgﬁg'? il %3%%'865)‘3@# géslyag?'?/% ?&‘A'P%yff",’“ allyl, or
such materials as oils or other potential contaminants. Particularly, the open '
pore substrates may use coated membranes as described in U. S. Patent

5,539,072,

The polyamine polymer will have at least 1.0 amine milliequivalents/g,
preferably at least 2.5 amine milliequivalents/g, and more preferably at least
6.5 amine milliequivalents/q.

The amines of the polyamine polymer may be of a wide variety in so
much that the amines are substantially basic, in generai having a pK, less than
12, thus potentially reactive with acidic species. Thus, it is understood that
nitrogen-containing chemical groups such as amides and imides would be
exciuded, as they are not substantially basic.

Such basic amines of the polyamine polymer of the invention may be, for
example, primary, secondary, or tertiary amines, or any combination thereof,
“and may be connected to a variety of other groups such as aryl, alkyi, allyl, or
alkene groups. The amines of the polyamine polymer may also be imines, that
is, connected to a carbon atom via a double boﬁd.
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al kene groups. The am nes of the polyam ne polyner may al so be imnes, that
I's, connected to a carbon atomvia a double bond. SUBSTI TUTE, SHEET ( RULE
26) WO 01/°4d81fisi2 14 June 2004 PCT/USCO 33519 The pol ygag W may
be conprised of amnes froma variety of materials and co |nat|ons of
materials. Preferably, the am nes of 44he pol yam ne polynmer will be from
pol yal kyl arni nes that contain repeat units in which the am ne groups are
directly connected to al kyl groups. The polyal kyl am nes may be sel ect ed
frommateri al s 3bepolgsnipobgiymenyhanemmpsinel of monnesiroat ®vatiglyofnay be sel ect ed

from polyal kyl &ngl énd%ﬁqbﬁ@ms%ﬁma&%gebmf&swum aﬁmeagrm@l ypropyl enei ni ne.
Pol yet hyl enel m ne ferre repeat unit structure

(- NR, R2- CH2 Peypming p°l¥f‘leéW’"bﬁ|frBH‘lR9éV&"‘V'fa8’t‘ﬂeFH@t E%"I’T‘Eepﬁﬁ [ et hyl enei m ne
(azi ri di ne) whithehenamine granbs areafiredly asnndcsed tn altkglgmoups. dhg positive integer,

and R, and %gﬁ,ﬁa.ﬁﬁgbmgg ?bél@&éd fr&nmﬁéreg%ncwés baIRidyRRGRAY, ahfi t descri bed
connected t é (Sﬁq @ADfr%{EP

e acl di c specles of the am ne-acid
moi eties w W°’%E‘eﬁr69'¥)ﬁ‘aﬂ il By ARMENEINIRES B33 | | have a pKa of

I ess t ha_n 6 pdlyethylensimine lahd kotgpmpyidreiminat mﬁﬂiymneumwlslﬂmmdstom de, in
conj unct | Onp%}(ér@d@ﬁ@ﬁéértﬁe re%!atlunit@{rﬁﬁ@r@t( l\fF?Rf—@ﬁrle J?Qeﬂ' ¢ acid, which

possesses a pKa car boni ¢ acid,
-al though rePHILRA @P%‘&IFYC'W’W‘?"°F"€51€¥‘VW?"H‘"Sr(ﬁ'71'f5‘§"e) '?Lf‘n‘?ﬁe’f’ is reaction
2.'s subj ect tepehtuaiis] erhs baacy pasitiee fdger, dntl Re andRR,; meypathdiesitberand '

surr oundi nga%ro Qrgor'mé %@%ﬁnﬁ%@gﬁiﬂ&é BdrinBB8d thrdudhIhdtRfd gkdipwn that stronger

acids will 1I'n era d ace weaker acids. For these reasons it is
desired that afmeja@d:spmcteesf the ahtiree-guid meietiasi will be petdnetenatingt hi s | nventi on

possess a Qhﬁn@%é@&é@édd%u me%t,ﬁ@tofw@émne% %t.memmomﬁa that of carbonic
acid, thus a | ess_than 6.4 ferred arecg}ldlc speci es which

possess a pR CB‘P ?f'cdﬁaeré’&'dea‘ﬁ(‘fb%%ﬁm‘b?"‘g E'P’ts&'de APLNERChioOThaci es whi ch
possess a pkarbofic 2ci§, whicH mssesies a bKeef Geti [athehtédwelrknowndwt por at ed as part

of the ol Y5 BBl FREush B ATedk) b hEschURl B, aha BRRERNOT [ ¢ aci d (o

pol yam ne po a are, clear under od For exanpl e, phosphoric
acid is an ?%H?%'S§B@%?g%tr?{§Wﬁga"& reVsRERisven éy SEHSAME acid, being a
mul ti proti csamiuding|lCEh ahd soppture g@ncantzat@ngl itis2lsp, knP‘GlF that iginges peci es whi ch

cannot be ssaamm@rdgérre%mfsb@c@aémnw@s Wi%ggl‘easéﬁlt ig¥aselenaci di c speci es
whi ch are coval ent |

species is PEE 858?%%5009?@ m(}%agd mgéetl%PﬂﬁlSYngentlon Jelymer, the acidic

disassociation constant which is stronger than that of carbonic acid, thus a pK,
of tess than 6.4. More preferred are acidic species which possess a pK, of S or
less, and most preferred are acidic species which possess a pK, of 2.5 or less.

For free acids which are incorporated as part of the polyamine polymer,
such as by the addition of phosphoric acid to a polyamine polymer, the pK, are
.clearly understood. For example, phosphoric acid is an acidic species having a

pK, of 2.1. Phosphoric acid, being a multiprotic acid, also has pK; of 7.2 and
12.7. For acidic species which cannot be separated from the polyamine
polymer, for example acidic species which are covalently bound within the
polyamine polymer, the acidic species is recognized to have a pK, which is
-typical for the acidic group of the species. For example, if a carboxylic acid
were covalently bound within the polyamine polymer, it would be understood
. that the pK, of such a resulting acidic species would be typicat of similar
carboxyiic acid groups, and thus would have a pK, between 3.0 and 5.0.

Preferably the acidic species of the polyamine polymer amine-acid
moieties will be multiprotic acidic species. Muiltiprofic acidic species would
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typi cal for the acidic group of the species. For exanple, if a carboxylic
"acid were covalently bound within the polyam ne polyner, it would be
understood that the pKa of such a resulting acidic species Wb dng 04

typi cal 13?} carboxylic acid groups, and thus woul d have a pKa
bet ween 3 and B’ 0. Preferably the acidic species of thECHEMIERhe pol yrer
amne-acid noieties will be nultiprotic acidic species. Miultiprotic acidic

'speci es woul d SUBSTI TUTE SHEET (RULE ¥¥%6) 14 June 2004 WD 01/ 41877
PCT/ USOCO 33519 13 include, for exanple, sulfuric, sulfurous, phosphoric,

oxalic, nal Oil%lﬁde f’B?'eQérﬁple solfbrfd. &HuFo%Etﬁ{olsfhon@%q?i UHQ:E.H;S rﬁﬁé:g The acidic

speci es may 3 be. monoprotic. ., Monoprotic woul d i ncl ude,
for exanpl e, 9&?%1 Hid timanig adid,  the acﬁ’éfé‘-'tpleﬁ'es ‘aﬂﬁa'ﬁ%Wé“%?tt? The acidic
speci es nay Mommprdie agidicyspesiesowolddiotiudss forpebniple hytiioehiams, Pyrudible aci di ¢

speci es may é&bﬁ@ah@foﬁﬁiéaécﬁntﬂhxaa&%ﬂ ﬁt.ﬂ%wan%&\?eo%owﬁ\éé@ 0 P0! yrer, such as

woul d result Evro ther action to t té@lc acid. A single
type of aci di% ciglic spegigs mSYaEBHﬁF?f@leNB\h'%O”Bf’WE the nore types of
acidic spemm!varmya ﬂolymesdrch hswaulg reafiie fromdheebadh tﬂaﬂhé aidaﬂydé%f acid noieties

are creat ed gpbxyiiciemr ﬂ%rﬂlé @Be Qif acﬁg Jcp'égtbg mgg be! uée'?lt gr pn%:r{%ﬁ &yl ne pol yner.

The anmpunt and nature e pol yam ne .

.-pol ymer can tﬂ%%@gﬁetﬂﬁséﬂfﬁ??@ap@ﬁﬁ"&w Reriised caI I y. That i s, the anines

Within the pol r@%rﬁéﬁle)%salm% axtnL}E ﬁde 6:&@@%0 Eited [‘: t”utegtespg'ngam he

polymer are. ideal
conposi tion SPrROfR %8 ‘g’B‘ P°'V3FWI]%P°'¥’H%' resul ting types and

quantities of a%@&na«mténd FRURLdr 8% Hifie b8 HolofeS\GHAT %Bﬁ@ar&ﬂ ﬁgggof‘gam .

under stand| n t nent s reactions use
pol yner . g'ly it ‘f”@ﬁ%ﬁ%ﬂﬂmwﬁﬁ'ﬁ@ Tspiber Thebis. the apings withiar i zed by a
nunber of thecioptamingl polysesn and thescidiaspledids within fmatpoigm’h!nb |pmy|hedarbo

extraction, iRbf/ 8aitinéd b;anﬁi%%igéofﬁxbt:&ﬁstntdéﬂpsaﬁ% 3Py, nass
spect roscop | nfrared I n uct | ve@/rvcou ple plasma (I CP)

anal ysis. FPYFE"T PRDGE pﬁ'ﬁ's !ﬁ? Feéﬁpé/‘ﬁg QB%%?'}daqua?‘masa 987PHE pol ymer
conposite Q'lﬁ’é?éﬁs fietidealipdetemunes thropainde undefiiindiglos theabependntgur e 2 shows

the same naRh@fdadionatit&y tolfdilﬁplh@%l%miﬂé p@lﬁrmalm ne-acid noieties by the
addition of sulfuric acid, and is indicative of one enbodi nent of the

i nvention. | n niinatively.dheealyaningrpglymer gao dsichiracterized by sacmbendfdi ¢ speci es
fromthe pahamichinechpigbysiriciidingCRAhBOINIRE toViekiaciors kleffegdlay basi c sol ution,

such as an analysis, titration, chromatography, mass spectroscopy, infrared spectroscopy,
and inductively couple plasma (ICP) analysis.

Figure 1 shows an infrared spectra of a polyamine polymer composite
sheet with open pore expanded PTFE substrates. Figure 2 shows the same
material after incorporation of amine-acid moieties by the addition of sulfuric
acid, and is indicative of one embodiment of the invention.

In many instances it may be possible to extract acidic sbecies from the
polyamine polymer by contacting yvith a strongly basic solution, such as an
aqueous 0.1 normal sodium hydroxide solution. The solution with extractant
may then be analyzed by known techniques to determine the type and quantity
of acidic species. These techniques may include, for example, ion
chromatography and chemical elemental analysis.

In preferred materials, at least 25% of the amines within the polyamine
polymer will be amine-acid moieties. Known titration methods may be used as
an analytical technique for determining the percentage of amines within the
polyamine polymer which would be amine-acid moieties. The equivalents of
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aqueous 0.1 normal sodi um hydroxi de solution- The solution with extractant
may then be anal yzed by known techniques to determ ne the ty[i)e and cbuantity
of acidic species- These techni ques nmay include, for exanpl e |4 e 2004

chr omat ogr‘ggw/ gj;;ld chem cal elenental analysis. In preferred materials, at

| east 25% #8mines within the polyamine polymer wi FYVE#33be- aci d
noi eties. Known titration nmethods may be used as an anal ytical technique
for determ ning the percentage of amites within the polyam ne pol ymer

whi ch woul d be ami ne-acid noieties- The equival ents of SUBSTI TUTE SHEET

(RULE 26) 14 ne. (41877 PCT/ US00133519 14 total anines may be
b okl e kit o
equi librate i : itrating e
sol ut] O\I;]\:h Qoghaisﬂhﬁtﬂ: doh&_ir@@'tbf@ﬁ%lf@ni@@{:&ﬂﬁér th QHEHL gnfeeqmeueﬁﬁwr val e_nlt _sbof .
am nes which_ are n m ne-aci d noi eties e determn v equilibrating
She mat o arohes Rk S8 BF ARk o Rcires Fal B g BpSRRF B s ibmig o

equi val ent s the egieirabig pHiedyaieltand then térgnodalrbiit 3 Tfe 20id emivaignisch woul d not be
am;jnteh aci d rgRiiRHiIRfca lteTmte ed&i@é_l@{t\@ﬂ%liﬁ&twmt ! 6.ﬁtfpat%%t—nixgé%@ te_qui val entt:) S
an e amine_. equ s _whi.c ul d_not be am ne-acid noieties may be
consi der ed trﬂ%?:%qtﬁﬁgﬁﬁgfn%mﬁﬂmﬁ&o%mﬂ% %H%"%@"ﬁﬁ'?%%‘-"aﬁi d noieti es.
..The per cent ®Rgeivaients aeouigiot be apinedicidancigtienenaydied-ongidiered e nmay t hen be

- deternined fdyQihieRtS of RinkOwhkh ABLID B ARirE-KHrhYidlidNtThe Oraeﬁttaaé offM ne
pal'ymor anm Ees g Fodd 68 phe iR eidesds Fy BapdRermeSomls b1
pref erabl y iaticcof @sning-aqick eqtivalentsds tdtalakiinegequiveleatst immoieprefeadd e pol yner

net wor ks, CafatéfaiahieBst@df i Polyahintaddyeits aARRE Bre £HPMACKN the art. One
route is to crqss-llnk via the amne functionalities wthin the polyam ne

pol ynmer. As Y §% suitabl e cross-1inki ng agents may be selected from for
exanpl e, pol yepaké geigamipe birasd il petesitsly babrdahiies., caretiddingy! hal ides.  In a
preferred enpagh Bl 6RO KRS R e 2 SF QBT bl bRY Elafibud @St (1 part by
epoxi de | i nkKages: ep §am ne polryner W e’ natde to rtorma selectively
per neabl e &A@t indhe prhyEpe rapfq is ke CrPEE-ling viz taerBotie fnetienaifewithin part of a
conposi te sliepiolyaniddpaimdre AS sudH) Suitidleos¢aipkihg BGIEARY Be SaibGéd ate. The
sel ectively pgh I rall b i . conti nuous and
1Y /e FBF &rfiple, #:x?cf WebtersPSid .§%’HE. h¥lide@Nt | Nt

t hus resi st anfﬁrto the b &@ Tow ;g:?( aaf"r ¢ rrs(‘.)ug_ | ?s’ t |a(; ne’ssf2 havi ng a
Qurley air (3psfarrdentadiment thephiaminssgre cross-tinked at least in part by

epoxide linkages.

The polyamine polymer will be made to form a selectively permeable

sheet or iayer, which, in some embodiments, may be part of a composite sheet

with at least one water vapor permeable substrate. The selectively permeable

sheet or layer will be substantially continuous and thus resistant to the bulk flow

of air through its thickness, having a Gurley air resistance to air flow through

the selectively permeable sheet of greater than 5 seconds.

In the composite sheets of polyamine polymer and substrates, the
polyamine polymer will be coated on or within, partially or entirely, or otherwise
directly attached to the water vapor permeable substrate. The polyamine
polymer wili preferably be formed to have a thickness between 1 and 1000
microns, more pfeferably between 5§ and 100 microns. In general, the

* substrate will be about 0.005 mm to 2.0 mm thick, preferably between about
0.0t mm and 0.1 mm thick. '
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the selectively perneable sheet of greater than 5 seconds. In the conposite
sheets of pol yam ne pol yner and substrates, the poiyam ne preg

coated- on b thin, partially or entirely, or otherwi se

to the water vapor perneable substrate. The pol yam ne
preferably be fornmed to have a thi ckness between 1 and 1000 mcrons nor e
preferably between 5 and 100 m crons?3 I n general, the substrate w II be
about 0.005 mmto 2.0 mmthick, preferably between about 0.01 nmand 0.1
mm t hi ck. SUBST*I’H_ rgfeﬁb’gﬁsﬁﬁumﬁl ok a%%t&%ﬁ?r%gﬁdin\é\gog ey

PGT/ US00/ 33 éjd'r erred substra er vapor
transni ssi O?F %g o&ﬁ%p‘}’aﬂ LS pr&?éﬁﬁésbqsfrﬁ@s&é{wve AvYaterypedrer red substrates

wi |l have atlmsreasswaptyofatieamﬁms&gmnz*dat)e of at | east 20,000 g/ (nR*day). A
conposite sheet ,of substrate Xam ne mer can be prepared by

feeding a rol | OFf°BRHYE e °f55r‘|'8§f %Eﬁ"faé’li" MENCEN PE PrepAEsde a mi xture of
pol yam ne pby {eeeing asoibafisthsgateshieet tpamtabtermp mlle Riherecd yidise 6bnt acted with the

subst rate aagymaapay.s@f%ﬁstm;sma& k Béin SHBSY AR R0 thr ough ni ps.

, or if @3 8 e subs he constituents e pressed agai nst
and i nto ﬁ ePpEﬁ?E? %Qf'“sf Weé‘ﬂEﬁtﬁaFecm' Ragsiaght &¥asaii ng
consti tuent or if arh@emmtaﬁuestramyhmmsmums BBy be pessed dgaltisngndagent s, acidic

.speci es, anﬁ(leoréédidHéétrQ@ ah ad@iﬁ&? |ﬂ@c&%lpfﬁgng1it[]€rﬁ§ Eit]%h't urk "C! udi ng such

-.constituents as R ast.i Ci ze@_@q ers e rate of
“appl i cat i on™3Y AERFAHP ERES rpﬁgegtatgqc{icaqucw |and/ogadsiionalbn how nuch coating
or layer ispesssingdnd pérfeapproemidsddayding susis eoristikienty as pRtidierd,ni ti at ed by and
carried out iRy, B ke, 11 rhd 1B %l&thI%?thB|Mt8% s%sftpat?&napp: : ed by

casti ng, spcr!a% ‘rr‘]rg extrusi on or | any neans, well known in
the art, 9 'f‘uB"%F’"E'b%"tafP%oW‘f%'sadesg%s'f%ﬁi’f‘?pé'ﬂeyﬁééﬁ{'ﬂkﬁwous sheet or
filmor |ayen be,éwtialtrctbmc:awd@atbytmnnMe|ianmmtqaor ated, or further

i ncor por at ed, al(sg‘ %‘ Qart of the g‘?éyam ne rrer- A nmeans by which this
may be carried GGt o dSAVAR RHEHR) Bift‘%%ﬁ ré‘<¥ Qrfd“‘i’ﬂ%“ #dhs iR ne pol ymer
with an aci®fify agymesns welkylowniipthefaoy offoutdng oregatigrwitich of tine. This may be

facilitat edsubgf@nmpmﬁuoﬁgghe@ﬁrﬂﬁ,a&qu@;| ng or filling a substrate or
substrates with a solution which provides a conduit for the acidic species

to react-wth tAqisicaRpeiescagithartke inesipamated.cor fysthieyiresrorfited. @od yani ne pol yrer
and t he subsmitradtie gbryaﬁﬂb$blyﬁ1bESA fRBndBy WHiERIMESHay be carried out

conveniently is by contacting the polyamine polymer with an acidic aqueous
solution for a desired period of time. This may be facilitated, if appropriate, by
saturating or filling a substréte or substrates with a solution which provides a
conduit for the acidic species to react with the amines of the polyamine
polymer.

The polyamine polymer and the substrate or substrates can be arranged
in several configurations, examples of which are illustrated in Figures 3 through
18. In addition, it is often useful to create a laminate which incorporates

tached

additional layers of materials such as fabrics as part of the protective covering
to further protect or augment the performance, or otherwise make the
. protective covering more suitable for use in its intended applications. An
example of this is iflustrated in Figure 19.

As shown in Fig. 3, the polyamine polymer 20 may be formed into a free-
standing fitm, or may be incorporated into a composite sheet with a water
vapor permeable substrate as shown in Figures 4 through 14. Fig. 4, Fig. 5,
and Fig. 6 depict composite sheets where the polyamine polymer 20 resides
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I n several configurations, exanples of which are illustrated in Figures 3
through 18. In addition, it is often useful to create a | anipate which
i ncorporates additional |ayers of materials such as fabrics %3%%00& the *

protectiv I.hg to further protect or augnent the performance, or-
ot her wi seewnéa}em?ﬁ; protective covering nore suitable foFCHEWOPIIY (s

I ntended applications. An exanple of this is illustrated in Figure 19. As
shown in Fig. 3, the pol yam ne polynmdf 20 may be fornmed into a free-
standing film or may be incorporated into a conposite sheet with a water
vapor permneable. substrate.-as shown in Fiqures 4 through 14. Fig. 4, Fig. 5,
and Fig_ 6 5’%?"&'? Hyc%‘r%é%%‘i"-{aé:e%ﬂeae‘fcgd'&ﬁ%f"ét%#ﬁt@ Jo? PAFRIROHGIRE 20 resides
SUBSTI TUTE SREFH JTRR¥ER P26 subgirale 83, ragiidtiveliD Fid T4ESIERE dnafiti)SSC053519 16 '
essenti al | y efbotiftRnEwiida RSpolfanine/Riihdr 28 et sk idiifiy%h i Cl 0sed pore
substrate 22. and an orFen %og F%i‘trate 23, respectively. Fig. 7 depicts
anot her = enB0di rent WRer &'t Re 58'8 I ne pol ynmer 20 resides essentially on
It he tsur face of Fﬁﬁb&ﬁ@&rsﬁf&b&rﬁébb%f lélaét% p%%ion%@fhg%%rg%rp%iy]&%f)ft [ ﬁt es, ‘a‘t f

east a por am n Q e _made to'f| e voids o
t he substra&é?%sgﬁﬁeg ﬁ@fﬂg?@o@]ﬁpf’}g)? Sﬁ@%ﬁ?@#%ﬁ or Billy ASSEOWN hr ough 19. Fi g.
8 and Fi g. %iovestP theyol #9-aFigchpubFiged ednbatepinhecammppsite gheet whmte af t he

pol yani ne pebyis®6f B pelijithing bbiymbd 2d &mﬁﬂm M%oié&@%tﬁ??_%él | Fimg- t %g
Ss | y

“and Fig. 11 _ea icl, a osite ! et where ess

polyam e pby (2phERu Lt cfi BEBRG Eatpronf Shent Bk cpmriAY bt P o 23,
partially PPIVamiRg peliveenHtA cotpiped within pabpen Farg subbRaed3| partialign open pore
substrate 28iing¥ikeper fors skt iFad |18 dobiclsem opbk r{e*%ﬁbé?&%\’ﬁm ne -pol ynmer 20,

essentially_jn it tir - Fig. 13 and Fig. 14 each depict an enbodi nent
of an open ‘bvh'f e %Bf)tg{&'rag é}%éw\gﬂ'?%ﬁg]ﬁ“'%B@Yrg?ftgoa??sﬁqulli’ I"dd by a portion of
t he - pol yani Alirgh! figel3 o8 Figf1dcrech depict an esetmdimbns ofzsitapat orean be added, as

shown in Fi guiseste 1 whidhiosiittahBaliyiled oyl? paiish 5iithe pdifanfiAC ol Ct
enbodi ment Szt?f conposite sheets where tﬁe pol yam ne polyner 20 is
cont ai ned bet'ween open pore substrates 23 and 23a. Fig_ 15 depicts an

enbodi ment wheriedésired epeRomDsubsH4t Thi BE 88ded2as SHndSRigales 1§Ssential |y
201 esi di ngt Sean 1S Eioy A% PG, el B! ol osRomptie Biea S, " P VT
depi cts an BHIBdITRMEMIIRRYMEr 381ig castringd hefweanaipgapPrasubsisiepner 20 resi des
in each of 2handZBan Fzpn B depitts bh @idsdiddnewEkrd 8 opéh bbreldiBstrates
23 and 23a are essentially brought into contact with one another, resulting in
the polyamine polymer 20 residing completely within the substrates, a portion
in each. Fig. 16 depicts an embodiment where a portion of the polyamine
polymer 20 resides in each of the open pore substrates 23 and 23a, with the
substrates separated by a thickness of the polyamine polymer which does not
reside within the substrates. Fig. 17 and Fig. 18 each depict an embodiment of
a composite sheet where the polyamine polymer 20 is contained between an
open pore substrate 23 and a void-free substrate 21, where at least a portion of
the polyamine polymer resides within the open pore substrate. Fig. 17 depicts
an emibodiment where essentially all of the polyamine polymer 20 resides
within the open pore substrate 23, and Fig. 18 depicts an embodiment where
only a portion of the polyamine potymer 20 resides within the open pore
-substrate 23. ltis clear that closed pore or open pore substrates could also be
envisioned in place of the void-free substrates in each of the depictions.

Thus, it can be seen that the polyamine polymer may be made to coat or
cover a water vapor permeabie substrate, essentially residing on the surface.
Or, in the case of open pore substrates, the polyamine polymer may
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substrates separated by a thickness of the pol yam ne pol yner which does not
reside within the substrates. Fig. 17 and Fig. 18 each depi CL %e di ment
of a conposite sheet where the pofyam ne polynmer 20 is cont | ween
~an open peh@ypgPstrate 23 and a void-free substrate 21, where at, | east a
portion of the polyam ne polyner resides within the open pore sSubstrate.
Fig. 17 depicts an enbodi ment whereqgssentially all of the pol yam ne .

pol ymer 20 resides within the open pore substrate 23, and Fig. 18 depicts
~an enbodi ment where only a portion of the pol yam ne pol ymer 20 resides

wi thin the c9ditiopally be madd ttimbibe i@ a skibstrate ol spbstratdsathralghsiedd pore or open

por e subst r aB&rdOumickheab SRndao a8RK lﬁﬁ@&&&tbpslﬂhmtr%fpo finkol d free
ictions,.. Thus, It can be seen that the

substrates in,each o e _de ] . K [

pol yani ne p(ﬂ?{}'ﬁﬁ S‘FP&%?“E%‘W@SJ efﬂdﬁﬂﬁ'"éﬁug%ﬁéﬁetpr%gv\éﬁ gt apor per neabl e
substrate, dhgwres. allleypolyamingipotynen nalybdesuadkaceside Completeitwithicase of open
pore subst r au&popdnRredbYiriitd) 8 BN ¥ FokiolBYihS i EER], (RULE 26) 14
June 2004 WO Oif4 %77. CT/ USOf)lS%S?g f? addyfﬁ%#lla%gyﬁe na%jéégto i mbi be
into a substPEPd BFYEMIPr ates, through the substrate thickness, either to

a very little exifidefood HabthebabeditRnl o JyEitR pdAPhet IRE watdpst anti al ly
fills the voids with i absﬁf% strate throu%g |'tdzltent| re thickness. The

~ pol yani ne pg?%oﬁ@?%eﬁg 8 4% "GPLSEIRVER Yt oot §hal #'HPR such open pore
_“subst r at es, pessiimempbegdiments ¢fdine mfrention. ds grvimianed pat yminitiple taygrsemd made t o
reside w t hcdmbihation$ olus\Ees SHHRRAMIdAol S Guatl? RhGdr @AtedBle PO! yam ne pol ymer

and wat er vatpsgrrt Qea:gggabl e su sthrat eﬁ arfe representative, but do not show
all the poS¥EPESSMEN REIMPaGThepldnerRoleARIFGRSPIPt i s envi si oned t hat

nul tiple |ayer SAﬁméntioﬁ@dItﬂicBﬁbﬁé}gﬁ? ﬁésiﬂaa&s% &p?}ﬁo@@taetamb.?aﬁ :é}@.ls%e?@f S, water
vapor perme rates, a e conposite sheets ereof, are

pogsi bloe. A%' g%@ﬁ!ﬁ%ﬁé&mx? e gglﬁRS?Ttg'Hs g@%@?ﬂ‘"&lﬂ%”’teba?q]%?%F%t e addi ti onal
| ayers of phfets of epaivaminespolymer aad substratels. dbisrsayisludeefopol yami ne pol yner
and conposi éxampid)eedtEmatbrdidigs RtloaEixties, Natsy pRymaRdirsdst rates. This may

I nclude, fo l.e. materi.al.s as various textiles, felts, polyneric
films or n@ﬁ%‘r%%ﬁgg,sg%"ésﬁbé%erﬁ'eag?h er"i(,e' and the |like. As used herein, a

| aninate is desaviseeteram, atintiné & dedi@ied afmuRiphd thidirs 8 similr 81 Ni | ar
materi al s t Qe $haas: I | tabl e means whereby the
assenbly is des| rneg t%@é%&oéﬁ%g%éag tc&#\c{ﬂeggg(ﬁﬁlsu\}\t%@?:ﬂm?ﬂ% i ndi vi dual

| ayers per f‘B‘F‘?f?t?Y?fh?)a?SFmb y is designed to perform as a whole that which the

individual layers perform in part.

Suitable means for creation of a faminate include, but are not limited to,
assembly of layers with discontinuous bonds such as discrete pattems of
adhesive or point bonding, mechanicat attachments stuch as sewn connections
or other fixations, fusible webs and thermoplastic scrims, direct coating on, or
within, partiaily or entirely, the various components of the laminate, or
otherwise layering the various components in such manner as they are
intended to function in conjunction with one another,

A laminate construction incorporating é polyamine polymer with water
vapor permeable substrates in conjunction with additional layers of fabrics is
depicted in Fig. 19. In this construction the polyamine polymer 20 is contained
between open pore substrates 23 and 23a. This composite is taminated by
'discontinuously applied adhesive 24 and 24a to face fabric 25 and backing
fabric 25a respectively. The adhesive is preferably a moisture-cured adhesive
such as a moisture-cured polyurethane. The adhesive is shown as
discontinuous dots, but could be in the form of a grid, lines, etc. The adhesive
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Suitabl e neans for creation of a |lamnate include, but are not limted to.
assenbly of layers with discontinuous bonds such as discrete patterns of
adhesi ve ) bondi ng, nechani cal attachments such %3 tions
or other fixations, fusible webs and thernoplastic scrins, di r8et coati ng
on, or wthin, partially or enti rely t he. vari ous conponents of the

| am nate, or ot herw se | ayering the E{/arl ous conponents in such manner as
they are intended to function in conjunction with one another. A laninate

const ruct | 0gadaes BOsGHE eorinRAkYRRARIAN WERE valiof PerkiRbBE. THEPOT per meabl e

substr at es } n cti | naI S depicted in
ot 16, ©F nlatnfnt s pdtmtsh e hammes B e frmons k<Bohe ai non

bet ween opemygextw dubis prefdrably 2 voperdmad@aof p‘ﬁtyamlcteomiwtar.eammtdl am nat ed by

di scont i nuokg{it @RBhivsh &Qﬂﬁé":b@ 18éaredich t?e‘\?eaié?i tB%é‘rﬁief R RydréprdBicand backi ng

fabric 25a r ectiv esive 1s era a nol sture-cured
adhesi ve ?!Ejz gﬂ"ﬁhf?mﬁys%m@ @ﬂ? Batesshis A BP‘Ffal ’?%éarhlfﬁ'ug’éfl ve i s shown as
di scont i nuoersani, 8 knibwovenat mbrigevemn Thedatiros maabeadgmmrda,lly freated, etc_ The

adhesi ve SUBRILEWLGBERTokiAE Ao fre iRl 01/ 41877
PCT/ USCO 33519 18 coul d al so be applied continuously provided it is water

vapor per neabl €f curse, dtaerdanhingte iagangendnts o stltatestant gglgamingener al |y exposed

.to the el e”ﬁ‘dﬂ{n%r |alyt=.~rs%amth%d vﬁtﬂlbn& smbleeeddiaaﬁal ua'x}ei%r sicR'=2Rlficeooven made of
- pol yam de, ester i to vvool and the like. It can

“al so be tre'ﬁf"é retv@pf":e‘?ﬁ'@?a 'Ft' p?l'%l? ﬂ%?'(’fa" 8'/“6?“"81 eophobi c. The backi ng

material is an inner |ayer and can be, for exanple, a knit, woven or
nonwoven. TgeampEdCcs may be additionally treated wth such suitabl e _
materials as to inpart fire retardant properties. O course, other |amnate
ar r angenent Bolpimioe Rolymeraytinfvbyioitesa frocedupoAymer | ayers conbined with one
grl nor e adfll ti qm|cohﬁt)éﬁfo§atm§gﬁ'mnaé g %Ernie@ez réslﬂ's hdf&b&blwr@g&s%laor per {Tﬁabl e

ol ymeric ers envi ne rw

oot r at os. V058 Bsaif Boslhen et b Pafneat (ot | Top b rep e ot 'er ol 1 5.
hori zont al Ifyﬂb‘ﬁ%wwcoamr 'erhfprl@@@eddt‘@@ﬁeheﬁ@d taf8%. 90 | bs/|inear inch. One
rol |l was chrom@pehpereddxbaidedrotre rwaﬁbrthmabeﬂmmEtwo ohreae roll was

heat ed 040G RS RoROROhARIRY ELEEIRIRLADES MOl el UFpe nom nal 1y 0, 04

mm thick w é? Wer e’ contrnuou fed over each of
the rolls ra’#mpridrwte theip betyepringéeells. ¢Rating@ yaley @Fﬂéﬂ’['@wsa val l ey into which

was - introduced a mixture of polymer components.

Constituents of the polyamine polymer layer, which will be specified, were
mixed together using a small mixing blade attached to a hand drill. The mix
was then immediately introduced into the nip. The materials were squeezed
between and into the membranes and subsequently fed into an infra red
heated oven, where they were heated at approximately 100°C for 30 seconds
to cure.

Polyamine Polymer with Substrates: Procedure B

This procesé is similar to “Polyamine Polymer with Substrates: Procedure
A" but utilizes a dynamic pin mixer to ensure sufficient mixing of the poiymer
components. A mixture ratio, which will be specified, of Lupasoi PR8515
polyethyleneimine from BASF Corporation, New York, and Afaldite GY285
‘Bisphenol F epoxy from Ciba Specialty Chemicals Corporation, New York, is
continuously introduced into a mix chamber where these components are
blended by a motorized pin mixer. This biend is dispensed out of a fiow spout
and' into the nip between two rolis, over each of which is being fed a continuous
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I ntroduced a m xture of polynmer conponents. Constituents of the pol yam ne
~pol yner layer, which will be specified, were m xed together_ using a small
m xi ng bl ade attached to a hand drill. The mx was then i st

i ntroducedywdyd:iA; ,{gpe nip. The materials were squeezed between and into the
menbranes and subsequently fed into an infra red heat ed”oVEN3#re they
were heated at approxi mately 100C for 30 seconds to cure. Polyam ne

Pol ymer with Substrates: Procedure B is process is simlar to "Pol yam ne
Pol ymer with Substrates: Procedure A" but utilizes a dynamic pin mxer to

ensure suf f i Gieirarlofbith e ERBNAS IR, 2o SORBAERLPor Bhphg ratio, which
will be spemm}égu traLes HP s(%r ‘FRB%S EG‘?‘% e?‘th {Me}nel art OH% %%A .
Cor por ati on ande AF & di Tt B B?si%%'ﬁcﬂ P é’ﬂ\?f(y from G ba
-Speci al ty mémf@aF@f@ﬂawmﬁW@n Boenvlly otiliced were 7Qbwide anoustiy i ntroduced into
a mx chanbeajawl@wiemetmwn@mme%e&téd?& ﬁrc%rﬁ@@%%ﬁﬁér@o%@&-% gd pin m xer.

Thi s bl end 'ﬁezﬂ Into et ween two

out. of out
rolI's, over 6aCh 01?2% vﬁ The ig pﬁéftﬁﬁwﬁéae@t%ﬁf"l‘rﬁ’ﬁ@ﬁ’é"“SElB@ﬂ 'f'ID‘FE SHEET (RULE
26) 14 June 2UURPSite\EXitnG/thd 8P WaPEH iniS@E/IB 3%didwiliDa firntbimpaatues ofopen pore

expanded PTFi30°8%ndasekl BRE of ébpr&ﬂhéﬁ@lm#g Qe kY éure %?ngl%gp strates:

Procedure A. Each conponent of the two-part po témis preheated at
_.70C. Both rolls utilized were 72" wi de and 10" |n di ameter. The chrone
~pol |l was heatnedrrosatitd@fimine-AchkbMoiebiberProcatweed Arol | was heated to 25C. The

Ni p pressur eawasipls tx12t ofife BMMEIMRe Bflet Jn?@ﬁghf ﬁO%nunem?yme?WOSi te exiting

the nip was %ebd |nt_33an | R Qven wth erature o 130C and a
dwel | tinme of"APBFH:lirAeriaF X&s it shere-tier aypersasid sobkighas | ncor porat i on
of Ani ne- Aci Rfepasedandewill bPdespebed. €Tha sAmpngsadifPer 1r2isombpyi Bieotdnposi t e sheet
mede by POl orivenRRkaBRd el he SHABLIATA%E o FORRAIRE fes fRR4CUL - A

es

one-liter U0l sle%gim but i on pr epare cr| bed. The
sanpl e vvas 1 pped o R SAYEIS P %6F°"d(’|t M)'h%ﬁ'd(‘,‘hsﬂ%'?% gnand filled the
open pore Pme@!fracﬁimﬁﬁtmgn tohreaddrtbe sminien ktitie ppighiat bylymaei Thiene pol ynmer, -

providing a safipiiids tf\&fln‘fnﬁh‘?jla?&)} thﬁne%g‘&h%ﬁjem acﬁi% 1:{? afifibfli ¢ sol ution
e

to reach th am. n was t hen
mredi at el yefg'aﬁtﬂ)8 rﬁ%ﬁte? The 'éﬁ“é%'ﬁ%r %QSB? af P‘Eﬁ‘? farrﬁ‘i 93834 for 20

mnut es- Thé‘°§§rrﬁﬂ %ﬁd@eftm\dmp@eﬁﬁﬂemmmmataﬂpnoad\afe@razatt: | east 24 hours,

and was thenoowméi. ti oned overnight in air at approximtely 32C.

Incorporation of Amine-Acid Moieties: Procedure B
A sample 8.5"x11" made by “Polyamine Polymer with Substrates: Procedure B”
was cut and then dried under vacuum at 100-110°C for one hour. The sampfe
was then placed in a 9"x12" bag which was capable of being sealed shut. A
tptaf of 10g of IPA was added to the bag, the bag was sealed, and the IPA
within the bag was worked around by hand until both sides of the sample were
soaked with the IPA. To this bag was then added a solution of 20g water
containing a specified amount of acid(s) which will be detailed below. The bag
was sealed and the contents were constantly mixed by hand over a ten-minute
period by shaking and rotating the bag with its contents. The sample was then
removed, dried with paper towels, and then hung in a laboratory hood for 15
minutes. The sample was then dried under vacuum at 100-110°C for one hour.
~ The sample was subsequently conditioned overnight in air at approximately
32°C, 100%RH.
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-100%R:H. I ncorporation of Amine Acid Miieties: Procedure B A sanple 8.5"x11"
made by Pol yam ne Pol ymer with Substrates: Procedure B'" was, cut and then..
dri ed under vacuum at 100-110C for one hour. The sanple was 4 %ﬂoéced in

a 9"x12" Rpgehissh was capabl e of being seated shut. A GdooRs1 09 Of 1 PA
-was added toopﬂe bag, the bag was sealed, and the |IPA V\%@f‘ll n }t?{?églbag was

wor ked around by hand until both sides of the sanple were soaked with the
| PA. To this bag was then added a soPftion of 20g water containing a
speci fied amount of acid(s) which will be detailed bel ow The bag was

seal ed and t,n%rﬁglghggtéAWQQAQQQE%@EG%)‘S&M&%E?G%@y hand over a ten-mnute

period by sha g and rotating th h1ts contents- The sanple was
then renmpvePMAESEde SRRUFEdIRFR ™ digmetesembipidenthorphintr)thegoacavabor at ory hood
for 15 m nuidesf thEksserabp b epadfedidaantitglsfiIPA was dadedva@iihdideab sddl0- 110C for one

hour- The s - YA |, L1, 00 verni ' I r o at

appr oxi rat ol a5t SERSAHER N AR 5 e BN pB AL D004 w0

01/ 41877 PCfPtisdomediately pereciied Apting’ 92 Yowveight hasis AsvepusisPistiores:  Pr ocedur e

C Sanpl es wex sutsfc atie das Bdded. he dbsotlyolasaied ohckednd iBePPr a bBlicy t he concave

side of the | £l t] 2P d made to soak

the entire gf@é?@%g@ﬁgu@;ﬁ%{ Jef' a\?mgﬁsﬁb?%tﬁ?&ﬁg%gmb@eﬁ?ﬁ ?%%%tjeﬁ%gassenbl y back

.and forth. Withihefchttiany The axsess wassherpried ¥gm 8ie heopothasrmpie Weasi s aqueous

s“s0lution  ofrerfioletdridthaciidweas fo whdedtnin BNebaaeQTHION oWahight thagd back and
“forth for a ' ' S, all _ar . of the sanple
within the r@gﬁélﬂ ?é’g %rs é%’té é%énﬂg\ng{”ﬁdﬁ{oﬁggé\fﬁtrﬂﬁtgﬂéwEf%g%go%%"éast%yvvas t hen poured

from the hodg C .t!1A®%BHnhpl e was rempved, and then allowed to hang within a

| aborat ory hood overnight to dry. The sanple was subsequently conditioned

over ni ght {/&Yﬁé‘rv for TP B Bhit 7e3¢C- 1009%H. Water Vapor Transmi ssion

Rat e Test er _vapor transmssion rates (VVWIRs) were determ ned using the
procedure set fYPieR VERPr tarsmissign rafgs (WY TBgpwergdetesningd peitathei um acet ate as
the salt aptbcefiediseasth g XPEUITH.NEHRB2700 uiihgpotadsinp beebdte BB HRL Ur e vapor

per meabl & MEPLAIGS, pg@ﬁ%@%ﬁaﬁatn@m@é{% {8 BROST ty of - betveen

75% and 80% wth of approxi nat 1 The environnent
was nai nt ai REEeaPle sempRnest ThessHORTERRRSE Aaenaly had aperaziy ef
between 75% and 88%, with a thickness of approximately 0.04 mm. The

environment was maintained at 50% relative humidity and 23°C. The water
bath was maintained at 23°C.

Permeability to Bis-2-Chloroethyl Sulfide Test
Chemical permeation testing and analysis were adapted from (1) "Air-
Permeable and Semi-permeable Matenals Sorbent/Reactant Capacity Testing
(Vapor Agent Chaltlenge/Vapor Penetration)", protocols outlined in U.S. Army
Test and Evaluation Command, Test Operating Procedure 8-2-501 {March
1997) and (2) Laboratory Methods for Evaluating Protective Clothing Systems
Against Chemical Agents, CRDC-SP-84010 (June 1984). Testing was
completed at Geomet Technologies, Inc., Gaithersburg, MD. A description of
the test apparatus and experimental conditions follows.
This permeability was determined by using equipment consisting of a
series of testing cells in which film or laminate samples are placed. Moreover,
A the entire assembly is placed within an environmentat chamber in which the
' temperaturé is controlled to 32°C. Each cell consists of an uppér and lower
section, commonly termed cell top and bottom. Both celi halves are equipped
with inlet and outlet ports to afford the sweeping of gas streams through the
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bath was maintai ned at 23C. Perneability to Bis-2-Chloroethyl Sulfide Test

Chem cal perneation testing and anal ysis were adapted from (1) "Air-
Per meabl e wodya8s - per neabl e Material s Sorbent/ React ant W%ﬁg?@gﬁ ng
(Vapor Agent Chal |l engeNapor Penetration)", protocols outlined in SU S. Arny
Test and Eval uati on Conmand, Test q)%ati ng Procedure 8-2-501 (March 1997)
and (2) Laboratory Methods for Eval udting Protective O othing Systens

Agai nst Chem cal Agents, CRDC-SP-84010 (June 1984). Testing was conpleted

at CGeonet Teediank agoSsthe katfipie sGhickhehs Pé!‘tf%ratb@-of ﬁ\_eg@éﬁ ét%h@{?s of the test
appar atus a " L tions OWS. | S_per LTty was
det er ni ned B‘% nﬁé‘%ﬁ to %E;It f)rhn%?]@&g%hgwgﬁy ﬁé‘“%?e gfs %8?'?‘%% %Pnﬁ"?lgglt‘? ng cells in
whi ch fil m owefrifigyaies avhichvil basfugher detailed dNomipallydd/33% micradremsiand r e assenbl y

is placed witdisi-Bhiaiebpnsuiias [@Beih mtl-éﬁ,dmiscd%m-la)t. RIBRIAtUre is
ower sect1 on,

commonl vt er'B28 5T 1¢ BEORes 5B P e HOHFEARLAN RaFRSSCEE Wui pped Wit h

inl et and ouested s3mwnie thrqugh Hieftop dell whick whaliongry thé sajarde.sTheslaotent hr ough t he
ST 1L o Al s i R (200513
2g‘nt ?glr IOZZ ?@3@%@%@&%@5 | sz‘i‘fergmﬁﬁ?r%’%aiBf" P GRureq ?eam; is controll ed
_to specifi @oVaHEET Yl sofbpts pad kawd impinggeeal | ed. Nominal Iy 0. 33
T ST T s it il Lo USRS 1
air stream @E%Saﬁ%ergv%%? P E'Eersoggmf’ $&8nd pdp é°ose§%l'zﬁ{¥ IRYHINEFERCMAR top cel |, g
whi ch chal | éRdesven deakagrmnitber out of the celben betweenttie calf haivept Alhkélh a cl ean air

Dot fom ai I a1t el Pt R o AL TR el S O L
i gpi ngenment .EL ?ﬁ%ﬁ%rrﬁ%%vag'%{go&oégw Seﬁc\ﬁgeéz@%%"{%gﬁl le?%@?t‘?% %GR The cgl | is
equi pped wEYHuigeFretedive ClothgsSysisines Agring Chepisal Agedtss6BPE-3R securel y
nount the spemtionen and prevent |eakage either out of the cell or between
to testing. Theltk %°m§§£'%5ﬂ@s%§*%f5§%a'°§i?£nﬁ? Bo %S LE S et desori bed i n
Fi gure 2.7, Saasr. 2 SPScimpnssel sorddionedtion rlrdungyatii2at aed 5&% rditvehi ng Syst ens
Agai nst Chehurgidity. AFer#CES GREXagSPomM4Adds.immediately following the two-hour

initial conditioning period. Equilibrium is established under exposure to the

2CES chailenge by running for two hours prior to collection of the 2CES

permeate for analysis. Subsequent to this equilibrium period, collection of the

2CES permeate for analysis is initiated, and continues for a three hour interval

under the specified conditions of relative humidity and termperature. Agent

detection media are removed at the end of the three hour period for analysis.

The solid sorbent and fiquid from the impinger are analyzed via |

colormetric/fluorometric techniques described in the reference materials above.

Permeation data is reported in units of micrograms/cm? for each sample in

each three-hour testing time span. From this is obtained a breakthrough rate,

or flux of 2CES indicated in micrograms/cm®/sec. Permeability is then

determined by the ratio of this flux to the challenge concentration, and is

reported in units of cm/sec. The resolution and lower fimit of detection of this

test was 2.79E-05 cm/sec.
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Upon conpl etion of sanple loading within the cells in the environnental
chanber, all specinens are conditioned for two hours at 32C ﬂ]i 5%
relative hunmidity. The 2CES chal | enge commences i nmedi ately'? o'l Oﬁg t he
t wo- hour Wwoiol/#@¥7 conditioning period. Equilibriumis espebismheds under
exposure to the 2CES challenge by running for two hours prior to
collection of the 2CES perneate for oanal ysis. Subsequent to this

equi librium period, collection of the 2CES perneate for analysis is
initiated, and continues for a three hour interval under the specified
condi ti ons dPuriey|Alr Resistapes Biesty and tenperature. Agent detection nedia are

r emt;v e;:l at dtImQ résidla r;zfe of SiefdvitihRRigh Mdse PRtk v.lté%! eval3ledtyS gurthe solid -
sorbent and ) i.gpi nger are.a Vi a :

col ornetri c/che f %ﬁeg%%%%gﬁﬁfﬂﬁ@aﬁ'é’é Py 8@&5‘}/ é’?t@i’é’eﬁ' BOPRHYR nateri al s
above. Per fegtensiardipressuwesciiegass 19’ @iruand an officesize oforenmtam? for each

sanpl e in eawh. RAEAR-IOIDO&Sh ks of R 1HRAR se&InB8Yddbirsd lof tHaRb@i ned a
br eakt hrough_ra m crogr ans/ cnk/ sec-

e or flux of 2CES indicated in
Per meabi | ity 8*?'11*86’ assci%f"é’?'r"noﬂeeﬁq"ﬁ'/e ‘L"ﬁ'émftﬁ? fo5t pteng &l afFesRuees t he chal | enge
concent r at i P AhftdBiirches efpwateragrass thansamplef cm sec. The resol ution and
lower limt of detection of this test was 2. 79E-05 cnfsec. SUBSTI TUTE
. SHEET (RULEF%g%ili 4 Jqu&@.m WO 01141877 FCT/ US00/ 33519 22 Gurley Air
es IR i

> Resi st ance HEED fe of air flow through these materials was

“eval uat ed byhee®graf gondinirefeonatedal. 4sABTIMsOTE SussBptibittytofbeetkageed by W & L E.

Qurley & Sopgrelvaigtedtfg StHRAIRIGIMESSANAS n%yb&'ﬂﬂ,%anu(?j—,,%r&d”fﬁy air, and an
orifice S|z§]eo|f one ed interns of the tine

re inch. Results are report
in seconds Fgqurt Efq'%gf%?tﬁ‘g"%g""gzﬁ%g‘fs‘g‘:“lvfces?fcﬁg%?'f“ﬂ?@ﬂ@‘?done square inch
of the test thietgh @ stat opening @ 2 8afplatforrdrand nofasdred 8ha reghiesi edfortwlibrer acr oss t he
sanpl e. Pl i ahintatiby herblang heodydRiREm WA Ba3 ardlihdenthngwat iudpt eri al , as

|1 th i il b Kk R | yat ed
Handl o o nopIET ERRiRS b ok tefuld RNRAP and TG 5 K HE® sehk AG-2R ber
| nst rument ©gh gaPAlheTamplegaiged werest ipehesdongoangdl teinttowide nmhd wene ough a sl ot

opelni Ng on fesfel §hcrplh§tttﬁ%reﬁythéb'ﬂﬂ1§@&§ﬂér Wis érhagteﬁ% efnﬁi@uisﬁ)f 52::?555 For 4
nder - condi 1ok wp gy oh oMl AT R J8° 7S E?ﬁa'té_‘%ia%%ﬁ%?e??&de%aﬂ& e
025 inch g Peaneffosiiapied tokend andmusiythercines widersgmaledhrougmtbh wi de, and
were test eslots ucdaniphat tdshai drrddgh bf & silldieinSspRlate WesioRs, IRALAT
per pendi cul Weké@e%ﬁ&érﬁnined. and represenis the hand of the material. For materials

which may have significant differences in physical properties depending upon

their orientation (e.g., woven fabrics), an additional sampie is taken at a 90

degree rotation from the first, evaluated, and the results are averaged in to

obtain the hand of that material.

Exampie 1
A sample was created using “Polyamine Poiymer with Substrates: Procedure
A’ with a weight basis mixture of 55% of the Lupasol PR 8515
polyethyleneimine and 45% of the Araldite GY285 epoxy. The coating laydown
was approximately 18 g/m?. A portion of this material was then treated by
““Incorporation of Amine-Acid Moieties: Procedﬁre A" using a 1% weight basis
~ aqueous solution of sulfuric acid. The water vapor transmission rate and 2CES
permeability were evaluated.
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the slot, with 1 inch on one side of the slot. The resul-t, or hand, is
reported as the peak effort required to bend and push the 1 inch vmde
sanple through the slot. A sanple is tested on each of its 4 dne 2004
separ at e |lweoaixies, and an average is deternined, and rﬁ?‘r’@ﬁ% the hand
of the material. For materials which may have 5|gn|f|ca erences in
physi cal properties depending upon their orientation (e.g., woven
fabrics), an additional sanple is takKen at a 90 degree rotation fromthe
first, evaluated _and the results are averaged in to obtain the hand of

that materifal . Exarrpl elA s<hrrp ,([;,uaggbjadnLquep‘geabEﬂ %?Q}% ol ymer wi t h

Substrates:| Pr ocedure Awth wei ght basi’'s xture o he Lupasol
PR 8515 patyethyteneini-ne—and 4=0/n of the Aralldite G¢9¥8%Chpoxy. | The coating
| aydown leﬁws?wfhﬁﬁclély 18 g/ nR2. 684portion [of t hisgtmoeri al fvas then
treated by | mdigtieskp@arisogn of Am ne- Acid Mi eties Procedure A'{using a 1%

T

wei ght basi %nh quousdsm ut rpnof~sut furrc—aciid=—The—water—vapor
transmi ssi ¢n AAd%2cES  per neabil 194y wer e [eval udt BE-05UBSTI [TUTE SHEET

(RULE 26) ‘mOMﬁ%ﬁ'QIO(mSQD (c) 1141877 PCTJUSOCO33519 23 WTR

(gl(m*day))Perneability at 80%rh (cm sec) Wihout am ne-aci d66405.81 E-04

noi eties fr H SQ4, Wth amne-acid 119418.71 E-05 noieties from HZSO4.

_The sanpl e iﬁlﬁ‘%:ﬁ?'ﬂ'g? DEPRGTaLA ABINgACcH Meetissidesveddomyewfusig anid sul furi c aci d

denonst r at ederaorisfeteda fadtorlof8(B0 inaeatse witer VWEHo? ravsdiiSSiori 4r@Rs M ssion and a
factor of 6fa@t?>rgﬁ§6'ﬁ@§c‘?eds@ :ﬁ iF-@ p%ﬁﬁé%ﬁlﬁ) Sk s a&%géﬁ@t 800/ g, ative
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Example 2
A sampie was created by “Polyamine Polymer with Substrates: Procedure B
with a weight basis mixture of 65% of the polyethyleneimine and 35% of the
epoxy. The coating Jaydown was approximately 16 g/m®. A portion of this
material was then treated by “Incorporation of Amine-Acid Mofeties: Procedure
B using 0.59 g of an 85% aqueous solution of phosphoric acid. The water
vapor transmission rate and 2CES permeability were evaluatéd.

VWTR (g/{m**day)) Permeability at 80% rh

| {cmisec)
Without amine-acid 14813 3.82E-03

. moieties from H,PO,. ,
With amine-acid 10443 5.61E-05

moieties from H,PO,.

The sample incorporating amine-acid moieties derived from phosphoric acid
retained approximately 70% of the ﬁater vapor transmission of the sample
without the amine-acid moieties, while reducing the 2CES permeability to less
than 1.5% of the sample without. This is an example demonstrating a very
substantial improvement in protection, even at high relative humidity, while
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with a weight basis m xture of.65% of the pol yethyl enei m ne and 35% of the
epoxy- The coating | aydown was approxinmately 16 g/n2 A portion of this
nateri al \W‘E lt{}(é:{][ treated by "Incorporation of Amine-Acid Vbi 4 ynes2004
Procedure " B8*Y#8'ng 0.59 g of an 85% aqueous sol ution offFHCEHEH ¢ aci d.
The water vapor transm ssion rate ag&ZCES perneability were eval uat ed.
Wthout amne-acid noieties from H3 . Wth amne-acid noieties from
H3PO4. WTR (g/ (nm2*day)) Perneability at 80%rh (cm sec) 148133. 82E-03
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per meabi | i t pampiebess than 1.5% of the sanple without. This is an exanple
denonstrating a very substantial inprovenent in protection, even at high
relative humdity, while SUBSTI TU&E@SI—E T (RULE 26) WD 01/41877 24 14 June
2004 PCT/ USQQ 33519 tradi ng- of f bility to a much | essor degree. The
per meabi | i t } misturCHS6gtof pEagetndnehexapitewastiompined sita#0gef bel ow the | ower
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transni ssi oﬂ'h? %f? éq?ﬁg%ﬁgquggvﬁﬂ pie f?"%aé’devwmeéd

transmission rate and 2CES permeability were evaluated.

WVTR (g/(m*™day)) Permeability at 80% rh

{cmisec)
Without amine-acid 6531 4.16E-03
moieties from H,S0,.
With amine-acid _ 14646 1.78E-03

moieties from H,S0,.

The sample incorporating amine-acid moieties derived from sulfuric acid
demonstrated a factor of 2.24 increase in water vapor transmission and a
factor of 2.34 decrease in the permeability to 2CES at 80% relative humidity
versus the sample without the amine-acid moieties. This is another example
which demonstrates improved protection simultaneously with improved
breathability. The permeability to 2CES at 50% relative humidity was af or
below the lower limit of detection for both of the samples.

Example 4
A sample was created using "Polyamine Polymer with Substrates: Procedure
A” with a weight basis mixture of 50% Astramot (AM),¢ polypropyieneimine .
obtained from DSM Fine Chemicals, the Netherlands, and 50% Araldite GY285
Bisphenol F epoxy. The coating laydown was approximately 23 g¢/m?. A 1.1
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W/TR (gl (nm2*day) ) Perneability at 80%rh (cm sec) Wthout

am ne-aci d65314. 16E-03 noieties from H2SO4. Wth am ne-aci d146461. 78E- 03
noi eties from H2SO4. The sanpl e incorporating am ne-acid noi &i"é’!se%@"i ved
from sul f uwyé 61/885d deronstrated a factor of 2.24 |ncreq,§g MARber vapor
transm ssion and a factor of 2.34 decrease in the perne |I|ty to 2CES at
80% relative humdity versus the sagple without the am ne-acid noieties.
This-is another exanple which denonStrates inproved protection

simul taneously with inproved breathability. The perneability to 2CES at
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was appr oxi RUL 14 June 2004 WO
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mat eri al uspﬁ&emﬁlcﬂwaaaamtlsva%&#%tm&e @ﬂ?@ﬁb\fﬁm‘ﬂm%ﬁ%r% fromH B.

Fuller in a nUOUS coverage of adhesive
_was appr oxi %2‘1‘3?@1%)35/5 B@Feg?%%o a?iuﬁgnmrﬁﬂ‘ef%?r V@PYi de coverage of
“~adhesi ve waYangmyssion mmigtasd 2CESwehyeabiiityaverdeyatuatecon of this | ami nate was
‘then treated by "i ncorporation of Am ne- Aci d Mbi eties Procedure C

through thg€ kKnit ST dé of thg nare gsi ng FHPA amd 16 f a 2%
wei ght basis aqueous sol utidn fgf(ﬁ‘r He¥ici . Per'ﬁeafm &80y

transm ssi gn_rate and 2CES perneability were kval uatandsecd)TR

(gl (nRi day) WRRsdRatd-ddd at |80% rh {451 sec) Wt houg ggiippe- aci d15625. 56E- 05
noi eti es HZ%%l.eﬁeé’Ws am ne-gci d71828. 37E- 05 )
FAwogd

With amine-acid . 7182 8.37E-05
moieties from H,S0,.

The sample incorporating amine-acid moieties derived from sulfuric acid
demonstl'ated a factor of 4.60 increase in water vapor transmission. Both
samples demonstrated a relatively iow 2CES permeability at 80% relative
humidity, the sample with the amine-acid moieties exhibiting only a factor of
1.50 increase in the permeability to 2CES versus the sample without the
amine-acid moieties. The permeabifity to 2CES at 50% relative humidity was at
or below the lower limit of detection for both of the samples.

Example 5

A sample was created using “Polyamine Polymer with Substrates: Procedure
B8” with a weight basis mixture of 55% polyethyleneimine and 45% epoxy. The
coating laydown was approximately 18 g/m”. A portion of this material was
then modified by “Incorporation of Amine-Acid Moieties: Procedure B" using
0.17 g of sulfuric acid. A second portion of this material was modiﬁed by the
same procedure using 0.26 g of sulfuric acid. The water vapor transmission
‘rate and 2CES permeability were evaluated.
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noieties fromH2SO.. The sanpl e incorporating am ne-acid noieties derived
fromsulfuric acid denonstrated a factor of 4.60 increase i,&b\f\ate vapor
transm ssion. Both sanples denonstrated a relatively | ow 2CES'BEr 4bi | i ty
at 80% relved dvs7rhunmi dity, the sanple with the anm ne-acipdriio@issRSs
exhibiting only a factor of 1.50 increase in the perneability to 2CES
versus the sanple without the am negcid noieties. The perneability to
2CES at 50%relative humdity was at or belowthe lower limt of detection

for hoth of - pl-e—5—A—sanple-was created-usi-ng—"Pol yam ne
Pol ymer wi fh Substrates: PrdcedWWR (gRin*dayih a| Wedrgesbiliteai 80%txtiure of 55%
pol yet hyl efpei m ne and 45% egoxy. The coatingjl aydown,gs@cj apprgximately 18

g/ n2. A poftion of _This matgriat—was_ thenrnogirfed Ué “frrcorpgrati on of
Ani ne- Aci d gtagune-3ihceddre B uSfY 0.17 b of stBE®c acid. A second
portion of | molefesdedme Hy3M,. way nmodified by the | sanme procedure uging 0.26 g

of sulfurig¢ ILGinalde Wat er |vapor m ssiop rat 2CES perneability
were eval uatv@g.?q"é’ﬁsgs% TUTE $HEET (éa%%ﬂéze) ol sune $886%80 01 13607
PCT/ USOQ 335806tesdmam R17 g/ ( m{* day) ) Perneabi litly at 80%rh (cm sdc) Wt hout
am ne- aci dpH@EA{4. 18E-04 noigties from H SO4. W-th am ne-aci d10,/3865. 30E- 04
noieties ff A42SAA. (Wth anp pgs aci d13], 5405. - noi etflies from
~0.26 ¢ HZSD%P%Wé‘é-e&sdgnpl es |i ndi ca?&é' an i ncrgeasi ngégg't:"g% vapor
“transmi ssi pRoledsdaR 986 9i ncfeasi ng 1 evel s of jsul furic acid nodi|fication
whi | e denopBjSating | ess of fan increase in perneability to 2CES. The

perneability to 2CES at 50% relative humdity was at or below t he | ower
limt of detection for each of the sanples. Exanple 6 A sanple of materi al
f r om Exanpl Ehese fappietindicaied pp incieasing water ¥afon argmpigsion rate with

increasing levels of sulfuric acid modification while demonstrating less of an

increase in permeability to 2CES. The permeabiiity to 2CES at 50% relative

humidity was at or below the fower limit of detection for each of the samples.

Example 6
A sample of material from Example 5 without incorporation of amine-acid
moieties was modified by “incorporation of'Amine-Acid Moieties: Procedure B”
using 0.34 g of citric acid. The water vapor transmission rate and 2CES
permeability were evaluated.

} VWTR (gl(mz*day)j Permeability at 80% rh

A (cm/sec)
Without amine-acid 6,914 , 4 18E-04
moieties from citric acid.
With amine-acid 8,708 251E-04

-moieties from citric acid.

The sample incorporating amine-acid moieties derived from citric acid
demonstrated a factor of 1.26 increase in water vapor transmission rate and a
factor of 1.67 decrease in 2CES permeability at 80% relative humidity versus
the sample without the amine-acid moieties.
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noi eties was nodified by "Incorporation of Am ne-Acid Mieties: Procedure

B using 0.34 g of citric acid. The water vapor transm ssion rate and 2CES
per neabi | iw@omeaBE eval uated. WTR ( g/ (n2*day) ) Per neabi | ipw,[gl,ﬁ '

(cm sec) Wthout am ne-acid6,9144. 18E-04 noieties fromcitric acid. Wth

am ne-aci d8, 7082.51 E-04 noieties framcitric acid. The sanple

I ncorporating am ne-acid noieties derived fromcitric acid denonstrated a
factor of 1.26 increase in water vapor transm ssion rate and a factor of

1. 67 decrease in 2CES perneabi | it yEX@mpl0% rel ati ve hunmidity versus the
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Al drich). EYaferate fﬂbgﬁ'ﬂfédfm’cﬂ%"qﬁ'?-x@mee”%nd%ﬂhe robrtuee wascadt ounce per
:/Iqrﬁ'rﬁ yar d onfocr ddenndrpef sduare yurd AitrgdeRicPfiBR Ayién {,;ghw’egve Rbial nedhf r?mb _

i ken usip@: ALY he, ba s drawn across the fabric
substrate s'g\gg}n%?%??{nné@kto 0 ,E}g‘%d;rﬂgc%s%%?% gﬁ%\%ﬁrﬂ’qs THR™ng. This was
~then cured fiF @Proubsirate seyRiabipesie obtaima smodtk el friforn SoatingiuTies- The  sanpl e
was then cowds tieprewddva hol afftonadctiorppreaat 15U°€ Ifor 18 4findad 0% rel ative
humdity- T ' : W 40 A ne r vapor
transm ssi o%ﬁPgtggja\%vaG%nvn%gcgﬁoﬁggBﬁmﬁiépéﬂgﬂg&%%- %}Q@LH the perneability
to 2CES was SEXE Qragity-oThecogtingmasmppeaxinately 340 B08, Thel watensapbruni di ty, _
denonst r at i tignswéssjonyetedvasmiEatret @b 18405 S@RY] ddditie pdh@alifRy Meabi ity to
2CES at 0%y AR Embulhalith Ke HAPEDe ledich QU LIS, L QUL T T of det ect i on
Exanple 8 A sa‘&rfl e_was creat od usi'ng ol yami ne (5’??7%'}‘1'% th Substrates: -
Procedure FEMQSFRING YRai gRd Prtagtien andbraatbatiity. SHw neqpeatily tPRS515
pol yet hyl enZei® aeSQihtklative humidity was at or below the lower limit of detection.

Example 8
A sample was created using “Polyarhine Polymer with Substrates: Procedure
A" with a weight basis mixture of 55% Lupasof PR8515 polyethyleneimine and
45% Araldite GY285 Bisphenol F epoxy. The coating laydown was
approximately 18 g/m®. This material was then modified by “Incorporation of
Amine-Acid Moieties: Pracedure A” using a 0.75% weight basis aqueous
solution of hydrochioric acid. The water vapor transmission rate was
determined to be 27,109 g/(m**day), demonstrating an extremely high
breathability. The permeability to 2CES was determined to be 5.86E-03
cm/sec at 80% relative humidity. The permeability to 2CES at 50% relative
humidity was at or below the lower limit of detection.

The hand of alt samples of the examples was less than 250 and the samples
were not subject to fracture or other apparent damage subsequent to
evaluation of hand by the Handle-O-Meter. Additionaily, all samples had
Guriey values significantly greater than 5 seconds.
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45% Aral di-t e GY285 Bi sphenol F epoxy- The coating | aydown was _
approximately 18 g/ n2. This material was then nodified by "I rpor ati on of
‘Ami ne- Acid Moieties: Procedure A using a 0.75% wei ght basis %3’5&%004

sol ution of hydrochloric acid. The water vapor transm ssion rate was

det er mi nea“?ﬂf’/“dg’b?, 109 g/ (nR*day), denpnstrating an exXSEYRPSH gh
breathability. The perneability to 2GS was determ ned to be 5. 86E-03
cnmisec,at 80%relative humdity, The perneability to 2CES at 50%rel ative
hum dity was d€@Bt below the lower linit of detection. The hand of all
sanpl es of the exanples was | ess than 250 and the sanples were not subject
‘to fracture or other apparent damage subsequent to evaluation of hand by

the Handl e- O Netthemhaiibt0édviding2bh 68 | ues
significantly g[/cg% r..than. 5 secrgégs.pr%%ggq Tﬁ@%ﬁ%ﬂlzﬁﬁ% 26) 14 June
2004 WD 01/ 4187 é%eﬁm EYG Pobmpr viemn At legst 8% BiPONAMIBE ot ect i ve
covering conpri SehEesanigsars anies-acidrpictiss Wheres thesicidicspepes afsald of a pol yani ne
pol ymer ymderei nmmoiéﬁ&g?awéimhm;%er?ggﬁé’aﬁhi@m nes ar 'ed ot
am ne- aci d moi etgfscih\Gh&ing nhd'g g (%gaune- acid noieties
have a pKa Iessﬁi(hgg@S.A' \aherer,%&t h_g&gagsﬁlnﬁ%:saf‘ l%rgfagl': i covering has a
wat er vapor trafdf 93y 8pd 2 prmedhinyip bis2-chlorosthysyiide0f 0,02 cnveeg P and a
perneability to 8 . sulfide of 0.02 cm sec or ess at 80% -
p bility l4s gt S0% telativedwimidity | fide of m I
- relative humdity, 2. hem cal . protective covering conprising a
"sel ectively pg‘r ﬁe@ﬁ?&%ﬁﬁsﬁ@“&ﬁ@%ﬂ%ﬁﬁ?’?%@%@ east one wat er
vapor per meabl e corpasée sheetcompised ofrd lazstrne watgovapneremuableci n at | east 10% of
the pol yanm ne pelibstate aadrh palganiriccpolytienhensin st 16881 RI% SsheftBafing the acidic
speci es of sl d poi S o AL ARolR il R AR Spd A Sy Wherei n sai d
pol yanm ne polymer forns.a su gta tla&%‘ continuous Tayer residing
essentially on f’ﬁ'@e’a?ﬁr'?"f?%sw ggﬂdesbs {Er4a yvRereig said plydimine o) prot ect i ve
covering conpri gpiygerdomnsiasubstantisty cordinvaya lbyer residingrssentialiysindit conpri sed of
at | east one wabgfacy af¥aid sppstgRabl e open pore substrate and a pol yam ne
pol ymer wherein at |east 10% of the polyani ne polynmer am nes are
ani ne- aci d noP-eficBemiGH protacivercqeriag Pampsising pelectivehferedble ani ne- aci d noi eti es
have a pK, | ess coriyamitGshéet coinprised of 2 st onpabiyArsptipepidasidipel OF N6 a
substantial |y c etk isibsReE shdyl Bltyaide boffe! vatitdin & least 10% of the -

polyamine polymer amines are amine-acid moleties wherein the acidic

species of said amine-acid moieties have a pK, less than 6.4; wherein said

polyamine polymer forms a substantially continuous layer with at least a

portion of the polyamine polymer residing within said open pore substrate.

4. The protective covering of claim 2 wherein the protective covering has a
water vapor transmission rate of at least 2,000 g/{m*day) and a
pemneability to bis-2-chloroethyl sulfide of 0.02 cm/sec or less at 80%
refative humidity.

5. The protective covering of claim 3 wherein the protective covering has a
water vapor transmission rate of at least 2,000-g/(m*day) and a
permeability to bis-2-chloroethyl sulfide of 0.02 cm/gec or less at 80%
refative humidity.

6. The protective covering of ciaim 1 or 4 or 5 wherein the polyamine polymer

- has at least 6.5 amine milliequivalents/gram.



portion of the polyam ne polynmer residing within said open pare substrate.
4. The protective covering of claim2 wherein the protective, coveri ng has a
wat er vapor transm ssion rate of at |east 2,000 g/ (nv4day) a tpe 200

per neabi | i»Wn ’ﬁ{’p} s-2-chloroethyl sulfide of 0.02 amisec or |ess at 80%

rel ative hum di y. 5. The protective covering of clai m BCHHeMEIAS t he
protective covering has a water vapof® transmi ssion rate of at |east
2,000-g/ (nday) and a perneability to bis-2-chloroethyl sulfide of 0.02

cni sec or | esy. athe@Rblectlietorbrngr Qa1 & %r 5 fnard e RRRLEH Loyescovering of
claiml or 4 or .7"3 wﬂ@r% %hgmotgl @%e %I{rrer. Ras At P44 6.5 anmine
m|liequival ents Erarﬁ_ I3hA S P csigpifiegnt famagso/ 33519 29 7 The
protective coverfURiPaHentt epldationgthandor 5 wherein the protective covering
is pliable, havi d .1 .or less with no significant damage
_subgequent to%éva t%t%%%?iﬁgggga"g? %‘ﬁgrspm‘ﬂ'blhﬁ?%'y%%wwfof claiml or
4 or 5 wherein tREPIRSEIRAVIYATME er conprises a pol yal kyl anine. 9. The

protective cogerd ol al % -4 .0r,5 erein the pol yam ne pol yner
conprises a p\gl ﬂ?%roﬁdrﬁﬁkéﬁ&iﬁmqﬂg?)?ro%ﬁqueeﬂw&ﬁ NFE cl ai m |
wher ei n the pol VAWPTHES pbPyalleneimises  has a t hi ckness of between 5 and 100
m croneters. ; vt cE ik Lna. aof claim4 or 5 wherein the
_.pol yani ne pol %TPJB'%([) onent %&ﬁ%ﬁ%‘?g‘éﬁn’%ﬁﬁ"é’l@ﬁ'@af’°m@Saeﬁtthi ckness of
~petween 5 and ﬁﬁsaﬁﬁ"’ggﬁfﬁﬁ{@@e_ n §and {9Qmigiemetest i ve covering of claim1 or 4
or 5 wherein §NenpelolBRRI chiel | - 2-Chi. thyl. sulfide is 0.002 cm sec
or less at 80%rel gl?i ve Ch\h?‘}lﬁsll%@%@qﬁ@%&%ﬁ&lﬁwggwi ng of claim12
wherei n the wat é’fm'?/oé'ﬁ'grof{?'?&ﬂg‘?ﬂ% $heFt hap & fhickpess gf betweestS apd 600 g1( 2 day)
14. The protect MR i ng of claim 13 wherein the perneability to bis-2-
chioroethyl s | I.S. 0.0002 sec or less at 80%relative humdity. 15.
The prot ectivg‘l’&%‘g rPile%’geg?veE'l‘gd(%HaT' ‘g?fjfrél’"s"%%q"ﬁe%tﬁwt@&& 25% of "t he
pol yani ne pol ymérhianehisulfideds 8 /P2 mn/sasiof lespatd0laelativiedmmidity.t he aci di c -

species of s Tﬁ@ﬂrﬁéhﬁ NAa | f 5.0 or less 16. The protective
covering of (631% m,| or % orM@‘%ﬁglr"ézﬁw'}eﬁe@t%ﬁtﬁ'ﬁf%”ﬁﬂf‘?ﬁﬁ?“ is
crossl i nked_ mte:satleast4.0009!(mz"day)‘.

14. The protective covering of aaim 13 wherein the permeability to bis-2-
chloroethy! sulfide is 0.0002 cmisec or less at 80% relative humidity,

15. The protective covering of claim 1 or 4 or 5 wherein at least 25% of the
nojyamine polymer amines are amine-acid moielies wherein the acidic
species of said moieties have a pK; of 5.0 or less.

16. The protective covering of claim 1 or 4 or 5 wherein the polyamine polymer
is crosslinked.

17. The protective covering of daim 4 wherein the substrate is an open pore
substrate. '

18. The protective covering of ¢laim 4 wherein the substrate is a closed pore
substrate, ' : ‘

19. The protective covering of claim 4 wherein the substrate is a substantially
void-free substrate.

20. The protective covering of claim 5 wherein the open pore substrate is
expanded PTFE. | '



17. The protective covering of claim4 wherein the substrate is an open
pore substrate. 18. The protective covering of claimi4 Wner%g thfql]’
substrate is a closed pore substrate. ° 19. The' protective ¢o¥V8 éof
clai m 4 wh¥P&A8he substrate is a substantially voi d- fRETESEYHSISr ate. 20.
The protective covering of claim5 whegein the open pare substrate is
expanded PTFE. WD 01/41877 30 14 June 2004 PCTIUSOQO 33519 21. The
protective coveting of claim7 wherein the protective covering is a

| ami nat e conpr £ &b Bptegive cpupgng ofi¢lain 7 yherelp thecordtediive coveiis An articl e of

¢l othing conpri slarinddwempricidet il ereusef 6fa fatficcl aim 7. 23. An article of
clothing conprising the |amnate of claim?2l1. 24. A pliable chemcal -
protective cové PRGHESAPRting epmprisiag e protestive cvering abdlaim 7conposi t e sheet

conprised of typm@&grﬁﬁgﬁﬁ@%ﬁﬁ?g@g el A)%{ag?zﬁxpanded PTFE substrates

and a pol yarni'née po he pol yam ne pol yner
am nes are ani BEAPEabk demiilippfeciiesRbnhglcBRpristgidtef ey peRfanh sai d

am ne-aci d noi et X gﬁg% - | m ne polyner is conprised
of a pol yal kyl enel ?ﬁ n'ge qﬁFg?éP"n%@g{&ét%éﬁf%ﬁ%%§&éeooﬁf Eﬁ'gus | ayer residing
bet ween sai d_ subSPPIYEE i syPsiiptes an3 polvgaming pelyear whereimat least 103 ne pol yner
resi di ng within effedpaiyahvinepelymer adiessirmaminéracid meistiesathemirohect i ve covering
.has a g/alt er vaposcidi¢ &8 &%hialanﬁréta%id%iegas isfkﬁﬁoﬁ‘ggeraﬂgaig/ (2" flay) andgg(y
“perneability to - 9 roet syl fi .02 cmgsec or |less at 0
‘relative hunidi t&ﬁﬁe%ﬁg%gafgsg@v%%?e E’fdg{"m&:ﬂ wherein the
protective cover§furganfigly continpovslayes smsidingtbetsensaid substrateg withat least | east 4, 000
g/ (n2rday) and aa pgtionmt theipolyanging polirner-r&sidirial vithinastably Substrdtd; mtteremf 0. 002 cni sec
or | ess ?th 80% mh@n;wpmeﬁge%ozéﬁn@%s a%?%wf%ﬁﬁ&mﬁ%%i%gogf <r3n'{ ai m 25
erein the per £ bis-2- chloro e . cm sec or
Tess at 80%r el g?%\?%%*f"&ilc{aﬁ arf‘f.peﬁ%a%ﬁvg? Q%’%T%M@F#ﬁaeggof claim 24
wher ei n the pol yRf&gVesrar ifshat 80% relgiyeumidly-enei mi ne. 28. The protective
covering of dejsS{Reqsorllies &Briry2F RAL AR REbMIEve! Svenfl R 1 Nked.
- ' water vapor transmission rate of at least 4,000 g/{m®day) and a
permeability to bis-2-chloroethyi sulfide of 0.002 em/sec or less at 80%
relative humidity.

26. The protective covering of claim 25 wherein the permeability to bis-2-
chioroethyl suffide is 0.0002 ecmisec or less at 80% relative humidity.

27, The protective covering of claim 24 wherein the polyalkyleneimine is
polyethylensimine.

28. The protective covering of claim 24 wherein the polyamine polymer is
crosslinked.

29. The protective covering of claim 28 wherein the cross-linking comprises

“epoxide linkages.

30. The protective covering of claim 24 wherein at least 26% of the polyamine
polymer amines are amine-acid moieties.

31. The pretective covexiﬁg of claim 30 wherein at least 40% of the polyamine
polymer amines are amine-acid moieties.

32. The protective covering of claim 24 wherein the protective covering is a
laminate comprised of at least one layer of a fabric. '



29. The protective covering of claim28 wherein the cross-|inking conprises
epoxi de |inkages.. 30_ The protective covering of daim?24 wherein at |east
25% of the polyamine polymer amines are amine-acid noi et ‘i__es143j_lu.”e “
protective covering of cairn 30 wherein at |east 40% of the pol yam ne

pol ymer amines are ami ne-acid noieties. 32. The protective covering of
claim?24 wherein the protective covering is a |amnate conprised of at-

| east one layer of a fabric. 14 June 2004 WO 01/41877 PCTYIJSOO 33519 31
33. The prwoesamisye covering of claim24 or 32 having a hBEAHUYRAIAY or | ess
with no significant danmage subsequent to evaluation of hand 34. An article
of clothing conprising the protective Mover | ng of claim33. 35. A pliable
chemi cal protective covering conprising a selectively per meabl e conposite

sheet conpri segd, meﬁ&ebma&veﬂwmxemm%wmml&mmﬁmsmre substrate
and a pol yam ne r‘?ood%ﬁé agé%n %‘Lﬁ?f% fat8Uenddde  Pol yarni ne pol yner

am nes are ani ne-a e acldic species of said am ne-add

noi eties haveﬁ&&maé@mrndaﬁmln@mﬁmmaveﬁagbmmm pol ymer fornms a
substantially conti nuous Ia%er with at least a portion of the polyam ne

pol yrer resi di3GgA piable oher gueingsoppisingassiectiylremeablée cheni cal

protective covergdifpoliRcshactwomprisetl 8 leabl o Walep Giporpenhedtie ejenat | east 2, 000

91(r day) and a W@é]%L%MQMLM§%Hﬂ€ of 0.002 cni sec
2Tl ve hum d

or less at 80%re rotectiv erjng of claim35
wherein the pol M’ﬁam r‘é?“""?‘éﬁlgg‘ ‘Hﬁ%@ﬁ"ﬁaf:fjjpeqw val ent s/ gram -
and is conpri secbpeﬁ&aofspdlaymmdemhmh@emofﬁwlwmmw covering of -

cl ai m'35 wher ei ﬁ&iﬁﬁo&ﬁmﬁﬁhﬁhd@b&hhﬁﬁymuﬂayamhﬂewﬁm es which are
|

mul tiprotic. as. E&W t he potyam ne
pol ymer is cross- nkeg'gtpg@&mﬁ ot eﬂ{gg{\%e coverln dﬁ%‘ %@l m 35 wherein
the sel ecti vel y Wi thgchemicyl Rﬁ‘&f’fg‘fe MY noi sture
vapor per neabl e m&Ma&MZWﬁﬁ'ﬁw)mﬁmmﬂp@véﬂ @&B@hb@?@ﬂ Wierein the

pol yam ne pol yneyisids of 002 /e r €S avBO% rblbtive humidppbst rat es, a portion
residing within each" 40. The protective covering of clai m 35 wherein the

sel ectively paPridwipretectivepysdngalcainafwhesinine seyeminarabmmal Mandtst ur e vapor
per rreabl e subst nedses.5 amine milliequivalents/gram and is comprised of a :

 polyalkyleneimine,

37.The protective covering of claim 35 wherein the amine—add moieties involve
 acidic species which are muliiprotic.

38. The protective covering of claim 35 wherein the polyamine polymer is
cross-linked,

39. The protective covering of claim 35 whereln the selectively permeable
composite sheet comprises a second molsture vapor permeable substrate
which is an open pore subslrate, wherein the polyamine polymeris
contained between the two substrates, a portion residing within each.

40, The protective covering of claim 35 whereln the seledtively permeable
compasite sheet comprises a second molsture vapor permeable substrate
which is a closed pore substrate, wherein the polyamine polymer is
contained between the two substrates, ‘

41, The protective covering of claim 35 wherein the selectively permeable

_ composite sheet comprises a second moisture vapor permeable substrate
which Is an essentially void-free substrate, whereln the polyamine polymer
contained between the two substrates.



which is a dosed pore substrate, wherein the Polyam ne polyner is

cont ai ned between the two substrates. 41.' The protective cov,glgém%?g) claim
35 wherein the selectively perneable conposite sheet conpri Qéond
noi sture vapor perneabl e substrate which is an essentially void-free
subst r at eEVORKHEBET n t he pol yam ne pol ynmer is contai ned ReEUSEIIS1he t WO
substrates. 14 June 2004 WO 01/ 41877 gCTI USO0t 33519 32 42. The protective
covering of claim 35 wherein the ope pore substrate Is open pore expanded
PTFE_ 43. The protective covering of claim39 wherein the second open pore
substrate is A2pthe potedive spetisiadt cHi-85 wikfein thE 8pdi RbRbénate gOvVeri ng of claim
40 or 41 wher ei gpen B trate is conprised of a polyether polyner.
45. The protective covering of claim35 Wierein the protective covering is
‘a |amnate @ paectivé cavbritgad shin0I®wHeditthe Sdcofd dpeipbile: 46. The protective

covering of cl %d&ﬁag@péﬁpd@ggpggdegﬁﬁgd of 1000 or less wth no
significant damage subsequent to evaluation of hand_ 47. An article of

cl ot hi ng conpdi Biemgotediive giverlngay chie 400 €1 ivherein theGkaindsdibtmte is
comprised of a polyether polymer.

45. The protective covering of claim 35 wherein the protective coveringis a
laminate comprised of at least one layer of a fabric.

46. The protective covering of claim 35 or 45 having a hand of 1000 or less
with o significant damage subsequent to evaluation of hand.

47, An article of clothing comprising the protective covering of claim 46.



